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List of Substances and their Associated Risk Factors Including Updated OEHHA
Methodology (final Column)

. . Inhalation Calculated
Acute | 8-Hour | Chronic Pre:wo_us Slope Updated
Compound Class CAS REL REL REL Unit r|s!<1 Fator Unit Risk
(g/m3) | (ng/m3) | (ug/m3) | (g/m3)* | (markg- | e
day)-1 (ug/m3)
Acetaldehyde Carbonyls | 75-07-0 470 300 140 2.7E-06 1.0E-02 6.77E-06
Formaldehyde Carbonyls | 50-00-0 55 9 9 6.0E-06 2.1E-02 1.42E-05
Methy| Ethyl Ketone(2-Butanone) Carbonyls | 78-93-3 13000
Arsenic Metal 7440-38-2 0.2 0.015 0.015 3.3E-03 1.2E+01 8.12E-03
Cadmium Metal 7440-43-9 0.02 4.2E-03 1.5E+01 1.01E-02
Copper Metal 7440-50-8 100
Cr+6 Metal 18540-29-9 0.2 1.5E-01 5.1E+02 3.45E-01
Lead Metal 7439-92-1 1.2E-05 4.2E-02 2.84E-05
Manganese Metal 7439-96-5 0.17 0.09
Nickel Metal 7440-02-0 0.2 0.06 0.014 2.6E-04 9.1E-01 6.16E-04
Selenium Metal 7782-49-2 20
Benz(a)anthracene PAH 56-55-3 1.1E-04 3.9E-01 2.64E-04
Benzo(a)pyrene PAH 50-32-8 1.1E-03 3.9E+00 2.64E-03
Benzo(b)fluoranthene PAH 205-99-2 1.1E-04 3.9E-01 2.64E-04
Benzo(k)fluoranthene PAH 207-08-9 1.1E-04 3.9E-01 2.64E-04
Chrysene PAH 218-01-9 1.1E-05 3.9E-02 2.64E-05
Dibenz(ah)anthracene PAH 53-70-3 1.2E-03 4.1E+00 2.77E-03
Indeno(123-cd)pyrene PAH 193-39-5 1.1E-04 3.9E-01 2.64E-04
Naphthalene PAH 91-20-3 9 3.4E-05 1.2E-01 8.12E-05
Benzene VOC 71-43-2 27 3 2.9E-05 1.0E-01 6.77E-05
Butadiene, 1,3- VOoC 106-99-0 660 2 1.7E-04 6.0E-01 4.06E-04
Carbon Tetrachloride VOC 56-23-5 1900 40 4.2E-05 1.5E-01 1.01E-04
Chloroethene (Vinyl Chloride) VOC 75-01-4 180000 7.8E-05 2.7E-01 1.83E-04
Chloroform VOoC 67-66-3 150 300 5.3E-06 1.9E-02 1.29E-05
Dibromoethane,1,2- (Ethylene Dibromide) | VOC 106-93-4 0.8 7.1E-05 2.5E-01 1.69E-04
Dichlorobenzene, p- VOC 106-46-7 800 1.1E-05 4.0E-02 2.71E-05
Dichloroethane, 1,2- (Ethylene Dichloride) | VOC 107-06-2 400 2.1E-05 7.2E-02 4.87E-05
Ethylbenzene VOC 100-41-4 2000 2.5E-06 8.7E-03 5.89E-06
Methyl tertiary-butyl ether (MTBE) VOC 1634-04-4 8000 2.6E-07 1.8E-03 6.09E-07
Methylene Chloride (Dichloromethane) VOC 75-09-2 14000 400 1.0E-06 3.5E-03 2.37E-06
Perchloroethylene (Tetrachloroethylene) VOC 127-18-4 20000 35 5.9E-06 2.1E-02 1.42E-05
Styrene VOC 100-42-5 21000 900
Toluene VOC 108-88-3 37000 300
Trichloroethene VvoC 79-01-6 600 2.0E-06 7.0E-03 4.74E-06
Xylene, m- VOC 108-38-3 22000 700
Xylene, o- VOC 95-47-6 22000 700
Xylene, p- VOC 106-42-3 22000 700
Diesel Particulate Matter n/a 5 3.0E-04 1.1E+00 7.44E-04

Values from the Consolidated Table of OEHHA/ARB Approved Risk Assessment Health Values available at
http://www.arb.ca.gov/toxics/healthval/healthval.htm. The Calculated Revised Unit Risk Values were calculated using

the updated methodology adopted by OEHHA in February, 2015 assuming an exposure value of 1 pg/m?, 90"

percentile breathing rates for age groups up to 2 years and 80th percentile breathing rates for age groups above 2

years, fraction of time at home of 1 for ages up to 16 yrs and 0.73 for age above 16 yrs, and 30 year exposures.
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DISCLAIMER
Any or all reference made in this Appendix to a specific product or brand name does not

constitute an endorsement of that product or brand by the South Coast Air Quality Management
District.
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Chapter 1.0
Introduction

This appendix document provides detailed information about the procedures and processes
which were used to conduct the field measurement and laboratory analysis elements of the
Multiple Air Toxics Exposure Study IV (MATES IV).

1.1 BACKGROUND

In 1998, the South Coast Air Quality Management District (SCAQMD) conducted an intensive
ambient air toxics monitoring program, the Multiple Air Toxics Exposure Study 11 (MATES I1).
The objective of MATES Il was to establish a baseline of existing air toxics ambient emissions,
exposure and risk level data and an assessment of model accuracy. The SCAQMD conducted
MATES Il over a one-year period at ten sampling sites in the South Coast Air Basin (Basin).
The MATES Il Final Report was approved by the SCAQMD Board in March 2000".

As a follow up study to MATES I, MATES Il was conducted from April 2004 through March
2006. The initial scope of the study was for one year, however, due to heavy rains in the first
year of the study a second study year was added over concern of atypical meteorology. The
MATES 111 Final Report was published in September 2008,

MATES IV was conducted to build upon prior ambient toxics data sets, evaluate spatial and
temporal trends and better understand current risk associated with air toxics in the Basin.

For MATES IV, organic and metal compounds were sampled and analyzed. These compounds
are identified in Appendix A. Compounds listed in Appendix A were measured on a routine
one-in-six day basis.

Field sampling began July 2012 and continued for one year. This document describes the
monitoring, laboratory analysis, quality control (QC), and quality assurance (QA) activities
necessary to support the MATES IV program.

! South Coast Air Quality Management District (2000). MATES Il Final Report. Diamond Bar, CA
2 South Coast Air Quality Management District (2008). MATES Il Final Report, Diamond Bar, CA

Appendix I11-6



MATES IV Draft Final Report

Chapter 2.0
Monitoring Equipment

2.1 INTRODUCTION

For the purposes of this appendix, the descriptions and operational and maintenance procedures
of the following equipment are stated.

TABLE 2-0 MATES IV Samplers

Sampler Type Vendor and Model Number
Volatile Organic Compounds (VOC) XonTech 910A/ 912
Metals; Carbonyls, Cr*® XonTech 924

PM, s Speciation Air Sampling System Met One Instruments SASS

Wind, Speed, and Direction (WSD) R.M. Young Mechanical Wind Sensor
PMy, Graseby-GMW 1200 PM1, Sampler
Aethalometer Teledyne API 602

UFP (CPC) Teledyne TSI 651

The siting, acceptance testing, and calibration functions for each type of equipment identified
above are defined below. Non-generic functions are discussed under each equipment heading.

2.2 EQUIPMENT CHARACTERISTICS
2.2.1 Siting

A) Monitoring site selection criteria was the same for all fixed sites. Site uniformity was
achieved to the greatest degree possible. Descriptions have been prepared for all sampling
sites and can be found in the annual network plan at www.agmd.gov/home/library. The
description includes, at a minimum, the type of ground surface, the direction, distance, and
approximate height to any airflow obstruction, and the direction and distance to any local
pollutant sources.

B) The sampler platform was located in an area with unobstructed airflow, especially in the
direction of any recognized sources of the sampled compounds. This is critical since
turbulence and eddies from obstructions will cause non-representative results. The distance
between an obstruction and the sampler is not to be closer than two times the height of the
obstruction.

C) Locations significantly influenced by nearby pollutant sources, activities potentially
impacting air quality or where reactive surfaces may cause chemical changes in the air
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sampled were avoided. Micro-meteorological influences caused by nearby hills, bodies of
water, valley drainage flow patterns, etc. were considered when selecting a monitoring site.

D) The recommended intake probe height for criteria pollutants is 3 to 15 meters above ground
level as near breathing height as possible with the additional criteria that a site will not be
placed where a building is an obstruction or where equipment is easily vandalized.

E) The probe should extend at least two meters away from the supporting structure. If the probe
is located on a building, it must be mounted on the prevailing windward side.

2.2.2 Acceptance Testing

Acceptance testing was performed on all instrumentation and sampling equipment approximately
one month after receipt. After acceptance testing was completed and instruments were found to
meet acceptance criteria, they were deployed in the field and ambient sampling commenced.
Acceptance testing was conducted according to the following steps:

A) All instruments were carefully unpacked from their shipping containers and checked for
completeness, broken parts, and correct subunits.

B) The units were assembled according to manufacturer guidelines and prepared for start-up.

C) The flowrate/flow meter portion of the pneumatic system, if any, was checked using the most
appropriate calibration-transfer standard to verify the operating flow/flowrate.

D) Timer accuracy was evaluated by comparing it to an elapsed-timer standard. All timers must
hold their accuracy to +5 minutes over a 24-hour period.

E) Any deficiency was corrected and addressed following the manufacturer’s recommendations
and procedures as stated in the operations manuals.
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2.2.3 Calibration

At each sampling site, final dynamic calibrations were performed on each analyzer and sampler
prior to the start of the program. At the end of the sampling period, an “As Is” calibration was
performed on each analyzer to ascertain the amount of analyzer drift.

2.2.4 Sample Pickup

The SCAQMD Senior Chemist sample custodian distributed the sampling media to the field
technician. Filters and carbonyl cartridges were transported in coolers with blue ice and the
canisters were kept capped at all times during transportation. Once the filter and carbonyl
cartridge were used to collect a sample, they were refrigerated until returned to the SCAQMD
Laboratory. The sampling media was returned to the sample custodian as soon as possible
following sampling.

2.2.5 Troubleshooting

For instrument usage overlapping the NATTS program usage, the routine maintenance and
quality control checks were based on U.S. EPA Quality Assurance Project Plan for the Air
Toxics Monitoring Network (EPA-454/R-01-007) and U.S. EPA National Air Toxics Trends
Station (NATTS) technical assistance document (NATTS TAD, 2009) and are listed in
Appendix P. For the instruments that were not present in the NATTS program, a maintenance
guide based on the equipment manufacturers’ suggested operating procedures was made
available for each instrument. If an instrument fell out of the correct operating range, or if there
was a component failure, the operator immediately placed a call to the SCAQMD STA/AM
Support and Repair Section to schedule a repair.

2.2.6 Repair
The potential failure of instrument and equipment components such as pumps and flow
controllers was addressed by SCAQMD maintaining an inventory of staff replaceable spare
parts.
2.3  SAMPLING EQUIPMENT
2.3.1 XonTech 910A and 912
2.3.1.1 XonTech 910A - Description
The XonTech 910A air sampler is designed to take air samples at a constant flow rate for a
known sampling period. It is durable, serviceable and accurate making it useful for
sampling a wide variety of gases. Its compact, constructed simply, and offers long term

reliability.

Specifically, the 910A sampler takes air from the sample inlet and injects it into a canister at
a constant flow rate for the preset period of time. Excess air is exhausted through a bypass
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exhaust. The constant flow rate and elapsed time allow the operator to calculate the
integrated air sample volume. The sample was pumped through a metal bellows pump that
develops sufficient pressure to control the flow with a mass flowmeter. The XonTech 910A
is operated according to the guidelines set forth in XonTech’s Model 910 Toxic Air Sampler
Operations Manual®.

2.3.1.2 XonTech 912 - Description

The XonTech 912 adapter may be added to the XonTech 910A to enhance sampling
capability over a reduced period of time. It cannot operate independent of the 910A. Itis
designed to route gas samples to a maximum of 16 canisters. An internal time base can be
used to step a rotary valve from canister to canister at a user-selected rate. The 912 also
accepts timing signals from the model 910A. The XonTech 912 adapter was operated
accordirlg to the guidelines set forth in XonTech’s Model 910 Toxic Air Sampler Operations
Manual”.

2.3.1.3 Pre-Testing
All canister samplers were field tested prior to and during field sampling.
2.3.1.4  Cleanliness Check

To perform a system bias check, ultra-pure air or nitrogen was injected into the sample
manifold to fill one, 3-hour canister. Additionally, the 24-hour sampler was tested by
maximally increasing its sample flow to fill a canister in approximately 6 hours. A field
blank canister was filled at the site by flowing pure air or nitrogen into an evacuated
cylinder. A difference of less than 1 part per billion (ppb) per compound between the field
blank and the bias test samples is the acceptance criteria for this test and indicates that the
system is not contaminated (non-biasing). A value greater than 1 ppb per compound
required investigation and corrective action. A system bias check was repeated until all
biases are demonstrated to be eliminated. The SCAQMD’s Ambient Monitoring Support
Group performed system repairs. This group assembled, leak checked, disassembled, and
cleaned the sample manifold, and the Auditing Group calibrated the mass flow controller
(MFC) for flow.

2.3.1.5 Canister Sample Pickup

An SCAQMD Instrument Specialist picked up clean verified clean silica lined stainless steel
canisters from the Laboratory. Evacuated canisters were transported by vehicle to the
respective air monitoring stations. Each canister has a tag attached (Appendix F). This tag
was completed and contained the following information: sample site, operator initials, and
sample date. The air monitoring station operator completed this tag once the canister was set
up for sampling. Once the canister is filled and disconnected from the 910A or 912 sampler,
and prior to returning the sampled canister to the Laboratory, the canister number, start

% XonTech, Inc. (1987). Model 910 Toxic Air Sampler Operations Manual. Van Nuys, CA.
* Ibid.
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vacuum, end pressure (psig), and elapsed time was recorded on the MATES IV sample log
(Appendix E). The time on the QC chart was also checked and adjusted. This value must
be within = 10 minutes of actual Local Standard Time. The canister was delivered to the
sample custodian in the Laboratory as soon as possible.

2.3.2 XonTech 924
2.3.2.1 Description

The Model 924 Toxic Air Samplers are designed to collect ambient air particulate samples
on a variety of filter materials and sorbent media in unattended field use. These samples
were brought to the SCAQMD headquarters for Laboratory analysis. The sampler precisely
controls the sampling time and flowrate through each sampling head using a microprocessor
and mass flow controller (MFC). Sampler design is modular to facilitate installation of
individual sampling channels. Each sampler may accommodate eight sampling channels for
two types of sample collection media: one that accepts 37 or 47 millimeter filters and
another that accepts sorbent tubes.

The sampler consists of three modules, each contained in a separate enclosure. The heart of
the system is the control module. This module contains the microprocessor, controller,
mass-flow controllers, and front panel, displays, printer, and keypad. The difference
between the Model 920 and 924 is the electronics have been upgraded to reflect the increase
in microprocessor functionality presently available that was not available in the circa 1995
Model 920. The sampling module is equipped with isolation valves that protect the
sampling media from passive sampling before or after sampling or sample loss after
sampling. The sampling inlet height is 1.2 meters above ground level. The third element of
the sampler is the pump module. It contains the vacuum pump that provides adequate
capacity for simultaneous operation of three, 30 liters per minute (Ipm) and 200 cubic
centimeters per minute (ccm) sampling channels.

2.3.2.2  Operation

To use the sampler, the operator inserted the sample filter cassette or sorbent tube into the
sampling head and keyed in the filter or sorbent head number. Start and stop times, and
flow rates are pre-programmed or can be manually input. Following the sampling period, a
report is automatically printed which was removed from the printer and submitted to the
Laboratory with the filter for analysis.

The XonTech 924 samples carbonyl compounds for an integrated 24-hour period only.
Warm and cold-start options as well as all other operational specifications are discussed in
XonTech, Inc. Model 924 Toxic Air Sampler Operations Manual’and SCAQMD SOP
00094, RM Environmental Systems Inc. (RMESI) 924 Toxics Sampler.

®> XonTech, Inc. (1987). Model 924 Toxic Air Sampler Operations Manual. Van Nuys, CA.
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2.3.3 MET One SASS
2.3.3.1 Description

The MET One Speciation Air Sampling System (SASS) accommodates up to five sampling
canisters which may hold multiple 47 millimeter filters to capture PM;s particles. The
PM, 5 separation is produced by a sharp cut cyclone (SCC) that removes both solid and
liquid coarse particles. Particle penetration through the SCC mimics the PM, 5 cutoff curve
of the WINS impactor as defined by the U.S. Environmental Protection Agency. All routine
maintenance can be done in the field. Filter containers are transported to the Laboratory for
inspection, cleaning and unloading/loading of sampling substrates. Every element of the
sampler contacted by the sampled air stream ahead of the filter, including the inlet can be
cleaned with each sample change. The SASS was designed with individual sharp cut
cyclone inlets. Particles larger than 2.5 micron aerodynamic diameter are removed by the
cyclonic inlet mounted with each filter container. The filter containers may be equipped
with a diffusion denuder ahead of the filter to remove selected gaseous compounds®.

2.3.3.2  Module and Media Description

The integrated SASS canister contains the following components: a sharp cut
cyclone, a denuder to remove nitric acid or ammonia gases, a 47 mm front filter for
particle capture, a 47 mm tandem or backup filter as needed, and a cover to protect
the components.

Several types of filter media are needed for assaying the different chemical
constituents of ambient particles. The chosen filter media are suitable for the type of
analysis to be conducted. For example, Teflon filters were used for gravimetric
mass and trace metal determinations. Quartz fiber filters were used for elemental
and organic carbon analysis as well as anions and cations analysis.

2.3.4 R.M. Young Mechanical Wind Sensor
2.3.4.1 Description
The R.M. Young Mechanical Wind Sensor is used to measure wind speed and direction
(WSD) data. The performance specifications of this wind system are delineated in Table 2-
1. Data is stored in a data logger until it is telemetered to the SCAQMD’s information

system.

For a complete description of anemometer operations, refer to R.M. Young AQ Wind
Monitor User Manual and Product Specification’.

® MET One Instruments, Inc. (2001), Model SASS & SuperSASS PM, s Ambient Chemical Speciation Samplers,
Grants Pass, Oregon.

" R.M. Young Company. SAQ Wind Monitor User Manual (05305) and Product Specification
http://www.youngusa.com/products/7/6.html
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TABLE 2-1 Performance Specifications - R.M. Young Mechanical Wind Sensor

Wind Speed Wind Direction
1. Starting Threshold 0 mph 0 degrees
2. Range 0-112 mph 0-360 degrees

3. Accuracy + 1% +3 degrees

2.3.4.2 Siting

WSD measurement, barometric pressure, relative humidity, and temperature monitoring
equipment were housed in monitoring stations. The stations meet Environmental Protection
Agency (EPA) criteria for National Air Monitoring Stations (NAMS) and State and Local
Air Monitoring Stations (SLAMS) as cited in part 40 Code of Federal Register (CFR) Part
58.

When the meteorological equipment was located at a permanent air monitoring station, it
was installed on a 10-meter tower in an unobstructed position. When the equipment was
installed in a mobile platform, it was mounted on a 6.1-meter mast.

2.3.4.3 Installation

WSD equipment was assembled and oriented according to the manufacturer's instructions.
The manufacturer’s manuals are used as the primary installation guide.

Once the WSD monitoring equipment was assembled, mounted on the mast, and raised to its
full height in the correct orientation, the direction sensor was aligned to true north using a
true-north-calibrated compass. Although alignment was performed from a distance,
accuracy within five degrees was achieved and is considered acceptable.

2.3.4.4  Telemetry Interfacing

At each fixed monitoring site an existing telemetry system was used to transfer WSD data
from the station to the SCAQMD central computer.

2.3.4.5 Routine Servicing

The air quality instrument specialist responsible for each monitoring site performed routine
servicing and periodic checks of the WSD system, barometric pressure, relative humidity,
and temperature. The instrument specialist also noted and initialed the type of service
performed and the results of each periodic check in the system’s logbook, and on the WSD
Monthly Quality Control Maintenance Sheet (Appendix C).

Any suspected operational problem were communicated in detail by the instrument
specialist to the appropriate supervisor. The supervisor, when informed of the problem,
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contacted the station operator to determine if the problem could be corrected in-house. If
the problem could not be corrected in-house, the supervisor arranged for a replacement of
the WSD system. Anemometer servicing was conducted as described below.

A) Weekly Checks
The mechanical anemometer, barometric pressure, and temperature were checked for daily
trends as an indication of acceptable operation.

B) Monthly Checks

The mechanical anemometer was lowered from the tower and visually checked, relative
humidity and temperature aspirators were cleaned as necessary. The mounting of all three
sensors was checked to verify they were securely attached.

2.3.4.6 Calibration

The RM Young Model 05305VP/101283-G2 Wind Monitor-AQ type wind speed and wind
direction sensors are calibrated at the factory before receipt. Prior to the deployment of the
sensor to the field, an initial calibration check was performed. Field calibrations were
performed annually and/or immediately after sensor repair (bearing replacement), rewiring
or replacement of the sensor per Draft SOP00070, October, 2011.

