S Allocation of Ambient O

Methodology

5. Evaluation and validation of predicted
0, concenfrations using wind trajectories

Methodclogy

6. Estimation of the relative effect of each
source category by determining the
variation in predicted ozone from changes
in the NMOC contributions from each
source type -50% to +20% of the based
{(measured sample) case while holding the
other contributions constant

Methodology

See Insert: Flowchart of the Qzone Calculator
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S Allgcation of Ambiens

Studies Using the CMB/CBM-IV
Approach

Wadden et al, Receptor Modeling of VOCs-Il,
Development of VOC Control Functions
from Ambient Ozone, 28, 2507-2521, 1994,

* Summer 1987 - 18 4-hr morning NMHC
samples on 9 days at 2 stations in Chicago;
8 sources; 23 fitting compounds.

Studies Using the CMB/CBM-IV
Approach

Chung et al, Development of Ozone-
Precursor Relationships Using vOC
Receptor Modeling, 30, 3167-3179, 1996,

* Summer 1988 - 78 1-hr NMHC moming
samples on 39 days at one station in Detroit;
6 sources; 29 fitting compounds.

Studies Using the CMB/CBM-1V
Approach

Kenski et al, Using Ambient Data to Examine
Emission Inventories: A Mass Balance Approach,
AWMA Paper 96-FA149.01, Nashville, 1996.

* Summer 1991- 246 2-hr morning samples on
7 days at 17 stations in lllinois, Wisconsin,
Indiana, and Michigan surrounding Lake
Michigan; 7 sources; 48 fitting compounds.




S Allgcation of Abient O

Studies Using the CMB/CBM-1V
Approach

Chung et al, Receptor Model-Based Evaluation
of NO, Reductlons Effectiveness in Ozone
Abatement Strategies for Two Nonattalnment
Regions, AWMA Paper 97-RA94A.03, Toronto,
1987.

* Sumner 1993 - Detroit {SEMOS); 67 2-hr morming
samples on B days at 5 stations; 7 sources; 48 fitting
compounds.

Calculatons

* Observed moming concentrations of NO, NO,,
CO, and O3 used as initial conditions

* CBM-IV estimates of O3 in this air mass were
than caleulated starting at the time of the sample
collection and were continued, using actual
temperature,and uv measurements; maximum 03
predictions were calculated for each sample.

Calculations

* Maximum calculated O3 concentrations
typically occurred in 6-8 hours

* CMBEB applied to each ambient sample using €-8
source categories. These included vehicles,
gasoline vapor, liquid gasoline, petroleum
refineries, graphic arts, architectural coatings,
waste -water treatment, vapor degreasing, coke
oven emisslons, and drycleaning




5 Allggation of Ambient O

Calculations

* Contribution of each NMOC component
from each source determined by using
calculated CMB coefficients and extended
fingerprints.

* These contributions allocated to the
carbon bond categories required for CBM-V.

Calculatons

* Based on forward trajectories for each
sample, calculated ozone maximum
concentrations were compared with
measured ground-level values at about the
same time when theses were available.

Calculations

* Organic contribution of each source was
varied from -50% to +20% of the value
based on the ambient measurement/CMB
evaluation while holding the

contributions from the other sources
constant at the ambient/CMB values.




Cheio Arrakicnemp Suaos, 1087

Calculations

See Insert: CBM-IV Calculation Conditions for
Chicago, 1987

Validation

See Insert : Chicago, Summer 1987 Table
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Source Allocation of Ambient O

Validation

See Insert: Map

Validation

See |insert : 6 a.m. start time

Validation

See Insert : 8 a.m. start time




Validation

July 24, 1987
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S Allgcation of Ambiont

Validation

See Insert : SEMOS {1993)

Validation

See Insert : Lake Michigan Study - 7 a.m.

Validation

See Insert : Lake Michigan Study - 10 a.m.
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S Allocation of Ambient 0

Validation

See Insert : Lake Michigan Ozone Study (1991)

Sensitivity Analysis and Development of
Control Functions
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S Allgcation of Apbient O

Sensitivity Analysis and Development of
Control Functions

0y bl 20ma vm Veneie MOC Caaet
Cracag, 1067 (Wax Temg 'C)LAntans
than ¥t CorEerabin batr caze

Sensitivity Analysis and Development of
Control Functions

=
sk

Chicago, 1BBT {Uax Trmp 'C), Angnn,
NZw ITEAN CENZENY KGN BALE Caze

Sensitivity Analysis and
Development of Control

Functions

See Insert: Detroit Ozone Monitoring Stations
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S allocation of Ambient C

Sensitivity Analysis and
Development of Control
Functions

See Insert: Ozone Maxima vs. VOC Source Control

Sensitivity Analysis and
Development of Control
Functions

See Insert: Maximum Q3/Vehicle VOC Relationship

Sensitivity Analysis and
Development of Control
Functions

See Insert: NMOG Measurement Sites

13
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S Allocation of Ambient

Sensitivity Analysis and
Development of Control
Functions

See Insert: Figure 16

Sensitivity Analysis and
Development of Control
Functions

See Insert: VOC/OJ Relationship

Sensitivity Analysis and
Development of Control
Functions

See Insert: Nox/O3 Relationship

14
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S Allgcation of Ambiens

Sensitivity Analysis and
Development of Control
Functions

See Insert: SEMOS Study Area, 1993

Sensitivity Analysis and
Dewvelopment of Control
Functions

See Insert: Ozone Isopleth

Conclusions

* Initial ambient concentrations reflect
actual upwind emission history of air
mass

* CMB recepfor model coefficients are
based on the ambient organic
measurements.

15
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5 Allgeation of Ambient

Conclusions

* Incorporation of these coefficients,
adjusted to a VOC basis which includes
both fitting and non-fitting compounds
(some of which are reactive), provides a
measure of the actual contributions of
each type of source

Conclusions

* Predictions of maximum O, calculated
from CBM-IV using these inputs are in
reasonable agreement with
"downwind”maximum ground-level
concentrations

Conclusions

* The agreement between predicted and
measured maximum O, also gives us
confidence that our allocation of VOC is
reliable.

* Model results provide a method to relate
precursor emissions from specific source
categories to O, production

16



S Allgcation of Ambient O

Conclusions

* The approach compliments grid-based
photochemical models by allowing many

more control opfions to be investigated

than would be possible due to
computational consiraints

17



INTRODUCTION TO RECEPTOR MODELING

Lesson Title: Application of Scanning Electron Microscopy to Receptor Modeling
Lesson: XVIII

Prepared By: G. Casuccio
Date: March 3, 1998

Lesson Goal: The goal of this lesson is to describe how the scanning electron microscope (SEM)
can be used in particle identification and source apportionment studies. Special emphasis will be
placed on the use of the computer controlled scanning electron microscopy (CCSEM) data in the
Chemical Mass Balance (CMB) receptor model.

Lesson Objectives: At the completion of this lesson students will be able to:

Explain the principles of manual SEM characterization for particle identification and source
apportionment.

List the types of information that can be obtained using CCSEM techniques.
Describe the similarities and differences between the SEM and CCSEM analyses.

Discuss how SEM and CCSEM data can be used to complement information obtained from
bulk analytical techniques such as XRF.

Explain how samples are prepared for CCSEM analysis.

Discuss how CCSEM data are used in the CMB model to determine source impact.

XVIILb.



INTRODUCTION TO RECEPTOR MODELING

LESSON XVIII OUTLINE

I. Manual SEM Characterization for Particle Identification and Source Apportionment

A. Particle image

B. Particle size

C. Particle composition
D. Examples

I1. Computer-Controlled Scanning Electron Microscopy for Particle Characterization

Particle size

Particle composition
Particle image
Particle type
Particle distributions
Examples

mmoaws

III. CMB Modeling Using CCSEM Data

XVlIll.c.



Agelication of Scanning Electron Microscoex to Receetor Modeling

Application of Scanning Electron
Microscopy to Receptor Modeling

Gary S. Casuccio

RJ Lee Group

Monroeville, PA

Qutline of Presentation

* Introduction
* SEM characterization for particle

identification and source
apportionment

} Particle characterization using
CCSEM techniques

' CMB modeling using CCSEM data

Introduction




Aeelication of Scanning Electron Microscoex to ReceBtor Modeling

Particle ldentification and

Source Apporttonment

» Particle characterization

b Size

» Shape
» Composition

} Identify unique particle types

Ambient Sample




AEBIication of Scannina Electron Microscoez to Receetor Modeling

e R o x o
RRR R oo SRt oty o cuaniin A%

Traditional SEM Analysis

» Pan/zoom to find particles or
features of interest

> Acquire elemental spectrum of
particle; store/plot spectrum

} Obtain photo of particle
* Record information




Agelication of Scanninﬂ Electron Microscoex to ReceBtor Modeling

Advantages of SEM Analysis

* Particle x particle analysis
¥ can differentiate based on

morphology
» can differentiate based on

elemental composition

Advantages of Manual

Microscopy

» Analysis can be tailored to the

sample in real time

* Subtleties may be more easily
recognized and evaluated

Historical Limitations of Manual
SEM Techniques

} Limited number of particles
analyzed

Slow analysis

Tedious/subjective

3
»

* Expertise required

} Information overload




AEBlication of Scanning Electron Microscoex to Receetor Modeling

Limitations Promote Change

» = Automation of the SEM

Whatis Automation?

' Computer assistance or replacement
of the microscopist

» Assist functions where the
eye/brain is best

» Replace functions where the
eye/brain is weak

Whatis Automaton?

* Computer assistance or replacement

of the microscopist

* Assist difficult or interpretive
* Replace easy or tedious




AEElication of Scanning Electron Microscoex to ReceBtor Modeling

The SEM is Ideally Suited for
Automation.

» Sampling rates

* secondary signal, psec

} backscattered signal, psec
} particle sizing, milli-sec

b X-ray collection, sec
» digital image, sec

How Do We Automate the SEM?

» = the Computer
» Computer controlled SEM

» CCSEM

CCSEM System

» SEM

* X-ray analyzer

* Digital scan generator
» Computer




ABEIication of Scanning Electron Microscoex to ReceEtor Modeling

Particle Characterization using
CCSEM Techniques

Objectives of CCSEM

* Retain and enhance the fraditional

manual analysis

* Acquire the maximum amount of
information in a minimal amount of

time
' Improve the reproducibility of the

analysis

Objectives of CCSEM

» Application specific

* Relate the microscopic world to the

macroscopic world




Aeelication of Scanning Electron Microscoex to ReceEtor Modeling

Particle Type = Elemental

Microscopic = Macroscopic

CCSEM Analysis

* Ideally suited to the analysis of

particles assuming sample
preparation requirements are met

CCSEM Sample Preparation
Requirements

¥ Uniform substrate
* polycarbonate filter

* Minimum of particles touching
* sample collection

' sample preparation




AEBIication of Scanning Electron Microscoex to Receetor Modeling

Example of Ideal Particle Loading

Sample Preparation of Filter
Samples for CCSEM Analysis

* Direct preparation of lightly loaded

filter samples

» Redeposition of heavily loaded filter
samples

Redeposition

* Resuspend particles and deposit

onto polycarbonate {PC) filter

» Mount section of PC filter onto SEM
stub

* Coat with a thin layer of carbon




AEBIication of Scanning Electron Microscoez to Receetor Modeling

Example of Redeposit Sample

As-collected Redeposit

Particle Detection

Particle Detection

10



ABBIication of Scanning Electron Microscoex to ReceBtor Modeling

Example of Particle Sizing

Example of Particle Composition

Information Provided by CCSEM

Particle size

»

» Particle shape

* Elemental composition
* Digital image

11



Aeelication of Scanning Electron Microscoex to Receetor Modeling

Information Provided by CCSEM

* Particles sorted into classes
{particle types) based on EDS data

» Frequency/mass distributions
determined for each class and for

total sample

Particle Class

*» Elemental composition + {shape}

12



ABBIication of Scanning Electron Microscogx to Receetor Modeling

Parficle Classes

Si-Al-K

¥

Particle Class
Crustal

SilAl-fich =
Fly ash

CCSEM Particle Mass
Measurements

* Measure size of particle

» Obtain chemistry of particle using

EDS techniques
» Estimate volume of particle

* Estimate density of particle

Calculation of Particle Mass

> M,{i) = Den(i) x Vol(i)

¥ My(i) = mass of particle i

F Den(i) = density of particle i
P Vol{i} = volume of particle i

13



Agelication of Scanning Electron Microscoex to Receetor Modeling

Calculation of Particle Volume

Vol =(DLi2nm)2x(Dm;X | XX 108

Aerodynamic Equivalent
Diameter

= XD,¥p

, = aerodynamic diameter

physical diameter
= shape factor

T X D OO
]

= density

Illustration of CCSEM Resulis for
Source Samples

* Particle size distributions

' Number

' Mass
» Particle composition

14



ABBIication of Scanning Electron Microscoex to ReceEtor Modeling

Basic Oxygen Furnace
Particle Class Results

» Particle Class Wt.% Num.%

* Fe-rich 33 20
» FeiZn-rich 29 35
* Ca/Mg-rich 21 3

Basic Oxygen Furnace
Mass Distribution,wt. %

*» Size range (pm)

