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Doug Neeley, Branch Chief 
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Organization Responsibilities 

SESD, EIB, SAS Project Leader, Sampler 
SESD, EIB, SAS Sampler, HSO 
APTMD,ATMB Technical Advisor 
APTMD,ATMB Requestor 

Orientation 
The issue of potential environmental concerns within the town of 
Yellow Bluff, Alabama was brought to EPA's attention during the 
Summer of2010. Public officials ofYellow Bluff indicated that there 
were concerns regarding air emissions from a nearby paper mill. They 
believed the mill to be contributing to the corrosion of metal objects 
within the town, and adversely affecting public health. 

Site Description 
The town of Yell ow Bluff is located in southern Alabama at 
approximately 31.96 North latitude and -87.48 West longitude (decimal 
degrees) in Wilcox county. Immediately to the north ofYellow Bluff, 
across Highway 10, is the International Paper Pine Hill Mill (IP) facility 
(formerly owned by Weyerhaeuser Co.) located at 7600 Highway 10 W, 
Pine Hill, Alabama 36769 ~igure 1 ). 
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Pollutants and Potential Sources 
Although the origin of air pollutants in the community are likely from a 

wide range of sources (e.g., large facilities, small businesses, cars and 

trucks, and sources outside of Wilcox County-), primary concern has 

focused on air pollutants released from the IP facility. 

Objective 
The overall goal of this monitoring effort is to collect air monitoring 

data of sufficient quality and quantity to delennine if Yell ow Bluff 

residents are being exposed to elevated airborne pollutants that may be 

contributing to a reportedly high incidence of respiratory illnesses. 

Task Description 
Science and Ecosystem Support Division (SESD) personnel will 

conduct ambient air monitoring activities in the Yellow Bluff area to 

determine if there is a measureable difference in the levels of monitored 

pollutants within the town of Yellow Bluff compamdto those detected 

at a background location, and collect meteorological data to determine 

whether the town of Yellow Bluff is predom.inantly downwind from the 

IP facility. 

The Air, Pesticides, and Toxics Management Division (APTMD) has 

provided 2008 Toxics Release Inventory (TRl) air emissions data 

regarding the International Paper facility (Appendix A), as well as 

epidemiological information (Appendix B) regarding the health 

concerns from Yell ow Bluff officials. Based on the combination of the 

TRI data, and the nature of the secondary citizen's complaint, regarding 

the alleged corrosion of metal objects, -fuefollowing will be the primary 

pollutants of concern for this project: hydrogen sulfide, sulfur dioxide, 

and reactive particles and gases. In additio~ because there are other 

pollutants associated with the paper mill that while not typically being 

thought of as having the potential to cause corrosion of metal, do have 

the potential to cause adverse health effects., volatile organic compound, 

and aldehyde analyses will also be performed. Thus, the specific 

pollutants/parameters that will be monitored are: 

• Sulfur Dioxide (S02) 
• Hydrogen Sulfide (H2S) 

• Reactive Gases (S~, HN02, HN03, NH3) and Particles (so= 4, 

N0-3, NH\ and Hl (Method 10-4.2) 

• Volatile Organic Compounds (VOCs) (Method T0-15) 

• Aldehydes (Method TO-llA) 
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• Corrosion 
• Meteorology (wind speed and direction) 

Monitoring activities 
The monitoring aspect of the entire project should last approximately 
three weeks. During that time a number of clifferent monitoring 
activities will take place. These activities have been divided into three 
different types (continuous, manual, and corrosion) and can be seen in 
Table 1. 

The following monitoring activities will include: 

16 

17 

18 

19 

1) Continuous (H2S, S(h, and Meteorological) 
2) Manual (VOCs, Aldehydes, Reactive Gases and Particles) 
3) Corrosion (Corrosion Classification Coupons (CCC)) 
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20 Collect All Final PZS Check. Take Take down 
Corrosion Coupons down instrumentation. 

21 Ship samples to Return Travel to SESD 
laboratories. 

Shaded areas indicate when monitoring is taking place. 

Lab Completion 
Projected Lab Completion Date: 

instrumentation 
Ship samples to 
laboratories. 

Analytical data for the Non-Continuous samples will be back from the 
laboratories within 35 days of the conclusion of the study. 

Final Report I Decision Criteria 
The data collected during the study will be validated by SESD within 

30 days after receiving all of the non-continuous laboratory data. After 

validation, a data report will be submitted to APTMD. All decisions 

concerning the final use of the data will be made by APTMD. 

A 7. Quality Objectives and Criteria 

Qualitative Objectives 
A sampling design has been developed (section BI) that will accomplish the objective that is identified 

in section A5. Based on the background information that was received, the sampling design adequately 

addresses site location, number of samples, timing of sampling event, length of sampling event, and 

monitored parameters. If at any time during the project it becomes necessary to adjust the sampling 

design, or if technical issues require modification to the project, then those adjustments or modifications 

will be described and justified in the final report. 

Quantitative Objectives and Criteria for Measurement Data 

Precision and accuracy 
These are quantitative measures that characterize the amount of variability and bias inherent in a data set. 

Duplicate Manual samples at the Primary sampling location are established to provide precision data for 

'each of the Manual methods utilized in this study. At the end of the study, duplicate results are expected 

to be within+/- 15% of one another. For continuous HzS and S02 sampling, multiple Precision Zero 

Span (PZS) checks will provide the precision and accuracy quality control checks. Following each PZS 

check, accuracy for non-zero values will be calculated as a percent difference from the true value of the 

calibration gas concentration. Accuracy for each PZS check is expected to be within+/- 10% at the full­

scale setting of the instrument. Precision will be reported as the standard deviation of 1 0 consecutive 

minute data points, at least I 0 minutes after the introduction of calibration gas. A statement will be made 

in the final report, using the above criteria, concerning the precision and accuracy of the Continuous and 

Manual monitoring results. 
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The completeness of data recovery of this study is expected to be at least 75%. A statement will be made 
in the final report concerning the completeness of all monitoring activities. 

Comparability 
This refers to the ability to compare data from different sources with a degree of confidence. Two 
different methods within this study provide results for S02 concentrations in ambient air. The 24-hour 
S02 results from Manual reactive gases and particle samples (10-4.2) will be compared to hourly 
continuous S02 monitoring data at the conclusion of the study, and a statement about method 
comparability will be made in the final report. The S02 data from two different methods is expected to 
agree within+/- 25% of one another, on average, over a 24-hour time period, and will be calculated as 
such. 
AS. Special Training /Certifications 

Field personnel participating in this study have been deemed competent to perform air sampling duties in 
accordance with the requirement set forth in the SESD Operating Procedure for Training, SESDPROC-
007-R2, and are eligible to perform air sampling duties as indicated in SESD 's Table of Authorizations 
as of the writing of this QAPP. 
A9. Documents and Records 

The field data will be provided to APTMD as a final report and will be prepared in accordance with the 
requirements of the SESD Operating Procedure for Report Preparation and Distribution, SESDPROC-
003-R3. All field observations, measurements and sampling activities supporting the field investigation 
will be recorded and <Wcumented according to the SESD operating Procedure for Logbooks, 
SESDPROC-01 O-R3. Project files will be maintained according to the SESD Operating Procedure for 
Control of Records, SESDPROC-002-R4. 

Bl. Sampling Design 

Locations 
A Primary sampling location within the town ofYellow Bluff will be chosen based upon discussion with· 
local officials, as well as accessibility to shelter and electrical power resources. One primary location 
within the town ofY ell ow Bluff is adequate, as variations in meteorological and exposure conditions 
within the town are likely to be minimal due to 1) the geographically small area that the town occupies in 
relation to the IP facili and 2 the close roximi to the IP facili itself. The sam lin will take lace 
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as one continuous event, designated to occur during a cooler seasonal time (between November 2010 and 
February 2011) over a three week. One Background location will be chosen that is far enough away from 
Yellow Bluff as to likely be less affected by the IP facility. Currently, the Primary sampling location is 
likely to be at the Yellow Bluff Town Hall, located at 81 Park Avenue, within the Town ofYellow Bluff, 
Alabama. The Background location with likely be approximately 15 miles from Yellow Bluff, within the 
vicinity ofthe Roland Cooper State Park, located at 285 Deer Run Drive, in Camden, Alabama (Figure 2). 
These locations are subject to modification based upon the final reconnaissance. Siting criteria for both 
locations will adhere to 40 CFR Part 58, Appendix E as closely as possible. However, for this special 
purpose, source-oriented study, some exceptions may be unavoidable due to restrictions in shelter and 
electrical power resources. Approximately seven additional locations for performing Corrosion 
Classification Coupon (CCC) monitoring will be chosen at the discretion of SESD field investigators in 
cooperation with Yell ow Bluff public officials from a list of locations that was visited during an initial 
reconnaissance (SESD Project #10-0670). The final locations for CCC deployment will be described in 
the final report. 

Continuous 
Monitoring for H2S and S02 will occur continuously for approximately five days at two locations, the 
Primary sampling location, and the Background sampling location. To allow for a more complete 
understanding of the meteorological conditions associated with pollutant concentrations, wind speed and 
direction will be recorded at the Primary sampling location at the same time that H2S and S02 is being 
monitored. 

Manual 
Monitoring for VOCs, aldeydes, and reactive gases./ particles (I0-4.2) will also occur at two locations, 
the Primary sampling location, and the Backgmund sampling location. All Manual samples will be 
collected over a 24-hour period and later analyzed using their independent methods. All three Manual 
parameters will be sampled for concurrently, at both locations, on three different days within the same 
continuous monitoring time period. 

Corrosion 
Monitoring will be performed using CorrosionClassification Coupons (CCC). The CCC method is a 
passive method that measures the buildup of corrosion on a strip of metal over time. This method is 
designed to determine if there are conditions present that contribute to accelerated rates of corrosion. It is 
not an EPA-approved air monitoring method and the sample results can not be definitively linked to 
ambient air quality data. However, it will be used as a screening, comparative method in this study, to 
help evaluate its efficacy. The data generated from the CCC method will be considered ancillary data. 
The corrosion coupons will be deployed at the Primary and Background sampling locations, as well as at 
approximately seven other locations within Yell ow Bluff, for approximately three weeks. 

Sample nomenclature for all samples will be defined during the sampling event. Air is the only matrix 
being analyzed during this sampling event. The number of samples, including duplicates and other QC 
samples, and their respective analyses are listed in Table 2. 

SESDFORM-012-R4 Page 8 of 137 SESD Category.2 QAPP Template 



SESD Project ID # 11-0068 
SESD Category 2 QAPP 

Quality Assurance Project Plan 
U.S. Environmental Protection Agency 

Science and Ecosystem Support Division 
980 College Station Road 

Athens, GA 30605 

Table 2. Media, number of samples, and analy_ses. 

Media Number of Samples Analyses 

Annular denuders and filter 
stack. 

10 Reactive gases and particles 
PM2.5 speciation (I0-4.2) 

DNPH cartridge 

6-liter stainless steel evacuated 
canister. 

Continuous analyzer 

Corrosion Coupon 

10 

10 

Reported as one-hour averages. 

20 
B2. Sampling Methods, General Procedures 

Aldehydes 

VOCs 

Corrosion 

Sampling methods and procedures used during this study will be consistent with the SESD Operating 
Procedure for Ambient Air Sampling, SESDPROC-303-R2 (with the exception of the CCC method). 

Continuous Monitoring 
Monitoring for H2S and S02 will be performed using a Thermo Electron Corporation's pulsed 
fluorescence H2S/S02 analyzer, model450C. Two of these instruments will be deployed during the 
study. One will be located at the Primary monitoring location in Yellow Bluff, and the other will be 
deployed at the Background location. The monitors will be deployed in sheltered, air-conditioned 
environments per manufacturer's instructions. A probe line will be attached such that the monitor can 
sample the ambient air outside the shelter. The monitor will sample the air continuously thru a Teflon 
probe line with a Teflon Savillex filter attached at the inlet. Quality Control checks will be performed at 
least daily. The instrument and data logger will continue to operate in the normal operating mode during 
QC checks, and the channel will be placed in maintenance mode. Continuous sampling will last for a 
period of approximately five days. The Thermo 450C will be attached to an ESC 8832 data logger. The 
continuous monitoring data will be stored within an ESC 8832 data logger as one-minute averages for QA 
purposes, but will ultimately be reported as one-hour averages. An RM Young Model 05305 Wind 
Monitor-AQ (or similar) portable meteorological monitoring instrument will be located at the Primary 
monitoring site. Wind speed and direction will be continuously monitored and logged for a period of 
approximately five days. This data will also be logged in the ESC 8832 data logger. Data will be 
retrieved daily from the data logger using Agilaire's E-DAS software. 

Manual Sampling 
A total of ten Manual samples for the Determination of Reactive Acidic and Basic Gases and Strong 
Acidity of Atmospheric Fine Particles (<2.5p.m) Method 10-4.2 will be collected using URG-3000-
02BAM outdoor sampling pump and the URG-2000 insulated sampling box. The URG-2000 insulated 
sampling box will be deployed outside on a tripod. Three days of Manual sampling will occur. Six 24-
hour samples (including daily duplicates) will be collected at the Primary sam~ing location. Three 24-
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hour samples will be collected concurrently at the Background location. The laboratory that will be 
providing the sample media and analytical support is RTI International (RTI), located in Research 
Triangle Park, North Carolina. SESD owns a number of the denuders and filter-stacks that are required 
for this analysis. The denuders and filter will be returned to RTI for reconditioning prior to the sampling 
event. There is a 30 day holding time for completed samples. All samples will be shipped to RTI in one 
shipment at the end of the study. Depending upon the configuration of denuders and filter-stacks, the 
method can be adjusted to obtain a number of different analyses. A copy of this method is available in 
Appendix D. The following is the list of I0-4.2 analytical parameters that are planned for this study: 

Analyses, Gaseous NH4 
Analyses, Acid Gases (S02, HN02, HN03) 
Particulate Speciation, Ions (so=4, N0-3, NH\, Hl 
Gravimetric PM2.s 

Manual sampling for Aldehydes will be conducted according to Formaldehyde Sampling with 
Dinitrophenylhydrazine Cartridges using Method TO-JJA. ATEC ModellOO Cartridge Samplers will be 
deployed outside on tripods and will be used to collect the 24-hour samples. Six samples, including 
duplicates, will be collected at the Primary Sampling location. Three samples will be collected at the 
Background location. The laboratory that will be providing sample media and analytical support is 
Eastern Research Group, Inc. (ERG), located in Morrisville, North Carolina. All samples will be shipped 
to ERG in one shipment at the end of the study. A copy of this method is available in the SESD Operating 
Procedure for Ambient Air Sampling, SESDPROC-303-R2, Section 3.1 (Appendix C). 

Manual sampling for VOCs will be performed in accordance with the following method: Volatile Organic 
Compound Sampling with SUMMA Electropolished Stainless Steel Canisters or Silcosteel Canisters using 
Method T0-15A. The canisters will be supplied by SESD and will be deployed using SESD's mechanical 
flow controllers. The flow controllers will allow 24-hour time-integrated samples to be collected at a rate 
of approximately 3.5 cc/min. The flow controllers will have their flow-rates checked and will be cleaned 
using zero-air prior to the study. The canisters and flow controllers will be deployed outside on tripods. 
The samples will be hand-delivered to SESD at the conclusion of the study. A copy of this method is 
available in the SESD Operating Procedure for Ambient Air Sampling, SESDPROC-303-R2, Section 3.2 
(Appendix C). 

Corrosion 
Monitoring for corrosion will be performed using Corrosion Classification Coupons. Sample media and 
analytical support will be obtained from Purafil, located in Duluth, Georgia. The CCCs are composed of 
two strips of metal, one of copper and one of silver. The analytical method is a proprietary method that 
measures the amount of corrosion that develops on the metals strip (measured in angstroms) over a 30-day 
period. The strips are attached to a coupon holder. For this study, the coupon holders will be affixed to 
an outdoor structure for a maximum of approximately three weeks. The amount of time that the strips are 
exposed to ambient outdoor conditions will be recorded. Periodic visual inspections will be performed 
and photographs will be collected. If the strips begin to take on a dark, tarnished appearance, they will be 
removed prior to the end of the three week period, and possibly replaced with new strips. All samples 
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will be shipped to Purafil at the end of the study. A copy of this method is-available in Appendix E. 
B3. Sampling Handling and Custody 

All samples will be handled and custody maintained according to the following: 

SESD Analytical Support Branch Laboratory Operations and Quality Assurance Manual, January 
2009. 

SESD Operating Procedure for Sample and Evidence Management, SESDPROC-005-Rl. 
SESD Operating Procedure for Pacldng, Labeling and Shipping of Environmental and Waste 

Samples SESDPROC-209-Rl. 
SESD Ambient Air Samplin!{, SESDPROC-303-R2. 

B4. Analytical Methods 

LABORATORY METHOD 
Continuous monitoring of hydrogen sulfide and sulfur dioxide using Thermo Electron 
Corporation Model450C Pulsed-Fluorescence analyzers. 

SESD: 
Volatile Organic Compound Sampling with SUMMA® Electropolished Stainless 
Steel Canisters or Silcosteel® Canisters using Method T0-15A. 

ERG: Formaldehyde Sampling with Dinitrophenylhydrazine Cartridges using Method TO-
llA 

RTI Method I0-4.2 DETERMINATION OF REACTIVE ACIDIC AND BASIC GASES 
AND STRONG ACIDITY OF ATMOSPHERIC FINE PARTICLES (<2.5).Ull) 

Pur am Corrosion Classification Coupon - Environmental Monitoring Procedure. 

BS. Quality Control 

Continuous 
Consistent with the operation of similar continuous monitors, the Thermo 450Cs 
will be calibrated upon installation. Calibration involves supplying a certified gas 

Field: of known concentration to a dilution calibrator, and then configuring the dilution 
calibrator to supply calibration gases at multiple concentrations to the analyzer. The 
analyzer is then adjusted such that its readings are consistent with the known 
concentration values. An Environics model 6100 calibrator will be used for this 
study. A Precision, Zero, Span (PZS) check will be performed at the bemnnin!! of 
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the study before data collection begins, in the event of malfunction or repair, a 
minimum of once every day, and at the end of the study. A PZS involves 
challenging the analyzer with certified gas concentrations while the instrument is in 
its normal operating mode. For S02 a precision point of 140 parts per billion (ppb) 
will be used. For H2S a precision point of 145 ppb will be used. A zero point is 
generated using exclusively zero air that is supplied thru the dilution calibration 
system. A span point is a gas concentration that is generated that is within+/- 80% 
of the full-scale of the instrument. Full-scale for both S02 and H2S will initially be 
set at 200 ppb. If it becomes necessary to adjust the full-scale set points due to 
higher than anticipated ambient concentrations, then it will be documented in site 
logbooks. No adjustments are made to the analyzer during a PZS check. The 
passing criteria for the zero point will be 0 +/- 5.0 ppb. The passing criteria for the 
precision and span points will be within+/- 10% ofthe true value. If the passing 
criteria are not met during a PZS check then the data that has been collected since 
the previous PZS will have qualifiers attached to it that will appear in the final 
report. Trouble shooting steps (as dictated by the instrument manual) will be 
initiated, and another PZS will be attempted. If the PZS fails a second time, then 
the instrument will be recalibrated. Additional checks may be conducted at lower 
concentrations for both H2S and S02 in order to assess linearity, accuracy, and 
precision of the instrumentation at lower ambient concentrations, but will not be 
subject to the same+/- 10% passing criteria. All checks will be documented in 
field logbooks. 

