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FORWARD

This June 2003 revision to the Draft Final Prescribed Burn Air Sampling and Analysis Plan, Ranges 43-
48, Former Fort Ord, California, (the Air SAP) has been prepared to document revisions to some of the
sampling activities proposed for the 2003 burn season. This revision incorporates minor technical
changes documented in two Field Change Notifications that were issued in the weeks leading up to the
planned burn in 2002, and also includes revisions to the approach for background sampling.

Provided below is a general summary of the changes incorporated in this revised Air SAP. Details of
these changes are provided in the sections which follow.

1. Revision to location of sampling sites (from Field Change Notification #1).
2. Real-time PM,, data will be collected at more sites (from Field Change Notification #1).
3. Particulate metal analysis on all filter samples will be performed using EPA Method 10-3.4 ICP
(from Field Change Notification #1).
4. Energetic analysis will be done by USACHPPM using their Method 26.3 (from Field Change
Notification #1).
5. Air samples for Acrolein will be collected in SUMMA canisters for subsequent analysis by
GC/MS full scan following EPA Method TO-15.
6. Eliminate energetic compounds from baseline sampling in 2003 (a complete set of baseline
samples for energetic compounds were collected in 2002).
7. Conduct 2003 baseline sampling after the burn day so that baseline sampling can be done under
similar meteorological conditions as the day the burn is conducted.
8. Changes to the number of “Public” sampling sites and the analytes to be included at each
“Public” site.
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EXECUTIVE SUMMARY

From 1917 to 1993, the U.S. Department of the Army (Army) used Fort Ord, California, as a training and
staging area for infantry troops. Among the activities conducted at Fort Ord prior to its closure in
December 1994 were the firing and use of various types of ordnance and explosives (OE), including
projectiles, rockets, mortars, hand grenades, practice land mines, pyrotechnics, detonators, and other
explosive materials. These OE items were used at various sites in two main areas known as the Multi-
Range Area (MRA) and the Inland Training Ranges. Both of these areas today contain sites where
unexploded ordnance (UXO) are known or are suspected to exist. The location and removal of these OE
are necessary before the land can be safely transferred for public use.

In November, 1998, the Army agreed to evaluate OE at former Fort Ord in an OE RI/FS consistent with
the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) process. The
Army is preparing the basewide OE Remedial Investigation/Feasibility Study (basewide OE RI/FS) for
Fort Ord to address OE-related hazards, which will include input from the community and require
regulatory agency review and approval. The basewide OE RI/FS will review and evaluate past
investigative and removal actions, as well as recommend future response actions deemed necessary to
protect human health and the environment on the basis of proposed reuses specified in the Fort Ord Reuse
Authority (FORA) Reuse Plan or as amended or periodically updated. The basewide OE RI/FS is
scheduled to be completed in 2005.

The Army, as the lead agency, has determined that an Interim Action is appropriate to protect human
health from the imminent threat posed by OE at three Interim Action sites (Ranges 43-48, Range 30A,
and Site OE-16) while an ongoing comprehensive study of OE cleanup needs at former Fort Ord is
conducted under the basewide OE RI/FS. Interim Action remedial activities were evaluated in three
parts: vegetation clearance, OE remedial action, and OE detonation, as described in the Interim Action
OE RVFS (Harding ESE, 2002).

The Army's Proposed Plan (Army, 2002) identified prescribed burning as the preferred alternative to clear
vegetation, subsurface OE removal as the preferred OE remedial action alternative, and detonation with
engineering controls as the preferred OE detonation alternative for the three Interim Action sites. The
public comment period for the Proposed Plan ended on 13 May 2002. The final selection of vegetation
clearance method, OE remedial action and OE detonation method to be used at the Interim Action sites
will be made in the Interim Action Record of Decision (Interim Action ROD). The Interim Action ROD
is expected to be complete in September 2002.

Although the final decision has not been made, the Army has proceeded with developing the Site Specific
Interim Action Remedial Design / Remedial Action Work Plan (Interim Action RD/RAWP) for Ranges
43-48, because it has the highest priority of the three Interim Action sites. The Ranges 43-48 Interim
Action RD/RAWP consists of four separately prepared plans. Each of the following four plans details
task-specific inter-related work activities for implementing the Interim Action remedial activities. These
four plans are described at the end of this Executive Summary.

(D Fort Ord Prescribed Burn Plan of Ranges 43—48, August, (Fire Stop, 2002)
2) Voluntary Relocation Plan, August, (Creighton & Creighton, Inc., 2002)
3) Prescribed Burn Air Sampling, July, (this document, July 2003)

4) Ranges 43-48 Site-Specific Work Plan, August, (Parsons, 2002).
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Executive Summary

If prescribed burning is selected for the Interim Action sites, the intense fire associated with prescribed
burn conditions may result in the incidental detonation of surface or near-surface OE items. Detonation
of OE has the potential to release air pollutants to the atmosphere. These air emissions may potentially
include combustion products, volatile or semivolatile organic compounds, unburned or incompletely
burned energetic material, and particulate metals and metal compounds from chemical components of the
OE items. Available models and studies described in this Sampling and Analysis Plan (SAP) suggest that
no significant amounts of criteria air pollutants or toxic air contaminants (TACs) would be released from
the incidental OE detonations during prescribed burn activities conducted at the former Fort Ord. A
Technical Memorandum prepared by Harding ESE (Harding ESE, 2001) documented the results of an
investigation of ordnance-related air emissions from a proposed prescribed burn on Ranges 43-48. That
investigation concluded that all ordnance-related air emission impacts would be well below human
health-protective regulatory screening levels.

In addition to possible OE-related air emissions, the smoke generated from prescribed burning of
vegetation may also contain air pollutants which could be a concern to adjacent populated areas.
Inhalable particulate matter (suspended particles less than 10 microns in diameter [PM,]) and other
products of combustion can cause temporary respiratory distress to sensitive populations during the burn
event. Smoke management techniques as described in the burn plan (Fire Stop, 2002) will be employed
by the Army to minimize public exposure to smoke from prescribed burns at the former Fort Ord.

This SAP outlines procedures for the collection and analysis of air samples during a prescribed burn event
for Ranges 43-48 at the former Fort Ord. The purpose of the sampling and analysis program described
herein is to:

(1) Confirm or refine conclusions drawn from other studies that ground-level concentrations of
ordnance-related air pollutants downwind of the prescribed burn will be below human health-
protective regulatory screening levels, and

(2) Provide data to assess the adequacy of the of the burn prescription relative to smoke dispersion
and downwind impacts.

Description of Other Inter-Related Plans

1. Fort Ord Prescribed Burn Plan of Ranges 43-48, August (Fire Stop, 2002)

This Burn Plan describes the objectives of the prescribed burn; the burn area; the range of environmental
conditions under which the burn will be conducted; the manpower and equipment resources required to
ignite, manage, and contain the fire; a smoke management plan; and establishment of communication
procedures for the fire crew and to the public and other affected agencies. Procedures for conducting the
burn within the window of environmental conditions established in the burn prescription are discussed in
this Burn Plan. An escaped fire contingency plan also is included.

2. Voluntary Relocation Plan, August, (Creighton & Creighton, Inc, 2002)

This Voluntary Relocation Plan describes the Army’s actions that will be implemented for those
Monterey County residents who wish to temporarily relocate if the Army uses prescribed burns to clear
vegetation in preparation of OE cleanup. This plan describes the roles and responsibilities of the various
Army organizations and contractors, and local government and community organizations, prior to, during,
and after prescribed burns. It also describes the responsibilities of those people who wish to relocate.
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Executive Summary

3. Prescribed Burn Air Sampling and Analysis Plan, Ranges 43-48, Former Fort Ord,
California, August (this document, revised July 2003)

This Prescribed Burn Air Sampling and Analysis Plan outlines procedures for the collection and analysis
of air samples during a prescribed burn. The primary purpose of collecting and analyzing air samples
during a prescribed burn is to confirm or refine the conclusions of the Technical Memorandum, Air
Emissions from Incidental Ordnance Detonation During a Prescribed Burn on Ranges 43 through 48,
Former Fort Ord, California (Harding ESE, 2001) that ground-level concentrations of ordnance-related
air pollutants downwind of the prescribed burn will be well below human health-protective regulatory
screening levels. While the air sampling program is focused on detection and quantification of ordnance-
related emissions, data from the air sampling program will also be used to assess the adequacy of the burn
prescription and to assess downwind concentrations of selected vegetation-related emissions.

4. Ranges 43-48 Site-Specific Work Plan, August (Parsons, 2002)

This Site-Specific Work Plan describes the procedures, methods and resources that Parsons and its
subcontractors will use while performing subsurface OE removal and OE detonation with engineering
controls. Subsurface OE removal consists of identification (visual search and operation of OE detection
equipment) and remediation (combined with follow-on detonation) of any OE found/detected on the
ground surface and in the subsurface to depths determined in this plan. A depth analysis plan is included
as part of this plan. OE detonation with engineering controls consists of applying additional detonating
charges to single or consolidated OE items, and applying engineering controls (covering the OE with
tamped dirt, sandbags, contained water, or other materials) prior to detonation to reduce the blast and any
associated fragmentation, emissions, or noise.

An appendix to this Site-Specific Work Plan addresses site preparation activities to be performed prior to
a prescribed burn to reduce smoke emissions during the prescribed burn and ensure the prescribed burn is
contained within the site boundaries. Site preparation activities include removal of tires, structures,
inactive utility poles, selected trees; maintenance of containment lines, establishment of staging areas and
escape routes; and protection of existing structures outside of the site by removing nearby vegetation,
applying fire suppressant foam, or installing irrigation sprinkler systems.
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1.0 PROJECT ORGANIZATION

The MACTEC Engineering and Consulting, Inc. (MACTEC) project organization for this contract is
presented in Section 2.0 of the Draft Final Chemical Data Quality Management Plan (CDQMP),
Engineering and Environmental Investigation Services, Former Fort Ord Complex, California, dated July
22,1997 (HLA, 1997a). The identity and responsibilities of key project personnel related to this plan are
summarized below.

1.1 Program Manager

The MACTEC Program Manager for U.S. Department of the Army, Corps of Engineers (USACE)
projects, Mr. Ed Ticken, has overall responsibility and authority for project coordination between the
USACE and MACTEC.

1.2 Quality Control System Manager

The MACTEC Quality Control System Manager (QCSM), Mr. Donald Smallbeck, is responsible for
independent review and approval of project-related documents as well as overall responsibility for quality
control (QC) of field operations, data collection, laboratory activities, and implementation of a three-
phase QC procedure (see Section 9.1). As well as reporting to the Program Manager, the QCSM reports
to MACTEC’s Chief Technical Quality Assurance/Quality Control (QA/QC) Officer and the MACTEC
Bay Area Officer Manager. The QCSM may delegate review of all or portions of a document to other
appropriate and qualified staff.

1.3 Project Manager

The MACTEC Project Manager for the former Fort Ord project, Mr. Bruce Wilcer, is responsible for the
implementation of USACE and regulatory agency requirements for the project. These responsibilities
may include oversight of the development of all delivery order documents and related activities as well as
schedule and contract management, technical oversight, report generation, implementation of three-phase
QC activities, and overall project quality.

1.4 Task Manager

The MACTEC Task Manager for the sampling program described in this SAP, Mr. Doug Cover, is
responsible for implementation and oversight of activities related to project performance. This
responsibility includes development of delivery order documents, implementation of project activities,
management of the schedule and contract, oversight of technical issues, generation of reports, and
implementation of the QC procedures specified in this SAP.

1.5 Project Chemist

The Project Chemist, Ms. Debbie Leibensberger, provides input for development of this SAP, as well as
management of project tasks associated with sampling and preservation requirements, general oversight
of field personnel in sampling activities, coordination of sample collection and analysis with the
analytical laboratory, review of analytical data soon after they are received, and implementation of three-
phase QC activities and corrective actions (as necessary). The Project Chemist will also conduct a project
kick-off meeting with the analytical laboratory prior to sample collection or analysis.
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2.0 PROJECT BACKGROUND AND PROBLEM DEFINITION

Project background and problem definition include a description of the facility, the prescribed burn
operations, and potential impacts to air.

2.1 Facility History and Description
The following sections describe the facility in terms of location, history, and OE profile.
211 Location

The former Fort Ord (Fort Ord) is adjacent to Monterey Bay in northwestern Monterey County,
California, approximately 80 miles south of San Francisco (Plate 1). The former Army base consists of
approximately 28,000 acres adjacent to the cities of Seaside, Sand City, Monterey, and Del Rey Oaks to
the south and Marina to the north. The Southern Pacific Railroad and Highway 1 pass through the
western part of Fort Ord, separating the beachfront portions from the rest of the former base. Laguna
Seca Recreation Area and Toro Regional Park border Fort Ord to the south and southeast, respectively, as
well as several small communities such as Toro Park Estates and San Benancio.

2.1.2 Historical Use

Military training on the former Fort Ord began in approximately 1917 and continued until base closure in
1994. At its founding in 1917, the former Fort Ord served primarily as training and staging facility for
infantry troops. From 1947 to 1974, the Installation was a basic training center. After 1974, the 7"
Infantry Division occupied the Installation. The 7™ Infantry Division was converted to a light division in
1983; light infantry troops operate without heavy tanks or armor. The former Fort Ord was selected in
1991 for base realignment and closure (BRAC), and the base was officially closed in September 1994.

In 1917, the Army bought a portion of the present-day Main Garrison and East Garrison, and nearby
lands on the east south central side of the former Fort Ord to use as a maneuver and training ground for
field artillery and cavalry troops stationed at the Presidio of Monterey. Before the Army’s acquisition of
the property, the area was agricultural, as is much of the surrounding land today. No permanent
improvements were made until the late 1930s, when administrative buildings, barracks, mess halls, tent
pads, and a sewage treatment plant were constructed.

In 1940, additional agricultural property was purchased for further development of the Main Garrison. At
the same time, beachfront property was donated to the Army. Building construction in the Main Garrison
began in 1940 and continued into the 1960s, starting in the northwest corner of the base and expanding
southward and eastward. During the 1940s and 1950s, the Army constructed and maintained a small
airfield within the Main Garrison in what became the South Parade Ground. In the early 1960s, when the
Fritzsche Army Airfield was completed, the Main Garrison airfield was decommissioned and its facilities
were redeveloped as motor pools and other facilities.

213 History of OE Use

Since 1917, portions of the Installation were used by infantry units for maneuvers, target ranges, and
other purposes. OE that have been fired into, fired upon, or used on the facility include artillery and
mortar projectiles, rockets and guided missiles, rifle and hand grenades, practice land mines,
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pyrotechnics, and demolition materials. A wide variety of conventional unexploded ordnance (UXO)
items have been located at sites throughout the former Fort Ord, including pyrotechnics and explosives.

2.2 Ranges 43-48 History and Site Description

In November, 1998, the Army agreed to evaluate OE at former Fort Ord in an OE RI/FS consistent with
the CERCLA process. The Army is preparing the basewide OE RI/FS for Fort Ord to address OE-related
hazards, which will include input from the community and require regulatory agency review and
approval. The basewide OE RI/FS will review and evaluate past investigative and removal actions, as
well as recommend future response actions deemed necessary to protect human health and the
environment on the basis of proposed reuses specified in the Fort Ord Reuse Authority (FORA) Reuse
Plan or as amended or periodically updated. The basewide OE RI/FS is scheduled to be completed in
2005.

The Army, as the lead agency, determined that an interim action is appropriate to protect human health
from the imminent threat posed by OE at Ranges 43-48, Range 30A, and Site OE-16 in order to ensure
public safety while the basewide OE RI/FS is being conducted. In March 2002, the Army issued the
Final IA OE RI/FS report (Harding ESE, 2002) and presented the Interim Action Proposed Plan for
Ranges 43—48, Range 30A, and Site OE-16 at former Fort Ord to the public for review and comment
(Army, 2002). The Proposed Plan presented the preferred alternatives for each area and summarized
information in the IA RI/FS and other documents in the Administrative Record. Prescribed burning is the
Army’s preferred alternative selected for vegetation clearance. Comments have been received on the
Proposed Plan and are being considered. The final decision on vegetation clearance method(s) that will
be used at the interim action sites will be made in the Record of Decision that is expected to be completed
in September 2002.

If prescribed burning is selected as the vegetation clearance method for the IA sites, then Ranges 43—48
would be scheduled for vegetation clearance first with OE Site 16 and Range 30A scheduled for
subsequent years.

2.2.1 Location

Ranges 43—48 cover approximately 483 acres to the south of Eucalyptus Road in the south-central portion
of the former Fort Ord (Fort Ord) (Plate 2). Future reuse of the northern portion is development (11
acres). The southern portion is designated as habitat reserve and will remain undeveloped (472 acres).

These ranges were part of Fort Ord’s Multi-Range area (MRA) and are categorized as firing ranges where
personnel were trained in the use of live ammunition. The MRA is fenced and posted with signs warning
of the dangers associated with OE. Vegetation at Ranges 43—48 mainly consists of Central Maritime
Chaparral with some grassland areas.

2.2.2 History of OE use at Ranges 43-48

Training facilities maps indicate these ranges were used for a variety of live fire exercises from the 1940s
through the 1990s. Records and recent field investigations indicate that the ammunition used at these
ranges included 4.2-inch, 60mm, and 8 1mm mortars; 14.5mm subcaliber projectiles; 35mm subcaliber
rockets; 90mm recoilless rifle rounds; 84mm incendiary projectiles; 40mm High Explosive (HE)
grenades; 66mm light antitank weapon (LAW); small arms; anti-personnel mines; dragon guided missiles;
and fragmentation hand grenades (Harding ESE, 2002).
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2.2.3 Risks from OE at Ranges 43-48

In general, risks from physical contact with OE are acute and potentially catastrophic in nature, and may
result in crippling injuries or death.

Areas in and around the former firing ranges contain sensitively fuzed, highly dangerous OE present on
the ground surface or at shallow depths below the ground. As described above, numerous types of OE
ranging from hand grenades to 90mm recoilless rifle rounds are known or suspected to be on the site.
During recent limited investigations, thousands of unexploded and expended items were recovered at
Ranges 43-48.

2.3 Prescribed Burn Operations

The Army recognizes that smoke produced by prescribed burn events has the potential to create short-
term impacts on local air quality and potential impacts on public health downwind of the smoke, and is
currently working with the regulatory agencies, local air pollution control agency and the public to
develop effective smoke management measures. Additionally, procedures will be in place to inform the
local communities prior to conducting prescribed burn events, and a provision for temporary relocation of
smoke-sensitive individuals is planned. In light of the short-term impacts due to smoke, measures that
will also be considered to accomplish smoke management include optimizing the ignition patterns for the
burn and modifying parameters of the burn prescription.

A detailed Burn Plan has been prepared by the Army’s burn contractor, Fire Stop (Fire Stop, 2002). That
Plan describes the operational aspects of the proposed burn at Ranges 43-48, including all considerations
for smoke management.

24 Problem Definition: Potential Impacts to Air

241 Incidental Detonation of OE

Prescribed burn activities in OE areas at the former Fort Ord may result in the incidental detonation of
surface or near-surface OE items. Detonation of OE has the potential to release air pollutants to the
atmosphere. These air emissions may potentially include combustion products, volatile or semivolatile
organic compounds, unburned or incompletely burned energetic material, and particulate metals and
metal compounds from chemical components of the OE items. Available models and studies described
below suggest that no significant amounts of criteria air pollutants or TACs would be released from the
incidental OE detonations during prescribed burn activities conducted at the former Fort Ord.

2411 Pollutant Prediction Model

Data on characterization of TACs from detonation of military ordnance are not widely available. The
USEPA document “Compilation of Air Pollution Emission Factors, 5th Edition (AP-42)” (USEPA, 1996)
is limited to data regarding the detonation of industrial explosives and firing of small arms, and
specifically excludes military applications.

Of the publicly available information on military applications, a reference document by Baroody (7987)
and an associated computer program, POLU13L (Baroody, 1994), developed by the Department of the
Navy, Naval Surface Warfare Center, Indian Head, Maryland, provides the most comprehensive source of
combustion product characterization for military ordnance. The POLU13L model calculates combustion
products by solving a large set of nonlinear algebraic equations to estimate high temperature chemical
equilibria, and has a library of over 1400 potential combustion products that are considered in the model
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calculations. However, the model is limited to considering only those chemical components and additives
in the explosive mixture; metals used in the casing or other structural components of OE items are
expected to have little contribution to emissions and are not factored into the calculations. The model is
also limited in that its library of potential combustion products, while quite large, does not include
residual energetic materials and many TACs that may be produced in trace amounts.

The data provided by Baroody (7987) for military explosives is consistent with that in USEPA (1996) for
conventional explosives in that the products of combustion for the most widely-used explosive mixtures
are largely carbon dioxide (CO,), carbon monoxide (CO), nitrogen (N;), oxygen (O;), and water (H,0).
Both references suggest that only trace amounts of TACs are produced.

A set of worst-case assumptions were developed based on results of past OE sampling activities
(Army, 1998), which would be considered high OE density areas, to quantify the total net explosive
weight (NEW) of OE items that may detonate during a prescribed burn. Those assumptions are:

*  Maximum live OE density = 10 per acre
*  Fraction of live OE items detonated during a prescribed burn = 0.5 (i.e., 50%)
=  Maximum prescribed burn area in a single day = 1,000 acres

= All OE items are either LAW rockets (0.5 Ibs. Octol/item) or 81 mm mortars (1.29 1bs. Comp
B/item). Comp B and Octol are the two most common energetic materials in the OE items found at
the former Fort Ord.

These assumptions result in an upper bound estimate of 5,000 OE items detonated during a 1,000-acre
prescribed burn. If all items were LAW rockets, then the total NEW would be 2,500 lbs. Octol. If all
items were 8 lmm mortars, then the total NEW would be 6,450 Ibs. Comp B.

The pollutant prediction model POLU13L was used to identify and quantify the pollution products from
these two scenarios. The results of the POLU13L simulations are summarized in Table 1a.

The primary pollutant products were predicted to be N,, O,, CO/CO,, and H,0, with significantly smaller
to trace amounts of particulate carbon, NO/NO,, CH,4, and NH;. Of the pollutant products predicted by
the POLU13L model, only CO and NO, (as NO/NOy) are regulated criteria air pollutants. None of the
predicted pollutant products are regulated as TACs under either the 1990 Clean Air Act Amendments
(CAAA) or the Monterey Bay Unified Air Pollution Control District (MBUAPCD) Rule 1000 (Permit
Guidelines and Requirements For Sources Emitting Toxic Air Contaminants), nor do they have
established EPA Region IX Preliminary Remediation Goals (PRGs).

24.1.2 BangBox Studies

A series of seven field studies funded by the U.S. Department of Defense (DOD) have been conducted to
identify and quantify the pollutant species released to the air from detonating or burning energetic
materials. These studies are commonly referred to as BangBox studies, because the tests were conducted
inside large chambers. A total of 16 energetic materials were burned and 23 were detonated in the
BangBox studies. An August 1998 USEPA report entitled "Emission Factors for the Disposal of
Energetic Materials by Open Burning and Open Detonation (OB/OD)" (USEPA, 1998) provides an
analysis and summary of all the BangBox studies.

Air samples from the BangBox tests were analyzed for more than 275 individual compounds, including
volatile organic compounds (VOCs), energetic and other semi-volatile organic compounds (SVOCs),
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particulate metals, and chlorinated dioxins and furans. Many of those compounds (103 of 108 SVOCs
and over 65% of the VOCs) were never detected in any of the BangBox tests. Further, many of the
analytes that were detected were observed at concentrations less than background or below the minimum
quantitation limit (MQL), and were therefore considered “not detected” in the report. Of the 83 analytes
for which emission factors are reported, most are non-hazardous compounds commonly found in ambient
air.

The USEPA report was reviewed to identify those analytes which were associated with the types of OE at
the former Fort Ord. Emission factors that were reported for analytes associated only with open burning
of propellant wastes and other items or processes not encountered at the former Fort Ord are not
considered relevant to the identification of air pollutant emissions from OE detonation at this location.

A brief discussion of the analytes detected in the BangBox studies applicable to the former Fort Ord are
described below. Using the BangBox emission factors, Table 1b summarizes the type and estimated
quantity of criteria air pollutant and TAC emissions that would be expected from the worst-case
incidental detonation scenarios described above.

Criteria Air Pollutants

Criteria air pollutants observed during the BangBox studies were CO, NO,, and PM, (particulate matter
less than 10 microns). Emission factors for CO and NO, are expressed as a percent of the total carbon
(for CO) and total nitrogen (for NO,) in the detonated charge. The CO emission factors averaged an
order of 4 percent of total carbon, and NO, emissions averaged an order of 2 percent of total nitrogen.
PM,, emissions were reported an order of 0.2 pounds per pound NEW.

Volatile Organic Compounds

A number of saturated VOCs (e.g., ethane, propane, butane) and unsaturated VOCs (e.g., ethylene,
acetylene, and propene) were commonly associated with detonation of OE items. These compounds,
however, are environmentally benign and are not regulated air pollutants or TACs. The only aromatic
VOCs associated with detonation of common OE items are benzene, ethylbenzene, and toluene, which are
regulated as TACs under the 1990 CAAA and MBUAPCD Rule 1000. Styrene, also a regulated TAC,
was observed only with OE items which had polystyrene structural components. Emission factors
reported for aromatic VOCs are on the order of 10E-06 pounds per pound NEW.

Energetic Analytes

Three energetic compounds (RDX, HMX, and PETN) were reported to be associated with OE detonations
in the BangBox studies. These compounds are not specifically regulated as TACs; however, RDX and
HMX are considered TACs for this investigation because they have established human health risk values.
Mean emission factors reported for RDX and HMX are on the order of 1E-04 pounds per pound NEW.

Other Semivolatile Organic Compounds

Only one SVOC (diethylphthalate) was identified in some OE detonation samples, but only with OE
items which contained phthalates (mainly some signal flares and fuzes). Diethylphthalate is regulated as
a TAC by the MBUAPCD. Mean emission factors reported for diethylphthalate are on the order of 1E-05
pounds per pound NEW.
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Dioxins and Furans

Furans were not detected above background levels in any of the BangBox studies. Only one dioxin
isomer (OCDD) was reported and was associated only with detonation of M43A2 flares. The occurrence
of OCDD was reported to have likely resulted from the reaction of chloride-containing compounds and
the plastic materials in the flare. The mean emission factor reported for OCDD is very low, on the order
of 1E-09 pounds per pound NEW.

Particulate Metals

Analytical results for metals in the BangBox studies were inconsistent and prevented development of
valid emission factors even for OE items where metals were expected (e.g., signal flares containing
powdered aluminum in the primary energetic material). As a conservative approach, the report suggests
that any metals contained within the energetic material should be assumed to be entirely emitted to the
atmosphere. Several metals (e.g., lead, cadmium, nickel) that may be contained in trace amounts in some
OE items are regulated as TACs.

2.4.1.3 Range 43 through 48 Air Emissions Technical Memorandum

The Army is evaluating vegetation clearance methods, including prescribed burning of approximately 500
acres in Ranges 43-48 of the former Fort Ord, to facilitate the subsequent removal of OE. A detailed
investigation was conducted in consultation with the U.S. Environmental Protection Agency (USEPA)
Region IX, California Environmental Protection Agency Department of Toxic Substances Control
(CalEPA/DTSC), U.S. Army Corps of Engineers (USACE) Sacramento District, and the Department of
the Army (Army) to (1) quantify a reasonable upper bound estimate of air emissions from incidental
detonation of OE in Ranges 43-48, (2) compare those emissions with those expected from burning of
vegetation (biomass) on Ranges 43-48, and (3) compare screening level estimates of pollutant
concentrations from OE to health-protective regulatory screening values.

The results of this investigation were documented in a Technical Memorandum (Harding ESE, 2001), and
are summarized here in Table 2. The investigation revealed that reasonable upper bound estimates of air
emissions from incidental OE detonation for combustion products and volatile organic compounds are
much less than 0.1% (i.e., one one-thousandth) of the corresponding emissions from vegetation burning
on Ranges 43-48. The only exception is for dioxin/furan toxicity equivalent emissions for which the
reasonable upper bound OE contribution is about 1% (i.e., one one-hundredth) of that from vegetation.
Reasonable upper bound emissions of all particulate metals except Beryllium from incidental OE
detonation are equal to or less than 10% (i.e., one-tenth) those from vegetation burning. For all OE-
related pollutants evaluated in this investigation, screening model estimates of pollutant concentrations
are much less than health-protective regulatory screening values.

The conclusion of this investigation is that air pollutant emissions from incidental OE detonation during a
prescribed burn on Ranges 43-48 will be minor compared to emissions contributed directly by vegetation
burning, and will result in pollutant concentrations well below health-protective regulatory screening
levels.

2414 Contaminants of Potential Concern

The results of the POLU13L model and the BangBox studies suggest that little or no TACs are likely to
be produced and released to the atmosphere from the incidental detonation of OE items during prescribed
burns at the former Fort Ord. However, both the POLU13L model and the BangBox studies have
limitations. Most notably, the pollutant prediction model does not address the possible emission
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contribution of metals from OE structural components. It also fails to predict emissions of residual
energetic material and several TACs which were observed at low levels during BangBox tests of common
OE items. The results of the BangBox tests were useful in eliminating many TACs from the list of
possible byproducts of OE detonation, but some results, such as for particulate metals, were inconclusive.

The results of the air emissions Technical Memorandum (Harding ESE, 2001) concludes that maximum
downwind concentrations from OE emissions during a prescribed burn on Ranges 43-48 would occur at
approximately 3,285 meters downwind and would be well below health-protective regulatory screening
levels. This study also showed that emissions of all OE-related combustion products would be many
orders of magnitude less than for the same pollutant produced from vegetation burning. For this reason, it
would be impossible to distinguish any OE contribution to those combustion products which are also
produced from the vegetation.

This air sampling program, therefore, will focus on those combustion products which are unique to OE
detonation. Energetic materials and their likely breakdown products are the primary pollutant species
which were shown in the previous studies to be clear signatures of OE emissions. The air emissions
Technical Memorandum identified a few volatile organic compounds (VOCs) for which vegetation
emissions were unknown, but not necessarily zero. These VOCs are also ubiquitous in low
concentrations in urban areas and so would not provide a clear signature of OE emissions.

The other possible candidate for OE signature emissions are particulate metals. The previous studies
indicated that OE detonation may result in the release of particulate metals, but there were several
uncertainties in the emission factors. The BangBox studies, for example, were inconclusive with respect
to metal emissions because of various sampling difficulties. The air emissions Technical Memorandum
relied on reasonable upper bound assumptions regarding particulate metal emissions from OE detonation.
Because of these uncertainties, it is prudent to include particulate metals in this investigation to determine
if further assessment is warranted.

Dioxins and furans are estimated to occur in very low amounts from OE detonation, and only from certain
types of OE with plastic components. However, dioxins and furans are included in this air sampling
program because of the uncertainty in the emission estimate for those compounds.

2.4.2 Burning of Vegetation

Prescribed fire is an extremely diverse source and its emissions are therefore difficult to quantify. The
diversity in the type and quantity of combustion products is due to many factors, including fuel
(vegetation) type, moisture content, and the diversity of combustion processes which occur
simultaneously within a fire. The primary combustion processes include flaming, smoldering, and
glowing combustion.

Despite the wide variation in combustion emissions, prescribed burning is generally recognized as a
significant source of particulate matter and carbon monoxide emissions. Emissions of toxic air
contaminants are less understood, but can include nitrogen oxides, hydrocarbons, sulfur oxides, and
polycyclic organic material (POM), which contains hundreds of other compounds in small quantities
(Peterson and Ward, 1989).

Nitric oxide, the criteria air pollutant component of the larger category of nitrogen oxides, forms only at
temperatures well above those occurring in prescribed fires and is generally not considered a significant
emission from prescribed burning. Sulfur oxide emissions are typically negligible because of the low
sulfur content of most biomass fuels. The hydrocarbons most often found are products of incomplete
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combustion such as methane, ethylene, alkynes, aldehydes, furans, carboxylic acids, and polynuclear
aromatic hydrocarbons (Peterson and Ward, 1989).

Peterson and Ward (/989) and Hardy (/996) have summarized the results of a number of field and
laboratory prescribed burn smoke sampling programs, and have provided a method for estimating the
quantity of air emissions produced from prescribed burns for a wide variety of fuel types. These data
were used in the air emissions Technical Memorandum (Harding ESE, 2001) to estimate vegetation-
related air emissions from a proposed prescribed burn on Ranges 43-48 at the former Fort Ord. Emission
estimates for the primary combustion byproducts:

Emission Estimate

Pollutant Species (pounds per acre)
Carbon Dioxide (CO,) 43,186
Carbon Monoxide (CO) 2,039
Particulate Matter (PM,,) 268
Non-Methane Hydrocarbons (NMHC) 260
Nitrogen Oxides (NOy) 63

CO and CO, are clearly produced in the greatest amounts from vegetation burning and are therefore the
best choice for signature compounds to indicate whether and to what extent the sampling locations for
this investigation are being impacted by the smoke from the prescribed burn. PM;, will also be included
in the list of target analytes for this investigation because it may provide an opportunity to correlate with
qualitative measures of smoke impact (e.g., subjective assessments of smoke density). This PM;,
sampling will also fulfill the requirement in Title 17 of the California Code of Regulations for ambient
particulate sampling for prescribed burns greater than 250 acres in Wildland/Urban interface areas.

Of the TAC:s likely to be produced by prescribed burning, aldehydes are the compounds which are
generally associated with acute irritation in smoke-impacted public areas. Formaldehyde, acetaldehyde,
and acrolein are the specific aldehydes of interest from vegetation burning. Accordingly, this sampling
program will include sampling and analysis for formaldehyde, acetaldehyde, acrolein, and total
aldehydes.

Table 3 summarizes the complete list of target analytes proposed for this investigation, including OE-
specific compounds and smoke signature compounds. Table 4 summarizes the applicable regulatory
screening levels that will be used for comparison to the sampling results.
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3.0 PROJECT DESCRIPTION

This section describes the project briefly in terms of objective and scope, as well as schedule and
reporting.

3.1 Objective and Scope

This SAP outlines procedures for collection and analysis of air samples in areas potentially affected by air
emissions from a prescribed burn at Ranges 43-48. The results of other relevant studies and
investigations have been applied in this SAP as an initial estimate of the type and quantity of chemicals of
potential concern (COPCs) from incidental OE detonation. The purpose of the sampling and analysis
program described herein is to:

(1) Confirm or refine conclusions drawn from those other studies that ground-level concentrations of
ordnance-related air pollutants downwind of the prescribed burn will be below human health-
protective regulatory screening levels, and

(2) Provide data to assess the adequacy of the of the burn prescription relative to smoke dispersion
and downwind impacts. The air sampling program is therefore focused on detection and
quantification of ordnance-related emissions and selected vegetation-related combustion
products. Real-time data and smoke observations during the burn may also be used to allow the
burn contractor to modify the burn tactics so as to reduce downwind smoke impacts.

The Army’s burn contractor, Fire Stop, estimates that the prescribed burn at Ranges 43-48 may take from
one to three days to complete. If active ignition is implemented on a second or third day to complete the
burn, then air sampling will be conducted on each of those additional days.

3.2 Schedule and Reporting

The following report and schedule projections are based on the date the Preliminary Draft SAP is
submitted and the duration of USACE and agency review. The agencies that will review this SAP are the
California Department of Toxic Substances Control (DTSC) and the U.S. Environmental Protection
Agency (USEPA).
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Project Description

ACTION ITEM

SCHEDULE

Agencies review Draft SAP

30 days after receipt of Draft SAP

Address agency comments and submit Draft Final
SAP

30 days after review comments received

Agencies complete review of Draft Final SAP

15 days after receipt of Draft Final SAP

Address agency comments and submit Final SAP

15 days after review comments received

Agencies review 2003 Revised SAP

7 days after receipt of 2003 Revised SAP

Address agency comments and submit 2003 Final
S4AP

7 days after review comments received

Perform field work

Contingent on local weather conditions and fuel
moisture content which meet the burn prescription

Submit Preliminary Draft Investigation Report to
USACE

60 days after completion of field work

USACE completes review of Preliminary Draft
Investigation Report

30 days after receipt of Preliminary Draft
Investigation Report

Address USACE comments and submit Draft
Investigation Report to agencies

2 weeks after review comments received

Agencies complete review of Draft Investigation
Report

30 days after receipt of Draft Investigation Report

Address agency comments and submit Draft Final
Investigation Report

2 weeks after review comments received
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4.0 DATA QUALITY OBJECTIVES

Data quality objectives (DQOs) for the project are discussed in the sections below.

4.1 Statement of the Problem

The identity and quantity of products and residues emitted to the air from prescribed burn activities at the
former Fort Ord can only be estimated from previous studies. Former Fort Ord-specific measurements of
air pollutant concentrations are not adequate for the objectives of this SAP.

4.2 Identification of Decisions

The primary decisions related to this project are to (1) evaluate whether prescribed burns at the former
Fort Ord result in downwind ambient concentrations of ordnance-related air pollutants that exceed human
health-based screening levels, and (2) evaluate the adequacy of the burn prescription relative to smoke
dispersion and downwind impacts to the public.

4.3 Identification of Inputs to Decisions

Inputs to decisions necessary for evaluating prescribed burn activities at former Fort Ord are as follows:

* Identify target list of COPCs

* Identify appropriate screening levels for COPCs in air (e.g., California Ambient Air Quality
Standards, approved Fort Ord PRGs, (HLA, 1994) or EPA Region IX PRGs (EPA, 1999)

» Identify appropriate criteria for modifying burn tactics based upon real-time data collected during the
burn (will require coordination between the burn contractor and the regulatory agencies)

*  Assess baseline concentrations of COPCs
*  Measure downwind concentrations of COPCs in air during a prescribed burn event

* Record field observations, including wind speed and direction during the event, and visually identify
the downwind area that received smoke impacts

* Record size (acres) of the prescribed burn area and duration of the burn.

4.4 Definition of Study Boundaries

The study boundary is defined as the area downwind of the prescribed burn event that receives smoke
impacts. Air samples will be collected on the day before, the day of, and the day after the prescribed burn
event. The scale of decision relates to human health.

4.5 Development of Decision Rules

If real time air pollutant concentrations or visible smoke impacts exceed action criteria (to be developed

jointly by the Army's burn contractor and the regulatory agencies), then burn tactics for the current burn
will be altered to minimize these smoke impacts as specified in the Burn Plan (Fire Stop, 2002).
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If measured concentrations of COPCs in air are less than established screening levels, then no
modifications will be made to future prescribed burn operations.

If measured concentrations of COPCs in air are greater than or equal to established screening levels, then
data will be evaluated in a human health risk assessment. If the results of the human health risk
assessment show that COPCs in air may pose an unacceptable risk to human health, then modifications to
future prescribed burn operations will be made.

4.6 Specification of Limits on Decision Errors

The null hypothesis is that, following this investigation, no modifications to future prescribed burn
operations will be necessary ("future prescribed burn operations" in this context includes burn tactics for
the balance of the Range 43-48 burn as well as separate burns at later dates).

A false positive decision error would be to conclude that modifications are necessary when, in fact, they
are not. The consequence of this error would be that unnecessary modifications or limitations to future
prescribed burn operations would be made, resulting in unnecessary cost to the government.

A false negative decision error would be to conclude that modifications are not necessary when, in fact,
they are. The consequence of this error would be that future prescribed burn operations potentially
harmful to human health would continue.

This investigation employs a biased sampling strategy designed to characterize areas of maximum impact.
Consequently, confidence limits on decision errors are not applicable to this investigation. The expected
COPC distribution is not random; hence, the judgmental sampling strategy proposed does not lend itself
to statistically derived confidence levels for decision errors. However, decision errors will be controlled
by adhering to the procedures specified in this SAP, including specific QA/QC procedures as defined in
the sampling and analytical methods. In particular, analytical laboratory QA/QC acceptance criteria will
be used to verify that measurements are capable of supporting project decisions.

4.7 Optimization of Investigation Design for Obtaining Data

The sampling investigation design includes the following factors:

*  Number of air samples

* Location of air samples

*  Sampling and analytical methods

*  QC samples.

Rationale for the sampling investigation design includes the following factors and objectives:

* To obtain samples that confirm the presence or absence of ordnance-related COPCs

* To obtain samples that characterize the maximum vegetation-related COPC concentrations in air near
the prescribed burn event and in downwind populated areas

* To collect real-time data for selected vegetation-related combustion products to document the
temporal variation of smoke impact at selected sampling locations
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Because the downwind COPC concentration distribution is nonrandom within the study area, a

judgmental sampling design is appropriate. Also, because decisions will not be made using mean

concentrations compared to the screening level, probabilistic sampling design is not useful.

Factors to consider to optimize sampling investigation design include the following:

Sampling during a prescribed burn event in an area of high UXO density will provide a “worst-case”
scenario for OE emissions

COPCs in air may occur as particulate, semivolatile, and/or volatile compounds

The location of the highest concentrations of COPCs in air may vary during the event as
meteorological conditions evolve throughout the day

Field sampling methods should facilitate rapid mobilization to locations of smoke impact during the
prescribed burn event.

The sampling strategy for COPCs in air will be to conduct the following activities:

Collect air samples in multiple areas most likely to experience smoke impacts (based on observations
from previous prescribed burn events, wind direction predictions for the specific burn day, pre-burn
smoke dispersion modeling by the burn contractor, and/or real-time observations of smoke impacts)

Collect air samples under similar meteorological conditions either before or after the burn to establish
baseline conditions for COPCs

Collect time weighted average (TWA) air samples from onset of the prescribed burn and lasting for
about 8 to 10 hours

Record real-time concentrations of selected COPCs during the prescribed burn event to establish
peak-to-mean ratios and to support decisions regarding burn tactics

Repeat TWA air samples and real-time monitoring for each day of active burn ignition, if the burn is
not completed in one day

Samples shall be measured/analyzed for the COPC compounds listed in Table 3.
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5.0 SAMPLING PROCESS DESIGN

Results of the DQO process described in Section 4.0 were used to develop the sampling process design
for this project. This section describes the details of the planned sampling, such as the number and
location of samples. The rationale and assumptions used for sample process design are presented in
Section 4.7. Section 6.0 provides a description of the sampling and analytical methods.

51 Objective and Basic Design
The primary objectives of this field investigation are to:

(1) Determine if ground-level concentrations of OE-related compounds in air downwind of a burn
event are above or below human health-protective regulatory screening levels, and

(2) Assess the adequacy of the burn prescription for minimizing downwind smoke impacts to the
public. The results of this investigation are intended to facilitate conclusions regarding public
health that may be applied to the entire prescribed burn program at the former Fort Ord.
Consequently, the prescribed burn during which this investigation is implemented should have
the following desired characteristics:

*  The size of the burn area should be typical of or larger than the burn areas planned for future
prescribed burns

*  The location of the burn area should be known to contain a high density of surface and near-surface
UXO items, and preferably large NEW items (e.g., mortars or LAW rockets)

* The meteorological and fuel moisture conditions on the burn day should meet the prescription
requirements.

To meet the stated objectives, this investigation will include pre- or post-burn baseline sampling,
sampling during the burn on each day of active ignition, and sampling the day after active ignition is
completed. Baseline samples are necessary because some of the target list of COPCs are ubiquitous in
urban environments. If baseline sampling is conducted after the burn, it will be necessary to allow several
days to elapse to ensure that any residual smoke has dispersed from the area. The baseline data will
provide a comparison for the samples collected on the day(s) of the burn.

TWA air samples will be collected over the duration of active ignition during the prescribed burn event,
which may take from one to three days to complete. The sample duration is expected to be on the order
of 8 to 10 hours on each day of active ignition (baseline samples will be collected over a similar 8 to 10-
hour duration). The sampling and analytical process and methods are described in Section 6 of this SAP.
Real-time continuous monitoring for selected vegetation-related smoke compounds will be conducted to
document the presence or absence of smoke impacts at several of the sampling locations. Visual
observations and photographs will also be used to document the presence or absence of smoke impacts.

This air sampling program may include support and participation from a variety of Army and regulatory
agency resources. Most sampling equipment and field personnel will be provided by MACTEC under
subcontract to Parsons, who is contracted directly with the USACE. Sampling equipment and personnel
for portions of the sampling activities have been offered by the US Army Center for Health Promotion
and Preventive Medicine (USACHPPM), the Monterey Bay Unified Air Pollution Control District
(MBUAPCD), and USEPA Region IX. Discussions are currently underway with the California Air
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Sampling Process Design

Resources Board (CARB) to assess their ability to provide sampling equipment and resources as well.
These agencies, and CalEPA/DTSC, have provided comments and guidance in the development of the air
sampling program, and will provide peer review of the results of the investigation.

This sampling locations and procedures described in this SAP will be followed to the maximum
practicable extent during this field investigation. However, deviations from the SAP may be required
because of unforeseen conditions. Any deviations must be approved by the Task Manager and will be
documented in writing in a Field Change Notification.

5.2 Air Sampling Locations

A total of fifteen (15) sampling locations are proposed for this investigation, fourteen (14) fixed stations
and one (1) mobile station. Two (2) of the fixed stations will be installed in locations that are
immediately adjacent to the burn area, and will be collocated with the two meteorological stations
currently being operated by the burn contractor. These two stations will characterize COPC
concentrations as close as possible to the burn. Three (3) stations will be installed in on-base locations to
characterize possible smoke impacts relatively close to the burn area. The remaining nine (9) stations will
be located in residential areas surrounding the base to characterize any smoke impacts to the public.

Because the actual smoke impact areas cannot be known in advance, one (1) mobile air sampling station
will be dispatched after the burn has progressed and smoke impact areas are observed. This mobile
station will be located as near as possible to the apparent maximum offsite impact area, or, if the offsite
fixed locations are suitably positioned in the impact area, the mobile station may be deployed to collect
samples onsite close to the burn or at an offsite residential location further downwind. The decision on
where to place the mobile station will be made by the Task Manager during the burn event based on the
following considerations in order of priority:

1. Offsite, nearby residential smoke impact location: if the eight fixed stations are not
experiencing smoke impacts, then an additional offsite location will be given priority

2. Onsite smoke impact location: if the three on-base stations are not experiencing smoke
impacts, then an additional on-base location will be given priority

3. Offsite, further downwind residential smoke impact location: lowest priority.

Table 5 summarizes the number and location of the sampling locations, describes the sampling objectives,
and shows the COPCs that will be sampled at each location. Plate 3 shows the approximate location of
the sampling stations. These sampling locations were determined in consultation with the Army, USEPA,
DTSC, and the MBUAPCD in September 2002. These locations are expected to be representative of the
most likely smoke dispersal patterns under the burn prescription as determined by the Army’s burn
contractor. Smoke dispersion modeling currently being conducted by the MBUAPCD, if available, will
also be considered in identifying potential sampling locations. Any changes to the sampling locations
shown on Plate 3 will be documented in a Field Change Notification. Such changes may be warranted
based on modifications to the burn prescription or refinements to the sampling approach. The exact
coordinates of each sampling location used will be recorded using Global Positioning System (GPS)
technology.
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6.0 SAMPLING AND ANALYTICAL METHOD REQUIREMENTS

The proposed sampling program includes collecting the following types of samples for the COPCs as
summarized in Table 5:

* Baseline air samples conducted under similar meteorological conditions as defined in the burn
prescription. Baseline sampling may be conducted either before or several days after the burn.
(Note: Baseline air samples for energetic analytes were collected during the 2002 burn season and
will not be repeated in 2003 by mutual agreement with the regulatory agencies.)

*  Air samples during each day of active burning

*  Post-burn air samples on the day following the burn

* Duplicate (QC) air samples (one duplicate for each sampling method, per day)

Air samples will be collected at fifteen (15) locations during each of the baseline, burn day, and post burn
sampling events:

* two (2) fixed stations adjacent to the burn area

three (3) fixed on-base stations close to the burn area
* nine (9) fixed stations in surrounding residential communities
* one (1) mobile station.

Air samples for the COPCs will include both "real-time" samples using direct-reading instrumentation,
and “integrated” TWA samples where samples are collected on or in a specific media for subsequent
laboratory analysis. All TWA samples will be collected over the duration of active ignition during each
day of the prescribed burn event, beginning at the initiation of each day’s burn and terminating
approximately 8 to 10 hours later (baseline and post-burn samples for these methods will be collected
over a similar duration). Real-time, continuous air samples will be collected for selected vegetation-
related combustion compounds to indicate the presence or absence of smoke impacts at the sampling
locations. All samples will be collected at approximately two (2) meters above ground level (agl), which
is at or near human adult breathing zone and within the probe siting criteria recommended by the USEPA
(USEPA, 1987). USEPA guidance for spacing from obstructions will also be followed.