* Class .2-25 255 5-10 >10

* Fe-rich 33 52 14 1
* FelZn 46 44 10 -

» Ca/Mg 3 37 5 7

Coal Fired Boiler

» Particle Class Wt.% Num.%

} Fly Ash 82 65
» Crustal 6 10
Y S-rich 3 15

15



Aeelication of Scanning Electron Microscoex to Receetor Modeling

Coal Fired Boiler
Mass Distribution,wt. %

} Size range (pm)
* Class .1-2.5 2.55 510 >10
» Fly Ash 26 53 21 -
* Crustal ki 21 43 -
» S-rich 47 35 18 -

Example of CCSEM Results for
Source and Ambient Samples

* Class Stack Plume Upwind

* Fly Ash 29 28 1
} Crustal 15 23 53
» S-rich 24 20 3

Example of CIMB Modeling using
CCSEM Data

* Source apportionment of ambient
PM-10 collected during an
exceedance day

» Background

* Sample collection and analysis
} CMB modeling

' Results

16



Aeelicaﬁon of Scanning Electron Microscoex to Receetor Modeling

Background

* PM-10 non-attainment area
* Local industry (steel plant) largest

source of PM-10 in the area
» Receptor modeling techniques used

to help identify specific source
impact

Source Sample Collection

* Process source samples
*» Dilution sampling technigues

* Fine and coarse fractions
* Road samples

* Resuspension techniques

' Fine and coarse fractions

Ambient Sample Collection

} Dichot samplers
* Fine and coarse fractions

* ACCU samplers
* PM-10 fraction

17



Aeelication of Scanning Electron Microscoez to Receetor Modeling

Sample Analysis

* Analysis of source and ambient
samples using CCSEM techniques

* Particle class data, wt. %
* Precision values

CCSEM Results for E xceedance
Day Samples, Wt.%

» Part. Type Fine Coarse ACCU

» Fe-rich 15 16 24
» FelCa 10 15 14
» S/Ca 29 - 9
* Ca-rich 7 30 28

CMB Resuits for Dichotand
ACCU Samples, Wt.%

» Source Fine Coarse ACCU

* Sinter 24.2 84.1 73.2
* BF 258 — 13.6
» S/Ca 30.0 4.8 8.7
' Unknown 20.0 1.1 4.5
* R2 0.91 0.95 0.93
* CHIz 0.74 0.37 0.30

18



Agelication of Scanning Electron Microscoex fo Receetor Modeling

Summary

CCSEM Limitations

Sample preparation
Complex features

»
»
» Substrate interference
»

Inferred particle volume
and density

* Costs (perceived)

CCSEM Strengths

*» Individual size-chemistry-image
measurements

Physical and aerodynamic size

Speed of analysis
Precision {accuracy)

vy v v w

Operator bias or subjectivity is
minimized




Aeelication of Scanning Electron Microscoex to Receetor Modeling

CCSEM

* Do More Less Better

» Less is more

20



Lesson XIX

Where To Turn For Help
Peter Scheff

XIX a.



INTRODUCTION TO RECEPTOR MODELING

Lesson Title:  Where to turn for help
Lesson: XIX

Prepared By: P.A. Scheff

Date: March 3, 1998

Lesson Goal: The goal of this lesson is to describe where students can find additional resources
and how they can contact the instructors of the course.
Lesson Objectives: At the completion of this lesson students will be able to:

List several sources of reference.

Use the Internet to contact instructors.

XIX.b.



Where To Turn For HeIE

Lesson XIX. Where To Turn For Help.

Peter A. Scheff
University of lllinois at Chicago

1. U.S. Environmental
Protection Agency

* Charles Lewis: Source Apportionment
and Characterization Branch, RTP, NC
lewis.charles@epamail.epa.gov

* Thomas Coulter: Air Quality Modeling
Group, OAQPS, RTP, NC
coulter. tom@epamail.epa.gov

2. Desert Research Institute
P.O. Box 60220, Reno, NV, 89506

* John Watson

¢ Judlth Chow

* Douglas H. Lownethal

* Norman F. Robinson
normr@sage.dri.edu




Where To Turn For HeIE

APTI-424 Course Faculty

* Peter A. Scheff, Ph.D.,Professor,
Environmental and Occupational Health
Sciences, University of lllincis at Chicago,
2121 W. Taylor, Chicago, IL 60612

{312) 996-0800

Pscheff@uic.edu

APTI-424 Course Faculty

* Richard A. Wadden, Ph.D.,Frofessor,

Environmental and Occupational Health

Sciences, University of lllinois at Chicago,

2121 W. Taylor, Chicago, IL 60612

{312) 996-8011
Wadden@uic.edu

APTI-424 Course Faculty

* Robert K. Stevens, c/o US Environmental

Protection Agency, Research Triangle
Park, NC 27711

(919} 541-3156
Stevens.robert-k@epamail.epa.gov
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APTI-424 Course Faculty.

* Charles W. Lewis, Ph.D., Source
Apportionment and Characterization
Branch, US EPA, Research Triangle Park,
NC, 27711
(919)541-3154
Lewis.charies@epamail.epa.gov

APTI1-424 Course Faculty

* Donna Kenski, Ph.D., US Environmental

Protection Agency Region 5, Chicago, IL.
{312) 886-7894
kenski.donna@epamail.epa.gov

APTI-424 Course Faculty

* Gary S. Casuccio, R.J. Lee Group,

Monroeville, PA, 15146
{412)325-1776
Schoolhouse@worldnet.att.net




Where To Turn For HeIE

APTI-424 Course Faculty

* Ronald G. Draftz, Science Adviser, lIT
Research Institute, Chicago, IL 60616-3799
{312)567-4291
rdraftz@iitri.com




4. Soport.sel

1 MARIN *
2 CDUST
3 UDUST *
4 AUTPB *
5 RDOIL * -
6 VBRN1
7 VBRN2
8 KRAFT *
S SULFT
10 HOGFU
11 ALPRO *
12 STEEL *
13 FERMN *
14 CARBO
15 GLASS
16 CARBF
17 804
18 NOG3
12 OC
20 EC

5. Adport.txt

ID DATE DUR STHOQUR SIZE cL TOT c9 F Cll NA C12 MG Cl13
AL Cl4 51 cls S c17 CL Cl9 K c20 Ch c22 TI C23
v C24 CR <25 MN C2e FE c28 NI c29 cu c30 ZN Cas
ER cB2 PB C201 oCc cz02 EC C203 504 C204 NO3
PACS1 08/13/77 24 © FINE 80.0 8.0 0.8830 0.0880 6.9300 0.8920 0.4300 0.0430 4.6600

0.4660 3.0200 0.3020 2.950C 0.2950 5.9500 0.5%50 1.6400 0.1640 1.7800 0.1780 0.0830 0.0080
0.3720 0.0370 0.3150 0.0320 2.99%900 0.2990 4.5300 0.4530 ©0.7650 0.0770 0.0440 0.0040 0.2250
2.0230 0.419C 0.0420 2.5300 0.2530 7.5400 0.7540 1.4200 0.1420 10.3000 1.0340 0.6380 0.0640
PACS1 08/13/77 24 0 COARS 80.0 8.0 0.7340 0.0730 6.3300 0.6330 1.4800 0.1480 4.8400
0.4840 3.2700 0.3270 2.5000 0.2500 4.6700 0.4670 1.1200 0.1120 1.5200 0.1520 0.1400 0.0140
0.2770 0.0280 0.008C 0.0010 2.4700 0.2470 5.4100 0.5410 0.77%0¢ 0©0.0780 0.0500 0.0050 0.2140
0.0210 0.5200 0.052¢ 1.7800 ©0.1780 10.1000 1.0100 1.6B00 ©.1680 8.1i000 0,.8130 1.1300 0.1130
PACS2 01/24/78 24 O FINE 42.6 0.6 0.0900 0.0100 0.15%00 0.0100 0.0000 0.0800 0.1300
0.0100 0.39%00 0.0200 2.6000 0.0100 0.7900 0.0300 0.150¢ ©0.0100 0.1100 0.0100 0.0110 0.00%0
0.0280 0.0010 0.0040 0.00L0 0.0270 0.0010 0.2270 0.0080 ©0.0430 0.0020 0.0330 0.0020 0.1060
0.0040 0.4190 0.0120 0.5400 0.0200 15.3000 1.6000 1.8000 0.4000 6.9000 ©0.3000 2.9000 0.2000
PACS2Z 01/24/78 24 O COARS 73.3 1.1 0.0360 0.0170 0.9700 0.1400 0.8500 0.1200 4.8000
0.1600 14.5000 0.3000 0.5600 0.1400 0.3300 0.0500 0.5400 0.0300 2.0000 0.0700 0.4000 0.0200
0.0260 0.0020 0.0260 0.0020 0.0830 0.0040 3.5000 0.1320 0.0220 0.0030 0.0520 0.0040 0.1100
0.0100 ©.2200 0.0200 0.6200 0.0700 13.1000 4.3000 I1.7000 0.5000 1.7000 0.5000 1.6000 0.3000
PACS3 08/07/77 24 0O FINE 135.0 13.5 0.0060 0.0010 9.9400 0.9%40 1.3600 0.1360 B8.0200
0.8090 20.5000 2.0500 2.3500 0.2350 8.8300 0.8830 1.0600 0.1060 2.2400 0.2240 0.4830 0.0480
0.5030 0.0530 0.0330 0©.0020 ©0.1170 0.0120 5.6600 0.5660 0©0.7670 0.0770 0.0480 0.0050 ©0.2500
0.0250 1.5400 ©,1540 4.7400 0.4740 23.6000 2.3600 2.4000 0.2400 7.7640 0.7760 0.3240 0.0320
PACS3 08/07/77 24 0 COARS 135.0 13.5 0.0100 Q.0010 7.59200 0.7590 1.4600 0.1460 6£.2500
0.6290 17.1000 1.7100 2.1200 0.2120 9.9700 0.9970 1.3700 0.1370 2.1400 0.2140 0.4820 0.0480
0.5150 0.5200 0.0270 0.0030 0.11%0 ©0.0120 5.8500 0.5850¢ 0.7880 0.0790 0.04%0C 0.0050 0.1370
0.0200 1.3800 0.1380 7.8500 0.7850 24.6000 2.4600 2.3100 0.2310 8.4700 0.8470 0.4400 0.0440



6.

CCDE
Cl4

TI
c29

EC

1
.03300
. 00000
.00000
2
.00070
-00008
.00006
3

. 00370
.00017
.00370
4
.00400
.00010
-20000
S
.13300
.00015
.00110
6
.00480
.00000
.00000
7
.01600
.00007
.00000
8
.11700
.00080
.00013
9
.12000
.00001
.00000C
10
.08800
00006
.00420
11
.01400
.00010
L0012
12
.01960
.01400
.00760
13
.01700
.00003
.00045
14
.04800
.00011
.00000
15
.11300
.00035
.00380

Prport.txt

NAME
SI
c23
CcU
C203
MARIN
.01300
.00000
-0Q000
CDUST
00030
.00200
.00002
upusT
.00140
.00123
00150
AUTPB
.00130
.00000
.03000
RDOIL
.02400
.00046
.00064
VBRIN1
.00300
.00120
.00000
VBRN2
.01500
.00047
.00000
FKRAFT
.01000
.00030
.00011
SULFT
.02000
.00054
.00030
HOGFU
. 02400
.00510
00220
ALFRO
.00200
.00011
. 00010
STEEL
.00070
.08700
. Q0070
FERMN
.00350
.17300
.00016
CARBO
06600
.00035
.00010
GLASS
.02300
.00002
.00060

SIZE
Cle
\'
C30
504
FINE
-40000
. 00000
.90000
FINE
.00000
.00090
.04320
FINE
.00000
.00017
11800
FINE
.03000
.00016
.50000
FINE
.00000
.00013
.07000
FINE
-05550
00120
.59000
FINE
.09900
.00042
.47000
FINE
.01800
.00004
01700
FINE
.00580
.00070
.00000
FINE
.09500
.00340
.00000
FINE
01330
.00008
.03300
FINE
. 01850
.00860
.00000
FINRE
.00420
.00990
.09000
FINE
01700
.00041
.13600
FINE
.00060
.00001
.00000

C

.00000

.10000
.00000
.00000

.00000

. 000060
.06800
-01700

.00000

. 00010
.06000
.04300

. 00000

-01900
.02100
.10000

. 00053

.00100
-02370
.06200

- 00000

.01470
.00190
.10000

00320

.05100
.00054
.37000

.Q0000

.00420
.01200
.00210

.00000

.Q0100
.00066
.00000

. 00150

.04300
.01260
.00000

.06000

.00840
.00450
.Q3900

.00000

.00780
-32000
. 00000

00250

.00160
.02100
-00900

.00Q50

.01500
.00330
.07400

.00054

.00006
.0go020
.00000

[05°]
5
c24
ZN
204
.00000
.01400
. 00000
.00000
00000
. 01000
.02300
.00590
.00010
.01030
.00600
.G1850
.00010
00072
.00800
.03800
. 00019
.00280
-00610
.03100
.01000
.00600
.00110
. 03500
001590
. 06500
.00060
.04400
00100
.01500
.00110
L.00220
.0a000
.30000
.00036
.00000
.00050
.22400
.00880
.00000
.02300
.00220
.00290
.02300
.00500
.00920
.03000
.00000
.00080
.10500
.01400
-01500
Q0030
.007380
00610
.56000
. 00023
.01370
.00002
.00000