Manual 
A duplicate (simultaneous collected, and located within 3 meters) sample will be 
collected at the Primary sampling location on all three sampling days for all Manual 
methods. In addition, a field blank will be collected for both the 10-4.2 and the 
aldehyde samples. A field blank refers to a sample in which sample media is 
placed in the sampling equipment for the same time period as a typical sample, but 
no sample air is allowed to flow thru the sample media. A VOC trip blank will also 
be collected. A VOC trip blank is a SUMMA canister that is transported to the 
field and exposed to the same environmental and handling conditions, but it not 
opened to the ambient air. 

Corrosion 
At least four (20%) duplicate corrosion samples will be deployed and collected. 
Duplicate samples will be samples in which two or more corrosion coupons holders 
are deployed at the same structure, and will be located within 12-inches of one 
another. The duplicated samples are intended to provide a measure of method 
precision. One field blank will be collected during the course of the study. The 
field blank will not be exposed as a typical sample, but is intended to measure the 
effects of shipping and handling. 
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Laboratory: 
To better evaluate the Manual analytical methods, and the quality of the data that is 
received from the various laboratories, the identity of duplicate Manual samples 
will be blind to the laboratories. 

B6. Instrument/Equipment Testing, Inspection and Maintenance 

All instrumentation used for sampling and collecting data will be used in the manner that is 
recommended by the manufacturers and/or SESD Ambient Air Sampling, SESDPROC-303-R2. In 
addition, the equipment will be managed in accordance with SESD Operating Procedure for 
Equipment Inventory and Management, SESDPROC-108-R2. 

B7. Instrument/Equipment Calibration and Frequency 

Flow checks will be performed on the all air monitoring equipment, as well the Environics 61 00 gas 
dilution calibrator system, at the beginning and end of the project. Flows must fall into the 
acceptable range that is specified by the manufacturer for each individual sampler. Flow checks will 
be performed on the VOC mechanical flow controllers at the beginning of the project only, and must 
be between 3.0 and 4.0 cc/min. Measurements from the vacuum gauges on the individual VOC flow 
controllers will be used to ensure adequate sample volumes are achieved for each 24-hour sample. 

B8. Inspection /Acceptance for Supplies and Consumables 

All critical supplies and consumables for this field investigation are inspected and maintained in 
accordance with the following procedures: 

SESD Operating Procedure for Purchasing of Services and Supplies, SESDPROC-015-R2. 
SESD Operating Procedure for Equipment Inventory and Management, SESDPROC-108-R2. 
SESD Operating Procedure for Field Sampling Quality Control, SESDPROC-0 11-R2. 

The SESD Field Quality Manager and the Branch Quality Assurance Officers are responsible for 
ensuring that these requirements are met. 

B9. Non-direct Measurements: 
N/A 

BlO. Data Management 

The field project leader will be responsible for ensuring that all requirements for data management 
are met. All data generated for this field investigation, whether hand-recorded or obtained using an 
electronic data logger will be recorded, stored and managed according to the following procedures: 

SESD Operating Procedure for Control of Records, SESDPROC-002-R4. 
SESD Operating Procedures for Logbooks, SESDPROC-0 1 O-R3. 
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SECTION C: Assessment/Oversight 

Cl. Assessments and Response Actions 

Assessments will be conducted during the field investigation according to the SESD Operating 
Procedure for Project Planning, SESDPROC-016-Rl, to ensure the QAPP is being implemented as 
approved. The Project Leader is responsible for all corrective actions while in the field. 
C2. Reports to Management 

The Project Leader will be responsible for notifying the Project Manager (Requestor) and appropriate 
SESD management if any circumstances arise during the field investigation that may adversely impact 
the quality of the data collected. 

Dl. Data Review, Verification, and Validation 

All analytical data will be provided by the SESD Analytical Support Branch and reviewed, verified and 
validated in accordance with the SESD Analytical Support Branch Laboratory Operations and Quality 
Assurance Manual, January 2009. 

All data derived from SESD field measurements will be reviewed, verified, and validated in accordance 
with the SESD Operating Procedure for Report Preparation and Distribution, SESDPROC-003-R3. 
D2. Verification and Validation Methods 

All analytical data will be provided by the SESD Analytical Support Branch and reviewed, verified and 
validated in accordance with the SESD Analytical Support Branch Laboratory Operations and Quality 
Assurance Manual, January 2009. 

All data derived from SESD field measurements will be reviewed, verified, and validated in accordance 
with the SESD Operating Procedure for Report Preparation and Distribution, SESDPROC-003-R3. 
D3. Reconciliation with User Requirements 

The usability of all data derived from SESD field sampling and measurements conducted during this 
field investigation will be evaluated in accordance with the SESD Operating Procedure for Report 
Preparation and Distribution, SESDPROC-003-R3. 
**Footnotes: This Quality Assurance ProJect Plan (QAPP) has been prepared and approved accordmg to the EPA 
Requirements for Quality Assurance Project Plans (EPA QA/R5 EPA/240/B-01/003), U.S. Environmental Protection Agency, 
Office of Environmental Information, Washington, DC, March 2001(USEPA, 2001). This document will be used to ensure that 
the environmental data collected for this project are of the type and quality for the intended purposes. This document is for 
SESD use only. 
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SELECTED HEALTH STATUS INDICATORS 
United States. Alabama. and \\'ilcox Count· J 

Indicators Unlttd States Alabama 
le01 PQ...a.tiala Number Pet. of Total NIUOIMtr Pd. of Total 
Total l01.6ll.IS7 100.0 4.627.851 100.0 

Africu Amuicaa (al.ollt) 38,756,452. 42.8 1.124.496 26.5 
Whitc:(llluocl l41.l66,890 0.0 3,l87.4H 71.0 
Amcru;an IDdian ( a.lo~) 2.938,436 ' LO 24.315 0.5 
A.siaft (aklo¢1 13.J66,15J 4.4 44,086 1.0 
Hbpll8ic 45.504.311 JSJ 124,741 :t7 
A&e 19 Years or ws &2.36!,752 27.) 1.251.776 2'1 .0 
Age 65 \'car$ or More: 37,8S7,9S8 12.6 707,781 15.3 
Ace 85 Years or More S,Sl:!,'l98 1.8 82,0~ 1.8 

Po ·Che&H Number Pd.Chaue Nu.mbtr Pet. Chanae 
19U>-2000 91,971,266to 2,138,093 10 

281,421,9<16 206.0 4-,441.100 108 .0 

:rooo- lOlj Projected 281.421.906 w 4,447,100 to 
3-19 .69S .000 :!4.) 5,385,997 ll.l 

A&c M+: 2000- 2015 Projected 
34.991,753 to 5.,9,907 to 

63.042,.500 so:z 91}9,76") 72 .4 
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45 .504.311 'to3.6 ll4.i41 406.5 
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Modit"•ld EliJiblc Cruldren (Utader 2 I l 
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SELECTED HEALTH STATUS INDICATORS -continued 
- ~-.. ~ - --- ., .. -------- - -· -- ... 

Indicators United States Alabama WUwx Counly 
ea ... ol»t~thladk.aeors Nllalbert. Rattper Numberlft R.ale per Numbailt kate pel' 

lSO! lOO,OtWf Po». lOOS • %06'7 100,000 Poo. lOOJ ·1007 100.000 P®.' 
AJICautU l.+Ut.Ol1 815.9 139,0311 l,OUU 734 1.154.1 
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Human lmmunodefKlieacy Vi111:> 
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C.ucer 559,JU 188.1 111,475 ll4.1 150 135.9 
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SEtECTED HEAl. TH STATUS INDICA TORS -continued 
ed States. Alabama. and Wllto.x C• ._. ... _ .. 

r- - - - - -...~ 

.lnclkaron UDkcdSWa Alabama W~olCountJ _j 
NIICIIIk7 ....... IMkiiON Nlllllb« ..... ..,. Jiiumber )latnift ~umll.r ~-.,~· J 
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SELECTED HEALTH STATUS INDICA TORS • continued 
~ .... _.."" .......... ......U, .i ................. , ...... - T ..... ....---~- ----·.r 

Indicators Unlted States Alabama \VUcox County 

C.Uie ol DMth ladkaeon 
N111nber1D Rate per Ntmtbtrln bttptt NUIIIIberia Rate per 

110! too.oocf ron. l005 ·1007 lOOOOOPoo. lOOJ ·1001 108.000 Pan.' 
Major~ DUiuel ... 
Clad -.I 

lsc:hcm.ic Heart Di~ -446,687 150.4 17.126 1!5.9 59 92.8 
Heart Failure '8.933 19.9 6.11.)() 4S.l 2J 36.2 

Cerebrovascular Di5eases l43J79 48.4 8.313 60.5 56 88.1 

Athero&der05is 11.841 4.0 618 -1.5 (I (}.0 

PneumM1a 61.189 20.6 2,748 20.0 14 22.l) 

Chronic Lower ~pitaw..y lliieasc5 130.933 -14.2 7,1~3 32.0 19 29.9 

Chrome Uver Disease ud Cmho&is 27,530 9.3 1,450 )0 . .5 6 \)A 

Ncphrilil. Nepbrotit Syndrome. IU'd 
NOPhrosis 43,901 14.8 3.110 22.6 18 215.3 

Ac:ddenb · U7,809 39.1 1J.95 53.0 !3 83.3 
Motor Vehicle AcddMts 45.343 ISJ 3,544 2S.8 30 47.2 

Palb 19,656 6.6 493 ).6 2 3.l 

Drowning and Submemon 3,58:2 l.l 2l9 1.6 I 1.6 

Smoke. Fm:, and Plma 3,197 l.l 281 l.O 3 4.7 
Poiwniag and Exposure to NoUQIU& 
Substances 23,618 f!.O 1,001!1 L\ ... J.l .. 

ln1cndorud Self-Harm (suicide) 32,637 1 LO 1,6iS 11.2 3 4.7 
Assault (ho.mklde) JIS.ll4 6.1 1,340 9.7 It 173 

Causes of Death Groupings or Special Interes-t 

CuR or Dallllaclka~WS Number Ia lbloteper Nlllll.ber bt btf p(!r Numbetm ILlro per 
lOOS 100.000 Pop. 1005 -200'7 109,000 Pop. 100!·1007 aoo,oeo Pop.' 

Cataclyimtc Slonnt 1174 0.3 II 0.1 I 1.6 
nreann ~ tiotentiOIIAl scJt'-ha.rm, 
assault. lepl in•uventioB. and 
uaddumined mtem) 3(~)6-1 1().4 2.306 16.8 6 9.4 

Drug·lndu.ctd Dcalhs 33 • .541 IU 1,328 9.7 2 :u 
Akohol·lndtk.~ ~lhs lt6H 7.3 13l 5.3 5 7.9 
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0 - SourcM of tnformalion and Special Note.s 
~ 2001 Populllkm: U.S. C.OSus BuroatJ, PopulariOn EstimatGs. hltQi!www,ctn!iUs.apylggoestlestimates,pho 
~ 

Popldallon Ch..,..lttf)-2000: V.$. Can$1.1& 8~,~~eil\l, Couotv Popule~lion Cen61Uii Counts 1900·90, l)tJp:!.ltmi,c§DIY'·QQWOOgulal!.Q~'QC~Qu!\1§1AI1i'QQ9Q,t~l for 1910 data; U.S. CIII'IIUI Bureau. Am.Ocao FactFinder. Cen8Ui 2000 SummaJy Flle i (SF li1DO·Petcenl Data for 2000 data. 

Pot»daUon Chtnge 20Q0.2025: U.S. Census 8Ufeau, American FactFindtr. C.nslJI. 2000 Summary Fl'- 1 (SF t) , 00-Perc:ent Dale lor 2000 ciata. Alabama Slate Data Ceo*, Alabama County P~tion :rooo and Proj~tons 2005·2025 klr 2025. bllR;i[gper I1Ai yapduledata!H' prl.l)lml 

Ap e5+ Populltlan Chanp 20Q0.202St Alabama State Data Cen4er, Alabama County Population 6S and 0\ler 2000 and Projl!lcliona 2005·2025 for 2025. hnpiloblr.cbJJJyclyltCIAtaloat ort.lltml 

Hl•nic Popu-.uan Change1fi0.2007: U.S. CenEIU$ BUteau, Ambricao FaG!lFindar. Cen5us 1990 SummlliY Fite 1 tSTF t) 100-Perc81'tt Oa1a lor 1990 data. U.S. Censu~;! Bllf-.u. Population Enmatfi. tlllRlfWWD'·CtlliUU0WQ9PUI/Ostjmate&.DhD . 
Popc.HaUon ••• Po¥erty IAvol· 2007: u.s. Ciltlsua Bureau, Small Arq Income and Poyttt1y E:sllma!H, hrloitWW))'.C!W!iUa.gcyih.b!jWM'f'/5ajpEL'iod!i!l!·html 

>-o Children Under 18 Below Powrty IAvtll· 2007: U.S. Cen8Us Buteau. Small Area Income and Powrty Es1imates., bttP:t\)'WW.&flOSlf~AI'icYlhhas.w«n'.'llaw@iiQ~!·tltml ~ 
o 2fiOI Per Capita ,.,.on .. l'nc:onw. U.S. Bureau of ECOt'lom~ Analy:sl&, lntaraclive T~es: Local Area Personal mccme, Tabl& CA 1 -3. i5 nVP·llwww.bta.goylrtgipna\lgls.:'d!!&t4t·ctm?calatdhCAl'-3Agc1iRo=:2 
0 

~ ~d IUgiba. Popur.tkln • 2007: Alabama Msdicaitt Agency, Alabama Medicaid Stalis1iclii by County- 2007. 
~ httn;{{www.medFa;d..tQiwJJMIQYMSQU£01§(11Ql8 moortuapx?tab..S 

MecDoald Eligible Chikhn (Under 21) • 2007: Alabama Mecllc:lilid Agency, Alabama Medileaid Sla!JSiics by Coun1y- 2007. nnp1Jwww.owicaid,aa*m•.gpv/ttsoun;;ai!A1i!l rooort~,aw~s 
Medlclill l«th8. 2007: Alabama Depal'lmlflnt o4 Public Heallh, Centef lOt i-l.allh Sll'tiltic;s.. Special quary ol the 2007 6lrU'I StatistiC$ File. 

Prlnwy Care pony.lolanaln 2QM: Medfcal Lioef'lwre COI1lltllsaion,lk:eoaed Physician Data Ba.se - 2006. lin thl:l. publc:allon, primary cart pttyslctana 1ncllldt tamify pracfiliorlera. internal maditine speciallsta, pediatricians, and obstetrtc~an:~; and gyf'lecoklgllsts.:t 
Cll o.nu. .. In 2007: Board ot Denial Examiner$ of Alabama, Licensed d8f1Ultls dalil baie • 2007. t:r1 
~ Ptyobielrl61s in 2006: Medical Lioervsure Commission, Licensed Phy!iicitm Data Base - 2:006. 
("} 
~ Ho""talleds In 2toe: Altbllma Oepanmenl of Public Heallh, Division ol PrOVIder Servic:ss. Heatthcart Faciblles. Oltectory - Ho5pi1al Section. January 28. 2009. liS ntto;lladQh.gJW»ro'ilcte!JI'Ottayg asp?jd,.522 0 

i Hou .. hotda Wllh No Vehlc ... tn 2000: U.S, CensU$ &raau, Amertcan FactFt.nder, Ctn$U$ 2000 Sl,ai1U1\EIJ)' File 3 (SF 3) Sample Dal.a. Table H44 • Tenl.ll'a by Vehicles. 15 Available. 

~ Unknau.-.cl Per.ona Under Age 65· 2005: U.S. Cen~ Bureau, t.todaf.bi1$ed SmaM Area lia!~Uh lnswanc4;1 Eatima•es (SAHIE) tor Counties and Stale$. ,., mtp:JIWww.censua.Q()VIhhell'WWW/sahi& 
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~ CaUM ol Doath tndlcakn: Alabama ~ o4 Public Hotlltl, Cttnter lor Haalln Statiatics. Special q.uenes of ll'lo 2003, 2004, 2005, l'005, alld 2007 Mort&lily Slati&tic& 
;::; FltHior Attblma dala. Cantara lor 01..._.. Control and Pre11e0llon, COC Wonder lntaractive Program, Mortalhy - U'fldet~ Cause of Cealh 2005 lie. :!o bUQi{/)\9ndar.gdc,gQYI (Ctilte Of dN.Ih data inOiuded in this publiclllian ia not agwdju,.ed) 
.j:>. 

lnt.ftt IMNIII.)' .._ .. • 2G04400ti Alabami Oepartmom of PWllc Health, Center tor Health Statistic$, Special querflts oil~ 2004, 2005. and 2000 Birth Statittics. FiN far blrtb data. Alabama 0tp811mtf11 of Pubfio Health. Center for Health St.ltit'llcl, Total Resldentlnlant Deaths and Infant Uoctaii!V Ra.to.s b~ Coonw. Alabama. 2006. 2005. 2004. and Coolblntd 2006-2004. bi!Ailadph.Oftk'boii~'Qi!O!IOtanmf!ilhiWf 

Low Weight llrlhl • 2007~ Atabama o.panmena o4 P\Jblic Htaltll. Cenler cor Hdiallh Stati&tict, Special ~elY of lhe 2006 Birth Stali&liu fils. 
f8irlhl WIIIQfting ltt~lhan2,500 grams or 5 pounds aM 8 out'IOI!il are del'iled ea being of km weight.) 

Blrtb 1o TeMaoet• t'-Oit 10.11) • 2007: Afabema Oe(>a~ of Pubic Haallb, Center tor Health Slil"-'bi, Spacial query ot the 2006 Blr1h S4atuliea File. 

81tib With ...... Than Aftquea. Pnnatat Care • 2007: .o\lal)ama Department of Public: HNhh, C.nler tor H•i!llth &ati&tic&, Special O:Wf;lf)' o1lhe 200e Sltlh &aos~s File, (Tnt 1<$k:flook ~nctex ia used ln O.tormlnif19 ac»quacy ot prenatal cave. This if:de)c p!Wnarily oonslders lhe date woon premual care was begun iJ.I'"td the m~mber o1 \II&~ e. In determftrloactequaoy.) i!;;'" 

811Ua Wllh TobMGG Uu DLD'Ig Pr.an.ncy • 2007: Alabama Otp-itlllllll'lf of PuCic Healtn, Center rot Heallh &alieooa, Special qwry or IJ'Ie 2006 B.l'lh Slali&lics File. 

'J llrtlla OCot.mtng Outllde Mof.htra Countv of Atl~ence • 201)7: .Alabama Department of Public Haallh. Center for Healll'l St.aUsllCS. Sptcial <Pif)' of the 2006 Birth 
v~ $latlltlt:$ Flflt. 
Il-l (This lndlclllor was inelldld beeauu of lha eerioua declnt In lhe ntlmber oiM.al hQ-1$ wtle~ie oba'leiJics sre ~rlormed and th$ natura! relalicnahlp betwNn women i, receMng adequate prenatal cere and the pr ... nct or obllalrical aare in the COVI'Ify.) 

;; Blrtha to Undertduoat.d Woman· 2G07: ~~ Oepartmtnt ot Pubic Health, Cetller tl)f Health Stalil.lica, Special querv or l.hlt 2006 Birtn Statis.tica file­
...:J lWomen •• oonaidefed to be ~tecr when thoK yeart ot tdtl¢allon la at leas.l t>'to ye., Ins l'.tNin vmou would be elipe!C~ ror someon~ or their age.) 

Age A+~ '"Hom. Bound" D.,.tl_,. 2GOO: U.S. Cen&!A 8ureau. AmeriCan Fadfindar, Census 2000 Sumrntliry .Fila 3 (SF 3) Sampia Oa.la, Table P•t -AQe by Types of DUbillty for the CIVilian Ncc1lnltilulionat!Hd Pq)ulaUo,. 5 Years and OYer W*' OltabiHiih. 

