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ABSTRACT

During the summer of 1997, a consortium of state, local, and federal agencies sponsored the 1997 Southern California Ozone Study (SCOS97) under the Charter of the North American Research Strategy for Tropospheric Ozone (NARSTO).  The goals of the study are to update and improve the existing aerometric and emission databases and model applications for representing urban-scale ozone episodes in southern California, and to quantify the contributions of ozone generated from emissions in southern California air basins to federal and state ozone standard exceedances in neighboring air basins.  These goals are to be met through a five-year process which includes analysis of existing data; execution of a large-scale field study to acquire a comprehensive database to support modeling and analysis; analysis of the data collected during the field study; and the improvement, evaluation, and application of an air quality simulation model for southern California.  This paper describes the elements and technical approach for the quality assurance and data management activities for SCOS97-NARSTO.  It specifies system and performance audits and field and laboratory comparisons that were conducted in order to ensure that measured data meet the end-use requirements for air quality and meteorological model input and evaluation, and data analyses. This paper also describes the integration of quality assurance with the data management and archiving tasks.  

INTRODUCTION

The California Air Resources Board (ARB), Mohave Desert Air Quality Management District (MDAQMD), San Diego County Air Pollution Control District (SDAPCD), Santa Barbara County Air Pollution Control District (SBCAPCD), South Coast Air Quality Management District (SCAQMD), Ventura County Air Pollution Control District (VCAPCD), U. S. Environmental Protection Agency (EPA) - Region IX, U. S. Navy, U. S. Marine Corp, Coordinating Research Council, National Renewable Energy Laboratory, and EPRI sponsored the 1997 Southern California Ozone Study (SCOS97) under the Charter of the North American Research Strategy for Tropospheric Ozone (NARSTO).  The goals of the study are to update and improve the existing aerometric and emission databases and model applications for representing urban-scale ozone episodes in southern California, and to quantify the contributions of ozone generated from emissions in southern California air basins to federal and state ozone standard exceedances in neighboring air basins. This paper specifies the quality assurance and data management activities for SCOS97-NARSTO and delineates the responsibilities of the quality assurance team.

The purpose of quality assurance (QA) is to provide a quantitative estimate of the uncertainty of the measurements through estimates of the precision, accuracy (or bias), and validity.  In addition, QA ensures that the procedures and sampling methods used in the study are well documented and are capable of producing the data that meet the specifications of the study.  The QA auditing program consists of two components: system audits and performance audits.  System audits include review of operational and quality control procedures to assess whether they are adequate to assure valid data that meet the specified levels of accuracy and precision.  Performance audits establish whether the predetermined specifications for accuracy are being achieved in practice.  For measurements, the performance audit involves challenging the measurement/analysis system with a known standard sample that is traceable to a primary standard.  Measurements that are subject to sampling artifacts, such as carbonyl compounds, hydrocarbon speciation, and NOy, preclude simple performance audits.  Intercomparison studies are often used in these cases to assess the representativeness, accuracy, and precision of these measurements.   

Prior to the field study, a quality assurance plan was prepared, which describes the procedures that were used by the QA team to verify that planned quality control procedures are being followed and the measured data are meeting specified tolerances.  The plan identifies the work elements to be performed, the technical approach for implementing each element, and the schedule for performing the work.  It specifies the measured quantities to be challenged during the audits, criteria for evaluation of audit findings, estimated precision and accuracy of audit standards, certification of audit standards, and approaches to problem resolution and verification of corrections.  Data quality objectives were specified prior to the study to ensure that all measured data meet the end-use requirements for air quality and meteorological model input and evaluation, data analyses, and monitoring the success of meeting data quality objectives.  Precision and accuracy goals are identified for measurement variables.  Many methods and procedures employed in SCOS97-NARSTO are routinely measured variables for which expected precision and accuracy are known.  Other measurements are experimental and data quality can only be estimated.  Quality assurance is closely connected with data management.  The QA team will work closely with the data manager, the field manager, and investigators.  Before sampling, the QA team assisted the investigators and the data management contractor to develop the format of the database.

QUALITY ASSURANCE ORGANIZATION, RESPONSIBILITIES, AND TASKS

Quality assurance was under the overall direction of the Desert Research Institute (DRI), the QA manager for SCOS97-NARSTO.  DRI prepared the quality assurance plan in conjunction with field managers from sponsoring agencies, measurement contractors, and quality assurance personnel from the Districts and the California Air Resources Board.  DRI coordinated a QA team consisting of staff from sponsoring agencies and other contractors that have the necessary expertise to carry out the QA activities in this plan.  DRI and the QA team reviewed standard operating procedures, performed system and performance audits, and reviewed data processing procedures.  