F
Cc17
CR
C35
NO3
.40000
.00200
.00000
.00000
-00690
.00280
.00000
.00380
.01250
00060
.00009
-009%0
.00000
.00029
.00018
.01400
. 03500
.00100
.05360
.02500
.00650
.00013
.90000
.03200
.00330
. 04500
00000
.08200
-12700
.00140
.Q0130
.00230
.02500
.10000
.00000
.00000
.03400
.11200
. Q0007
.00000
.04100
.00060
.00190
.01000
.01260
.00070
.00700
.00000
.03100
.03500
.00000
-00150
.00120
.01100
.00004
.55000
39200
.00280
.00000
.00000

Cll
CL
C25
BR

.04000
.01400
.0o0o00
.10000

.00380
.003930
00004
.00000

.00340
.02440
.00003
.00420

. 00050
.01250
.009Q08
.01300

. 01700
.01580
.01210
48100

.00140

.01070
Q0000
. 01600
.00340
.003920
.00000
.05000
.00710
.00000
.00014
.40000
.00800
.02000
.00001
.56000
-02900
05600
.00004
.33800
.01700
.00330
. 00085
.04400
.00480
.06200
.00070
~.02500
.00300
. 01300
. 00005
.04200
.00l00
. 00140
. 00007
.16000
.01000
.00300
.00010
.65000

NA

cl13
M
cs82

.04800

.00200
.00000
.04000

-01760

.00270
-00020
. 00000

.01300

.00400
.00030
.00310

00000

.00500
.00073
.00400

00000

.00640
.00075
.11900

.00000

.00380
.00090
Q0880

.00000

.00980
-00054
.05400

-00630

. 00500

.00021
.02100

.00730

.00200
.00016
.05600

-0o0000

.04000
00120
.09000

-02800

.00030
.00044
.03900
06500
. 00570
.00280
.01300
00000
-00140
.00038
.00400

.00780

00130
.00012
.25000

.00000

.00030
.00005
.09900

Ccl2
K
Cc26
PB
.00300 .00000
00000 00000
.00000 .0D00Q
00000 .00000
.00620 .11700
.00760 .00240
.00004 .00041
.00000  .00000
00270 .0B840
.00640 .00120
00012 .QQLLO
.00000 .0DO10
.00500 .01100
.0Q000 .00100
.00030 .00350
.00910 .00300
03000 .0Q0530
.0011C¢ .00038
.00025 .00400
.00650 .00440
00000 .01440
.00000 .00000
.00040 .00000
.05100 .02500
.01000¢ ,00450
.00070 .00070
.00060 .00000
02000 .02500
.00530 .00250
.0000& .00002
-00013 .00069
.00000 ,00300
.00520 .00000
.00010 .00001
. 00017 . 00017
.00300 .00030
.01000 .00240
.00000 .00060
.00060 .00730
.00510 .00230
01800 .27000
.00040 .00030
.00007 .00015
.00410 .00180
00710 .00650
00200 .Q0020
00030 .01200
.00000 .01400
04000 .00640
.00046 ,00607
00004 .00S580
.05700 .02800
.01200 .0Q0350
.00014 .00013
00022 .00004
L01600 02100
.01000 .00150
00000 .00005
.00002 .00011
.00620 .00350

MG
Cc20
FE
c201

.00000
.00000 "
00000

.02200
.00025
.0002¢6

.g2710
.00023
.00037

. 00500
.0go0o
.00130

.00240
.03440
-00180

.00830
.00000
.00000

- 00510
.00000
.00000

.00014
.00001
.00021

.00000
.00000
.00002

.0o0l1l80
.00000
.00340

.08000
00064
00011

.00160
.00060
.00120

.00130
.00024
00250

.00400
.00007
.00004

.00014
.00005
.00002

Cl2
CA
c28
ocC

.00000
.00000
.00200

.25400
. 00006
.00000

-22300
.00005
.00020

.00820
.00005
.05000

. 00960
.007590
.00013

.0083%0
.00000
.00053

.00490
.00000
.00045

.00150
.00001
.00130

.00400
00001
.00000

.00760
.00002
.00055

.00240
.00036
.00037

. 05000
.00010
.00000

.00990
.00015
.00160

. 03500
.00008
.00017

. 00250
.0000C0
.00006

c22
NI
€202

.00000

.00000
.00050

.03400

.00030
.00010

.01100

.00045
-000086

.0Q300

00000
. 01700

.00480

. 00047
.00021

.01100

.00000
.00044

.00780

.00012
. 00045

.00014

-0Q280
.Q0060

. 00150

. 00000
. 00005

.90370

.00015
.00030

.00340

.00000
.00054

.00210

.02100
.00l100

.00300

. 00042
.00220

.04300

. 00009
. 00010

.00070

.0015%0
.00005



16
.01600
.o00010
-oco00e
17
.33000
.00000
.00000
18
.00000
.00000
.00000
19
.00000
.QQ00c0
-Qgoo000
20

. 00000
.00000
.00000
1
.03300
.00000
. 00000
2
.00a00
.00006
-00042
3
.Q0000
.00017
.00370
4
-00400
. 00019
.20000
5
-13300
.00015
-00110
6
.00480
-00000
00000
7
.01600
.00007
-00000
8
.03300
.00180
.00000
9
.12000
.00001
.00000
10
.00590Q
00001
-00020
11

. 00900
.ooo1ls
.00Q00
12
.01560
.0L400
.00760

CARBF
.00420
.00042
.00004

504
-03200
.00000
.000060

NO3
.00000
.00000
.00000

oC
.00000
.00000
.00000

EC
. 00000
-00000
.00000

MARIN
-01300
.00000
. 00000

CDUST
-00000
.00085
.00011

UDUST
.00020
.00100
. 00150

AUTFB
.00130
.00000
. 03000

RDOIL
.02400
. 00046
.00064

VBRN1
.00300
-Q0120
.00000

VBRN2
.Q1500
. 00047
.00000

KRAFT
00500
.00052
.00020

SULFT
.02000
.00054
.00030

HOGFU
.00090
. 00250
.00003

ALPRO
. 00300
. 00000
.00100

STEEL
00070
-08700
.00070

FINE
.01050
.00004
.07300
FINE
.00000
.00000
.00000
FINE
.00000
.00000
.00000
FINE
.00000
.00000
1.00000
FINE
. 00000
00000
.00000
COARS
.40000
.00000
.00000
CORRS
.0o0000
.00028
04320
COBRS
.00000
.00011
.03340
COARS
.03000
.00016
.50000
COARS
.00000
.00013
.07000
COARS
.05550
.00120
.59000
COARS
.09900
.00042
.47000
CORRS
.02900
.00011
.15800
COARS
.00580
.00070
.00000
CORRS
.00830
.00040
.11100
CORRS
.01200
00020
.00000
COARS
.01850
.00900
.00000

.00000

.00070
.00540
.Q1300

.00000

.00000
.00000
. 00000

.00000

.00000
.00000
.Q0000

.00000

.00000Q
.00000
.10000

-00000

.00000
.00000
.00000

.00000

.10000
-00000
. Q0000

00002

.00100
.04760
.01700

00008

.00020
.05730
.005480

.00000

.0L000
L.02100
.10000

.00053

.00L00
023870
.06200

-00000

.0147¢0
.001990
.10000

-00320

.03100
.00054
.37000

.00000

QL1200
.01840
. 05300
20000
.00100
.00066
.00000

.00l110

.00760
00920
.05400

.04200

.00150
.00380
.02000

.00000

-QQ780
.32000
.00000

.00100
. 01250
.00080
.01200

.00000
.00000
.00000
.00000

.00000
.00000
.00000
.00000

.00000
.00000
.00000
.00000

.00000
00000
00000

1.00000

.00000
.01400
. 00000
.00000

00000
.02200
.00850
.00590

Q0007
01030
.00290
LOL550

00010
.00072
00800
.03800

.00019
-00280
. 00610
.03100

.01000
.00600
.00110
.03500

.00150
.06500
.00060
.04400

.00500
.00400
.00550
.01800

.00000
.30000
.00036
.00000

. 00041
.01300
.00220
.04300

.015900
.00G00
.00150
.01600

.00500
.00520
.03000
.00000

.00820

. 00350
00022
.00280

.00000

.00000
.00000
.00000

.00000

.00000
.00000
.00000

-Qo000

90000
. 00000
.00000

.00000

00000
. 00000
.10000

-40000

.00200
.00000
.00000

.01300

.00240
.00009
.00380

.01750

.00058
-00004
.00780

.00000

.00029
-Qoolsa
.01400

.03500

.00100
. 05360
.02500

.00650

.00013
.G0000
03200

.00330

-04500
.00000
.08200

.05300

.00110
.00220
.01800

.02500

.10000
. 00000
-00000
00690
-00210
.00000
. 01400

-02400

.001090
00210
.01500

-01260

.00070
-00700
.00000

.00100
.30000
.00008
.03200

.00000
.00000
.00000

1.00000

.00000
.00000
.00000
.00000

.00000
.00000
.00000
.00000

.00000
.00000
.00000
.00000

.04000
.01400
L00000
.10000

.00500
.01400
.00004
.00004

. 00091
.03000
.00003
.00074

.00050
.01250
.00008
.01300

.01700
.01580
.01210
.48100

.00140
.01070
.00000
.01600

.00340
.00920
.00000
.05000

.00710
L00360
.0005¢0
.11800

.00800
.02000
.00001
.56000

.00960
.05200
.00005
. 01500

.00600
.00810
.00060
.01700

.00480
.06200
.00070
.02500

. 02400

.04000
.00020
.00420

-Qgoo00

.00000
.00000
.10000

-90Qo00

.00000
.00000
. 00000

. 00000

.00000
00000
. 00000

.00000

.00000
-0000¢0
. 00000

.04800

.20200
.00000
.04000

.01200

.00670
.00020
.00001

.01540

.00220
.00030
.00045

. 00000

.00500
-00073
-00400

.00000

-00649
.00075
.113900

.00000

.00380
.Q009¢0
.00880Q
00000
.00980
.00054
05400
00000
.00070
.00060
. 01500

-00730

.00200
.00016
. 03600

.00460

-00520
.00023
.00370

.02700

.00340
. 00140
.0l100

.06500

.90570
.00280
.01300

.00350
. 00000
-00011
.00570

.00000
.0goco
.00000
.00000

.00000
.G0000
. 00000

1.00000

.00000
.00000
.00000
00000

.00000
.00000
.00000
.00000

.00900
.00000
. 00000
00000

.00310
.00820
. 00004
. 00009

.00140
01010
.00012
.00020

. 00500
.00000
.00030
. 00910

.Q3000
.001tr0
.00025
. 00650

. 00000
.00000
.00040
.95100

.01000
.00070
.00060
Q2000

.01000
.Q0000
.00020
.00000

.00520
.00010
.Q00L7
.00300

.00170
.00097
.00004
.00200

.00550
.00076
00040
.00000

.00710
.00200
00030
.00000

.00580

.00020
.00015
.00240

.00Q000

.00000
.0QRo00
.00000

.00000

.00000
.00000
-10000

.00000

.00000
. 00000
.00000

.00000

. 00000
.00000
.00000

.00000

00000
.00000
. 00000

.07200

.00150
.00041
00005

.06600

.00180
00110
00010

.01100

.00100
.00350
.00300

-00530

.00038
. 00400
.00440

01440

.00000
.00000
.02500

.00450

.00070
.00000
.02500

.90280

.00200
.00000
.01400

.00000

.00001
.00017
.00100

.00280

-00080
.00039
.00130

.31300

-00041
.0000%2
.02000

.00650

.00020
-01200
.01400

.Q0110

.00006
.00007

. 00000

.00000
.00000

.00000

. 00000
.00000

.00000

.00000
.00000

.00000

.00000
.00000

.00000

.00000
.00000

.01700

.00017
.00026

. 00700

.00027
.00037

. Q0500

.Qogoo
Q0130

-00240

.03440
.00180

.00830

00000
.00000

.00510

.00000
.00000

.00090

.00000
.00010

-00000

.00000
.00002

-co0030

. 00006
.00005

.04900

.00040
-00004

.00160

.00060
.00120

.02500

-090000
-00000

. 00000

.00000
.00000

.00000

.00000
.00000

.00000

.00000
00000

00000

.00000
00000

-00000

.00000
.00200

.29700

00006
00000

.28000

00005
00008

.00820

.00005
.05000

.00960

.00750
00013

-008590

.00000
.00053

-00490

.00000
.00045

-00130

.00001
. 00056

.00400

00001
.00000

.00960

.00004
.00001

.00097

.00011
.00120

05000

. 00010
.00000

.00070
.00000
.00010

.0Q000
. 00000
-00000

.00000
. 00000
. 00000

.00000
.00000
00000

.0090Q0
.00000
.00000

.00000
.00000
00050

-01500
.00010
LG00L0

.01500
L.90045
. 00009

-00300
.00000
.01700

.00480
.00047
.00021

.0L100
.00000
.00044

.00780
.00012
.00045

.00013
-00480
.00002

.00150
.Q0000
.00005

. 00140
.00007
.00001

.ogo80
00016
.00200

.00210
.02100
.00100
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-.01700
.00003
-00045
14