Ate U+ Wllh .._.Than Hlg~ School Educ:llllian • 2000: U.S. CtnfiUII Bur..,, Ameflo.an FlldF'tndlr, 6-anaus 2000 SurN"ary File 3 (SF 3) Sample Data, Table P37- Sex 
by EducaliOnal All:ainmtlnt tor 1111 Populdllin 25 Y~ llld OVer. • 

Ptftoq lblctiYing MM._,. Dlublitr • 2001! Cenlenllof Uedicare and Mtdk:aid Serv~aa. Medicare Cou~tty Enrollmem. ~ ol July 1, 2007-
, b$)~.qna,bbo,ogv~~ 

I Obnltv • PerofM of Poptdldon ln 2003; Chronic Diuua In Alabama: Paaa, Pre~. and Futtn Trends_ Pp, 16·1 1. 
bt(pJlJ®hMAQMINISWDONfcllmo!cdlMMf,Q\il 

Accldltntaa Oulht <k:ouning oua.aa. of •.......,. Cw hcltty • (2005-21107)t Alabama oepan~ ad Pulllc Htall.h, C&nler eor Heall.h Sta4l~ic:s. Special ~Of)' ol the ~ 200S. 2006, and 2007 Mortality StaU&UCS Flte. 
~ (This-4~r wu uaed In lhe plaCft of .-n "emergency rneclk:al &eMcelle~y arrb~Jance runll" data base. W,.. there is wch a cfala batt maintained witml the t0 Alab8ma ~ ol Public Htallll, report.l~ to lffis dala bMe Is noc complete and ~ f)IOdUe. ooniU&ing lindinga. The l)rovision of adequate emergency modi~ Sol't•vico ,o oontl~ 10 I» • llllfiouiiMue ~ motl rural Alibana counbH.) 
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Ur. bpealaROV allll1h • 2007: Alabama ~men!~ Pubic Heallh., Cenlef l'of Health statistic$, Counly Haallh ProiUe$ ~ 2007. hE!s;t/.'W'ItW tdAh..O!'Q'OoWJhSh}[$1 
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Su:ualtyT,."tmllted Dl ... u C•a• ·.2008: Ah1bamoa ~mcnl c4 Public tlealtn, OI11<$10n oJ STO Prbvlllf14ion and Cooarol, Stall$11C5. COI.ll'll'l Total$- 2006. btrgjllwylw adbh.!lt1llSJDI 

Cumlii'*IM HIV C.ut • of 1213112008: Alabama DejW1ment of Public Health. OMslan of HIVIAIDS Prevemion and Contfol, S!atrst~:s. Public Health Area i,Jan.uary­O~r 2008). hotJRtfwwW'..adph,p!Q(ajdi/ 
(Nalloflll dilla for t11t aumulallvo llUI11blr of HIV casu n of O&eember 3 t, 2008 11 not comparablt cfu~ to tne fact !nil not all sCates repon this int<ormalion lo the Centeu 1or Oistial.e Control Slid Prewtllan and U'loritJ lhat are nwo""o lnltllted II'IIS rwporting Ill v•rying Umt$.) 

Fa.,.._ S.IVM by the DMIIon of Subtlanoe A.bua S.rviaealn •ht AlaNma Dlptrtmenf of fantllt!Htaltf\ • FV 2004: Alabama Department of MM11111 Huallh, ~mrwmft Annual Report. '03-'CW.. p35. h!rp;I,'\WIW,aHullbJma.qgy/dg""""kW'&'AnD!Jl!BfilOrt&:'AQMH AnnuaiRtpo£1 03. 04fll13,r.;;;j! 

PEftMISStON IS GRANTEO TO DUPLICATE OR OTHERWISE USE ALL OR ANY PORTION OF TH$S REPORT 

For adcfational ioformation please contact the Oft ice of Primary Care and Rural Hewlh Development a1 (334) 206·5396 01 lh& Alabama Rural Health A.&sooiation at (334) 546-3502. 
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Quality Assurance Project Plan 
U.S. Environmental Protection Agency 

Science and Ecosystem Support Division 
980 College Station Road 

SESD Project 10 # 11-0068 
SESD Category 2 QAPP 

Revision History 

Athens, GA 30605 

COPY 

This table shows changes to this controlled document over time. The most reoent version 
is presented in the top row of the table. Previous version.s of the document are 
maintained by the SESD Document Control Coordinator. 

Genernl 
Corrected any typographical, grammatical and/or editorial errors. 

TJtle Page 
Under Author changed Danny Fmnce to Richard Guillot 
Under Approvals changed Branch Chief from Antonio Quinones to 
Archie Lee 

History: Changed Field Quality Ma1111ger to Document Control 
Coordinator. 

Section 1.3: Omitted reference to the H: drive. Changed the Field 
Quality M~tnnger to the Document Coutrol Coordinator. 

Section 2 
All previous sections were deleted. New sectiom were added. 

Section 3 
Section 3.1 was rewritten. 

Section 3.8 
Removed to separate guidance document. 

Section 3.9 
Removed to separate guidance document. 

SESDPROC-303-Rl,Amhient Air Sampling, replaces 
SESDPROC-303-RO. 

("',.eu.a-al 
Corrected any typographical, grammatical and/or editorial errors. 

Title Page 
Changed title for Antonio Qui~ from Enviromnental Investigations 
Brnnch to Enforcement and Investigations Branch. 

Section 1.3 
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1 GENERAL INFORMATION 

1.1 Purpose 

Tllis document describes general and specific procedures, methods and considerations to 
be used and observed when collecting ambient air samples for field screening or 
laboratory analysis. Air taxies, as used in this procedure, means air pollutants for which 
National Ambient Air Quality Standards have not been established. Criteria pollutants 
mean air pollutants for which National Ambient Air Quality Standards have been 
established. 

1.2 &ope/Application 

The procedures contained in this document are to be used by field personnel when 
collecting and handling ambient air samples in the field. On the occasion that SESD field 
personnel determine that any of the proced~s described in this section are inappropriate, 
inadequate or impractical and that another procedure must be used to obtain an ambient 
air sample, the variant procedure will be documented in the field log book, along with a 
description of the circumstances requiring it'> use. 

1.3 Documentation/Verification 

This procedure was prepared by persons deemed technically competent by SESD 
management, based on their knowledge, skills and abilities and have been tested in 
practice and reviewed in print by a subject matter expert. The official copy of this 
procedure resides on the SESD local axea network (LAN). The Document control 
Coordinator (DCC) is responsible for ensuring the most recent version of the procedure is 
placed on the LAN and for maintaining records of review conducted prior to its issuance. 

1.4 Quality Control 

Quality control for sampling associated with ambient air monitoring is method specific. 
The sampling methods described in the sections that follow contain the quality control 
procedures appropriate for each method. 

1.5 Records 

Information genemted or obtained by SESD pers01mel will be organized and accounted 
tor in accordance with SESD records management procedures found in SESD Operating 
Procedure for Control of Records, SESDPROC-002. Field notes, recorded in a bound 
field logbook, will be generated, as well as chain-of-custody documentation in 
accordance with SESD Operating Procedure for Logbooks, SESDPROC-010 and SESD 
Operating Procedur.- Sample and Evidence Management, SESDPROC-005. 
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1.6 General Precautions 

1.6.1 Safety 

Proper safety precautions must be observed when collecting ambient air 

monitoring samples. Refer to the SESD Safety, Health and Environmental 
Management Program (SHEMP) Procedures and Policy Manual and any pertinent 

site-specific Health and Safety Plans (HASPs) for guidelines on safety 
precautions. These guidelines, however, should only be used to complement the 

judgment of an experienced professional. Address chemicals that pose specific 

toxicity or safety concerns and follow any other relevant requirements, as 

appropriate. 

1.6.2 Procedural Precantions 

The following precautions should be considered when collecting ambient air 
monitoring samples. 

Special care must be taken not to contaminate samples. This includes 

storing samples in a secure location to preclude conditions which could 

alter the properties of the sample. Samples shall be custody sealed during 
long-term storage or shipment. 

Collected samples are in the custody of the sampler or sample custodian 
until the samples are relinquished to another party. 

• If samples are transported by the sampler, they will remain under his/her 

custody or be secured until they are relinquished. 

• Shipped samples shall conform to all U.S. Department of Transportation 
(DOT) rules of shipment found in Title 49 of the Code of Federal 
Regulations ( 49 CFR parts 171 to 179), and/or International Air 
Transportation Association (IAT A) hazardous materials shipping 
requirements found in the current edition of lATA's Dangerous Goods 

Regulations. 

Documentation of :field sampling is done in a bound logbook. 

• Chain-of-custody documents shall be filled out and remain with the 
samples until custody is relinquished. 

All shipping documents, such as bills of lading, etc., shall be retained by 
the project leader and stored in a secure place. 
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2 AUDITING OF OZONE AND CARBON MONOXIDE 
MONITORING SITES IN THE NATIONAL PERFORMANCE 
AUDIT PROGRAM (NPAP) 

2.1 Auditing Ozone Anolyzers 

The following is a synopsis of procedures which should be strictly adhered to for the 
auditing of ozone at ambient monitoring sites. 

• The photometer (audit instrument) will meet 40 CFR Part 50, Appendix D 
specifications for a Primary Standard Calibration Photometer. This instrwnent 
will be re-plumbed to act as an analyzer to measure test gas concentrations. 

• The photometer will be verified quruterly against a National Institute of Standards 
and Technology (NIST) Standard Reference Photometer before use. 

• \ttnobile laboratory will meet the specificatf6bs of monitor reference' 
equivalent designation for temperature control which is between 20-30 degrees 
Celsius when the analyzer is in operation. 

• The probe line must meet the requirements stated in 40 CFR Part 58 for-materials 
and sample residence time. 

• Flows will be calibrated annually, and all flow calibrations will be traceable to a 
primary standard. Flows will be corrected to EPA standard temperature and 
pressure (25°C and 760 mm Hg). 

• The ozone generatorkalibrators flow and ozone generation output will be 
calibrated annually. 

• The ozone generator and photometer will operate using zero air supplied by a zero 
air generator. The zero air scrubber components will be replaced annually or if 
anomalies in the 7.ero measurement are observed. The desiccant will be 
regenerated when two thirds (213m.) of the blue indicating silica gel has tumed 
pink. 

• During the audit, stability of each audit point will be demonstrated for at ]east five 
minutes. 

• All auditing will be performed at approximately ambient pressure (utilizing n vent 
for excess during the audit procedure). There should be excess air flow at the 
probe at all times. 

• All audits will be conducted "through the probe" where the probe is safely 
accessible. 
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• Chain-of·custody must be maintained at all times (monitor will be locked in the 
mobile laboratory when the operator is not present to prevent tampering). 

2.1.1 Audit Proced11re 

Auditing will be conducted using the procedures as summarized beiow, and in 
accordance with the EPA Standard Operating Procedure for Through-the-Probe 
Performance Evaluations of Ambient Air Quality Monitoring of Criteria Air 
Pollutants, and 40 CFR Part SO, APPENDIX A: 

• Procedures detailed in the approved instrument manual will be used for 
installation, calibration, QA checks, maintenance, and repairs. 

• The photometer will be verified quarterly against a National Institute of 
Standards and Technology (NIST) Standard Reference Photometer after major 
maintenance or when a quality assurance (QA) check shows an out-of-control 
condition exists. 

• A data telemetry system, with electronic strip charting capability will be 
operated to record the audit progress and each audit activity will be annotated 
on the chart. This will serve as a permanent record and diagnostic tool. 

• Prior to the audit, the audit equipment, including the photometer and 
calibrator, will be allowed a warm up period of at least 3 hours. During this 
time, the system should be conditioned with at least 200 ppb of ozone. The 
concentration of ozone used to condition the system must always be higher 
than the highest audit point that will be audited. 

• The audit will consist of at least three consecutive levels where at least 80% of 
ozone measurements are expected to be at the monitoring site and a zero 
measurement. The prescribed audit levels are recorded in 40 CFR Part 58, 
Appendix A, 3.2.2.1. 

• Audit data from the mobile laboratory and monitoring site will be recorded 
electronically on the NPAP Audit Worksheet. This worksheet, along with the 
electronic strip chart trace will be printed at the conclusion of each audit 
event. In addition, the NPAP Audit Worksheet will be copied and placed on 
the network drive for archival. A hard copy ofthe preliminary audit report 
and electronic stJ.ip chart will be provided to the site operator at the conclusion 
of the audit. 

• After completion of the study, the mobile laboratory will be returned for 
inspection, maintenance, and repair. All field documentation will be retained 
by the Air Monitoring Staff. 
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2.2 Auditing Carbon Monoxide Analyzers 

The following is a synopsis of procedures which should be strictly adhered to for the 
auditing of carbon monoxide in air. 

• Calibration systems will meet 40 CFR Part 50, Appendix C specifications. 

• The mobile laboratory will meet the specifications of monitor reference/ 
equivalent designation for temperature control which is between 20-30 degrees 
Celsius when the analyzer is in operation. 

• The audit analyzer will be calibrated using certified concentrations of standard 
gases before and after use. 

• The probe line must meet the requirements stated in 40 CFR Part 58 for materials 
and sample residence time. 

• Calibrator flows will be calibrated annually, and all flow calibrations will be 
traceable to a primary standard. Flows will be corrected to EPA standard 
temperature and pressure (2S'C and 760mm Hg). 

• The gas calibrator will operate using zero air supplied by a zero air generator. 
The zero air scrubber components will be replaced annually or if anomalies in the 
zero measurement are observed. The desiccant will be regenerated when two 
thirds (2/3rds) of the blue indicating silica gel has turned pink. 

• During the audit, stability of each audit point must be demonstrated for at least 
five minutes. 

• All auditing will be performed at approximately ambient pressure (utilizing a vent 
for excess during the audit procedure). There should be excess air flow at the 
probe at all times. 

• All audits will be conducted ''through the probe" where the probe is safely 
accessible. 

• Chain-of-custody must be mamtained at all times (monitor will be located in 8 

locked enclosure when the operator is not pre$ent to prevent tampering). 

SESDFORM-012-R4 
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• Procedures detailed in the approved instmment manual will be used far 

installation, calibration, QA checks, maintenance, and repairs. 

• The carbon monoxide analyzer will be verified using G 1 or G2 certified 
tank gases before and after each audit or when a quality assurance (QA) 
check shows an out-of-control condition exists. 

• A data telemetry system, with electronic strip charting capability will be 
operated to record the audit progress and each audit activity will be 
annotated on the chart. This will serve as a permanent record and 
diagnostic tool. 

• Prior to the audit, the audit equipment, including the carbon monoxide 
analyzer and calibrator, will be allowed a warm up period of at least 6 
hours. During this time, the system should be conditioned with 
approximately 200 ppb of ozone. 

• The audit will consist of at least three consecutive levels where at least 
80% of carbon monoxide measurements are expected to be at the 
monitoring site and a zero measurernenl The prescribed audit levels are 
recorded in 40 CFR Part 58, Appendix A, 3.2.2.1. 

• • Audit data from the mobile laboratory and monitoring site will be 
recorded ele<::tronicaUy on the NPAP Audit Worksheet. This worksheet, 
along with the electronic strip chart trace will be printed at the oolictusion 
of each audit event. In addition, the NP AP Audit Worksheet will be 
copied and placed on the network drive for archival. A hard copy of tl1c 
preliminary audit report and electronic strip chart will be provided to the 
site operator at the conclusion of the audit. 

• After completion of the study, the mobile laboratory and equipment win 
be returned fur inspection, maintenance, and repair. All field 
documentation will be retained by the Air Monitoring Staff. 

2.3 Sampling of Particulate Matter in Ambient Air as PM2.s in the PM2.s 
Performance Evaluation Program 

The following is a synopsis of procedures which should be strictly adhered to for fi1'ter 
based sampling of PM2.5 in air. The procedures below are a summarized version of the 
procedure described in the September 2006 Revised Quality Assurance Guidance 
Document, Method Compendium "Field Standard Operating Procedures for the PM2.5 
Performance Evaluation Program" which should be referenced for all low volume PMu 
sampling. 

• Field personnel will tnke the filters, field data sheets, and COC to the 
monitoring site and setup the portable samplers. 

• Air flow rate, barometric pressure, and two temperature measuring devices 
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will be verified prior to each sampling evenl All flow, barometric 
pressure and temperature standard devices are annually calibrated and 
traceable to a primary standard. 

• An external leak check: will be performed. 

• The sampler will be programmed to operate and the sampling unit will be 
locked to prevent tampering. 

• Within 8 to 16 hours following the sampling event the exposed filters will 
be coltected, and transported refrigerated(< 4°C) to the SESD Filter 
Weighing Laboratory. 

• Field personnel will return the exposed filter, data downloads, field data 
sheets, and COC to SESD keeping a set of the data records in two separate 
locations. 

• After sample collection, all filters will be stored in petri-slides, boxed, and 
archived for one (1) year at S4°C and at least two (2) years at ambient 
room temperature ~ 25°C. 

2.4 Sampling of Particulate Matter in Ambient Air as PM10 

The following is a synopsis of procedures which should be strictly adhered to for the 
sampling of particulate matter as PM to in air. 

• All filters used will be supplied by the EPA National Filter Distribution Program, 
and of the same quality as supplied to the State and Local Agency Air Monitoring 
Stations. 

• Prior to use, all filters will be checked for pinholes, and desiccated at l5°C - 30°C 
± 3°C, and less than 50± 5 percent relative humidity, for at least 24 hours. 

• Initial and final (exposed) filter weights will be detennined by air monitoring 
personnel. One often filters will be re-weighed as a quality assurance check. For 
batches less than ten, one filter will be re-weighed. Weights of clean filters 
should be within 2.8mg of original values~ and exposed filters should be within 
5mg. 

• After sampling, filters will be desiccated as previously described. 

• Chain-of-custody must be maintained for all samples (monitor will be locked 
when the operator is notpresent to prevent tampering). 

1.4.1 Smnple Collection Procedure 
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Particulate samples will be collected using the High Volume sampler as 
descnbed, and operated in accordance with 40 CFR Part 50, Appendix J, and Red 
Book Sections 2.1 0, and 2.11. 

• All flow calibration orifices will be traceable to a primary standard 
Rootsmeter. Flows will be corrected to EPA standard temper-ature and 
pressure (25°C and 760 mm Hg). 

• Volumetric flow controllers will be used on all PM10 samplers. Flows will 
be determined using a calibrated orifice and a digital manometer. 

2.5 Laboratory Filter Analysis of Particulate Matter in Ambient Air as PM2.s in 
the PM2.s Performance Evaluation Program 

The following is a synopsis of procedures which should be strictly adhered to for filter 
based sampling ofPM25 in air. The procedures below are a summarized version of the 
procedure described in the Quality Assurance Guidance Document, Method 
Compendium "PM2.s Mass Weighing Laboratory Standard Operating Procedures for Ute 
Performance Evaluation Program" which should be referenced for all low volume PM2.5 
filter analysis. 

• EPA OAQPS National Filter Distribution Program will send filters to the SESD 
PM25 Filter Weighing Laboratory 

• Upon introduction into the weighing laboratory process, each individual batch of 
filters will go through lot stability testing to detennine a mulimum equilibration 
time period. 

• Prior to use the filters will be checked for deformities, equilibrated at 20- 23°C ± 

2°C and 30 - 40 % ± 5 %relative hmnidity for a minimum of24 hours, labeled, 
pre-weighed (auto-entry into database), loaded into cassettes, and prepared for 
packaging and shipping. 

• During the pre-weighing session, the filter batch should pass 1 OOJ.1g and 200J.1g 
balance checks(+/- 3ug), two consecutive weightings demonstrating stability(+/-
5ug), and provide an initial laboratory blank weighing. 

• The SESD Filter Weighing Laboratory will ship the pre-weighed filters and 
chain-of- custody (COC) forms to the field personnel. 

• Filters and COC forms for Region 4 are passed directly to the field scientists. 