The air sampling and analytical methods that will be used in this investigation are summarized in Table 6
and described in the following sections. The analytical laboratories for this project will be
USACE-validated and State of California certified, as applicable. All TWA sample media will be
maintained under strict chain-of-custody (COC) control. Media will be uniquely identified and labeled,
and the time, location, and duration of exposure will be recorded on COC forms. All COC forms will be
completed and signed by the sampling technician before relinquishing the exposed media for shipment to
the analytical laboratory. Trip blanks will be handled identically to exposed media, and will be submitted
“blind” to the respective laboratory for analysis.

The sampling equipment proposed for the burn area and on-base sampling stations requires AC power to
operate. Commercial electrical power is not available at the two burn area sampling locations, and may
not be available at one or more of the three on-base sampling locations. Diesel generators will be used
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where commercial electrical power is not available. To minimize any cross-contamination of the air
samples from the diesel generator exhaust, a heavy-duty extension cord will be used to place the sampling
equipment approximately 100 away from the generator. The sampling equipment proposed for the
mobile station also requires AC power, which will be provided by a gasoline generator (also placed
approximately 100 feet away from the sampling equipment). The sampling equipment proposed for the
eight public sampling stations operates on batteries, so generator use is not necessary.

6.1 Energetic Analytes

Sampling Method

Air samples for energetic analytes will be collected via high-volume sampling system (e.g., GMW Model
PS-1 PUF Sampler or equivalent). The sampling system is diagrammed in Figure 2 of Reference 1,
USEPA Compendium Method TO-13A. The sampling procedure used for energetic compounds is the
same as for Polycyclic Aromatic Hydrocarbons (PAHs). Sampling media for energetic analytes is
polyurethane foam (PUF) cartridge that consists a quartz fiber particulate pre-filter followed by a sorbent
bed separated by PUF layers. The sorbent bed selected for energetic analytes is XAD-2 resin.

The air sampler will be operated at a rate of approximately 8 standard cubic feet per minute (scfm) (0.225
stdm3/min), with an acceptable flow rate range within 10% of this value. Total sample volume of
approximately 120 m’ will be obtained over an 8- to 10-hour period. The sampler will be located in an
unobstructed area, at least 2 meters from any obstacle to air flow. The exhaust hose will be stretched out
in the downwind direct to prevent recycling of air into the sample head. Sampling operations will follow
the procedure in Harding ESE, Inc. Standard Operating Procedure number HESE SOP102 that meets
requirements established in Reference 1, USEPA Compendium Method TO-13A.

A filled Chain-of-Custody with cartridge number, surrogate concentration, data of cartridge certification,
etc. will accompany the cartridge to the field and to the laboratory. After exposure, all samples will be
shipped in environmentally controlled containers and stored in a refrigerator at <4°C until analysis.

Analysis Method

Integrated air samples collected on PUF cartridges will be analyzed for the target list of energetic analytes
in Table 3 by using gas chromatography with electron capture detection (GC-ECD) in accordance with
Reference 2, USACHPPM Standing Operating Procedure number CAD 26.3. This method directs the
analysis of all listed energetic analytes by using GC-ECD. As PETN co-elutes with RDX on the
chromatographic columns, a separated run will be performed for PETN using the same analytical
procedures. The analysis is conducted using two chromatographic columns with dissimilar stationary
phases. The primary column is to quantitate all standards and samples. The confirmation column is to
confirm or quantitate those samples that have positive results on the primary column and/or where
interfering compounds co-elute with analytes on the primary column. The PQL for this method is
reported in the range of 1.3 to 3.6 microgram (lg) per sample, depending on the specific analyte. Sample
volumes determined from field records will be used to calculate concentrations in micrograms per cubic
meter (Ug/m?).

Performance Criteria and Quality Control

One field duplicate sample will be collected and analyzed per day of sampling, and field (trip) blanks will
be submitted on a frequency of 10% of total samples (the field blank cartridge and filter will be shipped to
the field and returned without drawing air through the sampler). Laboratory QA/QC samples, at a
minimum, will be performed at the frequency specified in the analytical method. Analytical parameters
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Sampling and Analytical Method Requirements

such as initial calibration and instrument conditions will be in compliance with the acceptance criteria as
specified in the analytical method.

References

1. USEPA Compendium of Methods for the Determination of Toxic Organic Compounds in Ambient
Air. Second Edition, Compendium Method TO-13A. Determination of Polycyclic Aromatic
Hydrocarbons (PAHs) in Ambient Air Using Gas Chromatography/Mass Spectrometry (GC/MS).
EPA/625/R-96/010b, Center for Environmental Research Information, Cincinnati, Ohio. January
1999.

2. US Army Center for Health Promotion and Preventive Medicine (USACHPPM) Standard Operating
Procedure CAD 26.3. Procedure for Analysis of Explosives in Ambient Air. September 2002.

3. Harding ESE Standard Operating Procedure for GMW Model PS-1 PUF Sampler. HESE SOP 102.
August 2002.

6.2 Particulate Metals

Sampling Method

Integrated TWA air samples for particulate metals will be accomplished using both low volume and high
volume sampling methods. At the two burn area sampling locations, total suspended particulate (TSP)
samples will be collected on quartz fiber filter media using volumetric-flow-controlled high-volume
samplers (e.g., GMW Model 2000H Sampler or equivalent). Flow control will be accomplished by a
system. Sampling operations will follow the procedure in Harding ESE, Inc. Standard Operating
Procedure number HESE SOP 103 that meets requirements established in Reference 1, USEPA
Compendium Method 10-2.1. At these same two sampling locations, PM;, samples will be collected on
quartz fiber filter media using volumetric-flow-controlled high-volume samplers with a size-selective
inlet (e.g., Anderson Model GUV-16H Sampler or equivalent). Sampling operations will follow the
procedure in Harding ESE, Inc. Standard Operating Procedure number HESE SOP 105 that meets
requirements established in Reference 1, USEPA Compendium Method 10-2.1. Both the TSP and PMy,
filters will be submitted for particulate metals analysis to establish a ratio between TSP metals and PM;,
metals. Particulate metals at all other sampling locations will be analyzed from PM, filter samples.

To maximize the flexibility of the sampling program, battery-operated low-volume sampling equipment
(e.g., Airmetrics MiniVol® Sampler or equivalent) will be used to collect filter samples for PM;,
particulate metals at the three on-base and nine public sampling locations, and at the one mobile station.
Samples will be collected using Teflon® filter media. Sampling operation will follow the Harding ESE,
Inc. Standard Operating Procedure number HESE SOP 104 that meets requirements established in
Reference 1, USEPA Compendium Method 10-2.1 (modified for low volume sampling).

Analysis Method

Integrated air samples collected on quartz fiber filter by high-volume samplers (both TSP and PM;,
filters), and integrated air samples collected on Teflon® filter media by low-volume samplers, will be
analyzed for the target list of particulate metals shown in Table 3 by Inductively Coupled Plasma
Spectroscopy (ICP) in accordance with Reference 2, USEPA Compendium Method 10-3.4. In ICP
analysis, the sample is excited using an argon plasma torch. When the excited atoms return to their
normal state, each element emits a characteristic wavelength of light. The wavelengths detected and their
intensities indicate the presence and amounts of particular elements. The PQL for this method is reported
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in the range of 0.0003 to 0.1 ng/m3, depending on the specific analyte. Sample volumes determined from
field records will be used to calculate concentrations in pPg/m’ for each metal.

Performance Criteria and Quality Control

One field duplicate sample will be collected and analyzed per day of sampling, and field (trip) blanks will
be submitted on a frequency of 10% of total samples (the field blank filter will be shipped to the field and
returned without drawing air through the sampler). Laboratory QA/QC samples, at a minimum, will be
performed at the frequency specified in the analytical method. Analytical parameters such as initial
calibration and instrument conditions will be in compliance with the acceptance criteria as specified in the
analytical method.

References

1. USEPA Compendium of Methods for the Determination of Inorganic Compounds in Ambient Air.
Compendium Method 10-2.1. Sampling of Ambient Air for Total Suspended Particulate Matter
(SPM) and PM,, Using High-Volume (HV) Sampler. EPA/625/R-96/010a, Center for Environmental
Research Information, Cincinnati, Ohio. January 1999.

2. USEPA Compendium of Methods for the Determination of Inorganic Compounds in Ambient Air.
Compendium Method 10-3.4. Determination of Metals in Ambient Particulate Matter Using
Inductively Coupled Plasma (ICP) Spectroscopy. EPA/625/R-96/010a, Center for Environmental
Research Information, Cincinnati, Ohio. June 1999.

3. Harding ESE Standard Operating Procedure for GMW Model 2000H Sampler. HESE SOP 103.
August 2002.

4. Harding ESE Standard Operating Procedure for MiniVol® Sampler. HESE SOP 104. August 2002.
6.3 Particulate Matter Less than 10 Microns (PM1o)

Sampling Method

Integrated TWA air samples for particulate matter less than 10 microns (PM;,) at the two burn area
sampling locations will be collected on quartz fiber filter media using volumetric-flow-controlled high-
volume samplers with a size-selective inlet (e.g., Anderson Model GUV-16H Sampler or equivalent).
Sampling operations will follow the procedure in Harding ESE, Inc. Standard Operating Procedure
number HESE SOP 105 that meets requirements established in Reference 1, USEPA Compendium
Method 10-2.1.

To maximize the flexibility of the sampling program, battery-operated low-volume sampling equipment
(e.g., Airmetrics MiniVol® Sampler or equivalent) will be used to collect filter samples for PM; at the
three on-base and nine public sampling locations, and at the one mobile station. Samples will be
collected using Teflon® filter media. Sampling operation will follow the Harding ESE, Inc. Standard
Operating Procedure number HESE SOP 104 that meets requirements established in Reference 1, USEPA
Compendium Method 10-2.1 (modified for low volume sampling).

Analysis Method

Filter mass concentration of both high-volume air samplers and low-volume air sampler will be
determined gravimetrically. Pre- and post-exposure filter weights will be assessed with a microbalance.
The total volume of air sampled, corrected to USEPA reference condition, is determined from the
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measured air flow rate and the sample time. The mass concentration of PM,, in the ambient air is
computed as the total mass of captured particles in the PM, size range divided by the volume of air
sampled, and is expressed in pg/m’. Filter weighing procedures will be conducted by an analytical
laboratory and will meet requirements specified in Reference 2, USEPA Compendium Method 10-3.1

Performance Criteria and Quality Control

One field duplicate sample will be collected and analyzed per day of sampling, and field (trip) blanks will
be submitted on a frequency of 10% of total samples (the field blank filter will be shipped to the field and
returned without drawing air through the sampler). Laboratory QA/QC samples, at a minimum, will be
performed at the frequency specified in the analytical method. Analytical parameters such as initial
calibration and instrument conditions will be in compliance with the acceptance criteria as specified in the
analytical method.

Measurement Using Real-time PM,, Monitor

Real-time monitoring for PM,, for smoke signature will be accomplished using MIE Personal
DataRAM™ 1000 direct reading aerosol monitors (or equivalent). The MIE DataRAM™ is a portable,
battery-operated instrument that can measure PM;, concentrations over a wide range from 0.0001 to 400
mg/m’. It has a built-in data logging capability that can store concentration data for later downloading
and analysis. Data will be recorded for both short-term (e.g., 1-minute) and TWA concentrations over the
burn event. The operation of real-time PM;, monitor will meet specification established in Reference 5,
Harding ESE, Inc. Standard Operating Procedure number HESE SOP 101.

At the end of each day’s sampling event, PM;, data collected using real-time instrumentation will be
downloaded to computer storage for QC and data analysis. No laboratory analyses are required for these
data.

References

1. USEPA Compendium of Methods for the Determination of Inorganic Compounds in Ambient Air.
Compendium Method 10-2.1. Sampling of Ambient Air for Total Suspended Particulate Matter
(SPM) and PM,( Using High-Volume (HV) Sampler. EPA/625/R-96/010a, Center for Environmental
Research Information, Cincinnati, Ohio. June 1999.

2. USEPA Compendium of Methods for the Determination of Inorganic Compounds in Ambient Air.
Compendium Method 10-3.1. Selection, Preparation and Extraction of Filter Material. EPA/625/R-
96/010a, Center for Environmental Research Information, Cincinnati, Ohio, June 1999.

3. Harding ESE, Inc. Standard Operating Procedure for Anderson Model GUV-16H PM;, Sampler.
HESE SOP 105. August 2002.

4. Harding ESE, Inc. Standard Operating Procedure for Airmetrics MiniVol® Sampler. HESE SOP
104. August 2002.

5. Harding ESE, Inc. Standard Operating Procedure for MIE Personal DataRAM™ 1000 Real-Time
PM,y Monitor. HESE SOP 101. August 2002.
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6.4 Carbon Monoxide/Carbon Dioxide (CO/CO2)

Measurement Using Real-Time CO/CQO, Monitor

Real-time concentrations of CO/CO, for smoke signature will be measured and recorded using TSI Model
8552/8554 Q-Trak™ Plus IAQ Monitor (or equivalent) direct-reading instruments. The TSI Model
8552/8554 Q-Trak™ Plus IAQ Monitor utilizes Non-Dispersive Infrared (NDIR) sensor for CO,
measurement and Electro-Chemical sensor for CO measurement. Concentrations measured by TSI Model
8552/8554 Q-Trak™ Plus IAQ Monitor have a wide range from 0 to 5000 ppm for CO, and from 0 to 500
for CO. It has a built-in data logging capability that can store concentration data for later downloading
and analysis. Data will be recorded for both short-term (e.g., 1-minute) and TWA concentrations over the
burn event. Operation of the real-time CO/CO, monitor will be in accordance with Reference 1, TSI
Operating and Service Manual for Model 8552/8554 Q-Trak™ Plus IAQ Monitor.

At the end of each day’s sampling event, CO/CO, data will be downloaded to computer storage for QC
and data analysis. No laboratory analyses are required for these data.

References

1. TSI Incorporated Operating and Service Manual for Model 8552/8554 Q-Trak TM Plus IAQ Monitor.
February 2002.

6.5 Aldehydes

Sampling Method

Air samples for aldehydes will be collected on sorbent sampling media via low-volume sampling pumps
(e.g., SKC Model PCXR4 or equivalent). The sampling system is diagrammed in Figure 3 of Reference
1, USEPA Compendium Method TO-11A. The sorbent tubes for aldehyde sampling will be
commercially prepared low-pressure drop DNPH (2,4-dinitrophenyhyrazine) impregnated cartridges.
Sampling operations will follow the procedure in Harding ESE, Inc. Standard Operating Procedure
number HESE SOP 106 that meets requirements established in Reference 1, USEPA Compendium
Method TO-11A.

Analysis Method

Integrated air samples collected on DNPH impregnated cartridges will be analyzed for the target list of
aldehydes in Table 3 by using high performance liquid chromatography (HPLC) in accordance with
Reference 1, USEPA Compendium Method TO-11A. The PQL will be determined using the procedures
in Section 13.5 of Reference 1. Sample volumes determined from field records will be used to calculate
aldehyde concentrations in pg/m”.

Performance Criteria and Quality Control

One field duplicate sample will be collected and analyzed per day of sampling, and field (trip) blanks will
be submitted on a frequency of 10% of total samples (the field blank sorbent cartridge will be shipped to
the field and returned without drawing air through the sampler). Laboratory QA/QC samples, at a
minimum, will be performed at the frequency specified in the analytical method. Analytical parameters
such as initial calibration and instrument conditions will be in compliance with the acceptance criteria as
specified in the analytical method.

Final

KB58837.DOC.FT. ORD MACTEC Engineering and Consulting, Inc. 22
July 8, 2003



Sampling and Analytical Method Requirements

References

1. USEPA Compendium of Methods for the Determination of Toxic Organic Compounds in Ambient
Air. Second Edition, Compendium Method TO-11A. Determination of Formaldehyde in Ambient Air
Using HPLC. EPA/625/R-96/010b, Center for Environmental Research Information, Cincinnati,
Ohio. January 1999.

2. Harding ESE, Inc. Standard Operating Procedure for SKC Model PCXR4 Air Sampling Pump
Sampler. HESE SOP 106. August 2002.

6.6 Acrolein

Sampling Method

Air samples for acrolein will be collected in 6-liter SUMMA canisters equipped with mass flow
controllers. The flow controllers will be pre-set for a 10-hour sample duration, such that the canisters will
be filled to about 80% (approximately 4.8 liters) of the total volume. Leaving a slight vacuum in each
canister will confirm that the sample was integrated over the intended sampling interval, and upon
canister receipt at the lab will provide assurance that the sample was not compromised during shipping.
The canisters will be secured at each sampling location such that the inlet will be approximately two
meters above ground level. Each canister will have a dedicated flow controller (i.e., each flow controller
will be used only once) to avoid any cross contamination between samples. Other aspects of the sampling
will be in accordance with Reference 1, USEPA Compendium Method TO-15.

Analysis Method

Air samples collected in SUMMA canisters will be analyzed for acrolein by using GC/MS full scan in
accordance with Reference 1, USEPA Compendium Method TO-15. The PQL for this method is reported
to be 0.92 pg/m’.

Performance Criteria and Quality Control

One field duplicate sample will be collected and analyzed per day of sampling, and field (trip) blanks will
be submitted on a frequency of 10% of total samples (the field blank will be a SUMMA canister shipped
to the field and returned without drawing air into the canister). Laboratory QA/QC samples, at a
minimum, will be performed at the frequency specified in the analytical method. Analytical parameters
such as initial calibration and instrument conditions will be in compliance with the acceptance criteria as
specified in the analytical method.

References

1. USEPA Compendium of Methods for the Determination of Toxic Organic Compounds in Ambient
Air, Second Edition, Compendium Method TO-15. Determination of Volatile Organic Compounds
(VOCs) In Air Collected In Specially-Prepared Canisters and Analyzed By Gas
Chromatography/Mass Spectrometry (GC/MS). EPA/625/R-96/010b. January 1999.
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6.7 Dioxins/Furans

Sampling Method

Air samples will be collected at the two burn area locations and at the mobile station for dioxins/furans
via high-volume sampling system (e.g., GMW Model PS-1 PUF Sampler or equivalent). The sampling
system will meet requirements established in Reference 1, USEPA Compendium Method TO-9A.
Sampling media for dioxins/furans is a polyurethane foam (PUF) cartridge that consists of a quartz fiber
particulate pre-filter followed by a PUF sorbent bed. The air sampler will be operated at a rate of
approximately 8 standard cubic feet per minute (scfm) (0.225 stdm3/min), with an acceptable flow rate
range within 10% of this value. Total sample volume of approximately 120 m® will be obtained over an
8- to 10-hour period. The sampler will be located in an unobstructed area, at least 2 meters from any
obstacle to air flow. The exhaust hose will be stretched out in the downwind direct to prevent recycling
of air into the sample head. Sampling operations will follow the procedure in Harding ESE, Inc. Standard
Operating Procedure number HESE SOP 102 that meets requirements established in Reference 1, USEPA
Compendium Method TO-9A.

Analysis Method

Integrated air samples collected on PUF cartridges will be analyzed for dioxins/furnas by using High
Resolution Gas Chromatograph-High Resolution Mass Spectrometer-Data System (HRGC-HRMS-DS) in
accordance with Reference 1, USEPA Compendium Method TO-9A. The PQL for this method is
reported in the range of 0.02 to 0.25 picograms per cubic meter (pg/m3), depending on the specific
analyte The PQL will be determined using the procedures in Section 14.5 of Reference 1, USEPA
Compendium Method TO-9A. Sample volumes determined from field records will be used to calculate
concentrations in pg/m’.

Performance Criteria and Quality Control

One field duplicate sample will be collected and analyzed per day of sampling, and field (trip) blanks will
be submitted on a frequency of 10% of total samples (the field blank filter and PUF cartridge will be
shipped to the field and returned without drawing air through the sampler). Laboratory QA/QC samples,
at a minimum, will be performed at the frequency specified in the analytical method. Analytical
parameters such as initial calibration and instrument conditions will be in compliance with the acceptance
criteria as specified in the analytical method.

References

1. USEPA Compendium of Methods for the Determination of Toxic Organic Compounds in Ambient
Air. Second Edition, Compendium Method TO-9A. Determination of Polychlorinated,
Polybrominated and Brominated/Chlorinated Dibenzo-p-Dioxins and Dibenzofurans in Ambient Air.
EPA/625/R-96/010b, Center for Environmental Research Information, Cincinnati, Ohio. January
1999.

2. Harding ESE, Inc. Standard Operating Procedure for GMW Model PS-1 PUF Sampler. HESE SOP
102. August 2002.
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6.8 Decontamination Procedures

Each air sample will be collected on individual sampling media specific to the analyte class being
investigated. Decontamination procedures will not be required because all sample tubing and pumps will
be downstream of the collection media.
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7.0 INVESTIGATION-DERIVED WASTE

Investigation-derived waste (IDW) consists of tools, personal protective equipment, soil cuttings, wash
water, and other disposable items that may have come into contact with site contaminants. IDW is not
expected as part of this investigation.
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8.0 QUALITY CONTROL

Contractor QC activities relative to the acquisition and reporting of chemical data are described in the
CDQMP (HLA, 1997a). The task managers for this project are described in Section 1.0 of this SAP. This
section describes the QC procedures specific to the prescribed burn air sampling.

8.1 Three-Phase Quality Control Process

The three-phase QC process, as described below, will be implemented for the ordnance and explosives
removal activities. Each phase of QC is important for obtaining a quality product. However, the
preparatory and initial inspections are particularly valuable in preventing problems. Production work is
not to be performed on a definable feature of work until a successful preparatory and initial phase
inspection have been completed.

During these inspections, the Project Manager will verify implementation of the requirements of this SAP
and the relevant requirements of the CDQMP.

8.1.1 Preparatory Phase Inspection

Before conducting a feature of work, the Project Manager shall check that technical requirements have
been planned for and that work prerequisites have been identified and met. The Project Manager’s
responsibility is to check that lessons learned during previous similar work have been incorporated as
appropriate into the project procedures to prevent recurrence of past problems. Minimum review criteria
for a preparatory phase inspection are contained in Table 2 of Part II of the CDQMP. Discrepancies
among existing conditions and approved plans/procedures are to be resolved, and completion of
corrective actions for unsatisfactory and nonconforming conditions identified during a preparatory
inspection is to be verified by the Project Manager or designee prior to granting approval to begin work.
In addition, the Project Chemist will hold a project kick-off meeting with each analytical laboratory to
discuss the SAP and the CDQMP requirements for this project. Results of this meeting will be
documented in the preparatory inspection checklist and reported to the USACE in a letter report.
Technical systems audits will be performed as needed to resolve discrepancies noted during the project
kickoff meetings. Laboratory kick off meetings and necessary technical systems audits will be completed
prior to the submittal of samples for analysis.

8.1.2 Initial Phase Inspection

The second QC phase consists of checks performed during the initial field activities. During the first full
day of field work, the Project Manager or designee will monitor the work and verify compliance with the
specifications and requirements of the contract, delivery order, and approved plan and procedures.
Minimum review criteria for the initial phase inspection are provided in Table 2 of Part II of the CDQMP.
The Project Manager is also responsible for verifying that a daily health and safety (H&S) inspection is
performed and documented as prescribed in the site safety and health plan (SSHP). The Project Manager
or designee is responsible for ensuring that discrepancies between site practices and approved
specifications are identified and resolved. Discrepancies between site practices and approved
plans/procedures are to be resolved and corrective actions for unsatisfactory and nonconforming
conditions or practices are to be verified by the Project Manager or designee prior to granting approval to
proceed. Client notification is required at least 72 hours in advance. Results will be summarized in the
daily QC report.

Final

KB58837.DOC.FT. ORD MACTEC Engineering and Consulting, Inc. 27
July 8, 2003



Quality Control

8.1.3 Follow-Up Phase Inspection

During each day of field activities, the Project Manager or designee is responsible for onsite monitoring
of the practices and operations taking place and verifying continued compliance with the specifications
and requirements of the contract, delivery order, and approved project plans and procedures. Minimum
review criteria for the follow-up phase inspections are provided in Table 2 of Part II of the CDQMP.
Discrepancies among site practices and approved plans/procedures are to be resolved and corrective
actions for unsatisfactory and nonconforming conditions or practices are to be verified by the Project
Manager or designee prior to granting approval to continue work. Follow-up inspection results will be
summarized in the daily QC report.

8.2 Additional Inspections

Additional inspections performed on the same definable feature of work may be required at the discretion
of the USACE or the Project Manager. Additional preparatory and initial inspections are generally
warranted under any of the following conditions: unsatisfactory work, as determined by program or
project management or USACE; changes in key personnel; resumption of work after a substantial period
of inactivity (e.g., 2 weeks or more); and changes to the project scope of work/specifications. Results are
to be summarized in the daily field report.

8.3 Completion/Acceptance Inspection

Upon conclusion of the feature of work and prior to close-out, a completion inspection is to be performed
to verify that project requirements relevant to the particular feature of work are satisfied. Outstanding and
nonconforming items are to be identified. As each item is resolved, it is to be so noted on the checklist.
Client acceptance and close-out of each definable feature of work is a prerequisite to project close-out.

8.4 Nonroutine Occurrences

Implementation of three-phase QC activities may not prevent all potential occurrences that impact the
project performance. Nonroutine occurrences are project-related events or activities that significantly
impact the cost of work, schedule of work, quality of work, and quality of environmental analytical data.
In the event that nonroutine events occur, MACTEC will send a written report to the USACE within

48 hours of occurrence of the event.

8.5 Deliverables

USACE analytical data reporting and deliverable requirements are specified in the CDQMP and will be
followed for this project. Specifically, the following deliverables will be prepared:

* Daily QC reports, compiled weekly
*  Comprehensive certificate of analysis.
8.6 Data Validation

Data validation procedures and reporting requirements are described in detail in the CDQMP (HLA,
1997a). The Project Chemist will be responsible for coordinating data validation efforts.
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Table 1a. POLU13L-Predicted Total Emissions (pounds)

For a 1,000-Acre Prescribed Burn

Prescribed Burn Air Sampling and Analysis Plan

Former Fort Ord, California

Pollutant Species Octol Comp B
(2,500 Ibs. NEW) (6,450 Ibs. NEW)

CO 369.9 1,256.5
N, 18,566.2 47,714.4
CO, 1,961.9 5,799.0
H,0 580.1 1,453.0
H, 35.2 95.5
N,0Os <0.1 0.1
0O, 3,891.8 9,534.3
NO <0.1 0.1
CH,4 27.6 61.3
NH; 0.1 0.3
C (particulate) 112.0 439.1

Table 1b. BangBox-Predicted Total Emissions (pounds)

For a 1,000-Acre Prescribed Burn

Prescribed Burn Air Sampling and Analysis Plan

Former Fort Ord, California

Pollutant Species Octol Comp B
(2,500 Ibs. NEW) (6,450 Ibs. NEW)

CO 50.0 129.0

NO, 333 64.5

PM;y 500.0 1,290.0

Aromatic VOCs 2.5 E-02 6.4 E-02
RDX 2.5E-01 6.4 E-01
HMX 2.5E-01 6.4 E-01
Diethylphthalate* 2.5 E-02 6.4 E-02
OCDD (a dioxin isomer)* 2.5 E-06 6.4 E-06

* These pollutant species were observed only with a limited type of OE item (see text).
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Table 2. ISCST3 Model Concentrations of OE Emissions
Compared to Regulatory Screening Levels
Ranges 43 through 48
Former Fort Ord, California

Air Emissions (Ibs) Modeled Max 1-Hr Air Screening Air Concentration
Air from Ordnance Air Concentration ' Level as a % of the Screening Level
Contaminant Detonation (ug/m®) (ug/m®) Screening Level ® Reference
Combustion Carbon Monoxide 1.01E+01 7.87E-02 2.30E+04 0.0003% California AAQS °
Products Carbon Dioxide 2.98E+02 2.31E+00 2.14E+04 0.0108% MBUAPCD Rule 1000
and VOCs: Nitrogen Oxides (as NO,) 3.33E+00 2.59E-02 4.70E+02 0.0055% California AAQS
Non-Methane Hydrocarbons 3.20E-01 2.49E-03 N/AT N/A N/A
Particulate Matter < 10 microns 5.82E+01 4.52E-01 5.00E+01 0.9042% California AAQS
1,3-Butadiene 1.86E-03 1.44E-05 5.24E+00 0.0003% MBUAPCD Rule 1000
n-Hexane 1.07E-03 8.30E-06 4.29E+02 0.0000% MBUAPCD Rule 1000
Methyl Chloride 6.96E-04 5.41E-06 2.50E+02 0.0000% MBUAPCD Rule 1000
Benzene 2.25E-02 1.74E-04 1.30E+03 0.0000% OEHHA Acute REL
Carbon Tetrachloride 4.78E-04 3.71E-06 1.90E+03 0.0000% OEHHA Acute REL
Methylene Chloride 5.90E-02 4.58E-04 1.40E+04 0.0000% OEHHA Acute REL
Tetrachloroethylene 2.25E-03 1.75E-05 2.00E+04 0.0000% OEHHA Acute REL
Toluene 8.24E-03 6.41E-05 3.70E+04 0.0000% OEHHA Acute REL
Vinyl Chloride 1.31E-03 1.02E-05 1.80E+05 0.0000% OEHHA Acute REL 2
Dioxin/Furan TEQ 4.23E-07 3.29E-09 4.48E-08 7.3357% EPA Region 9 PRG *
Energetics: RDX 3.85E-02 2.99E-04 3.57E+00 0.0084% MBUAPCD Rule 1000 °
HMX 5.89E-04 4.58E-06 1.80E+02 0.0000% EPA Region 9 PRG *
PETN 1.60E-04 1.24E-06 1.19E+00 ° 0.0000% MBUAPCD Rule 1000
TNT 4.40E-05 3.42E-07 1.19E+00 0.0000% MBUAPCD Rule 1000
Metals: Aluminum 1.05E+02 8.18E-01 2.38E+01 3.4355% MBUAPCD Rule 1000
Antimony 1.24E-01 9.67E-04 1.19E+00 0.0812% MBUAPCD Rule 1000
Barium 4.14E+00 3.22E-02 1.19E+00 2.7046% MBUAPCD Rule 1000
Beryllium 9.56E-03 7.43E-05 4.76E-03 1.5602% MBUAPCD Rule 1000
Cadmium 3.96E-01 3.08E-03 1.19E-02 25.8587% MBUAPCD Rule 1000
Chromium (total) 4.73E-01 3.68E-03 1.19E+00 0.0043% MBUAPCD Rule 1000
Cobalt 2.62E-03 2.04E-05 4.70E-02 0.0171% MBUAPCD Rule 1000
Copper 4.34E+00 3.37E-02 1.00E+02 0.0337% OEHHA Acute REL
Lead 1.69E+00 1.31E-02 1.50E+00 0.8730% California AAQS
Manganese 1.21E-01 9.41E-04 4.70E-01 0.2002% MBUAPCD Rule 1000
Mercury 7.65E-03 5.94E-05 1.80E+00 0.0033% OEHHA Acute REL
Molybdenum 4.62E-04 3.59E-06 2.38E+01 0.0000% MBUAPCD Rule 1000
Nickel 2.54E-01 1.98E-03 6.00E+00 0.0329% OEHHA Acute REL
Zinc 2.95E+01 2.29E-01 1.19E+01 1.9277% MBUAPCD Rule 1000

Source: Technical Memorandum, Air Emissions from Incidental Ordnance Detonation During a Prescribed Burn on Ranges 43 through 48, Former
Fort Ord, California (Harding ESE, 2001)

' Maximum 1-hour average air concentrations were modeled with the ISCST3 dispersion model using 5 years of meteorological data

from the Monterey Peninsula. The model predicted that maximum concentrations would occur 3,285 meters from the burn area.
2 Office of Environmental Health Hazard Assessment Acute Reference Exposure Levels (http://www.oehha.ca.gov/air/acute_rels/allAcRELs.html)
3 Monterey Bay Unified Air Pollution Control District Rule 1000 (screening values shown are 1/420th of the OSHA Permissible Exposure Limit)

*U.S. Environmental Protection Agency, Region 9, Preliminary Remediation Goals (these are chronic screening values; acute screening values are
not available for these chemicals)

SA chemical-specific screening level does not exist for PETN, so the most restrictive screening level from the other energetic compounds (TNT) was used.
® California Ambient Air Quality Standard
" No screening level exists for this general class of hydrocarbons. Refer to the specific listed VOCs for screening level comparisons.

8 (Modeled Air Concentration) / (Screening Level) * 100%. Values less than 100% indicate that the screening level will not be reached or exeeded, and
adverse health effects are unlikely.
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Table 3. Target Analytes for Investigation of
Air Pollutant Emissions from Prescribed Burns
Prescribed Burn Air Sampling and Analysis Plan
Former Fort Ord, California

Analyte Class |

Analyte

Rationale

Vegetation-Related Combustion Compounds

Gaseous Species

Carbon Monoxide (CO) and
Carbon Dioxide (CO,)

CO/CO, are the combustion species produced in the
greatest amounts from vegetation burning. CO/CO,
data will indicate the presence or absence of smoke
impacts at the sampling locations.

Particulate Matter

Particulate Matter less than 10
microns (PM;)

PM,y may also be produced in large amounts from
vegetation burning. PM,data will provide a relative
indication of smoke impact at the sampling locations.

Aldehydes Formaldehyde, Acetaldehyde, Aldehydes are commonly associated with acute eye and
Acrolein, and Total Aldehydes respiratory system irritation in smoke-impacted areas.
OE-Related Combustion Species
Energetic HMX Energetic materials and their likely breakdown products
Analytes Nitrobenzene are not produced by vegetation burning. Consequently,
RDX if present in the smoke plume, their concentrations can
PETN be directly attributed to OE emissions.
1,3 Dinitrobenzene
1,3,5 Trinitrobenzene
2,4 Dinitrotoluene
2,4,6 Trinitrotoluene
2,6 Dinitrotoluene
Particulate Aluminum Particulate metals may be produced both from OE
Metals Antimony detonation and from vegetation burning, so their
Barium presence in smoke is not necessarily a positive signature
Beryllium of emissions from OE. Measurement of particulate
Cadmium metals is included here nonetheless because of the
Chromium (total) uncertainty in the metal emission factors for OE. The
Cobalt presence of any metal above its regulatory screening
Copper level will require further investigation to assess the
Lead possible contribution from OE.
Manganese
Mercury
Molybdenum
Nickel
Zinc
Dioxins and Furans Total Dioxin and Furan Toxicity | Dioxins and furans may be produced both from OE
Equivalent (TEQ) detonation and from vegetation burning, so their

presence in smoke is not necessarily a positive signature
of emissions from OE. Measurement of dioxins and
furans is included here nonetheless because of the
uncertainty in the emission factors for OE. The
presence of dioxins and furans above a regulatory
screening level will require further investigation to
assess the possible contribution from OE.
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Table 4. Screening Levels for the Target Analytes
Prescribed Burn Air Sampling and Analysis Plan
Former Fort Ord, California

Analyte Class Analyte Air Screening Level Screening Level
(Lg/m’) Reference
Vegetation-Related Combustion Compounds
Gaseous Species gzggg I\D/Ii(():;(i)()i(éd(ec (gzc))) and N/A N/A
Particulate Matter Pgrticulate Matter less than 10 50 (24-hour) California AAQS '
microns (PM;,)
Aldehydes Formaldehyde 94 (1-hour) OEHHA Acute REL *
Acetaldehyde 9 (long term) OEHHA Chronic REL *
Acrolein 0.19 (1-hour) OEHHA Acute REL
OE-Related Combustion Species
Energetic HMX 180 (long term) EPA Region 9 PRG *
Analytes Nitrobenzene 2.10 (1-hour) EPA Region 9 PRG
RDX 3.57 (1-hour) MBUAPCD Rule 1000 °
PETN 119  (I1-hour)® | MBUAPCD Rule 1000
1,3 Dinitrobenzene 0.37 (1-hour) EPA Region 9 PRG
1,3,5 Trinitrobenzene 110 (long term) EPA Region 9 PRG
2,4 Dinitrotoluene 7.30 (1-hour) EPA Region 9 PRG
2,4,6 Trinitrotoluene 1.19 (1-hour) MBUAPCD Rule 1000
2,6 Dinitrotoluene 3.70 (1-hour) EPA Region PRG
Particulate Aluminum 23.8 (1-hour) MBUAPCD Rule 1000
Metals Antimony 119 (1-hour) MBUAPCD Rule 1000
Barium 1.19 (1-hour) MBUAPCD Rule 1000
Beryllium 0.0047  (1-hour) MBUAPCD Rule 1000
Cadmium 0.0119 (1-hour) MBUAPCD Rule 1000
Chromium (total) 1.19 (1-hour) MBUAPCD Rule 1000
Cobalt 0.047  (1-hour) MBUAPCD Rule 1000
Copper 100 (1-hour) OEHHA Acute REL
Lead 1.5 (3-month) California AAQS
Manganese 0.47 (1-hour) MBUAPCD Rule 1000
Mercury 1.8 (1-hour) OEHHA Acute REL
Molybdenum 23.8 (1-hour) MBUAPCD Rule 1000
Nickel 6 (1-hour) OEHHA Acute REL
Zinc 11.9 (1-hour) MBUAPCD Rule 1000
Dioxins and Furans Eg;aﬁ/];g:a?gfuran Toxicity 4.0E-05 (long term) OFHHA Chronic REL

California Ambient Air Quality Standard

Office of Environmental Health Hazard Assessment Acute Reference Exposure Levels
(http://www.oehha.ca.gov/air/acute_rels/allAcRELs.html)

Office of Environmental Health Hazard Assessment Chronic Reference Exposure Levels
(http://www.oehha.ca.gov/air/chronis_rels/allChRELs.html)

U.S. Environmental Protection Agency, Region 9, Preliminary Remediation Goals

Monterey Bay Unified Air Pollution Control District Rule 1000 (screening values shown are 1/420th of the OSHA Permissible
Exposure Limit)

A chemical-specific screening level does not exist for PETN, so the most restrictive acute screening level from the other
energetic compounds (TNT) was used.
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Table 5. Summary of Sampling Locations and Rationale
Prescribed Burn Air Sampling and Analysis Plan
Former Fort Ord, California

Location

Number

Station
Designation *

Sampling Objective

COPC:s to be Sampled

Energetics

Metals

PM,,

TSP | PM,,

HV | LV

RT

CO/CO,

Acrolein &
Aldehydes

Dioxins /
Furans

Burn Area

BAI, BA2

The Burn Area stations will be co-located with
the existing meteorological monitoring stations
operated by Fire Stop at Ranges 43 and 46. The
objective is to collect samples in an area that
receives substantial smoke impact as close to the
burn polygon as possible.

v

v i v

v

v

v

v

On Base

OB1, OB2,
OB3

The On Base stations will be located in areas
near the burn polygon where smoke impacts
may be observed. The objective is to collect
samples from the smoke as it begins to disperse
downwind.

Public Areas

PSI, PS2, PS3,
PS4, PS5, PS6,
PS7, PS8, PS9

The Public Area stations will be located in the
communities surrounding Fort Ord. The
objective is to characterize selected constituents
of smoke in areas where public exposure may
occur.

2

Mobile
Station

MS1

The Mobile Station will be deployed on the day
of the prescribed burn after the smoke dispersion
pattern is observed. The objective is to locate in
an area of observed smoke impact, either on
base or in a public area, that may not be
adequately characterized by the fixed stations
described above.

*Locations for the fixed sampling stations are shown on Plate 3.

TSP - Total Suspended Particulates
PM,, - Particulate Matter less than 10 microns in diameter
HV - High Volume Sampling
LV - Low Volume Sampling
RT - Real Time Sampling

CO/CO, - Carbon Monoxide/Carbon Dioxide
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Table 6. Summary of Sampling and Analytical Methods and QA/QC Requirements
Prescribed Burn Air Sampling and Analysis Plan
Former Fort Ord, California

Quality Assurance / Quality Control

Pollutant Sampling Equipment Sampling Method Analytical Method Field Duplicates Field Blanks Lab QA/QC
Energetic High Volume PUF Sampler USEPA Compendium Method | USACHPPM Laboratory
Compounds equipped with quartz fiber TO-13A SOP CAD 26-2 One per day of
particulate filter and XAD-2 resin sampling 10% See Note 1.
packed cartridge
(GMW PS-1 Sampler)
Particulate Metals High Volume TSP Sampler USEPA Compendium Method | USEPA Compendium One per day of
equipped with quartz fiber filter 10-2.1, modified for less than | Method 10-3.4 (ICP) i 10% See Note 1.
(GMW 2000H Sampler) 24 hour sampling sampling
Low Volume PM,, Sampler with USEPA Compendium Method | USEPA Compendium
Size-Selective Inlet equipped with | I0-2.1, modified for low Method 10-3.4 (ICP) One per day of
. 10% See Note 1.
Teflon filter volume and less than 24 hour sampling
(Airmetrics MiniVol) sampling
High Volume Sampler with Size- USEPA Compendium Method | USEPA Compendium
Selective Inlet equipped PM |, with | I0-2.1, modified for less than | Method 10-3.4 (ICP) One per day of
. . 10% See Note 1.
quartz fiber filter 24 hour sampling sampling
(Anderson GUV-16H Sampler)
Particulate Matter High Volume Sampler with Size- USEPA Compendium Method | USEPA Compendium
< 10 microns Selective Inlet equipped with [0-2.1, modified for less than | Method 10-3.1 One per day of 10% See Note 1
(PMyy) quartz fiber filter 24 hour sampling sampling ’
(Anderson GUV-16H Sampler)
Low Volume Sampler with Size- USEPA Compendium Method | USEPA Compendium
Selective Inlet equipped with 10-2.1, modified for low Method 10-3.1 One per day of 10% See Note 1
Teflon filter volume and less than 24 hour sampling ’
(Airmetrics MiniVol) sampling
Real-Time Aerosol Monitor with Harding ESE, Inc. Standard
Size-Selective Inlet Operating Procedure HESE N/A N/A N/A N/A
(MIE DataRAM 1000) SOP-101
Carbon Monoxide / | Real-Time Monitor TSI Operations Manual
Carbon Dioxide (TSI Q-Trak 8552) N/A N/A N/A N/A
(CO/COy)
Aldehydes Low Volume Sample Pump with USEPA Compendium Method | USEPA Compendium One per day of
DNPH-impregnated Sorbent Tube TO-11A Method TO-11A sampling 10% See Note 1.
(SKC PCXR4 Pump)
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Table 6. Summary of Sampling and Analytical Methods and QA/QC Requirements
Prescribed Burn Air Sampling and Analysis Plan
Former Fort Ord, California

Quality Assurance / Quality Control

Pollutant Sampling Equipment Sampling Method Analytical Method Field Duplicates Field Blanks Lab QA/QC
Aerolein SUMMA Canisters with 10-hour USEPA Compendium Method | USEPA Compendium One per day of
mass flow controller TO-15 Method TO-15 with per day o 10% See Note 1.
GC/MS Full Scan sampling
Dioxins/Furans High Volume PUF Sampler USEPA Compendium Method | USEPA Compendium
equipped with quartz fiber TO-9A Method TO-9A One per day of
particulate filter and PUF packed sampling 10% See Note 1.

cartridge
(GMW PS-1 Sampler)

Note 1: Laboratory QA/QC samples, at a minimum, will be performed at the frequency specified in the analytical method. Analytical parameters such as initial calibrations and
instrument conditions will be in compliance with the acceptance criteria as specified in the analytical method.
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Chapter 10-2
Integrated Sampling of Suspended
Particulate Matter (SPM)

Method 10-2.1
SAMPLING OF AMBIENT AIR FOR TOTAL SUSPENDED PARTICULATE
MATTER (SPM) AND PM,, USING HIGH VOLUME (HV) SAMPLER

1. Scope

1.1 Suspended particulate matter (SPM) in air generally is a complex, multi-phase system of all airborne
solid and low vapor pressure liquid particles having aerodynamic particle sizes from below 0.01-100 um and
larger. Historically, SPM measurement has concentrated on total suspended particulates (TSP), with no
preference to size selection.

1.2 The U. S. Environmental Protection Agency (EPA) reference method for TSP is codified at 40 CFR 50,
Appendix B. This method uses a high-volume sampler to collect particles with aerodynamic diameters of
approximately 100 um or less. The high-volume samples 40-60 ft3/min of air with the sampling rate held
constant over the sampling period. The high-volume design causes the TSP to be deposited uniformly across
the surface of a filter located downstream of the sampler inlet. The TSP high-volume can be used to
determine the average ambient TSP concentration over the sampling period, and the collected material
subsequently can be analyzed to determine the identity and quantity of inorganic metals present in the TSP.

1.3 Research on the health effects of TSP in ambient air has focused increasingly on particles that can be
inhaled into the respiratory system, i.e., particles of aerodynamic diameter less than 10 um. The health
community generally recognizes that these particles may cause significant adverse health effects. Recent
studies involving particle transport and transformation strongly suggest that atmospheric particles commonly
occur in two distinct modes: the fine (<2.5 um) mode and the coarse (2.5-10.0 um) mode. The fine or
accumulation mode (also termed the respirable particulate matter) is attributed to growth of particles from
the gas phase and subsequent agglomeration, while the coarse mode is made of mechanically abraded or
ground particles. Particles that have grown from the gas phase (either because of condensation,
transformation, or combustion) occur initially as very fine nuclei--0.05 um. These particles tend to grow
rapidly to accumulation mode particles around 0.5 um which are relatively stable in the air. Because of their
initially gaseous origin, particle sizes in this range include inorganic ions such as sulfate, nitrate, ammonia,
combustion-form carbon, organic aerosols, metals, and other combustion products. Coarse particles, on the
other hand, are produced mainly by mechanical forces such as crushing and abrasion. Coarse particles,
therefore, normally consist of finely divided minerals such as oxides of aluminum, silicon, iron, calcium, and
potassium. Coarse particles of soil or dust mostly result from entrainment by the motion of air or from other
mechanical action within their area. Since the size of these particles is normally = 2.5 um, their retention
time in the air parcel is shorter than the fine particle fraction.

1.4 OnJuly 1, 1987, the U. S. Environmental Protection Agency (EPA) promulgated a new size-specific air
quality standard for ambient particulate matter. This new primary standard applies only to particles with
aerodynamic diameters #10 micrometers (PM,o) and replaces the original standard for TSP. To measure
concentrations of these particles, the EPA also promulgated a new federal reference method (FRM). This
method is based on the separation and removal of non-PM,, particles from an air sample, followed by
filtration and gravimetric analysis of PM,, mass on the filter substrate.
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1.5 The new primary standard (adopted to protect human health) limits PM,, concentrations to 150 pg/std.
m? averaged over a 24-h period. These smaller particles are able to reach the lower regions of the human
respiratory tract and, therefore, are responsible for most of the adverse health effects associated with
suspended particulate pollution. The secondary standard, used to assess the impact of pollution on public
welfare, has also been established at 150 pg/std. m®.

1.6 Ambient air SPM measurements are used (among other purposes) to determine whether defined
geographical areas are in attainment or non-attainment with the national ambient air quality standards
(NAAQS) for PM,,. These measurements are obtained by the States in their State and local air monitoring
station (SLAMS) networks as required under 40 CFR Part 58. Further, Appendix C of Part 58 requires that
the ambient air monitoring methods used in these EPA-required SLAMS networks must be methods that have
been designated by the EPA as either reference or equivalent methods.

1.7 Monitoring methods for particulate matter are designated by the EPA as reference or equivalent methods
under the provisions of 40 CFR Part 53, which was amended in 1987 to add specific requirements for PM,,
methods. Part 53 sets forth functional specifications and other requirements that reference and equivalent
methods for each criteria pollutant must meet and explicit test procedures by which candidate methods or
samplers are to be tested against those specifications. General requirements and provisions for reference and
equivalent methods are also given in Part 53, as are the requirements for submitting an application to the EPA
for a reference or equivalent method determination.