-00410
.Q0007
. 00000
15

-11300
.00035
.00380
16

. 00540
.00010
-00000
17

.33000
.00000
.00000
i8

.00000
-00000
.00000
13

.00000
.000Q0
.00000
20

. 00000
.00000
.00000

FERMN
.00350
-.17300
.00016

CARBO
.00310
.00029
.00010

GLASS
.02300
.00002
-00060

CARBF
. 00570
.00036
.00020

S04
.03300
.00000
. 00000

NO3
. 00000
.00000
.00000

oc
.00000
.00000
. 00000

EC
.00000
.00000
.00000

COARS
00420
.00990
.09000
COARS
.00330
. 00025
. 04600
COMRS
.00060
.00001
-00000
COARS
.00960
.00010
.04500
COARRS
00000
.00000
.00000
COARS
00000
.00000
.00000
COARS
.00000
.00000
1.00000
COARS
.00000
.00000
.00000

.00290 .000BO
-00160 .10500
-02100  ,01400
.00900 .01500

.00000 .00400
.00430 _00720
.00270 .00210
.02300 .24000

.00054 .00023
.00006 .01370
.00020 .00002
.00000 .00000

.00000 .00200
.00630 .00480
.00320 .00130
.00780 .03600

.00000 .00000
. 00000 00000
00000 .00000
.00000 .090000

.00000  ,00000
.00000 .00000
.00000 .00000
.00000 .00000

.Q0000 .00000
.Qo000 .00000
.00000 .00000
.1000¢ .00000

00000  .00000
.00000 .00000
.00000 .00000
.00000 1.00000

.03%00

.033900
.00000
.00150

.00260

.01100
.00017
15000

.09200

.00280
. 00000
.0000C0
00430
.00300
.00021
.01800

.00000

-20300
.00000
.00000
00000

. 00000
.00000
.00000
00000

. 00000
.00000
.00000
00000

.Q0000
.00000
.10000

.00300 .00000 .04000
.01300 .00140 .00046
.00005 .00036 .00004
.04200 .00400 05700

00170 006000 00400
.00570 .00490 .00033
.00023 .00055 .00018
.01600 .01830 .00B830

.01000 .00000 .01000
00300 .00030 .00000
.00010 .00005 .00002
.65000 .09900 .00820

.00050 .01250 00350
.25800 .08700 .00000
.00006 .00040 .00004
.00930 .01100 _00000

.00000 .00000 .000Q0Q0
.00000 .00000 00000
00000 .00Q000 .00000

1.00000 .10000 .0Q0000O

.00000 .00000 .00000
.00000 .00000 .00000
00000 .00000 .00000
.00000 .00000 1.00000

.00000 .00000 .00000
.00000 .00Q000 .0000OQ
00000 .00000 ,00000
Q0000 ,00000 .00000

.00000 .00000 .00000
.00000 .00000 .0O0OOOO
.00000 .00000 .0000O0
L.00000 .00000 .0QOQO00QO0

.00640 .00130 .00920
.00007 .00024 .00019
.00580 .00250 .00160
.02800

.02800 .04300 .12000
.00019 .00012 .00010
00000 .00010 .00011
.00480

.00190 .00014 - .00250
00005 .00005 .000QO00D
00011 .Q0002 .00006
.00350

.00860 .00130 .02900
.00020 .0000% .00001
00000 .00030 .00000
.00500

.00000 .00000 .00000
.00000 .00000 .00000
00000 ,00000 _0OOQOD
.00000

.00000 .00000 .CO000
.00000 .00000 .00000
.00000 .000G00 .00000
-1g000

00000 .00000 .0QQCO00
00000 . 00000 .00000
.00000 .00000 .00QCQO0Q
.00gQoo

.00000 .0Q0000 .0000O0
.00000 .Q0000 _0O0O0O0D
.00000  .00000 00000
.00000

.00300

-00042
.00220

.15000

.00004
.00009

.00070

.00130
.00005

01300
-Q0000
.90010

00000
.00000
.00000

00000
.00000Q
.00000

. 00000

-00000
.00000

00000
-00000
.00000



2. Mexico City Volatile Organic Compound Data Set

1. Inmexvoc.in8

somexvoc.
pomexvoc.
admexvoc.
admexvoc.
prmexvaoc.

sel
sel
sel
car
car

2. Admexvoc.sel

MERCED 3/25/93
MERCED 3/26/93
MERCED 3/27/93
PEDREGAL 3/25/93
PEDREGAL 3/26/93
PEDREGAL 3/27/93
XALOSTOC 3/25/93
XALOSTOC 3/26/93
XALOSTOC 3/27/93
3. Pomexvoc.sel
vOCS899 TVOC
VOC1 ETHYLENE
VOC2 ACETYLEN
VOC3 ETHANE
VOC4 PROPYLEN
VOC5 PROPANE
VOC6 MCHLOR
VOC7 IBUTANE
vVOC8 VCHLOR
VOC9 1BUTENE
VO0C10 13BUTADI
VOC1ll NBUTANE
VOCl12 T2BUTENE
VOC13 C3BUTENE
VOC14 12BUTYNE
VOCl16 3M1BUTEN
VOC17 IPENTANE
VOC18 1PENTENE
VOC1lS 2M1BUTEN
VOC20 NPENTANE
VOC21 ISOPRENE
VOC22 T2PENTEN
VOC23 C2PENTEN
VOC24 VDCHLOR
VOC25 2M2BUTEN
VOC26 DCETHANE
vVOC27 FREON113
vOC28 22DMBUTA

03
03
03
03
03
03
03
03
03

06
06
06
06
06
06
06
06
06

TVOC
TVOC
TVOC
TVOC
TVOC
TVOoC
TVOC
TVOC
TVOC

TOTAL MASS BY FID
ETHYLENE
ACETYLENE

ETHANE

PROPYLENE

PROPANE

METHYL CHLORIDE
ISOBUTANE
VINYLCHLORIDE
1-BUTENE )

1, 3-BUTADIENE
N-BUTANE
T-2~BUTENE
C-2-BUTENE

1, 2-BUTYNE

3 -METHYL-1-BUTENE
ISOPENTANE
1-PENTENE
2-METHYL-~1~BUTENE
N- PENTANE
TISOPRENE
T-2-PENTENE
C-2-PENTENE
VINYLDICHLORIDE
2-METHYL- 2 -BUTENE
DICHLOROETHANE
FREON-113
2,2-DIMETHYLBUTANE



o+

VOC29 CPENTANE CYCLOPENTANE
VOC30 4M1PENTE 4-METHYL-1-PENTENE

VOC31 CPENTANE * CYCLOPENTANE

VvOC32 23DMBUTA * 2,3-DIMETHYLBUTANE

vOC33 MTBE * MTBE

VOC34 2MPENTAN * 2-METHYLPENTANE

VOC35 3MPENTAN * 3-METHYLPENTANE

VOC3ise 2M1PENTE 2-METHYL-1-PENTENE
VOC37 1HEXENE 1-HEXENE

vOC38 C12DCETY CIS-1,2-DICHLOROETHYLENE
VOC39 NHEXANE * N-HEXANE

VOC40 T3HEXENE T-3-HEXENE

VOC41 T2HEXENE T-2-HEXENE

VOC42 C2HEXENE C-2-HEXENE

VOC43 ETBE * ETBE

VOC44 22DMPENT * 2,2-DIMETHYLPENTANE
vVOC45 MCPENTAN * METHYLCYCLOPENTANE

VOC46 24DMPENT * 2,4-DIMETHYLPENTANE
vOoC47 233TM1BE 2,2,3-TRIMETHYL-1-BUTENE
vOC48 223TMBUT * 2,2,3-TRIMETHYLBUTANE
vVOC49 C44DM2PE C-4,4-DIMETHYL-2-PENTENE
VOC50 24DM1PTE 2,4-DIMETHYL1-PENTENE

VOC51 BENZENE * BENZENE

VOC52 33DMPENT * 3, 3-DIMETHYLPENTANE+CARBON-TETRACHLORIDE
VOC53 33DM1HXE 3,3-DIMETHYL-1-HEXENE
VOC54 CHEXANE * CYCLOHEXANE

VOC55 4M1HEXEN . 4-METHYL-1 -HEXENE

VOC56 2MHEXANE * 2-METHYLHEXANE

VOCS57 23DMPENT * 2,3-DIMETHYLPENTANE

VOC58 3MHEXANE * 3-METHYLHEXANE

VOC59 12DCPROP 1, 2~-DICHLOROPROPANE

VOC60 1C3DMCPT * 1-C-3-DIMETHYLCYCLOPENTANE
VOC61 3EPENTAN * 3-ETHYLPENTANE

VOC62 224TM1PE 2,2,4-TRIMETHYL-1-PENTENE
VOC63 NHEXANE * N-HEXANE

vOoCe4 244TM1PE 2,4,4-TRIMETHYL-1-PENTENE
VOC65 MCHEXANE * METHYLCYCLOHEXANE

VOC66 25DMHEXA * 2,5-DIMETHYLHEXANE

VOC67 24DMHEXA * 2,4-DIMETHYLHEXANE

VOC68 34MCHEXA * 3&4-METHYLCYCLOHEXANE
vOC69 112TCE 1,1, 2-TRICHLOROETHANE
VOC71 234TMPEN * 2,3,4-TRIMETHYLPENTANE
VOC72 TOLUENE * TOLUENE

vYOC73 23DMHEXA * 2,3-DIMETHYLHEXANE

YOC74 2M3EPENT * 2-METHYL-3-ETHYLPENTANE
VYOC75 2MHEPTAN * 2-METHYLHEPTANE

vOC76 A4AMHEPTAN * 4-METHYLHEPTANE

vOC77 3MHEPTAN * 3-METHYLHEPTANE

vOC78 225TMPEN * 2,2,5-TRIMETHYLPENTANE
vOC79 1OCTENE 1-CCTENE

OC80 11DMCHEX * 1,1-DIMETHYLCYCLOHEXANE
0C81 T40CTENE T-4-0CTENE

'3C82 T30OCTENE T-3-0CTENE

*OC83 CHEPTANE * CYCLOHEPTANE

~.JC84 NOCTANE N-OCTANE :

~ JC85 1T2DMCHX * 1-T-2-DIMETHYLCYCLOHEXANE
- IC86 PERC PERCHLOROETHYLENE

*



vOCs87

voCss

VOC89

vOC90

VOoCo1

VOC9o2

VOC93

VOCo4

VOC95

VOC96

vOCo7

vOoCo8

vOC99
vOCi00
VOC101
vOC102
VOC103
voC104
VOC105
VOC106
voC107
VOC108
voCi09
voC110
voClill
voC11z
VOC113
voCl14
VOC115
VOC1l1le
voCci117
VvOC118
voCi119
VOoC120
voCliz21
VoCciz22
vVOCl123
vOoCi24
VOC125
VOCl26
VOC127
voClz28
voCcizs
VOC130
VOoC1i31
VOCl1l32
vOC133
VOCl134
VOC135
VOC136
vOC137
vVOoC138
VOC139
VOC140
VOCl41
VOC142
vOoC1i43

235TMHEX
22DMHEPT
24DMHEPT
44DMHEPT
26DMHEPT
CLBENZ
25DMHEPT
33DMHEPT
EBENZ
MPXYLENE
4MOCTANE
3MOCTANE
STYRENE
OXYLENE
1NONENE
NNONANE
IPBENZ
44DMOCTA
COCTENE
ISPBENZ
44DMOCTA
COCTANE
26DMOCTA
APINENE
NPBENZ
METOLUEN
23DMOCTA
SMNONANE
135TMBEN
2MNONANE
IMNONANE
OETOLUEN
1DECENE
124TMBEN
TBCHEXAN
NDECANE
PDCLBENZ
SBBENZ
123TMBEN
ODCLBENZ
NBCHEXA
13DEBENZ
NBBENZ
13DM4EBZ
4TBTOLUE
NUNDECAN
1245TMBZ
1235TMBZ
MDIPBENZ
1234TMBZ
246TMSTY
NAPTHALE
NDODECAN
HCLBUTAD
N1TDECEN
NTRDECAN
NTEDECAN