• After sampling, filters will be transported to the SESD Filter Weighing 
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Laboratory, logged into the database, refrigerated until a batch is completed, 
moved to the laboratory, unloaded from the cassettes, equilibrated for at least 24 
hours, and post-weighed. 

• During the post-weighing session, the filter batch should pass 1 OOrng and 200ug 
balance checks(+/- 3ug), post batch stability check ( +/- 15ug), and laboratory 
blank check(+/- 15ug). 

• SESD will calculate the tare weight from the limoratory analyses and will 
calculate a concentration from the field data. All field data and laboratory data 
will be archived and backup data will be kept on the network. 

Chain-of-custody and all accompanying field data must be maintained for all samples. 
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3 NON-CRITERIA POLLUTANT MONITORING FOR AIR 

POLLUTANTS FOR WIDCH NATIONAL AMBIENT AIR 
QUALITY STANDARDS HAVE NOT BEEN ESTABLISHED. 

3.1 Formaldehyde Sampling With DinitrephenyJhydrazine Cartridges Using 

Method TO-llA 

The following is a synopsis of procedures which should be sttictly adhered to for the 

handling and field use of dinitrophenylhydrazine-(I}NPfi) cartridges for formaldehyde 

sampling. The following generic procedures should be adhered to at all times. 

Summary of Sampling Method: 
A glass cartridge using Dinitrophenylhydrazine (DNPH) is placed in a special sampler 

and is equipped with pumps that withdraw a calibrated air volume for a specified time to 

capture Formaldehyde and other carbonyl compounds. The cartridges are collected and 

shipped to the laboratory under controlled temperature. 

• Quality Control requirements will be based on the method's DQO. 

• A minimum of one trip blank shall be transported per one to ten samples 
collected. Instrument blanks, duplicated samples or co-located samples will be 

based on laboratory request. 
• Chain of Custody shall be maintained for all samples. 

• Polyethylene or latex gloves must be worn whenever handling any of the DNPH 

cartridges (in the extraction laboratory, duringlJreparation for shipment, during 

field set-up, in the field during preparation for return shipment, and in the 

laboratory during preparation for analysis and during analysis). 

• All padding material shall be either clean tissue paper or polyethylene-air bubble 

padding. Never use polyurethane foam, cardboard, or newspaper as padding 

material. DNPH cartridges which have been properly prepared for shipment 

should be shipped in coolers with eutectic salt packs (Blue Ice). 

Due to shelf life limitations, only the number of DNPH cartridges needed for a maximum 

of 180 days (including trip blanks and extra DNPH cartridges for breakage) should be 

ordered at any one time. 

• On the date of shipment or when loading out for a study, the Air Monitoring Staff 

will remove the capped DNPH cartridges from the refiigerator in the Air 

Labomtory. 

• An appropriate amount of packing material shall be placed in the shipping 

container to prevent breakage of the glass DNPH tubes. The DNPH tubes should 

be shipped in coolers containing eutectic salt-packs (e.g., Blue Ice) to maintain a 

temperature of approximately 4"C. The DNPH cartridges shall be shipped the 

same day they are packed. 
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• At each sampling location the cooler will be opened and one plugged DNPH 
cartridge will be removed (wearing clean polyethylene or latex gloves) and the 
two end plugs will be removed from each end of the DNPH cartridge which will 
be immediately placed on the sampling train. (If it is the SKC brand, the glass 
ends of the tubes must be broken off. A trip blank will be placed in a sampler 
enclosure at one of the sites for the duration of the sampling event. 

• The sampler will be manually turned on and allowed to run for five minutes. An 
initial flowrate should be recorded on the sample data sheet. The timer should be 
set to tum the sampler on and off at the desired times. 

• The operator should retrieve and secure the sample as soon as possible after the 
sampling period ends. The sampler should manually be turned on and allowed to 
run for five minutes and a final flowrate and the elapsed time from the time meter 
should be recorded on the sample data sheet. The exposed DNPH cartridge will 
then be removed from the sampling train (wearing clean polyethylene, latex or 
nylon gloves). The two end caps will be placed on the ends of the DNPH 
cartridge. The DNPH cartridge will be placed back into the cooler. The same 
procedure is to be followed at each sampling site. 

• At the end of each day on which the samples are collected, the exposed DNPH 
cartridges shall be either placed in a refrigerator for storage overnight or stored in 
the cooler. The cooler will be used to transport the samples to the laboratory. 
The duration of the non-refrigerated period shall be kept to a minimwn but 
absolutely not more than two davs (including the sampling event). 

• Upon arrival of the DNPH cartridges at the laboratory, the samples shall be stored 
in a refrigerator until extraction. 

• Chain-of-custody and all accompanying field data must be maintained for all 
samples. 

~.-.,- 3.2 Volatile Organic Compounds (VOC) Sampling with SUMMA® 
Electropolished Stainless Steel Canisters or Stlcosteel® Canisters Using 
Method T0...15A 

The following is a synopsis of procedures which should be strictly adhered to for the 
cleanup and use of Summa® canisters for sampling air for Volatile Organic Compounds 
(VOC) analysis. 

The following procedures must be followed in the preparation and use of Summa® 
canisters for collecting samples for VOC analysis. 

• All new Summa®!Silcosteel® canisters must be individually checked for 
contamination by the laboratory before use. One of each batch of 10 Summa®· 
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canisters that are subsequently cleaned must be analyzed to check for 

contamination. 

• All sampler tubing, fittings, and wetted parts of valves must be solvent washed in 

hexane and heated to > 1 00" C. These parts should then be assembled and flushed 

with nitrogen1 for at least 8 hours prior to use in the sample train or in the canister 

cleanup apparatus. 

• Each canister's valve and fitting will be inspected for damage before cleaning. 

Any damaged valve will be replaced with a previously cleaned (see procedure 

above) valve. After replacing any valve, the canister will be cleaned and analyzed 

to verify that it is free of contamination. 

• If any canister is used to sample a high concentration source, it must be cleaned 

and analyzed to verify it is free of contamination before it can be used again. 

• Chain-of-custody must be maintained for all samples. 

1. The nitrogen should be certified 99.999% pure by the manufacturer. A scrubber should be 

attached to the nin·ogen line after the regulator to remove any trace impurities. 

3.2.1 Sample CoUection Procedul'e 

Two types ofVOC samples can be collected with Summa®/ Silcosteel® 

canisters. The canister can be opened and allowed to fill rapidly to obtain a grab 

sample or filled slowly by using a flow controller to collect a time integrated 

sample. With either type of sample, the following general procedures should be 

followed: 

• A Chain-Of-Custody Record should be completed detailing time of 
sampling, sampling interval, and signed by the person collecting the 

sample. 

• After the sample has been collected, the Summa®/Silcosteel® canister 

should be capped, an EPA pre-numbered tag should be completed and 

attached to the canister, and the canister should be placed in a shipping 

container with a copy of the Chain-Of-Custody Record and sealed with 

EPA sample custody tape. 

3.2.2 G1·ab Sample Collection Procedure 

Before a grab sample is collected for VOC analysis in a Summa®/Silcosteel® 

canister, the canister inlet valve should be fitted with a pre-cleaned stainless steel 

pruticulate filter. At the sample collection location, the main valve should be 

opened and the canister allowed to fill. After about one minute (when no audible 
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sound of rushing gas can be heard), the main valve of U1e Sununa® canister 
should be closed and capped. 

3.2.3 Time I11tegrated Sample Collection Procedure 

This sample collection method involves the use of a flow controller OT a sampler 
containing a flow controller to slowly meter the flow of air entering a 
Summa®/Silcosteel® canister. With this method, a sample is collected over a 
longer period oftime than with n grab sample. If a constant flowrate was 
maintained, the resulting sampTe will have a VOC content that is the average of 
the VOC concentrations during the sampling interval. The following procedures 
should be followed to collect time integrated samples: 

• Cleaning and Adjustment 
All sampler systems should be checked for contamination prior to use or 
after any major repair. This is accomplished by metering humidified zero 

,,_ air to the inlet of the sampler. Excess z~ro air should be vented with a 
· Swagelok® tee from the sampler inlet tO atmosphere. TI1e evacuated 

canister should then be filled at the normal sampling rate with the zero gas 
and verified by the laboratory to be free from contamination. 

• Sample Collection 
Prior to sampling the flow controller will be calibrated a mass flow meter. 
The flowrate should be adjusted so that at the end ofthe sampling interval 
the ending pressure of the canister is approximately 0.9 atm. The final 
canister vacuum should be between 5 inches and 1 inch ofHg. The final 
tlowmte should be at least 1 sec/min. 

After sample collection, all canisters should be tagged with au EPA pre-numbered 
tag with all of the information filled out. Place the canister in a shipping 
container and seal the container with EPA sample custody tape. 

3.3 Sampling for Semi-Volatile Organic Compounds (SVOC) Analysis with High 
Volume PUF Samplers Using Methods T0-4A & T0-13A 

The following is a synopsis of procedures which should be strictly adhered to for use of 
the High Volume Polyurethane Foam (PUF) sampling method for collecting samples for 
semi-volatile organic compound (SVOC) analysis including pesticides and 
polychlorinated biphenyls. 

The following procedures must be followed during preparation ofPUF sampling media 
when using the High Volume PUF method for collecting samples for SVOC analysis: 

• All PUF sampling media should be pre-cleaned, loaded into High Volume 
PUF sample cartridges, and sealed in solvent washed cans by the 
extraction laboratory prior to use. 
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• Chain-of-custody shall be maintained for all samples. 

3.3.1 PUF Cleaning Procedure 

• The Air Monitoring Staff has responsibility for buying the PUF media and 
cutting the PUF plugs. PUF media should be specified as not containing 

any fire retardants. It should be stored in the dark to prevent photo­

oxidation. It should be less than two years old, and should be stored in a 

pesticide free environment. 

• Care should be exercised in cutting the PUF. It should be thoroughly wet 

with tap water prior to cutting. A drill press and stainless steel PUF 
cutting die should be used. The drill press area should be free of oil and a 

polyethylene cutting block should be used to stop the die at the bottom of 

the drill press stroke (do not use wood). Water should be sprayed on the 

die to help prevent snagging as the PUF is cut. After the plugs are cut, 

they should be rinsed with tap water and followed by a rinse with analyte­

free water. Finally, the excess water should be squeezed out. 

• The PUF/XAD cartridges arc assembled using a modified glass sleeve 

containing an extra-extra coarse frit to retain the XAD resin in the 
following manner. A 3/4-inch layer of XAD resin is poured on top of the 

frit followed by a 1%-inch PUP plug to retain the XAD resin. 

• TI1e assembled PUF/XAD cartridges are delivered to the extraction 
laboratory for cleaning and checking. The extraction laboratory will be 

given a minimum of three weeks notice for cleaning and checking the 

PUF/XAD cartridges. The cleaned PUF/XAD cartridges should be 
wrapped in aluminum foil and packed in pre cleaned metal cans or glass 
jars cushioned by new polyethylene bubble wrap to prevent breakage 
during shipment. Prepared PUF/XAD sample cartridges that ure pre­
packed in solvent washed metal cans will be obtained from the extraction 

laboratory prior to sampling. The cans should be packed inside coolers 
frozen eutectic salt packs (Blue Ice) to maintain a temperature ofless than 

IS"C. 

3.3.2 Sample Collection Procedure 

The following procedure will be followed for all High Volume PUF/XAD 

sampling. 

• Powder-free latex. gloves will be used when handling all PUF/XAD 
cartridges and quartz particulate pre-filters. Assure that the red silicon 

upper and lower gaskets, located in the cartridge housing, are in place. 

Then remove the PUF/XAD cartridge from the shipping container, remove 
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from the foil and insert the cartridge into the High Volume sampler's 
chamber. The pre-filter should be installed in the filter holder using 
caution not to over tighten the fittings. The foil should be placed back in 
the shipping container. The container should be labeled with site ID, 
operator's name, and sample date, and placed in the High Volume sampler 
enclosure until the sample is collected. · 

• The High Volume sampler should be turned on and allowed to run for two 
minutes. An initial flowrate should be recorded on the sample data sheet. 
The timer should be set to tum the sampler on and off at the desired times. 

• The operator should retrieve l!Ud secure the sample as soon as possible 
after the sampling period ends. The sampler should then be manually 
turned on and allowed to run for two minutes. A final flowrate should be 
recorded on the sample data sheet. The final flowrate should be at least 
150 liters per minute. The PUF/XAD cartridge should be removed, and 
the quartz pre-filter folded and placed in the !Q1! of the PUF/XAD 
cartridge. The PUFIXAD cartridge and pre-filter should be re-wrapped in 
the original aluminum foil and placed back in the shipping container. The 
container should then be tightly sealed. Complete the sample data sheet 
and Chain-Of-Custody Record and seal the shipping container with n 
sample custody seal. Finally, the shipping container containing the s<UDple 
should be placed in a cooler containing frozen eutectic salt packs (at a 
nominal temperature of- 15" C). When all samples are collected from all 
sites, the cooler should be sealed with sample custody tape for transp01t 
back to the laboratory. 

• Upon arrival of the metal container at the laboratory, the samples shall be 
stored in the metnl container in a refrigerator until submitted for 
extraction. 

3.4 Collecting Samples for Metals Analysis Using the High Volume Sampler 

The following is a synopsis of procedures which should be strictly adhered to for the 
collection of samples for metals analysis in air using the High Volume sampler, 

• All quartz filters used will be supplied by the EPA National Filter Distribution 
Program, and of the same quality as supplied to the State and Local Agency Air 
Monitoring Stations. 

• Prior to use, all filters will be checked for pinholes, and desiccated at t 5°C - 30°C, 
± 3°C, and less than 50 percent relative humidity, ± 5 percent, for at least 24 
hours. 

• A filter field blank will be taken to the field, but not exposed. Filter field blanks 
will be analyzed by the laboratory to determine the concentration of metals 

SESD Operating Procedure 
Amblenl Air Sampling 

Effective Date; October 30, 2009 

SESDFORM-012-R4 

Page 24 of32 

Page 57 of 137 

SESDPROC-303-R2 
Ambient Air Samp6ng(303)_AF .R2 

SESD Category2 QAPP Template 



\""1 
','t, 

Quality Assurance Project Plan 
U.S. Environmental Protection Agency 

Science and Ecosystem Support Division 
980 College Station Road 

Athens, GA 30605 
SESD Project 10 # 11-0068 
SESD Category 2 QAPP 

COPY 
contained in the filter matrix. The number of filter blanks will be determined 
based on a minimum of one blank for each ten samples collected. 

• Chain-of-custody must be maintained for all samples. 

3.4.1 Sample Collection Procedure 

Samples will be collected using the High Volume sampler as described, and 
operated in accordance with 40 CPR, PART 50, APPENDIX B: 

• All flow calibration orifices will be traceable to a Primary Standard 
Rootsmeter. Flows will be conected to EPA standard temperature and 
pressure (25°C and 760 rnm Hg). 

• Digital manometers used to determine flow rates will calibrated by tlte 
factory annually. 

• Air Monitoring Staff personnel will remove a 2-inch strip of the exposed 
filter from one end and discard it. Two l-inch strips will be cut from the 
same end and transported to the laboratory for analysis. 

3.4.2 Integrated Sample Collectiotz Procedure 

The following procedure should be followed to collect time integrated samples: 

• Initial and final flow rates will be determined with a calibrated orifice and 
a digital manometer. 

• After the sample has been collected, the filter will be folded lengthwise 
and placed in a filter holder. The filter holder is then placed in an 
envelope and the envelope sealed. 

• A Chain-Of-Custody Record should be completed which contains the time 
of sampling, the sampling interval, and the signature of the person taking 
the sample. 

After sample collection, all sample envelopes will be placed in an appropriate 
container. An EPA custody seal will be placed on tl1e container. Filters will be 
cut by the Air Monitoring Staff and transpmted to the laboratory for analysis. 

3.5 Standard Operating Procedure for Mercury Analysis of Air Using the 
Tekran Mercury Vapour Analyzer modei2537A. 

The following is a synopsis of procedures which should be strictly adhered to for 
continuous monitoring of gaseous mercury in ambient air. 
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3. 5. I Im~trument Operation 

The Tekran Vapour Analyzer 2537 A is designed to «continuously" analyze air for 
total gaseous mercury. The Tekran 2537A uses Cold Vapour Atomic 
Fluorescence Spectrophotometry (CV AFS) for the detection of mercu;?'. The 
instrument has been shown to be linear from 0.1 ng1M3 to -1500 ng/M . 

Although the instrument can handle samples with high concentrations, the user 
must avoid exposing the instrument case and parts to high levels of mercury. 
Mercury contamination residing on the instmment's components could skew both 
analyses and calibrations. 

3.5.2 Sample Co/lectio" Procedure 

The Tekran Vapour Analyzer 2537 A continuously samples ambient air for gaseous 
mercury. It performs the analysis periodically as determined by the method 
entered by the operator into the on-board computer. The frequency of analysis 
{and thus the duration of the sample collection) can be varied from about every 4 
minutes to 15 minutes. 

The analysis begins when air is dmwn into the instrument through the Sample Air 
Inlet The instrument's on board computer switches a set of valves that introduces 
sample into one of two gold matrix cartridges at a time. As the sample passes 
through the cartridge, the mercury in the air amalgamates onto the encased gold 
mesh screen. While one cartridge samples the air, the onboard computer analyzes 
the other cartridge. At the start of the analysis cycle, the instrument sweeps the 
cartridge with argon gas, and then heats the cartridge. Mercury that was adsorbed 
onto the gold matrix is released during heating in argon. The mercury is then 
swept into the detector by the flow <>f the argon carrier gas. 

U.V. light at 253.7 nm excites any mercury atoms present, which fluoresce and 
re--radiate at the same wavelength. A UV detector views the cell at right angles to 
the incident light Direct light from lhe source is not seen. however, the 
fluorescence produced by the mercury in the cell is observed by the UV detector. 
The intensity of the fluorescence is direct! y proportional to the amormt of mercury 
in the cell. Once the mass of mercury present is known, the on-board computer 
calculates the concentration of mercury as the mass of mercury divided by the 
volume of air sampled. The on-board computer sends the analysis results to a 
display screen and to a data-collecting computer. Although the instrument 
switches between chambers instantaneously, the analysis ofthe mercury within the 
chamber and calculations involved require an unavoidable lag time before the 
results are available. When the instrument is used for onsite sampling/analysis, 
the analyst must take care to link the readout to the appropriate sample. 
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3.5.3lnterferences 

Due to the unique design of the Tekran, there are no known chemical 
interferences. The only materials that enter the instrument are gases and vapors, 
and the only material that is retained by the gold screen is mercury. All other 
materials pass through the cartridge. The mercury is desorbcd and analyzed with 
no other materials present to interfere with the fluorescence detection. 

3.5.4 Required Equipment 

• The Tekran 2537 A 

• The Tekran Model 2505 Mercury Vapor Calibration Unit. This item is 
used only at the SESD ba:~e laboratory. Although this item is 
transportable. movement can disrupt the internal mercury bead. If any of 
the internal mercury adheres to the syringe during calibr.ation, the actual 
amount of mercury present in the sample will be drastically underreported, 
leading to an inflated re.'lponse fuQtor. 

• Teflon® pre-filter. A 5Jl47mm Teflon® prefilter should be used on the 
inlet end of the sample line to prevent contamination of the sample line 
from the inlet to the instrument The instrument has two additional47mm 
Teflon® filters on its ambient air inlet and the zero air inlet 

• W' O.D. Teflon® tubing. The tubing is used to collect the sample and 
should be long enough to reach the most distant sample location, but not 
longer than 100 feet. 

• A computer to record the data. (Must be capable of running the TEKRAN 
data capture program) 

• A scrubber tube filled with activated carbon, to attach to the vents. 