2.3.4.7 Data Handling

All data generated from the WSD system was stored in a data logger before being
transmitted to SCAQMD headquarters. Data was also recorded on an electronic strip chart
recorder on site. During site visits any maintenance or repair work was noted on the strip
chart. Strip chart data is uploaded to the SCAQMD quarterly.

2.3.5 Graseby-GMW 1200 PMj, Sampler
2.3.5.1 Description

The Graseby-GMW Model 1200 two-stage, size-selective inlet (SSI) head sampler is used
to sample particulates with an aerodynamic diameter of 10 microns and less at Pico Rivera,
Compton, Huntington Park and the Hudson school site in Long Beach . The inlet head is
symmetrical and therefore insensitive to wind direction and relatively insensitive to wind
speed. The air is drawn through the acceleration nozzles at 40 cfm. Particles larger than 10
microns (aerodynamic diameter) pass through the nozzel and are deposited onto the flat
surface below the nozzles. The air sample is then drawn through vent tubes, the second-
stage fractionator, and the filter where particulate matter is collected. The height of the
vent-tube inlets above the acceleration nozzle plate prevents re-suspension and transport of
particles.

The PM;o sampler draws air into a specially shaped inlet at a flowrate of 40 +4 cubic feet

per minute (cfm). PMy, particulate matter collects on an 8 x 10 inch matted quartz fiber
filter. The concentration of PMj, particulate matter (in micrograms per cubic meter) is
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calculated by weighing the particulates collected on the filter and dividing by the measured
air sample volume. The standard sampling frequency is every sixth day.

To initiate sampler start-up, the operator completes a PM;o sampler site report and sends it
to the appropriate SCAQMD supervisor for review using the criteria of compliance with
SLAMS total suspended particulates (TSP) siting as stated in 40 CFR Part 58, Appendix E.
The PM;o sampler may be calibrated according to Appendix A, Section A.5.9 of the
SCAQMD’s Quality Assurance Plan for Air Monitoring®.

The matted, quartz-fiber filter is very delicate and can be easily torn or gouged. Because a
damaged filter invalidated results, it was important to carefully handle it by the edges.
Complete operational details are contained in Instruction and Operation Manual High
Volume PMyo Sampler®.

2.3.6 Black Carbon as Measured Using an Aethalometer

The term soot often refers to impure carbon particles resulting from the incomplete combustion
of fossil fuels and various types of biomass burning. Soot is a key component of atmospheric
aerosols because of its strong ability to absorb solar radiation, causing a warming effect on
global and regional climate. Soot is also of interest because of its potential adverse health effects.

Various analytical methods have been developed to quantify the concentration of atmospheric
soot particles. Depending on the measurement method used, the non-Organic Carbon fraction of
soot is referred to as Black Carbon (BC) or Elemental Carbon (EC). While BC is an "optical
term" that is used to denote strong light-absorbing carbon, EC is a "chemical term™ that refers to
thermally-refractory carbon with a graphite-like structure. Thus, BC and EC are two
methodologically defined species that are typically measured using optical (summarized here and
described in greater detail in Appendix V1) and thermal-optical methods (described in section 3.3
of this Appendix), respectively.

BC Measurements

The Aethalometer® (developed by Magee Scientific, Berkeley, CA) is an instrument that uses
optical analysis to determine the mass concentration of BC particles collected from an air stream
passing through a filter. Aethalometers are the most common instruments used to measure BC in
real time. The principal and working of the Aethalometer are described in detail elsewhere
[Hansen et al., 1984]. Briefly, the gas stream (frequently ambient air) passes through a filter
material which traps the suspended particulates, creating a deposit of increasing density. A light
beam projected through the deposit is attenuated by those particles which are absorbing (*black’)
rather than scattering (‘white’). Measurements are made at successive regular time intervals. The
increase in attenuation from one measurement to the next is proportional to the increase in the
density of optically absorbing material on the filter. This, in turn, is proportional to the
concentration of the material in the sampled air stream. The sample is collected as a spot on a
roll of filter tape. When the density of the deposit spot reaches a pre-set limit, the tape advances

& Applied Science & Technology. (1996). Quality Assurance Plan For Air Monitoring. Diamond Bar, CA: South
Coast Air Quality Management District.
® Graseby Anderson. (1988). Instruction and Operation Manual High Volume PM;, Sampler. Atlanta, GA.
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to a fresh spot and the measurements continue. Measurement of the sample gas flow rate and
knowledge of the instrument’s optical and mechanical characteristics permit a calculation of the
average concentration of absorbing particles in the gas stream during the sampling period.
Aethalometers may operate on time-base periods as rapid as 1 second, providing quasi-real-time
data. One minute to one hour averages are commonly used in most field applications.
Comparison of aethalometer data with other physical and chemical analyses allows the output to
be expressed as a concentration of BC. A more detailed description of the Magee Scientific
Aethalometer along with monitoring results can be found in Appendix V1.

2.3.7 Ultra Fine Particulate (UFP)

Ultrafine Particles (UFPs) are typically defined as particles with an aerodynamic diameter less
than 100 nm. UFPs are emitted from both natural and anthropogenic sources, although in most
urban environments vehicular fossil fuel combustion constitutes the major contributing source.
The terms UFPs and nanoparticles (NP; diameter < 0.05 um) are often used interchangeably, and
the definitions of each generally vary with the study or application. While fine particulate matter
(PM5) dominates the mass distribution of atmospheric particles, UFPs account for about 90% of
the total particle number. For this reason, their concentration is usually expressed in terms of
total particle count (i.e. # per cubic centimeter of sampled air, or #/cm?®), even though a small
fraction of the particles being counted may be above 100 nm.

Condensation Particle Counters (CPCs) are instruments that provide the total number
concentration of particles above a lower size limit (~3-20 nm, depending on make and model) in
real-time. By mean of CPCs, UFPs are grown through condensation in a controlled super-
saturation environment to larger sizes and then measured/counted using a photodetector.
Although CPCs are the most widely used instruments in most applications, they do not provide
any information on the original size of the particles counted.

UFP Measurements

The CPC used to measure the ambient number concentration of UFPs at the ten fixed MATES
IV sites is commercialized by Teledyne Advanced Pollution Instrumentation PI (Teledyne API,
Sand Diego, CA). This particular model (651) was specifically designed for network operation
and its performance was thoroughly evaluated by SCAQMD Staff prior to the beginning of
MATES IV. The Teledyne 651 CPC utilizes a patented laminar-flow, water-based condensation
growth technique. Particles which are too small (nanometer scale) to scatter enough light to be
detected by conventional optics are grown to a larger size by condensing water on them. An air
sample is continuously drawn through the CPC inlet via an external pump and a portion of the
flow is sent to the exhaust as bypass flow. The aerosol sample is pulled through a cool region
saturated with water vapor and its temperature is equilibrated. The sample then passes to a
growth section where wetted walls are heated to produce an elevated vapor pressure resulting in
a thermodynamic "supersaturation” condition. The small cool particles in the flow stream act as
nuclei for condensation, and grow into micron sized droplets. The droplets are passed through a
laser beam and create a large light pulse. Every particle pulse event is detected and counted. In
this technique particle concentration is measured by counting every individual particle in the air
stream. The CPC model 651 is able to detect particles as small as 7 nm in diameter and has a
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detection range between 0 and 1,000,000 #/cm®. A more detailed discussion of the Teledyne 651
CPC monitoring results can be found in Appendix VI.

2.3.8 Polycyclic Aromatic Hydrocarbons (PAH)

Polycyclic Aromatic Hydrocarbons (PAHSs) on polyurethane foam (PUF) sampling media were
analyzed by Eastern Research Group (ERG), Morrisville, North Carolina. Sampling was
performed by SCAQMD staff of Instrument Technicians and Laboratory Technicians. Chain of
Custody was maintained from receipt of sampling materials received from ERG through the
return of the samples for analysis. SCAQMD staff was responsible for calibration, calculating
and reporting of the total air volume of each sample. This included calibration of the sampling
instrument flow rate. A short method description is given in Appendix L.
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Chapter 3.0
Laboratory Procedures

3.1 INTRODUCTION

Since 1994, the SCAQMD has implemented the U.S. EPA Photochemical Assessment
Monitoring Stations (PAMS) program to gather data on ozone precursors. In 2008 the National
Air Toxics Trends Stations (NATTS) was implemented in the South Coast Air Basin. Some of
the same sampling instruments currently used in the PAMS and NATTS programs were used in
MATES IV. Hence, many of the procedures and protocols for the MATES IV program were
based on the SCAQMD Quality Management Plan for Environmental Measurement Programs™®
(January 2009). QAPP, Chemical Speciation of PM2.5 Filter Samples (2005), and National Air
Toxics Trends Stations Technical Assistance Document (NATTS TAD, 2009). However,
MATES IV also utilizes several analytical methods not performed under the federal programs
and the protocols included herein are based upon manufacturer’s measurement and quality
control procedures that are intended to ensure that the data quality is suitable for the intended
purposes of MATES IV.

The SCAQMD utilized Air Quality Instrument Specialists to collect field samples and deliver
them to the Laboratory sample custodian. The Laboratory sample custodian handled logging and
distribution within the SCAQMD Laboratory. Procedures for proper sampling and initial chain-
of-custody are outlined in the SCAQMD PAMS Air Monitoring Network Quality Assurance
Plan!, Section 7E Parts 1 and 2.

3.2 SAMPLE HANDLING

All sampling media were handled according to the Laboratory practice for implementation of
toxics analysis and particulate matter network programs, as applicable. Field instrument
specialists completed the sampling information and chain-of-custody forms*2, and delivered the
samples to the Laboratory sample custodian.

3.2.1 Canister Cleaning

The SCAQMD Laboratory has a canister cleaning oven system. Per SOP00091 entitled
“Canister Cleaning System (CCS) Ovens 3 & 4 Toxics,” these systems utilize humidified
nitrogen to flush and clean canisters in a heated oven to less than 5 ppb carbon of total organic
compounds. The canisters are held at 80°C and are flushed a minimum of seven times over a 2
Y -hour period. Every canister is removed from the canister cleaning oven and analyzed for
residual hydrocarbons. Data collected in performance of SOP00091 demonstrates the cleaning
procedures satisfy cleanliness requirements and long-term experience has proven that the

19 Applied Science & Technology. (2009). Quality Management Plan for Environmental Measurement Programs.
Diamond Bar, CA: South Coast Air Quality Management District.

1 Applied Science & Technology. (1992). PAMS Air Monitoring Network Quality Assurance Plan. Diamond Bar,
CA: South Coast Air Quality Management District.

12 These forms consist of the Size-Selective Inlet PMy, Sampler Envelope (Appendix B), MATES IV Sample Log
(Appendix E), and VOC Canister Tag (Appendix F).
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canister-cleaning oven system is sufficient to provide clean canisters. Any hydrocarbons (above
the threshold concentrations) found in canister trigger investigation and corrective action. All
canisters (8) in the batch are re-cleaned and tested again to assure they meet cleanliness
requirements. The cleaning date and operator are noted on the canister tag and in an electronic
database that serves as the primary chain-of-custody.

3.2.2 Field Canister Use

Canisters were transported by the instrument specialist to the site and installed in accordance
with the sampling SOP00080 included in the PAMS Air Monitoring Network Quality Assurance
Plan. Once the sample was taken and the sample time, canister number, and start and stop
vacuum were noted on the MATES IV Sample Log (Appendix E) that accompanied the canister
starting with sample collection. All samples were promptly returned to the Laboratory for log-in
and distribution to the appropriate Senior AQ Chemist.

3.2.3 Sample Distribution in the Laboratory

The Laboratory sample custodian (Senior Chemist) logs in received samples and distributes them
to the appropriate AQ Chemist following established Laboratory procedures. The sample
custodian distributed samples to Laboratory personnel starting with the responsible Senior AQ
Chemist.

3.3  ANALYSIS METHODS - APPENDIX A COMPOUNDS

Gaseous compounds listed in Appendix A were analyzed using gas chromatography with mass
spectrometry and flame ionization detection (FID) after cryo-focusing. This technique provides
for instrument sensitivity sufficient for meeting MATES IV measurement criteria. The method
generally follows the EPA Method TO-15; Determination of Volatile Organic Compounds
(VOCs) in Specially Prepared Canisters and Analyzed by Gas Chromatography/Mass
Spectrometry (GC/MS), as found in SCAQMD SOP0008B. Carbonyl analysis was conducted
using EPA Method TO-11, Determination of Formaldehyde in Ambient Air Using Adsorbent
Cartridge Followed by High Pressure Liquid Chromatography. These methods are detailed in
the EPA Compendium of Methods for the Determination of Toxic Organic Compounds™ and
SCAQMD SOP0006. A short method description for sampling and analysis of VOCs by
GC/MS can be found in Appendix K.

3 Winberry, William, Murphy, Norma & Riggan, R.M. (1988). Compendium of Methods for the Determination of
Toxic Organic Compounds in Ambient Air. Research Triangle Park, NC: Quality Assurance Division,
Environmental Monitoring Systems Laboratory, Office of Research and Development, US Environmental Protection
Agency. (EPA-600/4-84-041)
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Carbonyl measurements were performed using the NATTS sampling and analysis methodology
delineated in the NATTS TAD (2009). The California Air Resources Board (CARB) toxic
network design method was followed using the XonTech 924 with a carbonyl channel. A
potassium-iodide-coated ozone denuder was also used in all carbonyl samplers. Waters © silica
gel cartridge impregnated with dinitrophenyl hydrazine was used to sample for carbonyl
compounds. A short method description for the carbonyl sampling and analysis can be found in
SOP #00094 and in Appendix G.

Metals collected on Teflon filters using XonTech 924 samplers were analyzed by Energy
Dispersive X-ray Fluorescence (XRF) following the procedure found in SCAQMD SOP00004
Standard Operating Procedure for the Analysis of PM, s Filter Samples by Energy Dispersive X-
Ray Fluorescence Spectrometry. For PM, s samples, a Teflon filter was also used, and XRF was
used for metals analysis. A short method description for sampling and analysis of elements by
XREF is attached to this document as Appendix H. Filters were also analyzed by ICP/MS
following the procedure found in SCAQMD SOP#00005, The Determination of Metals in
Ambient Particulate Matter by Inductively Coupled Plasma Mass Spectrometry (ICP/MS),
March 9, 2010.

Hexavalent chromium in ambient air is measured by collecting total suspended particulate matter
on 37-mm cellulose filters impregnated with 0.12M sodium bicarbonate solution using the
Xontech 924 Toxic Air Sampler. The samples were analyzed by a Dionex® ion chromatograph
(IC) equipped with a UV-Vis detector. Hexavalent chromium is detected at 530 nm after a post-
column derivatization reaction with diphenylcarbazide. The method description for hexavalent
chromium sampling and analysis is found in Appendix M.

Particulate filter samples for both PM;o and PM; s were analyzed for metals, ions, total mass,
organic carbon (OC), elemental carbon(EC), and total carbon (TC). The procedure for mass and
ion determinations follows the methodology used in support of the SCAQMD (federally
recognized) PMso Network activity. Analysis for EC, OC and TC of the PMjpand PM, s filter
samples was analyzed using the Interagency Monitoring of Protected Visual Environments A
(IMPROVE A) method. The method evolves carbon from filters by heating and optically
monitors carbon as it is evolved from the filter. After catalysts oxidize then reduce the carbon, it
is measured by a flame ionization detector. A more detailed description of the IMPROVE A
method can be found in Appendix J.

The compounds listed in Appendix A were sampled on a one-day-in-six sampling schedule
synchronized with the national PM;o and PM; 5 network schedules. These samples were
integrated 24-hour samples. SCAQMD personnel conducted both the sampling and analysis.
Contract Instrument Technicians and Chemists assisted SCAQMD employees.

Some of the compounds listed in Appendix A do not have consensus methods of analysis;
however, ASTM International or American Industrial Hygiene Laboratory test methods and test
methodologies were followed or adapted as needed.

34  SAMPLING SCHEDULE
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MATES IV sampling was conducted on the same schedule as used by the air-monitoring
network. The air monitoring network sampling schedule can be found on the U.S. EPA website
at; www.epa.gov/tnn/amtic , and follows a six-day monitoring schedule for TSP, Pb, PMjo, PM2 5
and VOCs. This sampling schedule has several benefits:

1) Data from MATES IV can be correlated with ambient data taken on the same day.

2) Additional staff time to service and maintain MATES IV sampling equipment and
instrumentation was minimized.

3) Sample set-up, retrieval, and delivery time to the Laboratory was minimized.

3.5 COMPARISON OF ICP/MS TO XRF

For MATES IV, in addition to the use of XRF for the analysis of ambient metals collected on
filters; Inductively Coupled Plasma Mass Spectrometry (ICP/MS) was also employed. While
both the XRF and ICP/MS instruments are designed for metals analysis, the principals of
analysis are vastly different. In short, XRF is a whole sample non-destructive technique
requiring no sample preparation. ICP/MS, however, requires a vigorous acid extraction process
prior to analysis. A more detailed of these methods can be found in Appendix N along with
charts for selected metals comparing analytical results.

3.6 NICKEL ANALYSIS BY ICP/MS
Nickel overestimation by ICP/MS was determined to be caused by the ubiquitous and
proportionally very high concentration of Calcium and Sodium which form interfering molecular

ions in the plasma. The subsequent correction for Ni by changing the isotope of acquisition to 58
Amu from 60 Amu is described in Appendix O.
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Chapter 4
Quality Assurance and Quality Control

4.1 INTRODUCTION

To achieve the maximum data quality in the MATES IV program, SCAQMD implemented the
following Quality Assurance/Quality Control (QA/QC) plan. This Chapter contains the
objectives, procedures, documentation, and data review techniques that were used by the
SCAQMD to assure that MATES IV produced data that met or exceeded the accepted criteria for
its intended use as described below.

42  OBJECTIVES

There were two major objectives for the MATES IV Quality Assurance Project Plan. These
objectives were: (1) to provide one year MATES IV monitoring which would meet SCAQMD
data requirements for accuracy and precision to serve as inputs to accepted risk assessment
model(s) and comparisons to other air toxics measurements and (2); to provide time and
spatially resolved comparison of black carbon and ultrafine particle concentrations. Thus
MATES IV provides data that meets the measurement objectives (MQOs) displayed in Table 4-
1. Where practicable, MATES IV MQOs were designed to meet or exceed U.S. EPA
Monitoring Programs MQOs such as NATTS and PM2.5 Speciation for comparability to other
national air toxics monitoring data, including historical SCAQMD NATTS and PM2.5 speciation
data. Measurements not present in the Federal programs such as black carbon and ultrafine
particles, are not intended to directly calculate risk. They serve as real time indicators of
pollution for comparison over time and space and thus have MQOs that are appropriate.

TABLE 4-1 Measurement Quality Objectives

CRITERIA/PARAMETER

ASSESSMENT | MEASURES PROCEDURE | VOCs | Carbonyls | PMy PM, s
Accuracy Percent Deviation from | Audits +25% |+25% +10% | £10%

True Value

95% Probability Limits <30% | <30% < 15% < 15%
Precision Percent Deviation from | Collocation +25% | £25% < 10% <10%

True Value

95% Probability Limits <30% | <30% <15% |<15%
Completeness Percent of Valid Data 85% 75% 90% 90%

43 PROCEDURES
4.3.1 Quality Assurance Procedures

The SCAQMD is one of the four Primary Quality Assurance Organizations (PQAOQ) responsible
for air monitoring in California, and is committed to achieving the highest possible data quality
level in the MATES IV programs. The Quality Management Plan (QMP), which is the
foundation document for ensuring high quality and defensible data (approved in 2009) presents
SCAQMD quality system and describes the organizational structure, functional responsibilities
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of management and staff, lines of authority, and general methodology for assessing all activities
conducted in support of air monitoring and analysis, air quality assessment and other
environmental measurement activities conducted by the agency.

The quality goals and QA requirements for the particle and gaseous pollutants measured during
MATES IV are found in various Quality Assurance Project Plan (QAPP) documents as outlined
in the following paragraphs. These QAPPs also describe the responsibilities within the
organization for carrying out each program and meeting specific QA/QC objectives. They
address the Data Quality Objectives (DQOSs) of accuracy, bias, comparability, completeness,
detectability and representativeness, list the Method Quality Objectives (MQQOs) of precision,
bias, completeness, sensitivity and, where applicable, flow rate accuracy for the analytes of
interest. They document the Standard Operating Procedures (SOPs) and Operational Assistance
Guides (OAGs) which are directions for specific performing measurement activities. Finally,
they list the required QA/QC requirement for each activity and provide instructions for data
review, QA oversight, and corrective actions.

The quality goals and QA requirements (with the exception of siting) for monitoring ambient
levels of volatile organic compounds (VOCs), carbonyls, hexavalent chromium , and polycyclic
aromatic hydrocarbons (PAHSs) were adopted from the US EPA National Air Toxics Trends
Stations (NATTS) program. These requirements can be found in the SCAQMD NATTS QAPP,
which was last revised in 2013 and is currently under review by the US EPA Region 9.