QA personnel from the ARB, South Coast Air Quality Management District, San Diego Air Pollution Control District conducted system and performance audits of existing surface air quality and meteorological measurements. The ARB audit staff also conducted similar audits at supplemental surface air quality sites that were established for SCOS97-NARSTO and on-board instrumented aircraft.  These results were reviewed and summarized by staff at the ARB Research Division.

Aerovironment Environmental Services, Inc. (AVES) reviewed candidate upper-air meteorological monitoring sites and conducted system and performance audits of the network.  AVES reviewed standard operating procedures, siting and set-up, quality control procedures, and procedures for communication and resolution of problems.  This review compared proposed procedures with procedures detailed in the QA plan (based on PAMS upper-air guidelines).  

The ARB and DRI organized an intercomparisons of aloft air quality measurements that included the NOAA ozone lidar, CE-CERT ozonesondes, and several instrumented aircraft (UCD, STI, Gibbs Cessna, and NAVY EOPACE).  These intercomparisons were coordinated with the performance audits of the onboard ozone and NOX analyzers.  DRI conducted a system audit of onboard instrumentation and directed the aloft ozone comparisons.

DRI organized and conducted several audits and intercomparisons for volatile organic compounds.  These included performance audits for carbonyl compounds, and field and laboratory intercomparisons for speciated hydrocarbons, carbonyl compounds, halogenated hydrocarbons, and biogenic compounds.  ARB staff provided logistical support for the field intercomparisons. 

The Technical Support Division is responsible for managing the SCOS97-NARSTO database.  ARB will obtain project and supplemental data, integrate data into a common database, and maintain the data archive.  NOAA’s Environmental Technology Laboratory (ETL) was responsible for acquisition and processing of upper-air meteorology data, periodic review of data, and data validation and archival. 

This section describes the work elements that were performed by the QA team and the technical approach for performing the work. 

 Surface Air Quality and Meteorological Measurements

The ARB, SCAQMD, and SDAPCD quality assurance staff conduct regularly scheduled performance audits of all air quality monitoring stations.  During the period between January and June 1997, the ARB audited 73 monitoring stations that are located in the SCOS97-NARSTO study area.  In addition, twelve monitoring stations in the SoCAB were audited during the study period based upon their relative importance to the objectives of SCOS97-NARSTO.  During this time, ARB also audited the five supplemental air-monitoring sites that were operated by AeroVironment, and the ozone and NOx analyzers onboard the four SCOS97-NARSTO aircraft.  NOy instruments were certified by CE-CERT using n-propylnitrate and individually audited by local districts using NO as the standard.  ARB also coordinated a comparison for nitric acid measurement between a tunable diode laser absorption spectrometer and a TECO 42CY with and without a nylon filter.

DRI conducted a survey of the expected quality of surface meteorological sites for categories of sites in the SCOS97-NARSTO modeling domain in southern California.  This involved obtaining listings of site locations, discussing the QA practices with the responsible person for each network, and obtaining documentation (if available) on audit procedures for each network. The purpose of the review was to determine which networks may have suitable data for input into the meteorological models.  An additional goal was to identify stations located in data sparse areas that may help the modeling of certain features, such as slope flows.  The networks that were reviewed include:

· RAWS (Remote Automatic Weather Stations) networks:

· Bureau of Land Management (BLM)

· United States Forest Service (USFS)

· California Department of Forestry (CDF)

· National Park Service (NPS)

California Department of Water Resources CIMIS (California Irrigation Management Information System) network

Federal Aviation Administration and National Weather Service ASOS (Automated Surface Observation System) and AWOS (Automated Weather Observing System) networks

Upper-Air Meteorological Measurement Audits

Aerovironment Environmental Services, Inc performed the audits for upper-air meteorological measurements.  These audits consisted of system audits at all measurement sites and performance audits at all Sodar sites and some of the radar wind profiler/RASS sites.  At least one site operated by each measurement group was audited. The system audits primarily evaluate whether the instrument siting and setup is proper.  The performance audits evaluate the data collected by the instruments against standards or other collocated instruments.  System audits were performed in May 1997 and performance audits were completed in early June 1997.  

The radar wind profiler performance audits used Sodars to check the lower gates of the RWP and rawinsondes to check the full RWP range.  Sodars were performance audited by using collocated rawinsonde data and with acoustic pulse transponders (APT).  The APT produces a simulated wind profile made up of sounds with known frequencies that are timed to simulate the Doppler shifted echoes scattered by the atmosphere from various altitudes.  The RASS performance audit used collocated rawinsonde data to compute virtual temperature for comparison to the RASS derived virtual temperature. 