• 1 0, 25 or 50JlL syringes. The syringes should be gas tight, with Teflon® 
tipped batTels. Tekran recommends using syringes with side venting 
needles because they are less likely to plug on extracted septum material. 
Read the User's Manual to learn how to condition the syringes for use 
with the primary standard. 

3. 5.5 Reagents and Standards Required 

• High Purity Argon to act as the cmTier gas. 

• Compressed zero air or high purity Nitrogen to act as the Zero Air. 
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• Elemental Mercury (<Sml) for use in the Tekran 2505 Cold Vapor 

Cahorator as a primary standard. 

3.5.6 Calibration 

A mercury permeation tube is housed in a temperature control chamber within the 
Tekran 2357 A for routine calibration of the instrument. This tube is maintained at 
50° C. The permeation tube constantly emits mercury at a low rate that does not 
vary as long as the temperature remains stable and as long as there is carri« flow 
over the permeation tube. This mercury can be directed to the cartridges and sets 
the response factor of the instrument automatically. 1he analyst can initiate an 
internal calibration in three different ways. First, the method for the on-board 
computer can be programmed to start the calibration at a specific time. Next, the 
analyst may use the keyboard to start the calibration from two different operating 
modes. Finally, the instrument will start a catibmtion when an electric circuit 
switch on the back panel is closed from a remote device. 

The permeation rate of the mercury permeation tube is only constant once the 
permeation tube has reached a constant temperature and has reached equilibrium. 
Upon instrument startup, the calibration source should be allowed to stabilize for 
12-hours with power applied and carrier gas connected before a calibration is 
attempted. Typically, the method stored in the on-board computer will be set to 
perform one calibration per 24-hour period following this warm up period. 
Different study requirements may require different calibration intervals. 

The User's Manual provides much more detail than this document. The analyst 
should read and understand the manual for a complete description of the 
calibration process. The automated calibration is initiated using the front panel 
control. The steps are outlined as follows: 

• From the MAIN MENU screen, use the arrow keys to highlight 
CALffiRATE and press <Enter> to start the calibration. 

• From the CALIBRATE MENU screen, highlight TYPE and press 
<Enter> 

• Select the SOURCE option 
• From the CALIBRATE MENU screen, highlight CALIB and press 

<Enter> 
• From the CALIBRATE CYCLE screen. highlight FULL and press 

<Enter> 
• From the CALIBRA TE:CALIB screen, highlight BOTH and press 

<Enter> 

It is important to routinely verify the permeation rate of the Tekran 2357A's 
internal permeation tube. A manual calibration procedure must be performed to 
certify the internal permeation rate. The manual calibration procedure utilizes the 
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well documented vapor pressure of mercury to produce a «primary standard". 
When elemental mercury is enclosed in a sealed chamber at a fixed temperature, it 
reaches equilibrium and a gaseous concentration of mercury of fixed 
concentration is present. The runount of mercury contained per w1it volume at a 
given temperature is a well known function that is available in tables. To simplify 
this calibration, the Tekran model 2505 mercury vapor calibration unit is used. It 
is typically operated at 15<> C (it should be-maintained at least two degrees below 
ambient to prevent condensation of mercury on the syringes). 

The User's Manual provides mucl1 more detail than this document. The analyst 
should read and understand the manual for a complete description of the manual 
calibration process. The manual calibration is initiated using the front panel 
control. The steps are outlined as follows: 

• From the MAIN MENU screen, use the arrow keys to highlight 
CALIBRATE and press <Enter> to start the calibration. 

• From the CALIBRATE MENU screen, highlight TYPE and press 
<Enter> 

• Select the INJECT option and press <Enter> 

• From the CALIBRATE .MENU screen, highlight CALIB and press 
<Enter> 

• From the CALIBRATE CYCLE screen, highlight FULL and press 
<Enter> 

• From the CALIBRATE: CALIB screen, highlight BOTH and press 
<Enter> 

The calibration begins with the Clean Cartridge A cycle, and proceeds to the 
Clean Cartridge B cycle, followed by the Zero Cartridge A, Zero Cartridge B, 
Span Cartridge A, and finally Span Cartridge B cycle. During the Span cycles, 
the instrument will prompt the analyst when it is time to inject the primary 
standard. The an1ount of standard required is calculated and preset during method 
development After a successful calibration. the instrument will calculate the 
results for both cartridges, including their Blank Correction (Blcorr) and 
Response Factor (Respfctr). The operator should ensure that the response factor 
does not change more than ± 1 0% between calibrations or corrective maintenance 
may be necessary. Now the instrument is ready to measure samples. 

3.5. 7 Analysis and Operation 

Once the instrument is calibmted, the operation is straightforward. From the main 
menu screen, highlight RUN and press <Enter>. The instrument will start 
sampling and analyzing the air following the method stored in memory. The 
results are displayed on screen, but can also be sent to an attached computer. 
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3.5.8 Calculations 

The instrument's on-board processor calculates the concentrations automatically. 

The user need not perform any calculations during routine sampling and analysis. 

3. 5. 9 Flowrate Checks 

TI1e sample flowrate of the Tekran is controlled by an electronic mass flow 
controller which in turn is controlled by the on-boru-d computer, Since the 
mercury permeation tube used to calibrate the instrument emits a constant mass of 

mercury per unit time, changes in sample flowrate won't always be apparent 
during calibrations. However. changes in flowrate would result in direct errors in 
the quanitation of the ambient air samples. So, it is important to periodically 
check the tlowrate to verify that the electronic flow controller is working 
properly. Sample flowrate is best checked against a primary flow calibrator such 

as a soap-film bubble meter or a positive displacement calibrator such as a Dry 
Cal®. The calibration is conducted by attaching the calibrator to the inlet and 
measuring the flowrate. Ifthe flowrate doesn't match the flowrate stated on the 
instrument display, the mass flow controller should be recalibrated as per the 

Tekran manual. 

3. 5.10 Records Management and Doc11merdation 

The data sent to the attached computer will stored for on the computer but backup 

copies of the data should be placed onto removable discs ru1d stored for record 
keeping. 

3. 5.11 Safety 

The instrument itself presents few Health & Safety concerns. However. the 
instrument is typically used in areas where mercury contamination is suspected. 
The individual responsible for sampling the air should use personal protective 
equipment (PPE) stipulated by the site safety officer. The manufacturer includes 
a tube filled with activated charcoal that can be placed on the vents to absorb the 
mercury vented from the instrument. The mercury lamp emits UV radiation; 
never look directly into the lamp, and avoid exposing skin and eyes to the UV 
rays. 

3.6 Sampling for Dioxin and Dibenzofuran Analyses with High Volume PUF 
Samplers Using Method T0-9A 

3.6.1 General Information 

The following is a synopsis of procedures which should be strictly adhered to for 
use of the High Volume Polyurethane Foam (PUF) sampling method for 

SESD Operating Procedure 
Ambient Air Sampling 

Effectlve Date: October 30, 2009 

SESDFORM-012-R4 

Page30of32 

Page 63 of 137 

SESDPROC-303-R2 
Ambient Air Sampling(303)_AF.R2 

SESD Category2 QAPP Template 



.'.,!, 

Quality Assurance Project Plan 
U.S. Environmental Protection Agency 

Science and Ecosystem Support Division 
980 College Station Road 

Athens, GA 30605 
SESD Project ID # 11-0068 
SESD Category 2 QAPP 

COPY 
collecting samples for polychlorinated dibenzo-p-dioxins and dibenzofurans 
analyses. 

Since this method requires High-Resolution Mass Spectrometry which the Region 
4 laboratory does not have, all srunple media preparation and analysis will have to 
be contracted. At least one month's notice prior to sampling should be given to 
obtain a contract laboratory tor any dioxin and dibenzofuran analysis. It is 
important that the contract specify a number of details to assure accurate results: 

• All of the PUF media and a representative number of each batch of quartz 
pre-filters should be checked by the contract laboratory to assure that there 
is no contamination. Each PUF plug should be pre-spiked by the contract 
laboratory with dioxin and dibenzofuran surrogates as a check of the 
accuracy of the method. 

• Each set ofPUF plugs and quartz filters should be securely packed in 
sealed containers and in coolers to prevent damage during shipment. The 
sampling media should be sl1ipped air freight to minimize the time 
between cleanup and sampling. 

• Chain-of-custody shall be maintained for all saniples. 

3.6.2 Sample Collection Procedure 

The following procedure will be followed for the coll€Ction of all High Volume 
PUF samples for dioxins and dibenzofurans analyses. 

Latex gloves will be used when handling all PUF cartridges and quartz particulate 
pre-filters. Assure that the red silicon upper !Uld lower gaskets are in place in the 
PUF cartridge housing. Remove the PUF cartridge from the shipping can. 
Unwrap and insert the PUF cartridge into the High Volume (Hi-Vol) PUF 
sampler's chamber. Install the pre-filter in the filter holder using caution not to 
over tighten the fittings. The removed aluminum foil should be placed in the 
shipping container which then should be resealed. The container should be 
labeled with the site ID, the operator's name, !Uld the sample date, and placed in 
the Hi-Vol PUF sampler endosure until the sample is collected. The Hi-Vol PUP 
sampler should be turned on and allowed to run for two minutes. An initial 
flowrate should be recorded on the sample data sheet. The timer should be set to 
tum the sampler on and off at the desired times. 
The operator should retrieve and secure the sample as soon as possible after tho 
sampling period ends. The sampler should then be manually turned on and 
allowed to run for two minutes and a final flowrate recorded on the sample data 
sheet. The final flowrate should be at least 150 liters/minute. The PUF cartridge 
should be removed, and the quartz pre-filter folded and placed in the 121! of the 
PUF cartridge. The PUF cartridge and pre-filter should be re-wrapped in the 
original aluminum foil and placed back in the shipping container and the 
container should be tightly sealed. Complete the sample data and sample custody 
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sheets. Each shipping container should have a sample custody seaL Finally, the 
shipping container containing the sample should be placed in a cooler containing 
frozen eutectic salt packs (at a nominal temperature of- 4" C). When all samples 
are collected from all sites, the cooler should be sealed with sample custody tape 
for shipment to the contract laboratory. 

Upon arrival of the metal container at the contract laboratory, the samples shall be 
stored in the metal container in a refrigerator until submitted for extraction. 

.. 
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Method I0-4.2 
DETERMINATION OF REACTIVE ACIDIC AND BASIC 

GASES AND STRONG ACIDITY OF 
ATMOSPHERIC FINE PARTICLES(< 2.5JUU) 

1.1 The quantitative measurement of reactive acidic and basic gases and strong acidity of atmospheric fme 
partiCles in ambient air using ammal denuder technology is described in dtis method. The difference between 
Inorganic CompendiWl Methods I0-4. I and 10-4.2 is dtat dte latter accouuts for possible interference from 
dte dissociation of ammonium nitrate aerosol from particles collected on dte filter by two mechanisms: 

Consequently, an accurate and quantitative value for determining strong acidity of atmospheric fme 
particle is calculated. 

1.2 The chemical species dtat can be detennined by dtis medtod are gaseous S0 2, HN02, HN01, and NH1 and 
particulate so;, NOj, NH!, and H+. Detection and quantitatiou lintits are given in Table I. 

1.3 This method is a composite ofmedtodologies developed by dte U.S. Environmental Protection Agency 
(EPA), Harvard University and dte CNR Laboratories (Italy). A number of air pollution studies in Italy, United 
States, Canada, Mexico, Gennany, Austria, and Spain, and in public healdt services, epidemiology, and 
envirotunental research centers have used dtis medtod. 

1.4 The equipment described herein is used to measure acidic and basic gases and strong acidity of atmospheric 
fine particles contained in ambient air. The medtodology originally was developed for monitoring regional-scale 
acidic and basic gases and strong acidity of atmospheric fine particle in support of EPA's field programs 
involving dte lntegated Air Cancer Research Program and dte Acid Depositiott Network. Similarly, dte 
medtodology bas been used to characterize dte urban haze in Denver, Houston, and Los Angeles. 

1.5 The techniques, procedures, equipment, and odter specifications comprising dtis medtod are derived and 
composited frottt dtose actually used by contributing research orgauizatioos and, dterefore, are known to be 
serviceable :W, effective. At dtis stage, Ibis medtod is a unifted, consensus, tentative, draft method intended 
for further apptlCal:ioo and testing. Users should be advised dtat dte medtod has not yet been adequately tested, 
optimized, or standardized. Many of dte specifications have been initially established by technical judgement 
but have not been subjected to ruggedness testing. In some cases, alternative techniques, equipment, or 
specifications may be acceptable or superior. In applying dte medtod, users are encouraged to consider 
alternatives, widt dte understanding dtat dtey should test any such alternatives to detenni.ne dteir adequacy and 
confmn and dOCWlent dteir advantages. Infonnation and comments are solicited on improvements, alternative 
equipment, tec~JoMtues, specificatiotts, performance, or any odter aspect of dte medtod. 
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2. Applicable Documents 

2.1 ASTM Standards 

Athens, GA 30605 

Chapter I0-4 
Atmospheric Acidic 

• D 1356 Definitions of Terms Related to Atmospheric Sampling and Ana(rsis. 

2.2 Other Documents 

• Ambient Air Studies (1-14). 
• U. S. EPA Acid Aerosol Document ( 15). 

3. Summary of Method 

3.1 The armular denuder system (ADS) consists of (I) an inlet with au impactor or cyclone preseparator 
designed to remove all particles with a diameter (aerodynamic) of 2.5 )liD or greater, (2) rumular denuders to 
quantitate acidic: and basic gases. and (J) a filter pack for atmospheric acidity and particles. In operati011, 
ambient air is drawn through atl elutriator-accelerator jet assembly, atl impactor frit attd coupler assembly, and 
past glass denuder walls that have been etched and coated with chemicals that absorb the gaseous species of 
interest. The remaining air stream is then filtered through Tetlon® and Nylasorb® membrane filters. Teflon® 
and nylon membrane filters are used to capture arrunonium and nitrate aerosol and sulfate particulate matter. 
Nitric acid and sulfur dioxide will also be collected by the nylon filter but these measurements are treated as 
interference. The ADS is illustrated in Figure I. The field sampling box with the ADS rutd pump~timer system 
is shown in Figure 2. 

3.2 Following each rw1, the ADS assembly is removed from its field housing. its ends are capped, rutd it is 
brought back to the laboratory. In the laboratory, the assembly pieces are tmcoupled and capped. The annular 
denuders are extracted with 5 ml of deionized water. The extracted solutions are subsequently analyzed for 
ions corresponding to the collected gaseous species (see Figure I). The filters are placed into filter bottles where 
5 or I 0 ml of the ion chromatographic (IC) eluent are pipetted into each filter bottle with the filters faced 
downward attd completely covered by the eluent. The filter bottle is capped attd put in an ultrasonic bath for 
30 min. The bottles are stored in a clean refrigerator at 5EC until analysis. 

3.3 The analysis of anion and cation concentrations collected by the denuders and filter pack is typically 
performed by ion chromatographic and Technicon® colorimeter autoanalytic procedures. The H +concentration 
of extracts froructhe Teflon® filter downstream of the denuders is performed by pH measurements using 
commercially .Uable pH m~ters calibrated with stattdards. 

4. Significance 

4.1 Reactive acidic (S02 and HN01) and basic (NH1) gases and particles are found in the atmosphere as a 
result of emissions from a variety of fossil fuel combustion sources, including industrial and commercial 
facilities, industrial processes, etc. Measurements of these chemical species are currently being used in a rru1ge 
of environmental studies, such as in (I) epidemiological pregrams"tt> assess the impact of acid aerosols on 
respiratory impairment, (2) receptor modeling to determine the origin of particles that impact EPA's PM25 or 
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PM 10 air particulate standard, (3) assessment of the impact of particulate nitrate and sulfate on visibility, and 
(4) quantification of the impact of acidic and basic air pollutants on issues related to acid rain. 

4.2 Unique features of the arumlar denuder that separate it from other established monitoring methods are the 
elimination of sampling artifacts due to interaction between the collected gases .-:1 particles and the preservation 
of the samples for subsequent analysis. This preservation is accomplished"by removing NH3 in the gas stream 
by the citric acid coated denuder and reducing the probability of the particulate sulfate (S04) captured by the 
filter pack from being neutralized to ammonium sulfate [(NH4) 1S04J. If NH3 is not extracted from the gas 
stream prior to filtration, particulate sulfate and gaseous sulfur dioxide correction would be required for accurate 
measurements. These biases in its configuration and analytical methodology are addressed in this method. 

5. Defmitions 

Definitions used in this document and any user prepared Standard Operating Procedures (SOPs) should be 
consistent with ASTM D 1356. All abbreviations and symbols are defined within this document at the point 
of use. 

~ 

5.1 Particulate Mass. A generic classification in which no distinction is made on the basis of origin, physical 
state, and range of particle size. (The tenn "particulate" is an adjective, but it is commonly used incorrectly as 
a nom1.) 

5.2 Primary Particles (or Primary Aerosols). Dispersion aerosols formed from particles that are emitted 
directly into the air and that do not change form in the atmosphere. Examples include windblown dust and 

ocean salt sp·'ll· ~' 

5.3 Secondary Particles (or Secondary Aerosols). Dispersion aerosols that form in the atmosphere as a 
result of chemical reactions, often involving gases. A typical example is sulfate ions produced by photochemical 
oxidation of S02• 

5.4 Particle. Any oi:!ject having defmite physical boundaries in all directions. without mty limit with respect 
to size. In practice, the particle size range of interest is used to define "Jlarticle." In atmospheric sciences, 
"particle" usually means a solid or liquid subdivision of matter that has dimensions greater than molecular radii 
(-I 0 nm); there is also not a firm upper limit, but in practice it rarely exceeds I nun. 

5.5 Aerosol. A disperse system with a gas-phase medium and a solid or liquid disperse phase. Often, 
however, individual workers modify the definition of "aerosol" by arbitrarily requiring limits on individual 
particle motion or surface-to-volume ratio. Aerosols are formed by (I) the iluspension of particles due to 
grinding or atomization or (2) the condensation of supersaturated vapors. 

5.6 Coarse and Fine Particles. Coarse particles are those with diameteu greater than 2.5 J.lm but less than 
10 J.lm; fme"'J)articles are those with diameters less than 2.5 J.lm. These two fractions are usually defmed in 
terms of the separation diameter of a sampler. 

[Note: Separation diameters other than 2. 5 pm have been used.] 
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5. 7 Annular. Refers to rotating to, or forming a ring. In the annular denuder sampler, the annular refers to 
d1e cylinder to which coating is applied to the interior parallel planes to remove gaseous pollutants by diffusion 
chemistry. 

5.8 Denuder. To strip away d1e process gaseous pollutants from d!e gas stream. 

5.9 Equivalent Weight. The equivalent weight, or combining weight, of a compotuJd or ion is its formula 
weight divided by d!e number of replaceable hydrogen atoms. 

5. LO Normal Solution. Solution d!at contains a gram-equivalent weight of solute in a liter of solution. 

6. Factors Affecting Denuder Efficiency 

6. L Operation below 20% relative humidity (RH) may result in less dian quantitative collection of S02 . 

Atmospheric water vapor in concentrations above 30% RH bas been shown not to be an interferant for S02 

collection. 

6.2 Studies are being conducted to identify interferents, and calculations are being developed to correct die 
measurements obtained by d!e annular denuder system for identifiable interferents. For example, d!e presence 
of ozone (01) is lo~own to oxidize nitrous acid (HNOJ to nitric acid (HN01); d!erefere, HN02 measurements 
are often tutderestimates. Calculations have been developed to adjust for d!is oxidation process and to provide 
more accurate estimations ofHN02 concentrations in d!e atmosphere. 

6.3 Od!er studies include d!e possible chemical reactions (organic and inorganic) d!at may occur wid! selected 
coating solutions that interfere wid! d!e accurate measurement of d1e chemical species of interest. 