The quality goals and QA requirements (with the exception of siting) for monitoring the main
components of fine particulate matter (PM2.5) including Organic and Elemental Carbon
(OC/EC), Anion and Cations, and trace metals were adopted from the US EPA Chemical
Speciation Network (CSN) program. These requirements can be found in the SCAQMD PM2.5
Speciation QAPP, which was last revised in 2013 and was approved by the US EPA Region 9 in
2014.

The quality goals and QA requirements (with the exception of siting) for monitoring fine and
coarse PM (PM2.5 and PM10 FRM) were adopted from the US EPA Criteria Pollutant
Monitoring Program. These requirements can be found in the SCAQMD Criteria Pollutant
Monitoring Program QAPP,, which was last revised in 2012 and approved by the US EPA
Region 9 in 2013.

The quality goals and QA requirements (with the exception of siting) for monitoring ultrafine
particles (UFPs) and black carbon (BC) can be found in the SCAQMD Special Monitoring
Program QAPP, which also describes the protocols and procedures followed by SCAQMD for
monitoring other "non-criteria” pollutants and performing short-term measurement studies
similar to those conducted during MATES IV (see Chapter 5 for details). The current version of
this QAPP was last revised in 2013 and is currently awaiting approval by the US EPA Region 9.

The SCAQMD obijectives, procedures, documentation, and data review techniques assure the
MATES IV program will produce data that are accurate, precise, reliable and legally defensible.
The technical procedures for QA/QC include annual system audits on all equipment in the
laboratory and at all MATES sampling sites. Quality control procedures also include proper
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record keeping, standard checks, routine calibrations of the sampling and analytical equipment,
and collecting collocated samples at regular intervals and are described in the next section.

4.3.2 Quality Control Procedures

The SCAQMD performed annual flow audits on all PMy, and PM, s samplers. These flow audits
were conducted according to the procedures outlined in the SCAQMD’s Quality Assurance Plan
for Ambient Monitoring, Appendix K. In addition, the California Air Resources Board (CARB)
performs quarterly audits of flows at District air monitoring stations. The CARB also annually
audits laboratory systems related to mass measurement in the PM, s and PMjo networks. The
EPA and CARB annually audits the performance of the SCAQMD Laboratory for VOCs,
carbonyls and lead (Pb) using the EPA’s National Performance Audit Program and the CARB’s
toxic VOC performance audit.

A) Field Checks

SCAQMD staff performed a number of activities concurrent with conducting field checks.
Specifically, staff:

1) observed and recorded all required data for each sampler’s monthly maintenance sheet,
chain-of-custody form, and sample identification tag

2) checked and reset all timers if off by more than + 5 minutes Local Standard Time

3) checked and adjusted the flow settings if they are not within + 5% of the calibrated setting

B) Laboratory Daily Checks

SCAQMD staff monitored the PM 2.5 room balance using a NIST traceable check standard;
conducted a gas chromatograph standard check using a NIST traceable gas standard; observed,
recorded, and corrected all sample media equilibration conditions if they were out of tolerance.
C) Semi-Annual Checks

SCAQMD staff conducted multipoint calibrations of mass-flow controllers in samplers;
performed instrument leak checks; and cleaned PMy, inlet heads for all instruments and samplers
used in support of MATES IV.

D) Annual Checks

SCAQMD staff cleaned sample probes using de-ionized water and a soft cloth; conducted
sample probe leak checks and repaired them as necessary; and conducted 24-hour timer tests by

operating the sampler to observe actual run length. Actual start and stop were observed. The
timer was repaired if the sample period varied by more than = 20 minutes from 24 hours.

44 DOCUMENTATION
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A critical element of an effective QA/QC system is complete and accurate documentation. To
ensure that all samples are properly handled, inspected, collected, analyzed, and reported, a
comprehensive set of QA/QC documents was prepared and completed. The information reported
in these documents was crucial in validating reported data quality. Lack of properly documented
data could be grounds for data invalidation. A summary of QA/QC sampling activities is
attached as Appendix P.

A) Chain-of-Custody Forms

Sample forms (Appendices B, D, and E) are necessary to identify and control the disposition of
the samples through the multiple steps of preparation, sampling, retrieval, analysis, and data
reporting. As appropriate, chain-of-custody forms accompanied samples collected under
MATES IV. These forms originated with field operators, were delivered to the Laboratory, and
submitted to the assigned Laboratory staff. The Laboratory is responsible for storing all chain-
of-custody documents.

B) Maintenance Check Sheets
Maintenance sheets (Appendices C and D) were completed by field instrument operators for
PMjo samplers and wind speed and direction systems. These monthly maintenance sheets were

submitted to senior field operators for review, approval, and storage.

Other types of QA/QC, station and laboratory documentation and their descriptions are listed in
Table 4-1 through 4-4 and 4-6.
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TABLE 4-2 QA/QC Records

Document
Name

Brief Description

Format

Storage Location

Training Files

Records substantiating the
training and proficiency of staff
relevant to this program

Hard copy

AM Branch: File Cabinet in
“Bullpen” in AM Area; LSST
Branch: Training Binder at
Laboratory Front Desk, PDF
copies: e:\astd\quality
assurance\laboratory
\training\scanned forms

QAPP

Master version of QAPP,
including pending revisions

Hard copy or
electronic

QA Branch Records or M&A
online resources and
e:\astd\quality assurance\
current_documentation
\QAPP_SOPs

SOPs

Current version of all SOPs

Hard copy or
electronic

QA Branch Records or M&A
online resources and
e:\astd\quality assurance\
current_documentation
\QAPP_SOPs

Performance
Evaluations
and Audits

Results of internal and external
assessments

Hard copy and/or
electronic

QA Branch Records; AM
Branch: Principal AQIS
Operations; LSST Branch:
Laboratory Report Binder and
e:\astd\quality
assurance\quality assurance
branch\audits

Corrective
Action
Reports

Results or identified QA
problems and their resolution

Electronic

Program Office, QA Office
and e:\astd\quality
assurance\quality assurance
branch\QA CAR
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TABLE 4-3 Laboratory Records

Document

Brief Description Format Location
Name

Laboratory Includes the following types of Hard copy Instrument benches
Notebooks notebooks and bound data

sheets:

- analysts’ notebooks

- instrument maintenance logs

- reagent preparation logs

- materials acceptance tests
Calibration Includes certificates of NIST Hard copy Instrument benches
Certificates and | traceability and similar records
Records

Control Charts

QC information displayed in

Hard copy or

Hardcopies: Instrument

or Equipment sequence to help diagnose spreadsheet benches. Electronic:
problems with analytical instrument control PCs.
instruments. Usually includes
acceptance limits that are
periodically recomputed.

SOPs Current copies of SOPs relevant | Hard copy Instrument benches, M&A
to the analyses performed in a online resources and
particular laboratory e:\astd\quality assurance\

current_documentation
\QAPP_SOPs

QAPP A current copy of this QAPP. Hard copy QA Branch Records or M&A
The Principal Chemist must online resources and
ensure that each analyst has e:\astd\quality assurance\
access to a current copy of the current_documentation
QAPP \QAPP_SOPs

Analytical Results for each chemical Spreadsheet or Analyst computer/ LIMS

Results analysis with identifying LIMS Server

Database information

Analytical QC Includes all QC information for | Spreadsheet or Analyst computer/ LIMS

Database each weighing session including | LIMS Server

standard weights, duplicates,
field blanks, and laboratory
blanks.
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TABLE 4-4 Station Records

Document . . .
Brief Description Format Location
Name
Station Logs station activity Hard copy Station
Notebooks
Instrument Information for setting up, Hard copy Station
User’s Manual using, and troubleshooting the
and/or continuous gaseous monitors
Manufacturer’s
Instructions
Calibration Includes certificates for gases Hard copy/ Station/ Shared Drive
Certificatesand | and other chemicals used for Electronic
Records calibration
QC Records Results of instrument blanks, Computer files Maintenance Sheets/
calibrations, standard and hard copy Calibration Sheets/ Database
recoveries, and replicate
precision
Raw Data Results of instrument analyses | spreadsheets; hard | Database/ Server
Records (including supporting data that | copy; and DMS,
is not uploaded to the database) | chessell, custom
database
4.5 DATA REVIEW

MATES IV data validity was based upon the appropriate implementation of operational and
QA/QC procedures described in this appendix. To assure that the program’s DQOs were met,
responsibility for data review was distributed between the field operators, calibrators, auditors,
and supervisors, Laboratory Chemists and Supervisors, QA Supervisors, and the Laboratory and
Atmospheric Measurement Managers.
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TABLE 4-5 Position Responsibilities

Position

Responsibilities

Upward Lines of
Communication

Health Effects Officer

Principal Investigator of MATES IV
responsible for direction and
implementation of the study;
coordinate MATES IV TAC

ADEO: Planning, Rules and
Area Sources

Laboratory Services and Source
Test Engineering Manager

Responsible for preparation of
sampling media and analysis of
samples submitted to laboratory

ADEO: Science Technology
Advancement

Atmospheric Measurements
Manager

Responsible for establishment,
operation and maintenance of
monitoring stations

ADEO: Science Technology
Advancement

Quality Assurance Manager

Responsible for reviewing,
developing, documenting, and
implementing QA/QC practices and
procedures

ADEO: Science Technology
Advancement

Principal Air Quality Chemist:
Aerosol Analysis

Responsible for laboratory
operations of the Aerosol Analysis
group which conducts analysis of
PM; s and PMyq Mass and TSP Lead
filters.

Manager: Laboratory Services
and Source Test Engineering

Senior Air Quality Chemist:
Aerosol Analysis

Responsible for supporting Aerosol
Analysis group operations and 2"
level data validation of data
analyzed from PM, s and PMy, Mass
and TSP Lead filters.

Principal AQ Chemist: Aerosol
Analysis

Principal Air Quality Chemist:
Ambient VOC/ Toxics

Responsible for laboratory
operations of the Ambient VOC/
Toxics group which conducts
carbonyl and VOC analysis

Manager: Laboratory Services
and Source Test Engineering

Senior Air Quality Chemist:
Ambient VOC/ Toxics

Responsible for supporting Ambient
VOC/ Toxics group operations and
2" level data validation on carbonyl
and VOC analyses.

Principal AQ Chemist: Aerosol
Analysis

Air Quality Chemist and
Assistant Air Quality Chemist

Responsible for following SOPs and
GLP in the analysis of samples;
submittal of data into LIMS

Principal AQ Chemist: Aerosol
Analysis

Laboratory Technician

Responsible for following SOPs and
GLP for the preparation of samples
or sampling media

Principal AQ Chemist: Aerosol
Analysis

Principal Air Quality
Instrument Specialist

Responsible for station operations
and deployment and/or coordinating
repair and calibrations

Atmospheric Measurements
Manager

Senior Air Quality Instrument
Specialist

Responsible for supporting
operations and 2" level data
validation

Principal Air Quality
Instrument Specialist

Air Quality Instrument
Specialist | and Il

Responsible for following SOPs and
GLP in the collection of samples
from the field sites, maintaining the
station site, and/or repair and
calibration of instruments

Principal Air Quality
Instrument Specialist
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A) Field Supervisors

Field supervisors were responsible for locating and setting up field sites, scheduling operators,
training field operators, coordinating supply ordering, supply receipt and distribution, and review
of monthly QC maintenance sheets. The field supervisors were also responsible for notifying the
appropriate supervisor in the Laboratory of every event that could invalidate the sample.

B) Field Operators

Field operators were responsible for operating all samplers and analyzers according to the
operating procedures specified in this document. Field operators annotated all information in
the monthly QC maintenance sheets, chain-of-custody forms, sample tags, and logbooks. Field
operators were also responsible for notifying their supervisors of every out-of-control flow
setting, timer setting, expected start or ending pressure, or any other instrument malfunction.

C) Field Calibrators

Field calibrators were responsible for performing semiannual multipoint calibrations on flow
control-devices according to SCAQMD calibration procedures. Any as-is calibration showing a
deviation from design flowrate in excess of acceptable criteria was reported to the field
supervisor. Any samples collected while flow percentage deviation from design flow exceeds
acceptable criteria were invalidated back to the previous flow calibration, audit, or malfunction
date.

D) Field Auditors
SCAQMD field auditors conducted flow audits on 25 percent of the entire network each calendar

quarter. Auditors were responsible for notifying the QA Manager of any audit indicating a
greater than + 15% average percent deviation from design flow for follow up.
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F) Laboratory Chemists

Laboratory Chemists were responsible for receiving field samples, maintaining and storing
chain-of-custody documents, performing and documenting QC activities on the QC monthly
maintenance sheets, performing Laboratory audit analyses, and conducting preliminary data
review for outliers and out-of-control conditions.

G) Laboratory Supervisors

Laboratory supervisors were responsible for final raw data review; calculation of precision based
upon collocated sampling; reviewing monthly QA/QC sheets; making final evaluation of data
validity based on reports from the QA group and field supervisor; and assessment of Laboratory
precision data.

H) Atmospheric Measurements Manager

The Atmospheric Measurements Manager was responsible for overseeing MATES IV field
operations.

I) Laboratory Services and Source Testing Engineering Manager

The Laboratory Services and Source Test Engineering Manager was responsible for overall
coordination of field and analytical activities for MATES IV.

J) Quality Assurance Manager

The Quality Assurance (QA) Manager was responsible for implementing the quality assurance
program for the MATES IV program including independent performance and system
evaluations, the corrective action process, establishing acceptance criteria for sample validity
once with consideration of quality control data and review of quality control procedures.

46  ASSESSMENTS AND RESPONSE ACTIONS

SCAQMD participates in field and laboratory assessment or proficiency programs established by
U.S. EPA and CARB, and maintained any analyst or laboratory certification required for the
program. Examples of assessments applicable to the MATES IV program are listed in Table 4.6.
The QA Manager, or his designee, performed or arranged performance of periodic technical
systems audits of SCAQMD activities. These audits covered all aspects of SCAQMD’s work,
including sample receipt, custody, conditioning, weighing, chemical/speciation analysis,
shipping, data reduction and reporting. Prior to each audit, a checklist was prepared, based on
the MATES IV workplan, SOPs, and applicable guidance documents. After audits, the QA
Manager communicated to the Atmospherics Measurement Manager and/or the Laboratory
Manager to specify areas in which corrective action were necessary and prepared a corrective
action report (CAR) tracked by the QA Branch. If any serious problems were identified that
required immediate action, such as a large, systematic analytical bias, the QA Manager informed
the respective manager verbally or through electronic mail the day that such problems are
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identified as well as issued a Corrective Action Report. The corrective action followed the

Corrective Action Process as described in the SCAQMD QMP (2009).

TABLE 4-6 QA Assessments Applicable to the MATES IV Program

Room Evaluation evaluation and Conditioning Room Audit

Audit Name Description Frequency Agency
SCAQMD Flow check, temperature, and pressure Twice a year SCAQMD, QA
Speciation network | evaluation of the samplers (PM10, PM2.5, Branch and/or an
Performance TSP, and SASS) Approved
Evaluation Contractor

EPA Chemical 1. Anions/Cations collected on nylon/quartz | Annual U.S. EPA OAQPS
Speciation filters and analyzed by ion chromatography.

Monitoring 2. Organic and elemental carbon collected

Program and on quartz filters and analyzed by TOR/TOT

IMPROVE 3. Metals collected on 47mm Teflon filters

Laboratory and analyzed by EDXRF and ICP/MS.

Performance Audit | 4. PM, s mass collected on 47mm Teflon

Samples. filters and analyzed by gravimetry.

PM, s Weighing Conditioning Room Audit Annually SCAQMD, QA
Room Evaluation Branch

PM, s Weighing Gravimetric Mass Analysis performance Annually CARB

U.S. EPA Systems | All lab and field instrumentation, practices Every 3—5 Years

U.S. EPA Region 9

Audit and procedures used to collect data for

Federal Programs
CARB Ambient Intercomparison of TO-15 compounds in Annually CARB
Gaseous Toxic ambient air matrix
Inter-laboratory
Comparison
Check.
CARB Ambient Single Blind Challenge PE of TO-15 Annually CARB
Gaseous Toxic compounds in a standard VOC mix
Performance
Evaluation.
SCAQMD QA Carbonyls — As specified by the Annual and as SCAQMD QA
Branch Carbonyl PAMS/NATTS Programs needed Branch
PE
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TABLE 4-6 QA Assessments Applicable to the MATES IV Program (Continued)

Audit Name Description Frequency Agency
NATTS Carbonyl PT Carbonyls: Formaldehyde and Annually EPA-OAQPS-
Acetaldehyde AQAD
SCAQMD QA Branch TO-15 compounds As needed or SCAQMD QA
VOC PE follow up to CAR | Branch
NATTS PT NATTS VOCS on Select TO-15 Annually EPA-OAQPS-
compounds in a canister & metals by AQAD
ICP/MS.
Quarterly Pb Performance Technical evaluation on manual filter | Quarterly SCAQMD, QA
Evaluation samplers (TSP) Branch
Annual Performance Technical evaluation on manual filter | Annually SCAQMD, QA
Evaluation samplers (PM2.5, PM10) Branch
Meteorological Evaluation | Technical evaluation on surface PAMs stations; SCAQMD, QA
meteorology instruments Annually
National Performance PM2.5 PM10, and TSP collected on Annual; 20% of U.S EPA OAQPS/
Evaluation Program appropriate filters from FRM samplers | the network Region 9
and analyzed by independent,
certified, EPA approved laboratory.
National Performance Audit | Technical evaluation of Pb Analysis Quarterly U.S. EPA Region
Program — Pb Analysis from strips; Quarterly audit strip 9; SCAQMD, QA
analysis Branch

4.6.1 Total Systems Audits (TSAS)

During MATES 1V, a series of internal systems audits were conducted on the monitoring
network and data quality, under the oversight of the QA Manager. Due to the number of
methods and the size of the monitoring network for MATES IV, the systems audit was an on-
going process. The systems audit included inspections of monitoring sites, a periodic review of
the Laboratory by section or types of analyses, and a review of the data validation systems from
the initial source of the data through the archiving and reporting of that data. The various aspects
of the annual systems audit were conducted by QA staff or under contract with an independent
contractor working under the oversight of the QA Manager.

In addition, as part of Federal air monitoring programs, external systems audits are carried out by
the U.S. EPA and CARB, at their discretion and using either agency staff or through independent
consultants working under the oversight of U.S. EPA or CARB. SCAQMD also contracts with
independent consultants to conduct an external audit of selected systems in addition to the
regular annual internal audit. These audits include a majority of methods and analyses
conducted under MATES 1V and review and follow-up of the audit findings, if necessary, is
conducted through the QA Branch.

4.6.2 Performance Evaluations (PEs)
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Performance evaluations are conducted for determining the accuracy and precision of monitoring
and analytical instrumentation and procedures that provide the data for the various monitoring
programs, including MATES IV. All performance audits whether performed by SCAQMD QA
staff, independent consultants or other entities are required to satisfy requirements under the
appropriate QAPPs and SOPs. These audits may be internal and/or external.

Internal performance audits may be conducted by QA staff or through independent consultants
under the oversight of the QA Manager. Due to the size and scope of the program, performance
evaluations were conducted on an on-going basis. Performance audits were scheduled for each
specific instrument and target U.S. EPA measurement criteria (when applicable).

External performance evaluations are carried out by the U.S. EPA and CARB, at their discretion
and using either agency staff or through independent consultants working under the oversight of
the U.S. EPA or CARB. SCAQMD QA Branch may also conduct an performance evaluation or
contract with independent consultants to conduct an external audit of selected systems in
addition to the regular annual internal audit.
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Appendix V. Comparison between the West Long Beach Sites in
MATES |1l and MATES IV

The monitoring station that represents the West Long Beach (WLB) area in MATES 1V is
located about 0.8 mile northwest of the WLB site in MATES Ill. Figure V-1 shows the imagery
of the two stations and the surrounding environment. MATES IV WLB is a neighborhood-scale
sampling site that aims to represent an area of the community with relatively uniform land use
within 0.3 to 2.5 miles. To evaluate the comparability of the two stations, linear regression
analyses are performed on PM mass and major PM, 5 species including organic carbon (OC),
elemental carbon (EC), and nitrate and sulfate ions. Gaseous species, including benzene, 1,3-
butadiene, acetaldehyde and formaldehyde, are also evaluated. The comparisons are conducted
for two time periods when the sampling was concurrent at the two stations, namely February to
November of 2007, and April to December of 2008. Sampling was carried out once every six
days, each for a duration of 24 hours.

Figure V-1. Location of MATES Il and MATES IV West Long Beach monitoring stations

The average concentration of selected PM, VOC and carbonyl species, and their respective 95%
confidence interval are presented in Table V-1. Only days when concentrations are present at
both stations are included in the calculation. With the exception of acetaldehyde, the differences
in average levels between the two stations are not statistically significant (p > 0.05).
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Table V-1. Average concentration of selected PM, VOC and carbonyl species, their
respective 95% confidence interval, and the p-value for the difference between the mean at
the MATES 111 and MATES IV West Long Beach sites.