L T

* % & * % ok * A

* o X

= o+ F A

* % % % * % ok *

*#**#*****ﬂ-*****#ﬂ-**

2,3,5-TRIMETHYLHEXANE
2,2-DIMETHYLHEPTANE
2,4-DIMETHYLHEPTANE
4,4-DIMETHYLHEPTANE
2, 6-DIMETHYLHEPTANE
CHLOROBENZENE
2,5-DIMETHYLHEPTANE
3,3-DIMETHYLHEPTANE
ETHYLBENZENE
M&P-XYLENE

4 -METHYLOCTANE
3-METHYLOCTANE
STYRENE

O-XYLENE&1,1, 2, 2-TETRACHLOROETHANE

1-NONENE

N-NONANE

I-PROPYLBENZENE
4,4-DIMETHYLOCTANE
CYCLOOCTENE
ISOPROPYLBENZENE
4,4-DIMETHYLOCTANE
CYCLOOCTANE

2, 6-DIMETHYLOCTANE
A-PINENE

N-PROPYLBENZENE
M-ETHYLTOLUENE

2, 3-DIMETHYLOCTANE
5-METHYLNONANE
1,3,5-TRIMETHYLBENZENE
2-METHYLNONANE

3 -METHYLNONANE
O-ETHYLTOLUENE

1-DECENE
1,2,4-TRIMETHYLBENZENE
T-BUTYLCYCLOHEXANE
N-DECANE&M-DICHLOROBENZENE
P-DICHLOROBENZENE
SEC-BUTYLBENZENE
1,2,3-TRIMETHYLBENZENE

0 -DICHLOROBENZENE
N-BUTYLCYCLOHEXANE
1,3-DIETHYLBENZENE
N-BUTYLBENZENE
1,3-DIMETHYL-4-ETHYLBENZENE
4-T-BUTYLTOLUENE
N-UNDECANE"
1,2,4,5-TETRAMETHYLBENZENE
1,2,3,5-TETRAMETHYLBENZENE
M-DIISOPROPYLBENZENE
1,2,3,4-TETRAMETHYLEBENZENE
2,4, 6-TRIMETHYLSTYRENE
NAPTHALENES&N-1-DODECENE
N-DODECANE
HEXACHLOROBUTADIENE
N-1-TETRADECENE
N-TRIDECANE

N-TETRADECANE



4. Somexvoc.sel

Lo

VEHICLES
GASVAPOR
LIQGAS

LPG

5. Adwmexvoc.car

ID

DATE

DRU
STHOUR
SIZE
VoC999
TVOC
VOoCl
ETHYLENE
vVoCc2
ACETYLEN
voC3
ETHANE
voc4
FROPYLEN
VOCS5
PROPANE
VOoCe
MCHLOR
voC7
IBUTANE
voca
VCHLOR
voCcs
1BUTENE
voc1o
13BUTADI
VOCll
NBUTANE
vVOCl2
T2BUTENE
voCl3a
CiBUTENE
vVoCl4
12BUTYNE
voCle
3M1BUTEN
VOCL7
IPENTANE
vocls
1PENTENE
voCl9
2M1BUTEN
voczo
WPENTANE
Vo211
ISOPRENE
voczz
T2PENTEN
VvocCcz3
C2PENTEN
vOC24
VDCHLOR
voC25
2M2BUTEN
Vo268

MERCED
3/25/93
3

6

TVOC
2500

250
75.70472
7.570472
59.95853
9.995853
21.7931
2.17931
26.22171
2.622171
390.8178
35.08178
2.223533
0.222353
106.3697
10.63637
0

0.1
23.98314
2.398314
6.331842
0.633184
240.0279
24.00273
19.77944
1.977944
6.831751
0.683175
0

0.1
2.484033
0.248403
135.3281
13.58281
6.155983
0.615598
9.529714
0.952971
106.1577
10.61577
2.468552
0.246855
10.233058
1.033058
5.711158
0.57111e
0

0.1
12.73332
1.272332
3.396953

VEHICLE EMISSIONS

*

* GASOLINE VOPORS
* LIQUID GASOLINE
*

LIQUIFIED PETROLEUM GAS

MERCED
3/26/93
3

6

TVOC
2156

215
71.5571
7.15571
100.5505
10.05505
192.25012
1.925012
26.47832
2.647832
289.9878
28.99878
2.27093
0.227093
82.42558
B.242958
0

c.1
21.69356
2.169356
6.195513
0.619551
184 .5802
18.45802
6.044926
0.604453
5.433905
0.543391
Q

¢.1
2.116495
0.21165
112.117
11.2117
5.383122
0.538312
8.146857
0.814686
81.80373
9.190379
4.390364
0.439036
9.894341%
0.989434
5.0402
0.50402
0

S 0.1
11.09142
1.109142
3.56256

MERCED
3/27/93
3

6

VOO
3690

369
90.05767
9.005767
102.4217
10.24217
34.24008
3.424008
33.,83809
3.383809
699.4986
69.94986
2.153468
0.215347
192.4074
15.24074
21.85587
2.185587
34.547
3.4947
7.892173
0.789217
439.5503
43.95503
18.08152
1.808152
12.7484
1.27484
s}

0.1
4.001704
0.40017
220.8214
22.08314
9.529665
0.952967
14.81257
1.481257
162.341
16.2341
5.722155
0.572216
17.2474
1.72474
9.160982
0.916098
0

0.1
20.26099
2.026099
5.477133

PEDREGAL
3/25/93
3

6

TVOC

732

73
28.29061
2.829061
40.72922
4.072322
9.412325
0.941233
11.11211
1.111211
116.1084
11.61084
1.78459%¢6
0.17846
32.66937
3.266937
0

0.1
8.599478
0.859948
2.286682
0.2286638
70.12119
7.012119
3.127258
0.312726
1.827336
0.182724
0

0.1
¢.56333
0.056333
31.13287
3.113287
1.41977%
0.141978
1.937143
0.193714
23.25704
2.325704
1.048012
0.104801
2.10848
0.210848
1.126087
0.112609
0o

0.1
2.127372
0.212737

PEDREGAL
3/26/93

3

]
TVOC
1784
178

26.44451

2.

644451

35.99738

3.

599738

11.15158

1.
6.
0.

115158
461061
646106

75.3294
7.53294

1.
0.

5.
0.
1.
0.

580584
158058
25.641
2.5641
0

0.1
928842
592884
064138
106414

66.88544

6.
2.
0.
2.
0.

1.
0.

1.
0.
T.
0.

688544
961189
296119
653674
265367
0

0.1
711744
171174
138.69
13.869
T72992
477393
012714
701371

118.8419
11.88419

0
0
7.
0
4
o

-877634
.087763

712583

.771258
.536409
.453641

0
0.1

10.02258

1.

002258

0.799758 6.583B69

PEDREGAL
3/27/93
3

[

TVOC

630

69
15.768958
1.578958
22.10849
2.210849
9.4B5896
0.94859
6.62717
0.662717
153.3438
15.33438
1.899997
0.9
41.36009
4.136009
0

0.1
6.368438
0.636844
1.213713
0.121371
87.82584
B.782584
2.731555
0.273156
1.68989%9
0.16899
0

0.1
0.432802
0.04328
27.02179
2.702179
1.0946
0.10946
1.394857
0.139486
19.21369
1.921369
2.062605
0.206261
1.964785
0.1964795
0.795761
0.079576
0

0.1
1.223983
0.122398
0.49682

XALOSTOC
3/25/93
3

6

TVOC
3698

370

86 .03855
8.603859
179.68398
17.96898
43.14786
4.314786
34.83302
3.483302
671.823
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0.07217S
0.802653
0.080265
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0.228814
0.29198
0.029198
3.41302
0.341302
0

0.1
6.597459
0.659746
3.121041
0.312104
23.15752
2.315752
71.26878
7.126878
10.14426
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8.541857
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0.
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.106844
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-437094
.643709
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0.1

0

0.1
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479125
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0.31832
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0.
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1.6510%9
0.
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0.

034364
157156
415716
941412
894141
120963
212087
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149823
411213
141121

165109
938543
593854
0

0.1

20.12896
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0

2
0

012896
Q

0.1

0

0.1

0.90733
0.
1.
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886816

.188682
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.269936
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0.1
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0.551039
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9
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.147553
. 075796
0.90758
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904092
290409

23.91967
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391867
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7.
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8.09051

444034
974418
997442



3MOCTANE
voCc99
STYRENE
VoC100
OXYLENE
VOC1l01l
1NONENE
vOCL02
NNONANE
VoC103
IPBENZ
VocLo4
44DMOCTA
VOC1L05
COCTENE
VOCl06
ISPBENZ
vocio7

4 4DMOCTA
voCl08
COCTANE
VoC109
26DMOCTA
VOoCll0
APINENE
VoCcllil
NPBENZ
VOoCl1lz2
METCLUEN
vOoC113
23DMOCTAR
VOCll4
SMNONANE
VOoC1l1s
135THMBEN
vOoCl1le
2MHNONANE
vOoCl17
3MNONANE
VOoClls
OETOLUEN
VOC1l19
1DECENE
voCi20
124TMBEN
vOoCclz21l
TBCHEXAN
voc122
NDECANE
VOC123
FDCLBENZ
voc124
SBBENZ
VOoCl1l25
123TMBEN
voCl2e
CDCLBENZ
VOC127
NBCHEXA
vVOoCl28
L3DEBENZ
VoCgl29
NBBENZ
VoC130
13DM4EBZ
VOoC131
4TBTOLUE
voC132
NUNDECAN
VOoC133
1245TMBZ

0.902985
5.700634
0.570063
20.53492
2.053492
4.117267
0.411727
22.04152
2.204152
0

a.1

0

0.1
0.176545
0.017655
3.551192
0.355119
0.317662
0.031766
31.9343e
0.39343¢
8.78187
0.878187
4.307648
0.430765
5.1429
0.51429
19.86308
1.986308
9.773765
0.977377
1.322914
0.132291
8.251078
0.825L08
4.2503156
0.425036
4.328192
0.432819
7.206985
0.720699
0

a.1
21.1676
2.11€76
0.528408
0.052841
15.34301
1.534301
8.725
Q.8725
0.947139
0.094714
6.13068
0.613068
1.35
0.135
4.110477
0.411048
2.558945
0.255895
8.412032
.841203
.352411
.235241
370162
.03701e6
.830515
.883052
2.61592
0.261592
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0.837377
5.115531
0.511553
19.06926
1.906926
3.951653
0.395165
20.71181
2.071181
0

0.1

0

0.1
0.164176
0.0l1l6418
1.459619
0.345962
0.353087
0.035309
3.818139
0.381814
8.428783
0.842878
3.560885
0.356089
4.833246
0.483325
18.39986
1.839386
5.215679
0.921568
1.2329
0.12329
7.636784
0.763678
3.94602
0.3%24603
31.99062
0.399069
6.7328B05
0.673281
0

0.1
19.30388
1.930348
0.532988
0.053299
14.10663
1.410663
6.696
0.6696
0.924132
0.092413
5.763248
0.576325
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0.1
3.804195
0.38042
2.376516
0.2376e52
T.796812
0.779681
2.28557S
0.228558
0.262359
0.026236
7.924032
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2.449926
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4.50856
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0.016755
4.278328
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0.374574
0.037457
4.842378
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10.24881
1.024881
7.352528
0.725253
6.288274
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2.4823707
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1.224765
1.553465
0.155347
10.12339
1.012339
5.278812
0.527881
5.15504
0.515504
8.947278
0.894728
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0.1
30.01704
3.001704
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0.067726
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15.381
1.538)
1.195838
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2.362
0.2362
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0.981943
2.87778¢
0.287779
0.484566
0.048457
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1.654869
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0.598667
0.73401
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5.71498¢6
0.571499
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.005401
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.935356
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0.05876
2.4199%21
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0.290019
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0.1425%
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8.390455
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0.045513
12.67337
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VOC134 3.653523
1235TMBZ 0.365352
VOC135 2.134768
MDIPBENZ 0.213477
VOCl3e 3.04652
1224TMBZ 0.304652
vogc137 0.529539
246TMSTY 0.052954
vOoC1l3s 7.894656
NAPTHALE 0.789466
VvOoCc139 6.564712
NDODECAN 0.65687L
VOCl40 0.466569
HCLBUTAD 0.046657
vOoCl1l41l ]
N1TDECEN 0.1
voci42 1]
NTRDECAN 0.1
vori43 Q
NTEDECAN 0.1
6. Pomexvoc. car
CODE 1

NAME VEHICLES
SIZE TVOoC
VOC1 0.0142660
ETHYLENE 0.0014266
VoCcz2 0.02274
ACETYLEN 0.002274
vVOoCa 0.002113
ETHANE 0.0002112
VOoc4 0.02354¢6
PROPYLEN 0.002354¢6
vocs 0.0131720
PROPANE 0.00131.72
VOCs 0.0000280
MCHLOR 0.0000038
voC7 0.0127580
IBUTANE 0.0012758
vocs 0.0000000
VCHLOR Q.0001
vocs 0.0177910
1BUTENE 0.0017791
VoCclo 0.,0064460
13BUTADI 0.0006448
voCcil 0.0328720
NBUTANE 0.0032872
vVoCl12 0.0054590
T2BUTENE 0.0005459
VoC13 0.0045200
C3BUTENE 0.000453
voCl14 0.0003270
12BUTYNE 0.0000327
vOoClé 0.0014600
3M1BUTEN 0.000146
VOoC17 Q0.0295970
IPENTANE 0.0029557
voCcla 0.0035340
1LPENTENE 0.0003534
vOoCl19 0.0059390
2ZM1BUTEN $.0005939
voCc20 0.0462760
NPENTANE 0.0046276
voCc21 0.0025060
ISOPRENE 0.00025086
voCc22 0.0066320
T2PENTEN 0.0006632
voc23 0.0036290