6.4 The efficietl¥1 of impactor collection decreases when d!e impactor surface is loaded. The average 
operational time before such loading occurs bas not been determined. 

7. Apparatus 

fl:!_ote: This method was developed using the annular denuder system produced by University Research 
Cilassware. 116 S. Merritt Mill Rood, Chapel Hill. NC 27516, (919) 942-2753. as a guideline. EPA has 
experience in use of this equipment during various field monitoring programs over the last l·everal years. 
Other manufacturers' equipment should work as well. Denuder :;ystems are also available from Rupprecht 
and PatashnickCo .. Inc., 25 Corporate Circle, Albany, NY 12203, (51 8) 452-0065 and Ogawa & Company. 
USA, Inc., 1230 S. E. 7th Avenue, Pompano Beach, Florida 33060. (305) 781-6223. However, modifications 
to these procet!ures may he necessary if ailother commercialzv available sampler is selected.] 

7.1 SampUng 

7 .1.1 Elotriator and Acceleration Jet Assembly (see Figure 3). Under normal sampling conditions, die 
elutriator or entry tube is made of eidler Teflon®-coated glass or aluminum. Wben using glass, the accelerator 
jet assembly is fL"{ed onto die elutriator, and the internal surfaces of dle entire assembly are coated wid! 
Teflon®. Wben aluminum is used, d!e accelerator jet assembly is removable. The jet is made of Teflon® or 

.. 
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polyethylene, and the jet support is made of aluminum. Again, all internal surfaces are coated with Teflon®. 
Both assemblies are available with 2, 3 and 4 mm inside diameter jets (nozzles). 

7 .1.2 Tefto~ Impactor Support Pin and Impactor Frit Support Tools (see Figure 4). Made of either 
Teflon® or polyethylene and used to aid in assembling, removing, coating and cleaning the impactor frit. 

7.1.3 Impactor Frit and Coupler Assembly (see Figure 5). The impactor frit is 10 mm x3 mm and is 
available with a porosity range of 10-20 )liD. The frits should be made of porous ceramic material or fritted 
stainless steel. Before use, the impactor frit surface is coated with a Dow Corning 666 oil and toluene solution 
and sits in a Teflon® seat support fi.."ed within the coupler. The coupler is made of thermoplastic and bas 
Teflon~ clad sealing "0"-rings that are located on both sides of the seat support inside the coupler. The 
couplers are composed of two free moving female threads that bouse the support tools when assembling and 
removing the impactor frit, and couple the denuders when sampling. Arrows on the metal band bold the female 
threads together. These arrows should be pointing in the direction of air flow (see Figure I) when the ADS is 
assembled. 

flf_ote: In situations when there are substantial high concentrations of coarse particles(> 2. 5 ).l111). a Teflon® 
coated aluminum cyclone should be used in place of the acceleration jet and impactor assembly, as illustrated 
in Eigure 6.] 

The cyclone is made of Teflon®coated stainless steel. The location of the cyclone with respect to the 
denuder, heated enclosure, and meter box is illustrated in Figure 6. 

7.1.4 Annular Denuder (see Figure 7). The original denuders (single channel denuders) consist of two 
concentric Jf1ss tpbes (see Figure 4). The tubes create a I ~ orifice, which allows the air sample to pass ;,_l;) 

through. The inner tube is inset 25 mm from one end of the outer tube; this end is called the flow straightener 
end. The other end of the inner tube is flush with the end of the outer tube. Both ends of the ilmer tube are 
sealed. In this configuration, the glass surfaces facing the orifice are etched to provide greater surface area for 
the coating. Three types of denuders are available. One is the older version that accommodates the impactor 
support pin assembly and can only be the frrst denuder in sequence. It is available in glass with the impactor 
support holder made of glass and the impactor support pin assembly made of Teflon®. The denuder is 265 mm 
long with size #30 threads for coupling. It is available with flow straighteners at both ends; however, most 
denuders in use today only have one flow straightener end. The second most recent denuder version, which 
can be used as any denuder in sequence, is available in glass with only one flow straightener end. It is 242 mm 
long and bas size #30 threads. Finally, the third denuder (multi-channel denuder) design involves two inner 
concentric glass tubes (1 mm separation) positioned around a solid center glass rod, as illustrated in Figure 7. 
Once again, the glass strfaces are etched to provide greater surface area for the coating. The inner glass tubes 
and coater rod are inset 25 mm from one end of the outer Teflon®-coated stainless steel tube to serve as the 
flow straightener end. Since 1992, the multi-cbarutel denuder has been evaluated and used extensively by EPA 
in place of the single channel, all glass denuder. The stainless steel sheath multi-channel denuder, while more 
expensive, is easier to handle during coating, extraction procedures, and in field applications. Additional 
cbatmels in the denuder increases capacity oftbe denuder, thus minimizing breakthrough. 

This procedure uses two denuders in series. The first denuder, Na2C03 coated, is used to trap out HN03 

and 802• The N~C03 denuder can also trap out HCI, HN021 HF, and some organic acids. However, special 
care needs to be taken in the preparation of the denuder coating material and extraction procedures to 
quantitate HCL This method does not quantitate HCI, HN021 HF, or other organic acids retained on the 
Na2C03 denuder. 

The second denuder is coated with citric acid for trapping NH1. This procedure does cover the 
quantitation ofNH1. 

All denuder types should be equipped with thermoplastic or polyethylene caps when .purchased. 
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7 .1.5 Caps for Annular Denuder (see Figure 2). Caps are made of either polyedtylcne or thermoplastic 
and are used in the coating and drying processes and for storage and shipment The thermo-plastic caps include 
a removable Teflon® seal plate when purchased. Repeated reuse of these types of caps have caused some 
contamination due to improper cleaning of the cap and Teflon® seal plate (i.e., fluid tends to be trapped under 
the seal plate). The polyethylene caps are not equipped with seal plates. Polyethylene caps tend to dry faster 
and seal better than the thermoplastic caps. 

7.1.6 Annular Denuder Couplers (see Figure 4). The couplers should be made of thermoplastic and 
equipped with Teflon® "0"-rings that sandwich a silicone rubber ring on three sides. This design provides 
elasticity for better sealing under extremely cold temperature conditions in which Teflon® does not give. Two 
types of couplers are available. hi the older version., the couplers have removable seal rings. Problems with 
denuder breakage and leakage due to improper threading of the· couplers with the denuders led to the 
development of a second type of coupler. The new couplers are equipped with permanent seal rings that 
provide more even threading and a better seal when coupled. Some couplers have built-in flow-straighteners. 
The couplers are used to couple the annular denuders and for coupling the last denuder with the filter pack. 

7. L. 7 FUter Pack Assembly (see Figure 8). The filters are supported by stainlesssteel porous screens and 
housed in a polyethylene filter ring housing. The Teflon® filter ring housing directly follows the Teflon® filter 
housing inlet component. The "nylon" filter ring housing follows the Teflon® filter ring housing and sits on a 
Teflon® "0"-ring. which seals the filter ring housing components to the filter housing outlet component The 
filter housing outlet component is aluminum and accommodates a polyethylene screw sleeve that seals the filter 
pack assembly. The sleeve is available in different lengths to accommodate up to four filter ring housing units. 
A stainless steel "Quick-Release" plug screws into the ahxnimun outlet component for connecting the 
pump-timer to the filter pack assembly. It is equipped with an orange "dust cover" (male plug) upon purchase. 

7 .1.8 Drying ManUold Assembly (see Figure 9). Made of pyrex and is available to accommodate as 
many as four drying denuders. The denuders are attached to the manifold with back-to-back Bakalite bored 
caps. The bored caps are coru1ected with a Teflon® connector ring. Air is pushed through an air dryer/ cleaner 
bottle made of 2 ~· heavy wall pyrex that contains silica ge~ calcium sulfate, and activated charcoal (not 
available with assembly). The tubing that connects the dryer/cleaner bottle to the drying manifold should be 
secured at each cap with either Teflon® washers or Teflon® washers coupled with Teflon® bose barbs. 

A mLxture of activated carbon/drying agent/sodium carbonate flux (- 50 g) is contained in the 
dryer/cleaner bottle to scrub contaminants from the supply air source. 

7.1.9 Vacuum Tubing. Low density polyethylene tubing. 3/8" diameter for distances ofless than 50 ft., 
~"diameter for distances greater than 50 ft. Since this tubing is used downstream from the sampler., similar 
sized tubing or pipe of any material may be substituted. The tubing must have sufficient strength to avoid 
collapsing tulder vacuum [Fisher-Scientific, 711 Forbes Ave., Pittsbtrgh, PA 15219, {412-787-6322)]. 

7.1.10 Tube Fitting. Compression fittings (Swagelok®, Gyrolok® or equivalent) to cotmect vacuum 
tubing (above) to an NPT female connector or filter bolder and cmmect vacuum tubing to fitting on differential 
flow controller. The fittings may be constructed of any material since they are downstream of the sampler 
[Fisher-Scientific, 711 Forbes Ave., Pittsburgh, PA 15219, (412-787-6322)]. 

7.1.11 Annular Denuder System Sampling Case (see Figure 10). Made of a "high-impact" plastic and 
insulated with polyurethane. It is 4 ft long by 6" wide and 6" deep. Two beater units, a fan blower, and an air 
outlet are located in the lid of the housing. Also, located on the lid are the automatic and manual control 
switches and a 12-V power supply outlet for the beater and fan. The bottom of the box houses the ADS. The 
elutriator end of the ADS protrudes through one end of the box., while the denuders are supported in the box 
by chrome plated spring clips. If the Teflon®-coated aluminum cyclone is used to remove coarse particles, it 
is also housed in the heated sampling box, with the elutriator end protruding through the sampling box. A 
vacuum plug known as a "quick-release" coupler is linked to the filter pack of the ADS. This plug connec~ 
ADS to I 1/4" Teflon® rubber "clad'' shrink tubing that exhausts the air stream to the ambient air. The box 
is sledge hammer proof. 
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7 .1.12 Annular Denuder Field-to-Lab Case (Optional). Arumlar Denuder Field-to-Lab Case (Optional). 
The field-to-lab case is made of rigid plastic and insulated with polyurethane. It is made to be hand carried, not 
shipped, and is used to transport four totiil arumlar denuder systems, each consisting of either three annular 
denuder sections or two annular denuder sections and one denuder-intpactor assembly. The systems are packed 
already assembled and capped; they are rea<!J for sampling or sample analysis. The case bas a carrying handle, 
a lock, and three latches and is equipped with two keys. 

7.1.13 Annular Denuder Shlppin& Case (Optional). Made of formica, backed with plywood and 
insulated with polyurethane. The corners are reinforced with metal. It is made to withstand shipping by truck, 
UPS, and Federal Express. Each case is stackable and lockable and bas a carrying handle. Seven total rumular 
denuder systems can be packed in the case, provided each system contains four denuders each. The systems 
CaJl consist of either three denuders (242-mm long) and one denuder-impactor assembly (265 rum long) or four 
denuders (242-mm long). Each component of the system is packed in its own storage compartment. The 
personal sampler assemblies CaJl also be placed and shipped in this case. 

7.1.14 Dttrerential Flow CootroUer (Pump). Pumps air through the sampler at a fixed rate of between 
5 a11d 20 stru1dard Lim in (typically 10 Lim in) with a precision of ±5% over the range of 25 to 250 rum Hg 
vacrmm. 

7.1.15 Dry Gas Meter (DGM). Pulls 10 L of gas per revolution [Fisher-Scientific, 711 Forbes Ave., 
Pittsburgh,~ 15219, (412-787-6322)). ·"'~ 

7.2 Analysis 

7.2.1 Ion Cbromatoarapb. A chromatograph equipped with the appropriate anion and catiun exchange 
resin filled separator and suppressor columns aJld cooductivity detector for meastring acidic (S02, HN02 rutd 
HN01) and basic (NHJ) ions in solution (i.e. denuder aJld filter extracts) [Dionex Corp., 1228 Titan Way, 
Smmyvale, CA 94086, (408-737-0700)]. 

7.2.2 Tecboieon Colorimeter Autoanalyzer. Colorintetic analyzer able to detect specific ions of interest 
in aqueous extracts (Technicon Industrial Systems Corp., 511 Benedict Ave., Tarrytown, NY, 10591-5097, 
(800-431-1970)]. 

7.2.3 pH Meter. A pH or pH/ion meter with an "integral" automatic tentperature compensation aJld 
calibrated with staJtdard buffers (pH 4 and 7). including 2 a11d 4 mL ru1alysis cups (Orion and other veudocs). 

7.2.4 Polyethylene Bottles witb Polyethylene Screw Caps. 50 mL aJld 100 mL. Used for storage of 
coating solutions. best source. 

7.2.5 Erlenmeyer Flasks. 250 mL and 2 L borosilicate glass or polyethylene flasks with calibration, best 
source. 

7 .2.6 Graduated Cylinders. I 0 mL a11d I 00 mL borosilicate glass or polyethylene cylinders, best source. 
7.2.7 Pipets. Class A 5 mL and 10 mL borosilicate glass pipettes or automatic pipettes. Calibrated "to 

deliver," best source. 
7.2.8 Pipet Bulb. Made of natural rubber. Recommended to meet OSHA requirements, best sotrce. 
7 .2. 9 Micropipettes. Recommended 50JLL. Calibrated "to contain," borosilicate glass micropipette, best 

source. 
7 .2.10 Forceps. Recommended dressing forceps made of stainless steel or chrome-plated steel and witholi: 

serrations. Used for handling filters (Millipore). 
7.2.11 Stopwatcb. Used for measuring flow rate of gas stream through DGM, best source. 
7.2.12 mtrasonie Cleaner. Used for filter extractions and parts cleru1ing. Most are temperature 

controlled. Temperature should be controlled during extraction at 658: [Cole-Palmer lnstnnnent Co., 7425 
N. Oak Park Ave., Chicago, IL 60648, (980-323-4340)]. 

7.2.13 Oean Air Hood. Closed air hood with ammonia free air circulation. Used for Teflon® filter 
extraction for pH analysis, best source. 
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8.1 Tefton~ Filters. Zefluor® (PTFE) membrane filters 47-mm diameter with a 2 ~m pore size. Only one 
side is Teflon®-coated; this side should face the air stream [Gelman Sciences, 600 S. Wagner Rd., Ann Arbor, 
ML 48106, (800-521-1520)]. 

8.2 Nylasorb~ Filters. Membrane filters 47-mm diameter with a I ~m pore size. These filters are specially 
prepared and batch analyzed for low N03Gbackground levels. If other brands of nylon membrane filters are 
used, they should be batch analyzed to ensure low and replicable levels of N03G[Gelman Sciences, 600 S. 
Wagner Rd., Ann Arbor, MI, 48106 (800-521-1520)]. 

8.3 Denuder Extract Storage Vials. 30 mL (I oz) screw-cap polyethylene sampling vials (Nalgene or 
equivalent). Allow eight per sample for each sampling period, best source. 

8.4 Filter Extract Storage Vials. 25 mL polyethylene vials (N algene or equivalent). Allow two vials for each 
sampling period, best source. 

8.5 IC Analysis Vials and Caps. Available in 5 mL and 0.5 mL and are made of polypropylene. The filter 
caps are made of plastic and contain a Teflon® filter through which the sample is extracted for analysis. Both 
the vials and filter caps should be disposable, best source. 

8.6 Labels. Adhesive, for sample vials, best source. 

8. 7 ParaOim. Used for covering flasks and pH cups during pH analysis, best source. 

8.8 Kimwipes~ and Kay-dry Towels. Used for cleaning sampling apparatus and analysis equipment, best 
source. 

8.9 Stoppers. Cork or polyethylene, best source. 

8.10 Sodium Carbonate (Na1COJ). ACS reagent grade, best source. 

8.11 Sodium Chloride (NaCI). ACS reagent grade, best source. 

8.12 Toluene. ACS reagent grade, best source. 

8.13 Glycerol (Glycerine - CH10HCHOHCH20H). ACS reagent grade, best source. 

8.14 Otrie Acid (Monohydrate- HOC (CH2 CO) OH),COOH: H20. ACS reagent grade, best source. 

8.15 Hydrogen Peroxide (H10 1). ACS reagent grade, best source. 

8.16 Ethanol (C1H 50H). ACS reagent grade, best source. 

8.17 Sulfuric Acid (H1SO.). ACS reagent grade, best source. 

.. ' 
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8.18 Potassium Chloride (KCI). ACS reagent grade, best source. 

8.19 Perchloric Acid (HCI04 ). ACS reagent grade (60-62%), best source. 

8.20 Distilled Deionized Water (DOW). ASTM Type I water. 

Method I0-4.2 
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8.21 pH Buffers. Standard buffers 4.00 and 7.00 for internal calibration of pH meter, best source. 

8.22 Sllica Gel. ACS reagent grade (indicating type), best source. 

8.23 Sodium Bromide (NaBr). ACS reagent grade, best source. 

8.24 Activated Charcoal. ACS reagent grade, best source. 

8.25 Balance. Electronic analytical with internal calibration weights and enclosed weighing chamber. Precision 
ofO.J mg [Fisher-Scientific, 711 Forbes Ave., Pittsburgh, PA, 15219, (412-787-6322)]. 

8.26 Gloves. Polyethylene disposable. Used for impactor frit assembly and filter pack assembly, best source. 

8.27 Dow Corning High Temperature Vacuum on. Dow Coming 660 oil used for impactor frit coating 
solution, best source. 

8.28 Zero Air. A supply of compresse~ clean air, free from particles, oil, NO, N02, S02, HNOJ, and HN02• 

The supply may be either from a commercial cylinder or generated on site, best source. 

8.29 Ion Chromatographic (I C) Eluent Solution. For extracting filters. This solution should be the same 
eluent as used for the ion chromatographic analysis of the filters. If the filter analysis is not to be performed 
by ion chromatography, a slightly basic solution (e.g., 0.003 N N aOH or sodium carbonate/bicarbonate) should 
be used to extract the Nylasorb® filter, while the Tefion® filter should be extracted with double-distilled 
deionized water (DDW). 

9. Preparation of Coating and Extraction Reagents 

9.1 Impactor Frit Coating Solution Preparation. Weigh I g of silicone oil (Dow Coming high temperature 
660 oil) and place in a 100 mL polyethylene storage bottle. Add I 00 mL of toluene. Mix thoroughly, close 
container, and store at room temperature. (WARNING ·FLAMMABLE LIQUID). 

9.2 lmp•ctor Frit Extraction Solution Preparation. Add 100 mL ofiC eluent to a clean polyethylene 
storage container. Pipette 5 mL of ethanol into container. Mix thoroughly. Store, covered at room 
temperature. 
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/l:!_ote: Different coatings may be used depending on the chemical species of interest.] 

9.3.1 Na2C03 Coating Solution. Clean a I 00 mL polyethylene storage vial and let dry at room temperature. 
Measure 50 mL of ethanol (WARNING- TOXIC, FLAMMABLE LIQUID) with a graduated cylinder and pour 
into vial. Measure 50 mL ofDDW with a graduated cylinder and add to vial. Weigh I g of glycerol and add 
to DDW. Weigh I g of Na2C03 and add to vial. Mi.x thoroughly, solution may fizz; wait for fiZZing to stop 
before sealing vial. Store at room temperature. 

9.3.2 Citric Acid Coating Solution. Clean a 100 mL polyethylene storage vial and let dry at room 
temperature. Measure 50 mL of ethanol (WARNING- TOXIC, FLAMMABLE LIQUID) with a graduated 
cylinder and pour into vial. Weigh 0.5 g of citric acid and add to a vial. Add enough glycerol to vial to make 
it a I% solution (0.5 mL). Mi.-oc thoroughly; store, covered at room temperature. 