PM2.5 PM2.50C | PM25EC Nitrate Sulfate 1‘3.' Benzene | Formaldehyde | Acetaldehyde
Mass o ugm) | ugi) | uoim) | (agi) | BURGENe ) (ppb) (ppb)
(Hg/m?) (ppb)
MATEgitI: WLB 176 +2.0 | 6.50+£0.82 2(')2241 3.07+£0.70 | 3.67 £0.55 | 0.048 +0.01 | 0.39 + 0.06 247 +£0.27 0.98+0.14
MATEgi:;/ WLB 185+21 | 6.30+£0.74 2(')75711 3.34+0.78 | 3.87 £0.57 | 0.058 + 0.01 | 0.39 £ 0.07 2.50+0.23 1.24+0.15
p-value 0.26 0.36 0.06 0.31 0.32 0.15 0.45 0.44 0.01

Table V-2 shows the correlation coefficient (R), slope (m) and number of data point (n) from the
linear regression analyses between the two stations for the PM, VOC and carbonyl species. The
associations are high (R > 0.80) with the exception of OC and sulfate. For OC, the agreement
improves considerably in 2008 (R = 0.85, m =0.76, n = 31). The moderate association of sulfate
is mainly driven by a few outliers. With the removal of four outliers out of 63 data points, the
correlation is good (R = 0.80, m = 0.83).

Table V-2. Correlation coefficient (R), slope (m) and number of data point (n) from linear
regression analyses between the MATES 111 and MATES IV West Long Beach sites.

mﬂazs': Pgé“r’ P'\EAéS Nitrate | Sulfate Butlz;g)i-ene Benzene | Formaldehyde | Acetaldehyde
R| 092 | 046 | 0.89 | 0.85 0.68 0.94 0.91 0.91 0.94
m| 090 | 040 | 1.02 0.94 0.68 1.19 1.00 0.77 0.97
n 72 68 67 64 63 84 86 90 90

The scatterplots between the two monitoring stations, segregated by year, are presented in
Figures V-2 to V-10. Overall, the concentrations of PM, VOC and carbonyl species at MATES
IV WLB correlate well with those from MATES 111 WLB.
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Figure V-2. Scatterplot of PM2.5 mass concentration between the MATES 111 and MATES
IV West Long Beach sites.
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Figure V-4. Scatterplot of PM2.5 EC concentration between the MATES 11l and MATES
IV West Long Beach sites.
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Figure V-5. Scatterplot of nitrate concentration between the MATES 11l and MATES IV

West Long Beach sites.
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Figure V-6. Scatterplot of sulfate concentration between the MATES 111 and MATES IV
West Long Beach sites.
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Figure V-7. Scatterplot of 1,3-butadiene concentration between the MATES 111 and
MATES IV West Long Beach sites.
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Figure V-8. Scatterplot of benzene concentration between the MATES 11l and MATES IV
West Long Beach sites.
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Figure V-9. Scatterplot of formaldehyde concentration between the MATES 111 and
MATES IV West Long Beach sites.
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Figure V-10. Scatterplot of acetaldehyde concentration between the MATES |11 and
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Appendix VI  Black Carbon Measurements at Fixed Sites

V1.1 Introduction

A common goal of the MATES studies is to identify and quantify health risks associated with
major known toxic air contaminants within the South Coast Air Basin (SCAB). In the MATES
111 study, diesel particulate matter (DPM) was identified as one of the major contributors to
carcinogenic risk due to exposure to air toxics, accounting for 84% of the total carcinogenic risk
(SCAQMD MATES Il Report, 2008). Diesel particulate emissions are primarily in the PM;s
size range and are mostly comprised of impure carbon particles (soot) resulting from the
incomplete combustion of diesel-type fuels and is often emitted along with other combustion
products such as organic carbon (OC) and trace amounts of inorganic compounds (Abu-Allaban,
2004; Lloyd, 2001). The OC fraction contains mostly heavy hydrocarbons from lubricating oils
and low volatility PAHs. Soot is often referred to as black carbon (BC) or elemental carbon
(EC) depending on the measurement method used. The presence of high fractions of EC and BC
within diesel exhaust is a unique property of this combustion source; therefore in urban areas, EC
and BC are often considered good surrogates for DPM (Schauer J. J., 2003). While the major
source of EC and BC in an urban area is from diesel-powered vehicles, non-road mobile
machinery, ship emissions, residential heating (such as wood burning stoves) and open biomass
burning (e.g. forest fires or burning of agricultural waste) also contribute to the observed levels.
For example, in some areas of the world, residential burning of wood or coal, or open biomass
burning from wildfires, may be even more important sources of BC. In industrial regions,
harbors and industrial facilities may have a pronounced effect on BC concentrations. Although
EC and BC are currently unregulated, the implementation of national, state and local regulations
and programs to mitigate fine PM (i.e. PM; ) and the toxic impacts of diesel emissions often
result in the control of EC and BC.

Soot consists of agglomerates of small roughly spherical elementary carbonaceous particles that
are emitted directly into the atmosphere predominantly during combustion processes along with
some organic carbon (OC). Soot particles absorb organic vapors when the combustion
byproducts cool down, thus accumulating significant quantities of potentially toxic organic
compounds. While soot may not be a major direct toxic component of fine particles (PM;s), it
may operate as a universal carrier of a wide variety of chemicals that cause adverse health
effects.

Various analytical methods have been developed to quantify the concentration of atmospheric
soot particles. Depending on the measurement method used, the non-OC fraction of soot is
referred to as BC or EC. Unlike OC, which is both emitted from primary sources (primary OC)
and formed in the atmosphere from chemical reactions involving low-volatility precursors
(secondary OC), BC (and EC) is only emitted directly into the atmosphere from combustion
processes. Measurements of EC and BC are defined by the method of analysis. Soot can be
analyzed by several different methodologies. When its light-absorbing properties are measured,
soot is often referred to as BC. When its concentration is measured by thermal or thermal-
optical techniques however, it is generally referred to as EC. A significant advantage of
monitoring BC by absorption photometry is that it delivers results in real time with a high time
resolution (e.g. minutes). The absorption properties of BC are the reason it is considered a short-
lived climate forcer, and thus this type of measurement is relevant for climate impact assessment.
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Laboratory-based EC methods can be time consuming as soot is sampled on a filter and then
subsequently analyzed in a laboratory. These methods do not necessarily yield directly
comparable results, although they are generally correlated (Chow, 2001).

The measurement of optically-absorbing material on a filter is performed by Aethalometers.
This optical method measures the attenuation of a light of a specific wavelength that is
transmitted through a sample collected on a quartz fiber filter, while the filter is continuously
collecting ambient aerosols. The measured attenuation is proportional to the mass of BC in the
filter deposit. This measurement is affected by the wavelength of the light with which it is made.
By using the appropriate value of the specific attenuation for that particular combination of filter
and optical components, the concentration of the BC content of the aerosol deposit can be
determined at each measurement time.

In the most common thermal analysis EC methods, the particles are collected on a quartz fiber
filter. OC can be volatilized and separated from the sample deposit by heating the sample in a
non-oxidizing/inert helium (He) atmosphere. EC is also oxidized by raising the temperature and
introducing oxygen. The combusted compounds are then converted to CO, using manganese
dioxide (MnO,) as the oxidizer. Subsequently CO; is converted to methane (CH,), and the
concentration of CHy is quantified with a flame ionization detector (FID).

Both optical and thermal measurement techniques are important and complement each other.
However, a significant advantage of monitoring BC by absorption photometry is that it delivers
results in real time with a high time resolution (minutes), in contrast to measuring EC by a time-
consuming analytical method where soot is sampled on a filter and then analyzed. Field
deployable versions of the EC/OC methods that provide real-time semi-continuous are also
available, but require more maintenance than Aethalometers. Therefore BC measurements are
suitable for deployment in monitoring networks for health impact and trend analyses.

VI.1.1 Health Effects Associated with BC

In the U.S., the mass concentration of PM, s and PMj, currently serves as the regulatory metric
for population exposure to ambient particles. EPA, however, recognizes that it is highly
plausible that the chemical composition of PM would be a better predictor of health effects than
the particle size alone (U.S. EPA, 2009b, 6-202). The focus of the scientific community on
trying to identify the health impacts of particular PM constituents (or group of constituents)
associated with specific source categories of particles (Janssen et al., 2011; Ostro et al., 2010)
has provided evidence of effects associated with exposure to BC, among other PM constituents
(Pope et al., 2009). Consequently, research and data collection activities focused on particle
composition could improve our understanding of the relative toxicity of different particle
constituents associated with specific sources to inform future regulatory activities and benefit
assessments.

BC is a component of both fine and coarse PM (PMys and PM, 5 10, respectively); however, these
two PM size fractions can have substantially different sources and sinks. Therefore, their
fractions can be composed of varying chemical species contributing to potentially different
health outcomes. Coarse particles arise predominantly from mechanical processes including
windblown soil and dust (mostly containing iron, silica, aluminum and base cations from soil),
sea salt and bio-aerosols such as plant and insect fragments, pollen, fungal spores, bacteria and
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viruses, as well as fly ash, brake lining abrasion and tire wear. Fly ash, brake lining abrasion and
tire wear are associated with urban and industrial activities and often contain BC. Fine particles,
on the other hand, primarily originate from combustion activities and from gas-to-particle
conversion processes in the atmosphere. BC is known to be an important contributor to the total
PM,s mass. Generally, combustion-related particles are widely thought to be potentially more
harmful to human health than PM that is not generated from combustion.

Regulation of PM, 5 and PMj concentrations in the U.S. during the past two decades has
resulted in significant declines in PM concentrations. However, PM, s remains a significant risk
factor for public health considering that many areas of the country are still in non-attainment for
the PM, s National Ambient Air Quality Standards (NAAQS). While BC is currently
unregulated, as a component of PM, s, control of BC emissions is also beneficial for attaining the
PM mass-based concentration standards.

There are not enough clinical or toxicological studies to allow for an accurate evaluation of the
differences between the health outcomes from exposure to BC or PM mass, or of identification
of any distinctive mechanism of BC effects. Distinguishing between the effects of highly
correlated air pollutants (i.e. pollutants from the same sources such as BC, PM, VOCs, CO and
other combustion products) is always challenging because of inherit problems caused by multi-
co-linearity in statistical models. A review of the results of all available toxicological studies
suggested that BC itself may not be a major toxic component of PM, s, but it may serve as a
carrier of a wide variety of, especially combustion-derived, chemical constituents of varying
toxicity to sensitive targets in the human body such as the lungs, the body’s major defense cells
and possibly systemic blood circulation. In urban areas such as Southern California, BC (and
EC) is considered as a tracer for diesel PM, which is the most important contributor to the
carcinogenic risk due to air toxics exposure in the South Coast Air Basin.

VI.1.2 Climate

BC is one of the major anthropogenic components of atmospheric particles, and has significantly
different optical and radiative properties compared to the other PM constituents. It is the most
effective form of PM, by mass, at absorbing solar energy and can absorb a million times more
energy than carbon dioxide (CO,) per unit mass. There is a general consensus within the
scientific community that BC is contributing to climate change globally and regionally. BC
influences climate through multiple mechanisms, directly and indirectly. Direct radiative
forcing by BC is caused by absorption and scattering of sunlight. BC contributes to warming of
the atmosphere by absorbing both incoming and outgoing radiation of all wavelengths (in
contrast to greenhouse gases (GHGs), such as CO, that mainly trap outgoing infrared radiation
from the Earth surface) which in turn heats the atmosphere where the BC is present.

BC also deposits on snow and ice significantly reducing the total surface albedo available to
reflect solar energy back into space, thereby increasing energy absorption and accelerating ice
melting. Furthermore, BC can affect the climate indirectly, like other atmospheric particles, by
altering cloud formation, distribution, reflectivity and lifetime. BC influences the properties of
clouds though diverse and complex processes, including changing the number of liquid cloud
droplets and altering the atmospheric temperature structure within the cloud, which consequently
alters cloud distributions. These effects may have either negative or positive climate forcings.
Thus, the climate effects of BC via interaction with clouds are more uncertain, and their net
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climate influence is an open subject of research.

Other than different mechanisms by which BC and long-lived GHGs affect climate, one of the
distinguishing differences between BC and other GHGs is due to the relatively short atmospheric
lifetime of BC (days or weeks as opposed to years or decades). BC concentrations respond
quickly to reductions in emissions because BC is rapidly removed from the atmosphere by dry
and wet deposition. Consequently, targeted strategies to reduce BC emissions can be expected to
provide immediate results that could reduce global climate forcing from anthropogenic activities
in the short term and slow the associated rate of climate change (Bond, Doherty, 2013; Molina,
et al. 2009; Ramanathan and Xu, 2010). While reduction in GHG emissions is necessary for
limiting climate change over the long-term, it will take much longer to influence atmospheric
concentrations and will have less impact on climate on a short timescale. Accordingly,
mitigation of BC emissions from on-road and off-road (e.g. agricultural, construction and other
diesel-engine mobile equipment) diesel sources may have the best potential to reduce near-term
climate forcing, as well as reducing public exposure to toxic air contaminants.

V1.2 BC and EC Measurements during MATES IV

The Aethalometer continuous measurements were carried out at all 10 fixed MATES IV
locations from July 2012 until the end of June 2013 or beyond. Only data collected from July 1,
2012 through June 30, 2013 have been used for the present report. Monthly-averaged ambient
data from samples collected at all fixed MATES 1V sites [West Long Beach (W LB), North
Long Beach (N LB), Compton (COMP), Huntington Park (HNPK), Pico Rivera (PICO), Central
Los Angeles (CELA), Burbank (BURK), Inland Valley San Bernardino (IVSB), Rubidoux
(RUBI), and Anaheim (ANAH)] were used. Details of the sites, their characteristics and
sampling protocols are given in Chapter 2 of MATES IV.

VI1.2.1 Black Carbon Measurements

The Aethalometer (Magee Scientific, Berkeley, CA) is an instrument which collects airborne
particulate matter on a filter while continuously measuring the light transmission through the
filter. Aethalometers are small, reliable and easy to use, provide continuous real-time
measurements and are the most common instruments used to measure BC. The operating
principles of the Aethalometer are described in detail elsewhere (Hansen, et al., 1984). Briefly,
this instrument utilizes light-absorbing properties of BC-containing particles in order to gain a
light absorption coefficient. This coefficient can be translated into a unit that measures
particulate BC mass.

During MATES 1V, aerosol particles were sampled though a %" inlet with a PM, 5 cyclone with
a sampling flow rate of 5 L.min™. The Aethalometers were operated in air-conditioned trailers.
Typical maintenance operations include flow rate calibration, zero tests, filter taper replacement
(once every two weeks in locations with high BC concentrations), and cleaning.

One drawback of this measurement method, inherent in all filter-based photometers, is the non-
linearity of the measurements due to PM loading on the filter media, which reduces the
sensitivity of the measurements. The Aethalometer relies on measurements of light transmission
through the collection filter; this needs to be post-processed to obtain ambient aerosol absorption
coefficients which are then converted to BC concentrations. Numerous studies have focused on
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developing methodologies to correct the Aethalometer non-linearity and the Aethalometer model
AE33 performs the correction automatically.

VI1.2.2 Elemental Carbon Measurements

OC and EC are determined by thermal-optical analysis of integrated PM samples collected over a
period of 24 hours. It should be noted that there are several different protocols to measure OC
and EC, and results may differ by up to a factor of 2 (Health Effects Institute (HEI) 2010). This
means extra caution is required when comparing EC measurements from different studies, or
when comparing BC and EC measurements. Currently, 24-hr integrated EC concentrations are
available for regional and urban monitoring sites throughout the U.S. Interagency Monitoring of
Protected Visual Environments (IMPROVE) Network and the U.S. Environmental Protection
Agency Chemical Speciation Network.

In the MATES IV Study, the EC concentrations were quantified using DRI Model 2001
Thermal/Optical Carbon Analyzer using IMPROVE_A thermal protocol. The operation of the
DRI Model 2001 Thermal/Optical Carbon Analyzer is based on the preferential oxidation of
organic carbon (OC) compounds and elemental carbon (EC) at different temperatures. Its
function relies on the fact that organic compounds are volatilized from the sample deposit in a
non-oxidizing helium (He) atmosphere, while elemental carbon is combusted by an oxidant, in
this case oxygen. The analyzer operates by: 1) liberating carbon compounds under different
temperature and oxidation environments from a small sample punch of known surface area taken
from a quartz-fiber filter; 2) converting these compounds to carbon dioxide (CO,) by passing the
volatilized compounds through an oxidizer (heated manganese dioxide, MnO,); 3) reducing CO,
to methane (CH,) by passing the flow through a methanizer (hydrogen-enriched nickel catalyst);
and 4) quantifying CH,4 equivalents with a flame ionization detector (FID).

The principal function of the optical (laser reflectance and transmittance) component of the
analyzer is to correct for pyrolysis charring of OC compounds into EC. Without this correction,
the OC fraction of the sample might be underestimated and the EC fraction might include some
pyrolyzed OC. The correction for pyrolysis is made by continuously monitoring the filter
reflectance and/or transmittance (via a helium-neon laser and a photodetector) throughout an
analysis cycle. The reflectance and transmittance, largely dominated by the presence of light
absorbing EC, decrease as pyrolysis takes place and increase as light-absorbing carbon is
liberated during the latter part of the analysis. By monitoring the reflectance and transmittance,
the portion of the EC peak corresponding to pyrolyzed OC can be accurately assigned to the OC
fraction. The correction for the charring conversion of OC to EC is essential for reducing bias in
the measurement of carbon fractions (Johnson et al., 1981). The Thermal Optical Reflectance
(TOR) and Thermal OpticalTransmittance (TOT) charring corrections are not necessarily
equivalent due to charring of organic vapors adsorbed within the quartz fiber filter (Chow et al.,
2004; Chen et al., 2004). AQMD reports both OC and EC as determined by both methods to the
EPA. Seven temperature fractions, as well as the TOR and TOT charring correction, are
individually quantified and reported when the IMPROVE A (Chow et al., 1993, 2001)
temperature protocol is applied. Values routinely reported include total OC, total EC, total
carbon (TC, sum of total OC and total EC), and pyrolized carbon, monitored by both reflectance
(OPR) and transmittance (OPT). Depending on the thermal/optical protocol applied for
quantification, thermally-derived sub-fractions of OC and EC are reported.
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VI1.2.3 Aethalometer™ Data Review and Validation

The SCAQMD is committed to achieving the highest possible data quality level. In order to
produce accurate and precise data from the Aethalometers, the raw data, laboratory notebook
entries and logbooks were first reviewed before being used in statistical calculations.

Data from the Aethalometers were recorded every 1 to 5 minutes on an internal floppy disk or
memory drive, and downloaded on a laptop once per week throughout the entire duration of the
study. The data is recorded in tabular format showing the time and the high time resolution BC
concentrations. The data is imported directly into a spreadsheet for analysis. In addition to the
BC concentrations, the system also records diagnostic signals such as Sensing Beam signal,
Reference Beam signal, the mean air flow rate, and the calculated optical attenuation which is
screened for any abnormality.

The Aethalometer needs to measure extremely small changes in optical transmission in order to
calculate BC concentrations with speed and accuracy which may introduce noise in the data.

The major source of noise is due to small, random fluctuations of digitized signals. These
fluctuations have the effect of causing the calculated value of attenuation (ATN) to deviate from
a smooth, monotonic increase with time: instead, individual values of ATN may be artificially
higher or lower than would be predicted from the rate of accumulation of BC from the air stream.
Such error in signals will usually not be repeated in the following measurement cycle, and,
therefore, the calculated ATN will revert to its ‘correct’ value: but with an intervening false
number.

If the error condition produced an artificially high value of ATN for one measurement, the
algorithm will interpret that large increase as a large value of the BC concentration for that
period. This calculated value may be much larger than the preceding and following data, and the
event will be obvious. However, this large value of ATN is used as the starting value for the
calculation of the increment in the following cycle. The increase from this value to the ‘correct’
value at the end of the next period will be much smaller than it should be, resulting in a reduced
value for the BC calculation. The result of the single error value of ATN in this case is an
artificially large value of BC, followed by an artificially small value. The “true’ value is
recovered by replacing the value for each of the periods with the arithmetic mean of the two
distorted values. This is equivalent to simply ignoring the one bad signal measurement;
determining the increase in ATN between the periods before and after the bad measurement; and
calculating the increment in ATN and hence the mean BC concentration over a time interval of
two periods rather than one.

In extreme cases, the error in voltage measurement may generate a value of ATN that deviates
from the expected smooth progression by a large amount. The algorithm will process these
deviations in the same manner; however, if the apparent value of ATN during the “error’
measurement exceeds the subsequent “correct’ value of ATN, the program is presented an optical
attenuation value that is smaller than its predecessor. The mathematics will produce a negative
apparent value of BC for this situation. This negative value will be adjacent to a slightly larger
positive value: the arithmetic mean of the two numbers will still allow a recovery of the correct
mean BC concentration for the double period. The derivative nature of the algorithm is such that
a single error value in recorded signals produces a symmetrical plus-minus (or minus-plus in
some cases) derivative event in the calculated BC result.
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Note, however, that the appearance of ‘negative’ numbers for the deduced BC concentration is a
natural consequence of the algorithm if either (i) there are occasional corrupting events on the
voltages being recorded, or (ii) the instrument is being used to study extremely small
concentrations of BC. These negative numbers do not imply malfunction of the instrument; they
are the consequence of differentiating a quantity (ATN) whose increase with time is not perfectly
smooth and monotonic. In subsequent data reduction, one must average the BC numbers
appropriately until the negative numbers disappear, i.e., effectively increase the averaging time
until the increment of BC collected on the filter easily exceeds the minimum amount detectable
by the electronics.