3.136913 4.055635 1.070473 1.756365
0.313691 0.405564 0.107047 0.175637
1.837291 2.41955 0.322864 0.977423
0.183729 0.241955 0.032286 0.097742
2.723296 3.392205 0.823946 1.627075
0.27233 0.339221 0.082395 0.162708
0.411261 0.566433 0 0.135098
0.041126 0.056643 0.1 ©0.01351
6_985505 8.519763 2.596155 2.515769
0.898551 0.851976 0.25961¢ 0.351577
5.850314 7.039148 1.997612 3.709023
0.585031 0.703915 0.199761 0.370902
0.405432 0.45477 0.148015 0.222022
0.040543 0.045477 0.014802 0.022202
0 0 0 0
0.1 0.1 0.1 0.1
0 0 1} 0
0.1 0.1 0.1 0.1
0 0 0 0
0.1 0.1 0.1 0.1
2 3 4
GASVAPOR LIQGAS LPG
TVOC TVOC TvVOC
0.0001760 0.0000100 0
0.0000176 0.000001 0.90001
0.0000000 0.0000400 0
0.0001 0.000004 0.0001
0.0000000 0.0000000 0.0071
0.0001 0.0001 0.00071
0.0021360 0.0000590 0
0.0002136 2.00900053 0.0001
0.0223310 0.0006430 0.454
0.0022331 0.0000643 ©.0454
0.0000080 0.0000010 [y
0.0000008 0.0000001 0.000]
0.0544340 0.0040500 0.149
0.0054434 0.000405 0.0149
0.0000000 ¢.0000000 0
0.0001 0.000% 0.0001
0.0277670 0.0024270 ©.025)
0.0027767 0.0002427 0.00251
0.0018810 0.0002400 ©0.0005
0.0001881 0.000024 0.00005
0.05448880 0.0166710 0.2918
0.0054888 0.0016671 0.02918
0.0344500 0.0042660 0.0276
0.003445 0.0004266 0.00276
0.0318110 0.0042800 0.0168
0.0031811 0.000428 0.00168
0.0000000 0.0000000 o
0.0001 0.9001 0.0001
0.0086250 0.0020130 [
0.0008625 0.0002013 0.0001
0.0875030 0.0259200 0.0183
0.0087503 0.002592 0.00183
0.0155810 0.0054270 0
0.0015581 0.0005427 0.000)
0.0282190 0.0103290 0
0.0028219 0.0010339 0.0001
0.0768360 0.0L71810 0.0048
0.0076836 0.0017181 0.00043
0.0011790 0.0004980 0
0.0001179 0.0000498 0.0001
0.02974390 0.0130110 0
0.0029749 0.0013011 0.0001
0.0162300 0.0072530 0

G.651378
0.065138
0.267122
0.026712
0.563176
0.056318
0

0.1
1.646202
0.16462
1.674332
0.167433
0.054701
0.00547

o

0.

o
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.019828
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- 407357
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0.04883
.428049
.742805
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.510005
.367892
.036789

0
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o
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4.476374
0.447637
2.059709
0.205971
3.709403
0.37094
0
0.1
7.8072%8
0.78073
10.09698
1.009698
0.674647
0.067465
0

0.

o
HoR oK

i=3

.096723
-409672
.861575
-186158
176357
.3176386
.581625
.058163
-183408
.818341
.020675
.809068
.515907
.051591

0
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C2PENTEN
voC24
VDCHLOR
vOC25s
2M2BUTEN
VOC26
DCETHANE
vocz7
FREON112
vocz2a
22DMBUTA
voCc29
CPENTANE
VOoCc3do
4AM1PENTE
VOC31
CPENTANE
vOC32
23DMBUTA
veCal
MTBE
voC34
2MPENTAN
VOC35
3MPENTAN
VOC36
2M1PENTE
vVOC37
1HEXENE
voC3s
Cl12DCETY
VoC3s
WHEXANE
voc40
T3IHEXENE
vocal
T2HEXENE
VOoCc42
C2HEXENE
voc43
ETBE
voC44
22DMPENT
voc4s
MCPENTAN
voc4s
24DMPENT
vocq7
233TM1BE
voc4aa
223THMBUT
voc49
C44DM2PE
VOoC50
24DM1PTE
VoCs1
BENZENE
vocCs52
3I3DMPENT
VOCS53
33DM1HXE
VOC54
CHEXANE
VOC55
AM1HEXEN
VOCSsSe
2ZMHEXANE
vOoC57
23DMPENT
voCs5s8
3JMHEXANE

0.0003629
0.0000000
0.0001
0.0080540
.0008054
.0000000
6.0001
0028670
.0002867
.0017560
.0001756
0017560
0001756
.06010610
.0001061
.0039530
.0003953
.0063570
.0006357
.0304400
0.003044
0.0336830
0.0033633
0.0216730
0.0021673
0.0017560
0.0001756
0.00157390
0.0001579
0.0000000
0.0001
0.0288620
0.0028862
0.0022800
0.000228
0.0024920
0.0002492
0.0012750
0.0001275
0.0023450
0.0002345
0.0007830
0.0000783
0.0098510
0.0009851
0.0030810
0.0003081
0.0001330
0.0000133
0.0003450
0.0000345
0.0000880
0.0000088
0.0000800
0.000008
.0279010
.0027501
-0011710
0001171
.0000000
0.0001
.0038840
0003884
.0002630
.0000263
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.0013181
. 2045110
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0.0000000
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.0063140
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0.0071260
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0.0002470
0.0000247
0.000551¢
0.0000551
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0.0004280
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0.0022243
0.0022840
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voCcs59
12DCPROP
YOCe0
1C3DMCPT
VOCse 1
3EPENTAN
voCe2
224TM1PE
VOC63
NHEXANE
VOCe4
244TM1PE
YOCsS
MCHEXANE
VoCes
25DMHEXA
VoCce7
24DMHEXA
VOCe8
34MCHEXA
VOCe 9
112TCE
voCT1
234TMPEN
VOC72
TOLUEWE
voCc73
23DMHEXA
VOoCT4
ZMIEPENT
VOC75
2MHEPTAN
velT7e
AMHEPTAN
Vo777
IMHEPTAN
voCc7s
225TMPEN
voC79
10CTENE
VOC8o
11DMCHEX
Vocel
TAOCTENE
vocaz
T30CTENE
voces
CHEPTANE
vOC84
NOCTANE
VOCES
1T2DMCHX
vocsae
PERC
voCcse7
235TMHEX
vocas
22DMHEPT
vocas
24DMHEPT
VOC90
44DMHEPT
voCsl
26DMHEPT
voCcsoz2
CLBENZ
vVoca3
25DMHEPT
voCod
33DMHEPT
VOoC95

0.0000000
©.0001
¢.0023700
0.000237
0.0040110
0.0004011
0.0086200
0.000862
.0179340
.0017934
.0006320
.0000632
.0082620
.0008262
0.0018500
0.000185
.0047950
.0004799
0004180
.0000418
.0001950
.0000195
.0028550
.0002855
.0414270
-0041427
.0021240
.0002124
.0007110
.0000711
.0083570
.0008357
0030750
.0003075
0.0085670
0.0008567
0.0008100
¢.000081
.0005710
. 0000571
.0012540
.0001254
0016160
.0001616
.0001210
-000012%
.0008440
.0000844
.0143510
.0014351
Q005060
.0000506
.0003210
.0000321
-0004350
. 0000435
.0000000
0.0001
.0015620
.0001563
-00017920
-0000179
.0021620
.0002162
.0000000
0.000L
.0043550
.0004395
.0014660
,0001466
.011821¢
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EBENZ
vOC96
MPXYLENE
voca7
AMOCTANE
voCcas
3MOCTANE
voCcs9
STYRENE
vOC100
OXYLENE
VOC1i01
LNONENE
vocloz2
NNONANE
vOC103
IPBENZ
voClLo4

4 4DMOCTA
VOC105
COCTENE
VOC106
ISPBENZ
voCc107
44DMOCTA
VOClo8
COCTARE
VOC109
26DMOCTA
VCC1190
APINENE
VoCclil
NPBENZ
voC112
METOLUEN
VOC113
23DMOCTA
vocll4d
SMNONANE
VOC115
135TMBEN
VCClle
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OETOLUELN
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voc1z24
SBBENZ
VCCl25
123TMBEN
VOCl26
ODCLBENZ
VoC127
NBCHEXA
voCl28
13DEBENZ
Vo129
NBBENZ
VOoC1i30
13DM4EBZ

. 0011821
.0370710
0037071
.0067550
. 0006755
.0055830
.0005583
. 0030950
.0003095
.0146220
.0014622
.0021610
.0002161
.0123970
.0012337
.0020740
.0002074
.0001480
. 0000148
.0000000
0.0001
0.0000000
0.0001
0.0000000
0.0001
0.0023200
3.000232
.0053420
.0005342
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.0000735
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.0004143
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0000786
.0087500
0.000875
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0.0000000
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0.0000352
0.0088840
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VOC131
4TBTOLUE
VoCi32
HWUNDECAN
VOCl33
1245TMBZ
VOC134
1235TMBZ
VOC13S
MDIPBENZ
VoCcile
1234THBZ
voc137
246 THMSTY
voCl3s
NAPTHALE
VOC139
NDODECAN
VoCcL40
HCLBUTAD
VOCl41l
N1TDECEN
vocli4qz2
NTRDECAN
vVOoCl4a3
NTEDECAN

0.0000Q00
0.0001
0.0052960
0.000529%6
0.0022980
0.0002258
0.0030970
0.0003097
0.0014130
0.0001419
0.0024370
0.0002437
0.0000000
0.0001
0.0064110
0.0006411
0.0039500
0.000385
Q.o0000000
2.0001
0.0000020
0.0000002
0.0010240
0.0001024
0.0001970
0.0000197

0.0000000
0.0001
0.0000600
¢.000006
0.0000450
0.0000045
0.00013280
0.0000138
0.0000040
0.0000004
0.0005220
0.0000922
0,0000000
0.0001
0.0000300
0.000003
0.0000400
0.000004
0.0000000
0.0001
0.0000000
0.0001
0.0000000
0.0001
0.00000C00
0.0001

0.00033910
0.0000391
0.0038620
0.0003862
0.0023870
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0.0030640
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0.0012420
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3. Chicago Volatile Organic Compound PAME Data Set

1. Inchivoc.in8

SOCHIVOC.SEL

POCHIVOC.SEL

ADCHIVOC.SEL

ADCHIVOC.CAR

PRCHIVOC.CAR

2. Adchivoc.sel

NW 6/7/94 3 O TVOC

NW 6/7/94 3 6 TVOC

NW 6/7/94 3 12 TVOC

NW 6/7/94 3 15 T™VOC

NW 7/13/94 3 0 TVOC

NW 7/13/94 3 6 TVOC

NW 7/13/94 3 12 TVOC

NW 7/13/94 3 15 T™VOC

NW B/8/94 3 0 TVOC

NW 8/8/94 3 6 TVOC

NW 8/8/94 3 12 TVOC

NW 8/8/94 3 15 TVOC

3. Pochivoc.sel

vOoCcggg TVOC TOTAIL MASS BY FID
VOCl ETHYLENE * ETHYLENE
vOoC2 ACETYLEN * ACETYLENE
VOC3 ETHANE * ETHANE
VOC4 PROPYLEN +* PROPYLENE
VOCS5 PROPANE * PROPANE
vVOC7 IBUTANE * ISOBUTANE
VOC9 1BUTENE * 1-BUTENE

VOC1ll1 NBUTANE * N-BUTANE

VOC1l2 T2BUTENE * T-2-BUTENE

VOC13 (C3BUTENE +* (C-2-BUTENE

vVOCls 3M1IBUTEN * 3-METHYL-1-BUTENE
VOC1l7 IPENTANE * ISOPENTANE

VOC1l8 1PENTENE * 1-PENTENE

VvOC20 NPENTANE * N-PENTANE

VOC21 ISOPRENE * ISOPRENE

VOC22 T2PENTEN * T-2-PENTENE

VOC23 C2PENTEN +* (C-2-PENTENE

vOC25 2ZMZBUTEN * 2-METHYL-2-BUTENE
voC28 22DMBUTA * 2, 2-DIMETHYLBUTANE
VOC29 CPENTANE +* CYCLOPENTANE
VOC30 4M1PENTE +* 4-METHYL-1-PENTENE
VOC32 23DMBUTA * 2,3-DIMETHYLBUTANE
VOC35 3MPENTAN * 3-METHYLPENTANE
VOC36 2M1PENTE * Z-METHYL-1-PENTENE