1.8 Several methods are available for measuring SPM in ambient air. As mentioned earlier, the most
commonly used device is the high-volume sampler, which consists essentially of a blower and a filter, and
which is usually operated in a standard shelter to collect a 24-h sample. The sample is weighed to determine
concentration and may be analyzed chemically. The high volume sampler is considered a reliable instrument
for measuring the mass concentration of TSP in ambient air. When EPA first regulated TSP, the NAAQS
was stated in terms of SPM captured on a filter with aerodynamic particle size of <<100 um as defined by
the TSP sampler; therefore, the TSP sampler was used as the reference method.

1.9 Under Part 53 requirements, reference methods for PM,, must be shown to use the measurement
principle and meet other specifications set forth in 40 CFR 50, Appendix J. They must also include a PM,,
sampler that meets the requirements specified in Subpart D of 40 CFR 53. Appendix J specifies a
measurement principle based on extracting an air sample from the atmosphere with a powered sampler that
incorporates the inertial separation of PM,, size range particles followed by the collection of PM,, particles
on a filter over a 24 h period. The average PM,, concentration for the sample period is determined by
dividing the net weight gain of the filter over the sample period by the total volume of air sampled, corrected
to EPA's standard temperature (25EC) and standard pressure (760 mm Hg). Other specifications for flow
rate control and measurement, flow rate measurement device calibration, filter media characteristics and
performance, filter conditioning before and after sampling, filter weighing, sampler operation, and correction
of sample volume to EPA reference temperature and pressure are prescribed in Appendix J. In addition,
sampler performance requirements in Subpart D of Part 53 include sampling effectiveness (the accuracy of
the PM,, particle size separation capability) at each of the three wind speeds and at "50% cutpoint” (the
primary measure of 10-um particle size separation). Field tests for sampling precision and flow rate stability
are also specified. In spite of the instrumental nature of the sampler, this method is basically a manual
procedure, and all designated reference methods for PM,, are therefore defined as manual methods.
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1.10 This document describes the procedures for sampling SPM in ambient air for both TSP and PM,, based
upon active sampling using a high volume air sampler. The ambient particles are collected on quartz fiber
filters. The sampler collects TSP or PM,, ambient particles depending upon the type of inlet selected.

2. Applicable Documents
2.1 ASTM Documents

« D4096 Application of the High Volume Sample Method for Collection and Mass Determination of
Airborne Particulate Matter.

« D1356 Definition of Terms Related to Atmospheric Sampling and Analysis.

e D1357 Practice for Planning the Sampling of the Ambient Atmosphere.

« D2986 Method for Evaluation of Air Assay Media by the Monodisperse DOP (Dioctyl Phthalate) Smoke
Test.

2.2 Other Documents

e U. S. Environmental Protection Agency, Quality Assurance Handbook for Air Pollution Measurement
Systems, Volume I: A Field Guide for Environmental Quality Assurance, EPA/600/R-94/038a.

e U. S. Environmental Protection Agency, Quality Assurance Handbook for Air Pollution Measurement
Systems, Volume I1: Ambient Air Specific Methods (Interim Edition), EPA/600/R-94/038b.

« Reference Method for the Determination of Particulate Matter in the Atmosphere, 40 CFR 50, Appendix
J.

« Reference Method for the Determination of Suspended Particulates in the Atmosphere (High Volume
Method), 40 CFR 50, Appendix B.

« Reference Method for the Determination of Lead in Suspended Particulate Matter Collected from
Ambient Air, 40 CRF 50, Appendix G.

« Reference Method for this Determination of Suspended Particulates in the Atmosphere (PM,, Method),
40 CFR 50, Appendix J.

3. Summary of Method

3.1 The sampling of a large volume of atmosphere, 1,600-2,400 m*(57,000-86,000 ft%), with a high-volume
blower, typically at a rate of 1.13-1.70 m*min (40-60 ft*/min), is described in this method. The calibration
and operation of typical equipment used in this sampling is also described.

3.2 Air is drawn into the sampler and through a glass fiber or quartz filter by means of a blower, so that
particulate material collects on the filter surface. Without a 10 um size-selective inlet, particles of 100 um
size and less enter the sampling inlet and are collected on the downstream filter. The collection efficiencies
for particles larger than 20 um decreases with increasing particle size, and it varies widely with the angle of
the wind with respect to the roof ridge of the sampler shelter. When glass fiber filters are used, particles
100-0.1 um or less in diameters are ordinarily collected. With a size-select inlet, particles 10 um diameter
or less are collected on the quartz filter.
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3.3 The upper limit of mass loading is determined by plugging the filter medium with sample material, which
causes a significant decrease in flow rate. For very dusty atmospheres, shorter sampling periods will be
necessary.

3.4 The volume of air sampled is determined by a flow-rate indicator. The instrument flow-rate indicator
is calibrated against a reference orifice meter. The latter is a working standard which, in turn, has been
calibrated against a master flow meter certified by the National Institute of Standards and Technology (NIST).

3.5 Airborne particulate matter retained on the filter may be examined or analyzed chemically by a variety
of methods (ICP, ICP/MS, AA, GFAA, and NAA) as delineated in Inorganic Compendium Methods 10-3.2
through 10-3.7.

4. Significance

4.1 The area of toxic air pollutants has been the subject of interest and concern for many years. Recently
the use of receptor models has resolved the elemental composition of atmospheric aerosol into components
related to emission sources. The assessment of human health impacts resulting in major decisions on control
actions by federal, state and local governments is based on these data. Accurate measures of toxic air
pollutants at trace levels is essential to proper assessments.

4.2 The high volume sampler is commonly used to collect the airborne particulate component of the
atmosphere. A variety of options available for the sampler provides broad versatility and allows the user to
develop information about the size and quantity of airborne particulate material and, using subsequent
chemical analytical techniques, information about the chemical properties of the particulate matter. The
advent of inductively coupled plasma spectroscopy has improved the speed and performance of metals
analysis in many applications.

5. Definitions

[Note: Definitions used in this document are consistent with those used in ASTM Methods. All pertinent
abbreviations and symbols are defined within this document at point of use.]

5.1 High-VolumeAir Sampler (HV). A device for sampling large volumes of an atmosphere for collecting
the contained particulate matter by filtration. Consists of a high-capacity blower, a filter to collect suspended
particles, and a means for measuring the flow rate.

5.2 Working Flow-Rate Standard. A flow-rate measuring device, such as a standard orifice meter, that
has been calibrated against a master flow-rate standard. The working flow-rate standard is used to calibrate
a flow measuring or flow rate indicating instrument.

5.3 Master Flow-Rate Standard. A flow-rate measuring device, such as a standard orifice meter, that has
been calibrated against a primary standard.

5.4 Primary Flow-Rate Standard. A device or means of measuring flow rate based on direct primary
observations such as time and physical dimensions.
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5.5 Spirometer. A displacement gasometer consisting of an inverted bell resting upon or sealed by liquid
(or other means) and capable of showing the amount of gas added to or withdrawn from the bell by the
displacement (rise or fall) of the bell.

5.6 Absolute Filter. A filter or filter medium of ultra-high collection efficiency for very small particles
(submicrometer size) so that essentially all particles of interest or of concern are collected. Commonly, the
efficiency is 99.95% or higher for a standard aerosol of 0.3 um diameter.

5.7 Calibration. The process of comparing a standard or instrument with one of greater accuracy (small
uncertainty) to obtain quantitative estimates of the actual values of the standard being calibrated, the deviation
of the actual value from a nominal value, or the difference between the value indicated by an instrument and
the actual value.

5.8 Differential Pressure Meter. Any flow measuring device that operates by restricting air flow and
measuring the pressure drop across the restriction.

5.9 Emissions. The total of substances discharged into the air from a stack, vent, or other discrete source.

5.10 Flowmeter. An instrument for measuring the rate of flow of a fluid moving through a pipe or duct
system. The instrument is calibrated to give volume or mass rate of flow.

5.11 Impaction. A forcible contact of particles of matter. A term often used synonymously with
impingement.

5.12 Impactor. A sampling device that employs the principle of impaction (impingement).
5.13 Impingement. The act of bringing matter forcibly in contact. As used in air sampling, refers to a
process for the collection of particulate matter in which the gas being sampled is directed forcibly against a

surface.

5.14 InhalableParticles. Particles with aerodynamic diameters of <<10 um that are capable of being inhaled
into the human lung.

5.15 Interference. An undesired positive or negative output caused by a substance other than the one being
measured.

5.16 MassFlowmeter. Device that measures the mass flow rate of air passing a point, usually using the rate
of cooling or heat transfer from a heated probe.

5.17 Matter. The substance of which a physical object is composed.
5.18 Orifice Meter. A flowmeter, employing as the measure of flow rate the difference between the
pressures measured on the upstream and downstream sides of the orifice (that is, the pressure differential

across the orifice) in the conveying pipe or duct.

5.19 Aerodynamic Diameter (a.d.). The diameter of a unit density sphere having the same terminal settling
velocity as the particle in question. Operationally, the size of a particle as measured by an inertial device.
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5.20 Particle. A small discrete mass of solid or liquid matter.
5.21 Particulate. Solids of liquids existing in the form of separate particles.

5.22 Precision. The degree of mutual agreement between individual measurements, namely repeatability
and reproducibility.

5.23 Pressure Gage. The difference in pressure existing within a system and that of the atmosphere. Zero
gage pressure is equal to atmospheric pressure.

5.24 Rotameter. A device, based on the principle of Stoke's law, for measuring rate of fluid flow. It
consists of a tapered vertical tube having a circular cross section, and containing a flow that is free to move
in a vertical path to a height dependent upon the rate of fluid flow upward through the tube.

5.25 Sampling. A process consisting of the withdrawal or isolation of a fractional part of a whole. In air
or gas analysis, the separation of a portion of an ambient atmosphere with or without the simultaneous
isolation of selected components.

5.26 Standard. A concept that has been established by authority, custom, or agreement to serve as a model
or rule in the measurement of quantity of the establishment of a practice or procedure.

5.27 Traceability to NIST. Documented procedure by which a standard is related to a more reliable
standard verified by the National Institute of Standards Technology (NIST).

5.28 Uncertainty. An allowance assigned to a measured value to take into account two major components
of error: The systematic error and the random error attributed to the imprecision of the measurement
process.

6. Apparatus Description

6.1 General Description

6.1.1 The essential features of a typical non size-specific TSP high-volume sampler are shown in
Figure 1. The high volume sampler is a compact unit consisting of a protective housing; an electric motor
driven; a high-speed, high-volume blower; a filter holder capable of supporting a 203 x 254-mm (8 in. by
10 in.) filter; and a flow-controller for controlling the air-flow rate through the instrument at 40-60 ft3/min.

6.1.2 In operation, this traditional TSP sample draws ambient air into the sampler through the air inlet
gap between the cover and the sampler housing walls (see Figure 2). The air inlet is uniform on all sides of
the sampler to provide an effective particle capture air velocity between 20-35 cm/sec. at the recommended
flow rate between 40-60 ft3/min. The gable roof design of the sampler allows the sampled air to be evenly
distributed over the surface of a downstream filter, where TSP is collected.

6.1.3 For PM,, measurement, the traditional gable roof of the TSP sampler is replaced with an impactor
design size-select inlet, as illustrated in Figure 3. For the impaction design, an air sample enters a
symmetrical (therefore wind-direction insensitive) hood and is deflected upward into a buffer chamber. The
buffer chamber is evacuated at a rate of 68 m*h (40 cfm) through multiple circular nozzles. Particles are
accelerated as they pass through the nozzles to an impaction chamber (see Figure 4). Because of their
momentum, particles having diameters larger than the inlet's 10-um cut design impact the surface of the
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impaction chamber. Smaller particles rise through the impaction chamber at speeds slow enough to minimize
reentrainment of the impacted particles and then pass through multiple vent tubes to the high-volume
sampler's filter where they are collected.

6.1.4 The second size-select design for PM,, measurement is the cyclone inlet, as illustrated in Figure
5. The omnidirectional cyclone used for fractionation in this inlet allows particles to enter from all angles
of approach. An angular velocity component is imparted to the sample air stream and the particles contained
in it by a series of evenly spaced vanes. Larger particle removal occurs in an inner collection tube. This tube
incorporates a "perfect absorber,” which is an oil-coated surface to eliminate particle bounce and
reentrainment. The sample flow (with the unremoved smaller particles) then enters an intermediate tube,
where the trajectory is altered to an upward direction. An additional turn is then made to alter the flow to
a downward trajectory to allow the remaining particles (i.e., PM,, fraction) to deposit on a filter for
subsequent analysis. As with the impaction inlet, control of air velocities in the cyclonic inlet is critical to
maintain the correct particle size cutpoint. Maintaining the correct design volumetric flow rate through the
inlet is important. This design flow rate is specified by the manufacturer in the instruction manual. For
example, a popular cyclonic impaction inlet has a design flow rate of 1.13 m%min.

6.2 Filter Medium

6.2.1 Selecting a filtration substrate for time-integrated SPM monitoring must be made with some
knowledge of the expected characteristics and a pre-determined analytical protocol. For any given standard
test method, the appropriate medium will normally be specified.

6.2.2 Of the various types of filters listed in Table 1 of Chapter 10-2 Overview, four general types of
filter material have been used to capture SPM. They include cellulose fiber, quartz/glass fiber, mixed fiber
and membrane filter types. Selecting a filter depends upon variables such as background metal content,
artifact formation, and affinity for moisture. The basic characteristics of the types of filter material used in
air monitoring are outlined in Table 1, while useful filter properties are identified in Table 2. Several
characteristics are important in selection of filter media. They are:

« Particle Sampling Efficiency. Filters should remove more than 99% of SPM from the air drawn

through them, regardless of particle size or flow rate.

< Mechanical Stability. Filters should be strong enough to minimize leaks and wear during handling.

e Chemical Stability. Filters should not chemically react with the trapped SPM.

e Temperature Stability. Filters should retain their porosity and structure during sampling.

< Blank Correction. Filters should not contain high concentrations of target compound analytes.

6.2.3 Quartz fiber filters are the most commonly used filters for SPM sampling for determining mass
loading. Typical characteristics of quartz fiber filters are (1) a fiber content of high purity quartz, (2) a
binder of below 5% (zero for binderless types), (3) a thickness of approximately 0.5 mm, (4) a surface with
no pinholes, and (5) an allowance of no more than 0.05% of smoke particles to pass through the filter at a
pressure of 100 mm of water with a flow rate of 8.53 m/min (28 ft/min), as determined by a DOP smoke test
(see ASTM Method D2986).

6.2.4 Quartz fiber filters are made from finely spun glass fiber by combining the fiber with an organic
binder and compressing this material in a paper machine. These filters are increasingly used in air sampling.
These filters have the ability to withstand high temperatures (up to 540EC). They are further typified by high-
collection efficiency. In some cases, the organic binder may interfere with subsequent analysis, so the filter
is flash-fired to remove the binder material. This action causes some loss in tensile strength and usually
requires that a backing material be used during sampling. The quartz filters are nonhydroscopic, thus
allowing them to be used in areas where humidity is high. Because they are glass, they are the filter choice
for most corrosive atmospheres. All the filters in this category are fragile and must be handled with care.
Quartz fiber filters, because of the high silicate content, are extremely difficult to ash by chemicals or heat.
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Therefore, extraction procedures are performed on these filters to remove the sample for subsequent chemical
analysis. For this reason, flash-fired quartz filters are the major atmospheric sampling filters.

6.3 Flow Control System

The high-volume sampler employs two basic types of flow control systems. One is a mass-flow-control
(MFC) system; the other is a volumetric-flow-control (VFC) system. Because the calibration and standard
operating procedures differ considerably between these two types of flow-control systems, this method
presents procedures that are control-system-specific. PM,, inlets can be used with either the MFC and VFC
systems.

6.3.1 Mass-flow-control (MFC) system. The flow rate in a MFC system is actively sensed and
controlled at a predetermined set point. Air is pulled through the filter into the intake of a blower and
subsequently exits the sampler through an exit orifice, which facilitates measurement of the flow with a
manometer or pressure recorder. The flow rate is controlled by an electronic mass-flow controller, which
uses a flow sensor installed below the filter holder to monitor the mass flow rate and related electronic
circuitry to control the speed of the motor accordingly to provide a constant sampling rate. The controlled
flow rate can be changed by an adjustment knob on the flow controller.

6.3.2 Volumetric-flow-control (VFC) system. A VFC system maintains a constant volumetric flow rate
through the inlet, rather than a constant mass flow rate as in the MFC system. In a popular commercial VFC
system, a choked-flow venturi is operated such that the air attains sonic velocity in the throat of the device.
In this "choked" mode, the flow rate is unaffected by downstream conditions, such as motor speed or exit
pressure and is a predictable function of upstream conditions, such as the stagnation pressure ratio and
temperature. Thus, the volumetric flow is controlled without any moving parts or electronic components.
In this type of flow control system, no means is provided for adjusting the controlled flow rate. The
controlled flow rate is set by the manufacturer through engineering design of the venturi.

7. Calibration
7.1 Introduction

[Note: All sampling equipment must be properly calibrated. Calibration is the relationship between an
instrumental output and the input of a known reference standard. The objective of this section is to provide
technically sound flow-rate calibration procedures for the MFC and VFC HV samplers.]

[Note: Consistency of temperature and barometric pressure is required. All temperatures should be expressed
in kelvin (K = EC + 273). All barometric pressures should be expressed in mm Hg. Avoid calibrating an
HV sampler using one set of units and then performing sample calculations using another set.]

7.1.1 HV sampler inlet. Two types of size-selective inlets available are impaction and cyclonic for
monitoring inhalable particles (<10 um). The particle size discrimination characteristics of both the
impaction and cyclonic type inlets depend critically on maintaining certain air velocities within the inlet; a
change in velocity will result in a change in the nominal particle size collected. For this reason, the flow rate
through the inlet must be maintained at a constant value that is as close as possible to the inlet's design flow
rate. The design flow rate for a given sampler is specified in the sampler's instruction manual. The manual
may also provide tolerance limits (or upper and lower limits) within which the sampler flow must be
maintained. If the tolerance is not specified by the manufacturer, it should be assumed to be £10%.
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7.1.1.1 The symmetrical design of the impaction inlet (see Figure 4) ensures wind-direction
insensitivity. Ambient air that is drawn into the inlet is evacuated from the buffer chamber through nine
acceleration nozzles into the first impaction chamber, where initial particle separation occurs. The air is then
accelerated through an additional 16 jets into a second impaction chamber. The acceleration jets have critical
diameters calculated by the manufacturer to provide the necessary changes in velocity to effect correct
particle size fractionation within the impaction chambers. The air flow finally exits the inlet through nine
vent tubes onto a sample filter. Because air velocities are critical to maintain the correct particle size cutpoint
within the inlet, maintaining the correct design flow rate through the inlet is important. This design flow rate
is specified by the manufacturer in the instruction manual. For example, the design flow rate for one popular
impaction inlet is 1.13 m¥%min.

7.1.1.2 The omnidirectional cyclone inlet (see Figure 5) used for fractionation allows particles to enter
from all angles of approach. A angular velocity component is imparted to the sample air stream and the
particles contained in it by a series of evenly spaced vanes. Larger particle removal occurs in an inner
collection tube. This tube incorporates a "perfect absorber,” an oil-coated surface to eliminate particle
bounce and reentrainment. The sample flow (with the unremoved smaller particles) then enters an
intermediate tube, where the trajectory is altered to an upward direction. An additional turn is then made
to alter the flow to a downward trajectory to allow the remaining particles (i.e., PM,, fraction) ultimately to
deposit on a filter for subsequent analysis. As with the impaction inlet, control of air velocities in the
cyclonic inlet is critical to maintain the correct particle size cutpoint. Maintaining the correct design
volumetric flow rate through the inlet is important. This design flow rate is specified by the manufacturer
in the instruction manual. For example, as in the case of the impaction inlet, a popular cyclonic inlet also
has a design flow rate of 1.13 m%min.

7.1.2 Total suspended particulate (TSP). As illustrated in Figure 2, particles of less than 100 um are

collected at a flow rate of 1.13-1.70 m*min (40-60 ft/min) using the conventional high-volume sampler,
without size selection.

7.2 Summary of Calibration Procedures

[Note: During calibration, a closure plate perforated with a number of circular orifices is connected to the
inlet of the sampler. The pressure drop across this orifice plate provides a measure of instrument air flow
rate at any time. This pressure drop may be indicated by a rotameter, manometer, or other pressure-
responsive device traceable to an NIST certified standard.]

7.2.1 A simple and sufficiently accurate method of calibrating is to compare the sampler meter with an
orifice meter (working standard) that has been calibrated against a primary or master standard such as a Roots
meter.

7.2.2 The preferable primary standard is a Roots meter of sufficient capacity to allow an accurate
time-volume reading, which would be at least 30 s.

7.2.3 A positive displacement pump or blower may be used as a master flow-rate standard. In this case,
the delivery rate of the master standard must be known accurately and the equipment must be in sound
mechanical condition (no bypass leakage).

7.3 Certification of an Orifice Transfer Standard

[Note: The following certification procedure is applicable to an orifice transfer standard such as those that
have been used previously in the calibration of both the traditional HV sampler and the PM,, samplers. Two
common types of orifice devices are available: one equipped with a set of fixed resistance plates (e.g., a
reference flow [Ref] device or a top-hat orifice) and one with an externally variable resistance valve. The
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series of plates normally provided by the orifice manufacturer include an 18-, 13-, 10-, 7-, and 5-hole plate.
Unfortunately, the 5-hole plate provides too low a flow rate to be useful for HV calibration, and other plates
may produce flow rates substantially outside the design flow-rate range of the commercially available HV
inlets. One may opt to fabricate or procure a different series of resistance ranges or use the
variable-resistance type orifice device.]

7.3.1 Orifice Calibration Procedure.

7.3.1.1 Assemble the following equipment (see Figure 6):

= Orifice transfer standard (i.e., top-hat orifice, variable orifice, or ReF device) to be calibrated.

e Water or oil manometer with a 0-400 mm (0-16") range and minimum scale divisions of 1 mm
(0.1™). This manometer should be permanently associated with the orifice transfer standard.

< Variable voltage transformer, a set of resistance plates, or available flow orifice (see Figure 7).

e Calibrated positive displacement, standard volume meter (such as a Roots Meter®) traceable to
National Institute of Standards and Technology (NIST).

[Note: As they are sold, standard volume meters may not be traceable to NIST. Traceability can
be established directly through NIST or indirectly through the meter manufacturer’s repair
department. Periodic recertification is not normally required under clean service conditions unless
the meter has been damaged and must be repaired. In general, damage will be indicated by a
substantial (e.g., 50%) increase in the pressure drop across the meter. The meter's traceability
certificate should contain a graph of the pressure drop as a function of flow rate.]

e High-volume air mover (e.g., a blower motor from a HV sampler).

e Accurate stopwatch.

e Mercury manometer, with a 0-200 mm (0-8") range and minimum scale divisions of 1 mm (0.1").

e Thermometer, capable of accurately measuring temperatures over the range of 0-50EC (273-323
K) to the nearest 2=1EC and referenced to an NIST or ASTM thermometer within £2EC at least
annually.

- Barometer, capable of accurately measuring ambient barometric pressure over the range of 500-800
mm Hg (66-106 kPa) to the nearest mm Hg and reference within =5 mm Hg of a barometer of
known accuracy at least annually.

= Orifice transfer standard certification worksheet (see Figure 8).

7.3.1.2 Record on the orifice transfer standard certification worksheet the standard volume meter's
serial number; orifice transfer standard’s type, model, and serial number; the person performing the
certification; and the date.

7.3.1.3 Observe the barometric pressure and record it as Pa. Read the ambient temperature in the
vicinity of the standard volume meter and record it as Ta (K = EC + 273).

7.3.1.4 Connect the orifice transfer standard to the inlet of the standard volume meter. Connect the
mercury manometer to measure the pressure at the inlet of the standard volume meter. Connect the orifice
(water or oil) manometer to the pressure tap on the orifice transfer standard. Connect a high-volume air
mover to the outlet side of the standard volume meter. Make sure that all gaskets are present and are in good
condition.

7.3.1.5 Check that the standard volume meter table is level and adjust its legs if necessary.

7.3.1.6 Check for leaks by temporarily clamping both manometer lines (to avoid fluid loss) and
blocking the orifice with a large-diameter rubber stopper, wide duct tape, or other suitable means. Start the
high-volume air mover and note any change in the standard volume meter's reading. The reading should
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remain constant. If the reading changes, locate any leaks by listening for a whistling sound and/or
retightening all connections, making sure that all gaskets are properly installed.

[Note: Avoid running the sampler for longer than 30 s at a time with the orifice blocked. This precaution will
reduce the chance that the motor will be overheated due to the lack of cooling air. Such overheating can
shorten the motor’s lifetime; it can raise temperatures to the point of defeating the electrical insulation which
could result in fire or electric shock to the user.]

7.3.1.7 After satisfactorily completing the leak check, turn off the high-volume air sampler, unblock
the orifice, and unclamp both manometer lines. Zero the water and mercury manometers by sliding their
scales so that their zero lines are even with the bottom of the meniscuses.

7.3.1.8 Turn on the high-volume air sampler. Adjust the variable voltage transformer to achieve an
appropriate flow rate (i.e., within the approximate range of 0.9-1.3 m*min (32-46 ft*/min)). If necessary,
use fixed resistance plates or the variable resistance valve to achieve the appropriate flow rate (see Figure 7).
The use of fixed resistance plates is discouraged (but not prohibited) because the leak check must be repeated
each time that a plate is installed.

7.3.1.9 After setting a flow rate, allow the system to run for at least 1 min to attain a constant motor
speed. Observe the standard volume meter dial reading and simultaneously start the stopwatch. Error in
reading the meter dial can be minimized by starting and stopping the stopwatch on whole number dial
readings (e.g., 4091.00).

7.3.1.10 Record the initial volume that the meter dial indicated when the stopwatch was started.
Maintain this constant flow rate until at least 3 m® of air have passed through the standard volume meter.
Record the standard volume meter's inlet pressure manometer reading as )Hg and the orifice manometer
reading as )H,O. If )H,O changes significantly during the run, abort the run and start again.

7.3.1.11 When at least 3 m® of air have passed through the system, note the standard volume meter
reading and simultaneously stop the stopwatch. Record the final volume that the meter dial was indicating
when the stopwatch was stopped. Record the elapsed time ( Time) indicated on the stopwatch.

7.3.1.12 Calculate the volume measured by the standard volume meter ( VVol.) using the following
equation:

) Vol. = Final Volume - Initial Volume

7.3.1.13 Correct this volume to ambient atmosphere pressure.

Va =) Vol. (Pa-) Hg)/Pa
where:

Va = actual volume at ambient barometric pressure, m.
) Vol. = actual volume measured by the standard volume meter, m*.
Pa = ambient barometric pressure during calibration, mm Hg.
) Hg = differential pressure at inlet to volume meter, mm Hg.
7.3.1.14 Calculate the actual volumetric flow rate (m%min).

Qa=Va/) Time
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where:

Qa = actual volumetric flow rate through the orifice, m%min.
) time = elapsed time, min.

7.3.1.15 Repeat Sections 7.3.1.8 through 7.3.1.14 for at least four additional flow rates within the
approximate range of 0.9-1.3 m*min (32-46 ft/min). At least five evenly distributed different flow rates are
required, and at least three flow rates must be in the specified inlet flow-rate interval (1.02-1.24 m*min
[36-44 ft3/min]). Better calibration precision may be obtained by running additional flow rates or repeating
the flow rates.

7.3.1.16 For each flow, compute [() H,0)(Ta/Pa)]*, and plot these values against the corresponding
values of Qa. Draw the orifice transfer standard’s certification curve. For the model [() H,0)(Ta/Pa]? =
m (Qa) + b, calculate the linear least squares regression's slope (m), intercept (b), and correlation coefficient
(r) of the certification relationship. Plot the regression line on the same graph as the calibration data, as
illustrated in Figure 9. A certification graph should be readable to 0.02 m*/min.

7.3.1.17 If any calibration point does not fall within 22% of the line, rerun the point, recalculate, and
replot.

7.3.1.18 For subsequent use of the orifice transfer standard, calculate Qa from the calibration
relationship as:

Qa(orifice) = {[(D H,O)(Ta/Pa)]* - b} {I/m}

where:

Qa(orifice) = actual volumetric flow rate as indicated by the orifice transfer standard, m%min
) H,O = pressure drop across the orifice, mm H,0.
Ta = ambient temperature during use, K (K = EC + 273).
b = intercept of the orifice calibration relationship.
m = slope of the orifice calibration relationship.

7.3.2 Orifice Transfer Standard Calibration Frequency. Upon receipt and at I-yr intervals, the
calibration of the orifice transfer standard should be certified with a standard volume meter (such as a Roots
Meter®) traceable to NIST. An orifice transfer standard should be visually inspected for signs of damage
before each use and should be recalibrated if the inspection reveals any nicks or dents.

7.4 Procedurefor a Mass-Flow-Controlled (MFC) High Volume Sampler

The MFC sampler calibration procedure presented in this section relates known flow rates to the pressure
in the exit orifice plenum. The known flow rates are determined by an orifice transfer standard that has been
certified according to the procedure presented in Section 7.3.1. The exit orifice plenum is the area within
the motor housing (below the motor unit) that contains the air flow just before it is exhausted to the
atmosphere through the exit orifice. This exit orifice plenum pressure should be measured with a 25-cm
(10™) water or oil manometer. Also, each sampler should have its own dedicated manometer, which can be
conveniently mounted to the side of the sampler housing. Other types of pressure measurement devices may
be used provided they have comparable accuracy. The 4" continuous pressure (flow) recorders of the type
often supplied with high volume PM,, samplers are generally not sufficiently accurate and are not
recommended for quantitative sampler pressure or flow measurements. These flow recorders should be used
only for nonquantitative determination that the flow was approximately constant and uninterrupted over the
sample period. The flow recorder may be connected in parallel with the manometer or other pressure

Page 2.1-12 Compendium of Methods for Inorganic Air Pollutants June 1999



Chapter 10-2 Method 10-2.1
High Volume Integrated Sampling for SPM

measuring device, using a tee or "'y" tubing connection. For this MFC calibration procedure, the following
conditions are assumed:
e The high volume PM,, sampler is equipped with a mass flow controller to control its sample flow rate.
e The sampler flow rate is measured by measuring the exit orifice plenum pressure, using a water or oil
manometer [or, if necessary, a continuous-flow recording device using square-root-scale chart paper].
< The transfer standard for the flow-rate calibration is an orifice device equipped with either a series of
resistance plates or an integral variable-resistance valve. The pressure drop across the orifice is
measured by an associated water or oil manometer.

[Note: Because flow recorders are still widely used for quantitative flow measurements, the calibration
procedure includes specific instructions for quantitatively calibrating a flow recorder. These flow recorder
instructions are enclosed in brackets [ ] and should be used only when a manometer or other pressure
measurement device cannot be used.]

7.4.1 Calibration Equipment.

7.4.1.1 Oirifice transfer standard with calibration traceable to NIST (see Section 7.3).
7.4.1.2 An associated water or oil manometer, with a 0-400 mm (0-16") range and an minimum scale
division of 2 mm (0.1")

[Note: Digital manometers may also be used in place of water or oil manometers, especially in cold/frigate
climates. Ensure the battery in the manometer is new before use.]

7.4.1.3 A water or oil manometer, with a 0-400 mm (0-16") range and a minimum scale division of
2 mm (0.1") for measurement of the sampler exit orifice plenum pressure. This manometer should be
associated with the sampler.

[Note: Manometers used for field calibration may be subject to damage or malfunction and should thus be
checked frequently.]

7.4.1.4 Thermometer, capable of accurately measuring temperature over the range of 0-50EC (273-323
K) to the nearest =1 EC and referenced to an NIST or ASTM thermometer within &2 EC at least annually.
7.4.1.5 A portable aneroid barometer (e.g., a climber's or engineer's altimeter) capable of accurately
measuring ambient barometric pressure over the range of 500-800 mm Hg (66-106 kPa) to the nearest mm
Hg and referenced within =5 mm Hg of a barometer of known accuracy at least annually.
7.4.1.6 Miscellaneous handtools, calibration data sheets or station log book, and 51 mm (2") duct tape.
7.4.2 Multipoint Flow-Rate Calibration. The procedure presented here is basic and generic, given the
assumptions listed in Section 7.4. More detailed calibration procedures, variations, or alternative procedures
may be presented in the manufacturer's instruction manual. The manual should be reviewed carefully and
the various calibration variations or alternative procedures should be evaluated. In-house equipment and
personnel, procedural simplicity and uniformity, and subsequent data applications should be considered in
establishing the specific, detailed calibration procedure to be implemented.

[Note: Do not attempt to calibrate the MFC sampler under windy conditions. Short-term wind velocity
fluctuations will produce variable pressure readings by the orifice transfer standard's manometer. The
calibration will be less precise because of pressure variations.]
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7.4.2.1 Set up the calibration system as recommended by the manufacturer. A typical MFC PM,,
sampler calibration configuration is illustrated in Figure 10. MFC samplers are calibrated without a filter
or filter cassette installed.

7.4.2.2 Disconnect the motor from the flow controller and plug it directly into a stable line voltage
source (i.e., the sampler's on-off timer, if so equipped, or other source of the line voltage).

7.4.2.3 Install the orifice transfer standard and its adapter faceplate on the sampler. Check all gaskets
and replace any questionable ones.

[Note: Tighten the faceplate nuts evenly on alternate corners to properly align and seat the gaskets. The nuts
should be only hand-tightened because too much compression can damage the sealing gasket.]

7.4.2.4 Select the first calibration flow rate and install the appropriate resistance plate or adjust the
variable orifice valve. At least four flow rates are required to define the calibration relationship. For
resistance plate orifices, make sure that the orifice and resistance plate gaskets are in place and the orifice
is not cross-threaded on the faceplate.

7.4.2.5 To leak check, block the orifice with a large-diameter rubber stopper, wide duct tape, or other
suitable means. Seal the pressure port with a rubber cap or similar device. Turn on the sampler. Gently
rock the orifice transfer standard and listen for a whistling sound that would indicate a leak in the system.
A leak-free system will not produce an upscale response in the sampler's exit orifice manometer or flow
recorder. Leaks are usually caused either by a damaged or missing gasket between the orifice transfer
standard and the faceplate or by cross-threading of the orifice transfer standard on the faceplate. All leaks
must be eliminated before proceeding with the calibration. When the system is determined to be leak-free,
turn off the sampler and unblock the orifice.

[Note: Avoid running the sampler for longer than 30 s at a time with the orifice blocked. This precaution will
reduce the chance that the motor will be overheated due to the lack of cooling air. Such overheating can
shorten the motor's lifetime and can raise temperatures to the point of defeating the electrical insulation,
which could result in fire or electric shock to the user.]

7.4.2.6 Inspect the connecting tubing of both manometers for crimps or cracks. Open the manometer
valves (if present) and blow gently through the tubing, watching for the free flow of the fluid.
Adjust the manometers® sliding scales so that their zero lines are at the bottom of the meniscuses. Connect
the orifice transfer standard manometer to the orifice transfer standard. Connect the sampler's exit orifice
manometer [and the continuous-flow recorder, if used] to the exit orifice plenum port. Ensure that one side
of each manometer is open to atmospheric pressure. Make sure that the tubing fits snugly on the pressure
ports and on the manometer.
7.4.2.7 If a continuous flow recorder is to be used quantitatively in lieu of a manometer, record the
site location, sampler S/N, date, and the operator*s initials on the blank side of a clean recorder chart. Make
sure the chart has a square-root scale. Open the front door of the sampler and install the clean recorder chart.
7.4.2.8 Read and record the following parameters on the HV data sheet. An example calibration data
sheet for the MFC sampler is illustrated in Figure 11.
« Date, location, and operator’s signature.
e Sampler S/N and model.
e Ambient Pa, mm Hg.
e Ambient temperature (Ta), K (K = EC + 273).
= Orifice S/N and calibration relationship.
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[Note: Consistency of temperature and barometric pressure units is required. All temperatures should be
expressed in kelvin (K = EC + 273). Also, all barometric pressures should be expressed in mm Hg.
Avoid calibrating a sampler using one set of units and then performing sampler calculations using another
set.]

[Note: Ideally, the temperature of the air in the exit orifice plenum should be measured because it will be
somewhat higher than ambient temperature. However, an adequate approximation of this temperature may
be obtained by adding 30 K to the ambient temperature. This addition is incorporated in the calculations
given in Section 7.4.3.]

7.4.2.9 Turn on the sampler and allow it to warm up to operating temperature (3-5 min). Then read
and record the orifice transfer standard’s manometer deflection, ) H,O (in. H,0), and the corresponding
sampler's manometer deflection, ) Pex [or flow recorder chart reading, I].

[Note: The sampler inlet may be partially lowered over the orifice transfer standard to act as a draft shield
(if a shield is not otherwise provided). Use a block to provide at least 2" of clearance at the bottom for air
flow and for the manometer tubing.]

7.4.2.10 Install the other resistance plates or adjust the variable orifice value to obtain each of the
other calibration flow rates and repeat Section 7.4.2.9 for each. At least four calibration flow rates are
required.

7.4.2.11 Plot the calibration data on a sheet of graph paper as specified in Section 7.4.3.4.

[Note: The data should be plotted in the field as the calibration is occurring, rather than afterwards back at
the laboratory.]

Repeat Section 7.4.2.9 for any data that are questionable on the plot.

[Note: Running additional calibration points at differing flow rates or repeating the calibration points at the
same flow rates is encouraged to improve the precision of the calibration.]

7.4.2.12 Turn off the sampler and remove the orifice transfer standard.

7.4.2.13 Reconnect the sampler motor to the flow controller.

7.4.2.14 Perform the calibration calculations presented in the following section. The data generated
will be used to set the mass flow controller (see Section 7.4.4) to a value that will result in optimal volumetric
flow based on the seasonal average temperature and barometric pressure at the monitoring site.

7.4.3 Calibration Calculations. Gather all calibration data, including the orifice calibration information

and the sampler calibration data sheet (and, if used, the flow recorder chart, which should graphically display
the various calibration flow rates).

[Note: These calculations should be done at the time of the calibration, rather than later. This approach will
allow additional calibration points to be taken if questions arise about the data that have already been
obtained.]

7.4.3.1 Verify that the orifice transfer standard calibration relationship is current and traceable to an
acceptable primary standard.

7.4.3.2 Calculate and record Qa for each calibration point from the orifice calibration information
using the following equation.
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Qa(orifice) = {) H,0(Ta/Pa)]"? - b} {I/m} where:

Qa(orifice) = actual volumetric flow rate as indicated by the transfer standard orifice, m*min
) H,0 = pressure drop across the orifice, in. H,0.
Ta = ambient temperature during use, K (K = EC + 273).
Pa = ambient barometric pressure during use, mm Hg.
b = intercept of the orifice calibration relationship.
m = slope of the orifice calibration relationship.

7.4.3.3 Calculate and record the quantity for each calibration point as:

) Pext = [) Pex(Ta+30)/Pa]"?
where:

) Pext = transformed manometer reading.
) Pex = sampler manometer reading, in. H,O Ta = ambient temperature, K (K = EC +273).
Pa = ambient barometric pressure, mm Hg.

[If a continuous-flow recorder is used quantitatively, calculate and record the quantity [It] as follows:

[1t] = I[Ta+ 30)/Pa]"?
where:

[It] = transformed flow recorder chart reading.
I = flow recorder chart reading, arbitrary units on square root scale.

[Note: If recorder charts with linear scales are used, substitute (1) for | in the above equation.]

7.4.3.4 On a sheet of graph paper, plot the calculated Qa(orifice) flow rates on the x-axis and the
transformed sampler manometer response, ) Pext [or the transformed flow recorder reading, It], on the
y-axis.

Because determining the sampler’s average operational flow rate (Qa) during a sample period depends on the
ambient average temperature and pressure, using a graphic plot of the calibration relationship is not
recommended for subsequent data reduction. This plot is used only to visually assess the calibration points
to see if any should be rerun. Plot the regression line on the same graph paper as the calibration data. For
the regression model y = mx + b, lety +2 ) Pext and x = Qa(Orifice) so that the model is given by:

) Pext = m[Qa(orifice)] + b
For the flow recorder, the model is:
It = m[Qa(orifice)] + b]
Using a programmable calculator or a calculation data form, determine the linear regression slop (m),

intercept (b), and correlation coefficient (r) and record them on the data sheet. A five-point calibration
should yield a regression equation with a correlation coefficient of r = 0.990, with no point deviating more
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than ==0.04 m*/min from the value predicted by the regression equation. Plot the regression line on the same
graph paper that has the individual calibration points.

7.4.3.5 For subsequent sample periods, the sampler’s average actual operational flow rate, E', is
calculated from the calibration slope and intercept using the equation.

Qa = {) Pex(Tav+30)/Pav]*2- b} {I/m}

where:
Qa = the sampler's average actual flow rate, m¥min.

) Pex = average of initial and final sampler manometer readings () Pex, + ) Pex;), mm Hg.
Tav = average ambient temperature for the sample period, K(K=EC+273).
Pav = average ambient pressure for the sampling period, mm Hg.
b = intercept of the sampler calibration relationship.
m = slope of the sampler calibration relationship.

[For the flow controller,

Qa = {1 (Tav + 30)/Pav]*2 - b} {I/m}
where:

1 = average flow recorder reading for the sample period.]

[Note: If recorder charts with linear scales are used, substitute (1) for (1) in the above equation.]

7.4.4 MassFlow Controller Adjustment Procedure. The controlled flow rate of an MFC sampler is
adjustable and must be set to the proper design flow rate. The constant mass flow maintained by the MFC
causes the actual volumetric flow rate through the inlet to fluctuate as the ambient temperature and barometric
pressure change at the monitoring site. Normally, the range of these fluctuations is within the allowable
tolerance limits for the inlet. However, the flow-rate set point of the mass flow controller must be correctly
adjusted so that the deviations are "centered" with respect to the seasonal average temperature and barometric
pressure at the site, not the temperature and pressure prevailing at the time of setting. The correct seasonal
volumetric setpoint flow rate (SFR) at Ta and Pa has had the same mass flow rate as the inlet design
volumetric flow rate at Ts and Ps.

[Note: The correct SFR may differ from day to day and may be somewhat higher or lower than the inlet design
flow rate on any particular day.]

7.4.4.1 Determine the seasonal average temperature (Ts) and seasonal average pressure (Ps) at the site
and record them on the calibration data sheet. (Determination of the number of “seasons,™ i.e., the number
of different seasonal average temperatures needed for the year, is left to the discretion of the operator.)
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7.4.4.2 Calculate SFR and record on the calibration data sheet:

SFR = (1.13) (Ps/Pa)(Ta/Ts)
where:

SFR = set-point actual volumetric flow rate for adjustment of the mass flow controller, based on
seasonal average temperature and average pressure at site, m¥%min.
1.13 = inlet design flow rate (as specified by the manufacturer), m*min.
Ps, Pa = seasonal average and current ambient barometric pressure at the site, respectively, mm Hg.
Ts, Ta = seasonal average and current ambient temperature, respectively, K (K = EC + 273).

7.4.4.3 Calculate and record on the sampler’s calibration data sheet the sampler set-point manometer
reading [or flow recorder reading] that corresponds to the SFR calculated in Section 7.4.4.2.

SSP = [Pa/(Ta + 30)][m(SFR) +b]?
where:

SSP = sampler set-point manometer reading, in H,O.
Pa = ambient barometric pressure, mm Hg.
Ta = ambient temperature, K (K = EC + 273).
m = slope of the sampler's calibration relationship.
SFR = set-point flow rate from 7.4.4.2, m*¥min.
b = intercept of the sampler's calibration relationship.
[For the flow recorder,

SSP = [m(SFR) + b] [Pa/(Ta+30)]"]

7.4.4.4 Visually check to make sure the motor is connected to the mass flow controller and the
manometer is properly connected.

7.4.4.5 Install a clean filter (in a filter cassette) in the sampler according to the manufacturer’s
instructions. [If the continuous flow recorder is used quantitatively, install a clean chart and verify that the
recorder is zeroed (i.e., the pen rests on the innermost circle of the chart).]

7.4.4.6 Turn on the sampler and allow it to warm up to operating temperature (3-5 min).

7.4.4.7 Following the manufacturer's instructions, adjust the mass flow controller until the manometer
reading [or flow recorder response] indicates the sampler set point (SSP) as calculated in Section 7.4.4.3.

7.4.4.8 Verify that the flow controller will maintain this flow rate for at least 10 min. Turn off the
sampler.

7.4.4.9 The sampler can now be prepared for the next sample run day.

7.5 Procedurefor a Volumetric-Flow-Controlled (VFC) Sampler

The VFC sampler calibration procedure presented in this section relates known flow rates (Qa, as determined
by an orifice transfer standard) to the ratio of the stagnation pressure to the ambient barometric pressure
(PI/Pa). The stagnation pressure (PI) is the air pressure inside the sampler in the area just under the filter.
VFC samplers have a stagnation pressure tap or port through which the stagnation pressure can be measured.
A VFC sampler may also have an exit orifice below the motor similar to those in MFC samplers. In this
case, the sampler flow rate can be measured and calibrated using the exit orifice plenum pressure generally
described in Section 7.4. However, using the stagnation pressure generally provides a more accurate
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indication of sampler flow rate. Additionally, a continuous-flow recorder may be connected to the exit orifice
pressure tap for nonquantitative determination that the flow rate was constant and uninterrupted over the
sample period.

The stagnation pressure should be measured with a 0-1000 mm (0-36") oil, water, or digital manometer.
Also, each sampler should have its own dedicated manometer, which can be conveniently mounted to the side
of the sampler housing. Other types of pressure measurement instruments may be used provided they have
comparable accuracy. However, the 4" continuous pressure (i.e., flow) recorders often supplied with HV
samplers are generally not sufficiently accurate and are not recommended for quantitative sampler pressure
or flow rate measurements.

The VFC sampler’s flow control system is a choke-flow venturi. This system must be precisely sized for a
given average annual temperature and pressure because no means is provided for the user to adjust the
operational flow rate. Therefore, the purchasing agency should notify the manufacturer of the operational
location of the sampler; differences in temperature and pressure between the shipping address and the
monitoring site may result in an incorrect operational flow rate. As with the MFC sampler, both the ambient
temperature and barometric pressure readings must be determined or estimated during the sampling period
for the subsequent calculation of total sampler volume in standard volume units.

For this VFC calibration procedure, the following conditions are assumed:

e The VFC sampler uses a choked-flow venturi to control the actual volumetric flow rate.

= The sampler flow rate is measured by measuring the stagnation pressure ratio, and the sampler is not
equipped with a continuous flow recorder.

= The sampler inlet is designed to operate at a constant actual volumetric flow rate of 1.13 m%min.

e The transfer standard for the flow-rate calibration is an orifice device equipped with either a series of
resistance plates or an integral variable-resistance valve. The pressure drop across the orifice is
measured by an associated water or oil manometer.

e The sampler will be calibrated in actual volumetric flow-rate units (Qa), and the orifice transfer
standard is also calibrated in Qa, as specified in Section 7.3.

7.5.1 Calibration Equipment.
7.5.1.1 Oirifice transfer standard with proper calibration traceable to NIST (see Section 7.3).
7.5.1.2 An associated water, oil, or digital manometer, with a 0-400 mm (0-16"") range and minimum
scale divisions of 2 mm (0.1™).
7.5.1.3 An oil, water, or digital manometer, with a 0-1000 mm (0-36") range and minimum scale
divisions of 2 mm (0.1") or other pressure measurement device for measurement of the sampler stagnation
pressure. ldeally, this manometer (or other pressure instrument) should be associated with the sampler.

[Note: Manometers used for field calibration may be subject to damage or malfunction and should thus be
checked frequently.]

7.5.1.4 Thermometer, capable of accurately measuring temperature over the range of 0-50EC (273-323
K) to the nearest ==1EC and referenced to an NIST or ASTM thermometer within 22EC at least annually.

7.5.1.5 Aportable, aneroid barometer (e.g., aclimber's or engineer's altimeter) capable of accurately
measuring ambient barometric pressure over the range of 500-800 mm Hg to the nearest mm Hg and
referenced within &5 mm Hg to a barometer of known accuracy at least annually.