The measurements are performed with a one-minute time base period that is considerably shorter
than the final desired time resolution (hourly), and should subsequently undergo data post-
processing. The reasons for this strategy are two-fold: firstly, to minimize the damage to the
resulting data due to one bad voltage reading; and, secondly, to allow the instrument to respond
rapidly to ‘real” events in the local atmosphere, while retaining the possibility of averaging the
data into longer time base periods during quiescent periods. In these events the large positive
excursion is not followed by a compensating negative number.

Firstly, the instrument logbooks were studied to identify instrument malfunction events. The raw
data spreadsheet includes diagnostic signals in addition to BC data and time stamps. The
stability of the sensor signals and the flow rate was checked prior to conducting statistical
analysis of the raw data.

Aethalometers tend to have a glitch where four consecutive zero readings are occasionally
reported that have to be removed prior to the final data analysis and averaging for hourly data.
In some cases, instead of four consecutive zeros, the instruments report three consecutive zeros
followed by a large negative number (in the order of negative millions). These data points were
removed from the database.

Outliers are then identified by flagging the BC concentration values that exceed 10 times the
average value for each given site. These flagged data points are then studied to determine
occasional short-duration events of actual BC concentration excursions (e.g. emissions from a
diesel vehicle operating upwind of the measurement site). These events are typically identified
in the database as those in which a large positive excursion is not followed by a compensating
negative number. If flagged data-points were indeed caused by an instrument glitch, they were
removed from the data-set. The same procedure was repeated for negative values exceeding five
times the overall average BC concentration.

Following this preliminary data screening, the ‘cleaned’ database was used for the calculation of
hourly averages and to study temporal and spatial BC variations at the 10 MATES IV sites. If
the hourly averages were negative, the high time resolution data associated to that particular hour
were re-examined, to remove negative values. All final (valid) hourly BC data points were larger
than zero. The data screening yielded excellent data completeness, with an average data
recovery of 96% over the 10 sites, well above the targeted 75% completeness establish prior to
the beginning of this study (Figure 1).
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Figure 1 - Black Carbon Data Completeness at each of the MATES IV sites.
V924 Results

Diurnal, daily, seasonal and yearly variations in BC concentration were examined to study the
temporal variations in BC concentrations. Spatial variations were also studied by comparing the
collected BC data across each sampling site. Temporal and spatial variations in BC
concentrations present invaluable information regarding daily and seasonal patterns and, more
importantly, potential source contributions throughout SCAB.

VI1.2.5 Spatial Variations

Figure 2 shows a box plot, summarizing the distribution of hourly BC concentrations for
MATES IV. Data is displayed based on six number values (in order): 90" quartile, 75™ quartile,
mean, median (50" quartile), 25" quartile and 10" quartile. The inner rectangle spans the mean
and median, while the outer rectangle spans the 75" and 25" quartiles. The “whiskers” above
and below the box extend to the 90" and 10", respectively.
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Figure 2 - Spatial Distribution of Black Carbon Concentrations Across All MATES IV
Sites.

Figure 3 presents only the average BC concentration at each site for the duration of the study,
along with the Basin average BC concentration [MATES IV (AVG)] and the Basin average EC
concentration for the current and previous MATES studies [MATES |1l (EC) and MATES IV
(EC), respectively]. Generally, BC concentrations at the urban sites closer to traffic corridors
(i.e. Burbank, Central Los Angeles, Pico Rivera and Huntington Park) were higher than those at
more suburban sites (e.g. Compton and Anaheim). Elevated concentrations were also observed
at inland/receptor sites such as Rubidoux and Inland Valley San Bernardino (probably due to
truck traffic in those areas). While BC was not measured during MATES Ill, the average EC
levels decreased substantially (about 35% reduction) from MATES 11l to MATES IV (See
Chapter 2).
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Figure 3 - Distribution of average Black Carbon concentrations during MATES IV and
comparison with MATES IV and MATES |11 Elemental Carbon study averages.

VI1.2.6 Temporal Variations

BC exhibits considerable daily, seasonal and annual variations. Studying BC variations over
different time intervals can yield insights into the contributions of local and urban scale sources
and into short- and long-term exposure levels.

Figure 4 shows monthly average BC concentrations that were calculated based on the high time

resolution BC measurements for the entire sampling period. A general seasonal trend can be
discerned from this plot, with elevated BC concentrations observed during the colder months.
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Figure 4 - Monthly Average Black Carbon Concentration Trends in the South Coast Basin
During MATES IV. Red Line Indicating the MATES IV Average Concentration.

As mentioned earlier, in addition to diesel exhaust, other sources contribute to increasing the
total BC content of atmospheric PM. These may include biomass burning, meat charbroiling and
fuel oil combustion (ship emissions). Emissions from these sources often show some seasonality
and may impact the spatial distribution of BC within the Basin (Magliano, 1999; Reinhart,
2006). For instance, during colder winter months an increase in residential wood burning would
be expected (Fine et al., 2004). Hence, the higher BC concentrations observed during the winter
season can be partly attributed to enhanced BC emissions from increased residential wood
burning. However, the winter months are characterized by lower mixing height which is likely
the most significant factor increasing the atmospheric concentrations of several atmospheric
pollutants, including BC.

These seasonal trends are further highlighted in Figure 5, where the BC concentrations for each
site were averaged over a period of three months (i.e. summer: June, July and August; fall:
September, October and November; winter: December, January and February; and spring:
March, April and May).
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Figure 5 - Seasonal Variations of Black Carbon Concentrations at Each MATES 1V Site.

BC concentrations during the warmer months were substantially higher in Inland Valley San
Bernardino with respect to all other MATES 1V sites, with the highest monthly mean
concentration observed in July, August and September 2012, and March, April, May and June
2013. In contrast the BC concentration at the same Inland Valley San Bernardino location in
January 2013 was the lowest amongst all sites (Figure 6). This different seasonal trend may be
due to potential unknown local sources of BC at this site that follow a different seasonal pattern.
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Figure 6 - Inland Valley San Bernardino (Fontana) Exhibits a Different Temporal
Variation Compared to All Other MATES 1V Sites.

In order to assess the temporal associations between each site pair, a linear regression analysis
was performed. Figure 7 summarizes the correlation coefficients for all site pairs. All r* values
are highlighted with colors ranging from blue (poor correlation) to red (strong correlation).
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Figure 7 - Coefficients of Determination (r?) of Black Carbon Trends between Each Site
Pair.

Among all site pairs, the highest correlation coefficients were obtained between sites located
nearer the port area (i.e. Compton, West Long Beach and North Long Beach sites) with r? values
higher than 0.80. The relatively high r” values between these sites and more inland sites (i.e.
Anaheim, Burbank and Pico Rivera) suggest that the major sources of BC at these sites are
similar and concentrations vary with a relatively similar temporal pattern. Other than Inland
Valley San Bernardino which was not correlated with any other site, Rubidoux also exhibits
relatively low r® values, which suggests different temporal trends of BC concentration in
Riverside.

VI1.2.6.1 Diurnal Variations

Typically, BC exhibits a distinct diurnal profile at most locations. BC is associated with
primary combustion activities and is widely considered as one of the best indicators of local
mobile source diesel emissions in urban environments.

VI-14



MATES IV Draft Final Report

The 10-site average diurnal variation of BC concentrations (indicative of the typical diurnal BC
trend in the South Coast Air Basin) is shown in Figure 8. The distinct increase in BC mass
concentration between 0600 and 0900 PST is associated with rush-hour traffic during stagnant
atmospheric conditions in the morning.
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Figure 8 - Diurnal Variation of Black Carbon Concentration in South Coast Air Basin
During MATES IV.

As the day progresses, the increased solar heating leads to greater dispersion of aerosols due to
increased turbulent effects and deeper boundary layer. The dispersion of aerosols causes a
dilution of BC near the surface resulting in a gradual decrease in BC concentrations in the
afternoon along with diminished traffic density. The BC concentration continues to be relatively
low until 17:00 when it slowly increases in the evening hours, which can be partly attributed to
the evening rush hour traffic. In addition, lower wind speeds during night and shallow inversion
layer leads to a rapid decline in ventilation. Overnight, there is a progressive and strong
reduction in the traffic density and BC generation, but stable conditions persist until the morning.

V1.2.6.2 Seasonal Variations of BC Diurnal Trends

In order to examine the seasonal changes on the BC diurnal variations, the BC concentrations
were averaged over a period of three months, to compare the diurnal variations of BC during
each season at each site. In this analysis, the hourly BC concentrations are averaged for the
months of June, July and August, representing summer; September, October and November,
representing fall; December, January and February, representing winter; and March, April and
May, representing spring. Each data point represents the average concentration for that hour for
the entire three month period. Results are presented in Figure 9(a — ).
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In general, there is a distinct seasonal dependence on the diurnal variations of BC. With the
exception of Inland Valley San Bernardino, as compared to winter, the morning peak is less
pronounced in summer and the evening peak is completely absent. It is evident that the BC
concentrations during the winter season show the strongest diurnal variations. This can be
mainly attributed to the seasonal changes in the boundary layer dynamics. Due to
meteorological conditions, the boundary layer in winter is much shallower compared to its
summer counterparts, resulting in the increased confinement of aerosols, causing an increase in
the BC concentrations in winter. Moreover, the secondary evening peak is prominent only
during the winter season, gradually diminishing during fall and spring seasons, and almost
disappearing during the summer months when afternoons are characterized by strong on-shore
sea breezes.

It is important to note that during the winter months, there can be additional BC emissions due to
residential wood burning, particularly during night-time when the temperatures drop, which
would contribute to the observed secondary, evening peak in winter.
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Figure 9 - Seasonal Diurnal Trends of Black Carbon Concentrations at Each Site.
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V1.2.6.3 Weekday vs. Weekends

Motor-vehicle traffic (diesel traffic, in particular) has a direct impact on ambient BC
concentrations. At most locations, traffic density during weekdays (i.e. Monday through Friday)
is usually higher than on weekends (i.e. Saturday and Sunday). This is reflected in Figure 10,
where for each season the BC concentration measured during weekdays is typically higher than
that on Saturdays and Sundays.
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Figure 4 - Seasonal Weekday/Weekend Comparison in the South Coast Air Basin During
MATES IV.

VI1.2.7 Comparison Between BC and EC Measurement

Continuous BC monitors (i.e. AE22 and AE33 Aethalometers) and 24-hr integrated speciation
samplers (i.e. SASS; used to collect the particle samples that were then analyzed for EC and
other major components of PM2.5) were operated at all 10 MATES IV sites. Both samplers
were operated in air-conditioned trailers through PM; s inlets, approximately 10 m above the
ground level and subsequently, the quartz-fiber filters were analyzed for OC and EC.

As shown in Figure 11, a comparison between the 24-hr. average BC concentrations and the
corresponding EC levels for all MATES IV sites shows a good correlation (r* = 0.81).
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Figure 11 - Comparison of Daily Average BC and EC Concentrations in South Coast Air
Basin During MATES IV.

The relationship between BC and EC measurements has been the subject of extensive research.
Such comparisons usually indicate satisfactory correlation coefficients but various degrees of
bias (slope). This is probably related to the choice of the coefficients used to convert absorption
measurements to BC estimates or to assumptions inherent in the thermal-optical methods used to
measure EC. Figure 12 show the regression analysis between BC and EC measurements at each
site. While the high correlation coefficients (0.67 < r* < 0.90) show good agreement between
the two measurements, the slopes can be either higher or lower than unity. Of all 10 sites, the
slopes of the EC/BC regressions were higher than 1 at five sites (i.e. North Long Beach, Pico
Rivera, Anaheim, Burbank and Compton) and smaller than 1 at the other five sites (i.e. West
Long Beach, Huntington Park, Rubidoux, Inland Valley San Bernardino and Central Los
Angeles). Therefore, a universal correction factor for converting optical BC measurements to
thermal-optical EC equivalents may impose significant biases. Such conversions are desirable
since current chemical transport models are mostly based on time-consuming and relatively
expensive EC measurements, whereas BC measurements can be performed relatively cheaply,
continuously, with higher time resolution and with much lower required maintenance. One
solution might be applying site-specific correction factors calculated based on actual
measurements.
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It should be noted that prior to the beginning of the MATES IV Study, an intensive co-located
study was designed and conducted by I-710 Freeway, to measure BC and EC concurrently in
order to evaluate the instruments and the comparability of BC and EC measurements methods. A
summary report for this study will be completed separately from the MATES IV Report.
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Generally, particulate BC measured by the Aethalometer is a reliable surrogate for particulate EC
measured by subsequent chemical analysis on the filter, especially in the cases where the trends
and changes of ambient BC concentrations are of interest, or in large air quality monitoring
networks. The concurrent measurement of BC and EC with both optical and thermal-optical
methods however, provides additional information for identifying emission sources.

V1.3 Summary

Long-term measurements of BC concentrations carried out from July 2012 to July 2013 in a
network of 10 sampling sites located in the SCAB, were used to characterize the spatial and
temporal variations in BC concentrations and their association to meteorology and local sources,
most notably, vehicular traffic.

One of the major areas of interest in air monitoring is to evaluate relatively cheap continuous
monitoring technologies in order to reduce the frequency and amount of filter based technologies
that are extremely expensive and time consuming. Aethalometers offer a tremendous
opportunity to move towards more desired continuous, higher time resolution sampling (as short
as 1-min) and supplement or reduce the need for expensive, time consuming filter based
sampling. As discussed in this Appendix, BC show significant temporal variations in all scales;
annual, seasonal and diurnal (in addition to weekday/weekend). The diurnal variations at most
sites have a distinct morning peak that is probably associated with increased traffic density
during rush hours. The diurnal variations are more pronounced during winter season. This
effect is particularly pronounced during the colder months, when higher traffic density is coupled
with a shallower mixing height.

The seasonal variations are mostly related to changes in meteorology and the boundary layer
dynamics. High concentrations are generally observed in colder months. Moreover, biomass
burning smoke may contribute to the observed elevated BC concentrations in winter. In general,
local traffic sources, meteorological conditions and boundary layer dynamics are the most
important parameters influencing the BC concentrations.

Various existing regulations and emission reduction strategies are designed to control the
atmospheric concentration of BC, either directly by reducing diesel emissions, or indirectly by
reducing total PM emissions. Measures to mitigate BC will probably also reduce OC and PM
emissions. Therefore, mitigating emissions from diesel-engine sources may offers the potential
to reduce near-term climate forcing, air toxic exposure, as well as PM exposure.
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VII-1 Background

There is continuing concern about the potential health effects caused by exposure to criteria
pollutants and air toxics emitted from both gasoline and diesel vehicles (HEI, 2010), especially
for people living in urban areas. Motor-vehicle emissions consist of a complex mixture of solid,
liquid and gaseous hydrocarbons, metals, black carbon (BC), volatile organic compounds
(VOC), sulfates and nitrates that range in size from a few nanometers to several microns in
aerodynamic diameter. Over the past decade, regulators in the United States and California have
taken major steps to reduce the adverse human health impacts from vehicular emissions. In
1998, the California Air Resources Board (CARB) classified diesel exhaust PM as a toxic air
contaminant, citing its potential to cause cancer and other health problems. The U.S. EPA
concluded that long-term exposure to diesel engine exhaust is likely to pose a lung cancer hazard
to humans and can also contribute to other acute and chronic health effects. The International
Agency for Research on Cancer (IARC), part of the World Health Organization (WHO), recently
classified diesel exhaust as a human carcinogen (Benbrahim-Tallaa et al., 2012). The MATES
studies conducted by the South Coast Air Quality Management District (SCAQMD) are designed
to identify and quantify health risks associated with major known toxic air contaminants within
the South Coast Air Basin (SCAB). In the MATES IlI Study, diesel particulate matter (DPM)
was identified as the major contributor to carcinogenic risk due to exposure to air toxics,
accounting for 84% of the total carcinogenic risk (SCAQMD MATES |11 Report, 2008). In the
current MATES IV assessment, DPM accounts for 68% of the average carcinogenic risk in the
SCAB (Executive Summary - Figure ES-2).

Federal, state and local regulatory efforts have been focused on reducing the mass of PM emitted
in the ambient air. Current PM regulations are focused on two size fractions: PMyq (particles
with a diameter less than 10 um) and PM, s (diameter < 2.5 um). Recently, however, there is a
growing concern in the public health community about the contribution of the ultrafine particles
(UFPs; diameter < 0.1um) to the overall health impacts of PM. While substantial effort has been
made to characterize the health risks associated with exposure to diesel PM, information about
the health impacts of UFPs is just recently emerging. These very minute particles (consisting
primarily of organic material, soot, and trace elements) have a different chemical composition
than the larger PM fractions (PM2s and PM1p). Due to their small size, UFPs are not a major
factor in measurements of overall PM mass, but comprise a significant majority (90%) of the
number of airborne particles in the atmosphere (Stanier et al., 2004a and Zhang et al., 2004). For
this reason, their concentration is usually expressed in terms of total particle count (i.e. # per
cubic centimeter of sampled air, or #/cm®), even though a small fraction of the particles being
counted may be above 100 nm. UFPs are emitted from almost every fuel combustion process,
including diesel, gasoline, and jet engines. Although there are many sources of UFPs in the
atmosphere, vehicle exhaust is the major contributor to UFP concentrations in urban areas,
particularly in proximity to major roads. Consequently, there is growing concern that people
living in close proximity to highly trafficked roadways and other sources of combustion-related
pollutants (e.g. airports, refineries, and railyards) may be exposed to significant levels of UFPs as
well as air toxics. In a seminal study conducted in the Los Angeles Basin, the number
concentration of UFPs dropped dramatically with increasing distance from busy freeways (Zhu
et al., 2002a,b). UFP concentrations were typically highest on or in close proximity to freeways
and decreased exponentially to upwind background levels. One type of ultrafine combustion
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particles are formed in the engine or tailpipe, and are mostly sub-micrometer agglomerates of
carbonaceous material ranging in size from 30 to 500 nm. These particles may also contain
metallic ash (from lubricating oil additives and from engine wear), adsorbed or condensed
hydrocarbons, and sulfur compounds (Morawska et al., 2008). Another type of ultrafine particle
is formed as hot exhaust gases are expelled from the tailpipe. They quickly cool and either
condense on existing particles or nucleate to form large numbers of very small particles in the
air. They consist mainly of hydrocarbons and hydrated sulfuric acid, are generally 30 nm or less
in diameter and are most commonly observed near busy freeways, especially those where a large
fraction of heavy-duty diesel vehicles is present (Westerdahl et al., 2005; Ntziachristos et al.,
2007; Keskinen and Ronkko, 2010). Once released into the atmosphere, UFPs undergo dilution
with ambient air and are subject to chemical reactions and physical processes such as
evaporation, condensation, and coagulation. Thus, particles measured away from roadways and
other emission sources generally have different characteristics than those measured immediately
after formation. Wind speed and direction, precipitation, relative humidity, and temperature are
the main meteorological factors affecting UFP transport. In addition to primary UFP emissions,
secondary formation of UFPs in the atmosphere through photochemical reactions also
contributes to total number concentrations. Particle formation by secondary processes depends
strongly on the intensity of solar radiation and is more distinct in summers. Once formed,
secondary particles are also transformed by coagulation and condensation in the atmosphere.

VI1I-2 UFP Measurements During MATES IV

There are very few if any long-term studies of human population exposure to UFPs, as this
species is not typically measured in monitoring networks throughout the U.S. Concentrations of
UFPs vary geographically, and it is not clear how well central site monitors may capture actual
local exposures. Generally there is little or no correlation between ambient particle numbers and
mass (Sardar et al., 2004); therefore, measurements of ambient particle number concentrations
are necessary to complement the existing PM mass measurements. UFPs have a relatively short
lifespan and are strongly dependent on local sources and atmospheric conditions; thus, their
number concentrations can vary significantly on short temporal and spatial scales. In order to
accurately estimate human exposure and the subsequent health impacts of UFPs, particle number
would need to be measured across more spatially resolved monitoring networks.

The purpose of the MATES program is to conduct a series of studies to assess cancer risk from
exposure to toxic air contaminants in the SCAB. These studies are comprised of air toxics
monitoring and analysis, development of toxic emissions inventories, and regional modeling and
evaluations. MATES 1V is intended as a follow-up study to MATES Il and I11; unique to
MATES 1V is the incorporation of continuous UFP and BC concentration measurements, even
though they are not technically specified as air toxics. Details of the sites, their characteristics
and sampling protocols are given in MATES IV, Chapter 2. The sampling duration for all fixed
stations was one year, ranging from July 1, 2012, to June 30, 2013, excluding Huntington Park,
where sampling begun in August 1, 2012, and ended in July 31, 2013. Additionally, local-scale
near source monitoring of UFP and BC concentrations was performed in the vicinity of the Los
Angeles International Airport (LAX), San Bernardino Railyards, and Mira Loma to assess near-
source air toxic emissions. This appendix will focus on the fixed site UFP measurements in the
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SCARB as part of MATES IV. Results from the local-scale UFP measurements will be reported
separately.