VOC39
VOoC41
vOC42
VOC45
VOC46
VOCs51
VOC54
VOC56
VOC57
voCs8
VOCE5
VOoC71
VOC72
VOC75
VOC77
vVOC84
VOCS5
VOCSe
VOCsSo
VOC100
VOC102
VOC106
VOoCi1ll
VOC115
voCiz21
vOC125
VOoCc127
VOC130
VOC135

NHEXANE
T2HEXENE
C2HEXENE
MCPENTAN
24DMPENT
BENZENE
CHEXANE
ZMHEXANE
23DMPENT
3MHEXANE
MCHEXANE
234TMPEN
TOLUENE
2MHEPTAN
3MHEPTAN
NOCTANE
EBENZ
MPXYLENE
STYRENE
XYLENE
NNONANE
ISPBENZ
NPBENZ
TMBE
CPENTENE
2MPENTAN
224TMPEN
NHEPTANE
NOX

4, Sochivoc.sel

Vo100 d W

VEHICLE
GASVAP
WHOLE
REFINE
GRAPHART
ARCHCOAT
COKE

CNG

LPG

5. Adchifoc.car

1D

DATE

DUR
STHOUR
SIZE
VoCo9s
TVOC
voC1
ETHYLENE
voc2
ACETYLEN
vOoC3
ETHMANE

12.962
1.2962

NW NW
6/7/94 6/7/94
3 3

0 6
T™VOC TVOC
199.67 527.20
19.967 52.720
7.916 20.191
0.7916 2.0191
4.899 10.331

0.489% 1.0331
17.139

1.7129

* ok F ok o ok ok b b b 3 b b o ok 3 o N % o X A A X F A F A

N-HEXANE

T-2-HEXENE

C-2-HEXENE
METHYLCYCLOPENTANE
2,4-DIMETHYLPENTANE
BENZENE

CYCLOHEXANE
2-METHYLHEEXANE
2,3-DIMETHYLPENTANE
3-METHYLHEXANE
METHYLCYCLOHEXANE
2,3,4-TRIMETHYLPENTANE
TOLUENE
2-METHYLHEPTANE
3-METHEYLHEPTANE
N-OCTANE

ETHYLBENZENE
M&P-XYLENE

STYRENE

O-XYLENE & 1,1,2,2-TETRACHLOROETHANE
N-NONANE
ISOPROPYLBENZENE
N-PROPYLBENZENE

1,3,5 & 1,2,4-TRIMETHYLBENZENE
CYCLOPENTENE
2-METHYLPENTANE
2,2,4-TRIMETHYLPENTANE
N-HEPTANE

NOX

*  VEHICLE EMISSIONS
*  GASOLINE VAPOR
*  WHOLE GASOLINE
*  PETROLEUM REFINERY EMISSION
* GRAPHIC ARTS
*  ARCHITECTURAL COATING
*  (COKE QVENS
*  COMMERCIAL NATURAL GAS
*  LIQUID PETROLEUM GAS
NW NW NW MW NW NW NW
6/7/94 6/7/94 7/13/94 7/13/94 7/13/94 7/13/94 8/8/94 &/
3 3 3 3 3 3 3
12 15 0 6 12 15 0
TVOC TVOC TVOC TVOC TVOC TvVOC TVOC
160.02 160.76 172.10 144.63 152.07 172.48 164.83 16
16.020 16.076 17.210 14.463 15.207 17.248 16.483 16
8.948 8.26 B.375 7.572 9.465 10.153 4.646
0.8948  ©.826 0.8375 0.7572 0.9465 1.0153 0.4646 0
4.58 5.006 4.047 4.313 3.568 4.207 2.929
0.458 0.5006 0.4047 0.4313 0.3568 0.4207 0.2929
4.239 31.44  9.092  5.037 3.87 3.379 5.897
¢.4239  0.344 0.90%2 0.5037 0.387 0.3379 0.5897 O

NW
8/94
3

6
TVOC
8.65
.865
4.99
.499
4.1
0.41
6.45
.645

MW
8/8/94
3

12
TVOC
259.17
25.917
9.121
0.9121
6.017
0.6017
6.327
0.6327

B/8/94

15
TVOC
186.00
18.600
9.006
0.9006
4.42
0.442
14.607
0.4607



VoCc4q
PROPYLEN
vacs
PROPANE
vocT
IBUTANE
voCs
1BUTENE
VOoCl1l1
NBUTANE
vCCl2
T2BUTENE
vVOoC13
C3IBUTENE
VOC16
3AM1BUTEN
voc17
IPENTANE
vVOC18
1PENTENE
voczo
NPENTANE
VoC21
ISOPRENE
voc22
T2PENTEN
VOC23
C2PENTEN
vOoC25
2M2BUTEN
voc2s
22DMBUTA
vocz9
CPENTANE
VOC3o0
4M1PENTE
VoC3z
23DMBUTA
VOC35
3MPENTAN
VOC36
2M1PENTE
VOC39
NHEXARNE
VOoC4l
T2HEXENE
VvoCc42
C2HEXENE
voCcas
MCPENTAN
VOoC4e
24DMPENT
VOCsl
BENZENE
vVOoC54
CHEXANE
VOC56
2MHEXANE
VoCsT
23DMPENT
vOCsa
IMHEXANE
VOCe5
MCHEXANE
Vo7l
234TMPEN
voci2
TOLUENE
voC75s
2MHEPTAN
voCcT77

4.188
0.4188
9.19%
0.9199
7.012
0.7012
0

Q.1
8.617
0.8617
0.746
¢.0746
0

0.1

0

0.1
11.5%68
1.1568
0.688
0.0688
4,84
0.484

0.1
0.7486
0.0746

0.1
1.09
0.%L09
0.705
0.0705

[=]
(=]

o
o o+

0.1
2.056
0.2056
[}

0.1
2.526
0.2526
0

0.1

o

0.1
1.778
0.1778
1.054
0.1054
4.366
0.4366
0,975
0.0975
1.698
0.1698
1.635
¢.l639
1.991
0.1991
0.975
0.0975
1.11
0.111
11.952
1.1952
0.584
0.0584
0.876

0
0.1
13.4867
1.3467
7.607
0.7607
0
g.1
22.345
2.2345
1.262
0.1262
0.218
0.0918
0.631
0.06321
44.972
4.4972
1.95
0.185
15.935
1.5935
1.043
0.1043
2.868
0.2868
1.606
0.1606
2.811
0.2811
2.644
0.2644
4.38
0.436
0.861
0.0861
1.586
¢.1586
11.925
1.1925
1.205
0.1205
10.222
1.0222
0.975
0.0975
0
0.1
5.0565
0.50565
3.396
0.3396
14.483
1.4483
1.721
0.1721
5.0620
0.5062
5.445
0.5445
6.792
0.6792
2.237
0.2237
3.621
0.3621
37.201
3.7201
2.3%4
0.2394
2.278

3.327
0.3327
31.667
0.3667
1.307
0.1307
0

0.1
6.537
0.6537
0.631
0.0631
o

G.1

0

0.1
1¢.518
1.0918
0.574
0.0574
4.131
0.4131
0

0.1
0.803
0.0803
v}

0.1
1.147
0.1147
0.746
0.0746
1.434
0.1434
0

0.1

o

0.1
2.232
0.2232
0

0.1
2.291
0.2291
0

0.1

0

0.1

l.606
0.1606

1.288
0.1288
5.324
0.5324
0.918
0.0918

1.581
0.1581

1.991
0.1591
1.581
0.1531
0

0.1
1.402
0.1402
11.158
1.1198
]

0.1
0.818

3.672
0.3672
3.066
0.3066
1.4856
0.148¢
0

0.1
2.8585
0.2555
0.746
0.0748
0

0.1

0

0.1
11.45
1.145
0.574
0.0574
4.072
0.4072
0

0.1
0.86
0.086
0

0.1
1.147
¢.1147
0.881
0.0881
1.377
0.1377
0o

0.1

0

0.1
2.409
0.2409
[}

0.1
2.291
0.2291
0

0.1

[}

0.1

1.664
0.1664

1.347
0.1347
5.697
0.5697
0.688
0.0688

1.464
0.l464

1.951
0.1%391
1.639
0.1e39
0

0.1%
1.518
0.1518
13.082
1.3082
0.584
0.0584
0.934

2.409
0.2409
9.499
0.9499
2.8532
0.2853
3.158
0.3155
6.715
0.8715
0.531
0.0631
0

0.1

0

0.1
11.922
1.1922
o

0.1
4.662
0.4662
0

0.1
0.688
0.0688
0

0.1
0.8¢6
0.086
0.764
0.0764
1.262
0.1262
0

0.1

o]

0.1
2.291
0.2291
0

0.1
2.644
0.2644
0

0.1

Q

0.1

1.606
0.1606

1.054
0.1054
4.686
0.4686
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Florida Atmospheric Mercury Data Set.
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Lesson XIV

Review of Practice Exercises
Peter Scheff
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INTRODUCTION TO RECEPTOR MODELING

Lesson Title: Review of Practice Exercises
Lesson: X1V

Prepared By: P.A. Scheff

Date: March 3, 1998

Lesson Goal: The goal of this lesson is to describe the solutions to the homework assignments.

Lesson Objectives: At the completion of this lesson students will be able to:
Explain the methods for solving the homework questions.

Explain where to get answers to their specific questions about problem
solutions.
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Lesson XV

CMB Application for VOCs
Donna Kenski
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INTRODUCTION TO RECEPTOR MODELING

Lesson Title: CMB Application for VOCs
Lesson: XV

Prepared By: D. Kenski

Date: March 3, 1998

Lesson Objectives: At the completion of this lesson students will be able to:

List at least 3 model assumptions that are especially relevant to VOC
receptor model applications.

List at least 3 limitations and advantages of receptor models for VOC
source apportionment.

List at least 3 VOC source groups that are typically modeled.

List at least 3 characteristics that are important in developing VOC source
profiles (versus PM source profiles).

Review typical VOC receptor modeling results for 5 U.S. cities. (Need to
restate this one)

List at least 3 advanced applications of VOC receptor models to ozone
prediction, and be able to explain the usefulness of VOC source
apportionment for ozone control curve development.

XV.b.



INTRODUCTION TO RECEPTOR MODELING

LESSON XV OUTLINE

I. Introduction - Objectives

II. Why VOCs?

1. Receptor model assumptions and implications for VOC modeling
IV. Limitations and advantages of receptor models for VOCs

V. Important VOC sources

VI. VOC source fingerprint considerations

VII. Model results and validation

Diurnal patterns

Distributions with wind direction
Trajectory analysis

Comparisons with emission inventory data
Emission rate calculations

Mo oW

VIIL. Review of VOC studies in U.S. cities
A. Chicago
B. Washington D.C
C. Beaumont, Texas
D. Atlanta
E. Detroit

IX. Advanced applications --source control curve development

XV.c.



CMB Aeelications for VOCs

Lesson XV. CMB Applications
for VOCs

Donna M. Kenski, Ph.D.
Environmental Scientist
U.S. EPA Region 5

What are VOCs and why are they
important?

* VOC = gaseous organic compounds with
vapor pressures greater than 0.15 mmHg,
generally C,C,..

* Some are toxic, hazardous, or both

* On warm sunny days, VOCs react with
nitrogen oxides to form ozone.

Reactions? What about
conservation of mass?

* VOC reactions violate conservation of
mass assumption basic to receptor modeis.

* We compensate for reactivity by:

- Choosing species with similar reaction
rates

- Including reactivity term in model




CMB Aeelications for VOCs

Advantages and limitations of
receptor models applied to VOCs

* CMB tolerates deviations in model
assumptions well (so reactivity is not such
a problem}

* Useful for fugitive emission sources

* Shorter averaging times, individuai
samples

Advantages and limitations of
receptor models applied to VOCs

* Can identify previously uninventoried
sources

* Uncertainties in emission inventories
greater for VOCs than for criteria pollutants

Why emission inventories?

* Basis for photochemical grid modeling
and VOC/ozone control programs

* Most inventory data is not measured but
estimated from emission factors

* Some data are self-reported




CMB AEEIications for VOCs

Why emission inventories?

* Some types of emissions are especially
difficult to quantify

* Few estimates of inventory variability

Refinery capacity and VOC
emissions
Reported Emlssions as %

Capacity enissions, of throughput

bhliday tonshyear
Yorktown, VA 53,000 7,905 033
Refinery A 323,000 2,405 0.017
Refinery B 60,000 272 0,0089
Refinery G 200,000 924 00083

Choosing VOC fingerprints and
fitting species

* Same principles apply to VOCs as
particulates

- Look for species that occur in both
source emission and ambient air

- Minimize collinearity




CMB Aeelications for VOCs

Weighting schemes

* Gas chromatograph errors vary inversely
with concentration, so each observation is
weighted by its measurement error (a
function of concentration). Observations
with greater error have less influence on the

solution.