7.5.1.6 Calibration data sheets or the station log book and 51 mm (2")-wide duct tape.

7.5.1.7 A clean filter.
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7.5.2 Multipoint Flow-Rate Calibration Procedure- VFC Sampler. The procedure presented here is
basic and intended to be generic, given the assumptions listed in Section 7.5. More detailed calibration
procedures, variations, or alternative procedures may be presented in the manufacturer's instruction manual.
The manual should be reviewed carefully and that the various calibration variations or alternative procedures
be evaluated. In-house equipment and personnel, procedural simplicity and uniformity, and subsequent data
applications should be considered in establishing the specific, detailed calibration procedure to be
implemented.

[Note: The calibration of some VFC samplers may be affected by changes in line voltage, particularly if the
line voltage is below normal (normal is about 115 V). For this reason, VFC samplers should always be
calibrated at the monitoring site. Further, if the line voltage at the site is low and likely to fluctuate
significantly, a line voltage booster or regulator may be advisable. Also, be sure that replacement blower
motors are of the correct type.]

[Note: Do not attempt to calibrate the VFC sampler under windy conditions. Short-term velocity fluctuations
will produce variable pressure readings by the orifice transfer standard's manometer. The calibration will
be less precise because of the pressure variations.]

7.5.2.1 Set up the calibration system as recommended by the manufacturer. A typical VFC sampler
calibration configuration is illustrated in Figure 12. The VFC sampler manufacturer may specify that the
sampler be calibrated with a filter installed, which generally precludes calibration flow rates higher than
normal operating flow rate. Additional calibration flow rates obtained without a filter may be appropriate,
as discussed in Section 7.5.2.8.

7.5.2.2 Install the orifice transfer standard and its adapter faceplate on the sampler. First inspect all
gaskets and seals and replace any doubtful ones.

[Note: Tighten the faceplate nuts evenly on alternate corners to properly align and uniformly seat the gaskets.
The nuts should be hand-tightened only; too much compression can damage the sealing gasket.]

7.5.2.3 Select a calibration flow rate and install the appropriate resistance plate (or no plate) or adjust
the variable resistance valve. At least four flow rates are required to define the calibration relationship. At
least three flow rates should be within the acceptable flow-rate range (i.e., 1.02-1.24 m*min) for the sampler
inlet. For resistance plate orifices, make sure the orifice and resistance plate gaskets are in place and the
orifice is not cross-threaded on the faceplate.

7.5.2.4 Leak check the system by blocking the orifice with a large-diameter rubber stopper, wide duct
tape, or other suitable means. Seal the pressure port with a rubber cap or similar device. Turn on the
sampler. Gently rock the orifice transfer standard and listen for a whistling sound that would indicate a leak
in the system. Leaks are usually caused either by a damaged or missing gasket between the orifice transfer
standard and the faceplate or by crossthreading of the orifice transfer standard on the faceplate. All leaks
must be eliminated before proceeding with the calibration. When the system is determined to be leak-free,
turn off the sampler and unblock the orifice.

[Note: Avoid running the sampler for longer than 30 s at a time with the orifice blocked. This precaution will
reduce the chance that the motor will be overheated due to the lack of cooling air. Such overheating can
shorten the motor’s lifetime. It can raise temperatures to the point of defeating the electrical insulation, which
could result in fire or electric shock to the user.]
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7.5.2.5 Inspect the connecting tubing of the manometers for crimps or cracks. Open the manometer
valves (if present) and blow gently through the tubing, watching for the free flow of the fluid. Adjust the
manometers" sliding scales so that their zero lines are at the bottom of the meniscuses. Connect the transfer
standard manometer to the transfer standard and the sampler stagnation pressure manometer (or other
pressure instrument) to the stagnation pressure port. Ensure that one side of each manometer is open to
atmospheric pressure. Make sure the tubing fits snugly on the pressure ports and on the manometers.
7.5.2.6 Read and record the following parameters on the VFC Sampler Data Sheet. An example
calibration data sheet for the VFC sampler is illustrated in Figure 13.
- Date, location, and operator's signature.
e Sampler S/N and model.
e Ambient barometric pressure (Pa), mm Hg.
e Ambient temperature (Ta), EC and K (K = EC + 273).
« Orifice S/N and calibration relationship.

[Note: Consistency of temperature and barometric pressure units is required. All temperatures should be
expressed in kelvin (K = EC + 273). Also, all barometric pressures should be expressed in mm Hg. Avoid
calibrating a HV sampler using one set of units and then performing sampler calculations using another set.]

7.5.2.7 Turn on the sampler and allow it to warm to operating temperature (3-5 min). Read and
record the orifice transfer standard's manometer reading, H,O, and the corresponding sampler relative
stagnation pressure manometer reading, Pstg, on the data sheet. (Relative stagnation pressure is a negative
pressure [i.g., a vacuum] relative to atmospheric pressure as measured by a manometer with one leg open
to the atmosphere.) Be sure to convert the manometer reading to mm Hg using the following equation before
recording the reading on the calibration data sheet:

mm Hg = 25.4 (in. H,0/13.6)

[Note: The sampler inlet may be partially lowered over the orifice transfer standard to act as a draft shield
(if a shield is not otherwise provided). Use a block to provide at least 2" of clearance at the bottom of air
flow and for the manometer tubing).]

7.5.2.8 Install the other resistance plates or adjust the variable orifice value to obtain each of the other
calibration flow rates and repeat Section 7.5.2.7 for each. At least four calibration flow rates are required
with at least three in the acceptable flow-rate range. Difficulties may be encountered in obtaining flow rates
in the acceptable range. Even with modified resistance plates (or with no plates) installed, it may be
impossible to obtain three acceptable flow rates with a filter mounted on the sampler. Lower flow rate
calibration points may be used by extrapolation into the acceptable range without a filter installed in the
sampler. If additional calibration points are obtained without a filter, they should be examined carefully to
make sure they are consistent with the calibration points obtained with a filter (i.e., they fall on a smooth
curve through all the calibration points).

7.5.2.9 Plot the calibration data on a sheet of graph paper as specified in Section 7.5.3.5 of the next
section. Repeat Section 7.5.2.7 for any data that are questionable on the plot. Running additional calibration
points at differing flow rates or repeating the calibration points at the same flow rates is encouraged to
improve the precision of the calibration.

[Note: The data should be plotted in the field as the calibration is occurring, rather than afterwards back at
the laboratory.]
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7.5.2.10 Turn off the sampler and remove the orifice transfer standard.

7.5.2.11 Install a clean filter on the sampler in the normal sampling mode (use a filter cassette if one
is normally used). Turn on the sampler and allow it to warm up to operating temperature.

7.5.2.12 Read the relative stagnation pressure as in Section 7.5.2.7 and record it on the data sheet in
the row for the operational flow rate.

7.5.2.13 Perform the calibration calculations presented in the following sections.

7.5.3 Calibration Calculations. Gather together all the calibration data, including the orifice transfer

standard’s calibration information and the sampler calibration data sheet.

[Note: These calculations should be done at the time of the calibration, rather than later. This approach will
allow additional calibration points to be taken if questions arise about the data that have already been
obtained.]

7.5.3.1 Verify that the orifice transfer standard calibration relationship is current and traceable to an
acceptable primary standard.

7.5.3.2 Calculate the record Qa(orifice) for each calibration point from the orifice calibration
information and the equation.

Qa(orifice) - {[) H,O(T./Pa)]” - b} {I/m}
where:
Qa(orifice) = actual volumetric flow rate as indicated by the transfer standard orifice, m*/min.
) H,0 = pressure drop across the orifice, in. H,0.
Ta = ambient temperature during use, K (K = EC + 273).
Pa = ambient barometric pressure during use, mm Hg.
b = intercept of the orifice transfer standard's calibration relationship.
m = slope of the orifice transfer standard's calibration relationship.

7.5.3.3 Calculate and record the value of the absolute stagnation pressure ratio, [PI], for each
calibration point:

[PI] = Pa-) Pstg
where:
[PI] = absolute stagnation pressure, mm Hg.
Pa = ambient barometric pressure, mm Hg.
) Pstg = relative stagnation pressure, mm Hg.

7.5.3.4 Calculate and record the stagnation pressure ratio:
Stagnation pressure ratio = PI/Pa

7.5.3.5 On a sheet of graph paper, plot the calculated orifice transfer standard's flow rates,
Qa(orifice), on the x-axis vs. the corresponding stagnation pressure ratios, PI/Pa, on the y-axis. Draw a
smooth curve through the plotted data. If necessary, extrapolate the curve to include the acceptable flow-rate
range.

7.5.3.6 If the sampler manufacturer has provided a factory calibration table (i.e., the lookup table)
for the sampler, compare Qa(orifice) for several points on the calibration plot with Qa(sampler) determined
from the factory calibration. Calculate the percentage difference between Qa(orifice) and Qa(sampler) using
the following equation.
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« Qa(sampler) & Qa(orifice)
Qa(orifice)

% Difference " [100]

If the agreement is within a few (i.e., 2 or 4) percent, the factory calibration is validated and may be used
for subsequent sample periods. Proceed to Section 7.5.5.

7.5.3.7 If the agreement is not within a few percentage points, recheck the accuracy of the orifice
transfer standard and recheck the calibration procedure. Look for leaks, manometer reading errors, incorrect
temperature or pressure data, or miscalculations. Also check for abnormally low line voltage at the site (it
should be at least 110 V ac), for the correct blower motor, and for the presence of a gasket between the motor
and the choked-flow venturi. A factory calibration is not likely to be substantially incorrect, and any
discrepancy of more than a few percent is probably due to some problem with the sampler or with the
calibration procedure. However, if no errors or problems with the sampler or with the calibration can be
found, or if no factory calibration is provided by the manufacturer, proceed as described in Section 7.5.4.

7.5.4 Generation of Calibration Relationship - VFC Sampler.
7.5.4.1 For each calibration point, calculate and record the quantity,

[PI/Pa)Ta]"?
where:

Pl/Pa = stagnation pressure ratio from the equation in Section 7.5.3.
Ta = ambient temperature during sampler calibration, K (K = EC + 273).
7.5.4.2 For the general linear regression model, y = mx + b, let y = [(PI/Pa)Ta]¥? and let
x = Qa(orifice), such that the model is given by:

[(PI/Pa)Ta]¥? = m[Qa(orifice)] + b
Calculate the linear regression slope (m), intercept (b), and correlation coefficient (r).

[Note: Inspect the plotted calibration curve to determine whether any of the calibration points that are
substantially outside of the acceptable flow-rate range need to be eliminated so that they do not result in an
inappropriate linear regression line.]

7.5.4.3 For subsequent sample periods, the sampler's average actual operating flow rate, Qa, is
calculated from the calibration slope and intercept using the following equation.

Qa(sampler) = {[P1/Pav)Tav]*2- b} {I/m}
where:
ﬁ'(sampler) = the sampler's average actual flow rate, m*/min.

P1/Pav = average stagnation pressure ratio for the sampling period.
Tav = average ambient temperature for the sampling period, K (K = EC + 273).
b = intercept of the sampler calibration relationship.
m = slope of the sampler calibration relationship.
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[Note: The average value for Pl should be calculated from stagnation pressure measurements taken before
and after the sampling period. Pav should be estimated from barometric pressure for the sampling period.
See also Section 9.4 for additional information.]

7.5.4.4 If a calibration (Lookup) table is desired, evaluate the above equation for various appropriate

values of PI/Pa and Ta and list the corresponding values of Qa(sampler) in tabular form.
7.5.5 Single-Point Operational Flowrate Ventilation. This procedure compares the VFC sampler's

normal operating flow rate to the design flow rate of the inlet (e.g., 1.13 m¥%min).

7.5.5.1 Determine the value of PI/Pa for the operational flow rate obtained with only the filter cassette
installed (see Section 7.5.2.11 and Section 7.5.2.12).

7.5.5.2 Determine the new sampler flow rate, Qa(sampler) from the lookup table that corresponds to
this value of PI/Pa. Use the manufacturer's calibration table if it has been validated in 7.5.3.6; otherwise,
use the equation in Section 7.5.4.3.

7.5.5.3 Compare Qa(sampler) with the inlet design flow rate (e.g., 1.13 m*min) using the following
equation:

. Qa(sampler) & 1.13
1.13

> 100

Design flow rate% difference

This design flow rate percentage difference must be less than the allowable flow rate tolerance (i.e., %10,
if not otherwise specified by the manufacturer). However, this value should be well within =7 to allow for
some variation with ambient temperature. If this value is not within =7, recheck the calibration procedure
and data for errors. Check the sampler for leaks, bad motor brushes, missing gaskets, incorrect motor type,
or abnormally low line voltage. Because the VFC flow rate is not adjustable, the VFC manufacturer must
be consulted to resolve cases of substantially incorrect VFC flow rates.

7.6 Sampler Calibration Frequency

To ensure accurate measurement calibrate HV samplers upon installation and recalibrate as follows:

7.6.1 At least quarterly or annually (see 40 CFR 58, Appendix A for a description of the quality
assurance requirements);

7.6.2 After any repairs that might affect sampler calibration (e.g., replacing the motor);

7.6.3 After relocation of the sampler to a different site;

7.6.4 If the results of a field flow-check exceed quality control limits (e.g., greater than 2=7% from the
sampler's indicated flow rate); or

7.6.5 Whenever a field flow-check or performance audit indicates that the sampler is out (or nearly out)
of the acceptable flow-rate range.

[Note: Multipoint flow-rate calibrations should be distinguished from single-point, quality control flow checks
(see Section 13). The latter are done more frequently than calibrations and are intended to check if the
sampler flow rate, Qa(sampler), or the calibration relationship has changed significantly since the last
calibration.]

8. Filters

8.1 Pre-weighing of Filters
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8.1.1 Filters ready for field use have been pre-weighed in the laboratory, under prescribed climate control
conditions of temperature and relative humidity, using Inorganic Compendium Method 10-3.1, Selection,
Extraction and Preparation of Filter Material.

8.1.2 Within Method 10-3.1, the user is provided guidance on proper selection of filter material in order
to meet project specific data quality objectives (DQOs), how to visually inspect a new lot of filters for
consistency and identification of defects, and initial weighing of the filters so a net concentration of particulate
matter can be calculated after sampling.

8.1.3 The user should follow the procedures outlined within Method 10-3.1 as part of meeting the
program’s standard operating procedures (SOPs) and quality control (QC) requirements.

8.2 Filter Handling

8.2.1 Filter material may be brittle and subject to shearing and breakage. Laboratory and field personnel
must be aware of these characteristics and handle sample filters with care.

8.2.2 For convenience, filters can be packed in groups of 50 or less in their original containers or in a
box of comparable size. The filters should be separated by a sheet of 8 ¥2 x 11" tracing paper. Filter
inventory can be controlled by stacking the filters in numerical order so that the operator will use the proper
filter first. One side of the shipping box can be cut away to allow the operator to remove the filter easily
without damaging the corners.

8.2.3 A filter identification number must be assigned to each filter. Because of difficulty in seeing the
"up" side (i.e., the side with the slightly rougher texture) of the filter, consistency in labeling these filters will
allow the operator easy access to the filter ID number for documentation and cross-referencing laboratory
data forms. This consistency will also eliminate confusion in loading the filter cassettes for subsequent
sampling. If the filter ID number is embossed by the operating agency, gentle pressure must be used to avoid
filter damage, and extreme care must be taken to avoid duplication or missed numbers.

8.2.4 If samples are to be mailed, the field operator should be supplied with reinforced envelopes and
manila folders for protection of the exposed filters during their return to the analytical laboratory. These
manila folders may be printed to serve as sample data sheets.

8.3 Visual Filter Inspection

All filters must be visually inspected for defects, and defective filters must be rejected if any are found.
Batches of filters containing numerous defects should be returned to the supplier.
The following are specific defects to look for:
< Pinhole - a small hole appearing as a distinct and obvious bright point of light when examined over
a light table or screen, or as a dark spot when viewed over a black surface.
e Loose material - any extra loose material or dirt particles on the filter that must be brushed off before
the filter is weighed.
= Discoloration - any obvious visible discoloration that might be evidence of a contaminant.
e Filter nonuniformity - any obvious visible nonuniformity in the appearance of the filter when viewed
over a light table or black surface that might indicate gradations in porosity across the face of the filter.
e Other - afilter with any imperfection not described above, such as irregular surfaces or other results
of poor workmanship.
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9. Sampling Procedure

Page 2.1-26 Compendium of Methods for Inorganic Air Pollutants June 1999



Chapter 10-2 Method 10-2.1
High Volume Integrated Sampling for SPM

[Note: This section describes routine operation of a monitoring site using an HV sampler and covers an array
of topics, ranging from initial site selection to final data documentation. The procedures herein are intended
to serve as guidelines for developing a monitoring program that will accurately reflect trends in local or
regional air quality. The effectiveness of the monitoring program depends on responsible day-to-day
operation of the monitoring site. The operators who conduct sampling activities offer a unique perspective
on the sampler's performance, and their awareness and attention to detail will salvage data that may
otherwise be lost. Note, however, that "routine" does not mean "unimportant." The site operator provides
cohesiveness in a sampling program.]

9.1 Summary

9.1.1 The PM,, sampler can be used in a number of ways. Procedure variations may include the kind of
filter medium, the surface area of the filter, prescreening to exclude particles up to a given size, and the
manner of placing and exposing the filter during the test. The procedure most commonly used will be
described here.

9.1.2 Calibrate the sampler as described in the Section 7. Do not make any change or adjustment on the
sampler flow indicator after calibrating. Remove the calibrating orifice. The filters may be packed into a
box with sheets of glassine between the filters, or they may be individually packed in self-sealing plastic bags
for transportation to the field.

9.1.3 Mount the filter sheet in the filter holder taking care not to lose any of the fiber. Clamp it in place
by means provided. Seal into place easier by facing the smooth side into the housing if there is a difference
in texture. If the filter holder is separate from the sampler, mount the holder on the intake port, making sure
that the coupling gasket is in place and that it is tight.

9.1.4 Place the sampler in the position and location called for in the test, which is with the filter face up,
in a horizontal plane, and inside a housing. The dimensions and clearances specified are intended to provide
uniformity in sampling practice.

9.1.5 Start the sampler motor and record the time and date. Read the flow-rate indicator and record this
reading and the corresponding flow rate as read from the calibration curve. Note also the temperature and
barometric pressure. An electric clock should be connected to the same line as the motor so as to detect any
loss of test time due to power interruption. A continuous record of the sampling flow rate and sampling time
can be obtained by the use of a continuous pressure (or flow rate) recorder.

9.1.6 Allow the sample to run for the specified length of time, which is commonly 24 h, =1 h. During
this period several readings of flow rate, temperatures, barometric pressure, and time should be taken if this
is feasible. A final set of reading is taken at the end of the test period. If only initial and final readings are
made, assume that change of readings is linear over the period of test. Intermediate readings will improve
the accuracy of volume measurement.

9.1.7 Atthe end of the sampling period, record all final readings. Remove the filter from the mount very
carefully so as not to lose any of the fiber material or collected particulate matter. Fold the filter in half upon
itself with the collected material enclosed within. Place the folded filter in a clean tight envelope and mark
it for identification. In some applications it may be desirable to place the used filter in a tight metal container
to prevent any loss or damage to the filter.

9.1.8 In the laboratory remove the filter from its container. Tap the container and knock any loose fiber
or particulate matter onto the inside surface of the folded filter. Examine the inside surface and, with a pair
of tweezers, remove any accidental objects such as insects.
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9.2 Siting Requirements

9.2.1 As with any type of air monitoring study in which sample data are used to draw conclusions about
a general population, the validity of the conclusions depends on the representativeness of the sample data.
Therefore, the primary goal of a monitoring project is to select a site or sites where the collected particulate
mass is representative of the monitored area.

9.2.2 Basic siting criteria for the placement of high-volume sampler (either TSP or PM,,) are documented
in Table 3. This list is not a complete listing of siting requirements; instead, an outline to be used by the
operating agency to determine a sampler's optimum location. Complete siting criteria are presented in
40 CFR 58, Appendix E.

9.2.3 Additional factors not specified in the Code of Federal Regulations (CFR) must be considered in
determining where the sampler will be deployed. These factors include accessibility under all weather
conditions, availability of adequate electricity, and security of the monitoring personnel and equipment. The
sampler must be situated where the operator can reach it safely despite adverse weather conditions. If the
sampler is located on a rooftop, care should be taken that the operator's personal safety is not jeopardized
by a slippery roof surface during inclement weather. Consideration also should be given to the fact that
routine operation (i.e., calibrations, filter installation and recovery, flow checks, and audits) involves
transporting supplies and equipment to and from the monitoring site.

9.2.4 To ensure that adequate power is available, consult the manufacturer’s instruction manual for the
sampler's minimum voltage and power requirements. Lack of a stable power source can result in the loss
of many samples because of power interruptions.

9.2.5 The security of the sampler itself depends mostly on its location. Rooftop sites with locked access
and ground-level sites with fences are common. In all cases, the security of the operating personnel as well
as the sampler should be considered.

9.3 Sampler Installation Procedures

9.3.1 On receipt of a high-volume sampler (TSP or PM,,) from the manufacturer, visually inspect it and
account for all components. Compare the equipment delivered with the enclosed packing slip. Notify the
manufacturer immediately of any missing or damaged equipment.

9.3.2 Perform a laboratory check to determine if the sampler is operational. Turn on the sampler and
observe the vacuum motor performance and shift the recorder response (if so equipped).

9.3.3 Carefully transport the sampler to the field site. If possible, install the sampler in the center of the
site platform. This practice will ensure easy access to the sampler*s inlet during maintenance procedures and
will reduce inlet damage if the sampler should topple over.

9.3.4 Following manufacturer's instructions, carefully assemble the base and inlet of the sampler. The
sampler must be bolted down to a secure mounting surface.

9.3.5 Check all tubing and power cords for crimps, cracks, or breaks.

9.3.6 Plug the power cord into a line voltage outlet. If possible, this outlet should be protected by a
ground fault interrupter (GFI) for the operator's safety. The use of waterproof interlocking electrical
connectors is also recommended to ensure operator safety and to avoid shorts or power interruptions. Do
not allow any electrical connections to be submerged during periods of inclement weather.

9.3.7 Turn on the sampler and make sure that it is still working properly. Investigate and correct any
malfunctions before proceeding. Operate the sampler for approximately 30 min to ensure that the motor
brushes are properly seated and that the motor is operating at full performance.

9.3.8 Perform a multipoint flow-rate calibration, as described in Section 7.

9.4 Sampling Operations
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9.4.1 General.
9.4.1.1 Operational procedures will vary according to the sampler model and options (e.g., the types
of flow-rate controller and timer) selected for use in the monitoring program. Consult the instrument manual
before putting the sampler into operation. Significant differences exist in the field operation of the two types
of flow-controlling systems and, hence, in the determination of operational flow rates. The following
assumptions are made in this section:
e The flow rate through a sampler that is equipped with a mass-flow controller is indicated by the exit
orifice plenum pressure. This pressure is measured with a manometer (or a flow recorder).
e The flow rate through a sampler that is equipped with a volumetric-flow controller is indicated by
the stagnation pressure. This pressure is measured with a manometer.
e The sampler has been calibrated according to procedure presented in Section 7.
9.4.1.2 The sampler has been calibrated according to procedures presented in Section 7.
9.4.1.3 The average actual flow rate for MFC samplers is calculated by determining the following:
< The average of the initial and final manometer readings of the exit orifice plenum pressure (or the
average flow recorder reading).
e The average ambient temperature (Tav).
e The average ambient barometric pressure (Pav) during the sampling period.
These values are then applied to the sampler*s calibration relationship. The 4" pressure flow recorders often
supplied with HV samplers generally are not sufficiently accurate and are not recommended for quantitative
sampler pressure or flow rate measurements. These flow recorders should be used only for nonquantitative
determination that the flow was approximately constant and uninterrupted over the sampling period. The
flow recorder may be connected in parallel with the manometer or other pressure measuring device using a
tee or "Y" tubing connector.

[Note: Because flow recorders are still widely used for quantitative flow rate measurements, the procedures
in this section include specific instructions for the use of a flow recorder. These flow recorder instructions
are enclosed in brackets.]

9.4.1.4 The average actual flow rate for VFC samplers is calculated by determining the following:

« The average of the initial and final relative stagnation pressures (Pstg).

e The average ambient temperature (Tav).

« The average barometric pressure (Pav) during the sampling period and then by applying these values
to the calibration relationship.

[Note: Consistency of temperature and barometric pressure units is required. All temperatures should be
expressed in kelvin (K = EC + 273). Also, all barometric pressures should be expressed in either mm Hg
or kPa (but don't mix the two units). Avoid calibrating a PM,, sampler using one set of units and then
performing sample calculations using another set.]

9.4.2 Presampling Filter Preparation Procedures.

9.4.2.1 Most high-volume samplers (TSP or PM,,) have been designed to accept filter cassettes.
Loading these cassettes in the laboratory will minimize damage; however, if extreme care is exercised, they
can be loaded at the site when ambient conditions permit. Wear protective gloves when handling filters to
avoid contaminating the filters with body oils and moisture. Keep the filters in protective folders or boxes.
Never bend or fold unexposed filters. The analytical laboratory (and/or filter manufacturer) will give each
filter an ID number. Because it is extremely difficult to see the "up™ side of a quartz filter (i.e., the side with
the slightly rougher texture), the filters should be consistently labeled on one side. When a filter that has
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been labeled on its "down" side is folded for transport to the laboratory, its sample number will be readily
accessible for documentation on laboratory log sheets upon arrival at the laboratory.

9.4.2.2 Following the manufacturer's instructions, carefully load the pre-weighted filter in the filter
cassette. The filter should be centered on the wire screen so that the gasket will form an airtight seal on the
outer edge of the filter when the faceplate is in place. Poorly aligned filters show uneven white borders after
exposure. Care should be taken to ensure that the filter cassette is not excessively tightened, as the filer may
stick or the gasket may be permanently damaged. Check that the gasket is in good condition and has not
deteriorated.

9.4.3 Sampling Procedures-MFC Sampler.

9.4.3.1 Filter Installation Procedure.

9.4.3.1.1 Following the manufacturer’s instructions, loosen the nuts that secure the inlet to the base
and gently tilt back the inlet to allow access to the filter support screen.

9.4.3.1.2 Examine the filter support screen. If the screen appears dirty, wipe it clean. If the filter
cassette is equipped with a protective cover, remove it and place the loaded cassette in position on the sampler
support screen. Tighten the thumb nuts to hold the filter cassette securely. Check that the gasket is in good
condition and has not deteriorated.

Caution: Tighten the thumb nuts evenly on alternate corners to properly align and seat the gasket. The nuts
should be only hand-tightened because too much compression can damage the sealing gasket.

9.4.3.1.3 If an inlet is being used, lower the sample inlet. Inspect the sample inlet to make sure that
it is resting on the filter cassette and not on the sampler’s frame. Secure the sample inlet to the sampler base.

9.4.3.1.4 Open the front door of the sample and examine the flow recorder. Remove any moisture
inside by wiping it with a clean cloth. Record the sampler S/N, filter ID number, site location, and sampling
data on the back of a clean chart and install the chart in the flow recorder.

[Note: Charts used for PM,, samplers normally have square-root-function scales; however, linear-function
scales may be used. If charts with linear-function scales are used, Equations in Section 7.4.3.3 and
Section 7.4.3.5 will have to be modified from their current form by replacing I with (1)*?]

[Note: While installing the chart, do not bend the pen arm beyond its limits of travel. Raise the pen head by
pushing on the very top of the pen air (or by using the pen lift). Be sure that the chart tab is centered on the
slotted drive to ensure full 360E rotation in 24 h. Make sure that the chart edges are properly located beneath
the retainers. Lower the pen arm and tap the recorder face lightly to make certain that the pen is free.]

[Note: During periods of inclement weather, the chart tends to stick to the recorder face. Two charts can be
installed simultaneously to enable the sample (top, annotated) chart to rotate freely.]

9.4.3.1.5 Using a coin or slotted screwdriver, advance the chart and check to see that the pen rests
on zero--the smallest circle diameter. If necessary, adjust the zero set screw while gently tapping on the side
of the flow recorder. If a chart with a linear function scale is used, some positive zero offset may be
desirable to allow for normal variation in the zero readings.

9.4.3.1.6 Turn on the sampler and allow it to equilibrate to operating temperature (3-5 min).
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9.4.3.1.7 While the sampler is equilibrating, record the following parameters on the MFC Sampler
Field Data Sheet (see Figure 14):

« Site Location.

« Sample date.

« Filter ID number.

« Sampler model and S/N.
e Operator’s initials.

9.4.3.1.8 Inspect the manometer for crimps or cracks in its connecting tubing. Open the valves and
blow gently through the tubing of the manometer while watching for the free flow of the fluid. Adjust the
manometer's sliding scale so that its zero line is at the bottom of the meniscuses.

9.4.3.1.9 Measure the initial exit orifice plenum pressure (Pex) using an oil or water manometer, with
a 0-200-mm (0-8") range and a minimum scale division of 1 mm (0.1"). Record the initial Pex on the MFC
Sampler Field Data Sheet. If Pex is substantially different than for previous samples or otherwise appears
abnormal, carry out a Quality Control (QC) flow check as described in Section 13.1.

9.4.3.1.10 Verify that the flow recorder (if used) is operational and that the pen is inking. Note the
flow recorder reading. If it is substantially different than for previous samples or otherwise appears
abnormal, carry out a QC flow-check as described in Section 13.1.

9.4.3.1.11 Turn the sampler off.

9.4.3.1.12 Check the time indicated by the time-set pointer on the flow recorder. If it is in error,
rotate the chart clockwise by inserting a screwdriver or coin in the slotted drive in the center of the chart face
until the correct time is indicated.

9.4.3.1.13 Reset the elapsed time meter to 0000 min and the sampler timer for the next run day.
Close the sampler door, taking care not to crimp the vacuum tubing or any power cords. The sampler is now
ready to sample ambient air.

9.4.3.2 Filter Recovery Procedure. As soon as possible after sampling, the operator should return
to the monitoring site to retrieve the exposed filter. Particle loss or filter damage will result if the filter is
left in the sampler for extended periods.

9.4.3.2.1 Turn on the sampler and allow it to equilibrate to operating temperature (3-5 min).

9.4.3.2.2 Measure the final Pex and record it on the MFC Sampler Field Data Sheet.

9.4.3.2.3 Turn off the sampler.

9.4.3.2.4 Open the door of the sampler, remove the flow recorder chart, and examine the recorder
trace. If the trace indicates extensive flow fluctuations, investigate and correct before the next sampling day.

9.4.3.2.5 Record the following parameters on the MFC Sampler Field Data Sheet:

« Elapsed time of the sampling period, min.

= Average recorder response, arbitrary units.

= Average ambient temperature for the run day (Tav), K (K = EC + 273).

= Average ambient barometric pressure for the run day (Pav), mm Hg or kPa.

[Note: Tav and Pav readings may be recorded or estimated on site or may be obtained from a nearby U.S.
National Weather Service Forecast Office or airport weather station. Barometric pressure readings obtained
from remote sources must be at station pressure (not corrected to sea level), and they may have to be
corrected for differences between the evaluation are not available, seasonal average temperature (Ts) and
barometric pressure (Ps) may be substituted for Tav and Pav, respectively. Care must be taken, however,
that the actual conditions at the site can be reasonably represented by such averages. Therefore, seasonal
values may represent actual values within 20EC and 40 mm Hg.]
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The calculations presented in this section assume that the sampler has been calibrated in terms of actual
temperature and barometric pressure and that the substitution of seasonal values is used only to determine
the sampler’s operational flow rate during a sample period. Although additional calculations to convert the
sampler*s calibration curve to seasonal can be made, the error represented by this method is negligible.

9.4.3.2.6 Calculate and record the average actual flow rate (as determined by the sampler's calibration
relationship) on the MFC Sampler Field Data Sheet and on the back of the chart. Attach the chart to the data
sheet.

Qa = {[) Pex(Tav + 30)/Pa]“?- b} {I/m}
or for the flow recorder,

Qa = {[T(Tav + 30)/Pa]*- b} {1/m}

Qa = average sampler flow rate, actual m%min.
Pex = average exit orifice plenum pressure, mm Hg.
I = average flow recorder response, arbitrary units.
Tav = average ambient temperature for the run day, K.
Pav = average ambient pressure for the run day, mm Hg.
b = intercept of the MFC sampler calibration relationship.
m = slope of the MFC sampler calibration relationship.

[Note: If charts with linear-function scales are used, substitute (1)* for 1.]

9.4.3.2.7 Observe conditions around the monitoring site; note any activities that may affect filter
particle loading (e.g., paving, mowing, fire) and record this information on the MFC Sampler Field Data
Sheet.

9.4.3.2.8 Raise the sampler inlet and remove the filter cassette. Replace the cassette protective cover
(if so equipped). To avoid particle loss, be careful to keep the cassette as level as possible.

9.4.3.2.9 The sampler may now be readied for the next run day.

9.4.3.2.10 Keeping the filter cassette level, carefully transport it, the data sheet, and the flow recorder
chart to the laboratory sample custodian.

9.4.4 Sampling Procedures--VFC Sampler.

9.4.4.1 Filter Installation Procedure.

9.4.4.1.1 Following the manufacturer’s instructions, loosen the nuts that secure the inlet to the base
and gently tilt back the inlet to allow access to the filter support screen.

9.4.4.1.2 Examine the filter support screen. If the screen appears dirty, wipe it clean. If the filter
cassette is equipped with a protective cover, remove it and place the loaded cassette in position on the sampler
support screen. Tighten the thumb nuts sufficiently to hold the filter cassette securely. Check that the gasket
is in good condition and has not deteriorated.

Caution: Tighten the thumb nuts evenly on alternate corners to properly align and seat the gasket. The nuts
should be only hand-tightened because too much compression can damage the sealing gasket.

9.4.4.1.3 Ifaninlet is used, lower the sample inlet and secure it to the sampler base. For impaction
inlets, inspect the sample inlet to make sure that it is resting on the filter cassette and not on the sampler's
frame. Secure the sampler inlet to the sampler base.
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9.4.4.1.4 Record the following parameters on the VFC Sampler Field Data Sheet (see Figure 15):

= Site location.

« Sample date.

e Filter ID number.

« Sampler model and S/N.

e Operator’s initials.

9.4.4.1.5 Turn on the sampler and allow it to reach a stable operating temperature (3-5 min).

9.4.4.1.6 Bring an oil or water manometer to the side of the sampler. This manometer should have
a range of 0-400 mm (0-16") and a minimum scale division of 1 mm (0.1").

[Note: Be sure to convert the manometer reading to mm Hg using the following equation before recording the
reading on the VFC Sampler Field Data Sheet.]

mm Hg = (25.4) (in. H,0/13.6)

Inspect the manometer for crimps or cracks in its connecting tubing. Open the valves and blow gently
through the tubing of the manometer, while watching for the free flow of the fluid.
Adjust the manometer’s sliding scale so that its zero line is at the bottom of the meniscuses.

9.4.4.1.7 Remove the vacuum cap from the stagnation pressure port located on the side of the sampler
base. Using the connecting tubing, attach one side of the manometer to the port. Leave the other side of the
manometer open to atmospheric pressure. Make sure the tubing snugly fits the port and the manometer.

9.4.4.1.8 Measure the initial relative stagnation pressure () Pstg) and record this reading on the VFC
Sampler Field Data Sheet.

9.4.4.1.9 Turn off the sampler, disconnect the manometer, and replace the vacuum cap on the
stagnation pressure port.

9.4.4.1.10 Reset the elapsed-time meter to 0000 min and the sampler timer for the next run day. The
sampler is now ready to sample ambient air.

9.4.4.2 Filter Recovery Procedure. As soon as possible after sampling, the operator should return
to the monitoring site to retrieve the exposed filter. Particle loss or filter damage will result if the filter is
left in the sampler for extended periods.

9.4.4.2.1 Turn on the sampler and allow it to warm up to operating temperature (3-5 min).

9.4.4.2.2 While the sampler is equilibrating, record the following parameters on the VFC Sampler
Field Data Sheet:

 Elapsed time of the sampling period, min.

= Average ambient temperature for the run day (Tav), EC and K.

= Average ambient barometric pressure for the run day (Pav), mm Hg.

[Note: Tav and Pav readings may be recorded or estimated on site or may be obtained from a nearby U.S.
National Weather Service Forecast Office, National Weather Service (NWS) station, or an airport weather
station. Barometric pressure readings obtained from remote sources must be at station pressure (not
corrected to sea level), and they may have to be corrected for differences between the elevation of the
monitoring site and that of the airport. If Tav and Pav readings are not available, seasonal average
temperature (Ts) and barometric pressure (Ps) can be substituted. Care must be taken, however, that the
actual conditions at the site can be reasonably represented by such averages. Therefore, seasonal values may
represent actual values within 20EC and 40 mm Hg.]
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9.4.4.2.3 Inspect the manometer for crimps or cracks in its connecting tubing. Open the valves and
blow gently through the tubing of the manometer, while watching for the free flow of the fluid. Adjust the
manometer sliding scale so that its zero line is at the bottom of the meniscuses.

9.4.4.2.4 Remove the vacuum cap from the stagnation pressure port located on the side of the sampler
base. Using the connecting tubing, attached one side of the manometer to the port. Make sure that the tubing
snugly fits the port and the manometer. Leave the other side open to atmospheric pressure.

9.4.4.2.5 Record the final Pstg on the VFC Sampler Field Data Sheet. Turn off the sampler and
replace the vacuum cap.

[Note: Be sure to convert the manometer reading to mm Hg using the following equation before recording the
reading on the Sampler Field Data Sheet.]

mm Hg = 25.4 (in. H,0/13.6)

9.4.4.2.6 Calculate the average relative stagnation pressure ( )Pstg) and record it on the data sheet.
9.4.4.2.7 Calculate the average absolute stagnation pressure (P1) for the sample run day and record
it on the data sheet.

]

P1 = Pav - )Pstg
where:

P1 = average absolute stagnation pressure, mm Hg.
Pav = average ambient barometric pressure for the run day (not the retrieval day), mm Hg.
)Pstg = average stagnation pressure drop, mm Hg.

9.4.4.2.8 Calculate and record the average stagnation pressure ratio:

Average stagnation pressure ratio = P1/Pav
where:

Pl = average absolute stagnation pressure, mm Hg.
Pav = average ambient barometric pressure on the sample run day, mm Hg.

9.4.4.2.9 Using the manufacturer"s lookup table (or an alternate calibration relationshiﬁ as described
in Section 7.5.4), locate the column and row corresponding to P1/Pav and the Tav value for the sample run
day. Read and record the indicated Qa value.

9.4.4.2.10 Observe conditions around the monitoring site; note any activities that may affect filter
particle loading (paving, mowing, fire) and record this information on the VFC Sampler Field Data Sheet.

9.4.4.2.11 Raise the sampler inlet and remove the filter cassette. Replace the cassette protective cover
(if so equipped). To avoid particle loss, be careful to keep the cassette as level as possible.

9.4.4.2.12 The sampler may now be readied for the next sampling period.

9.4.4.2.13 Keeping the filter cassette level, carefully transport it and the Sampler Field Data Sheet
to the laboratory sample custodian.

9.4.5 Post-Sampling Filter Handling Procedures. If a sample will not be analyzed immediately, the
sample custodian should store the filter within a protective covering. Because filter cassettes often prove too
expensive and unwieldy for storage purposes, the use of a manila folder and a protective envelope of
comparable size to that of the filter is recommended. Laboratory personnel should adhere to the following
procedure:
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9.4.5.1 Following the manufacturer's instructions, remove the top frame of the filter cassette.

9.4.5.2 Conduct a secondary check of a sample's validity as presented in "Laboratory Validation
Criteria" (see Section 9.5).

9.4.5.3 Carefully slip a manila folder underneath the edge of the exposed filter. The filter may stick
in the cassette because of overcompression of the filter cassette gasket. Be extremely careful to avoid damage
to the brittle quartz filter.

9.4.5.4 Center the filter on the folder. If the filter must be touched, do not touch or jar the deposit.
Fold the manila folder lengthwise at the middle with the exposed side of the filter in. If the collected sample
is not centered on the filter (i.e., the unexposed border is not uniform around the filter), fold it so that only
deposit touches deposit. Do not crease the folder--the sample filter may tear. If the filter shears or breaks,
ensure that all pieces of the filter are included within the folder.

9.4.5.5 Insert the folder into the protective envelope.

9.4.5.6 Deliver the filter in its protective folder and envelope, accompanied by the completed data
sheet, to the analytical laboratory.

9.5 Sample Validation and Documentation

9.5.1 Field Validation Criteria. After each sampling period, calculate the percentage difference between
Qa and the design flow rate (1.13 m%min) using the following formula:

- 100 Qa & 1.13
1.13

% Difference

Record this value on a control chart for the field validation of the sampler's actual volumetric flow rate as
is shown in Figure 16.
e Decreases in flow rate during sampling (due to mechanical problems) of more than 10% from the
initial set point result in sample invalidation. Recalibrate the sampler. A sample flow rate may also
fluctuate due to heavy filter loading. If a high concentration is suspected, the operator should indicate
this on the field data sheet. The laboratory supervisor will make the final decision regarding the
sample's validity.
e Changes in flow-rate calibration of more than 10%, as determined by a field QC flow-rate check (see
Section 13), will invalidate all samples collected back to the last calibration or valid flow check.
Recalibrate the sample.
9.5.2 Laboratory Validation Criteria.
9.5.2.1 Upon receiving the filter from the field, check the filter for signs of air leakage by observing
the border around the filter. If the border is clear, then the gasket on the sampler is still usuable. However,
if particulate matter is on the border, then air leakage has occurred and the gasket on the sampler should be
changed. Leakage may result from a worn or improperly installed faceplate gasket. A gasket generally
deteriorates slowly. The sample custodian should be able to decide well in advance (by the increased
fuzziness of the sample outline) when to change the gasket before total gasket failure results. If signs of
leakage are observed, void the sample, determine the cause, and instruct the operator to take corrective
actions before starting another sampling period.

9.5.2.2 Check the exposed filter for physical damage that may have occurred during or after sampling.
Physical damage after sampling would not invalidate the sample if all pieces of the filter were put in the
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folder; however, complete losses of loose particulate after sampling (e.g., loss when folding the filter) would
void the sample. Mark such samples as "void" on the HV data sheet.

9.5.2.3 Check the appearance of the particles. Any changes from normal color may indicate new
emission sources or construction activity in the area. Note any change on the data sheet.

9.5.2.4 Thefilters should be weighed according to the procedures described in Inorganic Compendium
Method 10-3.1, Section 5, Gravimetric Analysis.

9.5.3 Data Documentation. Recordkeeping is a critical part of the QA program. Careful documentation
of sampling data will salvage samples that may otherwise be lost. The sheer repetition of recording data may
result in errors; however, this cross-referencing between data sheets, log books, and (for those samplers so
equipped) the continuous-flowrecorder charts will allow the operator to pinpoint discrepancies that may result
in a sample’s invalidation.

[Note: The use of log books at monitoring sites is highly encouraged.]

9.5.3.1 Presampling Documentation and I nspection. The following information should be recorded
on the Sampler Field Data Sheet (SFDS), sampler recorder chart (RC), flow-rate control chart (CC), and in
the site log book (LB):

= Site Location.

e Sample Date.

e Filter ID number.

e Sample model and S/N.
e Operator’s initials.

9.5.3.2 Post-Sampling Documentation and I nspection. Upon receipt of exposed filters from the
field, the sample custodian should adhere to the following procedures.

9.5.3.2.1 Examine the field data sheet. Determine whether all data needed to verify sample validity
and to calculate mass concentration are provided (e.g., average flow rate, ambient temperature, barometric
pressure, and elapsed time). Void the sample if data are missing or unobtainable from a field operator or if
a sampler malfunction is evident.

9.5.3.2.2 If the exposed filter was packaged for shipment, remove the filter from its protective
envelope and examine the shipping envelope. If sample material has been dislodged from a filter, recover
as much as possible by brushing it from the envelope onto the deposit on the filter with a soft camel*s-hair
brush.

9.5.3.2.3 Match the filter ID number with the correct laboratory data/coding form on which the
original balance ID number, filter ID number, filter tare weight, and other information are inscribed. The
sample custodian should group filters according to their recorded balance 1D numbers. Initial separation of
filters by balance ID number will decrease the probability of a balance error that could result from the use
of different balances for tare and gross weights.

9.5.3.2.4 Remove the filter from the protective manila folder. Should the filter be retained in its filter
cassette, loosen the nuts on the top and remove the filter. Overtightening the nuts may cause the filter to
adhere to the cassette gasket. Gently remove it by the extreme corners to avoid damage. Inspect the filters
for any damage that may have occurred during sampling. Conduct a secondary check of a sample's validity
(as presented in Section 9.4). If insects are embedded in the sample deposit, remove them with
Teflon®-tipped tweezers and disturb as little of the sample deposit as possible. If more than 10 insects are
observed, refer the sample to the supervisor for a decision on acceptance or rejection of the filter for analysis.
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9.5.3.2.5 Place defect-free filters in protective envelopes and forward them to the laboratory for
weighing and analysis. File the data sheets for subsequent mass concentration calculations.

9.5.3.2.6 Place defective filters, with the type of defect(s) listed, in separate clean envelopes. Label
the envelopes and submit them to the laboratory supervisor for final approval of filter validity.

10. Interferences
10.1 Large extraneous objects, such as insects, may be swept into the filter.

10.2 Liquid aerosols, such as oil mists and fog droplets, are retained by the filter. If the amount of liquid
so collected is sizeable, the filter can become wet and its function may be impaired.

10.3 Any gaseous or vaporous constituent of the atmosphere under test that is reactive with or absorbed on
the filter will be retained.

10.4 As the filter becomes loaded with collected matter, the sampling rate is reduced. If a significant drop
in flow rate occurs, the average of the initial and final flow rate will not give an accurate estimate of total
flow during the sampling period. The magnitude of such errors will depend on the amount of reduction of
airflow rate and on the variation of the mass concentration of dust with time during the 24-h sampling period.
As an approximate guideline, any sample should be suspect if the final flow rate is less than one-half the
initial rate.

10.5 Power failure or voltage change during the test period will lead to an error, depending on the extent
and time duration of such failure.

10.6 The passive loading of the filter left in place for any time prior to or following a sampling period can
introduce an error. The timely installation and removal of the filter is advisable, or a sampler with shutters
may be used.

10.7 If two or more samplers are used at a given location, they should be placed at least 2 meters apart so
that one sampler will not affect the results of an adjacent sampler.

10.8 Recent wind tunnel studies have shown significant possible sampling errors as a function of sampler
orientation in atmospheres containing high relative concentrations of large particles.

10.9 Metal dusts from motors, especially copper, may significantly contaminant samples under some
conditions.

10.10 Under some conditions, atmospheric SO,and NO, may interfere. Artifact formation errors are caused
by the retention of sulfur dioxide in the form of sulfate particulate on alkaline filters. Experiments involving
a variety of filters indicate that sulfate loading errors of 0.3-3.0 ug/m? can be expected with the use of
common glass fiber filters under normal sampling conditions and that larger sulfate errors are possible under
extreme sampling conditions. A neutral or low-alkalinity filter medium will eliminate excessive artifact
formation.

10.11 Guidelines to help prevent post-sampling particle loss are presented in Section 8.
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11. Calculations, Validations, and Reporting of TSP and PM,, Data
11.1 Basic Information Used for Calculations

11.1.1 The design flow rate is specified as an actual volumetric flow rate (Qa), measured at existing
conditions of temperature (Ta) and pressure (Pa). The sampler’s operational flow rate should be very close
to the design flow rate. All samplers have some means for measuring the operational flow rate, and that flow
rate measurement system must be calibrated periodically with a certified flow rate transfer standard. Usually,
measurements (or estimates) of ambient temperature and barometric pressure are required to get an accurate
indication of the operational flow rate. To determine the average sampler flow rate over a sample period,
use the average temperature (Tav) and average barometric pressure (Pav) over the sample period. However,
if average temperature and pressure values (or reasonable estimates) cannot be obtained for each sample
period, seasonal average temperature (Ts) and barometric pressure (Ps) for the site may be substituted.

[Note: Tav and Pav readings may be recorded on site or estimated from data obtained from a nearby U.S.
National Weather Service Forecast Office, NWS station, or local airport weather station. Barometric
pressure readings obtained from airports or other sources must be at station pressure (i.e., not corrected to
sea level), and they may have to be corrected for differences between the elevation of the monitoring site and
that of the airport. If individual Tav and Pav readings cannot be obtained for each sample period and
seasonal averages for the site are routinely substituted, care must be taken to ensure that the actual
temperature and barometric pressure at the site are reasonably represented by such averages. Therefore,
seasonal average temperature and pressure values (Ts and Ps) for the site by should be used only when these
values are within 20 K and 40 mm Hg (5 kPa) of the actual average temperature and barometric pressure
(Tav and Pav) for the sample period.]