Since there is no “standard” measurement technique or calibration standard by which different
instruments can be evaluated and compared, UFP measurements are somewhat operationally
defined. The MATES IV UFP continuous real-time minute data was collected at 10 fixed sites
utilizing the Teledyne Advanced Pollution Instrumentation (TAPI) Ultrafine Particle Monitor
Model 651. This is a continuous laminar flow condensation particle counter (CPC) that uses
water to grow UFPs to a larger, detectable size. UFPs are grown through condensation in a
controlled super-saturation environment to larger sizes and then measured (counted) using a
photodetector. CPCs provide the total number concentration of particles above 7 nm, in real-
time. Although CPCs are the most widely used instruments for measuring particle number
concentrations, they do not provide any information on the original size of the particles counted.
Additional technical details on this CPC model and the results of a test evaluation conducted by
SCAQMD and UCLA prior to the beginning of MATES IV are reported elsewhere (Lee et al.,
2013). For further information and maintenance instructions, please refer to the Teledyne
Advanced Pollution Instrumentation (TAPI) Ultrafine Particle Monitor Model 651 Operation
Manual.

VI11-3 Data Validation

The particle number count data was downloaded from the instrument using USB drives on a
weekly basis. Minute data for each site was validated and examined for anomalies. During the
sampling period we experienced minor problems with the USB drives, which led to some data
loss and a slightly decreased data recovery. Hourly average particle number concentrations were
calculated for each station (i.e., Anaheim, Burbank, Central Los Angeles, Compton, Inland
Valley San Bernardino, Huntington Park, North Long Beach, Pico Rivera, Rubidoux, and West
Long Beach) from the corresponding one minute data only when the data recovery was 75% or
higher (i.e., when more than 45 one minute data within the hour were valid). The hourly data
recoveries for each sampling location are provided in Figure V1I-1. The overall hourly data
recovery for the ten MATES IV sites combined was 82%.
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Figure VII-1: Ultrafine particle hourly data completeness for the MATES IV sites.

Three collocation studies were performed against a “Gold Standard” CPC (i.e., a reference
instrument that was only used for collocation purposes) as a QA/QC check and to determine if
correction factors should have been applied to the data to account for intra-model variations
between CPC performances. These studies indicated that all ten site instruments were in good
agreement with the “Gold Standard” CPC (i.e., high correlation coefficients; slopes close to one,
and small intercepts). Thus, no corrections were applied to the field data.

VI1I1-4 Results and Discussion
Annual Trends

The UFP annual means and standard deviation (error bars) for each site and the SCAB are shown
in Figure VI1-2. The UFP concentrations varied from site to site, with the highest annual
averages measured at West Long Beach and Huntington Park. These sites are near potential
emission sources associated with goods movement to and from the San Pedro Bay Ports and
other vehicular sources. West Long Beach is located in a mixed residential and industrial area,
approximately 2 km inland of the Port of Los Angeles and the Port of Long Beach, the busiest
port complex in the USA. It is situated immediately downwind of a railyard and the Terminal
Island Freeway 103, where heavy truck traffic consists of 22-25% of the average annual daily
traffic (AADT; http://traffic-counts.dot.ca.gov/). Sampling locations with high AADT
comprising of a greater percentage of heavy-duty diesel trucks (HDDT) have been shown to have
elevated levels of particle number count compared to sites with less traffic and more gasoline
vehicles (Zhu et al. 2004). The Huntington Park location is in a residential area, downwind of
the Alameda Corridor, a freight rail connecting the downtown Los Angeles rail system to the San
Pedro Bay Ports. Although Compton is also located in a residential area downwind from the
railroad, it is further east than Huntington Park, potentially resulting in a decreased average
annual UFP concentration. The Central L.A. site experienced some construction activity during
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the sampling duration, which might have caused increased UFP concentrations. Rubidoux, an
inland receptor site, had the lowest annual UFP concentration average.
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Figure VI1-2: Mean and standard deviation for the MATES IV sites.

Particle Number Concentration (Particles/cm3)

The box whisker plot in Figure V11-3 summarizes the 10" percentile, first quartile, median,
mean, third quartile, and 90™ percentile hourly UFP concentrations at each MATES IV site in the
SCAB. The plot indicates that the Anaheim, Burbank, Central L.A., Compton, Inland Valley
San Bernardino, Pico Rivera, and Rubidoux sites were characterized by a relatively low UFP
variability, while the Huntington Park, North Long Beach, and West Long Beach stations had
wider UFP ranges and distributions. The relatively high variability among these sites is
indicative of their vicinity to one or more emission sources of UFPs (e.g., major roadways).
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Figure VI11-3: Box whisker plot showing the 90% quartile, first quartile, median, mean,
third quartile and 10% quartile observed values for the MATES 1V sites.

The annual mean SCAB UFP diurnal trend based on data from the 10 fixed MATES 1V sites is
presented in Figure VI1I-4. This trend is characterized by a trimodal distribution consisting of a
morning peak (05:00 to 09:00), midday peak (10:00 to 16:00), and a less distinct evening peak
(17:00 to 02:00). During the early morning, there is a pronounced UFP increase probably due to
heavy rush hour traffic and a lower atmospheric mixing height. As the day progresses and the
atmosphere is heated, the mixing height rises, leading to a dilution and subsequent decrease of
traffic emissions. In the late morning and early afternoon, a second peak emerges due to the
formation of secondary UFPs from photochemical processes. The UFP concentration decreases
towards the late afternoon, but background levels remain elevated. A third, less pronounced
peak due to the trapping of overnight emissions by the nocturnal inversion emerges towards the
early evening and persists throughout the night.
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Figure VI11-4: Diurnal variation of ultrafine particle concentration in the South Coast Air
Basin during MATES IV.

Seasonal Trends

UFP concentrations were averaged by season to characterize seasonal variations. Seasons were
divided into fall (September-November), winter (December-February), spring (March-May), and
summer (June-August). Figure VI1I-5 displays the averaged seasonal UFP concentrations at all
10 fixed monitoring sites and for the SCAB. Huntington Park and West Long Beach showed the
highest mean seasonal UFP concentrations throughout the entire duration of sampling. The
maximum UFP levels observed for all seasons were in West Long Beach, except during winter,
when the UFP concentration at Huntington Park was the highest. In most instances, the
maximum average particle number concentrations at all sites were observed during winter
months with the exception of Inland Valley San Bernardino, where the winter average was the
lowest and the summer average the highest. In the wintertime, emissions from primary sources
dominate the UFP concentrations due to stagnant atmospheric conditions. In addition, the
coastal region experiences surface temperature inversions and weak onshore wind flow during
this time of the year, leading to increased UFP levels near the coastal regions, especially near
emission sources, such as freeways. During the summertime, increased UFP concentrations
inland are influenced by local emission sources and long range advection of upwind sources due
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to a strong onshore flow and enhanced photochemical activities. Differences in particle number
concentration between the winter and summer seasons are consistent with previous studies that
found higher UFP levels in the winter versus the summer months (Kittleson 1998, Kim, et al.
2000, Wang, et al. 2013). In a study conducted to compare seasonal air pollution variations near
the 1-710 and the 1-405 freeways, lower ambient temperatures produced fewer particles in the 50-
200nm size range (on the lower size limit of the accumulation mode) and a larger amount of
particle number concentrations in the 6-25nm (nuclei mode) size range at both sites (Zhu et al.
2004).
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Figure VI1-5: Averaged seasonal particle number concentration for the MATES 1V sites.

The influence of meteorological conditions on UFP concentrations is further demonstrated in the
diurnal trend differences between winter and summer profiles for the SCAB (Figure VII-6) and
for each individual MATES site (Figure VII-7). The winter profile is characterized by a bimodal
distribution and is distinctly different from that observed in the summer. Traffic emissions
generated during the winter morning commute produces a peak during rush-hour that extends
until late morning. All sites show a peak during the early morning commute hours (05:00 to
10:00) and evening commute hours (19:00 to 22:00) due to a combination of decreased
atmospheric mixing height and enhanced coagulation and nucleation. As the temperature
increases in the afternoon, the mixing height rises and the UFP concentrations drop, reaching a
minimum in midday. When evening approaches, the nocturnal inversion layer causes an
elevation in particle number count, producing a peak that persists throughout the late evening
hours. Previous studies by Singh et al. 2006 and Wang, et al. 2012 have found similar winter
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diurnal trends. However, these patterns are less pronounced in the spring and fall. During these
seasons, especially in the spring, the morning commute peak decreases to near background levels
at all stations. This observation was most likely due to warmer overnight temperatures, a higher
mixing height, and a subsequent dispersion of air pollutants. Comparable spring and fall diurnal
profiles were also observed in previous studies conducted in the SCAB (Sioutas et al. 2011).
Throughout the summer, secondary formation of UFP through photochemical reactions generates
a midday peak (10:00 to 17:00). Particles smaller than 60nm in aerodynamic diameter have been
shown to contribute to this increase in particle number concentration (Singh et al. 2006). This
midday photochemical peak is more pronounced in the coastal region and less distinct in the
inland sites (Inland Valley San Bernardino, Rubidoux). The Inland Valley San Bernardino
location did not reflect the same seasonal trends as Rubidoux. In fact, a large broad peak begins
in the early morning commute hours at 04:00, reaches a maximum at 14:00, and remains
elevated during the evening. This was the only site where the summer evening particle number
concentrations were higher than the winter evening concentrations. The photochemical peak was
also in an earlier time frame compared to the other sampling locations.
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Figure VI1-6: Averaged seasonal diurnal particle number concentration for SCAB.
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Weekday/Weekend Diurnal Trends

The effect of traffic emission sources and of meteorological factors is also reflected in the day of
the week diurnal UFP distribution plots. Figure VI1I-8 and Figure VII-9 display seasonal
averages for each day of the week for the SCAB and for each individual MATES IV site,
respectively. The lowest UFP averages were typically observed on Sundays during all seasons,
which is consistent with previous studies (Sabaliauskas et al. 2013, Sioutas 2011, Tiwary et al.
2012).  Conversely, the highest UFP levels were observed on Tuesdays and/or Fridays. UFP
concentrations were generally higher on weekdays and followed a similar weekly pattern, with
the exception of Monday which is associated with lower concentrations than the other weekdays.
Similar differences between weekdays and weekends patterns have been observed in various
studies (Morawska et al. 2002, Fine et al. 2004). West Long Beach had the highest weekday and
weekend average, and the greatest difference between the weekdays and weekends (Figure VII-
9). Rubidoux had the lowest weekday and weekend average, with the lowest difference between
weekdays and weekends. This weekday/weekend distinction is attributed to vehicular traffic
emissions generated during the weekday commute. Sioutas et al. (2011) also observed day of the
week differences between sites near the ports versus near Downtown Los Angeles. There was a
larger particle number reduction at sampling locations near the vicinity of the ports on weekends
versus weekdays when compared to L.A. This greater reduction in UFP concentrations
demonstrates that heavy-duty diesel vehicles are important contributors to ambient UFP.
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South Coast Air Basin
25000

20000
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10000

5000
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—&—Summer —@—Fall Winter —>—Spring

Figure VI1-8: Averaged seasonal day of the week particle number concentration for the
South Coast Air Basin.
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Figure VI11-9: Averaged weekday and weekend particle number concentrations for each
MATES IV site.

VII-5 Summary

Continuous real-time UFP measurements collected at ten SCAQMD sites during MATES 1V
showed high temporal and spatial variability. A variety of factors, such as the distance to the
nearest emission source, the type of emission source, the traffic volume, wind speed, wind
direction, relative humidity, and temperature (among other factors) could all influence the
concentration, composition, and dispersion of UFPs. Atmospheric parameters could fluctuate
rather rapidly throughout the day, therefore short time scales, particularly on an hourly or less
basis, should be used to examine the diurnal trends of UFPs. Despite the high spatial and
temporal differences measured across the SCAB, the average diurnal UFP concentrations at most
MATES 1V sites followed a similar trend, rising and falling throughout the day, with distinct
peaks during the early morning commute, midday, and evening commute. As shown here and
reported in previous studies, the ambient UFP concentration in urban environments is closely
related to the temporal variation in traffic density, with highest levels observed on weekdays
during rush hours (Hussein, et al., 2004; Morawska, et al., 2008; AQMD, 2012). Photochemical
particle formation also contributes to increasing the afternoon number concentration of UFPs,
especially in the summer.
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Due to the sharp drop in UFP concentrations over short distances from the emission sources,
more detailed local-scale studies are needed to develop a better understanding of the spatial UFP
concentrations in the SCAB. For example, in a recent study conducted by the SCAQMD near the
Santa Monica Airport (SMO; a general aviation airport), 1-min average UFP levels as high as
2,600,000 #/cm® were measured 35 m downwind of the runway during jet aircraft take-off
(AQMD, 2011). One-minute maxima between 1,500,000 and 2,000,000 #/cm?® (also associated
with jet aircraft departures) were observed 100 m downwind of the runway in the backyard of a
local residence.

Several meteorological factors contribute to the seasonal variability in the concentration of
atmospheric PM and UFPs; these include:

e Lower mixing layer height and greater atmospheric stability in winter, which tend to
increase particle levels by limiting vertical atmospheric mixing

e Lower winter temperature, which leads to increased nucleation of volatile combustion
products, particularly during morning rush hours

e Higher photochemical activity in the summer, which favors photochemical particle
formation

In the wintertime most of the factors leading to an increase in particle concentration tend to occur
early in the morning (i.e. rush hour traffic, low mixing height, low wind speed and temperature).
Summer minima are usually associated with increased ambient temperature (which does not
favor the nucleation process), although increased photochemical activity can lead to new UFP
formation, which typically occurs midday.
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2012 Emissions by Major Source Category

The 2012 toxic inventory by major source category is contained in a table in this
appendix. Toxic gases are provided first, in alphabetical order, followed by the toxic
particulates, also in alphabetical order. The particulates are estimated total mass from all
size fractions.


MTraynor
New Stamp


Table VIII-1. 2012 Emissions (lbs/day) by Major Source Category for the South Coast Air Basin.

Acetalde- 1,3 Carbon 1,1 Dichloro- Ethylene
Code Source Category hyde Acetone Benzene Butadiene tetrachloride  Chloroform ethane 1,4 dioxane dibromide
Fuel Combustion
10 Electric Utilities 21.82 19.99 91.08 0.51 0.00 0.00 0.00 0.00 0.00
20 Cogeneration 0.18 0.00 0.67 0.00 0.00 0.00 0.00 0.00 0.00
30 Oil and Gas Production (combustion) 1.89 1.58 25.39 0.04 0.00 0.00 0.00 0.00 0.00
40 Petroleum Refining (Combustion) 1.85 0.07 12.80 0.12 0.00 0.00 0.00 0.00 0.00
50 Manufacturing and Industrial 23.28 11.95 174.17 0.40 0.00 0.00 0.00 0.00 0.00
52 Food and Agricultural Processing 0.62 0.57 8.22 0.03 0.00 0.00 0.00 0.00 0.00
60 Service and Commercial 26.13 23.24 720.80 111 0.00 0.00 0.00 0.00 0.00
99 Other (Fuel Combustion) 35.19 35.18 17.62 3.95 0.00 0.00 0.00 0.00 0.00
Total 110.96 92.58 1050.76 6.16 0.00 0.00 0.00 0.00 0.00
Waste Disposal
110 Sewage Treatment 0.24 0.26 1.52 0.00 0.11 11.72 0.00 0.05 0.04
120 Landfills 0.00 114.60 244.08 0.00 0.12 0.83 65.52 0.00 0.00
130 Incineration 0.00 0.00 59.87 0.00 0.00 0.00 0.00 0.00 0.00
140 Soil Remediation 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
199 Other (Waste Disposal) 0.00 72.23 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 0.24 187.08 305.47 0.00 0.23 12.56 65.52 0.05 0.04
Cleaning and Surface Coatings
210 Laundering 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
220 Degreasing 0.00 2981.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00
230 Coatings and Related Processes 0.00 941.43 1.80 0.00 0.00 0.00 0.00 0.00 0.00
240 Printing 0.00 1.32 0.00 0.00 0.00 0.00 0.00 0.00 0.00
250 Adhesives and Sealants 0.00 999.62 1.46 0.00 0.00 0.00 0.00 0.00 0.00
299 Other (Cleaning and Surface Coatings) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 0.00 4923.39 3.26 0.00 0.00 0.00 0.00 0.00 0.00
Petroleum Production and Marketing
310 Oil and Gas Production 0.00 0.00 31.65 0.00 0.00 0.00 0.00 0.00 0.00
320 Petroleum Refining 0.00 0.00 46.54 0.00 0.00 0.00 0.00 0.00 0.00
330 Petroleum Marketing 0.03 0.00 211.16 0.00 0.03 0.03 0.00 0.00 0.03
399 Other (Petroleum Production and Marketing 0.00 0.00 0.35 0.00 0.00 0.00 0.00 0.00 0.00

Total 0.03 0.00 289.70 0.00 0.03 0.03 0.00 0.00 0.03



Table VIII-1. 2012 Emissions (lbs/day) by Major Source Category for the South Coast Air Basin.

Acetalde- 1,3 Carbon 1,1 Dichloro- Ethylene
Code Source Category hyde Acetone Benzene Butadiene tetrachloride  Chloroform ethane 1,4 dioxane dibromide
Industrial Processes
410 Chemical 34.88 47.04 240.40 428.03 5.63 0.75 0.00 0.00 0.00
420 Food and Agriculture 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
430 Mineral Processes 0.04 0.06 13.70 0.02 0.01 0.00 0.00 0.00 0.00
440 Metal Processes 0.36 0.54 3.13 0.18 0.06 0.01 0.00 0.00 0.00
450 Wood and Paper 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
460 Glass and Related Products 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
470 Electronics 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
499 Other (Industrial Processes) 4.36 259.11 58.23 1.60 0.74 0.14 0.00 0.00 0.05
Total 39.64 306.75 315.47 429.83 6.43 0.90 0.00 0.00 0.05
Solvent Evaporation
510 Consumer Products 0.00 11441.16 2.18 0.00 0.00 0.00 0.00 0.00 0.00
520 Architectural Coatings and Related Solvent 7.57 1674.86 18.29 0.00 0.00 0.00 0.00 0.00 0.00
530 Pesticides/Fertilizers 0.00 0.14 0.00 0.00 0.00 0.00 0.00 0.00 0.00
540 Asphalt Paving/Roofing 0.00 0.00 4.02 0.00 0.00 0.00 0.00 0.00 0.00
Total 7.57 13116.16 24.48 0.00 0.00 0.00 0.00 0.00 0.00
Miscellaneous Processes
610 Residential Fuel Combustion 1328.39 980.24 229.10 0.00 0.00 0.00 0.00 0.00 0.00
620 Farming Operations 0.00 1342.81 0.00 0.00 0.00 0.00 0.00 0.00 0.00
630 Construction and Demolition 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
640 Paved Road Dust 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
645 Unpaved Road Dust 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
650 Fugitive Windblown Dust 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
660 Fires 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
670 Waste Burning and Disposal 0.00 0.00 0.00 106.36 0.00 0.00 0.00 0.00 0.00
690 Cooking 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
699 Other (Miscellaneous Processes 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Total 1328.39 2323.05 229.10 106.36 0.00 0.00 0.00 0.00 0.00



Table VIII-1. 2012 Emissions (lbs/day) by Major Source Category for the South Coast Air Basin.