Show me the data!

* PAMS -- nationwide network of VOC
monitors, including much continuous GC

data

* Special ozone studies to support
photochemical grid models

Show me the data!

* Toxic studies and special purpose

monitoring




CMB Aeelications for VOCs

Uses of VOC receptor models

* Estimate and validate emission
inventories

* Examine diurnal variation in emissions




CMB Aeelications for VOCs

Uses of VOC receptor models

* Track changes in inventories over longer
time periods

* Estimate mass emission rates

Vehicies

Cowlickris,
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Typical distribution of source coefficients in Chicago




CMB Aeelications for VOCs
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Typical distribution of pasoline vapor contributions in Detroit

See Insert of Figure 38
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Figure 38. Comparison of LMOS Emission Inventory and Receptor Model
Emission Inventory for Borculo Gasoline Storage and Transport
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CMB Aeelications for VOCs

See Insert of Figure 39

Soatheaat Michigan Brdssions v
nvaniory Estimates
BNMOE

e

See Insert
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Figure 39. Comparison of LMOS Emission Inventory and Receptor Model
Emission Inventory for Chicago Gasoline Storage and Transport
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CMB Aeelications for VOCs

Using Receptor Models to Track
Emission Inventory Changes

¥ehicle Contributions, ug/m3, SEMOS

31988
A 1993

&8 am. 10-12 noon 24 p.m.

Using Receptor Models to Track
Emission Inventory Changes

Gasoline Vapor Coninbutions, ug/m?, SEMOS

=1388
H 1993

! e Y
64 am, 10-12 noon 24 p.m.

Using Receptor Models to Track
Emission Inventory Changes

Coke Oven Contrlbutlons, ugim3, SEMOS

1988
E1933




CMB Aeelications for VOCs

Mass Emission Rates

* Box model across urban area

* Upwind and downwind concentrations
determined from receptor model

* Top of box determined from lapse rate

Mass Emission Rates

* Length of box determined from wind
speed

Box model estimates of mass
emission rates

Date Wind Speed Mixing Ht NMOC flux  Vehlcle flux

{1991}  kmihr m amsl kglhr kghr
June2s 6 193 4,561 427
June26 10 223 20,604 11,749
June 27 15 37 21,21 17,749
June28 15 423 38435 26,867
July 16 ;] 573 49475 30,924
Juy 1T 11 543 49,242 33,486
July 18 10 3z 20,288 14,820
LMOS 7 am 29,286 15,114
LMOS 8am 45,982 23,211

10



Lesson XVI

Multiple Linear Regression and Carbon-14
Charles Lewis
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INTRODUCTION TO RECEPTOR MODELING

Lesson Title: Multiple Regression Modeling and Carbon-14
Lesson: XVI

Prepared By: Charles W. Lewis

Date: March 3, 1998

Lesson Goal: Since the CMB receptor model requires a library of accurate and representative
source profiles, this session provides some alternative receptor modeling approaches, especially
Multiple Linear Regression techniques and their validation by radiocarbon (C-14).

Lesson Objectives: At the completion of this lesson students will be able to:

List at least 3 alternative receptor modeling approaches.

Explain the tracer species concept and be able to list at least 2 particulate
and 2 gaseous tracer examples.

Explain how to produce pure tracers from chemical species that have more
than one source.

List at least 3 uses of Multiple Linear Regression (MLR) for quantitative
estimates of abundance and source impacts when pure tracers are
available.

Explain MLR validation using radiocarbon techniques.

Explain how to use MLR to apportion exotic air poliutant properties such
as mutagenicity.

List at least one current research issue that involves MLR.

References:

1. CW. Lewis and W. Einfeld. "Origins of Carbonaceous Aerosol in Denver and Albuquerque during
Winter." Environ. Internat. 11, 243-247 (1985).

XVLb.



2. RB. Zweidinger, R K. Ste'vens, C.W. Lewis et al. "Identification of Volatile Hydrocarbons as
Mobile Source Tracers for Fine-Particulate Organics." Environ. Sci. Technol. 24, 538-542 {1990)

3. C.W. Lewis, R.E. Baumgardner, R K. Stevens et al. "Contribution of Woodsmoke and Motor
Vehicle Emissions to Ambient Aerosol Mutagenicity." Environ. Sci. Technol. 22, 968-971 (1988).

4. G. A Klouda, C.W. Lewis, R A. Rasmussen et al. "Radiocarbon Measurements of Atmospheric
Volatile Organic Compounds: Quantifying the Biogenic Contribution," Environ. Sci. Technol., 30,
1098-1105 (1996).

5. R.C. Henry, C.W. Lewis and J.F. Collins. "Vehicle-Related Hydrocarbon Source Compositions
from Ambient Data: the GRACE/SAFER Method." Environ. Sci. Technol. 28, 823-832 (1994).
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INTRODUCTION TO RECEPTOR MODELING

LESSON XVI OUTLINE
I. Introduction - Objectives

II. The Tracer Species Concept.

A. Certain chemical species are strongly associated with particular sources. Their

presence in an ambient air sample is a qualitative indicator that the associated sources may be
pollutant contributors to the sample.

1. Aerosol Examples: Si, Cl, Zn, Se, Pb

2. VOC Examples: Carbon monoxide, acetylene, benzene, propane, 1so-
pentane, isoprene

B. A semi-quantitative receptor model can be devised by multiplying the ambient
concentration of a tracer species by ones best estimate of the abundance of the tracer in the
emissions from the assumed source. This gives an upper limit of the impact of that source.

C. Pure tracers can be produced from chemical species that have more than one source.

1. Examples: water-soluble fine particle potassium, and soil-corrected fine particle
potassium

111. Multiple Linear Regression (MLR): Provides quantitative estimates of abundances and source
impacts when pure tracers are available.

A. Example: Mobile source and woodsmoke contributions to fine particle organics.
B. Example: Mobile source tracer using fine particle Pb.

1. Confirmation of the technique

2. Alternatives: Correlation of several VOCs vs. Pb

C. Results using the 2-source MLR approach.

XVI.d.



- IV. MLR Validation by Radiocarbon (Carbon-14); A determintstic (non-statistical) approach.
A. Introduction to the radiocarbon method.
B. Equivalence of radiocarbon and soil-corrected potassium tracers of woodsmoke.
V. Using MLR to Apportion Exotic Air Pollutant Properties.
A. Example: Mutagenicity.
V1. Research in Progress.

A. Using the radiocarbon method to determine the biogenic traction of VOC:
Solving the ground-level ozone problem.

B. Extracting source profiles from ambient data: The SAFER method.
1. Example: Sources of VOCs in Atlanta

VII. Questions on This Lesson.

VIII. Summary

XVl.e.



Multiele Linear Regression and Radiocarbon

Muitiple Linear Regression
(MLR) and Radiocarbon (14C)

Charles W. Lewis
US EPA, RTP, NC

“Tracer” Receptor Model

» Qualitative
» Semi-quantitative
» Quantitative (MLR)

Candidate Tracers
for Receptor Modeling

Aerosol Chart
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Multiele Linear Regression and Radiocarbon

Candidate Tracers
for Receptor Modeling

Non-methane Organic
Compounds (VOC)

Chart

Wood Smoke Tracer

2.5 mm 2.;5 mm
Diameter Diameter

Multiple Linear Regression
Receptor Model

Ci=Ay+ X, A X, + €
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Multiele Linear Regression and Radiocarbon

Muitiple Linear Regression
Receptor Model
(2-source application)

C,= Ay + A, x{wood tracer)
+ A, x {mobile tracer) |

N samples: 1=1,N

3 unknowns: Ag, A, A,

Albuquerque 1985
1.4
1.2| Pb=32+24xBr
z 10| Pb=11g/qal /
= s
3 0.8 A
a 0.6
0.4 e
ool
o Br ng / m?
9% 200 400
Boise 1986 - 1987
280

2400 pp=12+2.2xBr
200 Pb=0.1g/gal
160
120

Pbngfm?

o0
o

40




Multiele Linear Regression and Radiocarbon

Zweidinger, Stevens, Lewis,
et al. (1990).

' Recommend several VOCs as possible
replacements for particulate Pb as a tracer of
mobile source particulate emissions:

' o-Xylene

* 2+ Methylhexane

v 3 -Methylhexane
Methylcyclohexane

2, 3, 4 - Trimethylpentane
2, 3, 4 - Trimethylpentane
2 - Methylpentane

vy v v v
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Multiele Linear Regression and Radiocarbon

Cosmic Rays

See Insert

The Carbon - 14 Method

P MG 112C = f;=1.2 X 10 -'2in living material.

} ¢ {12C = 0 in material dead for > 10° years.

* I 14C { 12C in ambient sample = fg,
- fractional contribution from
living material = {5/ f,.

Aerosol Sample Preparation
& 1*C Measurement

0, Fe Wool
* Sample o CO, 1 >

Fe-C “bead” o
Tandem Accelerator lon Source =g

4G ion beam, magnetically analyzed
and counted
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Multiele Linear Regression and Radiocarbon

Calculating Woodsmoke (WS)
Contribution to Fine Particle
Organics Concentration

1. WS (ug / m?) = f5 I f; * Total FP organics
concentration {:g / m?)

2. WS (ug / m® = c * Total FP potassium
concentration (.g / m3)
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Mulfiple Linear Regression and Radiocarbon

EOM and Mutagenicity Averages
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Research in Progress

» VOC and 4C

» SAFER

Tropospheric Ozone

* (NO + NO,) + VOC - O,
NOy

» What is the biogenic
contribution to VOC?
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Multiele Linear Regression and Radiocarbon

Ambient Air Components
Conftaining Gas Phase Carbon

CH, (2 ppmC})

SAFER

+ Source Apportionment by Factors with
Explicit Restrictions

* A multivariate method for deriving source
profiles from ambient data

* Constrained Factor Analysis
* Non-negative source contributions
* Non-negative source profiles

* User-supplied constraints for profiles
(eg, gasoline does not contain acetylene)

Graph

See Insert
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Multiple Linear Regression Receptor Model

C, = EAXy + g

J

where

C, = amount of pollutaht measured in
sample I

Xy = amount of tracer species for source J
measured in sample I

A; Xy = amount of C; from source J

A, = amount of C; from unidentified
sources

€] = difference between measured and

calculated amounts of pollutant in
sample I |

Each A, determined by minimizing I (e)’

FUNDAMENTAL ASSUMPTION:
Tracer species X; 1s emitted only by source J.
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Lesson XVII

Source Allocation of Ambient Ozone
Richard Wadden
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INTRODUCTION TO RECEPTOR MODELING

Lesson Title: Source Allocation of Ambient Ozone
Lesson: XVII

Prepared By: R. Waddden
Date: March 3, 1998

Lesson Goal: Application of the CMB to ambient hydrocarbon samples provides a sample-
specific estimate of emission inventory at the receptor point. This lecture explores how the results
of the CMB allocation can be used as input for an ozone prediction model which quantitatively
relates ambient ozone generation to each VOC source category.

Lesson Objectives: At the completion of this lesson students will be able to:

Explain the function of receptor modeling results in prediction of
ambient ozone concentrations.

Allocate ambient ozone to specific precursor source categories.

Describe at least 3 advantages and disadvantages of trajectory analyses in
evaluating the CMB/ozone model.

Compare ozone modeling results from CMB receptor modeling with
dispersion modeling within a given airshed.
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Lesson XVIl. Source Allocation of
Ambient Ozone

Richard Wadden
University of lllinois at Chicago

Purpose

* Using ambient organic concentrations
and the chemical mass balance receptor
model (CMB}, calculate the contribution
of each of a number of different source
categories to the ambient organic
concentrations.

Purpose

* Determine the implications that these
NMOC contributions from each source
category have for ambient O, generation.




S Allgcation of Ambiens

Source Allocation of Ambient
Ozone

Do this:

* By structuring the VOC mixture of source
compositions which contributed to each
hydrocarbon sample {through the CMB
source allocation model)

Source Allocation of Ambient
Qzone

* Subjecting this VOC mixture to a smog
chamber calculation using a reaction-rate
mechanism ozone calculator (e.g., carbon
bond model) along with actual measured
atmospheric and pollution conditions.

Methodology

The following steps are applied to each
ambient sample:

1. Ambient measurements of the less
reactive organic species in NMOC (23-48
fitting compounds)




Lesson XVIII

Application of Scanning Electron Microscopy to Receptor Modeling
Gary Casuccio
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S Allgcation of Ambiont O

Methodology

2. Application of the CMB model to the
ambient sample to determine the
distribution of fitting compound emissions
among source categories.

Methodology

3. Determination of the emissions of non-
fitting compounds by application of
extended source fingerprints, including
reactive organics.

Methodology

4. Prediction of the ozone concentration
attributable to each source category by using the
source contributions of both fitting and non-fitting
components as input to a photochemical smog
carbon bond model {e.g., CMB-1V}, aiong with uv,
temperature, pressure, humidity, and ambient O;,
No,/NO, and CO concentrations at the monitoring
location for each sampling day




IV. Functions of CMB8
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