11.1.2 The calculations presented in this section assume that the sampler has been calibrated in actual
volumetric flow rate units (Qa) and that individual average temperature and barometric pressure values are
used for each sample period. If seasonal average temperature and pressure values for the
site are to be used, Ts may be substituted for Tav, and Ps may be substituted for.

11.1.3 The true or actual flow rate through the sampler inlet must be known and controlled. A common
source or error in a monitoring program is confusion of various air volume flow-rate measurement units.
Although the sampler’s operational flow rate must be monitored in terms of actual volume flow rate units
(Qa), sampler flow rates can be corrected to standard volume flow rate units (Qstd) at EPA standard
conditions of temperature (25EC) and pressure (760 mmHg).

e Qa: Actual volumetric air flow rates, measured and expressed at existing conditions of

temperature and pressure and denoted by Qa (Qactual). Typical units are L/min and m%/min.
Inlet design flow rates for PM,, samplers are always given in actual volumetric flow rate
units.

e Qstd: Airflow rates that have been corrected to equivalent standard volume flow rates at EPA
standard conditions of temperature and pressure (25EC or 298 K and 760 mm Hg or 101 kPa)
and denoted by Qstd (Qstandard). Typical units are std. L/min, and std. m*min. Standard
volume flow-rate units are often used by engineers and scientists because they are equivalent
to mass flow units.

11.1.4 The Qa and Qstd measurement units must not be confused or interchanged. The flow-rate units

can be converted as follows, provided the existing temperature and pressure (or in some cases the average
temperature and pressure over a sampling period) are known:
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Qstd = Qa(Pa/Pstd)(Tstd/Ta)
Qstd = (Pav/Pstd)(Tstd/Tav)
Qa = Qstd(Pstd/Pa)(Ta/Tstd)

where:

Qstd = standard volume flow rate, std m*min.

Qa = actual volume flow rate, actual m¥%min.

Pa = ambient barometric pressure, mm Hg.

Pstd = EPA standard barometric pressure, 760 mm Hg.
Tstd = EPA standard temperature, 298 K.

Ta = standard temperature, K (K = EC + 273).
Qstd = average standard volume flow rate for the sample period, std. m*/min.
E' = average actual volume flow rate for the sample period, m¥%min.

Pav = average ambient barometric pressure during the sample period, mm Hg.
Tav = average ambient temperature during the sample period, K.

Inorganic Compendium Method 10-2.4 provides guidance on calculating sample volume corrected to EPA
standard temperature and pressure.

11.2 Flow-Rate Calculations. Because flow control methods (and hence, calibration procedures) vary
among different sampler models, the calculations necessary to determine the average actual flow rate during
asample run will also differ. The following general procedures are recommended for calculating the average
ambient flow rate of the sampler. In this section, it is assumed that the samplers have been calibrated
according to procedures outlined in Section 7.

[Note: Consistency in units is required. Adoption of uniform designations of K for temperature and mm Hg
(or kPa) for pressure is recommended in all calculations.]

11.2.1 MFC Sampler.
11.2.1.1 The average actual flow rate for sample period_is calculated by determining:
e The average of the initial and final manometer readings () Pex) [or the average flow recorder trace];
e The average ambient temperature (Tav); and
e The average ambient barometric pressure (Pav) during the sampling period and applying these values
to the calibration relationship.

11.2.1.2 Each sampler’s flow measurement system should be calibrated periodically, and the
calibration should be described by a mathematical expression (e.qg., a least-squares linear regression equation)
that indicates the slope and intercept of the calibration relationship. Following the procedure in Section 7,
this expression is in the form of:
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Qa = {[Pex(Tav+ 30)/Pav)]* - b} {I/m}
where:

E' = the sampler's average actual flow rate for the sample period, m*min.

Pex = average of initial and final sampler manometer readings, () Pex; + ) Pex,)/2, in. H,0.
Tav = average barometric pressure for the sample period, K (K = EC + 273).
Pav = average barometric pressure for the sample period, mm Hg.

b = intercept of the sampler calibration relationship.

m = slope of the sampler calibration relationship.

For the flow recorder,
Qa = {[1 (Tav+30)/Pav]*? - b} {I/m}
where:
T = average flow recorder reading for the sample period.

11.2.1.3 The average actual flow rate is then corrected to EPA-standard conditions, calculated as:

Qstd = Qa(Pav/Pstd)(Tstd/Tav)
where:
'ﬁ' = average sampler flow rate corrected to EPA-standard volume flow rate units, std. m¥min.
E' = average actual sampler flow rate for the sample period, m*min.

Pstd = standard barometric pressure, 760 mm Hg.
Tstd = standard temperature, 288 K.

11.2.2 VFC Sampler.
11.2.2.1 The average actual flow rate for the sample period is calculated by determining the ratio of
the average absolute stagnation pressure of the average ambient barometric pressure (ﬁ/Pav) and the
ambient average temperature (Tav) for the sampler period.

11.2.2.2 Calculate the value of Pl in mm Hg:

1 = Pav -)Pstg
where:
Pl = average absolute stagnation pressure for the sample period, mm Hg .
Pav = average barometric pressure for the sample period, mm Hg.
)Pstg = average of initial and final relative stagnation pressure readings, mm Hg.

[Note: Be sure to convert a water manometer reading to mm Hg using the following equation before recording
the reading on the data sheet:]

mmHg = 25.4 () H,0/13.6)
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11.2.2.3 Calculate and record the value of the average stagnation pressure ratio.

Average stagnation pressure ratio = (ﬁ/Pav)

11.2.2.4 Use the manufacturer's lookup table (or alternate calibration relationship; see Section 7) to
determine Qa from the average stagnation pressure ratio (P1/Pav) and Tav for the sample period. The value
of E' is the average volumetric flow rate for the sampler period.

11.2.2.5 The average actual flow rate is then corrected to EPA-standard conditions using the following
equation:

Qstd = Qa(Pav/Pstd)(Tstd/Tav)

where:
Qstd = average sampler flow rate corrected to EPA-standard volume flow rate units, std. m*min.
Qa = average actual sampler flow rate for the sample period, m¥min.

Pstd = standard barometric pressure, 760 mm Hg.
Tstd = standard temperature, 298 K.

11.3 The total standard volume of air sampled is calculated by the following equation:

Vstd = (Qstd)(t)
where:
Vstd = total volume of air sampled in standard volume units, std m?.
W = average sampler flow rate corrected to EPA-standard conditions, std m*%min.
t = total elapsed sampling time, min.

11.4 Percent Difference

11.4.1 After each sampling period, calculate the percentage difference between Qa and the design flow
rate (1.13 m%min) using the following formula:

- 100 Q2 & 1.13
1.13

% Difference

Record this value on a control chart for the field validation of the sampler's actual volumetric flow rate as
is shown in Figure 14.

11.4.2 The following criteria should be used as the basis for determining a sample's
validity:

e Decreases in flow rate during sampling (due to mechanical problems) of more than 10% from the
initial set point cause sample invalidation. A sample flow rate may also fluctuate due to heavy filter
loading. If a high concentration is suspected, the operator should indicate it on the field data sheet.
The laboratory supervisor will make the final decision regarding the sample’s validity.

e Changes in flow-rate calibration of more than 10%, as determined by a field QC flow-rate check, will
invalidate all samples collected back to the last calibration or valid flow check.
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12. Records
12.1 MFC Sampler

Record the following parameters on the MFC Sampler Field Data Sheet (see Figure 14):
e Final Pex.
e Elapsed time of the sampling period, min.
= Average record response, arbitrary units.
e Tav for the run day K (K = EC + 273).
e Pav for the run day, mm Hg.

12.2 VFC Sampler

Record the following parameters on the VFC Sampler Field Data Sheet (see Figure 15):
« Site location.
e Sample date.
e Filter ID number.
e Sampler model and S/N
e Operator’s initials.
< |Initial Relative Stagnation Pressure ( Pstg).
e Elapsed time of the sampling period, min.
e Tav for the run day Tav, EC and K.
e Pav for the run day Pav, mm Hg.
e Pstg, mm Hg.
- Relative Stagnation Pressure.
< Absolute Stagnation Pressure.
e Qa value (from chart generated in Section 7.5.4.).

12.3 Tav and Pav readings may be recorded or estimated on site or may be obtained from a nearby U.S.
National Weather Service Forecast Office or airport weather station. Barometric pressure readings obtained
from remote sources must be at station pressure (not corrected to sea level); they may have to be corrected
for differences between elevation of the monitoring site and that of the airport. If Tav and Pav readings are
not available, seasonal average temperature (Ts) and barometric pressure (Ps) may be substituted for Tav and
Pav, respectively. Care must be taken, however, that the actual conditions at the site can be reasonably
represented by such averages. Therefore, seasonal values should represent actual values within 20EC and
40 mm Hg.

12.4 Observe conditions around the monitoring site; note any activities that may affect filter particle loading
(paving, mowing, fire) and record this information on the VFC Sampler Field Data Sheet.

Document any factors that may cause a sample’s invalidation on the sample data sheet. Forward the data
sheet and the filter to the laboratory supervisor, who will make the final decision regarding the sample’s
validity.

12.5 Record the percentage difference between Qa and the design flow rate on Figure 16.
12.6 Recordkeeping is a critical part of the QA program. Careful documentation of sampling data will
salvage samples that may otherwise be lost. The sheer repetition of recording data may result in errors;
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however, this cross-referencing between data sheets, log books, and (for those samplers so equipped) the
continuous-flow-recorder charts will allow the operator to pinpoint discrepancies that may resultin asample’s
invalidation.

[Note: The use of log books at monitoring sites is highly encouraged. The following information should be
recorded on the Sampler Field Data Sheet (SFDS), sampler recorder chart (RC), in the site log book (LB),
and on the flow-rate control chart (CC).]

12.6.1 The following information should be recorded by the operator who starts the sample. (The
designation in parentheses indicates where the data must be inscribed):

e Sitedesignation and locations (SFDS)(RC)(LB). This information should be recorded in the log book

only once, at the initiation of a monitoring program.

e  Sampler model and S/N (SFDS)(RC)(LB). This information needs to be recorded in the log book
only at the commencement of monitoring, unless there is more than one sampler or a new sampler
has been deployed.

Filter ID number (SFDS)(RC)(LB).

Sample date (SFDS)(RC)(LB).

Initial Pex for MFC or initial ) Pstg for VFC (SFDS)(LB).

Unusual conditions that may affect the results (e.g., subjective evaluation of pollution that day,
construction activity, weather conditions) (SFDS)(LB).

e  Operator’s initials (SFDS).

e  Signature (LB).

12.6.2 The following information should be recorded by the operator who removes the samples.

e  Elapsed time of the sample run (SFDS)(RC)(LB).

e Final ) Pex [or mean I] for MFC or final ) Pstg, P1, and P1/Pav for VFC (DS)(LB)[RC].

The calculated standard average flow rate (Qstd) in std m*min (SFDS)(LB).

The percentage difference between the actual and design flow rates (CC).

Average ambient temperature and barometric pressure on the sample run day (SFDS)(LB).
Seasonal average temperature and pressure, if needed (SFDS/LB). This information needs to be
recorded in the logbook once, at the change of each season.

Existing conditions that may affect the results (SFDS)(LB).

Explanations for voided or questionable samples (SFDS)(LB).

Operator’s initials (SFDS).

Signature (LB).

13. Field QC Procedure

For HV samplers, a field-calibration check of the operational flow rate is recommended at least once per
month. The purpose of this check is to track the sampler's calibration stability. A control chart (e.g.,
Figure 14) that contains the percentage difference between a sampler's indicated and measured flow rates
should be maintained. This chart is a quick reference of instrument flow-rate drift problems and is useful
for tracking the performance of the sampler. Either the sampler log book or a data sheet must be used to
document flow-check information. This information includes, but is not limited to, instrument and transfer
standard model and serial numbers, ambient temperature and pressure conditions, and collected flow-check
data.
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In this section, the following is assumed:
e The flow rate through sampler that is equipped with a mass-flow controller is indicated by the exit
orifice plenum pressure. This pressure is measured with a manometer [or a flow recorder].
< The flow rate through a sampler that is equipped with a volumetric flow controller is indicated by the
stagnation pressure. This pressure is measured with a manometer.
e The acceptable flow-rate fluctuation range is 10% of the design flow rate.
e The transfer standard will be an orifice device equipped with a water or oil manometer.
= The orifice transfer standard"s calibration relationship is in terms of the actual volumetric flow rate
(Qa).
13.1 QC Flow-Check Procedure--MFC Sampler. The indicated flow rate [Qa (sampler)] for MFC
samplers is calculated by determining:
e The manometer reading of the exit orifice plenum pressure [or the flow recorder reading],
e The ambient temperature (Ta), and
e The barometric pressure (Pa) during the flow check.
These values are then applied to the sampler's calibration relationship. The 4" pressure (flow) recorders of
the type often supplied with high-volume PM,, samplers are generally not sufficiently accurate and are not
recommended for quantitative sampler pressure or flow measurements. The flow recorder may be connected
in parallel with the manometer or other pressure measuring device, using a tee or Y tubing connector. An
alternate QC flow-check procedure may be presented in the manufacturer's instruction manual. The manual
should be reviewed and the various methods evaluated. Inhouse equipment and procedural simplicity should
be considered in determining which method to use.

[Note: Do not attempt to conduct a flow check of samplers under windy conditions. Short-term wind velocity
fluctuations will produce variable pressure readings by the orifice transfer standard's manometer. The flow
check will be less precise because of the pressure variations.]

13.1.1 Collect the following equipment and transport it to the monitoring station:
[Note: An independent person should perform the QC flow check, with an outside observer present.]

- A water, oil, or digital manometer with a 0-200 mm (0-8") range and a minimum scale division of 1
mm (0.1") for measuring the sampler*s exit orifice plenum pressure. This manometer should be the
same as is used routinely for sampler flow rate measurements.

< An orifice transfer standard and its calibration relationship (different from initial orifice standard).

e An associated water or oil manometer with a 0- to 400-mm (0- to 16") range and a minimum scale
division of 1 mm (0.1") for measuring the orifice transfer standard.

e Athermometer capable of accurately measuring temperature 0-50EC (273-323 K) to the nearest 1EC
and referenced to an NIST or ASTM thermometer within =2EC at least annually.

e A portable aneroid barometer (e.g., a climber's or engineer's altimeter) capable of accurately
measuring ambient pressure 500-800 mm Hg (66-106 kPa) to the nearest millimeter Hg and referenced
within &5 mm Hg of a barometer of known accuracy at least annually.

e The sampler’s calibration information.

e Spare recorder charts and a clean flow-check filter.

e MFC Sampler Flow-Check Data Sheet or site log book.

13.1.2 Record the site location, sampler S/N, and date on the back of a clean chart and install it in the
flow recorder. While installing the chart, do not bend the pen arm beyond its limits of travel. Raise the pen
head by pushing on the very top of the pen arm (or by using the pen lift) and simultaneously insert the chart.

13.1.3 Lower the pen arm and tap the recorder face lightly to make certain that the pen can move freely.
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13.1.4 Using a coin or slotted screwdriver, advance the chart and check to see that the pen head rests on
zero (i.e., that smallest diameter circle). If necessary, adjust the zeroset screw while gently tapping on the
side of the recorder. A quarter turn of the set screw usually results in large offsets; adjust the set screw
carefully.

13.1.5 Set up the flow-check system as previously illustrated in Figure 10. MFC samplers are normally
flow-checked with a filter in line (i.e., between the orifice transfer standard and the motor). Install a clean
filter in the sampler. Place the filter directly upon the sampler's filter screen. Do not use a filter cassette.
A flow-check filter should never be used for subsequent sampling because particles larger than 10 Fm can
be collected on the filter while the inlet is raised. The sample mass will be biased as a result of using a filter
for both a flow check and subsequent sampling.

13.1.6 Install the orifice transfer standard and its faceplate on the sampler. Do not restrict the flow rate
through the orifice (i.e., by using fixed resistance plates or closing the variable-resistance valve).
Caution: Tighten the faceplate nuts on alternate corners first to eliminate leaks and to ensure even tightening.
The nuts should be hand-tightened; too much compression can damage the sealing gasket. Make sure the
orifice transfer standard gasket is in place and the orifice transfer standard is not cross-threaded on the
faceplate.

13.1.7 Connect the orifice manometer to the pressure port of the orifice transfer standard and the sampler
manometer to the sampler*s exit orifice plenum. Inspect the manometers' connecting tubings for crimps and
cracks. Open the manometer valves and blow gently through the tubings. Watch for the free flow of fluid.
Adjust the manometers® scales so that their zero lines are at the bottom of the meniscuses. Make sure that
the connecting tubing snugly fits the manometer and the pressure port.

13.1.8 Turn on the sampler and allow it to warm up to operating temperature (3-5 min).

[Note: The sampler inlet may be partially lowered over the orifice transfer standard to act as a draft shield
(if a shield is not otherwise provided). Use a block to provide at least 2" of clearance at the bottom for air
flow and for the manometer tubing.]

13.1.9 Read and record the following parameters on the MFC Sampler Flow-Check Data Sheet:

e Sampler location and date.

e Sampler model and S/N.

e Ambient temperature (Ta), EC and K.

= Ambient barometric pressure (Pa), mm Hg.

e Unusual weather conditions.

= Orifice transfer standard S/N and calibration relationship.

e Operator's signature.

13.1.10 Observe the ) H,O across the orifice by reading the manometer deflection. Record the
manometer deflection on the MFC Sampler Flow-Check Data Sheet (see Figure 11).

13.1.11 Measure the exit orifice plenum pressure () Pex) by reading the manometer deflection. Record
the manometer deflection on the MFC Sampler Flow-Check Data Sheet.

13.1.12 Using a coin or small screwdriver, advance the recorder chart to read the sampler's
corresponding response (1) and record on the data sheet. A gentle tap on the recorder face is often necessary
to ensure that the pen is not sticking to the chart.

13.1.13 Turn off the sampler and remove the orifice transfer standard, but not the filter. Turn on the
sampler and repeat Section 13.1.11 [or Section 13.1.12] to check the flow rate under normal operating
conditions. Turn off the sampler and remove the filter.
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13.1.14 Calculate and record Qa(orifice) at actual conditions using the following equation:

Qa(orifice) = {[(D H,0)(Ta/Pa)]” - b} {I/m}
where:
Qa(orifice) = actual volumetric flow rate as indicated by the orifice transfer standard, m*min
) H,0 = pressure drop across the orifice, in. H,0.
Ta = ambient temperature, K.
Pa = ambient barometric pressure, mm Hg.
b = intercept of the orifice calibration relationship.
m = slope of the orifice calibration relationship.

13.1.15 Calculate and record the corresponding sampler flow rate at actual conditions using the following
equation:

Qa(sampler) = {) Pex (Ta + 30)/Pa]*? - b} {I/m}
or use the following if a flow recorder is being used to measure the exit orifice plenum pressure:

Qa(sampler) = {I(Ta + 30)/Pa]*? - b} {l/m}
where:
Qa(sampler) = sampler flow rate, actual m%min.
) Pex = exit orifice plenum pressure, in. H,O.
Ta = ambient temperature during the flow check, K (K = EC + 273).
Pa = ambient barometric pressure during the flow check, mm Hg.
b = intercept of the MFC sampler calibration relationship.
m = slope of the MFC sampler calibration relationship.

[Note: If charts with linear-function scales are used, substitute (1)* for 1.]

13.1.16 Using this information and the formulas provided on the MFC Sampler Flow-
Check Data Sheet, calculate the QC check percentage differences.

QC&check % difference * [Qa(sampler) J?L.Qa(orifice)] [100]
Qa(orifice)

where:
Qa(sampler) is measured with the orifice transfer standard being installed.

Record this value on the MFC Sampler Flow-Check Data Sheet and plot on the QC control chart. If the
sampler flow rate is within 93-107% (7% difference) of the calculated Qa(orifice) flow rate (in actual
volumetric units), the sampler calibration is acceptable. If these limits are exceeded, investigate and correct
any malfunction. Recalibrate the sampler before sampling is resumed. Differences exceeding 210% may
result in the invalidation of all data collected subsequent to the last calibration or valid flow check. Before
invalidating any data, double-check the orifice transfer standard's calibration and all calculations.
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13.1.17 Calculate the corrected sampler flow rate, Qa(corr. sampler), using the following equation:

% difference)]
100

Qa(corr. sampler * [Qa(sampler)] [(100 &

where:
Qa(sampler) is measured without the orifice transfer standard being installed and where the QC-check
percentage difference was obtained from the equation above.

[Note: Take care to use the correct sign (i.e., positive or negative) for the percent difference.]
13.1.18 Calculate and record on the MFC Sampler Flow-Check Data Sheet the percentage difference

between the inlet’s design flow rate and the corrected sampler flow rate as:

. [Qa(corr. sampler) & 1.13] [100]

Design flow rate % difference
1.13)

[Note: The author assumes in this section that the inlet is designed to operate at a flow rate of 1.13 actual
m*/min. If the design flow rate percentage difference is less than or equal to #7%, the sampler calibration
is acceptable. If the difference is greater than 7%, investigate potential error sources and correct any
malfunction. Recalibrate the sampler before sampling is resumed. Differences exceeding #10% may
invalidate all data collected subsequent to the last calibration or valid flow check. Before invalidating any
data, double-check the sampler's calibration, the orifice transfer standard's certification, and all
calculations.]

[Note: Deviations from the design flow rate may be caused in part by deviations in the site temperature and
pressure from the seasonal average conditions. Recalculate the optimum set-point flow rate (SFR) according
to Section 7.4.4 to determine if the flow controller should be adjusted.]

13.1.19 Set up the sampler for the next sampling period according to the operating procedure in
Section 9.4.

13.2 QC Flow-Check Procedure--VFC Sampler

The indicated flow rate (Qa (sampler)) for VFC samplers is calculated by determining:

e The relative stagnation pressure (Pstg),

e The ambient temperature (Ta), and

e The barometric pressure (Pa) during the flow check.
These values are then applied to the sampler’s calibration relationship. An alternative QC flow-check
procedure may be presented in the manufacturer's instruction manual. The manual should be reviewed and
the various methods evaluated. Inhouse equipment and procedural simplicity should be considered in
determining which method to use.

[Note: Do not attempt to conduct a flow check of samplers under windy conditions. Short-term wind velocity
fluctuations will provide variable pressure readings by the orifice transfer standard's manometer.]

The flow check will be less precise because of the pressure variations.
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13.2.1 Collect the following equipment and transport it to the monitoring station:

< An orifice transfer standard and its calibration relationship in actual volumetric flow units (Qa).

e An associated oil, water, or digital manometer, with a 0-400 mm (0-16") range and minimum scale
divisions of 1 mm (0.1").

e An oil, water, or digital manometer, with a 0-400 mm (0-16") range and minimum scale divisions of
1 mm (0.1") or other pressure measurement device for measurement of the sampler stagnation
pressure. ldeally, this manometer (or other pressure measurement device) should be associated with
the sampler.

[Note: Manometers used for QC flow-checks may be subject to damage or malfunction and thus should be
checked frequently.]

e Athermometer capable of accurately measuring temperature from 0E-50EC (273-323 K) to the nearest
#+1EC and referenced to an NIST or ASTM thermometer within 2EC at least annually. To calculate
the orifice flow rates, convert EC to K.

e Aportable aneroid barometer (e.g., a climber or engineer's altimeter) capable of accurately measuring
ambient barometric pressure over the range of 500-800 mm Hg to the nearest millimeter Hg and
referenced within 5 mm Hg of a barometer of known accuracy at least annually.

e The sampler's calibration relationship (i.e., lookup table or alternative calibration relationship).

« A clean flow-check filter loaded into a filter cassette.

e A VFC Sampler Flow-Check Data Sheet (see Figure 13) or a site log book.

13.2.2 Set up the flow-check system as previously illustrated in Figure 12. VVFC samplers are normally
flow-checked with a loaded filter cassette in line (i.e., between the orifice transfer standard and the motor).
The orifice transfer standard should be installed without fixed resistance plates or with the adjustable
resistance value fully open. A flow-check filter should never be used for subsequent sampling because
particles larger than 10 Fm can be collected on the filter while the inlet is raised. The sample mass will be
biased as a result of using a filter for both a flow check and subsequent sampling.

Caution: Tighten the faceplate nuts on alternate corners first to eliminate leaks and to ensure even tightening.
The fittings should be hand-tightened; too much compressing can damage the sealing gasket. Make sure the
orifice gasket is in place and the orifice transfer standard is not cross-threaded on the faceplate.

13.2.3 Turn on the sampler and allow the sampler to warm up to operating temperature (3-5 min).

[Note: The sampler inlet may be partially lowered over the orifice transfer standard to act as a draft shield
(if a shield is not otherwise provided). Use a block to provide at least 2" of clearance at the bottom for air
flow and for the manometer tubing.]

13.2.4 Read and record the following parameters on the VFC Sampler Flow-Check Data Sheet (see
Figure 13):

e Sampler location and date.

e Sampler S/N and model.

e Ambient temperature (Ta), EC and K.

e Ambient barometric pressure (Pa), mm Hg.

e Unusual weather conditions.

= Orifice transfer standard S/N and calibration relationship.

e Operator's signature.

13.2.5 Inspect the manometers for crimps or cracks in the connecting tubing. Open the valves and blow
gently through the tubing, watching for the free flow of the fluid.
Adjust the manometers® sliding scales so that the zero lines are at the bottom of the meniscuses.
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13.2.6 Connect the orifice manometer to the orifice transfer standard and the sampler manometer to the
sampler stagnation pressure port located on the side of the sampler base. Ensure that one side of each
manometer is open to atmospheric pressure. Be sure that the connecting tubing snugly fits the pressure ports
and the manometers.

13.2.7 Read the pressure drop as indicated by the orifice manometer () H,0) and record the value on the
VFC Sampler Flow-Check Data Sheet. Read the stagnation pressure drop and record it as ) Pstg (mm Hg)
on the data sheet.

[Note: Be sure to convert the manometer reading to mm Hg using the following equation before recording the
reading on the data sheet.]

mm Hg = 25.4(in. H,0/13.6)

13.2.8 Turn off the sampler and remove the orifice transfer standard.

13.2.9 With only a loaded filter cassette in line, turn on the sampler and allow it to warm up to operating
temperature.

13.2.10 Read and record the stagnation pressure drop () Pstg) for the normal operating flow rate. Turn
off the sampler. Replace the vacuum cap on the stagnation pressure port.

13.2.11 Calculate and record Qa(orifice) flow rate for the flow-check point, as in the equation,
reproduced below:

Qa(orifice) = {[(D H,0)(Ta/Pa)]* - b] [I/m]
where:
Qa(orifice) = actual volumetric flow rate as indicated by the transfer standard orifice, m%min.

) H,0 = pressure drop across the orifice, in. H,0.
Ta = ambient temperature, K (K = EC +273).
Pa = ambient barometric pressure, mm Hg.

b = intercept of the orifice calibration relationship.

m = slope of the orifice calibration relationship.

13.2.12 Calculate and record the value of Pl (mm Hg) for the measurements, with and without the orifice
installed, according to the following equation:

Pl = [Pa- ) Pstg ]
where:
Pl = stagnation pressure, mm Hg.
Pa = ambient barometric pressure, mm Hg.
) Pstg = stagnation pressure drop, mm Hg.
13.2.13 Calculate and record the stagnation pressure ratio for the measurements, with and without the
orifice installed, according to the following equation:

Stagnation pressure ratio = PI/Pa
where:
Pl = stagnation pressure, mm Hg.
Pa = ambient barometric pressure, mm Hg.

13.2.14 Refer to the instrument manufacturer's lookup table (or alternative calibration relationship as
described in Section 7.5.4) and determine the Qa(sampler) flow rates (m*min) for the measurements with
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and without the orifice installed as indicated for the ratio of Pl/Pa and ambient temperature in EC. Record
these values on the VFC sampler flow check data sheet.

13.2.15 Using Qa(orifice) and Qa(sampler) for the measurements with the orifice installed, calculate the
QC-check percentage difference as:

QC&check % difference * [Qa(sampler) J%-Qa(orifice)] [100]
Qa(orifice)

Record this value on the VFC Sampler Flow-Check Data Sheet and plot it on the control chart for QC flow
checks. If the QC-check percentage difference is less than or equal to 7%, the sampler calibration is
acceptable. Those differences exceeding ==7% will require recalibration. Differences exceeding 2=10% may
invalidate all data collected subsequent to the last calibration or valid flow check. Before invalidating any
data, double-check the sampler's calibration, the orifice transfer standard's certification, and all calibrations.

13.2.16 Using this percentage difference and Qa (sampler) from the measurements without the orifice
installed (i.e., for the normal operating flow rate), calculate the corrected sampler flow rate as:

% difference)]
100

Qa(corr. sampler * [Qa(sampler)] [(100 &

Record Qa (corr. sampler) on the VFC Sampler Flow-Check Data Sheet.
13.2.17 Determine the design flow rate percentage difference between the PM,, sampler inlet design flow
rate (e.g., 1.13 m¥min) and Qa (corr. sampler) as:

QC&check % difference © [Qa(sampler) J%-Qa(orifice)] [100]
Qa(orifice)

Record this design flow rate percentage difference on the VFC Sampler Flow-Check Data Sheet and plot it
on the control chart for the field validation of flow rates. When plotting this value, use a different symbol
than is normally used for plotting values that are obtained during sampling periods. If the design flow rate
percentage difference is less than or equal to 7%, the sampler calibration is acceptable. Those differences
exceeding £=7% will require recalibration. Differences exceeding 10% may invalidate all data obtained
subsequent to the last calibration or valid flow check. Before invalidating any data, double-check the
sampler's calibration, the orifice transfer standard’s certification, and all calculations.

14. Maintenance

Maintenance is defined as a program of positive actions aimed toward preventing failure of monitoring and
analytical systems. The overall objective of a routine preventive maintenance program is to increase
measurement system reliability and provide more complete data acquisition. The general maintenance
procedures for HV samplers are outlined in this section. For more complete information on a particular
sampler or on laboratory equipment maintenance, refer to the manufacturer’s instruction manual for the
individual instrument. Maintenance activities for the HV sampler are summarized in Table 4. Records
should be maintained for the maintenance schedule of each HV sampler. Files should reflect the history of
maintenance, including all replacement parts, suppliers, costs, expenditures, and in inventory of on-hand
spare equipment for each sampler. Check sheets should be used to record preventive and/or corrective
maintenance activities and the subsequent sampler calibration curve.
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14.1 Maintenance Procedures

The HV sampler is comprised of two basic components: the inlet and the flow control system. Because of
the differences between sampler models, refer to the manufacturer's instruction manual for specific
maintenance guidelines and necessary supplies.

14.2 Recommended M aintenance Schedules

14.2.1 MFC Base. The MFC base is equipped with the following items:

14.2.1.1 Connecting tubing and power lines, which must be checked for crimps, cracks, or
obstructions on sample recovery days. Fittings should be inspected periodically for cross-threading and
tightness.

14.2.1.2 A filter screen, which should be inspected on sample recovery days for any impacted
deposits.

14.2.1.3 Filter cassette gaskets, which need to be inspected each time a cassette is loaded. A worn
cassette gasket is characterized on exposed filters by a gradual blending of the boundary between the collected
particulate and the filter border.

14.2.1.4 Motor and housing gaskets, which should be checked at 3-month intervals and replaced as
necessary.

14.2.1.5 Blower motor brushes, which should be replaced before they become worn to the point that
damage may occur. Although motor brushes usually require replacement after 600-1,000 hours of operation,
the optimum replacement interval must be determined by experience. A pumice stone can be used against
the motor's contacts to ensure high conductivity. Change the brushes according to manufacturer's
instructions and perform the operator’s field-calibration check as presented in Section 13. If the sampler's
indicated flow rate exceeds the manufacturer-specified design-flow-rate range, adjust the sampler before the
next run day.

To achieve the best performance, new brushes should be properly seated on the motor*s commutator before
full voltage is applied to them. After the brushes have been changed, operate the sampler at 50-75% of
normal line voltage for approximately 30 min. The motor should return to full performance after an
additional 30-45 min at normal line voltage.

[Note: The motors that are used for HV samplers are higher-current versions of the motors that have been
used for HV total suspended particulate samplers. The brushes for the two types of motors are different.
Make sure that the correct replacement brushes are used for the maintenance of HV samplers. If a motor
needs to be replaced, be sure to use the higher-current versions that are needed for HV sampling. When
lower-current motors are installed in HV samplers, the flow rate has been found to vary with changes in the
line voltage.]

14.2.1.6 A flow controller should be replaced if the flow recorder indicates no flow, low flow,
excessive flow, or erratic flow. Minor adjustments can be made to alter sampling flow rates; however, the
controller generally cannot be repaired in the field.

[Note: A flow recorder requires very little maintenance, but does deteriorate with age. Difficulty in zeroing
the recorder and/or significant differences (i.e., greater than 0.3 m%min) in average flow rates obtained from
consecutive sampling periods usually indicate a faulty recorder. The recorder pens should be replaced every
30 recording days. In dry climates, a more frequent replacement schedule may be required.]

June 1999 Compendium of Methods for Inorganic Air Pollutants Page 2.1-51



Method 10-2.1 Chapter 10-2
Integrated Sampling for SPM High Volume

14.2.2 VFC Base. The VFC base is equipped with the following items:

14.2.2.1 Power lines, which must be checked for crimps or cracks on sample recovery days. Fittings
should be inspected periodically for cross-threading and tightness.

14.2.2.2 A filter screen at the throat of the choked-flow venturi, which should be inspected on sample
recovery days for any impacted deposits.

14.2.2.3 Filter cassette gaskets, which should be checked each time a filter is installed. A worn casket
gasket is characterized on exposed filters by a gradual blending of the boundary between the collected
particulates and the filter border.

14.2.2.4 Motor and housing gaskets, which should be checked at 3-month intervals and replaced as
necessary.

14.2.2.5 Blower motor brushes, which should be replaced before they become worn to the point that
damage may occur. Although motor brushes usually require replacement after 600-1,000 hours of operation,
the optimum replacement interval must be determined by experience. A pumice stone can be used against
the motor’s contacts to ensure high conductivity. Change the brushes according to manufacturer’s
instructions, and perform the operator"s field-calibration check as presented in Section 13. If the sampler's
indicated flow rate exceeds the manufacturer-specified design flow-rate range, recalibrate the sampler before
the next run day.

To achieve the best performance, new brushes should be seated properly on the motor's commutator before
full voltage is applied to them. After the brushes have been changed, operate the sampler at 50-75% of
normal line voltage for approximately 30 min. The motor should return to full performance after an
additional 30-45 min at normal line voltage.
Caution: Motorsthat are used for HV PM,, samplers are higher-current versions of the motors that have been
used for HV total suspended particulate samplers. The brushes for the two types of motor are different. Make
sure that the correct replacement brushes are used for the maintenance of HV PM,, samplers.

14.2.2.6 If a motor needs to be replaced, be sure to use the higher-current versions that are needed
for HV PM,, sampling. When lower-current motors are installed in HV PM,, samplers, the flow rate has
been found to vary with changes in the line voltage.

14.3 Refurbishment of HV Samplers

If operated in the field for extended periods, HV PM,, samplers may require major repairs or complete
refurbishment. If so, refer to the manufacturer's instrument manual before work is undertaken. A sampler
that has undergone major repairs or refurbishment must be leak-checked and calibrated prior to sample
collection.
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TABLE 1. EXAMPLE OF BASIC CHARACTERISTICS OF SOME COMMON FILTER

MATERIAL

QUARTZ FIBER FILTER
(Glass Spun with Organic Binder)

Whatman QMA Filter

Maximum temperature of up to 540EC
High Collection Efficiency
Non-hydroscopic

Good for Corrosive Atmospheres
Fragile

Lowest background metals content

CELLULOSE FIBER FILTER
(Cellulose Pulp)

Whatman # 41/MSA *'s"

Low Ash

Maximum Temperature of 150EC

High Affinity for Water

Enhanced Artifact Formation for SO and NO,
Good for X-Ray/Neutron Activation Analysis
Low Metal Content

MEMBRANE FILTER
(Dry Gel of Cellulose Esters)

Whatman #41

1 Fragile, Therefore Requires Support Pad
I High Pressure Drop

I Low Residue when Ashed
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TABLE 2. EXAMPLE OF SUMMARY OF USEFUL FILTER PROPERTIES

Filter and Filter Density
Composition mg/cm? pH Filter Efficiency %

Teflon® (Membrane) 0.5 Neutral 99.95
(CF,),(2pm Pore Size)
Cellulose (Whatman 41) 8.7 Neutral 58% at
(CcH,09), (Reacts with HNO,) 0.3 um
Glass Fiber 5.16 Basic pH - 9 99.0
(Whatman GF/C)
"Quartz" Gelman 6.51 pH -7 98.5
Microquartz
Polycarbonate (Nuclepore) 0.8 Neutral 93.9
C;H,,+CO, (0.3um Pore Size
Cellulose Acetate/Nitrate 5.0 Neutral 99.6
Millipore (C,H,;0,),(1.21 um Pore (Reacts with HNO,)
Size)
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TABLE 3. EXAMPLE OF MINIMUM SAMPLER SITING CRITERIA

Distance from supporting
Height above structure, meters
ground,
Scale meters Vertical | Horizontal® |Other spacing criteria
Micro 2t0 7 =2 =2 1. Should be =20 meters from
trees.

2. Distance from sampler to
Middle, neighbor- 21015 =2 =2 obstacle, SL.JCh b“"d'Pgs’
hood. urban. and must be twice the height and
regional scale the obstacle protrudes above

the sampler.

3. Must have unrestricted
airflow 270 degrees around
the sampler inlet.

4. No furnace or incineration
flues should be nearby.”

5. Spacing from roads varies
with traffic (see 40 CFR 58,
Appendix E).

6. Sampler inlet is at least 2 m
but not greater than 4 m
from any collocated PM,,
sampler. (See 40 CFR 58,
Appendix E.)

®When inlet is located on rooftop, this separation distance is in reference to walls, parapets, or
penthouses located on the roof.

"Distance depends on the height of furnace or incineration flues, type of fuel or waste burned, and
quality of fuel (sulfur, ash, or lead content). This is to avoid undue influences from minor
pollutant sources.
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TABLE 4. EXAMPLE OF ROUTINE MAINTENANCE ACTIVITIES
FOR SAMPLERS

Equipment

Frequency and/or
method

Acceptance limits

Action if requirements
are not met

Sampler inlet

Dismantle and clean at
manufacturer-specified
internals

No obvious particulate
deposits or damage

Clean, replace damaged
equipment before
sampling

Sampler base

Power lines

Check for crimps or
cracks

No obvious damage

Replace as necessary

Filter screen and throat

Visually check on
sample-recovery days

No obvious deposits;
clean with wire brush

Clean

Gaskets At 3-mo intervals, No leaks; no Replace as necessary
inspect all gaskets in the [compression damage
sampler evident

Brushes Replace after 600- Stable flow rate Replace as necessary
1,000 h of operation

Motor Replace if needed Correct model must be  |Obtain correct model

used

Flow controller

Check when flowrate
changes are evident

Stable flow rate
throughout sample run

Replace or repair if
possible

Recording device

Inspection with
experiencing difficulty in
zeroing, or when large
changes in flow rates
occur

Recorder stays zeroed;
chart advances; pen inks

Replace or repair if
possible

Tubing, fittings

Visually inspect on
sample-recovery days

No crimps, cracks, or
obstructions; no
crossthreading

Replace as necessary.
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Figure 1. High-volume sampler with shelter.
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Hi Volume Sampler in Shelter

Figure 2. Inlet to EPA approved high volume sampler.
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Figure 3. High-volume sampler with mass flow controller and impactor design size select inlet.
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Figure 4. Schematic diagram of an impaction inlet for size select sampling for particulate matter.
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Figure 5. Schematic diagram of a cyclonic inlet for size select sampling for particulate matter.
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Figure 6. Flow rate transfer standard calibration setup.
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Figure 7. Typical orifice-type flow rate transfer standards.
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ORIFICE TRANSFER STANDARD CERTIFICATION WORKSHEET
Date: Aosts matar S/N: Ta:
Operatar: Orifice SIN: Pa: mm Hy
Plate or Initial
Volts AC Volume | Final ¥olume | avol. | aTime (min) aHg {mm) aHR0 (in)
DATA TABULATION
{X-3x15} (p-axis) ) {x-axis) {y-axs)
Vitd Qstd [AM,0 (Pa/Ta)] Va Oa {1M0 (Ta/Pa)]"
i
H
m = me
-] h =
t= ro=
CALCULATIONS

y=mx + Db

Vatd = 3 Vo [{Pa - aMgy760] (288Ma)-
Qstd = VistdiaTime:

Va = Vol [{Pa - AMghPa)

Ca = ValiTime

Y= M)+ b

For subsequent flow rate caiculations:

Qsiet = {(3H,0 (PaTa)l — b 1tmy

Qa = j[aM,C {T/Pall? - B} 11/m

"NCTE: For PM10 monitoring, a calibration curve corrected o standard conditions is optional.

Figure 8. Example orifice transfer standard certification worksheet.

Page 2.1-66

Compendium of Methods for Inorganic Air Pollutants

June 1999



Chapter 10-2 Method 10-2.1
High Volume Integrated Sampling for SPM

17 1 1 v 1T 17 1 [
30— ==
F 20— —
£,
""«% —
le — _
i
E -
10 — —
R T T Y B S B B

Qg std m3imin

Figure 9. Typical calibration curve for a flow rate transfer standard.
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Figure 10. Typical calibration set-up for a mass flow controller (MFC).
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MFC SAMPLER CALIBRATION DATA SHEET

Station Location Datg Time
Sampler Model SMN Operator
Pa mmHg, Ta < K. Unusual conditions:
Ps* mmHg, Ts *C K, (*seascnal average Ta and Pa)
Crifice SIN Crlfice Calibralion Dala
Cnifice catibeation relationship: m = b= r=
X-Axlg = ¥-Axls =
Plate {Tolal AH0 | Qa {onfice) fiow rate® | Sampler aPex (in. #H20) Sampler APext?
Number {in.) {m¥/min} [or | for flow recorciar] | lar B for fiow recorders]®

302 = {llaH0) TaPall't - b} [1/m}

barext w {aPex(Ta + 30)Pa)

S w 1) [{Ta + 300WPaI™ i a fiow recorder is used

Sampler Calibration Aelatlonship {Oa on x-axis; aPex! or (] on y-axisk
APaxt = mlQa (Onficell + bor & = miQaiOrificel] + b

m= b= rm
For subsegquenl safeviatlon of sample: flow mte:

Ga w {[mean sPex (Tav + 30MPav]™* — b} |1/m}
or Ga = {mean l|(Tav + 20WPavl™® - b) {1/}

Sel point Aow rate ([SFR) Sampler sel poirt (S5R)

SFR = 113 (PsFa) (T/Te) SSF = [PafTa + ao)]g;.m-:SFFl} + b2
of S8F = [PafTa + 301" [M{SFR} + b for flow
ratordars

Figure 11. Example MFC sampler calibration data sheet.
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Figure 12. Calibration of a typical volumetric flow controller (VFC).
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VF( SAMPLER CALIBRATION DATA SHEET
Station Location Date Time
Sampler Model SM Cperater
Pa —______ mmHg Ta oC K, Unusuai Conditions
Orifice S/N . Crifica Calibrativn Date
Crifice Calibration Relationship: m = b a r =
Ca {oritice} Qe (oriflce)
Plate | AH,0 APstg  |P1=Pa-2Psig| P1/Pe fiow rate® | U8 lonfice]
No. {in.} {mm Hgi* {mm Hg) {mm Hg) (¥ min) [Ta}*
Cperational Flow Rate
Zmm Hg = 25.4 fin. H,0/M138) - Ca Qa {(samplar) %
bQa (orifice) = +/m {{{aM 20) (TarPai]” - b} {(Orifice) | {Lookup Table) | Differance®
Cop Difference = Qa {sampler) ~ Qa (orifice) §100]
Qa (orifica)
Sampler Calibration Refationship
T Lockup Table Validated fie., 0% difference £ 4}
O New calibration relationship:
% - Qaloifieed o | (pypg)
[Ta[**
m = b= =
For subsaquent calculation of samplés fiow rate:
Qa = {[P1/Pa - bifTa]**} {1/m}
Operational Flow Flale m3fmin
Figure 13. Example VFC sampler calibration data sheet.
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MFC SAMPLER FIELD DATA SHEET
Station .
Location Date SARCAD¥
Sampier Mode! &N
Fiter ID No. Pav mm Hg, Tav << K
Sampler Manometer Readings Flow Recorder Asadings

Initial 4Pex in. HyQ Mean |
Final APex in. H,O
Mean 1Pex in. H G -
Sampler Calibration Relationship: m = b= Fx
Qa mYimin Elapsad Time min
Qa = {[mean APex Tav + 30¥Pav]” - b} (t/m}
Qa = {mean | [(Tav + 30/Pav]"* - b} {1/m} lor flow recorders
Operator
Comments;
Laberatory Calculations:
qui: — std mymin  Gross weight (Wg) g

- Qstt = Qa (Pav/Pstd) (Tetd/ Tay) Tare waight (W) [
wie ___ std 3 Nat Weight {Wn) q
Vsid = (Qsid) (elapsed time) PMT0 Conceniration wgisid m?

PMI0 Concentration = (Wn) (10%)/vstd

Figure 14. Example MFC sampler field data sheet.
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VFC SAMPLER FIELD DATA SHEET

Station .

Location Date, SAROADH

Sarnpier Mode) SN

Fiter 1D No. Pav mm Hg, Tav o K
Aelative Stagnation Pressure Readings Absolute Stagnation Pressure

Initial APsig mmHg Fi= : mm Hg

Final APstg __ mmHg  Fi = Pav -~ Average APsig

Average aPstg = mm Hg

Average Stagnation Pressure Ratio (P1/Pav)

Aversge Fiowrate (Qa)* mimin  Elapsed Time . : min
~Obtained from manufacturer’s lockup table {or
from alternate calibration relationship)

Operator

Comments:

Laboratory Calculations:

Qsta _ Std mdfmin  Gross Weight (Wg) g
Ostd = Qa (Pav/Puid) (Tstd/Tav) Tare Weight (Wi} g
vt qamd  NetWeight W) g
Vstd = (Osid) (Etapsed Time} - PM10 Cencentration kgistd m?

PM10 Concenration = {Wn) {105/ Veid

Figure 15. Example VFC sampler field data sheet.
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Chapter 10-3
CHEMICAL SPECIES ANALYSIS
OF
FILTER-COLLECTED SUSPENDED PARTICULATE MATTER (SPM)

Method 10-3.1
SELECTION, PREPARATION AND EXTRACTION OF
FILTER MATERIAL

1. Scope

1.1 This methodology consists of (1) filter media selection, (2) numbering and pre-field tare weighing of
filters, (3) post-field final weighing of filters, (4) microwave or hot acid extraction, and (5) analysis for metal
analysis by ICP, FAA, ICP/MS or GFAA.

1.2 Pre-field filters are conditioned in a room of constant humidity and temperature and are gravimetrically
tared. After air samples have been collected, the filters are returned to the laboratory and conditioned as
before and weighed. The final filter weight minus the tare weight is calculated. The procedure for the
weighing of filters is based on 40 CFR 50, Appendix B, entitled "Reference Method for the Determination
of Suspended Matter in the Atmosphere (High-Volume Method)."

1.3 After the post-field filter final weights have been obtained, the filter is subsampled by cutting a filter strip
consisting of one-ninth of the overall filter and digested using a microwave or hot acid extraction technique;
these extracts are then analyzed by one of many analytical techniques. The results are multiplied by a factor
of 9 to obtain the actual total ug of each metal found on the entire 8" x 10" filter. Based upon the analysis
of a blank filter, background metal concentration may be subtracted from the total metal concentration to get
a net value. Therefore, the analytical results represent the total ug found on the 8™ x 10" filter but do not
represent the volume of air sampled.