Acetalde- 1,3 Carbon 1,1 Dichloro- Ethylene
Code Source Category hyde Acetone Benzene Butadiene tetrachloride  Chloroform ethane 1,4 dioxane dibromide

Onroad Motor Vehicles
710 Light Duty Passenger Auto (LDA) 282.65 169.56 1973.24 368.37 0.00 0.00 0.00 0.00 0.00
722 Light Duty Trucks 1 (T1) 70.59 41.14 529.74 93.70 0.00 0.00 0.00 0.00 0.00
723 Light Duty Trucks 2 (T2) 111.42 65.52 797.25 148.61 0.00 0.00 0.00 0.00 0.00
724 Medium Duty Trucks (T3) 124.55 73.75 810.35 166.38 0.00 0.00 0.00 0.00 0.00
732 Light Heavy Duty Gas Trucks 1 (T4) 50.82 31.11 314.79 68.66 0.00 0.00 0.00 0.00 0.00
733 Light Heavy Duty Gas Trucks 2 (T5) 5.39 3.32 33.80 7.30 0.00 0.00 0.00 0.00 0.00
734 Medium Heavy Duty Gas Trucks (T6) 12.97 8.14 74.63 17.59 0.00 0.00 0.00 0.00 0.00
736 Heavy Heavy Duty Gas Trucks ((HHD) 2.67 1.58 15.18 3.59 0.00 0.00 0.00 0.00 0.00
742 Light Heavy Duty Diesel Trucks 1 (T4) 101.57 103.70 27.64 2.62 0.00 0.00 0.00 0.00 0.00
743 Light Heavy Duty Diesel Trucks 2 (T5) 33.92 34.63 9.23 0.88 0.00 0.00 0.00 0.00 0.00
744 Medium Heavy Duty Diesel Truck (T6) 224.41 229.11 61.07 5.80 0.00 0.00 0.00 0.00 0.00
746 Heavy Heavy Duty Diesel Trucks (HHD) 821.62 838.83 223.59 21.23 0.00 0.00 0.00 0.00 0.00
750 Motorcycles (MCY) 60.92 33.40 365.88 80.25 0.00 0.00 0.00 0.00 0.00
760 Diesel Urban Buses (UB) 92.50 94.44 25.17 2.39 0.00 0.00 0.00 0.00 0.00
762 Gas Urban Buses (UB) 3.46 1.85 20.10 4.58 0.00 0.00 0.00 0.00 0.00
771 Gas School Buses (SB) 0.96 0.53 5.64 1.27 0.00 0.00 0.00 0.00 0.00
772 Diesel School Buses (SB) 20.44 20.87 5.56 0.53 0.00 0.00 0.00 0.00 0.00
777 Gas Other Buses (OB) 3.59 2.30 19.77 4.89 0.00 0.00 0.00 0.00 0.00
779 Diesel Other Buses (OB) 37.06 37.84 10.09 0.96 0.00 0.00 0.00 0.00 0.00
780 Motor Homes (MH) 5.40 4.44 13.60 2.93 0.00 0.00 0.00 0.00 0.00
Total 2066.93 1796.06 5336.32 1002.51 0.00 0.00 0.00 0.00 0.00

Other Mobile Sources

810 Aircraft 272.81 24.42 122.44 109.86 0.00 0.00 0.00 0.00 0.00
820 Trains 305.03 311.42 83.01 7.88 0.00 0.00 0.00 0.00 0.00
833 Ocean Going Vessels 138.48 141.38 37.68 3.58 0.00 0.00 0.00 0.00 0.00
835 Commercial Habor Crafts 82.31 84.03 22.40 2.13 0.00 0.00 0.00 0.00 0.00
840 Recreational Boats 472.63 253.97 1567.46 363.59 0.00 0.00 0.00 0.00 0.00
850 Off-Road Recreational Vehicles 32.38 15.63 150.06 27.64 0.00 0.00 0.00 0.00 0.00
860 Off-Road Equipment 1640.64 1371.10 239251 508.26 0.00 0.00 0.00 0.00 0.00
870 Farm Equipment 138.85 140.35 47.36 5.76 0.00 0.00 0.00 0.00 0.00
890 Fuel Storage and Handling 0.00 0.00 54.20 0.00 0.00 0.00 0.00 0.00 0.00
Total 3083.14 2342.30 4477.12 1028.69 0.00 0.00 0.00 0.00 0.00
Total  Stationary 1486.84 20949.02 2218.24 542.34 6.69 13.49 65.52 0.05 0.11
Total  On-Road Vehicles 2066.93 1796.06 5336.32 1002.51 0.00 0.00 0.00 0.00 0.00
Total  Other Mobile 3083.14 2342.30 4477.12 1028.69 0.00 0.00 0.00 0.00 0.00

Total  Anthropogenic 6636.90 25087.38 12031.67 2573.54 6.69 13.49 65.52 0.05 0.11



Table VIII-1. 2012 Emissions (lbs/day) by Major Source Category for the South Coast Air Basin.

Ethylene Ethylene Formalde-  Methyl ethyl Methylene p-Dichloro- Perchloro-
Code Source Category dichloride oxide hyde ketone chloride MTBE Naphthalene benzene ethylene
Fuel Combustion
10 Electric Utilities 0.00 0.00 259.45 3.93 0.00 0.00 0.23 0.00 0.00
20 Cogeneration 0.00 0.00 491 0.00 0.00 0.00 0.00 0.00 0.00
30 Oil and Gas Production (combustion) 0.00 0.00 60.69 0.31 0.00 0.00 0.02 0.00 0.00
40 Petroleum Refining (Combustion) 0.00 0.00 284.39 0.01 0.00 0.00 0.02 0.00 0.00
50 Manufacturing and Industrial 0.00 0.00 1287.79 2.35 0.00 0.00 0.15 0.00 0.00
52 Food and Agricultural Processing 0.00 0.00 18.13 0.11 0.00 0.00 0.01 0.00 0.00
60 Service and Commercial 0.00 0.00 1548.25 4.55 0.00 0.00 0.34 0.00 0.00
99 Other (Fuel Combustion) 0.00 0.00 88.62 6.92 0.00 0.00 0.47 0.00 0.00
Total 0.00 0.00 3552.22 18.19 0.00 0.00 1.24 0.00 0.00
Waste Disposal
110 Sewage Treatment 0.06 0.05 1.25 0.00 18.02 0.00 0.00 1.78 14.68
120 Landfills 11.44 0.00 98.41 143.90 341.88 0.00 0.00 0.00 174.16
130 Incineration 0.00 0.00 1.89 0.00 0.00 0.00 0.00 0.00 0.00
140 Soil Remediation 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
199 Other (Waste Disposal) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 11.50 0.05 101.55 143.90 359.90 0.00 0.00 1.78 188.84
Cleaning and Surface Coatings
210 Laundering 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2246.76
220 Degreasing 0.00 0.00 0.00 1112.36 5681.30 0.00 32.89 0.00 813.25
230 Coatings and Related Processes 0.00 0.00 0.00 2148.61 6.81 0.00 5.60 0.00 136.44
240 Printing 0.00 0.00 0.00 382.44 0.00 0.00 3.55 0.00 1.32
250 Adhesives and Sealants 0.00 0.00 0.00 840.54 26.75 0.00 0.00 0.00 0.00
299 Other (Cleaning and Surface Coatings) 0.00 3.38 0.00 0.00 0.00 0.00 0.00 0.00 0.18
Total 0.00 3.38 0.00 4483.95 5714.86 0.00 42.05 0.00 3197.96
Petroleum Production and Marketing
310 Oil and Gas Production 0.00 0.00 9.93 0.00 0.00 0.00 0.00 0.00 0.00
320 Petroleum Refining 0.00 0.00 621.16 0.00 0.00 0.00 0.12 0.00 0.00
330 Petroleum Marketing 0.00 0.00 0.03 0.00 0.00 0.03 3.44 0.00 0.00
399 Other (Petroleum Production and Marketing 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Total 0.00 0.00 631.12 0.00 0.00 0.03 3.55 0.00 0.00



Table VIII-1. 2012 Emissions (lbs/day) by Major Source Category for the South Coast Air Basin.

Ethylene Ethylene Formalde-  Methyl ethyl Methylene p-Dichloro- Perchloro-
Code Source Category dichloride oxide hyde ketone chloride MTBE Naphthalene benzene ethylene
Industrial Processes
410 Chemical 47.26 1.31 0.56 37.39 0.00 0.00 0.03 60.39 0.00
420 Food and Agriculture 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
430 Mineral Processes 0.05 0.00 14.42 0.04 0.00 0.00 13.39 0.07 0.00
440 Metal Processes 0.49 0.01 0.53 0.37 0.00 0.00 0.03 0.63 0.00
450 Wood and Paper 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
460 Glass and Related Products 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
470 Electronics 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
499 Other (Industrial Processes) 5.84 0.17 3.10 5.15 31.19 0.05 18.35 7.47 106.06
Total 53.65 1.50 18.62 42.96 31.19 0.05 31.79 68.55 106.06
Solvent Evaporation
510 Consumer Products 0.00 0.00 1.91 1569.14 3721.28 0.00 87.35 2945.14 3152.78
520 Architectural Coatings and Related Solvent 0.00 0.00 0.00 38.24 73.28 0.00 1.81 0.00 24.75
530 Pesticides/Fertilizers 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00
540 Asphalt Paving/Roofing 0.00 0.00 0.00 0.00 0.00 0.00 69.32 0.00 0.00
Total 0.00 0.00 191 1607.39 3794.56 0.00 158.49 2945.14 3177.53
Miscellaneous Processes
610 Residential Fuel Combustion 0.00 0.00 1890.54 0.00 0.00 0.00 0.00 0.00 0.00
620 Farming Operations 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
630 Construction and Demolition 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
640 Paved Road Dust 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
645 Unpaved Road Dust 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
650 Fugitive Windblown Dust 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
660 Fires 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
670 Waste Burning and Disposal 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
690 Cooking 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
699 Other (Miscellaneous Processes 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Total 0.00 0.00 1890.54 0.00 0.00 0.00 0.00 0.00 0.00
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Below is a compilation of comments received on the MATES 1V Draft Report, followed by staff
responses.

Comment: The draft MATES IV report, pp. 5-14 to 5-15, speculates that 1-405 Freeway traffic
emissions may have contributed to the elevated UFP concentrations at site 8.
The LAX Air Quality Source Apportionment Study includes evidence that the
freeway did not influence UFP concentrations measured east of the freeway.
Specifically to address this question, the researchers collected simultaneous
measurements downwind of the runway and the same distance from the freeway
about a mile and a half south of the runway. See Phase 111 of the LAX AQSA Study,
pp. 5-99 to 5-113.
The results showed that the elevated UFP concentrations could be attributed to
aircraft, not the freeway. The language on pp. 5-14 to 5-15 of MATES IV should be
revised to acknowledge the LAX AQSA study finding and suggest instead that, while
the freeway could be a source of UFP, existing evidence shows that the elevated
concentrations result from aircraft.

Response: In the Phase 111 of the LAX AQSA Study, pp. 5-99, it is indicated that: “The
particle size distribution (PSD) data from the Winter Season indicates the 7-
30 nm particles are likely associated with jet exhaust while the 30-160 nm
particles were likely associated with aged aerosol and directly emitted vehicle
exhaust emissions.” which is not inconsistent with conclusions in MATES IV
report. In the comprehensive LAX AQSA Study, the diurnal variations of
PSD and other pollutants were measured and studied. The correlations of
specific particle size ranges with other pollutants provide information
regarding the relative contributions of different possible sources. The LAX
AQSA Study (pp. 113) concludes: “[d]ifferences in correlations of UFP with
other pollutants and day-of-week variations in diurnal profiles in 7-30 nm and
30-160 nm particles suggest that particles in the two size ranges may have
different origins. Good correlations of the 30-160 nm particles with CO, NO,
and BC and strong weekday dependence of diurnal variations indicates an
association of these particles with vehicle emissions. In contrast, the poorer
correlations with SO, and NO, suggest contributions of jet exhaust and
possibly secondary particles.” identifying vehicular traffic as a possible
contributor to the measured ultrafine particles.

Our findings from the LAX local-scale study show the influence of aircrafts
on the measured UFP concentrations, however elevated concentrations
adjacent to freeways were also observed. In the MATES IV LAX local study,
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considering that site 8 is located immediately downwind of the 1-405 freeway,
this site is most susceptible to be affected by emissions originated from the
freeway; therefore it is hypothesized in the report that the slightly higher
measured UFP concentrations at site 8 (e.g. compared to site 4, also
downwind but further away from the freeway) may be due to the contribution
of vehicular emissions. The report has been revised to refer to the Phase 111
LAX AQSA Study for more information.

Comment: Has the District run a regression analysis against POLA and POLB throughput to see
what effect, if any, higher or lower throughput has had on cancer risk.

Response: Since the MATES studies are just single year snapshots, it is hard to do a
regression analysis with just two or three data points. The total combined
ports container throughput in 2005 (MATES I11) was about 14.2 million TEU
vs. 14.1 million TEU in 2012 (MATES IV). So with similar throughput, the
risks have dropped significantly. We have also looked at container throughput
vs. ambient Elemental Carbon (a marker for diesel PM which drives most of
the risk) levels over time. It shows that since the 2009 recession period,
container throughput at the ports has increased while Elemental Carbon has
significantly decreased.

Comment: Given the significance of traffic sources in the Basin, and the fact that AQMD uses
EC as a marker of carcinogenic diesel emissions, | attached our latest paper in which
we used PMF on the speciation network data from 2002-2012 to do source
apportionment, and showed that in L.A. and Riverside counties, the traffic emissions
were reduced from the 2002-2006 to the 2008-2012 period by ~30% following the
2007 emission standards ; this was despite an actual increase in overall traffic volume
in the post standard period . This is very relevant to the work presented in your draft
document and corroborates the effectiveness of the emission standard.

Reference: Long-term source apportionment of ambient fine particulate matter
(PM2.5) in the Los Angeles Basin: A focus on emissions reduction from vehicular
sources, Sina Hasheminassab, Nancy Daher, Bart D. Ostro, Constantinos Sioutas,
Environmental Pollution 193 (2014) 54-64.

Response: Staff appreciates the reference, and it is included in Appendix XI.

Comment: Adding error bars in the plots and/or some metric of standard deviations or
uncertainty in tables would make the presented data more defensible and the
conclusions drawn more robust.
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Response: Standard deviations have been added to the diurnal variation plots of BC and
UFP in Appendix VI.

Comment: The elevated BC levels at the Inland Valley SB, not accompanied by equally high
levels of UFP, are intriguing and require some further thoughts and investigation —
are there any BC sources other than traffic in the area?

Response: The highest annual average black carbon concentration measured during the
MATES IV Study was observed in Inland Valley San Bernardino site.
Similarly, elemental carbon concentration measured at this site during the
MATES 111 Study, conducted between April 2004 and March 2006, was
among the highest measured in the fixed sites throughout the basin. These
observations suggest presence of local diesel sources. The addition of
particulate matter number concentration measurements in MATES IV Study
provides additional insight which may be helpful in identifying possible
sources of BC emissions in this region, considering that the identification of
such potential sources in this region was non-conclusive in the MATES III
Study. Typically high BC concentrations not accompanied by high UFP
concentrations could be attributed to heavy-duty diesel vehicle and
locomotive emissions. In one of the local-scale studies of the MATES IV, BC
and UFP were measured in vicinity of the San Bernardino Railyard as one of
the potential sources of the observed elevated BC concentrations (Chapter 5 —
Page 5-15). Railyards are a complex mix of many source types including
trains, stationary equipment, terminal operations and on-road vehicles,
particularly heavy-duty diesel trucks. Generally, elevated BC concentrations
are expected in vicinity of a railyard facility due to high traffic activity of
heavy-duty diesel vehicles. This is evident from higher measured BC
concentrations around the railyard compared to the concentrations measured
at the fixed Inland Valley San Bernardino site during the same period. The
railyard and the chosen sampling sites in this study were all located upwind of
I-215, and the light-duty vehicle traffic around the railyard is not significant;
therefore, the measured concentrations mostly reflect emissions of heavy-duty
diesel vehicles. This may explain highly elevated BC concentrations not
accompanied by equally high UFP concentrations around the San Bernardino
Railyard. Similar observation at the fixed Inland Valley San Bernardino site
may also suggest higher contribution of diesel emissions compared to gasoline
traffic in this region. It should be noted that the relative contribution of light-
duty and heavy-duty vehicles to the measured BC and UFP levels and
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identification of other possible sources of BC and UFP is difficult to assess
with this limited dataset.

Comment: Fig 5-7, 5-8 and 5-9 are these averages across sites? If so, error bars need to be
added.

Response: The error bars were not added to these plots in order to simplify the report for
general public, since this report is intended mainly for an audience with a non-
scientific background. Some of the plots in this chapter are presented with the
error bars (including Figures 5-7 and 5-9; Figure 5-8 with the error bars is not
readable) in Appendix VI — Black Carbon Measurements at Fixed Sites and
Appendix VII — Ultrafine Particle Measurements at Fixed Sites, where more
details and scientific discussions are included for more technical readers.

Comment: The LAX pilot study is very well presented and in concert with earlier work by
Westerdahl, D., Fruin, S. A., Fine, P. L., & Sioutas, C. (2008). The Los Angeles
International Airport as a source of ultrafine particles and other pollutants to nearby
communities. Atmospheric Environment, 42(13), 3143-3155.

Response: Thank you for your comment and the reference. This study echoes the

findings of the MATES IV Study and the reference has been added to the
report.

Comment: Commenter notes a fundamental disagreement with the Elemental Carbon/Organic
Carbon (EC/OC) apportionment method used in MATES.

Response: There was no apportionment of EC or OC in the MATES IV Study, other than
the use of EC as a surrogate for diesel PM. Staff acknowledges that there is
no specific method to measure diesel PM in ambient air. The method used
employs EC as a surrogate measure and estimates diesel PM levels by
applying the emissions ratio of diesel PM and EC from the emissions

inventory to the measured EC concentrations. Additional details are provided
in Appendix XI.

Comment: The unit risk factor (URF) applied for diesel PM is not based on sound science,

stemming as it does from flawed dose-response assumptions derived from the 1987
and 1988 Garshick, et al. studies of railroad workers.

Response: The risk factors used for diesel PM and other air toxics, as noted in the report,
are those adopted by the California EPA Office of Health Hazard Assessment.
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Comment: There is concern that EMA was excluded from the MATES Technical Advisory
Committee, and that, in fact, no industry representatives were included on that
committee. That basic lack of industry representation calls into question the
objectivity of the MATES IV Report, and needs to be addressed.

Response: A Technical Advisory Group was selected to give input to SCAQMD staff on
a range of technical areas. We note that all meetings of the Advisory Group
were open to the public, notice of meetings were sent to interested

stakeholders, and anyone with interest or relevant information was invited to
provide comments.

Comment: The MATES IV Report does not adequately convey the very significant reductions in

ambient levels of air toxics or the successful efforts to reduce air toxics risk in the
South Coast Basin.

Response: Staff believes that the substantial reductions in air toxics was emphasized and

conveyed appropriately, including specific graphical comparisons of ambient
levels measured with those from prior MATES studies. Staff has added
additional language to point out the reductions.

Comment: The Policy Implications section should acknowledge that the existing programs in
California are sufficient to reduce any health risks attributable to diesel PM to
acceptable levels in the near future, and that the diesel PM issues have been

essentially resolved, as evidenced in part, by the attainment demonstrations that have
been made for the PM NAAQS in the South Coast Air Basin.

Response: While staff may share the commenter’s optimism that reductions in air toxics
will continue into the future, staff believes that only future study of ambient
levels of air toxics can provide the information needed to determine if future
risks will indeed be reduced and to what extent. Whether future residual risk
levels from diesel PM are acceptable is a question of policy and risk
management that is beyond the scope of this report. Also note that the Basin
is still in non-attainment for both the annual and 24-hour PM, 5 standards

Comment: Suggest including additional figures and charts in the Executive Summary comparing
estimated risks from MATES IV to MATES III:

A pie chart of the MATES-III results in addition to the MATES-IV results showing

the area of the pie charts proportional to the risk estimates at the fixed monitoring
sites
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e A bar chart should be added to the Executive Summary comparing the change in risk
between the two studies and clearly show that risk have decreased from 1,200 in 2006
to 400 in 2013

Response: These reductions were noted in the summary text, and a chart showing the
reductions in risks across the Basin is also included to show both the
magnitude as well as the spatial extent of estimated risks in MATES IV
compared to MATES III.

Comment: There has been no re-evaluation of the Diesel PM URF (Unit Risk Factor) to address
the significantly different emissions profile of new-technology diesel engines.
Application of the “old” OEHHA risk value to today’s diesel engines is not valid.
This adds to the uncertainty of MATES IV and most certainly overestimates the risk
ascribed to diesel PM emissions in MATES IV.

Response: While the PM mass emissions of “new technology” diesel engines are
substantially lower on a per mile or per hour operating basis, there is a lack of
data that would indicate whether such emissions differ in terms of toxic
potency per mass emitted. Again, staff used the potency factors established
by OEHHA. Should OEHHA develop a different potency factor, staff will
employ it in our estimates. Staff also notes a recent report from the Health
Effects Institute describing the lack of tumors found in a laboratory animal
study of “new technology” diesel exhaust, where the study’s Review Panel
states that “whether the toxicity per unit mass of the PM emitted from the
2007-compliant engines was changed compared with older engines, the Panel
pointed out that ACES was not designed to investigate this question.” And
further that the most straightforward inference would be that the steep drop in
particle mass and levels of organic components in exhaust significantly
decreased the observed overall toxicity of exhaust compared with the toxicity
of exhaust from older engines. That is, the decrease in toxic effects observed
was likely due to the substantial reduction in the exposure level of diesel
particulate, and not necessarily a change in the per unit mass risk factor.

Comment: The statement regarding increased ultrafine and particle number emissions in the
MATES IV Report is wrong, and should be removed from the text. Page 5-12
Summary of Fixed Sites - The discussion indicates that there are ongoing concerns
that the application of advanced emissions control technologies to diesel engines has
led to uncertainties regarding the potential formation of ultrafine particles (UFPS).
Extensive emissions testing has shown that the use of DPFs and selective catalytic
reductions systems actually reduces the number of fine particles emitted from new-
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technology diesel engines.

Response: Staff concurs that proper controls on diesel engines can reduce both particle
mass (PM) and particle number (ultrafines). A full discussion of the different
emissions controls and their impacts is beyond the scope of this report, and
thus this discussion has been removed.

Comment: Page 5-13 Gradient Studies - The report refers to UFPs and black carbon (BC) as air
toxics. Neither UFPs nor BC are considered or regulated as air toxic contaminants in
California. The text of the MATES-IV report should be changed to reflect their
correct classification throughout the document.

Response: This erroneous statement has been removed.

Comment: There is concern expressed that the difference between the MATES 11l and MATES
IV West Long Beach sites are considerable, especially with EC.