Aloft Air Quality Measurement Audits and Comparisons

As part of SCOS97-NARSTO, the ARB and DRI organized an intercomparison of aloft air quality measurements in the vicinity of El Monte Airport (EMA) with the airport serving as base.  The intercomparison included the NOAA ozone lidar (located at EMA), CE-CERT ozonesondes and four instrumented aircraft (UCD, STI, Gibbs Cessna, and NAVY EOPACE).  The ARB Quality Assurance staff conducted performance audits of the onboard air ozone and NOX analyzers and DRI conducted a system audit of onboard instrumentation.  The comparison was conducted prior to the main study during the week of June 9, 1997, in order to identify, address, and possibly correct potential performance problems prior to commencement of the main study period. The lidar-ozonesonde-UCD Cessna ozone intercomparison took place at El Monte Airport on June 11, 1997.  Pollution levels were quite low with a maximum ground-level ozone concentration in the early afternoon just below 80 ppb.  Lidar operation was hampered in the  morning by low clouds, but a limited lidar-ozonesonde intercomparison took place around 8:30 PDT.  The afternoon intercomparison took place between 14:00 - 16:30 PDT under clear (blue-sky) conditions.  The intercomparison closely followed the protocol with the lidar measuring ozone concentrations in the zenith-pointing mode, the UCD Cessna flying spirals interspersed with orbit between ground level and 10,000', and an ozonesonde release at 15:30 PDT.  

· Three flight patterns for the participating aircraft were utilized during the comparison:

· Spiral flight patterns between aircraft themselves, and between aircraft, ozone lidar, and ozonesondes.  

· Spiral flight patterns interspersed with orbits between a single aircraft and the ozone lidar.  The additional orbits make it possible to distinguish between horizontal and vertical gradients encountered by an aircraft flying a spiral pattern.

· Traverses were used for additional intercomparison between the different instrumented aircraft.

A second SCOS97-NARSTO aloft air quality intercomparison took place at El Monte Airport on July 8, 1997.  This intercomparison included the measurement of vertical profiles by the NOAA ozone lidar and a CE-CERT ozonesonde at El Monte Airport.  In addition the UCD Cessna and the STI Navajo aircraft flew spirals at El Monte Airport and Cable Airport and traverses between these two locations.  

Volatile Organic Compound Measurements

Performance audits and laboratory comparisons were coordinated and arranged for speciated hydrocarbons, carbonyl compounds, biogenic compounds, and halogenated compounds.  Protocols for these audits/comparisons were prepared and reviewed by participants.

Speciated Hydrocarbons. The hydrocarbon performance audits consisted of two ambient samples. Participating laboratories include ARB, U.S. Environmental Protection Agency (USEPA), Biospheric Research Corporation (BRC), DRI, SDAPCD, SCAQMD, Ventura County Air Pollution Control District (VCAPCD), the Bay Area Air Quality Management District (BAAQMD), and ManTech Environmental Technology, Inc.   Each participating laboratory supplied two cleaned, evacuated 6-liter canisters to the ARB, Monitoring and Laboratory Division.  EPA, BRC, and DRI supplied additional canisters for collection of duplicate and background samples.  ARB filled the two sets of canisters to 20-25 psi with ambient air from the Los Angeles area using a manifold sampling system supplied by DRI.  One set of canisters was collected in the morning in an area heavily influenced by mobile source emission (Los Angeles – N. Main).  The other set was be collected in the afternoon in a downwind area with maximum ozone levels (Azusa). Duplicate samples were collected for EPA, ARB, and DRI (total of eleven simultaneous canister samples at each site).  Backgound samples were also collected during the afternoon at Santa Monica Beach. The laboratories were instructed to analyze the audit samples within five working days after receiving the audit canisters.  EPA, ARB, and DRI reanalyzed their samples after one and two months to monitor the stability of the audit samples. Analytical results were compiled by the ARB Research Division and summarized by DRI.  

Carbonyl Compounds. The carbonyl performance audit consisted of sampling under field conditions with addition of a standard mixture of carbonyls from a 6-liter stainless steel canister to an ambient sample. Participants included SCAQMD, SDAPCD, VCAPCD, Atmospheric Assessment Associates (AtmAA), and Atmospheric Assessment Consultants (AAC).  The main supply of the standard mixture was prepared at the Desert Research Institute in a 33-liter tank.  The Desert Research Institute supplied the standard mixture in a transfer 6-liter canister and a dilution apparatus.  The standard audit protocol specified a 3-hour ambient sample using two DNPH cartridges in series with addition of the standard mixture, with appropriate dilution, between the two cartridges.  The front cartridge serves to scrub ambient carbonyl compounds and ozone.  Each group collected two samples and passed the 6-liter canister and gas dilution system on to the next group.  The 6-liter canisters were replaced as necessary.  The contents of the transfer canisters were analyzed at DRI by DNPH/HPLC prior to shipment and upon its return.  The content of the main tank was periodically analyzed.  The performance audits for the aircraft sampling of carbonyl compounds are similar to surface-based measurements.  The main procedural difference is that the Tedlar bags were filled with zero-air with addition of the standard carbonyl mixture.  