10. Elutriator and Acceleration Jet (Inlet) Assembly 

fl!..ote: The all-glass configuration is shown in Figure 6A.j 

10.1 The internal walls of the elutriator and jet assembly are coated with Teflon® to prevent losses of reactive 
species (802, HN01, NH1) during sampling. The elutriator prevents water and large particles from entering tbe 
inlet and thus extends the life of the impaction surface located immediately downstrek of this assembly. 

10.2 An aluminum version of this inlet is sbowa iu Figure 3b. All inner surfaces of the aluminlllll unit are 
Teflon®-coated. The main difference between the all glass and the aluminum inlet is the jet component of the 
aluminm1 inlet is replaceable, as shown in Figure 3b. The jet component is made of either Teflon® or 
polyethylene and is available in various diameters as needed to accommodate selected sample flow rates. The 
jet may be replaced using the tool shown in Figure 3b. The jet diameter for a sample flow rate of 10 Lim in is 
3.33 mm. At this flow rate, the inlet bas an aerodynamic cutpoint of 2.5 v.m. If a different flow rate is used, 
the jet diameter must be changed to retain an aerodynamic cutpoint to 2.5 JUn. Table 2 contains the jet 
diameters and Reynolds nUlllber to maintain an aerodynamic of2.5 11m cutpoint at different flow rates between 
I and 20 Lim in. 

fl!..ote: If the sampling area has substantial concentrations of coarse particles (> 2. 5 pm), the user may 
replace the acceleration jet and impactor assembly with the Teflon®coated aluminum cyclone.] 

II. Impactor Frit Preparation and Installation 

11.1 Impactor Frit InstaUation 

11.1.1 Impactor-Coupler. The impactor-coupler assembly (shown in Figure 12) is composed of two parts: 
the replaceable impactor frit and the coupler-impactor housing seat. The impactor surface is a porous ceramic 
or porous stainless steel frit, 10 mm x 3 mm. This frit is inserted into the coupler-impactor housing using the 
tools shown in Figure 12. The in-tool must be completely screwed in behind the impactor seat before tbe frit 
is pressed into place. Press the impactor frit gently but firmly into the seat of tbe impactor housing with your 
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clean gloved finger. The impactor should fit into the housing so that it does not protrude above the seat. The 
impactor frit has a slight bevel. The narrow surface should be inserted into the impactor seat. 

11.1.2 Impactor-Denuder. The impactor-denuder assembly (shown in Figure 4) is of three parts: the 
replaceable impactor frit, the impactor seat support pin, and the annular denuder impactor-pin support. The 
impactor frit is the same as described in Section 11.1.1 and is inserted into the impactor seat support pin. The 
impactor support pin can be hand-held while inserting the frit or it can be placed upright into the stainless steel 
frit holder #3 (see Figure I I). Press the support pin into the denuder pin support. The pin is grooved and bas 
a viton "0"-ring to keep the pin snug in the denuder support during cold weather use (Teflon® tends to shrink 
at low temperatures). The support pin is removed by using the removal tool shown in Figure 4. 

11.2 Impactor Frlt Preparation 

With the impactor frit in the impactor seat of either the coupler (see Fi~e 12) or the Teflon®impactor seat 
support pin that fits into the ftrst denuder (see Figure 4). pipette 50 JlL of the toluene-660 oil coating solution 
onto the impactor frit surface and allow to dry at room temperature. Cap both sides of the coupler impactor 
or denuder-impactor until use. 

12. Filter Pack Preparation and Assembly 

[!:[pte: Any number of filters can be used depending on the target species of interest. The configuration 
referred to in this section does not collect~. 1 

12.1 With clean gloves, disassemble the filter pack (see Figure 8) by unscrewing the large outer Teflon® collar 
(sleeve) from the aluminum filter housing outlet component. 

fl:!..ote: Remove the red Bakelite®cap first. Lay the pieces out on clean Kimwipes® 1 

12.2 Lay a clean Teflon® filter ring housing. with its large opening face up, on a clean Kimwipe®. Place a 
clean stainless steel screen in the filter ring housing. 

12.3 Using clean filter forceps, place a Nylasorb® nylon filter on the screen. Insert a second filter ring housing 
on top of the nylon filter with its large opening face up. This design forms a "sandwich" with the nylon filter 
held between lhe two filter ring housings. 

12.4 Place another clean screen on the second filter ring housing. Using clean filter forceps, place a Teflon® 
filter - the screen. 

[!j_ote: If a Tejlasorb®Teflon®jilter is used. be sure to place the Teflon!J!Jcoated side, not the webbed side, 
toward the air stream. If the webbed side is facing the air stream, SO 4 • extraction from the filters may be 
inefficient. 1 

12.5 Place the Teflon® filter housing inletcompouent(see Figure II) on top of the Teflon® filter, which forms 
another "sandwich" with the Teflon® filter held between the second filter ring housing and the housing inlet 
component. The housing inlet component cormects the filter pack assembly to the last mmular denuder through 
a thermoplastic coupler. Be careful not to twist the filterpack components, or damage will occur to the filters. 
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12.6 Lay the aluminum filter housing outlet component, with its large opening face up. on a clean Kimwipe®. 

12.7 Insert the filter ring sandwiches (prepared in Sections 12.1 through 12.5) with the filter housing inlet 
component extending upward, in the ahnninum filter base. Place the large outer Teflon® sleeve over the filter 
sandwich and screw onto the aluminum filter base. DO NOT OVER TIGHTEN! DO NOT TWIST FILTER 
PACK COMPONENTS! 

12.8 Install the "Quick-Release" plug into the filter outlet component. DO NOT OVER TIGHTEN! 

12.9 Install the red Bakalite® cap onto the filter inlet component and the orange dust cover onto the 
Quick-Release plug until ready to attach denuders. 

13. Annular Denuder System Preparation 

All new annular denuder parts obtained from suppliers should be cleaned with a dilute soap solution. The 
parts should then be thoroughly rinsed in DOW and allowed to dry at room temperature. 

13.1 Annular Denuder Coating Procedure 

f}!_ote: If the first denuder holds the impactor, a blank Teflon® impactor support pin should be installed in 
the pin support holder before the coating procedure.] 

13 .1.1 Cap the end of the denuder that has the inner tube flush to the outer tube and set denuder upright 
on the capped end. For the denuders with flow-straighteners at both ends. either end can be capped. Measure 
I 0 mL of the appropriate coating solution into a graduated cylinder. Pipette the I 0 mL into the flow-straightener 
end of the upright capped annular denuder. 

13.1.2 Cap the open end of the denuder, and holding horizontally, rotate the denuder to distribute the 
coating solution evenly. 

13.1.3 Remove cap from flow-straightener end of denuder and decant excess coating solution into a clean 
denuder extract storage bottle labeled "denuder blank." Bottle label should include denuder number, coating 
solution and date. 

13.1.4 Repeat this procedure with each denuder; label the denuders and bottles appropriately. 

13.2 Annular Denuder Drying Procedure (see Figure 9) 

f!!_ote: As denuders dry. they change from translucent to a frosted appearance. Denuders are dry when they 
become uniformly frosted.] 

13.2.1 Adjust drying train and mwtifold clean air flow to 2 to 3 Umin. Close toggle valve controlling clean 
air flow through manifold before attaching denuders. 

13.2.2 Attach flow-straightener end to drying manifold port at the back-to-back bored caps (see Figure 9). 
13.2.3 Open toggle valve and allow clean air to flow through the tube for several minutes. 
13.2.4 Close toggle valve and reverse ends of tubes attached to mw1ifold. 
13.2.5 When an even frosted appearance is achieved, remove tubes from manifold, cap both ends with 

clean caps, and store until ready for use. Turn off air to drying manifold 
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{l:fpte: Described herein is an annular denuder system consisting of four denuders in series. Any number of 
denuders can be used aJ the operators' discretion. The denuders should be assembled in such a way that the 
flow-straightener end always follows the flush end of the previous denuder. except, if denuders with flow­
straighteners at both ends are used. This type of assembly allows laminar flow conditions to be restored 
quickly.] 

13.3.1 Lay the ADS pieces on a clean surface (i.e., Kimwipes®). 
13.3.2 Remove the end caps from the flfSt denuder. Denuder I is coated with Na2C01 and holds the 

impactor frit pin support. Remove the blank impactor support pin. Gently insert the impactor support pin and 
coated frit assembly into the denuder-pin support. If the first denuder does not bold the impactor pin-support, 
attach the impactor frit seat equipped coupler assembly to the flow-straightener end of the flfSt denuder. 

!J1.ote: DO NOT TIGHTEN! Do not tighten during the following procedure until Section 13. 4. 8 is reached.] 

13.3.3 4ftach a thennoplastic coupler to the opposite denuder end. Place a Teflon® clad "0"-ring inside 
the coupler, if needed. 

13.3.4 Remove the end caps from the second denuder (citric acid coated). Attach the end with the 
flow-straightener section to the denuder-coupler assembly. 

13.3.5 Attach a thennoplastic coupler to tbe opposite denuder end. Place a Teflon® clad "0"-ring inside 
the coupler, if needed. 

13..3.6 Attach the filter pack inlet to the second denuder coupler assembly. 
13.3.7 Attach the elutriator-accelerationjet assembly to the ftrst denuder-coupler assembly. Tighten very 

gently--DO NOT OVER TIGHTEN! 
13.3.1 Tighten the remaining couplers very gently- DO NOT OVERTIGHTEN! 
13.3.9 Cap elutriator with orange dust cover until use. 

[Note: When collecting and measuring gaseous HNO l' SO .z. and particulate NO j and SO 4 ·, NH1 must be 
taken out of the gas stream prior to the air stream entering the filter pack Otherwise, reaction of the 

, unneutra/ized sulfate will result. If ammonia (NH} and/or Ir measurements are not to be analyzed for, then 
the use of a citric acid coated denuder is not important. However, with the removal of NH;, some nitrate 
collected on the Tejlon®filter will evaporate and be found on the nylon filter.] 

13.4 Laboratory Leak-Check of ADS 

[!!..ote: C'AUTION--Do not subject the system to sudden pressure changes or filters may tear.} 

13.4.1 Remove the orange dust cap from the impactor opening. Attach the "Quick-Release" to a pump 
module. T1n1 on the pump. Be certain that flow through the ADS occurs by checking the rotameter. 

13.4.1 Briefly cap tbe elutriatoi" with the orange dust cap. The flow as indicated on the rotameter should 
drop to zero if no leaks exist 

13.4.3 Disconnect tbe pump from the ADS at tbe "Quick-Release" plug. Cap the "Quick-Release" plug 
with an orange dust cover. Turn off the pump. REMEMBER--never overtighten joints or breakage will result 
If the joints can not be sealed with gentle tightening, tbe Teflon® "0"-rings are wom or defective and must be 
replaced. 

13.4.4 Place the assembled sampler in its field-to-lab carrying case for transport to the field. 

SESDFORM-012-R4 Page 83 of 137 SESD Category 2 QAPP Template 



,II' 

Quality Assurance Project Plan 
U.S. Environmental Protection Agency 

Science and Ecosystem Support Division 
980 College Station Road 

SESD Project 10 # 11-0068 
SESD Category 2 QAPP 

Method I0-4.2 
Acidic/Basic Constituents 

Athens, GA 30605 

Chapter I0-4 
Atmospheric Acidic 

f!:fpte: The ADS joints should be loosened slightly when extreme temperature changes are incu"ed during 
transportation. T1ii~recaution will prevent unnecessary breakage or distortion of the ADS components. 
Remember to allow the system to adjust to the indoor air temperahtre before tightening the joints and checking 
for leaks.] 

14. Sampling 

14.1 Placement of Denuder System 

14.1.1 The: .placement of the arulUiar denuder system must conform to a consistent set of criteria and 
guidance to ensure data comparability and compatibility. A detailed set of monitor siting criteria for ambietlt 
air monitoring and meteorological programs is given in the EPA documetttAmbient Monitoring <Juidelinesfor 
Prevention of Significant Deterioration (PSD), EPA-450/4-87-007, U. S. Environmental Protection Agettcy 

Office of Air Quality Plaruting and Standards, Research Triangle Park, NC 27711, May 1987. 
The site must be away from localized sources of ammonia, such as com posting and Hvestocking 

operations, landfitts, sewage treatmettt plants, fertilizer plants and storage facilities, and recetttly plowed 
fertilized fields because aerosol acidity is subject to rapid neutralization by ambient bases. 

14.1.2 A summazy of key factors that should be considered as part of the placement of an air quality 
monitoring station containing an ADS are: 

• Vertical placement above ground; 
• Horizontal spacing from obstructions and obstacles; 
• Unrestricted air flow; and 
• Adequate spacing from roads. 

Tite ADS samp1er is mowtted on a supported mast pole or tripod. The ADS inlet should be located 2-3 
m above growtd level. Placing the inlet closer to ground level should be considered on~v if the surface is flat 
and man-made (i.e., not wtpaved dirt). 

14.1.3 A summary of key criteria associated with these siting factors for air monitoring stations is included 
in Table 3.0. The information included in the table should be used to the extent possible as part of the 
monitoring network design to ettSure that the monitoring program provides representative and unbiased data. 

However, site-specific constraints could make it very difficult to meet all criteria. For example, wooded areas 
around a site would make the siting very difficult. The use of the information in Table 3.0, coupled with a 
balanced evaluation hy an experienced air quality and meteorology specialist, is highly recommended. 

14.1.4 In general. fur a site with no major obstruction and obstacles, the air sampler intake should be about 
2-3m abovegromui Far a site with nearby roadways, bow ever, intake placement should take into account the 
effects of road dust re-entrainruettt and vehicular emissions. In fact, a linear relationship should be established 
between the horizontal distance of the sampler intake from the roadway and the aboveground elevation of that 
intake. For any roadwii accommodating more than 3,000 vehicles per day, the intake should be between 5 

and 25 m from the edje of the nearest traffic lane. It should also be 15 m abovegrowtd for a distance of 5 m 
from the nearest traffic lane and 2m abovegrotnd for a distance of25 m from the nearest lane. For a roadway 
supporting less than 3,000 vehicles per day, the intake should be placed at a distance greater than 5 m from the 
edge of the nearest traffic lane and at a height of 2-15 m aboveground. 

14.2 Start-Up 

14.2.1 Remove the ADS from its field-to-lab carrying case and load into the field sampling box. The ADS 
field sampling box is insulated with polyurethane which is configured to hold the ADS without allowing 
movement. Chrome plated spring clips hold the denuders in place. Automatic and manual control switches 

·.,_' 
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allow the sampling box to control the temperature of the ADS. The automatiC switch should be used when d1e 
ADS is not in use and when the ADS is sampling for extended periods of time without constant supervision to 
prevent low temperature or sudden pressure change exposure of the ADS (these types of exposure can cause 
leaks to occur, condensation, or the filters to tear). When sampling. the ADS should be kept 18: above the 
ambient temperature to prevent condensation. The sampling box bas two connections with the p1D1p timer: dJe 
plastic suction hose connected with "Quick-Release" couplers and dJe 12-V power cord with a 
"Quick-Discormecf' coupler. The power cord remains cormected, and the suction hose is disconnected from 
the box each time dJe unit is opened. Inside dJe box, the bose is connected to the top of the filter pack with a 
"Quick-Release" coupler. During sampling the sample box is kept securely closed (see Figure 2). 

14.2.2 Allow the pump to warm up for 20-30 min prior to testing so the pump will provide steady now 
during testing. 

14.2.3 To check the Heat/Cool cycles, fiip one switch from" AUTO" to "MANUAL" and the odJer between 
"COOL" and "HEAT," Check to insure dJat the fan and heater work, respectively. 

14.2.4 Wid! the elutriator still capped, turn on the pump wid! dJe switch on the timer. The rotameter should 
indicate zero now. If there is a now, the assembly pieces need to be recoupled. Run leak check for 5-10 s. 
Turn off pump and remove elutriator cap. Record leak rate on Field Test Data Sheet (see Figure 13). 

14.2.5 Attach DGM output to elutriator inlet. Turn on pump. Record start tiple on Field Test Data Sheet 
(see Figure 13). Using a stopwatch, record dJe time for 20.0 L to pass through the DGM. Record the DGM 
temperature and dJe absolute pressure of the DGM. 

14.2.6 Calculate the now rate as follows: 

Q"" = (V/t)(Pw'P ~(T .jT..,)(F c) 

where: 

Q.d = flow rate corrected to standard conditions, 258: and 760 mm Hg, Llmin. 
V = volume of gas pulled through denuder system, L. 

t = time required to pull gas dJrough denuder system, minutes. 

Pbw = barometric pressure, rom Hg. 

Pad= standard barometric pressure, 760 rom Hg. 

T.d = standard temperature., 2988C. 

Tm = temperature of dry gas meter, Be(= 8: + 273). 

F < = dry gas meter correction factor, dimensionless. 

14.2. 7 If the calculated now rate is not between 9 . .5 and 10.5 Lim in, readjust the flow rate and repeat 
Sections 142.4 and 142..5 until dJe rate is in the above range. Preliminary studies should be conducted to 
obtain an estimate of the concentrations of the species of interest. 

14.2.8 Record the flow rate on Field Test Data Sheet. 
14.2.9 Remove DGM connection tubing from elutriator inlet. Pmnp should remain running so that sampling 

continues. Higher flow rates may be used for shorter sampling periods. Concentration ofdJe species of interest 
in indoor air and dJe configuration of the sampling equipment, determine dJe appropriate flow rates. Sampling 
at I 0 Lim in, requires a sampling time of 24 b to collect pollutant concentrations between 0.02 and 0.83 J1g/m3

. 

SESDFORM-012-R4 Page 85 of 137 SESD Category-2 QAPP Template 



',!, 

Quality Assurance Project Plan 
U.S. Environmental Protection Agency 

Science and Ecosystem Support Division 
980 College Station Road 

SESD Project ID # 11-0068 
SESD Category 2 QAPP 

Method I0-4.2 
Acidic/Basic Constituents 

14.3 Sample Shutdown 

Athens, GA 30605 

Chapter 10-4 
Atmospheric Acidic 

14.3.1 Attach DGM cotmection tubing elutriator inlet with pump still numing. Measure flow rate as in 

Sections 142.5 and 14.2.6. Record flow time, temperature, and pressure on Field Test Data Sheet (see 

Figure 13). 
14.3.2 Turn off pump. Record time and elapsed time rueter reading on log sheet. Remove DGM 

connection tubing from elutriator inlet. Remove ADS from the sampling box, cap the ends, and place the ADS 

in field-to-lab carrying case for transport to lab. Be careful not to stress the ADS during the transfer or breakage 

will result. 
Caution: When the ADS is brought from a cold field sampling location to a ~t·arm laboratory, loosen the 

denuder couplings to prevent thermal expansion from breaking the denuders. 

14.4 Corredive Action for Leak Test Fallure 

[!:!.ote: These steps should be followed when failure occurs during testing at the laboratory before transport 

to the field and in the field before testing. J 

14.4.1 Sampler Leaks. Note the problem on the Field Test Data Sheet. Check assembly of ADS 

components. Replace gaskets. Check for proper seating of denuder surfaces. Replace any defective parts. 

14.4.2 Cracked or CWpped Denuders or Elutriator AssembHes. Note problem on Field Test Data 

Sheet. Discard defective pieces. Do not try to extract cracked pieces. WARNING-USE CAUTION WHEN 

DISASSEMBLING CRACKED GLASSWARE. Pieces may shatter and cause severe cuts. Wear protective 

clothing. 
14.4.3 Contaminated Blank Solutions. Note problem 011 Field Test Data Sheet. Follow parts-cleaning 

procedures closely. Examine the sampler preparation area for possible sources of contamination and remove 

source. Check DOW being used in the solution preparations and extractions. Fill a clean 25 mL polyethylene 

extraction bottle with the DDW used in solution preparation and extraction; send to lab for analysis. If 

contaminated, correct deionization system. 
14.4.4 Flow Rate Disagreement. Note problem on Field Test Data Sheet. Check vacuum gauge on flow 

module. If a high vacuum exists, the sampler has become blocked. This blockage may be due to dust or smoke 

particles clogging the filters or to obstructions in the system or tubing. Check flow module. Repair as needed. 