Response: The two-sample T-test was used to test the difference between the average
pollutant concentration in the MATES Ill and MATES IV West Long Beach
sites. Except for acetaldehyde, p values are above 0.05 for other species listed
in Table V-1. Therefore, the differences between the MATES Il and MATES
IV West Long Beach sites are not statistically significant (p>0.05) for most
constituents.

Note that ambient monitoring data is used to provide temporal and spatial
trends of VOC/carbonyl/PM species. Cancer risk calculations and source
identification are based on the emission inventory, which does not rely on
monitoring data. More details about development of the 2012 emission
inventory can be found in Chapter 3. Nonetheless, the following text has been
added in Appendix X (page X-4) to highlight the potential observed
differences:

“... relative to MATES IlI are in line with the monitoring data from the ports.
Note that the levels of some PM constituents measured concurrently at the
MATES IV West Long Beach site were slightly higher than those at the
MATES Il West Long Beach site (more details about the location and
comparison of the two sites can be found in Appendix V). Therefore, the
percentage reduction of PM species from the ambient monitoring program at
West Long Beach might be a low estimate.

Comment: The impression is given that the major contributors of BC emissions measured at the
WLB site are from the Port’s operations - diesel-powered vehicles, non-road mobile
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machinery, and ships. However other area sources play a significant role in the
measurements in Appendix VI. Commenter presented an analysis of BC
measurements conducted by the port, and concluded that local BC sources (within a
few hundred meters) contributed between 15% and 19% of the total measured BC
concentrations on January 3rd” and that on the days that “similar BC levels and

meteorological conditions persist”, “there are significant urban and regional
contributors to the levels of BC measured at the port monitoring stations”.

Response: This is in line with what is presented in MATES IV Appendix 6, where the major

Comment:

sources of BC in the port area are associated with the port activities, including ship
emissions, port related traffic, goods movement and other activities related to the
ports; while acknowledging other potential BC sources, such as the seasonal
residential wood burning and other local sources. It should also be noted that the BC
measurements in the MATES studies were not conducted for source apportionment
analysis. Identifying and quantifying the contribution of various sources are achieved
from the emission inventories and were not the purpose of BC measurements or
Appendix 6. However, high time resolution BC measurements provide important
information including the temporal trends which are helpful in identifying major and
dominating sources.

In the analysis presented by commenter, based on 1-min BC concentration
measurements, “[e]levated 1-min spikes of BC concentrations (up to 40 ug/m®) are
much more prevalent at the Inner Harbor station, indicating that there are a number
of BC sources close to that station. These measurements reflect the environment
around the two stations, because nearby BC sources appear to be common at the
Inner Harbor station and less common at the Outer Harbor station. The other feature
evident in the 1-min BC measurements is that elevated BC spikes are common only
during certain parts of the day, primarily in the early morning and late
afternoon/evening hours.”

Response: The sharp BC spikes in the 1-min data probably originate from nearby sources,

which are most likely direct emissions from diesel trucks on the nearby roads
since the continuous point-source emissions and neighborhood contributions
are expected to appear as more slowly varying concentrations rather than
sharp, short-lived spikes (Watson and Chow, 2001). Moreover, as the
commenter indicated as well, these spikes are more common during the rush
hours with higher vehicular traffic (coupled with shallower mixing heights).
Given that the major vehicular emitters of BC are diesel trucks, these spikes
are most likely related to the goods movements to and from the ports which

XI111-8



MATES IV Draft Final Report

are considered as port activities in this report.

The commenter concludes that “local BC sources (within a few hundred
meters) contributed between 15% and 19% of the total measured BC
concentrations on January 3", Based on the locations of the measurement
stations the commenter expects that “the Inner Harbor stations, would likely
be influenced by a combination of regional, urban and local sources; the
Outer Harbor station would be expected to be influenced primarily by
regional and urban sources”, meaning that the Inner Harbor station is affected
by local sources more than the Outer Harbor station. However based on the
analysis presented by the commenter, the difference between the estimated
contribution from local sources are only 4%, suggesting that the local sources
at the Inner Harbor station are not a significant contributor to the total
measured BC concentrations.

In the report it is clearly acknowledged that other than major BC sources,
depending on the region, other sources may also contribute to the measured
concentrations. For example it is mentioned in the report (Appendix VI — Page
VI-1) that: “While the major source of EC and BC in an urban area is diesel-
powered vehicles, non-road mobile machinery, ship emissions, residential
heating (such as wood burning stoves) and open biomass burning (e.g. forest
fires or burning of agricultural waste) also contribute to the observed levels.
For example, in some areas residential burning of wood or coal, or open
biomass burning from wildfires, may be even more important sources of BC.
In industrial regions, harbors and industrial facilities may have a pronounced
effect on BC concentrations.” and also (Appendix VI — Page VI-13) “As
mentioned earlier, other than diesel exhaust other sources contribute to
increasing the total BC content of atmospheric PM. These may include
biomass burning, coal burning, meat charbroiling and fuel oil (ship
emissions).”

Comment: The high correlation between two data sets collected comparing the MATES 111 and
MATES IV West Long Beach sites might indicate a consistency where data points
increase or decrease together on the same date. The increase in EC at the MATES IV
WLB site might be due to its proximity to a localized source.

Response: The BC levels at the MATES IV West Long Beach site are probably affected
by emissions from the Terminal Island Freeway 103, located only 300 feet
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upwind of the sampling station, where vehicular traffic from goods movement
associated with the San Pedro Bay Ports is particularly pronounced.

Comment: Suggested a comparison between UFP of the MATES 11l and MATES IV WLB sites.

Response: Unfortunately, particle counts were not in part of the sampling campaign in
2007-8 at the MATES 11l site. A detailed analysis of UFP spatial and
temporal variation of the current MATES is presented in Appendix VII.

Comment: The Port’s monitoring data at POLB’s Inner Harbor station (1 miles south of the

MATES I11 site) shows lower concentration of PM2.5 mass, EC and OC compared to
both the MATES Ill and MATES IV WLB sites.

Response: The MATES Ill and MATES IV West Long Beach sites are closer to the
Terminal Island Freeway (300 feet and 0.7 mile downwind, respectively) than
the Inner Harbor station (1 mile downwind). The Terminal Island Freeway is
heavily impacted by heavy-duty diesel trucks traveling to and from the Ports.

Vehicular traffic from goods movement associated with Ports’ activities could
be a significant source of PM emission at the WLB sites.

Comment: Suggested a more detailed analysis of the data due to seasonal meteorological and
dispersion conditions in the study timeframe.

Response: Excluding low EC days (< 1 ug/m3), there are 3 days when the difference
between MATES Il and IV West Long Beach site exceeds 2x. For these 3
days, westerly wind prevailed most of the time, and wind speed was moderate

to moderately low in the Long Beach area. For the diurnal profile of BC,
please refer to Appendix VI.

Comment: The reduction in air toxic exposures of 65% since MATES |11 should be presented
clearly as an unqualified success story. However, this message does not come across

as strongly as it should when multiple results covering changes in the OEHHA
exposure estimation are presented.

Response: Staff believes this description was included in the report. Regarding the
changes in OEHHA risk estimation procedures, this is included to show what
the changes are for the MATES IV modeling results that will be compared to
future MATES studies using the new methodology. For consistency with
previous MATES study results, the previous risk estimations were used to
describe the changes in potential air toxics risks.
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Comment: A key point is that the exposure and risk reductions measured by MATES 1V are not
affected by the changes in the OEHHA exposure methodology. The OEHHA
changes can and should apply to all MATES studies and any risk calculations and risk
maps comparing different MATES studies should be based on a single, consistent
method. Using different exposure methodologies (such as was done in the maps of
ES-4 and ES-6) sends a confusing message that the risk reductions measured in
MATES IV are somehow offset due to previous flaws in assessing exposure.

Response: Staff’s view is that the changes in risk estimation methodology are important,
and should be described. Also that the changes in the methodology, as
pointed out by the commenter, do not imply that exposures and risks have
gone up compared to previous MATES studies. Staff does not agree that the
implication is that reductions in exposures are “offset” due to changes in the

calculations for estimating risk. Staff has added revised language in the report
to more fully address this.

Comment: Differing exposure methodologies should not be used in any presentations of risk, as
it likely will result in confusion for policy makers and the public. Any presentations
of MATES Il risk in the MATES IV Report that use the new OEHHA exposure

methods should be put in appendices, along with detailed explanations of the changes
in the exposure calculation methodology.

Response: Staff considered a number of approaches to present the risks resulting from the
revised OEHHA calculation methodology, and chose to use the method used
in previous MATES reports to provide a comparison of exposures and
estimated risks in the previous studies, and then to point out the magnitude of
difference in the MATES IV Study when using the revised methodology. Itis

staff’s view that these changes are important to acknowledge and describe for
the public and for policy makers.

Comment: Because a large part of the reduction in cancer risk was due to changes in the
DPM/EC ratio, more detail should be provided about the changes in this ratio along
with estimates of uncertainty. Appendix X1 should be expanded and included in the

main report due to its importance. Specific questions that should be addressed in an
expanded Appendix XlI, include the following, presented as

Response: Staff appreciates the detailed and valuable comments from the reviewer. The
Appendix XI was revised to address the concerns raised by the reviewer.

Comment: Were the large changes in DPM/EC ratios from MATES I11 to 1V due to actual
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reductions in this ratio or were they primarily due to better speciation profiles

Response: In addition to the speciation profile, some regulatory actions and demographic
changes, even though small, contributed to the change. More discussions
about the changes are now incorporated in the Appendix XI.

Comment: Were there improvements or important changes in the DPM emission inventory from
MATES Il to IV?

Response: DPM and EC emissions are calculated using VMT estimated by SCAG and
emission factors from EMFAC 2011. Other than the speciation profiles and
updates made to EMFAC2011, there was no significant changes in
methodology to estimate emissions.

Comment: Was the decrease in DPM/EC ratio expected or reasonable due to changes in engine

technology and fleet turnover? This was discussed briefly for ocean-going vessels
but not for other source categories.

Response: A figure (XI-1) is added to demonstrate the changes in speciation profile over
time. The calendar year fleet represent an aggregated fleet with different

engine type, control technology, engine operation mode, etc. More references
are added as well.

Comment: In light of the above information, is it reasonable that the DPM/EC ratio changed

from 1.04 to 1.95 then back down to 0.85 over the course of the last three MATES
studies?

Response: The ratios were estimated strictly based on the emissions inventory which
were the state-of-art at the time of the study. As more advanced and refined
data become available, the emission inventory has been updated based on
them. Note that MATES Il was conducted in 1998-1999 which is over 16
years ago and MATES Il is almost a decade old. The changes in the ratio are
largely driven by changes in the relative contribution of various EC sources
and DPM sources, in addition to updates to speciation profiles.

Comment: Were different contributions by source category in different parts of the Basin taken
into account? If not, should they have been? One example might be a decrease in

DPM/EC ratio as one goes inland and the average ratio is less influenced by the high
ratio for ocean-going vessels.
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Response: A new paragraph is added in the Appendix XI to discuss the geographical
variation of the ratio.

Comment: The sensitivity test using the MATES 11l profiles for MATES IV data was a good
idea but the results were not presented clearly.

Response: A paragraph and a table are now added to Appendix XI to clarify the
calculation.

Comment: A detailed uncertainty analysis including all uncertainties should be part of this
report. Itis clear that there are large differences in relative uncertainties between the
analysis methods, emission inventories, DPM/EC ratios and cancer potency factors.
As described above, the uncertainty in the DPM/EC ratio may dominate the overall
risk numbers and be worthy of increased attention. Besides giving readers an
appreciation for the sometimes large uncertainties present in cancer risk estimations,
knowing what uncertainties contribute most to the overall risk uncertainty can be
useful in determining where future resources and efforts should be focused.

Response: The effect of the DPM/EC ratio change due to the speciation methodology
change only affects MATES I11 vs. MATES IV comparisons based on EC
measurements. The overall risk assessment using numerical modeling results
is not affected by the EC speciation profiles as DPM is estimated directly, and
results from the modeling were consistent with the measurement approach. In
addition, the DPM concentration estimated using MATES |11 diesel profile
showed less than 25% of variation.

Comment: Uncertainty analysis should also include the spatial uncertainty. For example, DPM
shows near road and near-freeway concentrations several times higher than ambient.
While these may have been included in the 2 x 2 km grid average, there are large,
socioeconomic-related differences in proximity to roadways across the basin. These
should be an explicit concern in a study of this type.

Response: Programs such as MATES are designed to monitor and characterize toxic
emissions over the entire Basin. However, ambient monitoring is necessarily
conducted at a limited number of locations, and modeling is limited to a
spatial resolution of 2km. For this reason, communities located close to
industrial sources or large mobile source facilities (such as marine ports,
railyards and commercial airports) can be affected by higher air contaminant
levels that cannot be captured in the typical MATES analysis. Near-road
monitoring studies and dispersion modeling results for point sources indicate
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that exposure can vary greatly over distances much shorter than 2 km. The
local-scale monitoring program of MATES IV aimed to characterize the
impacts of large sources on nearby communities by utilizing portable
platforms designed to sample for a period of several weeks at selected
locations with an emphasis on diesel particulate matter (DPM) and ultrafine
particle (UFP) emissions. The studies are designed to assess gradients in
ambient pollutant levels within communities as well as provide a comparison
to the fixed MATES monitoring sites. The communities chosen for sampling
were selected based on proximity to potential sources as well as
environmental justice concerns. Please refer to Chapter 5.4 (Page 5-12).

Comment: One important caveat to include is that people who live, work, attend school, or drive

in locations of elevated DPM may be subject to significantly higher risks than these
calculations indicate.

Response: Staff appreciates the comment, but the study was designed on a regional scale
and thus may not pick up exposures that would be influenced by a nearby
source. The modeled risk based on the emissions inventory point out
graphically that risks are higher near sources of emissions. For this reason the
local-scale program was designed as part of the MATES IV Study to
characterize the impacts of some of the large sources in selected locations and
assess gradients in ambient pollutant levels within these communities. This
local-scale program specifically focused on DPM emissions.

Comment: One new aspect of the large downward temporal trend in concentrations is that the
risk reductions in a year or two are now larger than the site-to-site differences within
a given year. This might justify the continuous temporal coverage of one location,
such as Central Los Angeles, which matches the overall basin average for most

compounds, and fewer numbers of sites or reduced sampling frequencies at sites that
do not differ very much.

Response: The MATES studies are, of course, very resource intensive. Staff appreciates
the comment and will take the suggestion into consideration for future studies.
It should be noted as well that high-time resolution continuous measurement
of black carbon concentrations will continue in four of the fixed MATES IV
sites, including the suggested Central Los Angeles site (as well as Anaheim,
Rubidoux and Inland Valley San Bernardino sites), in order to monitor the
year-to-year variations. Moreover, some of the sampling stations in MATES
IV Study, are also part of the National Air Toxics Trends Stations (NATTYS),
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or National Core (NCore) Multi-Pollutant Monitoring Station, or the

Speciation Trends Network (STN) which provide the measured ambient levels
of air toxics every year.

Comment: In absolute terms, the big reductions are from on-road diesel. The actual decreases in
the inventory as modeled should be highlighted up front, along with the regulations

and programs that are believed to be behind them. The other risk reductions should
be prioritized by quantity.

Response: Staff believes that the relative contributions to risks from the various air toxics
measures have been presented in the report. Additional detail on risk

weighted emissions is in Chapter 3, which also shows the large reduction from
on road vehicles.

Comment: One alternative inter-study mapping strategy that might be useful would be to make
maps of the percent of basin average risk. This would allow direct inter-study
comparisons of spatial differences that would not have been produced in previous
reports. These will show a reduction in spatial disparities from MATES Ill to IV.

Response: Staff’s view is that the actual estimates are most appropriate to convey the

results. A map with percent of Basin average risk would look very similar to
the absolute risks presented.

Comment: For credibility, the results should not be presented with three or four digit precision. If
the uncertainty is +/- 50%, for example, only two digit precision is justified.

Response: Staff appreciates the comment. While most of the data are presented with two
decimal points, there are small exceptions with an added digit to
accommodate low concentrations observed in certain species.

Comment: Table 2-2 (Sampling locations): It would be useful to list distance from and
orientation to the nearest busy road.

Response: The sampling location addresses are given. It was not the purpose to list
nearby potential sources of emissions, as this was a regional scale study with
sites generally chosen to be representative of regional or urban scale levels.

When local sources are thought to be influencing measurements, they are
mentioned in the discussion.

Comment: Section 3.8 and Table 3-6: More discussion of these results seems warranted. Table 3-
6 seems to show fairly large discrepancies in MATES 111 versus IV inventory changes
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and changes in the air measurements. Cr(V1), 1,3-butadiene and benzene are
important since they contribute significantly to total risk. For Cr(VI) and 1,3-
butadiene, relatively large discrepancies may be due to measurement challenges and
may be deserving of more resources while other compounds contributing little risk
might be considered for elimination if that results in a cost savings.

Response: Changes in benzene air quality should show a lower percentage change than
emissions. This is so because benzene has a relative long atmospheric
residence time, i.e, there is a large global background benzene concentration.

Changes in 1,3-butadiene emissions are consistent with formaldehyde and
acetaldehyde. These pollutants come from similar sources. While changes in
air quality for acetaldehyde and formaldehyde are consistent with emissions,
changes in 1,3-butadiene are smaller than changes in emissions. Like the
commenter alluded to, there is significant measurement challenge in
measuring 1,3-butadiene. This is so due to both challenges in analytic
technique and the ambient concentrations of 1,3-butadiene have come down
significantly over last decade and to levels frequently below analytical
detection limit.

The Cr6 inventory increases are primarily due to the increases of brake wear
emissions between the two versions of EMFAC used in MATES 11l and IV.
The brake wear increases are also resulting in higher nickel emissions. The
other part of nickel increases is due to changes in off-road diesel profile.
Therefore, these increases in emissions are due to inventory methodology
changes and are not necessary real emissions changes. As shown in Chapter
2, ambient levels for both of these metals showed a decrease from MATES IlI
to MATES IV.

Comment: Calculating spatial correlations would highlight which compounds are global (e.g.,
high correlations for CCl4), which are regional and which are more localized (with
lower correlations). It is important to show where BC/EC fits in this picture—it may
be localized most of the time but build up to be a regional pollutant during times of
summer inversions.

Response: Intersite correlations are a good suggestion for further analysis, but the
MATES Study focused more on determining risk levels from the combined
impact of all sources, local or regional
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Comment: In Appendix IV, correlation matrices for elements and VOCs would be useful to
present. Also, readings below the Limit of Detection (LOD) should be set to 2/3 of
the LOD rather than zero. This is less conservative and also more appropriate if the
fraction of readings below the LOD is moderate, i.e., fewer than 20 or 30%.

Response: Staff appreciates the comments. Presenting such correlations may be of
interest to some, and the data is publically available for further analyses.
Regarding presenting data below the limits of detection, staff chose to present
the actual readings from the analyses. Setting an arbitrary fraction of the LOD
for non-detects may artificially bias the averages high.

Comment: Appendix G seems repetitive in some places. Some graphs are not readable (Figures
4, 13).

Response: Staff assumes the reference is to Appendix VI. Both figures (Figure 4 and
Figure 13) are removed from the Appendix V1. Figure 4 that presented the
daily BC concentrations at each site was not readable because daily
concentrations for all ten sites were presented in one graph, with an intention
to highlight generally higher concentrations during colder months. Figure 5
shows the trend of monthly (average) BC concentrations averaged over all ten
sites which conveys same conclusion as Figure 4; therefore, figure 4 is deleted
from the report.

Similarly, Figure 13 presents the correlations between EC and BC
measurements for each of the ten sites combined in one plot, which as the
commenter pointed out, is not readable in the printouts. Figure 14 presents
the same correlation plots, for each site separately; therefore, with the same
logic, figure 13 is also removed from the report.

Comment: Suggest listing emissions by contribution to risk rather than just alphabetically for
enhanced public understanding.

Response: Table 3-5 in Chapter 3 (Development of the Toxics Emissions Inventory) lists
emissions on a potency weighted basis.

Comment: Linear regressions for scatter plots like Fig 14 in Appendix G (EC vs BC) should
probably be log transformed.
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Response: Staff presumes this is Appendix VI. Generally the daily BC concentrations
measured in this study range from a few hundred to below 5,000 ng/m®,
therefore log-scale plots were not used.

Comment: The latest scientific updates were not applied for the dose-response assessment
portion of the study. Specific examples are for trichloroethylene and
perchloroethylene, where more recent potency factors are available from the U.S.
EPA Integrated Risk Information System. Commenter also noted that the reports use
of OEHHA potency factors in not in line with EPA guidance “Use of IRIS Values in
Superfund Risk Assessment”

Response: Staff has acknowledged in the report that the risk factors from OEHHA are
often different than those in the EPA IRIS System. Should OEHHA revise the
California risk factors, staff will apply such revised factors.

Comment: Concerned about the inclusion of CalEnviroScreen results in Section 4.8 of the Draft
Report. Request that the Final Report explain the substantial differences between this
screening tool and a comprehensive risk analysis and communicate that
CalEnviroScreen scores are not an expression of health risk.

Response: Staff agrees that the difference between MATES and CalEnviroScreen should
be emphasized. Section 4.8 has been revised to include the commenter’s
recommendation.
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