1.4 Sectioning the filter for extraction is based on 40CFR50, Appendix B entitled "Determination of Lead
in Suspended Particle Matter Collected From Ambient Air." The procedure for the microwave extraction is
based on a method developed by EPA entitled Microwave Extraction of Glass-Fiber Filters, as identified in
Section 2.2. This procedure has been modified for extracting quartz fiber filters.

2. Applicable Documents
2.1 ASTM Documents

e D4096 Application of the High Volume Sample Method for Collection and Mass Determination of
Airborne Particle Matter.

e D1356 Definition of Terms Related to Atmospheric Sampling and Analysis.

e D1357 Practice for Planning the Sampling of the Ambient Atmosphere.

e D2986 Method for Evaluation of Air Assay Media by the Monodisperse DOP (Dioctyl Phthalate)
Smoke Test.
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2.2 Other Documents

e U.S. Environmental Protection Agency, Quality Assurance Handbook for Air Pollution Measurement
Systems, Volume I: A Field Guide for Environmental Quality Assurance, EPA-600/R-94/038a.

e U.S. Environmental Protection Agency, Quality Assurance Handbook for Air Pollution Measurement
Systems, Volume I1: Ambient Air Specific Methods (Interim Edition), EPA-600/R-94/038b.

- Reference Method for the Determination of Particulate Matter in the Atmosphere, Code of Federal
Regulations (40 CFR 50, Appendix J).

- Reference Method for the Determination of Suspended Particulates in the Atmosphere (High Volume
Method), Code of Federal Regulations (40 CFR 50, Appendix B).

- Reference Method for the Determination of Lead in Suspended Particulate Matter Collected from
Ambient Air, Federal Register 43 (194): 46258-46261.

e U. S. Environmental Protection Agency, Microwave Extraction of Glass Fiber Filters, Method
Research and Development Division, RTP, NC 1989.

3. Apparatus
3.1 Equipment For Gravimetric Analysis

3.1.1 Controlled Temperature. Temperature between 15 and 30EC with less than =2EC variation
during equilibration period.

3.1.2 Controlled Humidity. Less than 50% relative humidity, constant within 5%

3.1.3 Analytical Balance. Sensitive to 0.1 mg, with weighing chamber designed to accept an unfolded
20.3 x 25.4 cm (8" x 10") filter.

3.1.4 Area Light Source. Similar to X-ray film viewer to backlight filters for visual inspection.

3.1.5 Numbering Device. Capable of printing identification numbers on the filters before they are
placed in the filter conditioning environment if not numbered by the supplier.

3.1.6 Hygrothermograph. Capable of recording temperature and relative humidity in the weighing
room.

3.2 Microwave Digestion Apparatus and Materials

3.2.1 Microwave Digestive System and Capping Station. With programmable power settings up to
600 watts, best source.

[Note: Commercial kitchen or home-use microwave should NOT be used for digesting samples. The oven
cavity must be corrosion resistant and well ventilated. All electronics must be protected against corrosion
for safe operation.]

3.2.2 PFA Teflon® Digestion Vessels. Capable of withstanding pressures of up to 120 psi. Pressure
vessels capable of controlled pressure relief at pressures exceeding 120 psi (60-120 mL capacity), best
source.

3.2.3 Teflon® PFA Overflow Vessel. Double ported (60-120 mL capacity), best source.

3.2.4 Rotating Table. Uniform exposure of samples within the oven.

3.2.5 Volumetric Glassware. 50-100 mL capacity (Class A borosilicate).

3.2.6 Bottles, Linear Polyethylene or Polypropylene with Leakproof Caps, for Storing Samples.
Teflon® bottles for storing multielement standards (500 mL, 125 mL, and 30 mL), best source.
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3.2.7 Centrifuge Tubes. Oak Ridge polysulfone tubes with screw caps of polypropylene, 30 mL.

3.2.8 Nylon or Teflon® 0.45 um Syringe Filters. Acrodisc® No. 4438 or equivalent and syringes for
rapid nonmetals contributing filtering.

3.2.9 Sterile Polypropylene Tubes with Screw Caps of Polypropylene, 15 mL Capacity. Bestsource.

3.2.10 Pipette. Automatic dispensing with an accuracy of setting 0.1 mL or better and repeatability of
20 FL, Grumman Automatic Dispensing Pipette, Model ADP-30DT or equivalent.

3.2.11 Particle Mask. 3M, No. 8500, to be worn while cutting and handling glass-fiber filters.

3.2.12 Template.Aid in sectioning the glass fiber filter. Federal Register 43 (194): 46258-46261.

3.2.13 Pizza Cutter, Thin Wheel. Clean razor blade (<1 mm).

3.2.14 Vortex Mixer. VWR2 variable speed or equivalent.

3.2.15 Hydrochloric Acid. Baker Instra-Analyzed, concentrated (sp.gr.1.19) or equivalent, for
preparing samples.

3.2.16 Nitric Acid. Baker Instra-Analyzed, concentrated (sp.gr.1.41) or equivalent, for preparing
samples.

3.2.17 ASTM Type | Water. ASTM D193.

3.2.18 Extraction Solution (5.55% HNO,/16.75% HCI). Prepare by adding in —500 mL of Type |
DI water, 55.5 mL of concentrated HNO,, and 167.5 mL of concentrated HCI, dilute to one liter with Type |
DI water.

3.3 Hot Acid Extraction Apparatus and Materials
3.3.1 Thermolyne Model 2200 Hot-Plate or Equivalent.

[Note: Temperature of the extracts may be monitored by the use of a beaker containing a thermometer and
similar reagents as the samples.]

3.3.2 Volumetric Glassware. 50-100 mL capacity (Class A borosilicate).

3.3.3 Bottles, Linear Polyethylene or Polypropylene with Leakproof Caps, for Storing Samples.
Teflon® bottles for storing multielement standards (500 mL, 125 mL, and 30 mL).

3.3.4 Centrifuge Tubes. Polypropylene or Oak Ridge polysulfone tubes with screw caps of
polypropylene, 30 mL (Nalgene 3119-0050/3115-0030 or equivalent).

3.3.5 Nylon or Teflon® 0.45 um Syringe Filters. Acrodisc® No. 4438 or equivalent and syringes for
rapid nonmetals contributing filtering.

3.3.6 Sterile Polypropylene Tubes with Screw Caps of Polypropylene, 15 mL capacity. Falcon
Model No. 2099 or equivalent.

3.3.7 Pipette. Automatic dispensing with an accuracy of setting 0.1 mL or better and repeatability of
20 FL. (Grumman Automatic Dispensing Pipette, Model ADP-30DT or equivalent).

3.3.8 Particle Mask. 3M, No. 8500. To be worn while cutting and handling glass-fiber filters.

3.3.9 Vortex Mixer. VWR?2 variable speed or equivalent.

3.3.10 Hydrochloric Acid. Baker Instra-Analyzed, concentrated (36.5%-38%/12.3 M) or equivalent,
for preparing samples.

3.3.11 Nitric Acid. Baker Instra-Analyzed, concentrated (70% 16M) or equivalent, for preparing
samples.

3.3.12 ASTM Type | Water. ASTM D193.
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4. Filter Medium Selection
4.1 Introduction

4.1.1 In general, the filter medium depends on the purpose of the test. For any given standard test
method, the appropriate medium will be specified. However, it is important to be aware of certain filter
characteristics that can affect selection and use.

4.1.2 Selecting a filtration substrate for time-integrated SPM monitoring must be made with some
knowledge of the expected characteristics and a pre-determined analytical protocol. For any given standard
test method, the appropriate medium will normally be specified.

4.1.3 In high-volume sampling, four types of filter material to capture SPM are commonly used. They
include cellulose fiber, quartz/glass fiber, mixed fiber, and membrane filter types. Selecting a filter depends
upon variables such as background metal content, artifact formation, and affinity for moisture. The basic
characteristics of the types of filter material used in high volume are outlined in Table 1 sampling. Useful
filter properties are described in Table 2. Several characteristics are important in the selection of filter
media. They are:

« Particle Sampling Efficiency. Filters should remove more than 99% of SPM drawn through them,

regardless of particle size or flow rates.

e Mechanical Stability. Filters should be strong enough to minimize leaks during sampling and

wear during handling.

e Chemical Stability. Filters should not chemically react with the trapped SPM.

e Temperature Stability. Filters should retain their porosity and structure during sampling.

< Blank Correction. Filters should not contain high concentrations of target compound analytes.
Quartz fiber filter medium is most widely used for determining mass loading. Weight stability with respect
to moisture is an attractive feature. Quartz fiber filters provide high efficiency and collect airborne particles
of practically every size and description. Typical characteristics of quartz fiber filters are (1) a fiber content
of high purity quartz, (2) a binder of below 5% (zero for binderless types), (3) a thickness of approximately
0.5 mm, (4) a surface with no pinholes, and (5) an allowance of no more than 0.05% of smoke particles to
pass through the filter at a pressure of 100mm of water with a flow rate of 8.53 m/min (28 ft/min), as
determined by ASTM-D2986, Method for Evaluation of Air Assay Media by the Monodisperse DOP (Dioctyl
Phthalate) Smoke Test.

Particulate matter collected on quartz fiber filters can be analyzed for many constituents. 1f chemical analysis
is anticipated, binderless filters should be used. Glass is a commercial product generally containing
test-contaminating materials; therefore, appropriate background corrections should be made. Background
concentration of various metals associated with different grades of quartz fiber filters are documented in
Table 3.

4.1.4 Silica fiber filters are used when it may be required or desirable to use a mineral fiber filter, which
may later be extracted by strong reagents. These fibers are usually made by leaching glass fibers with strong
mineral acids followed by washing with deionized water. The fibers are rather weak but can be formed into
filter sheets using little or no binder. These filters have been recently developed and are commercially
available.

4.1.5 For some purposes, airborne particles may be collected on cellulose fiber filters. Cellulose low-ash
filters are especially useful when the filter is to be destroyed by ignition or chemical digestion. However,
these filters have higher flow resistance (lower sampling rate) and have been reported to have much poorer
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collection efficiency than the glass fiber media. Furthermore, cellulose is very sensitive to moisture
conditions, and even with very careful conditioning before and after sampling, accurately weighing the
collected particles is difficult. The filter should be enclosed in a lightweight metal can with a tight lid and
weighed.

4.1.6 Asdocumented in the 40 CFR Part 58, Appendices A and B, identify the filter specifications when
used as part of the Federal Reference Method for Particulate Matter in Ambient Air. These specifications
include (1) a quartz-fiber, nonhydroscopic filter, (2) a size of approximately 8" x 10", (3) an exposure area
of approximately 63 in.?, (4) a 99% collection efficiency as measured by ASTM-2986 (DOP test) for particles
0.3 um diameter, (5) a pressure drop range of 42-54 mm Hg at a flow rate of 1.5 m*min through the nominal
exposed area, (6) a pH of 6 to 10, and (7) a maximum weight integrity of 2.4 mg.

4.2 Visual Filter Inspection

4.2.1 After purchased, all filters must be visually inspected for defects, and defective filters must be
rejected if any are found. Batches of filters containing numerous defects should be returned to the supplier.
4.2.2 The following are specific defects to look for:
4.2.2.1 Pinhole. A small hole appearing as a distinct and obvious bright point of light when examined
over a light table or screen, or as a dark spot when viewed over a black surface.
4.2.2.2 Loosematerial. Any extra loose material or dirt particles on the filter that must be brushed
off before the filter is weighed.
4.2.2.3 Discoloration. Any obvious visible discoloration that might be evidence of a contaminant.
4.2.2.4 Filter nonuniformity. Any obvious visible nonuniformity in the appearance of the filter when
viewed over a light table or black surface that might indicate gradations in porosity across the face of the
filter.
4.2.2.5 Other. A filter with any imperfection not described above, such as irregular surfaces or other
results of poor workmanship.
4.2.3 Visually inspect each filter in front of an area light and observe for any specific defects listed
above.
4.2.4 Use a renumbering stamp to code the filter on its noncollection side with a 7-digit code before tare
weighing. The noncollection side of the filter is designated by the manufacturer printed number and by a
mesh texture. The number code might be as follows:

Example: Filter Number Code = 9622001

First 2 digits = yr, such as 96 for 1996

Third digit = project, such as 2
Fourth digit = filter type, such as 2 for 8" x 10" quartz fiber, Whatman QMA type
Last 3 digits = filter number, such as 001

5. Gravimetric Determination

5.1 Introduction

5.1.1 The filter is weighed (after moisture equilibration) before and after use to determine the net weight
(mass) gain. The total volume of air sampled corrected to EPA standard conditions (25EC, 760 mm Hg) is
determined from the measured flow rate and the sampling time. The concentration of TSP matter in the
ambient air is computed as the mass of collected particles divided by the volume of air sampled (corrected
to standard conditions) and expressed in pg/std m?* (see Inorganic Compendium Method 10-2.4). For samples
collected at temperatures and pressures significantly different than standard conditions, the corrected

June 1999 Compendium of Methods for Inorganic Air Pollutants Page 3.1-5



Method 10-3.1 Chapter 10-3
Filter Material Chemical Analysis

concentrations may differ substantially from actual concentrations Fg/m®, particularly at high elevations. The
actual particulate matter concentration can be calculated from the corrected concentration using the actual
temperature and pressure during the sampling period.

5.1.2 Verify that the weighing room conditions are within the limits. Filter equilibrium and weighing
should be performed under controlled atmospheric conditions--a temperature of 25410EC and a relative
humidity <<50% (normally 5025% humidity).

5.1.3 Use the results from the motorized psychrometer to verify the temperature and relative humidity
indicated by the hygrothermograph. Record the psychrometer values on the strip chart, along with the date,
time, and your initials.

[Note: For traceability purposes, document your initials and full name in the front of the weighing room
notebook.]

5.1.4 Record the room equilibration data on the Weighing Room Atmospheric Condition Form (see
Table 4).

5.2 High Volume Filter Weighing Procedure

5.2.1 Filter Handling Procedure.

5.2.1.1 Filters should only be handled with finger cots or vinyl (nonpowdered) gloves. This procedure
applies to filter handling in the field as well as in the weigh room.

5.2.1.2 Avoid using metal tweezers since the filters later will be used for metals analysis. When
handling filter with gloved fingers or with any type of tweezers, avoid touching the sampled area.

5.2.2 Initial Weighing of High Volume Filter.

5.2.2.1 Upon receipt of new high volume filters (8" x 10" quartz fiber), take them to the climate
controlled room, remove the paper and plastic envelope (wearing clean plastic gloves), place each on edge
in a clean metal file rack, and cover with clean white paper towels.

5.2.2.2 Allow the filters to equilibrate in the metal file rack in the weighing room atmosphere for at
least 24 h. Humidity and temperature must be within Federal Reference method specification, (i.e., <<50%
and 15-35EC, respectively).

5.2.2.3 Zero the high volume balance before weighing.

5.2.2.4 Manually calibrate the balance. However, checks against two working NIST traceable weights
(Class S) standards should be conducted before the daily weighing. If the difference between the traceable
weights is more than 0.5 mg, do not use the balance until it has been repaired.

5.2.2.5 Record the results on the Weighing Balance Check Form (see Table 5).

5.2.2.6 Weigh each filter and record filter numbers and tare weights on the Filter Weighing Form (see
Table 6).

5.2.2.7 Return the weighed filters to the plastic and paper envelopes.

5.2.2.8 Weigh filters in lots of approximately 100, if possible. After every tenth weighing, recheck
the zero of the balance. The balance response should be #1 mg from 0. All differences should be corrected.
Any difference exceeding 1 mg requires reweighing the previous ten filters. Any filter weight outside the
normal range of 3.5-5.0 g requires immediate investigation. In addition, after every tenth filter weighing,
the analyst should review at least one of the working standards. Once again, if this measurement disagrees
from the verified value by more than 0.5 mg, reweigh the standard. If the two measurements still disagree,
troubleshoot and take appropriate corrective action, which may include (1) reweighing some or all of the
previously weighed filters, (2) recertifying the working standards against the laboratory primary standards,
and/or (3) having a service technician repair the balance. At the end of the weighing session, reweigh both
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working standards. Record the measurements on the Weighing Balance Check Form. If both do not agree
within 0.5 mg, then all weighings from the previous acceptable check must be repeated.

5.2.2.9 A second analyst should reweigh 10% of the filters. If the difference between the weights is
less than 1.0 mg, the results are acceptable.

5.2.2.10 If the difference is greater than this limit, wait another 24 h and reweigh them.

5.2.2.11 If the results are still outside acceptable limits, wait another 24 h and reweigh them again.
Then report the last reweigh values as the pre-field tare weights.

5.2.3 Final Weighing of High Volume Filter.

5.2.3.1 Exposed filters should be logged into the laboratory computer and received in individual manila
folders, with computer printed identification labels affixed. No exposed filter should be touched until this
label is affixed.

5.2.3.2 Condition all filters in the manner specified by the Federal Reference Method, as documented
in Sections 5.1.2 and 5.2.2.

5.2.3.3 Weigh all filters according to the Tare Weighing Procedure in Section 5.2.2. Record final
weights on the Filter Weighing Form (see Table 6).

5.2.3.4 For filters not to be analyzed, put an asterisk in the space preceding the four-letter code. Leave
this space blank for samples to be analyzed. Sign and date the forms.

5.2.3.5 Archive asterisked high volume filters.

5.2.3.6 Have a second analyst reweigh 10% of the filters and verify that the weights have not changed.

« |f the difference between the weights is less than 2.0 mg, the results are acceptable. Use the results

from the first weighing.
< If the difference is greater than this limit, reweigh 100% of that lot and use the last reweigh weight.

5.2.3.7 Calculate and report the particulate matter concentrations as:

where: (W, & W) x 10°
SPM * v
std
SPM = mass concentration of suspended particulate matter (TSP or PM,,), pug/std m®.
W, = initial weight of clean filter, g.
W; = final weight of exposed filter, g.
V. = air volume sampled, converted to standard conditions (25EC and 760 mm Hg), std m®.

10° = conversion of g to pg.

5.3 Dichotomous and Partisol® Filter Weighing Procedure

5.3.1 Initial Weighing of Dichotomous or Partisol® Filters.
5.3.1.1 Fabric filters, 37-mm or 47 mm (as appropriate for the samples) in diameter, with a
circumferential plastic reinforcing ring are usually supplied in small boxes. Open the boxes in the climate-
controlled room under conditions suitable for high volume weighing. Cover with a clean paper towel and
allow to equilibrate for 24 h.
5.3.1.2 Weigh filters on a Mettler microbalance; each balance is identified by a balance number.
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5.3.1.3 Assign each balance a block of 7-digit sample numbers to be used sequentially. Assign a
sample number to each filter when it is tared.

[Note: Inaccuracies in this aspect of the procedure will cause irremedial sample loss.]

5.3.1.4 Turn on the microbalance and allow it to warmup for at least 15 min. If the balance is used
daily, leave it on at all times.

5.3.1.5 Manually calibrate the microbalance with two working NIST traceable weight (Class S)
standards (for example, a 100-mg standard and a 200-mg standard). If the difference between the traceable
weights is more than 3 g, reweigh the working standards. Record the Results on the Weighing Balance
Check Form (see Table 7).

5.3.1.6 If the values still disagree, troubleshoot and take appropriate corrective action, which may
include (1) recertifying the working standards against the laboratory primary standards, and/or (2) having
a service technician repair the microbalance.

5.3.1.7 Using clean nonserrated tweezers that will not damage the filter, remove the filter from the
Lexan jig or filter cassette and place it on the weighing pan. Turn the release lever to 1" and dial in tare
weights until a reading between 0.000 and 7.000 is obtained. Allow the reading to stabilize (which may
require 2 to 4 min). Record the reading and the dialed-in tare weight on the Filter Weighing Form (see Table
8). Return the release lever to "0" and remove the filter from the weighing pan.

[Note: Do not use metal tweezers.]

5.3.1.8 Place a white label on a clean 50-mm diameter plastic petri dish (tight fitting lid type).

5.3.1.9 Assign a sample number to each filter (from those assigned to that balance), taking extreme
care to avoid duplication or missed numbers.

5.3.1.10 Record the assigned sample number on the petri dish label, leaving sufficient room for one
more letter to be written following the number. Do not record the balance number on this label.

5.3.1.11 Record the balance number, the assigned sample number, the dialed-in tare weight, and the
digital-displayed tare weight on the sample form. Number each sheet of the form sequentially in the upper
right-hand corner. Write "Tare Weight, Dichot or Partisol® Filters" on the top of each sheet. When bound,
these forms may serve as the laboratory notebook.

5.3.1.12 Place the weighed filter in its numbered petri dish for future use.

5.3.1.13 After every tenth filter weighing, the analyst should check the “zero” and reweigh at least
one of the working standard. Record the measurement on the Weighing Balance Check Form. Once again,
if this measurement disagrees from the verified value by more than 3 g, reweigh the standard. If the two
measurements still disagree, troubleshoot and take appropriate corrective action, which may include (1)
reweighing some or all of the previously weighed filters, (2) recertifying the working standards against the
laboratory primary standards, and/or (3) having a service technician repair the balance. At the end of the
weighing session, reweigh both working standards. Record the measurements on the Weighing Balance
Check Form. If both do not agree within 3 pug then all weighings from the previous acceptable check must
be repeated.

5.3.1.14 At the end of the weighing session, at least 10% of the filters should be reweighed by a
second analyst. Record the replicate measurement on the Filter Weighing Form (see Table 6). If the
replicate measurement disagrees from the original measurement by more than 15 ug, reweigh the filter. If
the measurements still disagree, troubleshoot and take appropriate corrective action, which may include (1)
reweighing all or some of the previously weighed filters, (2) reweighing the working standards, or (3) having
a service technician repair the microbalance. The analyst should not attempt to repair the microbalance.
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5.3.1.15 Return the filter to the filter-handling container, replace the lid, and return it to conditioning

chamber to protect it from contamination prior to sampling.
5.3.2 Final Weighing of Dichotomous or Partisol® Filter.

5.3.2.1 Filters should be returned from the field with a computer printed label affixed to the petri dish.
The label should contain a five-character identification code that is different from the original sample number,
a balance 1D, the balance tare, and other information. All filters should be accompanied by extra labels.
Some will have the words "To Be Analyzed" on the labels. The filter in each petri dish should rest in a Lexan
jig or filter cassette.

5.3.2.2 Weigh each filter on the balance on which its tare weight was obtained. In the climate-
controlled room, group the filters according to recorded balance numbers. Open the petri dishes, making
certain that lids are placed under the bottoms and that no mixup occurs. Cover with a clean white paper towel
and allow to equilibrate.

5.3.2.3 Repeat Section 5.3.1.4 to 5.3.1.6 of the filter tare weighing procedure.

5.3.2.4 Using clean, nonserrated tweezers that will not damage the filter, remove the filter from the
Lexan jig or filter cassette and place it on the weighing pan. Dial in the tare weight recorded on the
information label and turn the release lever to"1." Allow the reading to stabilize (which may require 2 to 4
min). Record the reading and the dialed-in tare weight. Return the release lever to “0" and remove the filter
from the weighing pan.

5.3.2.5 After every tenth filter weighing, the analyst should check the “zero” and reweigh at least one
of the working standards. Record the measurement on the Weighing Balance Check Form. Once again, if
this measurement disagrees from the verified value by more than 3 ug, review the standard. If the two
measurements still disagree, troubleshoot and take appropriate corrective action, which may include (1)
reweighing some or all of the previously weighed filters, (2) recertifying the working standards against the
laboratory primary standards, and/or (3) having a service technician repair the balance. At the end of the
weighing session, reweigh both working standards. Record the measurements on the Weighing Balance
Check Form. If both do not agree within 3 g, then all weighings from the previous acceptable check must
be repeated.

5.3.2.6 At the end of the post weighing session, at least 10% of the filters should be reweighed by a
second analyst. Record the replicate measurement on the Filter Weighing Form (see Table 8). If the
replicate measurement disagrees from the post measurement by more than 15 ug, reweigh the filter. If the
measurements still disagree, troubleshoot and take appropriate corrective action, which may include
(1) reweighing all or some of the previously weighed filters, (2) reweighing the working standards, and/or
(3) having a service technician repair the microbalance. The analyst should not attempt to repair the
microbalance.

5.3.2.7 If the dichotomous filter is not to be analyzed, use the tweezers to place it in a small glass
envelope to which one of the extra labels has been affixed. Place an asterisk before the five-character code
on the form. Deliver these filters to the filter bank for archiving.

5.3.2.8 If the filter is to be analyzed, use tweezers to carefully put it back into the petri dish. Place
the petri dish carefully in a box.

5.3.2.9 Place a label on a sheet of 8 12" x 11" paper for NAA, XRF, or other analysis as appropriate.
Indicate the page number and balance number on each list. Keep the samples in the box in an order
corresponding with the lists.

5.3.2.10 Without jostling the box, deliver it, the two lists, and the original Field Test Data Sheets with
two copies of each to the sample custodian who will initial the original forms and return them upon receipt.

5.3.2.11 Calculate and report the particulate matter concentration for both fine and coarse samples
utilizing the following equation:
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(W, & W) x 10°
Y,

PM *

std

where:

PM = mass concentration of particulate matter (TSP, fine or coarse friction), pg/std m®.

W, = average initial weight of clean filter, g.

W; = average final weight of exposed filter, g.

V4 = air volume sampled, converted to standard conditions, std m* (see Inorganic Compendium
Method 10-2.4).

10° = conversion of g to ug.

5.4 Transport of Filters

5.4.1 After collecting samples, transport the filters to the laboratory, taking care to minimize
contamination and loss of the sample. Glass fiber filters should be transported or shipped in a shipping
envelope. Cover the exposed surface of the membrane filters with an unexposed filter and seal the filter in
plastic filter holders.

5.4.2 Assign numbers to the filters and log them into the data record form, ensuring that any necessary
sampling information is included (Untreated filter samples may be stored indefinitely.)

5.4.3 Provide one blank sample with every 10 actual samples. No air is drawn through the blank filter,
but it is subjected to the same handling and shipping manipulations as the actual samples.

6. Extraction of Glass Fiber Filters in Preparation for Metal Analysis

6.1 Introduction

This section describes both a microwave-extraction procedure and a hot-acid extraction procedure to extract
inorganics from the particulate quartz glass-fiber filter. Following extraction, target analytes are analyzed
by ICP, ICP/MS, FAA, or GFAA.

6.1.1 Ambient air quartz fiber filters should be received folded in half lengthwise with the particulate
material inward and enclosed in protective envelopes. Store these protective envelopes approximately
15E-30EC until analysis.

6.1.2 The maximum sample holding times is usually 180 days. Analyze the samples within 180 days,
even if these times are less than the maximum data submission times allowed.

6.2 Microwave Extraction Procedure

6.2.1 Filter Cutting Procedure.
6.2.1.1 Cuta 1™ x 8" strip from the 8" x 10" filter using a template (see Figure 1) and cutting tool (see
Figure 2) as described in the Federal Reference Method for lead. Use a laboratory microwave extraction
system to extract the metals with a hydrochloric/nitric acid solution. After cooling, mix the digestate and use
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Acrodisc® syringe filters to remove any insoluble material. Microwave extraction is used to prepare samples
for ICP, ICP/MS, FAA, or GFAA.

6.2.1.2 Prior to use, acid wash the plexiglass filter template, the polysulfone centrifuge tubes and caps,
and all other laboratory equipment that will come into contact with the filter samples to prevent
contamination.

6.2.1.3 Using vinyl gloves, place the acid-cleaned filter template and cover inside a balance hood for
cutting quartz fiber filters.

6.2.1.4 Wipe plexiglass template base, cover, and cutting blade with a clean, dry Kimwipe® to prevent
sample cross-contamination.

6.2.1.5 Unfold the 8" x 10" quartz filter to be sectioned and carefully place sampled side up (humbered
side down) within the plexiglass template filter margins.

6.2.1.6 Carefully (without disturbing sampled area of filter) place the grooved cover, notch side down,
within the margins of the base template. Use a clear cutting blade to cut a 1" x 8" strip.

6.2.1.7 Using gloved fingers, accordion-fold or tightly roll the filter strip and transfer on edge to an
acid cleaned polysulfone® tube, labeled with wax pencil. DO NOT use barcodes or tape in microwave.

6.2.1.8 Clean filter template between samples with dry Kimwipes®. (Gloves should be changed after
50 filters to minimize cross-contamination.)

6.2.1.9 Duplicate sample frequency is normally 1 per 20 field samples (see Table 9). Prepare a sample
filter duplicate by moving the template cover to a second portion of the field collected filter. Cut an
additional filter strip by moving the template cover to a second section of the filter and repeat
Sections 6.2.1.6 through 6.2.1.8 above using a separate polysulfone tube.

6.2.1.10 Select a field collected filter for matrix spiking. In addition to the filter strip cut for
determining metals, section a second portion of the filter, and fortify (spike) with target metals.

6.2.1.11 Prepare matrix spike samples at a frequency of 1 per 20 field samples or a minimum of 1 per
extraction day (see Table 9). Move the template to a second section of the filter and repeat Sections 6.2.1.6
through 6.2.1.8, using a separate polysulfone tube and spike as shown in Table 9.

6.2.2 Microwave Calibration Procedure. Calibration of the microwave unit is a critical step prior to
its use. In order that absolute power settings may be interchanged from one microwave unit to another, the
actual delivered power must be determined, which allows the analyst to relate power in Watts to the partial
power setting of the unit (% Power).

Calibration of a laboratory microwave unit (see Figure 3) depends on the type of electronic system used
by the manufacturer. If the unit has a precise and accurate linear relationship between the output power and
the scale used in controlling the microwave unit, the calibration can be a three-point calibration in the range
of 50% to 100% power. If the unit does not prove linear (10 W) using the three-point technique, a
multiple-point calibration is necessary. A bracketed calibration range of the digesting power to be used is
recommended for determining the calibration points. If the unit power calibration needs multiple-point
calibration, the point where the linearity begins must be identified. For example, a calibration at 100, 99,
98, 97, 95, 90, 80, 70, 60, and 50% power settings can be applied and the data plotted. The nonlinear
portion of the calibration curve can be excluded or restricted. Each percent is equivalent to approximately
5.5-6.5 W and becomes the smallest unit of power that can be controlled. If 20-40 W are contained from
99-100%, that portion of the microwave calibration is not controllable by 3-7 times that of the linear portion
of the control scale and will prevent duplication of precise power conditions specified in that portion of the
power scale.

6.2.3 Microwave Power Evaluation. The equation in the following section evaluates the power available
for heating in a microwave cavity. The variables are determined by measuring the temperature rise in
1 kilogram of water exposed to electromagnetic radiation for a fixed period of time. The following procedure
is used for evaluating each calibration point, represented as % power output for each microwave.
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6.2.3.1 Measure and record a 1 kilogram (1,000 g =0.1 g) sample of room temperature (23E22EC)
distilled water in a thick-walled microwave transparent (Teflon®) beaker for each calibration point.

6.2.3.2 Measure and record the initial temperature of the water, (T;), to within 0.1EC. The starting
temperature should be between 22 and 26EC.

6.2.3.3 Place the Teflon® beaker in microwave and irradiate at full power (100% point) for 2 min
(120 s). Each calibration point (i.e., 100%, 50% or multi-points) requires a separate clean beaker containing
water at room temperature.

6.2.3.4 Remove beaker from the microwave and measure and record the maximum final temperature
(Ty) to 0.1EC, within 30 s of the end of irradiation. This process should be done while stirring continuously
(an electronic stirrer using a large stir bar works best).

Calculate the microwave power according to the following formula:

KxCpox)T
t

Power

KxCpo
t

" 34.87

Power * 34.87 x )T

where:
Power = The apparent power absorbed by the sample, watts (W = joule-s3).
K = The conversion factor for thermochemical calories-s™* to W = 4.184.
C, = The heat capacity, thermal capacity, or specific heat (cal-g"-EC™* = 1.0 for water).
M = The mass of the sample, grams.
1T=T,-T, EC.
t = Time, s.

6.2.3.5 Derive an equation for the linear portion of the calibration range and determine the equivalent
value in watts of the arbitrary setting scale. Use the actual power in watts to determine the appropriate setting
of the particular microwave unit being used. Each microwave unit will have its own (% power) setting that
corresponds to the actual power (in wattage) delivered to the samples.

6.2.3.6 An initial multipoint power evaluation should be performed for each microwave unit. If linear,
the calibration should be checked on a regular basis, using the 3-point calibration verification routine. A
single point verification may be appropriate when utilizing a single power output for digestion. If any part
of the power source to the microwave has been serviced or altered, the entire calibration must be reevaluated.

6.2.4 Cleaning Procedure for PFA Vessels. All digestion vessels must be acid cleaned and rinsed with
reagent water prior to use to prevent contamination.
6.2.4.1 Wash each PFA vessel with deionized detergent and rinse with reagent water.
6.2.4.2 Add 10 mL concentrated HNO;, to each of 12 vessels, cap, and place in microwave.
6.2.4.3 Heat vessels at 100% power in microwave for 10 min as recommended by CEM (microwave
manufacturer). Rinse the vessels with copious amounts of deionized, distilled water prior to use for any
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analyses. If only 6 vessels are to be cleaned, 70% power may be utilized, which corresponds to
approximately 5% per vessel.
6.2.5 Digestion Procedure for Microwave Extraction For Ambient Filter Samples.

[Note: Nitric and hydrochloric acid fumes are toxic. Prepare in a well-ventilated fume hood. Mixing results
in an exothermic reaction. Stir slowly.]

6.2.5.1 Using vinyl gloves or plastic forceps, retrieve the filter strip from Section 6.2.1 and place on
its edge in a labeled centrifuge tube. Using the plastic forceps, crush the filter strip down into the lower
portion of the centrifuge tube to ensure acid volume will cover entire filter.

[Note: A breathing mask and vinyl gloves are required for safety of personnel handling dry glass-fiber filters.
The breathing mask prevents the inhalation of minute glass shards and particulate material. The gloves
protect the skin from the same materials and also prevent contamination of the sample by skin secretions. A
recommended alternate to the use of a breathing mask would be performing cutting and transfer operations
involving sample filters in a laminar flow hood, if available.]

[Note: More than one strip from a filter should be extracted to ensure adequate sample volume for sample
and QC sample analysis. Blank filter samples should be extracted and analyzed, and digestion blanks should
be run to ensure low levels of metals in the reagents used.]

6.2.5.2 Using a preset calibrated automatic dispensing pipette or Class A glass pipette, add 10.0 mL
of the extraction solution to each of the centrifuge tubes. The acid should cover the strip completely. The
sequence of adding the filter strip and acid to the centrifuge tube may be reversed, if more convenient,
without affecting the results. Place the centrifuge tube in a Teflon® PFA vessel containing 31 mL of
deionized water. Continue this process for a total of 12 samples to maximize microwave capacity.

6.2.5.3 Place the PFA vessel caps with the pressure release valves on the vessels hand-tight and tighten
using the capping station to a constant torque of 12 ft-Ib. Weigh and record the capped vessel assembly to
the nearest 0.01 g. Place the vessels in the microwave carousel. Connect each sample vessel to the overflow
vessel using the Teflon® PFA connecting tubes (see Figure 3).

6.2.5.4 Place the carousel containing the 12 vessels onto the turntable of the microwave unit. Any
vessels containing 10 mL of acid solution for analytical blank purposes are counted as sample vessels.
Irradiate the sample vessels at 486 W (power output) for 23 min. (Based on the calibration of the microwave
as previously described). If fewer than 12 samples are to be digested, adjust the microwave system by
reducing the power so that equivalent digesting power is delivered to the smaller sample batch. Generally,
each vessel represents approximately 5% power. Therefore, a reduction in W would be reduced by 30% if
only 6 vessels are digested. This reduction is only approximate, and each microwave unit will produce a
different level of power output.

6.2.5.5 At the end of the microwave program, allow the pressure to dissipate (venting may be utilized
with caution), then remove the carousel containing the vessels and cool in tap water for 10 min. Weigh the
capped vessels assembly to the nearest 0.01 g and compare to the initial weight to verify no loss of sample.
The initial and final weights should compare within 0.1 g. If the initial and final weights do not agree within
0.01 g, the appropriate action must be taken which may include rejecting the digested sample. Using the
capping station uncap the microwave vessels, remove the labeled centrifuge tubes containing samples and
discard the water in the PFA vessels.

6.2.5.6 Using a calibrated automatic dispensing pipette or a Class A glass pipette, add 10 mL of
deionized distilled water to each centrifuge tube. Cap the centrifuge tube tightly and vortex (mix) the
contents thoroughly for 2-3 minutes to complete extraction. Using a nylon or teflon syringe pull-up a volume
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of sample from the centrifuge tube, place Acrodisc filter on syringe and dispense into a prelabeled sterile
15 mL centrifuge tube. Continue until centrifuge tube contains 10 mL of filtered digestate.

6.2.5.7 The final extraction volume is 20 mL based upon the above procedure. The final extraction
solution concentration is 3% HNO,/8% HCI. The filtered sample is now ready for analysis. Store for
subsequent analysis by one or more of the Inorganic Compendium methods.

6.3 Hot Acid Extraction Procedure

6.3.1 Introduction. A hot extraction procedure to solubilize metals from the glass-fiber filter for
subsequent analysis by ICP, ICP/MS, FAA, or GFAA is described in this method. An acid extraction
solution is used to extract the metals from the quartz filter on a hot-plate.

6.3.2 Summary of Method.

6.3.2.1 Use the hot-acid extraction procedure as an alternate when microwave technology is not
available.

6.3.2.2 Cuta 1" x 8" strip from the 8" x 10" filter as described in Federal Reference Method for lead.
The inorganics are extracted from the filter strip by a HCI/HNO;, acid solution using a hot acid extraction
procedure. After cooling, pour the digestate rinses to a volumetric flask and dilute to volume. Filter to
remove any insoluble material.

6.3.3 Hot Acid Extraction Procedure.

6.3.3.1 Using vinyl gloves or plastic forceps, retrieve the strip from Section 6.2.1 and place it in a
labeled 150 mL Griffin beaker. Place the filter strip down into the lower portion of the beaker to ensure acid
volume will cover entire filter.

[Note: More than one strip from a filter should be extracted to ensure adequate sample volume for sample
and QC sample analysis. Blank filter samples should be extracted and analyzed and digestion blanks should
be run to ensure low levels of metals in the reagents used.]

6.3.3.2 Using a preset calibrated automatic dispensing pipette or Class A glass pipette, add 10 mL of
extracting acid (see Section 6.2.5.2) for analysis.

[Note: The acid should cover the strip completely.]

6.3.3.3 Place beaker on the hot-plate, contained in a fume hood, and reflux gently while covered with
a watch glass for 30 min. Do not allow sample to dry. Remove the beakers from the hot-plate and allow to
cool.

[Caution: Nitric acid fumes are toxic.]

6.3.3.4 Rinse the beaker walls and wash with D.l. water. Add approximately 10 mL reagent water
to the remaining filter material in the beaker and allow to stand for at least 30 min. This critical step must
not be deleted; it allows the acid to diffuse from the filter into the rinse. Transfer the extraction fluid in the
beaker to a 20 mL volumetric flask or other graduated vessel. Rinse the beaker and any remaining solid
material with Type | water and add the rinses to the flask. Some solids from the filter may be transferred
to the flask with the rinses; this is acceptable. Dilute to the mark with Type | water and shake.

6.3.3.5 Using a nylon or Teflon® syringe, pull-up a volume of sample from the centrifuge tube, place
disc filter on syringe, and dispense into a prelabeled sterile 15 mL centrifuge tube. Continue until centrifuge
tube contains 10 mL of filtered digestate.

Page 3.1-14 Compendium of Methods for Inorganic Air Pollutants June 1999



Chapter 10-3 Method 10-3.1
Chemical Analysis Filter Material

6.3.3.6 The final extraction volume is 20 mL based upon the above procedure. The final extraction
solution concentration is 3 % HNO,/8% HCI. The filtered sample is now ready for analysis. Store for
subsequent analysis by one or more of the Inorganic Compendnium methods.
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TABLE 1. CHARACTERISTICS OF FILTER MEDIUM

Cellulose Fiber (Cellulose Pulp)

Low ash

Maximum temperature of 150EC

High affinity for water

Enhances artifact formation for SO=, and NO",
Good for x-ray/neutron activation analysis
Low metal content

Quartz Fiber (Quartz spun with/without organic binder)

Maximum temperature up to 540EC
High collection efficiency
Non-hydroscopic

Good for corrosive atmospheres
Very fragile however

Difficult to ash; good with extraction

Synthetic Fiber (Teflon® and Nylon®)

Collection efficiency =99% for 0.01 um particles

Low artifact formation

Low impurities

Excellent for X-ray analysis

Excellent for determining total mass due to non-hydroscopic nature
Nylon fiber good for HNO, collection

Membrane Fiber (Dry gel of cellulose esters)

Fragile; requires support pad during sampling
High pressure drop
Low residue when ashed
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TABLE 2. SUMMARY OF USEFUL PHYSICAL PROPERTIES OF VARIOUS FILTER

Pore Size)

Millipore (C,H,50-), (1.21 pm

(Reacts with HNO,)

MEDIUMS
Filter and Filter Composition Density, mg/cm? | pH Filter Efficiency %
Teflon® (Membrane) 0.5 Neutral 99.95
(CF,),(2 um Pore Size)
Cellulose (Whatman 41) 8.7 Neutral 58% at 0.3 um
(CeH100), (Reacts with HNO,)
Glass Fiber (Whatman GF/C) 5.16 Basic pH - 9 99.0
"Quartz" Gelman Microquartz 6.51 pH -7 98.5
Polycarbonate (Nuclepore) 0.8 Neutral 93.9
C;H,, + CO, (0.3 um Pore
Size)
Cellulose Acetate/Nitrate 5.0 Neutral 99.6
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TABLE 4. EXAMPLE WEIGHING ROOM ATMOSPHERIC CONDITION FORM

Temperature Limits = 15EC to Relative Humidity Limits =

Equilibrium Period 35EC <50%
Begin Begin End End Max- Avg Limits Max- Avg Limits
Date Time Date Time Min met? Min met? Name

TABLE 5. EXAMPLE WEIGHING BALANCE CHECK FORM

Class S mg Limit =
Weights 0.5mg
Balance Balance | Serial No. Class S Balance Limits
Date Time Type ID or ID weight weight | Difference met? Name
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TABLE 7. EXAMPLE WEIGHING BALANCE CHECK FORM

Class S mg
Weights Limit =3
Balance Balance | Serial No. Class S Balance ug Limits
Date Time Type ID or ID weight weight | Difference met? Name
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TABLE 9. EXAMPLE QUALITY CONTROL SAMPLES

Contains
1"x8" filter

Type Frequency strip Comments?

Method Blank 1 per 20 samples No Containing reagents only, to evaluate
background contributions from
reagents.

Filter Lot Blank 1 per filter lot change Yes Analyzed prior to use of new filter lot.

Filter Duplicate 1 per 20 samples Yes This is a second 1"x8" filter strip cut
from a single field sample.

Matrix Spike® 1 per 20 samples Yes See individual methods.

LCS® 1 per extraction day Yes See individual methods.

¥These multimetal stock standards can be acquired from Spex Industries, Inc., Inorganic Ventures Inc., or
equivalent.

"The matrix spike (MS) is a 1""x8". strip cut from a field sample filter and spiked at a target level.

“The Lab Control Sample (LCS) is a blank filter spiked with the same concentration of metals as the matrix
spike.
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Figure 1. Example of templates for cutting filters.
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Figure 2. Diagram of filter cutting procedure.
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Figure 3. Example of microwave digestion system.

Page 3.1-26 Compendium of Methods for Inorganic Air Pollutants June 1999



APPENDIX C

USEPA Compendium Method 10-3.4



EPA/625/R-96/010a

Compendium of Methods
for the Determination of
Inorganic Compounds
In Ambient Air

Compendium Method 10-3.4

DETERMINATION OF METALS
IN AMBIENT PARTICULATE
MATTER USING INDUCTIVELY
COUPLED PLASMA (ICP)
SPECTROSCOPY

Center for Environmental Research Information
Office of Research and Development
U.S. Environmental Protection Agency
Cincinnati, OH 45268

June 1999



Method 10-3.4
Acknowledgements

This Method is a part of Compendium of Methods for the Determination of 1norganic Compounds in
Ambient Air (EPA/625/R-96/0104), which was prepared under Contract No. 68-C3-0315, WA No. 2-10,
by Midwest Research Institute (MRI), as a subcontractor to Eastern Research Group, Inc. (ERG), and
under the sponsorship of the U.S. Environmental Protection Agency (EPA). Justice A. Manning, John O.
Burckle, Scott Hedges, Center for Environmental Research Information (CERI), and Frank F. McElroy,
National Exposure Research Laboratory (NERL), all in the EPA Office of Research and Development, were
responsible for overseeing the preparation of this method. Other support was provided by the following
members of the Compendia Workgroup:

James L. Cheney, U.S. Army Corps of Engineers, Omaha, NE
Michael F. Davis, U.S. EPA, Region 7, KC, KS

Joseph B. Elkins Jr., U.S. EPA, OAQPS, RTP, NC

Robert G. Lewis, U.S. EPA, NERL, RTP, NC

Justice A. Manning, U.S. EPA, ORD, Cincinnati, OH

William A. McClenny, U.S. EPA, NERL, RTP, NC

Frank F. McElroy, U.S. EPA, NERL, RTP, NC

William T. "Jerry" Winberry, Jr., EnviorTech Solutions, Cary, NC

This Method is the result of the efforts of many individuals. Gratitude goes to each person involved in the
preparation and review of this methodology.

Author(s)
William T. "Jerry" Winberry, Jr., EnviroTech Solutions, Cary, NC
Peer Reviewers
Dewayne Ehman, Texas Natural Resource Conservation Committeg, Austin, TX
David Harlos, Environmental Science and Engineering, Gainesville, FL

Doug Duckworth, Lockheed-Martin Energy Research, Oak Ridge, TN
Lauren Drees, U.S. EPA, NRMRL, Cincinnati, OH

DISCLAIMER

This Compendium has been subjected to the Agency's peer and administrative review, and it has
been approved for publication as an EPA document. Mention of trade names or commercial
products does not constitute endorsement or recommendation for use.



=

© NG

10.
11.

12.

13.

14.
15.

Method 10-3.4
Determination of Metalsin Ambient Particulate Matter Using
Inductively Coupled Plasma (I CP) Spectroscopy

TABLE OF CONTENTS
000
Applicable DOCUMENES . . . . oo
21 ASTM Standards . . . . . ..o ot
22 OtherDocuments .............. ...
Summary of Method . . . ... . .
3.1 Instrument DesCription . . ...t e
3.2 Sample EXIraction . ... ...
3.3 SaMPIE ANAlYSS ... e
SIgNIficanCe . ... ...
Definitions . . ...
Ranges, Sengitivities, and DetectionLimits . .............. ... ... ... ... ........
Precision and ACCUIaCY . . .. ... oottt
INterferenCES . . . oo
8.1  Spectra INterferenCes. . . ...
8.2 Matrix Interference ... ... ..
A PParaIUS . . .t e e e
REA0ENM S . . . o e
ANAY SIS .« .
11.1  Standard Stock SOIULIONS . . . . . ..o
11.2 ICPOperating Parameters . .............. ..
11.3 Instrumental Preparations . . . ...
11.4 SampleReceiptinthelaboratory ............... ... ... ... ... ... .. ....
115 ICPOREEion . ..o oottt
DataProcessing . ...t
12.1 Filter Blanks and Discrimination Limit . . ............ ... . . ... ...
12.2 Maeta ConcentrationinFilter . . ............. ... ... ... .. ... ...
QUELILY ASSUNaINCE . . . o vt ettt
13.1 Instrumental Tuning and Standardization ...............................
13.2 Cdibration For Quantitative Analysis . . . .......... ... .. .
13.3 Daily QA Check and Analytical RunSequence . .. ........................
13.4  CorreCtive ACHIONS . . . o oot e
135 RoutineMaintenance . . ...ttt e
Method Safety . ... ..
ReferenCes . . ... ..