A field measurement comparison involving collocated carbonyl sampling was conducted on September 23 and 24 at Azusa.  Participants included DRI, AtmAA, AAC, SCAQMD, VCAPCD, and ManTech.  The field comparisons met the quality assurance objectives for SCOS of quantifying the variability of carbonyl measurements under field conditions.  However, the second objective of quantifying the effects of ozone and sampling substrates on carbonyl measurements will not be achieved due to the low ozone levels during the comparison.  

Biogenic Compounds.  UC, Riverside collected two canister samples along with an adsorbent tube sample on the campus of UC, Riverside during the afternoon of August 1, 1997.  The two canisters, one supplied by BRC and one by DRI, were collected simultaneously using a DRI sampler to a minimum of 15 psig.  BRC and DRI analyzed their respective canisters.  DRI sent their canister to Portland State after completing their analysis.  Portland State analyzed this sample with their GC/MS system in October.  Each laboratory will submit their data to the ARB who will forward the data to DRI for evaluation.  

Halogenated Compounds.  Two canister samples that are were collected at the Azusa sampling site during the second SCOS intensive operational periods were analyzed in round-robin fashion by groups performing measurements of halogenated hydrocarbons.  After speciated hydrocarbon analysis, BRC also analyzed the two comparison samples for halogenated hydrocarbons. These samples will then be sent to DRI (Zielinska), DRI (Schorran) and Mantech, in round-robin fashion in that order, for analysis of halogenated hydrocarbons.  Continuous measurements of halogenated hydrocarbons that were made at Azusa by Daniel Grosjean and Associates, Inc. (DGA) were also included in the comparison. Each laboratory submitted their data to the ARB who will forward the data to DRI for evaluation.

Field Audit of SCOS97-NARSTO Filter Samplers
DRI conducted flow audits of the SCOS97-NARSTO particle samplers. These audits included two MOUDI, one EAA, one PM10 and three PM2.5 samplers at each of three sites – Riverside, Los Angeles, and Azusa.  In addition an optical particle counter was audited at two of the three sites.

DATA MANAGMENT

The Technical Support Division is responsible for managing the SCOS97-NARSTO database.  ARB will obtain project and supplemental data, integrate data into a common database, and maintain the data archive.  The following lessons learned from past air quality studies are incorporated into the SCOS97-NARSTO data archive.

1.
Always allow more time for data collection, documentation, validation, and organization than what is thought adequate.  

2.
Identify each measurement site, ascertain its coordinates and elevation, assign it an alpha-numeric site code, document the measurements made at the site, and transmit this information to all project participants.  Verify location and elevation with a Global Positioning System (GPS) device.  Use a digital camera to photograph the immediate site and its surroundings.  Make a video tape of the site and a one mile circle surrounding the site.  Inventory each instrument and include the make and model as well as information regarding its threshold, range, expected accuracy and precision.

3.
Specify variable naming conventions, averaging times, time conventions, data flagging codes, temperature and pressure adjustments, and preferred data formats for all project participants, prior to the experiment.

4.
Define data examination and validation procedures carried out by each data sponsor prior to data delivery.

5.
Fully document the locations, methods, and quality of the databases to be acquired from supplemental networks prior to the design of the field study.

6.
Create data management and traceability systems that allow data discrepancies to be rapidly investigated and corrected.

7.
 Develop a uniform and simple flag system for contractors to submit data.

8.
Make sure that the aircraft VOC/HC samples are well identified by time and location so as to be easily integrated with the other aircraft measurements. 

9.
Develop a system to track data submitted by each source. 

10.
Develop a similar system for tracking the data processing flow from raw data to the final archive.  This provides adequate documentation for all involved and allows the data to easily be reprocessed as necessary.

The application of these techniques will streamline the entire database management process and minimize problems from occurring.  Once the investigators have provided the data manager with level 1A-validated (verified, screened, adjusted and flagged) data sets, a Data Validation Team helps validate the data in two stages, level 1B (univariate checks such as maxima and minima, rates of change and diurnal variations) and level 2 (multivariate consistency tests based on known physical, spatial or temporal relationships).  The final estimates of the precision and accuracy of the data are supplied by the QA Team with the help of the investigators.   Level 1B validation should be performed by the data manager with validation criteria recommended by the Data Validation Team.  This team is comprised of ARB and District Staff.

SUMMARY

This paper has summarized the elements and technical approach for the quality assurance and data management activities for SCOS97-NARSTO.  Fujita et al. (1997) provides details of the quality assurance plan and the results of audits and comparisons studies will be available during spring, 1998.  These and other related SCOS97-NARSTO documents can be obtained from the California Air Resources Board (http://www.arb.ca.gov/scos/scos.htm) and the South Coast Air Quality Management District (http://www.aqmd.gov/scos97).
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