Pege

34-1
3.4-2
34-2
3.4-2
3.4-2
3.4-2
3.4-3
3.4-3
3.4-3
3.4-4
3.4-5
3.4-6
3.4-6
3.4-6
3.4-7
3.4-7
3.4-8
3.4-9
3.4-9
3.4-10
3.4-10
3.4-11
34-11
3.4-13
3.4-13
3.4-13
3.4-14
3.4-14
3.4-14
3.4-14
3.4-16
3.4-16
3.4-17
3.4-17



[ This page intentionally left blank]



Chapter 10-3
CHEMICAL SPECIESANALYSIS
OF FILTER-COLLECTED SPM

Method 10-3.4
DETERMINATION OF METALSIN AMBIENT PARTICULATE MATTER USING
INDUCTIVELY COUPLED PLASMA (ICP) SPECTROSCOPY

1. Scope

1.1 Suspended particulate matter (SPM) in air generdly is a complex multi-phase system consisting of al
airborne solid and low vapor pressure liquified particles having aerodynamic particle sizes ranging from below
0.01-100 um and larger. Historically, SPM measurement has concentrated on total suspended particul ates
(TSP), with no preference to size selection.

1.2 On duly 1, 1987, the U. S. Environmental Protection Agency (EPA) promulgated a new size-specific air
quality standard for ambient particulate matter. This new primary standard applies only to particles with
aerodynamic diameters<10 pum (PM,,) and replacesthe original standard for TSP. To measure concentrations
of these particles, the EPA aso promulgated a new federal reference method (FRM). This method isbased on
the separation and remova of non-PM,, particles from an air sample followed by filtration and gravimetric
analysis of PM,, mass on the filter substrate. In 1997, the PM,, standard was replaced with the national
ambient air quality standard (NAAQS) for PM, ..

1.3 The new primary standard (adopted to protect human health) limits PM, 5 concentrations to 50 pug/m?®,
averaged over a 24-h period. These smaller particles are able to reach the lower regions of the human
respiratory tract and, therefore, are responsiblefor most of the adverse health effects associated with suspended
particulate pollution. The secondary standard, used to assessthe impact of pollution on public welfare, hasaso
been established at 15 pg/m? for an annual average.

1.4 Ambient air SPM measurements are used (among other purposes) to determine whether defined
geographical areas are in attainment or non-attainment with the NAAQS for PM, .. These measurements are
obtained by the statesin their state and local air monitoring station (SLAMS) networksasrequired under 40CFR
Part 58. Further, Appendix C of Part 58 requires that the ambient air monitoring methods used in these EPA-
required SLAM S networks must be methodsthat have been designated by EPA aseither reference or equival ent
methods.

1.5 The procedure for analyzing the elemental metal componentsin ambient air particulate matter collected on
high volume filter material is described in this method. The high volume filter material may be associated with
either the TSP or PM,, sampler, as delineated in Inorganic Compendium Method 10-2.1.

1.6 Filtersare numbered, pre-weighed, field deployed and sampled, returned to the laboratory, extracted using
microwave or hot acid, then analyzed by inductively coupled plasma (ICP) spectroscopy. The extraction
procedure is accomplished by following Inorganic Compendium Method 10-3.1.

1.7 This method should be used by analysts experienced in the use of 1CP, the interpretation of spectral and
matrix interferences and proceduresfor their correction. A minimum of 6-months experience with commercial
instrumentation is required.
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1.8 Those metals and their associated method detection limit (MDL) applicable to thistechnology arelisted in
Table 1.

2. Applicable Documents
2.1 ASTM Standards
» D1356 Definition of Terms Related to Atmospheric Sampling and Analysis
e D1357 Planning the Sampling of the Ambient Atmosphere.
« D4096 Application of the High Volume Sample Method for Collection and Mass Determination of
Airborne Particle Matter.

2.2 Other Documents

e U. S Environmental Protection Agency, Quality Assurance Handbook for Air Pollution
Measurement Systems, Volumel: AField Guidefor Environmental Quality Assurance, EPA-600/R-

94/038a.
e U. S Environmental Protection Agency, Quality Assurance Handbook for Air Pollution
Measurement Systems, Volume II:  Ambient Air Specific Methods (Interim Edition),

EPA-600/R-94/038b.

» Reference Method for the Determination of Particulate Matter in the Atmosphere, 40 CFR 50,
Appendix J.

» Reference Method for the Determination of Suspended Particulates in the Atmosphere (High
Volume Method), 40 CFR 50, Appendix B.

» Reference Method for the Determination of Lead in Suspended Particulate Matter Collected from
Ambient Air, Federal Register 43 (194): 46258-46261.

e U. S. EPA Project Summary Document (1).

e U. S EPA Laboratory Standard Operating Procedures (2).

» Scientific Publications of Ambient Air Studies (3-7).

3. Summary of Method

3.1 Instrument Description

3.1.1 The analytical system is an inductively coupled plasma atomic emission spectrometer, as illustrated
in Figure 1. The plasma is produced by a radio frequency generator. The current from the generator is fed
to a coil placed around a quartz tube through which argon flows. The oscillatory current flowing in the coil
produces an oscillating magnetic field with the lines of force aligned axially along the tube. The argon is
seeded with electrons by momentarily connecting a Tesla coil to the tube where the plasma forms inside. The
ions in the gas tend to flow in a circular path around the lines of force of the oscillatory magnetic field and
the resistance to their flow produces the heat. To avoid melting the silica tube, a flow of argon is introduced
tangentially in the tube, which centers the plasma away from the walls of the tube. The plasma is formed in
the shape of a toroid or doughnut, and the sample is introduced as an aerosol through the middle of the toroid.
The hottest part of the plasma is in the ring around the center of the toroid, where temperatures of about
10,000 K are achieved. Through the center of the toroid where the sample is introduced, the temperature
is somewhat lower, and the sample is subjected to temperatures of about 7,000 K. From the very hot region
in the plasma and just above it, a continuum is radiated because of the high electron density. Above this
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region, the continuum emission is reduced as the temperature falls and the spectral lines of the elements in
the sample may be observed. Since this plasma is generated in an inert atmosphere, few chemical
interferences exist.

3.1.2 The spectrum is resolved in a spectrometer. The relative intensities and concentrations of the
elements are calculated by a small computer or processor. Samples containing up to 61 preselected elements
can be analyzed by ICP simultaneous analysis at a rate of 1 sample per minute. The ICP technique can
analyze a large range of concentrations. A single calibration curve can accomodate changes in concentration
of 5 orders of magnitude.

3.2 Sample Extraction

Two extraction procedures may be performed: hot acid extraction or microwave extraction, as documented
in Inorganic Compendium Method 10-3.1. Extraction involving hot acids is hazardous and must be
performed in a well-ventilated fume hood.

3.3 Sample Analysis

A technique for the simultaneous or sequential multi-element determination of trace elements in an acid
solution is described in this Compendium method (see Figure 2). The basis of the method is the measurement
of atomic emission by an optical spectroscopic technique. Samples are nebulized and the aerosol that is
produced is transported to the plasma torch where excitation occurs. Characteristic atomic-line emission
spectra are produced by a radio frequency ICP. The spectra are dispersed by a grating spectrometer, and
the intensities of the line are monitored by photo multiplier tubes. The photo currents from the photo
multiplier tubes are processed and controlled by a computer system. A background correction technique is
required to compensate for variable background contribution to the determination of trace elements.
Background must be measured adjacent to analyte lines on samples during analysis. The position selected
for the background intensity measurement, on either or both sides of the analytical line, will be determined
by the complexity of the spectrum adjacent to the analyte line. The position used must be free of spectral
interference and reflect the same change in background intensity as occurs at the analyte wavelength
measured. Data is processed by computer and yields micrograms of metal of interest per cubic meter of air
sampled (ug/m?3).

4. Significance

4.1 The area of toxic air pollutants has been the subject of interest and concern for many years. Recently,
the use of receptor models has documented the need for elemental composition of atmospheric aerosol into
components as a means of identifying their origins. The assessment of human health impacts, resulting in
major control actions by federal, state, and local governments, is based on these data. Accurate measures
of toxic air pollutants at trace levels are essential for proper assessments. The advent of inductively coupled
plasma spectroscopy has improved the speed and performance of metals analysis in many applications.

4.2 ICP spectroscopy is capable of quantitatively determining most metals at levels that are required by
federal, state, and local regulatory agencies. Sensitivity and detection limits may vary from instrument to
instrument.
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5. Definitions

[Note: Definitions used in this method are consistent with ASTM methods. All pertinent abbreviations and
symbols are defined within this document at point of use.]

5.1 Autosampler. Device that automatically sequences injections of sample solutions into the ICP.

5.2 Background Correction. Removing a high or variable background signal, using only the peak height
of intensity for calculating concentration. Instruments measure background at one or more points slightly
off the emission wavelength and subtract the intensity from the total intensity measured at the analytical
wavelength.

5.3 Channéls. Simultaneous ICPs have an array of photo multiplier tubes positioned to look at a fixed set
of elements (wavelengths); each wavelength is a "channel," which varies by instrument.

5.4 Detection Limits. Determined by calibrating the ICP and determining the standard deviation of apparent
concentrations measured in pure water. The result (F) is multiplied by a factor from 2 to 10 (usually 3) to
define a "detection limit." Complex sample matrices result in a higher background noise than pure water,
so actual detection limits vary considerably with sample type. Itis recommended that an instrument detection
limit (IDL) be determined in a standard whose concentration is about three times the expected detection limit.

5.5 Detectors. Photomultiplier tubes (PMTSs).

5.6 Fixed Optics. The most crucial element in the optical design. If the grating moves during measurement,
uncertainties in the results are inevitable.

5.7 Grating. The optical element that disperses light.

5.8 Integration Time. The length of time the signal from the PMT is integrated for an intensity
measurement. The most precise measurements are taken at the peak intensity.

5.9 Inter Element Intereference. When emission lines from two elements overlap at the exit slit, light
measured by the PMT is no longer a simple measure of the concentration of one element. The second
element interferes with the measurement of the first at that wavelength. If lines free of interference can't be
found, approximate concentrations of the element of interest can be calculated by calibrating that element and
the interferent (inter element correction).

5.10 Linear Dynamic Range. The light intensity in an ICP source varies linearly with the concentration of
atoms over more than 6 orders of magnitude (the linear dynamic range). This variation allows for
determination of trace and major elements in a single sample, without dilution. Fewer standards for
calibration are needed, often a high standard and a blank suffice.

5.11 Limit of Quantitation. The lowest level at which reliable measurements can be made. Defined as ten
times the standard deviation of a measurement made in a blank (pure water), which is 3.3 times the "3F"
detection limit.
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5.12 Monochromator. The spectrometer design on a sequential ICP.

5.13 Nebulizer. A device creating a fine spray of sample solution to be carried into the plasma for
measurement. Its performance is critical for good analyses.

5.14 Photomultiplier Tubes (PMTs). Light detectors in ICP instruments. When struck by light, the PMT
generates a current proportional to the intensity.

5.15 Polychromator. The spectrometer design of a simultaneous ICP.

6. Ranges, Sensitivities, and Detection Limits

6.1 Sensitivity, instrumental detection limit, precision, linear dynamic range, and interference effects must
be investigated and established for each individual analyte line on a particular instrument. All measurements
must be within the instrument linear range where correction factors are valid. The analyst must verify that
the instrument configuration and operating conditions satisfy the analytical requirements and to maintain
quality control data, i.e., confirming instrument performance and analytical results.

6.2 For comparison, Table 1 provides typical maximum element concentrations obtained on a Thermo Jarrell
Ash Model 975 Plasma AtomComp ICP.

6.3 Calibration sensitivities are dependent upon spectral line intensities. For comparison, Table 1 provides
typical sensitivities for the ICP mentioned in Section 6.2 for a Jarrell Ash Model 975 Plasma AtomComp ICP.

6.4 Detection limits vary for various makes and models. Typical detection limits achievable by the Thermo
Jarrell Ash Model 975 ICP are given in Table 1. These are computed as 3.3 times the standard deviation of
the distribution of outputs for the repeated measurement of a standard, which contains no metals and is used
as the zero point for a two-point instrument standardization described in Section 11.3. The acid
concentrations of this standard must match the acid concentrations of blanks and samples.
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7. Precision and Accuracy

7.1 Accuracy for this procedure has not been determined. Spiked strips used for audits have been developed
by the EPA. The main use of the audit results is to document chronologically the consistency of analytical
performance. One multi-element audit sample should be extracted daily with normal ambient air samples.
Audit samples can only approximate true atmospheric particulates, which contributes to the overall
uncertainty. Attempts should be made to use National Institute of Standards and Technology (NIST) 1648
(urban particulate) to judge recovery. This material is not ideal because (1) there is no filter substrate;
(2) relatively large amounts (100 mg) are required to overcome problems of apparent inhomogeneity, which
in turn necessitates dilutions not required in normal application of this method; and (3) element ratios differ
somewhat from those found in real samples. Typical recoveries experienced with the spiked strips and
NIST 1648 are presented in Table 2.

7.2 Typical precision, bias, and correlation coefficients calculated from audit samples vs. blind replicate
analyses are shown in Table 3. Treatment of the glass fibers during filter manufacture affects both recovery
and precision of sample replicate pairs. This fact should be considered when studies are designed.

7.3 Good precision data does not imply accuracy; bias is still possible. Bias is nearly impossible to detect
when a given type of sample is always analyzed by the same method using the same instrumentation. In this
method, bias, if any, is most likely to arise during the sampling and sample preparation steps.

7.4 Quality assurance (QA) activities are discussed in Section 13 of this method. QA data for the method
are composed of QA data for the instrument and for the sampling and sample preparation steps. The former
are relatively easy to obtain by the analysis of known solutions and are usually quite good because of the
inherent stability and linearity of the plasma and associated electronics. QA data for the sampling and sample
preparation steps are nearly always poorer than for the instrument and thus dictate the QA data for the
method as a whole. Consequently, a good instrumental calibration does not guarantee that the data produced
are accurate. For instance, independent analysis (by neutron activation analysis) of real samples and of NIST
SRM 1648 has revealed that Cr and Ti extractions are 25-75% efficient using the method described herein,
yet both elements in solution are recovered very well by the plasma instrument.

8. Interferences

8.1 Spectral Interferences

Spectral interferences result when spectrally pure solutions of one element produce a finite output on channels
assigned to other elements. Table 4 provides recommended wavelengths to monitor selected metals using
ICP in order to minimize spectral interferences. When the quantitative correction is made, the order of
correction is arranged so that only "true" (that is, interference-free or previously corrected) values are used
in any quantitative correction of another element for comparison. The quantitative correction factors are
listed in Table 10 in the order in which they are applied in the data-processing step for the analysis of ambient
air using the Thermo Jarrell Ash Model 975 ICP. The correction relation for any affected element is:

« (apparent conc.)&(correction factor "true")
(concentration of the affecting element)

"true" concentration

Page 3.4-6 Compendium of Methaods for Inorganic Air Pollutants June 1999



Chapter 10-3 Method 10-3.4
Chemical Analysis | CP M ethodology

[Note: The information in Table 10 was generated using a specific instrument and is presented only to provide
an indication of potential interferences. Specific correction factors must be generated for each instrument
during each analysis.]

8.2 Matrix Interference

Matrix interferences do exist. This problem has been minimized by matrix matching of standards and
samples. Matrix interferences depend on the types and quantities of acids used; element emission lines may
be enhanced or depressed. These interferences may be circumvented by careful matrix matching of
standards, QC solutions, and samples. Careful matches were made in the development of this procedure.

9. Apparatus

[Note: This method was developed using the Thermo Jarrell Ash Model 975 Plasma AtomComp, 27 Forge
Parkway, Franklin, MA 02038, (508) 520-1880, as a guideline. EPA has experience in use of this equipment
during various field monitoring programs over the last several years. Other manufacturers' equipment should
work as well. However, modifications to these procedures may be necessary if another commercially available
sampler is selected.]

9.1 Desiccator. For cooling oven-dried chemicals.

9.2 Gravity Convection Type Drying Oven. Drying chemicals and glassware, Precision Scientific 31281
or equivalent.

9.3 Mechanical Convection TypeDrying Oven. For drying plastic ware (Blue Island Electric OV 510A-2
or equivalent).

9.4 Inductively Coupled Plasma Emission Spectrometer. The ICP described in this method is the Thermo
Jarrell Ash Model 975 Plasma AtomComp, 27 Forge Parkway, Franklin, MA 02038, (508) 520-1880. EPA
has experience in use of this equipment during various field monitoring programs. Other manufacturers’
equipment should work as well. The instrument uses a Plasma Therm HFS 2000D R.F. generator as the
power supply for the plasma. The excitation source is a three-turn inductively coupled plasma torch with a
cross-flow pneumatic nebulizer for sample introduction. Samples are pumped to the nebulizer with a Gilson
Minipuls Il single channel peristaltic pump. The instrument is equipped to read 48 elements as identified in
Table 4. A dedicated PDP-8E (Digital Equipment Corporation) minicomputer controls the instrument and
yields a concentration printout. To achieve data storage capability, the PDP-8E has been interfaced with a
PDP11/34.

9.5 Bottles. Linear polyethylene or polypropylene with leakproof caps for storage of samples. (500 mL,
125 mL, and 30 mL). Teflon bottles for storing multi-element standards.

9.6 Pipettes. Volumetric 50 mL, 25 mL, 20 mL, 15mL, 10 mL, 9 mL, 8 mL, 7mL, 6 mL,5mL, 4 mL,
3 mL, 2 mL, Class A borosilicate glass.

9.7 Pipettes. Graduated 10 mL, Class A Borosilicate glass.
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9.8 Pipette. Automatic dispensing with accuracy of 0.1 mL or better and repeatability of 20 FL (Grumman
Automatic Dispensing Pipet, model ADP-30DT, or equivalent).

10. Reagents
10.1 Hydrochloric Acid. Ultrex grade, 12.3 M (Baker 1-4800) for preparing standards.

10.2 Nitric Acid. ACS reagent grade, concentrated (16 M) for preparing 10% v/v nitric acid, to clean
labware only (Fisher A-200). Add 100 mL of concentrated HNO, to —500 mL of ASTM Type Il water and
diluteto 1 L.

[Note: This acid is not for sample preparation; it contains excessive metals].
10.3 Nitric Acid. Ultrex grade, 16 M (Baker 1-4801) for preparing standards.

10.4 Stock Calibration Standards. Multi-element and single-element plasma-grade stocks are used for the
analysis. The stocks are purchased from Spex Industries, Inc., Inorganic Ventures, Inc., or equivalent.
Working calibration standards are prepared by dilution of the concentrated calibration stocks. The calibration
standard stocks used for instrument calibration and initial calibration verification (ICV) are purchased from
different suppliers. The source (manufacturer and lot), concentration, expiration date, and acid matrix are
recorded for all calibration standards used for the analysis. Stock solutions should be stored in Teflon bottles.
The final concentration of nitric and hydrochloric acid in the calibration standards should be the same as those
in the prepared samples.

10.5 Compressed Argon in Cylindersand Liquid Argon in Tanks, Purity 99.95%. Best source.

10.6 ASTM Type | water (ASTM D1193). Best source. The Type | water should have a minimum
resistance of 16.67 milli-ohms, as evidenced by the reading of the resistivity meter during water flow.
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11. Analysis

11.1 Standard Stock Solutions

11.1.1 All labware should be scrupulously cleaned. The following procedure is recommended: Wash
with laboratory detergent or ultrasonic for 30 min with laboratory detergent. Rinse and soak a minimum of
4 hr in 10% V/V nitric acid. Rinse 3 times with deionized, distilled water, and oven dry.

[Note: Nitric and hydrochloric acid fumes are toxic. Prepare in a well-ventilated fume hood. Mixing results
in an exothermic reaction. Stir slowly.]

11.1.2 Preparing Calibration Curve Standards. Mixed calibration curve standards are prepared by
diluting appropriate volumes of the stock calibration standards in Class A volumetric flasks. Table 1 provides
examples of typical concentrations used for calibration for several elements. Each working standard solution
should be labeled with a name, an expiration date, and the initials of the preparer.

11.1.3 Prepare Initial Calibration Verification Standard (ICV). The ICV standards are analyzed
immediately following initial calibration. The ICV standards are prepared at the midpoints of the calibration
curves. These standards are prepared from certified stocks having a different manufacturer than the
calibration standards. The final concentration of the ICV should be in the range of 25 ug/mL for Al, Ca, Fe,
Mg, K and Na. All other analytes should be in the range of 2 pg/mL.

11.1.4 Prepare Interference Check Standard (ICS). The interference check standards are analyzed at the
beginning and end of the sample run and for every 8 hours of continuous operation. The ICS should contain
approximately 200 pg/mL of Al, Ca, Fe, and Mg. In addition, the ICS should contain approximately
1 pg/mL of all other analytes, including Ag, Be, Ca, Cd, Co, Cr, Cu, Fe, Pb, Se T, Y, Zn, and Bi.

11.1.5 Laboratory Control Spike (LCS). An LCS is prepared and analyzed with each sample batch (or
1 per 20 samples). The LCS is prepared for all analytes at the 2 pg/mL level and when analyzed, should be
within 80% to 120% of actual concentration. If the results are not within this criterion, then the results must
be qualified.

11.1.6 Matrix Spike (MS). A MS sample is prepared and analyzed with each sample batch (or 1 per
20 samples). These samples are used to provide information about the effect of the sample matrix on the
digestion and measurement methodology. The spike is added before the digestion, (i.e., prior to the addition
of other reagents). The MS should be at the 25 pg/strip level. The percent recovery for the analyte as part
of the MS should be between 75% and 125% for all analytes.

11.1.7 Prepare a Reagent Blank (RB). Prepare a reagent blank that contains all the reagents in the same
volumes used in processing the routine samples. The reagent blank must be carried through the entire
preparation procedure and analysis scheme. The final solution should contain the same acid concentration
as sample solutions for analysis. The running frequency of analysis of a reagent blank is about 1 for every
40 real samples.

11.2 ICP Operating Parameters
A daily log of the operating parameters should be maintained for reference. Entries are made by the analyst

of periodic intervals throughout the run. The following list of parameters are examples from the Thermo
Jarrell Ash Model 975 Plasma AtomComp. Specific manufacturer’s guidelines should be followed.
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ICP HARDWARE SPECIFICATIONS

e Plasma power 1.1 kW forward automatic control
11 W reflected (minimum possible)

= Argon coolant flow 18 1/min liquid argon source

= Argon nebulizer flow 16 psi (approx. 700 mL/min)

e Sample uptake Avg. 1.85 mL/min

e Observation Zone Centered 16 mm above the load coil

e Sample preflush time 45 s; preburn, 1's

* Exposure 10s

e H,O Post Flush 10 s then proceed to next sample

e Slits 25-um entrance slit; 75-pum exit slit

e Photomultiplier tube voltage 900 vV

11.3 Instrumental Preparations

11.3.1 Calibration Curve Linearity. ICP spectrometers generally are considered to yield a linear
response over wide concentration ranges; however, investigation for linearity for elements expected to exceed
concentrations of about 25 pg/mL may be necessary. Linearity may vary among manufacturers and
according to operating parameters. The method and conditions described in this procedure have imposed the
following limitations:

e Caresponse is linear to 40 pg/mL, becoming non-linear.
Cr saturates the electronics at 50 pg/mL.

Cu saturates the electronics at 40 pg/mL.

Fe saturates the electronics at 230 pug/mL.

Mg response is curvilinear to 40 pg/mL, becoming unuseable.
Na response is curvilinear to 80 pg/mL, becoming unuseable.

The curvilinear nature of Mg and Na responses below the levels specified were made acceptable by
programming the ICP computer with segmented calibration curves as described in the manufacturer's
instructions.

11.3.2 Spectral Interferences. Section 8 described briefly spectral interferences. A thorough
determination of spectral interferences is a lengthy, time-consuming study in itself. The following are some
of the factors influencing the presence or absence and magnitude of interferences:

« Wavelength of lines being read;

Expected concentrations of the elements involved;

Quality and the stability of the system optics (i.e., minimal deterioration with time);
Quality and stability of photo multiplier tubes and electronics; and

Purity of chemicals in use.
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A thorough study of interferences has been conducted by EPA in the development of this method and have
been addressed in the data processing program listed in Table 5.

[Note: The spectral interference factors listed in Table 5 were determined by analyzing single element
solutions of each interfering element. The concentration of each single element solution was within the linear
dynamic range (LDR) of the analysis, usually 100 pg/mL. The criteria for listing a spectral interference was
an apparent analyte concentration from the interfering single element solution that was outside the 95%
confidence interval estimates for the determined method detection limit (MDL) of the analyte. The factors are
presented as a guide for users of this method for determining interrelement interference effects. The user is
cautioned that other analytical systems other than the Thermo Jarrell Ash Model 975 Plasma AtomComp
described in this method may exhibit somewhat different levels of interference than those listed in Table 5 and
that the interference effects must be evaluated for each individual system.]

11.3.3 Matrix Interferences. Matrix interferences depend on the types and quantities of acids used;
element emission lines may be enhanced or depressed. These interferences may be circumvented by careful
matrix matching of standards, QC solutions, and samples. Careful matches should be made in the use of this
procedure.

11.4 Sample Receipt in the Laboratory

11.4.1 The sample should be received from the extraction laboratory in a centrifuge tube, as documented
in Inorganic Compendium Method 10-3.1.
11.4.2 No additional preservation is needed at this time. Sample is ready for ICP analysis.

11.5 ICP Operation

[Note: This method was developed using the Thermo Jarrell Ash 975 Plasma AtomComp spectrometer. EPA
has experience in the use of the Model 975 spectrometer associated with various field monitoring programs
involving analysis of filterable particulate matter for metals using ICP over the last several years. The use
of other manufacturers of ICP spectrometers should work as well as long as the quality assurance and quality
control specifications identified in Sections 13, Quality Control, are met. However, modifications to
Compendium Method 10-3.4 procedures may be necessary if another commercial ICP spectrometer is used.]

11.5.1 Start and allow the instrument at least 45 min for warmup.

11.5.2 Profile following manufacturer's directions. Run 12 warmup burns of old high QC solution to
exercise the photomultiplier tubes.

11.5.3 Standardize by opening the standardization buffers with a J command on the CRT operating
off-line from the PDP-11/34. Flush for 2 min with the first working standard. Make two exposures, print
the average ratio on the teletype, and identify the standard when queried. Repeat for all five working
standards. Complete with an S command and answer the query "Enter LCN" with a carriage return (RTN).
Calibration data are not stored in the PDP-II.

11.5.4 Go on-line to the PDP-II by typing "RUN JA" and answer PDP-II queries to identify the operator,
data storage, and operating condition codes.

11.5.5 The PDP-II will automatically acquire gains and offsets (slopes and X-intercepts of the calibration
curve) determined by the ICP standardization. Values falling outside a previously determined bandwidth will
be reported by the computer. When this occurs, corrective action must be taken. Gain and offset values are
element-specific.

11.5.6 Measure the sample-pump uptake rate which should be approximately 1.8 mL/min.
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11.5.7 Select a QC solution for analysis. On the CRT, enter RTN "QC" RTN "21", RTN for high QC,
or "QC" RTN "22", RTN for low QC. When "DSC" appears on CRT, type "HIQC" or "LOQC", as
applicable, followed by its prep date and RTN. The number "1.0" will appear twice, indicating the
multiplication and dilution factors have been set to 1.0. This step is followed by the query "OK?"

11.5.8 Begin pumping the QC solution selected in Section 11.5.7 from an aliquot. Start the stopwatch
when the leading edge of the solution has just entered the nebulizer. Time for 45 s and press RTN on the
CRT to begin the exposure. The end is signaled by the CRT bell. Transfer the pickup tube to deionized
distilled water.

11.5.9 When the PDP-II has acquired the data, it will query "QC SMP:." Type RTN, "STD," RTN "21,"
RTN to identify the zero standard (Working Standard No. 1; see Section 11.1). After "DCS:" As in Section
11.5.7, the multiplication and dilution factors will default to 1.0, and the query "OK?" will appear.

11.5.10 Begin pumping from an aliquot of the zero standard and time for 45 s, as in Section 11.5.8. Start
the exposure with RTN on the CRT. At the bell, return the pickup to deionized, distilled water.

11.5.11 When the PDP-II has acquired the data, it will query "STD SMP:." Type "1," RTN, RTN, and
it will query "OK?" Type "NO," RTN and the cursor will move to the left end of the line.

11.5.12 Select the first sample. On the CRT, enter the Project I.D. from the label. Press RTN. Type
numerical sample number and RTN. After "DCS:," type the four letter I.D. code and RTN. The computer
next queries "MLT:" (for multiplication factor); enter “360", RTN. After "DIL:" (for dilution factor), enter
"1," RTN. The computer then asks "OK?"

11.5.13 Begin pumping the sample from the sample bottle and time for 45 s before pressing RTN. At
the bell, return the pickup to deionized, distilled water and select the next sample.

11.5.14 Enter second sample by typing the sample number, RTN, 4-letter 1.D., RTN, and another RTN
to begin the exposure.

11.5.15 Present 8 samples to the instrument.

11.5.16 Challenge the instrument with the QC solution that was not selected in Section 11.3.7. Repeat
CRT entries and procedure in Sections 11.5.7 and 11.5.8.

11.5.17 Resume sample analysis. Repeat Sections 11.5.11 through 11.5.13.

11.5.18 Analyze nine samples.

11.5.19 Return to Section 11.5.6 and repeat through Section 11.5.17.

11.5.20 End the analytical session after about 3to 3.5 h. Type "-1," RTN. The computer will query "DO
YOU WISH TO SAVE THIS SESSION'S DATA?" Type "YES," RTN. The computer will back up the data
and issue instructions. This terminates the RUN JA program.

11.5.21 Usually two sessions per day are attempted. Repeat Sections 11.5.2 through 11.5.20 for the
second session.

11.5.22 Instrument operating parameters are recorded before and after every 20 burns. A typical day's
record is shown in Figure 3.

11.5.23 With minimal experience, the instrument operator will be able to compress the above steps (i.e.,
process more than one sample at a time by overlapping the steps required for the different samples).

12. Data Processing

12.1 Filter Blanks and Discrimination Limit

Since individual blanks are not available from each filter used for sampling, the mean unexposed filter value
is subtracted from the result for each exposed sample to obtain the best estimate of each element in the filter
particulate material. A discrimination limit must be defined so that possible contributions from an individual
filter are not falsely reported as being from the particulate material. Calculate the filter batch mean, F, (see
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Method 10-3.2), and the standard deviation of the F,, values for each filter. If F, is greater than the
instrumental detection limit, then F_, must be subtracted from the total elemental content for each particulate
bearing filter when the net metal in the particulate material is calculated. Determine the smallest atmospheric
concentration of the element that can be reliably distinguished from the filter*s contribution by multiplying
the standard deviation for the filter batch by 3.3 and dividing by the average volume of air sampled, usually
1700 m3. The resulting value will be the discrimination limit for that element.

12.2 Metal Concentration in Filter

12.2.1 Calculate the air volume sampled, corrected to EPA-reference conditions:

- T td I:)b
Vstd Vs { -I-S ) P ar}
m std

V4, = volume of ambient air sampled at EPA-reference conditions, m?.
. = volume of ambient air pulled through the sampler, m®.
T, = absolute EPA-reference temperature, 298eK.

= average ambient temperature, EK.
P, = barometric pressure during sampling measurement condition, mmHg.
= EPA-reference barometric pressure, 760 mmHg.

where:

12.2.2 Metal concentration in the air sample can then be calculated as follows:
C = [(ug metal/mL)(final extraction volume (i.e., 20 mL)/strip)(9) - F,,1/Vyq

where:
C = concentration, ug metal/std. m?
pg metal/mL = metal concentration determined from Section 11.5.
Final extraction volume, mL/strip = total sample extraction volume, mL, from extraction procedure (i.e.,
20 mL).

— Useable filter area [20 cm x 23 cm (8" x 9")]
Exposed area of one strip [2.5 cm x 20 cm (1" x 8")]

F,, = average concentration of blank filters, pug.
V4, = standard air volume pulled through filter, std m*, (25eC and 760 mmHg).

13. Quality Assurance (QA)

13.1 Instrumental Tuning and Standar dization
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13.1.1 The instrument must be tuned by the manufacturer at installation. However, the element lines
should be checked periodically to determine if they have maintained their positions relative to the mercury
profile line. Follow the manufacturer's instructions.

13.1.2 The Thermo Jarrell Ash Company published directions for performing instrument diagnostic
checks and pertinent acceptable data limits (Ward, 1978, 1979 a, b, 1980 a, b). Diagnostic checks should
be run periodically at a frequency dictated by the “goodness” of instrumental QC checks.

13.2 Calibration For Quantitative Analysis
See Section 13.3.2.1.
13.3 Daily QA Check and Analytical Run Sequence

Data validation steps described in this section are primarily instrumental and do not guarantee extraction
efficiency.

13.3.1 Real-Time Judgments. Standards, Gains, Offsets. This system requires virtually no data
computations by the operator. However, the operator is required at several points to judge, based on
historical experience, the validity of numbers generated and to decide whether to continue or stop. During
the standardization, the operator must observe element response to determine if values are normal. The
operator must watch for computer-generated messages reporting gains or offsets that exceed the tolerance
limits. Proper corrective action is based on operator experience and is discussed in Section 14.5.

13.3.2 General Quality Control. The required general quality control requirements for ICP analysis
are discussed below and summarized in Table 6.

13.3.2.1 Initial Calibration. At least two calibration standards and a calibration blank are analyzed at
the beginning of an analysis run. The standards used to calibration are diluted from certified stock standards
(see Section 11.1) and are used within the expiration dates. The calibration standards and blanks are prepared
in the same nitric and hydrochloric acid matrix as the samples.

13.3.2.2 Initial Calibration Verification (ICV). The ICV standards are analyzed immediately following
initial calibration. The ICV standards are prepared from certified stocks having a different manufacturer than
the calibration standards. The measured concentration should be within 90% to 110% of the actual
concentration.

13.3.2.3 Initial Calibration Blank (ICB). The ICB is analyzed immediately following ICV and prior to
the high standard verification. The acceptance criteria for the ICB is the same as for continuing calibration
blank (CCB) verification.

13.3.2.4 High Standard Verification (HSV). Immediately after the analysis of the ICB, and prior to the
analysis of samples, the HSVs are reanalyzed. The measured concentration should be within 95% to 105%
of actual concentration.

13.3.2.5 Interference Check Standards (ICSs). The ICSs are analyzed at the beginning and end of the
run and for every 8 hours of continuous operation. The results for the analytes should be within 80% and
120% of the actual concentration. Samples containing levels of interferences above the levels in the ICS
should be considered for dilution.

13.3.2.6 Continuing Calibration Verification (CCV). CCV standards are prepared from the calibration
standard stocks at the midpoint of the calibration curve. The CCV standards are analyzed at the beginning
of the run prior to samples, after every 10 samples, and at the end of the run prior to the last continuing
calibration blank (CCB) analysis. The measured concentration should be within 90% and 110% of the actual
concentration.

13.3.2.7 Continuing Calibration Blanks (CCBs). The CCBs are analyzed following each CCV. The
results of the CCBs are evaluated as follows:

- The CCBs are compared to the method detection limits.

- The absolute value of the instrument response must be less than the method detection limits.-
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- If not, then sample results for analytes <<5 times the amount in the blank must be flagged or analysis
must be repeated.

13.3.2.8 Reagent Blank (RB). A RB sample is prepared and analyzed with each sample batch. This
analysis is used to determine if concentrations reflect background levels from sample digestion. If the
instrument measured response is greater than the method detection limits, then the sample results for the
affected analyte(s) must be flagged. Samples may be considered candidates for redigestion and reanalysis
for that analyte.

13.3.2.9 Laboratory Control Spike (LCS). An LCS is prepared and analyzed with each sample batch
(or 1 per 20 samples). The results for the analytes should be within 80% to 120% of actual concentration.
If the results are not within this criterion, then strips of the LCS and all samples should be redigested and
reanalyzed.

13.3.2.10 Matrix Spike (MS). A MS sample is prepared and analyzed with each sample batch (or 1 per
20 samples). These samples are used to provide information about the effect of the sample matrix on the
digestion and measurement methodology. The spike is added before the digestion, (i.e., prior to the addition
of other reagents). The percent recovery for the analyte as part of the MS should be between 75% and 125%
for all analytes.

13.3.2.11 Duplicate and/or Spike Duplicate. Duplicate samples and/or matrix spike duplicates are
prepared and analyzed with each sample batch. These samples are used to estimate method precision,
expressed as relative percent difference (RPD). The RPD between the duplicate and/or matrix spike duplicate
final concentrations should be <20%.

13.3.2.12 Serial Dilution. The ICP serial dilution analysis must be performed on one sample per batch.
After a fivefold serial dilution, the analyte concentration must be within 90% and 110% of the undiluted
sample results.

13.3.2.13 Sample Dilution. Dilute and reanalyze samples that are more concentrated than the linear
calibration limit.

13.4 Corrective Actions

13.4.1 The plasma must operate in a stable mode with a uniform sample feed rate. Failure to reproduce
standards" responses or QC values usually is caused by a partially or totally plugged nebulizer. This
condition may be verified by observing a decrease in the pump rate or the absence of a fog in the nebulizer
spray chamber. A similar effect will be observed if the argon supply pressure or the RF power should
change. Experience with the sample pump and the RF power supply has been excellent, and both appear to
be very stable electronically.

13.4.2 Intermittent failure of QC solutions to fall within the tolerance band may be due to an intermittent
failure in a spectrometer circuit or to a broken nebulizer needle. Both are difficult to detect without extensive
testing or dismantling of equipment. Leaks in the argon supply lines are also likely causes of such problems.
Leaks in the ground-glass joints of the torch-spray chamber can be eliminated by the light use of a good grade
stopcock grease (not silicone-base) (see Section 13.5).

13.4.3 One intended purpose of the repeated analysis of QC solutions was to detect and correct
instrument drift occurring within any 1 day. Experience has shown that drift is not a problem when the
instrument is standardized twice daily. When drift has been detected, it has been attributed to thermal drift
and corrected by repro filing (i.e., adjusting the optical alignment). The instrument must be restandardized
after profiling.

13.4.4 Long-term drift is more difficult to detect. A gradual increase in the gains of short-wavelength
elements over a period of weeks or months is probably due to degradation of mirror coatings. Washing the
mirrors may help in the short term, but usually they must be replaced. Mirrors may be ruined if washed
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improperly; manufacturer-approved procedures should be followed. Gradual degradation of electronic
circuits will also cause long-term drift.

13.5 Routine Maintenance

13.5.1 The torch and spray chambers occasionally must be cleaned. Frequency of cleaning must be
determined through experience, as a schedule and criteria have not been established. Ultrasonic the chambers
in a hot detergent for at least 30 min, soak in aqua regia overnight, and rinse in deionized, distilled water.

[Note: Aqua regia is a strong oxidizing agent. Wear protective clothing and a face shield.]

13.5.2 The ground-glass joints of the torch-spray chamber should be greased with a good grade of
non-silicone base stopcock grease. After reassembly, the torch must be optimized for maximum flux
throughput according to manufacturer's instructions.

13.5.3 Should the plasma be extinguished during an analysis session, the session must be ended.
Restandardization is necessary after the plasma is reignited. Restandardization must be delayed until the
reflected power has been at a minimum for approximately 10 min.

14. Method Safety

The toxicity or carcinogenicity of each reagent used in this method has not been defined precisely; however,
each chemical compound should be treated as a potential health hazard. The laboratory is responsible for
maintaining a current awareness file of OSHA regulations regarding the safe handling of the chemicals
specified in this method. A reference file of material handling data sheets should be made available to all
personnel involved in the chemical analysis.
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TABLE 1. TYPICAL CONCENTRATIONS OF THE MOST CONCENTRATED
WORKING STANDARD,' TYPICAL ICP CALIBRATING SENSITIVITIES
AND TYPICAL METHOD DETECTION LIMITS?

Detection?
Most Conc. Working | Calibrating Sengitivity, Ll

Element Std., mg/L counts/Fg metal mg/L ng/m?
Al 50.0 4,887 0.061 135
As 5.0 5,063 0.025 55
Au 5.0 11,683 0.009 19
B 10.0 42,892 0.030 6.6
Ba 10.0 13430 0.003 0.7
Be 2.0 57,457 0.002 0.4
Bi 10.0 467 1.030 226.6
Ca 40.0 52,787 0.103 22.7
Cd 4.0 37,438 0.005 11
Ce 5.0 13,859 0.048 10.6
Co 5.0 2,787 0.015 33
Cr 4.0 76,772 0.012 2.6
Cu 20.0 159,213 0.010 2.2
Fe 50.0 16,985 0.034 75
Ge 5.0 1,645 0.079 175
Hg 5.0 9,031 0.055 12.1
In 5.0 520 0.081 185
K 20.0 253 0.205 451
La 2.0 44,468 0.007 15
Li 2.0 12,500 0.003 0.7
Mg 40.0 70,951 0.024 53
Mn 10.0 108,751 0.004 0.9
Mo 5.0 5,266 0.009 19
Na 80.0 186 inoperative inoperative
Nb 2.0 59,859 0.11 2.4
Ni 5.0 4,306 0.014 3.1
P 20.0 2,941 0.104 22.9
Pb 25.0 10,324 0.032 7.0
Pd 5.0 7,996 0.130 7.0
Pt 5.0 847 0.107 235
Re 10.0 288 0.150 33.0
Rh 5.0 32421 2.000 440.0
Ru 10.0 5,227 0.187 4.1
S 5.0 4,246 0.025 55
Se 5.0 930 0.156 34.3
S 50.0 9,152 0.172 37.8
Sm 5.0 52,532 0.024 5.4
Sn 5.0 469 0.042 9.2
S 5.0 55,091 0.001 0.2
Ta 5.0 21,030 0.145 52.1
Te 5.0 4,676 0.021 4.6
Ti 5.0 58,777 0.003 0.7
Tl 5.0 3,063 0.152 334
\Y 5.0 107,250 0.007 15
w 5.0 1,170 0.057 125
Y 5.0 35,800 0.004 0.9
Zn 20.0 478 0.120 26.4
Zr 5.0 18,010 0.008 18

1The least concentrated working standard contains no metals.

°Data source is 48 determinations of standard No.1 made from 01/26/83--03/22/83 during analysis of 1982 NAMS filters.

38?%38 ggor}fs?mpling rate of 1.13 m3/min for 24-hr for atotal samplevolume of 1627.2 m®; factor of 9for partia filter analysis; digestion
of 0.020 L/filter.
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TABLE 2. RECOVERIES FROM SPIKED STRIPS' AND FROM NIST SRM 1648

Element % Recovery %RSD
Spiked Strips'
As 96.5 2.7
Co 95.5 34
Cu 76.1 4.3
Fe 98.3 3.7
Mn 96.9 4.0
Ni 96.4 3.9
Pb 929.1 1.9
Sr 96.4 4.4
V 94.0 2.1
Zn 89.4 6.2
NIST SRM 1648

Ba 80 0.8
Be not listed by NIST

Cd 114 8.5
Cu 100 1.4
Fe 68 1.4
Mn 88 1.6
Mo not listed by NIST

Ni 90 9.0
Pb 95 1.1
V 79 1.9
Zn 97 3.8

'Recovery values based on X-ray fluorescence analytical values taken as "true".
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TABLE 3. TYPICAL PRECISION, BIAS, AND CORRELATION COEFFICIENTS

OBTAINED BY SAMPLE/REPLICATE PAIR ANALYSIS

Coefficient Coefficient
Element Pairs Found Variation (%) Bias (%) Coefficient

B 32 10 1.0 0.95
Ba 32 9 0 1.0
Cd 17 11 0 1.0
Cu 32 4 -1.0 1.0
Fe 32 8 1.0 0.99
Mn 32 21 5.0 0.99
Ni 14 10 -2.0 1.0
Pb 31 3 0.0 1.0
Sb 4 5 3.0 0.99
Sr 32 7 1.0 1.0
V 25 6 -1.0 1.0
Zn 31 16 -3.0 0.94

!Based on the analysis of 32 sample/replicate pairs of 1982 NAMS filters from 01/26/83 - 03/22/83. Because these
data were obtained from real samples, there was no control over the actual concentrations. Elements displaying
alarge coefficient of variation tended to have mean concentrations in the lower end of the quantifiable range.
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TABLE 4. ICP SPECTROMETER ELEMENTS WITH WAVELENGTHS

Element Wavelength Element Wavelength
Al 308.22 Nb 316.34
As 193.76 Ni 231.60
Au 242.80 P 214.91

B 249.77 Pb 220.35
Ba 493.41 Pd 363.47
Be 313.04 Pt 265.95
Bi 195.33 Re 209.24
Ca 396.85 Rh 343.49
Cd 226.50 Ru 297.66
Ce 446.02 Sb 206.84
Co 228.62 Se 196.09
Cr 357.87 Si 288.16
Cu 324.75 Sm 442.43
Fe 259.94 Sn 189.99
Ge 199.82 Sr 407.77
Hg 253.65 Ta 240.06
In 230.69 Te 214.28
K 766.49 Ti 334.90
La 379.48 Tl 351.92
Li 670.78 V 292.40
Mg 279.55 w 202.99
Mn 257.61 Y 371.03
Mo 202.03 Zn 206.19
Na 589.00 Zr 339.20
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TABLE 5. CORRECTION FACTORS FOR SPECTRAL INTERFERENCES

Affecting Affecting Affected Affecting Affecting Affected
Element Factor Element Element Factor Element
Ta 0.0166 Co Bi 0.0268 Rh
Ta 0.0026 Fe Bi 0.0116 Se
Al 0.0141 Ta Bi 0.0041 Si
Al 0.0375 Vv Bi 0.0125 Sr
B 0.0181 Zr Ge 0.0071 Al
Be 0.0020 Nb Ge 0.0015 Be
Be 0.0025 Vv Ge 0.0085 Mo
Ce 0.2313 Vv Ge 0.0293 Nb
Hg 0.0574 Co Ge 0.1489 Ta
Hg 0.0151 Fe P 0.0017 Al
La 0.0028 Fe P 0.0265 Cu
La 0.0122 Y P 0.0016 Fe
Pb 0.1104 Nb P 0.0032 Mg
Pd 0.0247 Nb P 0.0100 Nb
Pd 0.1649 Sm P 0.0017 Si
Pd 0.0125 Ti P 0.0010 Zn
Pt 0.0600 Cr Re 0.0240 Al
Pt 0.0175 Nb Re 0.0110 B
Pt 0.1300 Ta Re 0.1609 Mn
Pt 0.0210 Y Re 1.2400 Mo
S 0.0281 Nb Re 0.0556 Pd
S 0.1300 Ta Re 0.0044 Si
Si 0.2495 Zr Re 0.2146 V
Te 0.0254 V Ru 0.0141 Fe
Tl 0.0607 Ce Ru 0.0843 Mn
Tl 0.0229 Zr Ru 0.0233 Mo
Zn 0.0132 Ta Ru 0.0827 Nb
As 0.0119 Al Ru 0.2531 Ta
As 0.1736 Pt Ru 0.0364 Ti
As 0.0125 Vv Ru 5.5170 Vv
Bi 0.0083 Al Ru 0.4996 Zr
Bi 0.0212 Cr w 0.0021 Al
Bi 0.0065 Fe w 0.0039 Mg
Bi 0.0326 La w 0.0027 Zn
Bi 0.0155 Mg As 0.0218 Ge
Bi 0.0312 Mn
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_TABLE6, EXAMPLE REQUIRED QUALITY CONTROL REQUIREMENTS FORICPANALYJIS

QC procedure

Typical frequency

Criteria

Initial calibration (1C)

At the beginning of the analysis

None

Initial calibration verification
(cv)

Immediately after initial
calibrations

90-110% of the actual
concentration

Initial calibration blank (ICB)

Immediately after initial
cadlibration verification

Must be less than project
detection limits

;—Iigh standard verification (HSV

Following the initial calibration
blank analysis

95-105% of the actual
concentration

Interference check standard
([e5)]

Following the high standard
verification, every 8 hours, and
at the end of arun

80-120% of the actual
concentration

Continuing calibration
verification (CCV)

Analyzed before the first sample,
after every 10 samples, and at
the end of therun

90-110% of the actual
concentration

Continuing calibration blanks
(CCBs)

Andyzed followingeach
continuing cdibration verification

Must be less than project
detection limits (MDLYS)

Reagent blank (RB)

1 per 40 samples, a minimum of
1 per batch

Must be less than project
detection limits

Laboratory control spike (LCS)

1 per 20 samples, a minimum of
1 per batch

80-120% recovery, with the
exception of Ag and Sb

Duplicate and/or spike duplicate

1 per sample batch

RPD # 20%

Matrix spike (MS) % pe{1 20 samples per sample Percent recovery of 75-125%
atC
Seria dilution 1 per sample batch 90-110% of undiluted sample
Sample dilution Dilute sam?le beneath the upper | As needed
calibration limit and at least 5X
the MDL
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Figure 1. Schematic diagram of atypical inductively coupled plasma-optical emission
spectroscopy instrument featuring parts of the instrument most important to the user.
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Figure 2. Simultaneous or sequential multi-element determination of trace elements by ICP.
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METHOD TO-11A

Determination of Formaldehyde in Ambient Air Using Adsorbent
Cartridge Followed by High Performance Liquid
Chromatography (HPLC)

[Active Sampling Methodology]

1. Scope

1.1 Thisdocument describesamethodfor thedetermination of formal dehydeand other carbonyl compounds (el dehydes
and ketones) in ambient air utilizing a coated-solid adsorbent followed by high performance liquid chromatographic
detection. Formaldehydehasbeen found to beamajor promoter intheformation of photochemical ozone. In particular,
short term exposure to formaldehyde and other specific ddehydes (eceta dehyde, acrolein, crotonaldehyde) isknown
to causeirritation of the eyes, skin, and mucous membranes of the upper respiratory tract.

1.2 Over thelast severa years, numerous methods have been developed for the sampling and analysis of carbonyl
compounds. Because of therole which forma dehyde playsin photochemistry, most of the more recent methodswere
designed to quantitate formaldehyde specificaly. Early methods centered around wet chemical technology involving
abubbler or impinger containing areactive reagent (1). In some cases the reactive reagent produced a color in the
presenceof forma dehyde. Examplesof themorecommonly usedreagentswere: 3-methyl-2-benzothiazol onehydrazone
(MBTH), sodiumsulfite, 4-hexylresorcinol , water, sodiumtetrachl oromercurate, and chromatropicacid. Thesereagents
demonstrated high collection efficiency (>95%), provided fairly stable non-volatile products and minimized formation
of undesirable by-products. Indeed, aspart of U. S. Environmenta Protection Agency's (EPA's) effort to quantitate
atmospheric concentrations of formaldehyde, the National Air Sampling Network utilized the impinger technique for
severd yearscontaining chromatrophicacid specificaly for forma dehyde. However, impinger sampling had numerous
weaknesses which eventually lead to itsdemise. They were:

o Labor intense.

 Used acidic/hazardous reagents.

» Lacked sensitivity.

 Proneto interferences.

* Poor reproducibility at ambient concentration levels.

AsEPA 'sinterest focuseduponformal dehydeandit'ssources, thedeve opment of passive personal samplingdevices
(PSDs) developed (2). These deviceswere mainly used by industrial hygienists to assess the efforts of respiratory
exposure for formal dehyde on workers. However, because of the design and flow rate limitation, they require long
exposures (up to 7 days) to the atmosphere to meet traditional bubbler technique sensitivities. Consequently, the
passive PSD had limited application to ambient monitoring.

Toaddresstheneedfor amonitoring method to samplecarbonyl compoundsintheair at sensitivitiesneededtoreach
hedlth-base detection limits (10 risk level), acombination of wet chemistry and solid adsorbent methodology was
developed (3-6). Activating or wetting the surface of an adsorbent with achemical specific for reacting with carbonyl
compoundsallowed greater volumes of air to be sampled, thus enabling better sensitivity inthemethodology. Various
chemicals and adsorbents combinations have been utilized with various levels of success. The most commonly used
techniqueisbased on reacting airborne carbonylswith 2,4-dinitrophenylhydrazine (2,4-DNPH) coated on an adsorbent
cartridgefollowed by separation and andysis of the hydrazone derivative by high performance liquid chromatography
(HPLC) with ultraviolet (UV) detection.

1.3Higoricaly, CompendiumMethod TO-5, " Method Forthe Determination of Aldehydesand Ketonesin AmbientAir Using
HighPerformance Liquid Chromatography (HPLC)" wasusedtoquantitateformal dehydeinambientair. Thismethod
involveddrawingambientair throughamidget impinger samplingtrain containing 10 mL of 2N HCI/0.05%2,4-DNPH
reagent. Formaldehyde (and other aldehydes and ketones) readily formed a stable derivative with the DNPH reagent,
andthe DNPH derivaiveisandyzed for ddehydes and ketones utilizing HPLC. Compendium Method TO-11 modifiesthe
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sampling proceduresoutlinedinMethod TO-5 by introducing acoated adsorbent. Compendium Method TO-11isbased on
the specific reaction of organic carbonyl compounds (aldehydes and ketones) with DNPH-coated silicage cartridges
in the presence of astrong acid, asacatay<, to form a stable color hydrazone derivative according to the following
reaction:

NO
R NO2 o 2
\ C=0 + HyN-NH NO2 H+_>\ C=N-NH NO, + HpO
R R
CARBONYL GROUP 2,4-DINITROPHENYLHYDRAZINE STABLE COLOR WATER
(ALDEHYDES AND KETONES) (DNHP) HYDRAZONE DERIVATIVE

where R and Rt are organic akyl or arometic group (ketones) or either substituent is a hydrogen (aldehydes). The
reaction proceeds by nucleophilic addition to the carbonyl followed by 1,2-elimination of water to form the 2,4-
diphenylhydrazonederivative. Thedetermination of formal dehydefromthe DNPH-formaldehydederivativeissimilar
to Method TO-5 in incorporating HPL C as the analytical methodology.

1.4 Dueto recent requirementsin atmaospheric carbonyl monitoring, EPA has determined aneed to update the present
methodology found in Compendium Method TO-11. The revised Compendium Method TO-11A, as published here, incl
 Guidance on collocated sampling.
 Addition of ozone denuder or scrubber to reduce interferences.
» Sampler design update to allow heated-inlet and sequential sampling.
» Update HPL C procedure for column alternatives.
» Use of commercially prepared low pressure drop DNPH-coated cartridges.
Thetargetcompoundfor thismethodisformal dehyde; however, atleast 14 other carbonyl compoundscanbedetected
and quantified.

1.5 The sampling method gives atime-weighted average (TWA) sample. It can be used for long-term

(1-24 hr) sampling of ambient air where the concentration of formadehyde is generally in the low ppb (v/v) or for
short-term (5-60 min) sampling of source-impacted atmosphereswherethe concentration of formal dehyde could reach
the ppm (v/Vv) levels.

1.6 Themethodinstructstheuser to purchasecommercialy pre-coated DNPH cartridges. Themethod still includesthe
instructionsof Compendium Method TO-11for thepreparation of DNPH-coated cartridges. However duetothetedious
preparationand cleanroom requirements, themethod recommendsthe purchaseof pre-coated DNPH cartridgesthat are
now commercialy availablefrom at |east three major suppliers. Different from previous cartridges identified in
CompendiumMethod TO-11, the pressuredrop acrossthenewer low-pressuredrop cartridgesarelessthan 37 inches of
water at asampling flow of up to 2.0 liters/minute, allowing compatibility with pumps used in personal sampling
equipment. These pre-coated commercial cartridges have generally lower and more consistent background (7)
concentration of carbonyls than cartridges prepared under normal chemical |aboratory environment, as specified in
the original Compendium Method TO-11.
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1.7 Thecommercidly-prepared pre-coated cartridges are used as received and are discarded after use. The collected
and uncollected cartridges are stored in culture tubes with polypropylene caps and placed in cold storage when not in
use.

1.8 Thismethod may involvehazardousmaterias, operations, and equipments. Thismethod doesnot purport to address
all the safety problems associated withitsuse. It isthe responsibility of whoever uses this method to consult and
establish appropriate safety and health practices and determine the applicability of regulatory limitations prior
to use.

2. Applicable Documents
2.1 ASTM Standards

» D1193 Specification for Reagent Water

» D1356 Terminology Relating to Atmospheric Sampling and Analysis

» D3195 Practice for Rotameter Calibration

» D3631 Method for Measuring Surface Atmospheric Pressure

» D5197 Determination of Formaldehyde and Other Carbonyl Compounds in Air (Active Sampler Methodology)
» E177 Practice for Use of the Terms Precision and Bias in ASTM Test Methods

» E682 Practice for Liquid Chromatography Terms and Relationships

2.2 Other Documents

« Technical Assistance Document for Sampling and Analysis Toxic Organic Compounds in Ambient Air, U. S.
Environmental Protection Agency, EPA-600/4-83-027, June 1983.

* Quality Assurance Handbookfor Air Pollution Measurement Systems, U. S. Environmenta Protection Agency, EPA-
600/R-94-D38b, May 1994.

 CompendiumofMethodsforthe Determinationof ToxicOrganic CompoundsinAmbientAir: Method TO-11, Second
Supplement, U. S. Environmental Protection Agency, EPA-600/4-89-018, March 1989.

2.3 Other Documents

 Existing Procedures (8-10).
» Ambient Air Studies (11-15).

3. Summary of Method

3.1 Aknownvolumeof ambientairisdrawnthroughaprepacked cartridgecoated with acidified DNPH at asamplingrate
of 100-2000mL/minforanappropriateperiodof time. Samplingrateandtimearedependent uponcarbonyl concentration
in the test atmosphere.

3.2 After sampling, the sample cartridges and field blanks are individually capped and placed in shipping tubes with
polypropylene caps. Sample identifying tags and labdls are then attached to the capped tubes. The capped tubes are
then placed in a polypropylene shipping container cooled to subambient temperature (~4°C), and returned to the
laboratory for analysis. Alternatively, the sample vias can be placed in athermally-insulated styrofoam box with
appropriate padding for shipment to thelaboratory. The cartridges may either be placed in cold storage until analysis
orimmediately washed by gravity feed e ution with 5 mL of acetonitrile from aplastic syringe reservoir to agraduated
test tube or a5 mL volumetric flask.
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3.3 The duate isthen diluted to a known volume and refrigerated until analysis.

3.4 For determiningformal dehyde, theDNPH-formal dehydederivetivecanbedetermined using isocraticreversephase
HPL C with an ultraviolet (UV) absorption detector operated at 360 nm. To determine formal dehyde and 14 other
carbonyls, the HPL C system is operated in the linear gradient program maode.

3.5 For quantitative eva uation of formal dehyde and other carbonyl compounds, acartridge blank islikewise desorbed
and analyzed.

3.6 Formaldehyde and other carbonyl compoundsin the sample are identified and quantified by comparison of their
retention timesand peak helghtsor peak areaswiththose of standard solutions. Typically, C,-C, carbonyl compounds,
including benzaldehyde, are measured effectively to less than 0.5 ppbv.

4. Significance

4.1 Formaldehydeisamajor compound in the formation of photochemical ozone (16). Short term exposure to
formaldehyde and other specific ddehydes (acetaldehyde, acrolein, crotonal dehyde) is known to cause irritation of
the eyes, skin, and mucous membranes of the upper respiratory tract (19). Animal studies indicate that high
concentrations can injure the lungs and other organs of the body (19). In polluted atmospheres, formal dehyde may
contribute to eye irritation and unpleasant odors that are common annoyances.

4.2 Overthelast severd years, carbonyl compoundsincludinglow mol ecular weight d dehydesand ketoneshavereceived
increased atention intheregulatory community. Thisisduein part to their effects on humans and animals as primary
irritation of the mucous membranes of the eyes, the upper respiratory tract, and the skin. Animal studiesindicate
that high concentrations of carbonyl compounds, especially formaldehyde, caninjurethe lungs, may contribute to eye
irritation and effect other organs of the body. Aldehydes, either directly of indirectly, may also cause injury to
plants. Sources of carbonyl compounds into the atmosphere range from natural occurrencesto secondary formation
through atmospheric photochemical reactions. Consequently, carbonyl compoundsareboth primary (directly emitted)
and secondary (formed in the atmosphere) air pollutants (19).

4.2.1 Natural Occurrence. Natural sources of carbonyls do not appear to be important contributorsto air
pollution. Acetaldehyde isfound in apples and as a by-product of alcoholic fermentation process. Other lower
molecular weight aliphatic aldehydes are not found in significant quantities in natural products. Olefinic and
aromatic ddehydes are present in some of the essential oilsin fruits and plants. These include citronélla, in rose
ail; citral, in oil of lemongrass; benzaldehyde, in oil of bitter ailmonds; and cinnamaldehyde, in oil of cinnamon.

4.2.2 Production Sources. Aldehydesare commercialy manufactured by various processes, depending on the
particular dehyde. In general, they are prepared via oxidation reactions of hydrocarbons, hydroformulation of
akenes, dehydrogenation of alcohols, and addition reactions between aldehydes and other compounds. Formadehyde
is manufactured from the oxidation of methanol asillustrated in the following equation:

[cet.]
CH,OH - CH,O+H,

Formd dehyde and other d dehyde production inthe United States has shown asubstantial growth over thelast severd
years. Thisisdue, in part, to their usein awide variety of industries, such as the chemical, rubber, tanning, paper,
perfume, and food industries. The major useis as an intermediate in the synthesis of organic compounds, including,
alcohols, carboxylic acids, dyes, and medicinals.
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4.2.3 Mobile Combustion Sources. A mgor sourcecf carbonyl compoundsintheatmospheremay beattributedtomotor
vehicleemissons. In particular, formaldehyde is the major carbonyl in automobile exhaust, accounting for 50-
70 percent of thetotal carbonyl burdentotheatmosphere(19). Furthermore, motor vehiclesemit reactive hydrocarbons
that undergo photochemical oxidation to produce formaldehyde and other carbonylsin the atmosphere.

4.3 Secondary Pollutant. Asasecondary pollutant (formed intheamosphere), carbonylsareformed by very complex
photo-oxidation mechanism involving volatile organic compounds (V OCs) with nitrogen oxide (20,21). Both
anthropogenic and biogenic (e.g., isoprene) hydrocarbons leads to in situ formation of carbonyls, especially
formal dehydecompounds. Aldehydesarebothprimary poll utantsandsecondary productsof atmosphericphotochemistry.

The complete photo-oxidation mechanismisindeed complex and not well understood. However, abrief discussionis
warranted (22). WhenVOCsand oxides of nitrogen (NO,) areinthe atmosphereand areirradiated with sunlight, their
equilibrium in the photogtationary stateis changed. The photostationary state is defined by the equilibrium between
nitrogen dioxide (NO,), nitrousoxide (NO) and ozone (O ). Thisequilibriumistheoretically maintained until VOCs
areintroduced. Variousreactionsoccur to produce OH radicals. TheV OCsreact withthe OH radical sand produce RO,
radicalsthat oxidizes NO to NO,, destroying the photostationary state. Carbonyls react with OH to produce RO,
radicals. Likewise carbonyls, particularly formaldehyde in sunlight, are sources of the OH radicals.

The results of these processes lead to the following:
» Accumulation of ozone.
* Oxidation of hydrocarbons (HCs) to d dehydes and ketoneswhich lead to the continued production of HO, and OH-
radicals, therea driving force in photochemistry smog.
Consequently, thedetermination of formal dehydeand other carbonyl compoundsintheatmosphereisof interest because
of theirimportance as precursorsin the production of photochemica smog, asphotochemical reaction productsand as
major source of free radicalsin the atmosphere.

4.4 Higtorically, DNPH impinger techniqueshave beenwidely used to determineatmospheric carbonyls. However, due
to the limitation of applying this technique to remote locations, the solid adsorbent methodology has become a
convenient aternative to impinger sampling. A number of solid adsorbents have been used over the yearsto support
the DNPH coating. They are: glass beads, glassfiber filters, silicagd, Chromosorb® P, Floris|®, Carbopack® B,
XAD-2,and C18. Severa of theseadsorbentsare available commercialy aspre-packed cartridges. Thecommercidly
available cartridges provide convenience of use, reproducibility and low formal dehydeblanks. Two of themorewidely
used pre-packed adsorbents are silicagel and C18.

4.4.1 Silica Gel. Slicagd isaregenerative adsorbent, consisting of amorphous silica (SiO,) with surface OH
groups, makingitapolar material and enhancing surface absorption. DNPH-coated silicagdl cartridgeshavebeenused
by numerous investigators since 1980 for sampling formaldehyde in ambient air. Tejada (3,4) evaluated several
adsorbents, including C18, Florsil, silanized glasswoal, and silicagel as possible supports for the DNPH coating.
Resultsindicated that silicagel provided the best support with minimum interferences. The studiesdid document that
olefinic ddehydes such as acrolein and crotond dehyde degraded partialy and formed unknown species. For stable
carbonylssuchasformal dehyde, acetal dehyde, propiona dehyde, benza dehyde, and acetone, corrdationwithan DNPH-
impinger technique was excdlent. However, further studiesby Arntsand Tejadaidentified a severeloss of carbonyl-
DNPH derivativeduetothereaction of atmosphericozoneon DNPH-coated silicagel cartridgeswhilesampling ambient
air. Thishiaswasédiminated when sampling continued with the application of an ozone scrubber system (K| denuder)
preceding the cartridge.

4.4.2 C18 Cartridge. C18isan octadecylsilane bonded silica substrate which is non-polar, hydrophobic, and
relatively inert, whose surface has been passivated with non-polar paraffinic groups. Because of these qualities,
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C18 has been used historically as an adsorbent trap for trace organicsin environmental agueous samples through
hydrophobic interactions. The adsorbed trace organic molecules are then eluted from the adsorbent with various
organic solvents. Inearly 1990, C18 was used in an ambient air study as the support for DNPH. While C18 showed
promising results (23), it's use today as the support for DNPH is limited.

4.5 Both adsorbents have historicdly performed adequately as the support for the DNPH coating. The comparison
between silicagdl and C18 asthe adsorbent for the DNPH isillustrated in Table 1. The user isencouraged to review

the weaknesses and strengths outlined in Table 1 for using silicagel or C18 as the adsorbent for the DNPH coating.
5. Definitions

[Note: Definitions used in this document and any user-prepared Standard Operating Procedures (SOPs) should be
consistent with those used in ASTM D1356. All abbreviations and symbols are defined within this document at the point

of first use.]

5.1 C18— Cl18isan octadecylsilane bonded silica substrate, which is non-polar, hydrophobic, and relatively inert.

5.2 HPLC— high performance liquid chromatography.

5.3 Method Detection Limit (MDL)— theminimum concentration of an andytethat can be reported with 95% confidence
that the value is above zero, based on a standard deviation of at least seven repetitive measurements of the analyte
in the matrix of concern at a concentration near the low standard.

5.4 Photochemical Reaction— any chemical reaction that isinitiated as aresult of absorption of light.

5.5 Photochemical Smog— air pollution resulting from photochemical reactions.

5.6 ppbv— aunit of measure of the concentration of gasesin air expressed as parts of the gas per billion (10°) parts
of the air-gas mixture, normally both by volume.

5.7 ppmv— aunit of measure of the concentration of gasesin air expressed as parts of the gas per million (10°) parts
of the air-gas mixture, normally both by volume.

5.8 Silica Gel—silicagel is aregenerative adsorbent consisting of amorphous silica (SiO,) with OH surface
groups making it a polar material and enhancing surface reactions.

5.9 Denuder— A devicedes gnedtoremovegasesfromanair sampling stream by the processof molecular diffusionto
acollecting surface.

5.10 Certification Blank— certification blank isdefined asthe mean value of the cartridge blank plusthree sandard
deviations. For Compendium Method TO-11A, the Certification Blank should be less than 0.15 pg/cartridge for
formaldehyde.

5.11 Cartridge Blank— cartridgeblank isthe messured va ueof the carbonyl compounds on an unsampled, DNPH-coated
cartridge. Thisisthe value used in the calculations delineated in section 12.

5.12 Scrubber— to remove a specific gas from the air stream by passing through a pack bed.
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6. Extended Methodology and Common Interferences

6.1 This procedure has been written specifically for the sampling and analysis of formaldehyde. Other carbonyl
compoundsfoundinambient air arealso observedinthe HPL C analysis. Resolution of these compounds depend upon
columnand mobile phase conditionsduring HPL C analysis. Organic compoundsthat havethe sameretentiontimeand
significant absorbance at 360 nm asthe DNPH derivative of formadehydewill interfere. Suchinterferences (24) can
often be overcome by altering the separation conditions (e.g., using alternative HPL C columns or mobile phase
compositions). In addition, other adehydes and ketones can be detected with a modification of the basic procedure.
Inparticular, chromatographi c conditi onscan beopti mized to separateacetone and propional dehydeand 12 other higher
molecular weight aldehydes and ketones (within an analysistime of about one hour), asidentified below, by utilizing
one or two Zorbax ODS columns in series under alinear gradient program:

Formaldehyde |sovaleraldehyde Propionaldehyde p-Tolualdehyde
Acetaddehyde Vaeradehyde Crotonaldehyde Hexanaldehyde
o-Tolualdehyde Butyraldehyde 2,5-Dimethylbenzaldehyde Methy! ethyl ketone
Acetone m-Tolualdehyde Benzaldehyde

Thelinear gradient programvariesthemohilephasecomposition periodicaly toachievemaximumresol ution of the C-3,
C-4, and benzaldehyde region of the chromatogram.

6.2 Forma dehydemay beacontamination of the DNPH reagent. If usar- prepared cartridges are employed, the DNPH must
be purified by multiple recrystalizationsin UV grade carbonyl-free acetonitrile. Recrystallization is accomplished
at 40-60°C by dow evaporation of the solvent to maximize crystd size. The purified DNPH crysta s are stored under
UV grade carbonyl-free acetonitrile until use. Impurity levelsof carbonyl compoundsin the DNPH are determined by
HPLC prior to use and should be less than the Certification Blank value of 0.15 w.g/cartridge.

6.3 The purity of acetonitrileis an important consideration in the determination of allowable formaldehyde blank
concentration in the reagent. Background concentrations of formaldehyde in acetonitrile will be quantitatively
converted to the hydrazone, adding a positive biasto the ambient air formal dehyde concentration. Within the project
quality control procedures, the formaldehyde in the acetonitrile reagent should be checked on aregular basis (see
Section 9.1).

6.4 Ozone at high concentrations has been shown to interfere negatively by reacting with both the DNPH and
its carbony! derivatives (hydrazones) on the cartridge (25,26). The extent of interference depends on the temporal
variations of both the ozone and the carbonyl compounds and the duration of sampling. Significant negative
interference from ozone was observed even at concentrations of formal dehyde and ozone typicd of clean ambient air
(i.e.,, 2 and 40 ppb, respectively).

6.5 Exposure of the DNPH-coated sampling cartridgesto direct sunlight may produce artifacts and should be avoided.

6.6 Thepresenceof ozoneinthesamplestreamisreadily inferred fromtheappearance of new compoundswithretention
times different from the other carbonyl hydrazone compounds.

6.7 Themost direct solution to the ozone interference isto remove the 0zone before the sampl e stream reaches the
coated cartridge. This process entails constructing an ozone denuder (9) or scrubber and placing it in front of the
cartridge. Thedenuder can be constructed of 1 mof 0.64-cm outsidediameter (O.D.) by 0.46-cminsidediameter (1.D.)
copper tubing, that isfilled with a saturated solution of Kl, allowed to stand for afew minutes, drained and dried
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with astream of clean air or nitrogen for about 1 h. The capacity of the 0zone denuder as described is about 100,000
ppb-hour of ozone. Packed-bed granular potassiumiodide (KI) scrubberscan dso be used in place of the denuder and
arecommercidly available. Very littlework has been done on long term usage of adenuder or K| scrubber to remove
ozonefrom theambient air gas stream. The ozone removal devices should be replaced periodicdly (e.g., monthly) in
the sample train to maintain the integrity of the data generated.

6.8 Test ddehydesor carbonyls (formaldehyde, acetaldehyde, acrolein, propionaldehyde, benzaldehyde, and p-
tolualdehyde) that were dynamically spiked into an ambient sample air stream passed through the KI denuder with
practically no losses (7). Similar tests were also performed for formaldehyde (26).

6.9 Ozone scrubbers (cartridge filled with granular K1) are also available from suppliers of pre-coated DNPH
cartridges. These scrubbers are optimized when the ambient air contains a minimum of 15% relative humidity.

7. Apparatus

7.1 Isocratic HPL.C. Systemcons stingof amobilephasereservoir ahigh pressurepump; aninjectionval ve (automatic
samplerwithanoptional 25-L |oopinjector); aZorbax ODS(DuPont | nstruments, Wilmington, DE) reversephase(RP)
column, or equiva ent (25-cmx 4.6-mm|D); avariablewave ength UV detector operating at 360 nm; and adatasystem,
asillustrated in Figure 1.

[Note: Most commercial HPLC analytical systems will be adequate for this application.]

7.2 Cartridge sampler. Prepacked, pre-coated cartridge (see Figure 2), commercialy availableor coated in situ with
DNPH according to Section 9.

[Note: Thismethod was developed using the Waters Sep-Pak cartridge, coated in situ with DNPH onssilica gel by the
users, as delineated in the original Compendium Method TO-11 as a guideline. EPA has experience in use of this
cartridge during various field monitoring programs over the last several years. Other manufacturer's cartridges
shouldworkaswell. However, modificationstothese proceduresmay be necessary ifanother commerciallyavailable
cartridge is selected.]

Major suppliers of pre-coated cartridges are:

* Supelco, Supelco Park, Bellefonte, PA 16823-0048, (800) 247-6628.

» SKCInc., 334 Vadley View Road, Eighty Four, PA 15330-9614, (800) 752-8472.

» Millipore/Waters Chromatography, P.O. Box 9162, Marlborough, MA 01752-9748,
(800) 252-4752.

» Atmospheric Andysisand Conaulting (AAC) Inc., 4572 Telephone Rd., Suite 920, Ventura, CA 93003, (805) 650-
1642.

[Note: The SKC cartridge (see Figure 2) isan example of adual bed tube. The glass cartridge contains a front bed of
300 mg DNPH-coated silica gel with the back bed of 150 mg DNPH-coated silica gel. Air flow through the tube should be
from front to back bed, as indicated by the arrows enscribed on the cartridge. The dual bed tube cartridge may be used
inatmospheres containing carbonyl concentrations in excess of the American Conference of Government Industrial
Hygienists (ACGIH) 8-hourexposure limit, where breakthrough of carbonylsonthe adsorbentmightoccur. Ifusedin
routine ambient air monitoring applications, the tube is recovered as one unit, as specified in Section 11.2.]
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If commercialy prepared DNPH-coated cartridgesarepurchased, ensurethat a' Certification Blank for Formaldehyde™
is provided for the specific batch of which that cartridgeisamember. For acommercid cartridge to be acceptable,
the following criteria must be met:

» Formaldehyde concentration: <0.15 pg/cartridge.
If the enhanced carbonyl analysisis being performed, the following Certification Blank criteria must also be met:

* Speciated carbonyl concentration:
- Acetaldehyde: <0.10 pg/cartridge
- Acetone: <0.30 pg/cartridge
- Other: <0.10 pg/cartridge

Typica physical and chemica characteristics of commercial cartridge adsorbents are listed in Table 2 and illustrated
in Figure 2.

7.3 Sampling system. theDNPH-cartridgeapproachiscapabl eof accurately and precisely sampling 100-2000mL/min
of ambientair. Themonitoring of carbonyl compoundshasrecently been enhanced by the promul gation of new ambient
air quality surveillance regulations outlined in Title 40, Part 58. These regulations require States to establish
additional air monitoring stations as part of their existing State |mplementation Plan (SIP) monitoring network as
partof EPA'sPhotochemical A ssessment M onitori ng Stati ons(PAM S) toincl udeprovis onsfor enhanced (1) monitoring
of ozone and oxides of nitrogen (NO,), (2) monitoring of volatile organic compounds (VOCs), (3) monitoring of
meteorol ogicd parameters, and(4) monitoringsd ected carbonyl compounds(formal dehyde, acetone, andaceta dehyde).
Specifically, monitoring for carbonyl involves.

* 8, 3 hsequential samples starting at midnight.

» 1, 24 htime-integrated "reality check" sample.
Consequently, thesampl er must beabl etoaccommodatenumerousregul atory and practical needs. Practical needswould
include:

« Abhility to sequencetwo cartridgesin seriesfor breakthrough volume confirmation for a24-hour sampling event.

« Ability to collocate with any of the 8, 3 h samples.
Traditionaly, three sampling approaches have been used to monitor carbonyl compoundsintheambient air. They are:

» Manual single-port carbonyl sampler.

» Programmable single-port carbonyl sampler.

» Automated multi-port sampler.
Components of the single-port carbonyl sampler, for both manual and semi-automatic, areillustrated in Figure 3.
Components usudly include a heated manifold/sampleinlet, a denuder/cartridge assembly, a flow meter, avacuum
gauge/pump, atimer and apower supply. Inoperation, ambient airisdrawnthroughthedenuder/cartridgeassembly with
avacuum pump at afixed flow ratebetween0.1to 2L pm. Thevacuumgaugeisused to measurethenet vacuuminthesystem
for dl flow-rate corrections. Contralling the system isusudly a7-day, 14-event timer to coordinate sampling events
to dlow a sample to be extracted continuously or intermittently over a period of time. Finaly, an elapsed-time
counter is employed to measure the actua time the sampling took place. Thisis particularly suitable for unattended
sampling when power fails for short periods.

The automated multi-port sampler is especially designed to collect numerous short-term (2 to 3 hours) sample
sequentialy over a24 hour, 7 day aweek, nighttime and weekend monitoring period. Thisarrangement alowsfor the
sampling of short periods where the objectives of the project are to identify progress of atmospheric reactions
involving carbonyls. Asillustrated in Figure 4, components of the fully automated multi-port carbonyl sampler
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includes aheated inlet, 0zone denuder (or scrubber) inlet manifold assembly, inlet check valves, DNPH multi-port
cartridge assembly, exhaust manifold, mass flow controller and sample pump. The multi-port sampler automatically
switches between sampling portsat presd ected times, as programmed by theuser. Typicdly, asequential air sampler
containsamicroprocessor timer/controller that provides precise control over each sampling event. Themicroprocessor
alowstheuser to programindividua start dateand time, sampleduration, and del ays between samples. Thetimer dso
alowsactivation of theflow system prior (gpproximately 10 min) to sequencing to alow purging of the sampler inlet
withfreshsample. Finaly, theautomated sequential sampler can beoperated from an externad signd, such asan ozone
monitor, so that sampling starts above certain preset ozone levels or viaamodem. Asafinal option, various
manufacturers provide wind sensor instrumentation (wind speed and direction) which is connected to the automated
sequential sampler so that sampling begins when the wind is from a preset direction and speed.

Major suppliers of commercially available carbonyl samplers are:

* Supelco, Supelco Park, Bellefonte, PA 16823-0048, (800) 247-6628.

SKCnc., 334 Valley View Road, Eighty Four, PA 15330-9614, (800) 752-8472.

Millipore/Waters Chromatography, P.O. Box 9162, Marlborough, MA 01752-9748, (800) 252-4752.
XonTech, Inc. 6862 Hayvenhurst Avenue, Van Nuys, CA 91406, (818) 787-7380.

ATEC Atmospheric Technology, P.O. Box 8062, Calabasas, CA 91372-8062, (310) 457-2671.

» Atmospheric Anaysisand Consulting (AAC) Inc., 4572 Telephone Road, Suite 920, Ventura, CA 93003,
(805) 650-1642.

Scientific Instrumentation Specialists, P.O. Box 8941, Moscow, 1D, (209) 882-3860.

7.4 Stopwatch.

7.5 Polypropylene shipping container (see Figure 5) with polyethylene-air bubble padding. To hold
sample cartridges.

7.6 Thermometer. To record ambient temperature.

7.7 Barometer (optional).

7.8 Volumetric flasks. Various sizes, 5-2000 mL.

7.9 Pipets. Varioussizes, 1-50 mL.

7.10 Erlenmeyer flask, 1 L. For preparing HPLC mobile phase.

7.11 Graduated cylinder, 1 L. For preparing HPLC mobile phase.

7.12 Syringe, 100-250 nL. For HPLC injection, with capacity at least four times the loop value.
7.13 Sample vials.

7.14 Melting point apparatus (optional).

7.15 Rotameters.

7.16 Calibrated syringes.
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7.17 Soap bubble meter or wet test meter.

7.18 Mass flow meters and mass flow controllers. For metering/setting air flow rate through sample cartridge of
100-2000 mL/min.

[Note: Themassflowcontrollersare necessary because cartridges may develop ahigh pressure drop and at maximum flow
rates, the cartridge behaves like a "critical orifice." Recent studies have shown that critical flow orifices may be
usedfor 24-hour sampling periodsatamaximumrate of 2 L/minfor atmospheres notheavily loaded with particulates
without any problems.]

7.19 Positive displacement. Repetitive dispensing pipets (Lab-Industries, or equivalent), 0-10 mL range.
7.20 Cartridge drying manifold. With multiple standard male Luer® connectors.

7.21 Liquid syringes. 10 mL (polypropylene syringes are adequate) for preparing DNPH-coated cartridges.
7.22 Syringe rack. Madeaf an duminum plate (0.16 cm x 36 cm x 53 cm) with adjustable legs on four corners. A matrix
(5cmx 9cm) of circular holesof diameter dightly larger than the diameter of the 10-mL syringeswas symmetrically
drilled from the center of the plate to enable batch processing of 45 cartridges for cleaning, coating, and/or sample
elution.

7.23 Luer® fittings/plugs. To connect cartridges to sampling system and to cap prepared cartridges.

7.24 Hot plates, beakers, flasks, measuring and disposable pipets, volumetric flasks, etc. Usedinthe
purification of DNPH.

7.25 Culture tubes (20 mm x 125 mm) with polypropylene screw caps. Used totransport coated cartridgesfor field
applications (see Figure 5), Fisher Scientific, Pittsburgh, PA, or equivalent.

7.26 Polyethylene gloves. Used to handle cartridges, best source.

7.27 Dry test meter.

7.28 User-prepared copper tubing for ozone scrubber (see Figure 6a). A 36inch length of ¥+inch O.D. copper tubing
isused asthe body of the ozone scrubber. The tubing should be coiled into a spiral approximately 2 inchesin O.D.

EPA has considerable field experience with the use of this denuder.

[Note: Ozone scrubbers (cartridge filled with granular K1) are also available from suppliers of pre-coated DNPH
cartridges, as illustrated in Figure 6(b).]

7.29 Cordheater and Variac. A 24inchlongcordheater, rated at approximately 80 watts, wrapped around theoutside
of the copper coil denuder, controlled by aVariac, to provide heat (~50° C) to prevent condensation of water or organic
compounds from occurring within the cail..

7.30 Fittings. Bulkhead unions are attached to the entrance and exit of the copper cail to alow attachment to other
components of the sampling system.
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8. Reagents and Materials

[Note: Purity of Reagents—Reagent grade chemicals shall be used in all tests. Unless otherwise indicated, it is
intended that all reagents conform to the specifications of the Committee on Analytical Reagents of the American
Chemical Society where such specifications are available; Purity of Water—Unless otherwise indicated, references
to water shall be understood to mean reagent water as defined by Type Il of ASTM Specifications D 1193.]

8.1 2,4-Dinitrophenylhydrazine (DNPH). AldrichChemical or J T. Baker, reagent gradeor equivaent. Recrystdlize
at least twice with UV grade acetonitrile before use.

8.2 DNPH coated cartridges. DNPH coated cartridge systems are available from several commercia suppliers.
8.3 High purity acetonitrile. UV grade, Burdick and Jackson "didtilled-in-glass,”" or equivalent. The formadehyde
concentration in the acetonitrile should be <1.5 ng/mL. It isimperative (mandatory) that the user establish the
purity of the acetonitrile before use (see Section 9.1).

8.4 Deionized-distilled water. Charcoa filtered.

8.5 Perchloric acid. Analytical grade, best source, 60%, specific gravity 1.51.

8.6 Ortho-phosphoric acid. Analytical grade, best source, 36.5-38%, specific gravity 1.19.

8.7 Formaldehyde. Analytical grade, best source, 37% solution (w/w).

8.8 Aldehydes and ketones, analytical grade, best source. Used for preparation of DNPH derivative
standards (optional).

8.9 Carbonyl hydrazones. Formaldehyde and other carbonyl hydrazones are available for use as standards from
commercial sources at various levels of purity.

8.10 Ethanol or methanol. Analytica grade, best source.
8.11 Nitrogen. High purity grade, best source.

8.12 Charcoal. Granular, best source.

8.13 Helium. High purity grade, best source.

8.14 Potassium lodide. Anaytica grade, best source. Used for coating inside of copper tubing of denuder system
to remove 0zone interference.

9. Preparation of Reagents and Cartridges

9.1 Purity of the Acetonitrile
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9.1.1 The purity of acetonitrileis an important consideration in the determination of the formaldehyde blank
concentration. Formaldehyde in the reagent will be quantitatively converted to the hydrazone and measured as part
of theblank. The contribution to the blank from the reagent is dependent on the formal dehyde concentration in the
reagent and the amount of the reagent used for extraction. Some examples will illustrate these considerations.

Example A

Silicagel DNPH cartridge has a blank level of 60 ng.
Cartridge is eluted with 5-mL of acetonitrile reagent containing aformaldehyde of 3 ng/mL.
Analyst measures ablank level of 75 ng of which 80% comes from the cartridge and 20% comes from the reagent.

Example B

Silicagel DNPH cartridge has a blank level of 30 ng.
Cartridge is eluted with 5 mL of acetonitrile reagent containing a formaldehyde of 6 ng/mL.

» Analyst measures a blank level of 60 ng of which 50% comes from the cartridge and 50% comes from the reagent.

9.1.2 Asaquadlity control procedure, the formal dehyde in the acetonitrile reagent should be checked on aregular
basis. Thiscanbedoneby mixingknown proportionsof theacetonitril ereagent and aDNPH sol ution havingameasured
formaldehyde blank. (The extract from a blank cartridge can serve asthe DNPH solution.) After analyzing the
resultant solution, amassba anceisperformed onthe observed formal dehydelevel andthecontributionfromthe DNPH
reagent as shown in the following example.

» 1mL of aDNPH solution containing 2.1 ng/mL of formal dehyde (ascarbonyl) ismixed with9mL of acetonitrile
reagent containing asunknown formal dehydeblank. Theanalyst measuresaresultant solution concentration of
1.55 ng of formaldehyde. This data can be used to calculate the formal dehyde in the reagent:

(L% gmLx 10 mL-21 gmL x 1 mL)
9 mL

HCHOMmL - - 10 ngmL

The forma dehyde contribution to the cartridge blank should be as low as possible but certainly less than 20% of the
total measured blank. Using acartridge blank leve of 30 ng/cartridge, the formal dehyde concentretion in the reagent
would haveto belessthan 1.5 ng/mL (i.e., 50 nM) to give ablank level less than 20% of the measured blank.

9.2 Purification of 2,4-Dinitrophenylhydrazine (DNPH)

[Note: This procedure should be performed under a properly ventilated hood, as inhalation of acetonitrile can result
in nose and throat irritation. Various health effects are resultant from the inhalation of acetonitrile. At 500 ppm
in air, brief inhalation has produced nose and throat irritation. At 160 ppm, inhalation for 4 hours has caused
flushing of the face (2 hour delay after exposure) and bronchial tightness (5 hour delay). Heavier exposures have
produced systemic effects with symptoms ranging from headache, nausea, and lassitude to vomiting, chest or abdominal
pain, respiratory depression, extreme weakness, stupor, convulsions and death (dependent upon concentration and
time).]

[Note: Purified DNPH, suitable for preparing cartridges, can be purchased commercially.]
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9.2.1 Prepareasupersaturated solution of DNPH by bailing excess DNPH in 200 mL of acetonitrile for gpproximately
one hour.

9.2.2 After one hour, remove and transfer the supernatant to a covered beaker on ahot plate and allow gradual
cooling to 40-60°C.

9.2.3 Maintain the solution at this temperature (40-60°C) until 95% of solvent has evaporated.

9.2.4 Decant solution to waste, and rinse crystals twice with three times their apparent volume of acetonitrile.

9.2.5 Transfer crystals to another clean beaker, add 200 mL of acetonitrile, heat to boiling, and again let
crystals grow slowly at 40-60°C until 95% of the solvent has evaporated.

9.2.6 Repeat rinsing process as described in Section 9.2.4.

9.2.7 Takeandiquot of the second rinsg, dilute 10 timeswith acetonitrile, acidify with 1 mL of 3.8 M perchloric
acid per 100 mL of DNPH solution, and analyze by HPLC.

[Note: Anacidisnecessaryto catalyzethe reaction of the carbonyls with DNPH. Moststrong inorganic acidssuchas
hydrochloric, sulfuric, phosphoric, or perchloric acids will do the job. Perchloric or phosphoric acids are the
preferred catalyst for using acetonitrile solution of DNPH as the absorbing solution. The DNPH derivatives do not
precipitate from solution as readily as when hydrochloric or phosphoric acids are used as the catalyst. This isan
ideal situation for an HPLC analytical finish as this minimizes sample handling. For most ambient air sampling,
precipitation is not a problem because the carbonyl concentration is generally in the ppb range.]

9.2.8 Animpurity levd of <0.15 n.g/cartridge of forma dehyde in DNPH-coated cartridgeisacceptable (based on
the Certification Blank section 5.10). An acceptable impurity level for an intended sampling application may be
defined asthe mass of the andyte (e.g., DNPH-formaldehyde derivative) in aunit volume of the reagent solution
equivaent to lessthan one tenth (0.1) the mass of the corresponding analyte from avolume of an air sample when the
carbonyl (e.g., formadehyde) is collected as DNPH derivative in an equal unit volume of the reagent solution. An
impurity level unacceptablefor atypical 10L samplevolumemay beacceptableif samplevolumeisincreasedto 100L.
If the impurity leve is not acceptable for intended sampling application, repeat recrystallization.

9.2.9 If theimpurity level is not satisfactory, pipet off the solution to waste, then add 25 mL of acetonitrile
to the purified crystals. Repest rinsing with 20 mL portions of acetonitrile until a satisfactorily low impurity level
in the supernatant is confirmed by HPLC analysis.

9.2.10 If theimpurity levd is satisfactory, add another 25 mL of acetonitrile, stopper and shake the reagent
bottle, then set aside. The saturated solution above the purified crystalsis the stock DNPH reagent.

9.2.11 Maintainonly aminimumvolumeof saturated sol ution adequatefor day today operation. Thiswill minimize
wastage of purified reagent should it ever become necessary to re-rinse the crystalsto decrease the level of impurity
for applications requiring more stringent purity specifications.

9.2.12 Usclean pipetswhen removing saturated DNPH stock solutionfor any analytica applications. Do not pour
the stock solution from the reagent bottle.

9.3 Preparation of DNPH-Formaldehyde Derivative
[Note: Purified crystals or solutions of DNPH-derivatives can be purchased commercially.]

9.3.1 Toaportion of the recrystallized DNPH, add sufficient 2N HCI to obtain an approximately saturated
solution. Add to this solution forma dehyde (other aldehydes or ketones may be used if their detection is desirable),
in molar excess of the DNPH. Allow it to dry in air.

9.3.2 Filter the colored precipitate, wash with 2N HCl and water and let the precipitate air dry.

9.3.3 Checkthepurity of the DNPH-formal dehydederivetiveby melting point determinationor HPL Candlysis. The
DNPH-forma dehyde derivative should mdt at 167°C + 1°C. If theimpurity leve is not acceptable, recrystdlize the
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derivativein ethanol. Repeat purity check and recrystallization as necessary until acceptable level of purity (e.g.,
99%) is achieved.

9.3.4 DNPH derivatives of formadehyde and other carbonyls suitable for use as standards are commercially
available both in the form of pure crystals and as individual or mixed stock solutions in acetonitrile.

9.4 Preparation of DNPH-Formaldehyde Standards

9.4.1 Prepare agtandard stock solution of the DNPH-formal dehyde derivative by dissolving accurately weighed
amounts in acetonitrile.

9.4.2 Prepare aworking calibration standard mix from serial dilution of the standard stock solution. The
concentration of the DNPH-forma dehydecompoundinthestandard mix sol utionsshould be adjusted torefl ect rel ative
distribution in areal sample.

[Note: Individual stock solutions of approximately 100 mg/L are prepared by dissolving 10 mg of the solid derivative
in 100 mL of acetonitrile. The individual solution is used to prepare calibration standards containing the derivative
of interest at concentrations of 0.5-20 ..g/mL, which spans the concentration of interest for most ambient air work.]

9.4.3 Storeall standard solutionsin arefrigerator. They should be stable at |east one month.
9.4.4 DNPH-formaldehyde standards can also be purchased from various commercia suppliers. |If
purchased, ensure that a"Certification of Concentration" is provided.

9.5 Preparation of DNPH-Coated Cartridges

[Note: Thisprocedure mustbe performedinanatmospherewith avery low aldehyde background. All glassware and plastic
waremustbescrupulouslycleanedandrinsedwithdeionizedwater andcarbonylfreeacetonitrile. Contactofreagents
with laboratory air must be minimized. Polyethylene gloves must be worn when handling the cartridges. Ifthe user
wishes to purchase commercially prepared DNPH-coated cartridges, they are available from various vendors. If
commercial prepared DNPH-coated cartridges are purchased, ensure that a "Certification Blank for Formaldehyde" is
provided for the specific batch of which that cartridge isamember. For acommercial cartridge to be acceptable, the
following criteria must be met:

» Formaldehyde concentration: <0.15 pg/cartridge.
If the enhanced carbonyl analysis is being performed, the following Certification Blank criteria must also be met:

 Speciated carbonyl concentration:
- Acetaldehyde: <0.10 pg/cartridge
- Acetone: <0.30 pg/cartridge
- Other: <0.10 pg/cartridge

One who is not experienced in the preparation of DNPH-coated cartridge is strongly advised to use certified
commercially available cartridges.]

9.5.1 DNPH Coating Solution
9.5.1.1 Pipet 30 mL of saturated DNPH stock solution to a 1000 mL volumetric flask, then add 500 mL acetonitrile.
9.5.1.2 Acidify with 1.0 mL of ortho-phosphoric acid (H;PO,).
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[Note: Theatmosphereabovetheacidifiedsolutionshouldpreferablybefilteredthrougha DNPH-coated cartridge to
minimize contamination from laboratory air. Shake solution, then make up to volume with acetonitrile. Stopper the
flask, invert and shake several times until the solution is homogeneous. Transfer the acidified solution to a reagent
bottle with a 0-10 mL range positive displacement dispenser.]

9.5.1.3 Primethe dispenser and slowly dispense 10-20 mL to waste.

9.5.1.4 Dispensean aiquot solution to asamplevia, and check the impurity level of the acidified solution
by HPL C according to Section 9.2.

9.5.1.5 Theimpurity level should belessthan the Certification Blank of <0.15 ng/cartridge for formaldehyde,
similar to that in the DNPH coating solution.

9.5.2 Coating of Cartridges

9.5.2.1 Openthe pre-packed cartridge package, connect the short end to a 10-mL syringe, and placeitina

syringe rack (see Figure 7).

[Note: Prepare as many cartridges (~100) and syringes as possible.]

9.5.2.2 Using a positive displacement repetitive pipet, add 10 mL of acetonitrile to each of the syringes (see
Figure 7).
9.5.2.3 Let liquid drain to waste by gravity.

[Note: Remove any air bubbles that may be trapped between the syringe and the silica cartridge by displacing them with
the acetonitrile in the syringe.]

9.5.2.4 Set the repetitive dispensar containing the acidified DNPH coating solution to dispense 7 mL into the
cartridges.

9.5.2.5 Oncethe€effluent flow at the outlet of the cartridge has stopped, dispense 7 mL of the DNPH coating
reagent into each of the syringes (see Figure 7).

9.5.2.6 Let the coating reagent drain by gravity through the cartridge until flow at the other end of the
cartridge stops.

9.5.2.7 Wipetheexcessliquid at the outlet of each of the cartridges with clean tissue paper.

9.5.2.8 Assamble adrying manifold with a scrubber or "guard cartridge" connected to each of the ports (see
Figure7). These"guard cartridges' are DNPH-coated and serveto removeany traceof formal dehydeinthenitrogengas
supply.

9.5.2.9 Insert cartridge connectors (flared at both ends, 0.64 by 2.5-cm outsidediameter TFE-fluorocarbon FEP
tubing with indde diameter dightly smaller than the outside diameter of the cartridge port) onto the long end of the
scrubber cartridges.

9.5.2.10 Removethe cartridges from the syringes and connect the short ends to the exit end of the scrubber
cartridge.

9.5.2.11 Pass nitrogen through each of the cartridges at about 300-400 mL/min for 5-10 minutes.

9.5.2.12 Within 10 minutes of the drying process, rinse the exterior surfaces and outlet ends of the car