14.4.5 Inadequate Flow Rate. Note problem on Field Test Data Sheet. Check rotameter on flow 

controller. If adequate flow is shown here, a Leak exists between the controller and the DGM. If no flow is 

shown on rotameter, check vacuum gauge on controller. If no vacuum exists, pump needs repair. If a 1tigh 

vacuum is shown, an obstruction exists in the system. Check to see that the paper filter dividers were not 

accidentally installed with the filters in the filter pack. Check tubing for kinks. 

[Note: Typically the pressure drop across the filters should be approximately 1" Hg at 10 Umin flow rate 
at sea !el-·e!. This pressure drop can vary from 1-10 Umin depending on e!el-·ation.J 

15. ADS Disassembly 

15.1 Remove the ADS from the field-to-lab carrying case using both hands. To prevent stress, hold the ADS 

by its ends. 
Caution: Do not stress the ADS while removing it from the case. 

15.2 Decouple the elutriator-jet assembly from the first denuder-impactor-coupler assen1bly. 
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15.3 When using the denuder-impactor, the frit-piu must be removed from the support in the denuder before 
removing the frit from the pin. The frit is then extracted from the pin using pin tool #3 and the frit extraction 
tool (see Figure 12). When using the impactor-coupler assembly, the frit is removed from the coupler seat using 
pin tool #3 and the "out" frit removal tool (see Figure 12). Put frit in covered dish and set aside for future 
chemical extraction (optional). 

[Note: This method does not require the ana~vsi:.· of the particles impacted on thefrit.j 

15.4 Remove the denuders from the couplers and cover each end of the denuders with clean end caps until 
extraction. 

15.5 Label a clean 100 mL polyethylene bottle with the sampler ID number and filter type (i.e., Teflon® or 
Nylasorb®, as appropriate) for each of the filters. 

15.6 Disassemble the filter pack in a clean, ammonia-free air hood. Clean all hood surfaces and utensils with 
ethanol. Wearing clean gloves and using clet11.1 filter forceps, remove the filters and place each in its storage 
(protective) bottle, with the exposed filter surface facing downward, until extraction. 

flf.ote: Place the filters in the properzv labeled bottles. j 

f' 16. Extraction Procedures 

/]jpecial precaution: Samples should be analyzed as soon after collection as possible. The solutions and 
extraction procedures must be prepared and performed on the day of pH an~rsis. 

Extraction must take place in a clean, ammonia-free air hood. The extracts must be processed in the order 
in which they will be analyzed, so that each sample will bave a similar time interval between extraction and 
analysis. Denuder extracts and filters should be stored in the refrigerator until just prior to analysis. Samples 
stored longer than 30 days tend to degrade due to bacteria growth and/or losses to the walls of the extraction 
vessel. Extraction volwnes may vary depending upon sensitivity requiremettts and expected ambient 
concentrations. 

16.1 Impactor Frit Coating Extraction (Optional) 

16.1.1 Place the impactor (which was removed before denuder extraction) into a small extraction bottle. 
16.1.2 Label the bottle appropriately. Pipet 10 mL of impactor extraction solutioo (See Section 92) into 

the bottle. The solution must cover the smface of the impactor frit 
16.1.3 Close the extraction bottle and place in an ultrasonic bath for 30 min. 

16.2 Denuder Extractions 

f!:!..ote: If the denuder was the first denuder and equipped with the impactor frit-pin support. insert a clean 
Tejlon®impactor frit-pin withoutfrit in place. Then extract as described below. This procedure is to be 
followed for each denuder.} 
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16.2.1 Cap one end of each of the denuders (i.e., Na2C01 and citric acid denuders). Add 5 mL ofDDW 
with a pipet. Cap other ends of the denuders. 

16.2.2 Rotate the denuders to wet all surfaces thoroughly with the water. Remove the caps and pour the 
liquid from each of the two denuders into separate clean 25 mL polyethylene extraction bottles. 

16.2.3 Repeat this procedure with a second 5 mL ofDDW extract (total extract volume is 10 mL, which 
is placed into the extraction bottles). 

16.2.4 Add I mL of hydrogen peroxide to oxidize the sulfite (SOG} to sulfate (SO:;J in the extraction bottles 
containing the Na2C01 coating. 

16.2.5 Replace the extraction bottle caps and label the bottles with the sampler ID nliilber and denuder 
number and type (as appropriate). 

16.3 Filter Extraction 

16.3.1 Teftone FUter Extraction [for pH analysis followed by SO~. NOG, and/or NH! analyses) 

/Note: Teflon® is not wet by water; therifore, the filter will float on top of aqueous solutions. Solutions and 
extraction procedures must be prepared and performed on the day of pH anazvsis. Extraction of the filters 
must take place in a clean, ammonia:free. air hood. The filters must be processed in the order in which they 
will be anazvzed so that each sample will have a similar time interval between extraction and ana~vsis.j 

16.3.1.1 Samples should be analyzed as soon after collection as possible. The solutions and extraction 
procedures must be prepared and performed on the day of pH analysis. Keep samples in a refrigerator until 
extracted and analyzed. 

16.3.1.2 Samples should not be extracted lUltil the day of analysis; however, if samples are extracted 
and it is not possible to analyze them that day, they should be refrigerated. Allow the samples to return to room 
temperature before analysis. 

16.3.1.3 The same extract solution (ES} must be used for the samples to be analyzed, the working 
standards, and the EA solution. Also, the same batch of alcohol must be used to prepare the EA solution and 
the working standards and to extract the Teflon® filters. 

16.3.1.4 Handling the exposed Teflon® filter requires protection from contamination with NH1 , which 
may rapidly neutralize aerosol acidity on the filter and bias the sample results. To ensure an1monia-free air 
occupies the glove-box, a positive pressure is maintained by blowing air through a PVC tube (4" O.D.) filled 
with glass-wool dosed with citric acid before entering the manifold which enables uniform distribution of air 
from top of the glove-box. Flow the ammonia-free air for 5 minutes before retrieving the filter. Place a citric 
acid soaked filter paper on the bottom to deplete ammonia when tDJused. Disassemble the filter assembly in 
the clean, ammonia-free glove-box. Clean all glove-box surfaces and utensils with ethanol. 

16.3.1.5 Allow the hood to be flushed with ammonia-free air for at least 5 min before filter extraction. 
All of the hood surfaces and extraction utensils must be cleaned with a Kirnwipe® moistened with ethanol. 

16.3.1.6 Pipet 6 mL of 0.0001 N perchloric acid (HCI04) solution into the appropriately labeled 
extraction vials (10 mL). 

f!:!..ote: Perchloric acid is used because it inhibits CO ;from dissolving into the solution and keeps the organic 
compounds in solution from dissociating. Both these actMties can change the ionic strength of solution.] 

16.3.1.7 Wearing clean gloves and using clean filter forceps, place the Teflon® filter in the extraction 
vial with the exposed filter surface facing downward. Cap tightly. Store at 48:: in the dark muil ready for 
analysis. 

.. 
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16.3. 1.8 When ready for analysis, the filter must be prepared (within the air hood) in the following 
manner: Using forceps and gloved hands, lift the filter from the extraction vial. Let the excess solution drain 
off into the vial. Holding the filter over the extraction vial, and using an automatic pipet, apply 200 FL ± 5 FL 
of ethanol to the filter. Add the ethanol slowly to ensu:e that all portions of the membrane are wet with ethanol. 
Immerse the filter in the aqueous solution once again. Tap the forceps against the iuside of the vial to remove 
liquid. Tightly replace cap. Put in ultrasonic bath for 15 min total, rotating the rack 90Eevery 5 min. 

[Jfpte: Perchloric acid is used in place of potassium chloride, initial(v. to pre11ent interference in the 
measurements of cations and anions by ion chromatography. Potassium chloride must be added to the 
portions of the sample extract that are used for pH ana{vsis (the purpose of the salt. final concentration 
0. 04 M is to in~rease the ionic strength and thus to reduce the time for equilibrium of the pH electrode used 
for measurement). Use the same bottle (freshly opened) of ethanol to extract the Teflon®filters that are used 
to prepare sulfuric acid standards.} 

16.3.1. 9 When ready for pH analysis, the extracts are prepared in the order of pH measurement. Inside 
the air hood, remove the caps from 10 mL e;..:traction vials. Wipe off any drops which may leak onto the 
outside of the cup. 

16.3.1.10 Using gloved hands and a I mL automatic pipet, transfer I mL of the extract to each of two 
correspondingly labeled 2 mL cups. 

f!i.ote: The first 2 mL cup for each extract has the same I. D.# as the 10 mL cup. and the second 2 mL cup 
has the same I. D.# with a hyphen(). This system also is used with the working standards.] 

16.3.1.11 After transferring the extracts to the 2 mL cups, recap the 10 mL extraction vial. Store the 
I 0 mL vials at 4EC in a refrigerator pending analysis by IC, and for NH4 ~ analysis by Tecbnicon auto analyzer. 

16.3.2 Nylon Filter Extraction. 

16.3.2.1 Pipet 10 mL of IC eluent into the appropriately labeled filter vial or bottle with caps. 

{Note: Be sure that the filter lies flat on the bottom of the bottle and that all of the filter is covered by the 
extraction solution.] 

16.3.2.2 Place the nylon filter in the extraction vial. 
16.3.2.3 Replace the bottle's cap and put in an ultrasonic bath for 30 min. 
16.3.2.4 Store the bottles in a clean (i.e., pollutant free) refrigerator at 48:: until analysis. 

I 7. Ion Chromatography Analysis 

f!f..ote: The analytical procedure described here is not the on~v appropriate procedure OIJailable for 
quantijj,ing the analytes of interest. An automated system does not have to be used. This particular analytical 
procedure was chosen because it is present~v used by EPA. Modifications to this procedure may be required 
depending on the intended use of the data: howe11er. any modifications made must be justified to obtain 
comparable data quality.] 
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Special Precaution: Storage of these solutions should be no longer than one week. All of the working 
standard solutions are used to calibrate the JC and are made from reagent grade stock. The crystals are dried 
overnight in covered petri dishes at 11 OB..: in a vacuum oven prior to preparing the standard solutions. Any 
yellowish discoloration of the dried crystals indicates decomposition and crystals should be discarded. 

17.1.1 Sodium Sulfate Stock Solution. 
17.1.1.1 ht a clean, calibrated, I L flask, add 500 mL ofDDW. 
17.1.1.2 On weighing paper, weigh out enough reagent (Na2S04) to make the solution 2000 ppm 

concentration. The target weight is 2.958 ± 0.001 g. Record the gross weight. 
17.1.1.3 Add the reagent crystals to the 500 mL ofDDW. Reweigh weighing paper and subiract weight 

from the gross weight. The difference is the actual net weight. 
17.1.1.4 Dilute to volume with DDW. Mix well and cover with parafihn. 

17 .1.2 Sodium Nitrate Stock Solution. 
17.1.2.1 In a clean, calibrated, I L flask, add 500 mL ofDDW. 
17.1.2.2 On weighing paper, weigh out enough reagent (NaN01) to make the solution 2000 ppm 

cottcentration. The target weight is 2. 742 ± 0.00 I g. Record the gross weight. 
17.1.2.3 Follow Sections 17.1.1.3 and 17.1.1.4. 

17.1.3 Standard working solutions (100 ppm so.- and 100 ppm NOJ). The working solutions are 
made as follows: Add 10 mL each of the two stock solutions (804- and N01G to a 200 mL volumetric flask 
and dilute to the mark with DDW. Subsequent dilutions are carried out using a 10 mL volumetric pipet and 
appropriate flasks. Standards of20, 10, 5 and I ppm S04- and N01Gare prepared to calibrate the IC. 

17.2 Reaaent Preparation 

f]!_ote: Storage of these reagents should be no longer than 1 week.] 

17.2.1 Anion eluent. The anion eluent is a solution of 1.8 ruM Na2C01 and 1.7 ruM NaHC01 • A 
concentrated solution can be prepared and diluted as needed. 

flf_ote: See Anion Storage Solution] 

17.2.1.1 Concentrated Na,COJ solution (0.36 M). Weigh out 38.156 g ofNa2C01 (MW = 105.99). 
Dissolve into I L ofDDW. Store in refrigerator mtil ready to dilute. 

17.2.1.2 Concentrated NaHCOJ solution (0.34 M). Weigh out28.564 g ofNaHC01 (MW = 84.0 1). 
Dissolve into I L ofDDW. Store in refrigerator until ready to dilute. 

17.2.1.3 DUution G( stock solutions. Bring both solutions to room temperature. Accurately pipet I 0 
mL of each solution into a 2000 mL volumetric flask which bas been partially filled with DDW. Bring to the 
mark with DDW (1:200 dilution). 

17.2.2 Anion regenerant. The regenerant is a 0.025 N H2S04 solution. VERY CAREFULLY dispense 
2.8 mL of concentrated Ultrex sulfuric acid (36 N) into a graduated cylinder. Partially fill the regeueraut 
reservoir with DDW (3 L). Slowly add the acid to the regenerant reservoir. Bring to the mark with DDW 

(4 L). 

[Note: Protective clothing and eye protection shoukl be worn.] 

.. . 
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17 .2.3 Cation eluent. There are two cation eluents that are used for the analysis of monovalent and 
divalent cations. The strong cation eluent is: 48 mM HCl, 4 mM DAP.HCI (DAP = Diaminoproprionic acid), 
4 mM Histidine .Ret. The weak eluent consists of 12 mM HCl, 0.25 mM DA.P .HCI, 025 mM Histidine.HCI. 

17.2.3.1 Strong cation eluent. Weigh 0.560 g DAP and 0.840 g histidine into a 1 L volumetric flask. 
Add 48 mL of I M HCI (Ultrex) to the flask. Bring the eluent to the fmal volume by bringing to the mark with 
DOW. Mix thoroughly to dissolve. 

17.2.3.2 Weak cation eluent. Place 63 mL of the strong cation eluent in a I L flask. Add 9 mL of I 
M HCI to the flask Bring the eluent to the fmal volume by bringing to the mark with DOW. Mix thoroughly 
to dissolve. 

17.2.4 Catton regenerant. The cation regeuerant consists of 100 mM tetrabutyl-ammonium hydroxide 
(TBAOH). Place the TBAOH container into a warm water bath to dissolve any crystals that may have formed 
Measure 266.7 mL of the TBAOH (stock reagent is supplied as 1.5 M, 40% in water) into a graduated cylinder. 
Add the TBAOH to 4 L ofDDW. 

17.2.5 Anion storage solution. Since the anion columns contain carbonates from the eluent, protection 
must be taken against microorganisms that will live on this food source and clog up the colwnns. If the columns 
are not being used for long periods of time (>2 weeks), a storage soltnon ofO.I M NaOH should be pumped 
into them. 

17.3 Sample Preparation 

17 .3.1 Mark the auto sampler vials with the appropriate identification numbers. Place the vials in an IC 
autosampler tray. 

17.3.2 Using clean. calibrated 0.5 mL pipets, transfer the denuder extract and the remainder of the filter 
extracts from the extraction vials to a clean disposable 0.5 mL IC autosampler (polyethylene) vial. Fill the 
autosampler vial to the line 011 the side. 

D:J..ote: If refrigerated, the contents of the 10 mL extraction vial must be vortex-mixed prior to transfer to the 
autosampler vials.] 

17.3.3 Place btack filter caps on top of the vials. Use the tool provided to push the caps into the vials m1til 
they are flush with the top (see the IC manual for more detailed instructions). 

17.3.4 Wipe away any excess fluid from the top of the vial to avoid contamination :from other samples. 
17.3.5 After all of the trays are filled, place them into the left side of the autosampler. The white dot on 

the tray indicates the first sample. Press the button Labeled RUN/HOLD to the RUN position. The trays should 
move mtil the first sample is mder the sampling head. The froot panel should indicate a READY message. 
Press local/remove switch to remove. 

17.4 Baste System Operations- Start-up and Shut-down 

D:J..ote: This procedure is specific for one instrument. Other instruments can be used with these procedures. J 

17 .4.1 Start-up Procedure Cor Ion Chromatograph. 
17.4.1.1 The major components of the Dionex 2020i Ion Chromatography system are illustrated in 

Figm-e 14. Tum helium and nitrogen tanks on by opening the valve on top of each tank (pressure in either tank 
should not be less than 500 psi.). Replace if necessary. Open valves at the outlet end of both regulators. 
Adjmt pressure on the nitrogen regulator to 100 psi. Adjust pressure on the helium regulator to 14 psi. 
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17.4.1.2 Check the level of eluents and regenerating solutions. Tum the chromatography (CMA) values 
for the anion cbatmel switch ON. Verify that the pressure reading on the face of the degassing unit is 7 psi. 
Adjust by tuming dial next to pressure gauge. Turn the degas switch to HIGH. 

17.4.1.3 Tum the eluent reservoir switches, corresponding to the eluents to be degassed, to tbe ON 
position. Let the eluents degas on HIGH for 3-5 min, then tum degas switch to LOW. 

17.4.1.4 Select tbe appropriate program 011 tbe gradient pump module using tbe PROGRAM switch. 
(Programs are recalled from memory by first pressing tbe PROGRAM switch, then the single digit reference 
number corresponding to the appropriate progratn.) 

17 .4. 1.5 Prinle tbe eluent lines. 

/lf..ote: All of the eluent lines used during ana(vsis must be primed to remove any air bubbles that ml{Y be 
present. The selected program identifies which lines are used. J 

• Open tbe gradient pump drawer. Turn the pump to the START position for 10 s, or until a CLICK 
is beard. Turn tbe pump OFF. This step opens the valve to tbe eluent line displayed on the front 
panel. 

• Attach a I 0 mL syringe to li1e priming block on the face of the gradient pump module. With the 
prinling block valve closed, pull the syringe phnger out to the end of the syringe. 

• Open the prinling block valve. The syringe will quickly fill with eluent. Close the valve on the 
priming block when the syringe is almost full. Remove syringe from block and discard collected 
eluant 

This prin1ing procedure can be repeated if necessary. All of the eluent lines that are to be used during a day 
of at1alysis should be primed at this time. 

17.4.1.6 Open the door of the Advat1ced Chromatography Module. On tbe back oftbe door, at lile 
bottom, is the COilductivity detector. Four labeled lines (anion, cation, waste, atld cell) are located next to li1e 
cell. The plumbing must be configured according to the type of at1alysis to be performed. If anions are being 
analyzed, attach tbe ANION line to the CELL line, and the CATION line to the WASTE line. If cations are 
being atlalyzed, attach tbe CATION line to the CELL line, and lile ANION line to tbe WASTE line. Attach tbe 
line coming from tbe pump to the correct port on the advanced chromatography module. SYSTEM I on.lile 
left is for anions; SYSTEM 2 on the right is for catiOilS. 

flf..ote: If switching from one ~>ystem to the other, the pump and the lines coming from the pump must be 
purged of the original eluent. which is done by disconnecting the pump line from the chromatograph module. 
turning the pump on. and running the new eluent into a waste beaker for 2-3 min.] 

17.4.1.7 Select the columns to be used (labeled pH orN01) by pressing lile blue button Located below 
tbe labels. To verify tbat the correct columns are being used, press the switch should at Least once, and li1en 
set to the appropriate position. 

17.4.1.8 Tum the power switch on the autoSatnpler ON (switch is located 011 the back of the unit, on 
tbe right). The default settings will be displayed on the front panel. Attach the SAMPLE OUT line from the 
autoS301pler to tbe advanced chromatography module. The connection should be made to the port marked 
SAMPLE of the appropriate system. Tum the pump to START. 

17.4.1.9 Turn the conductivity cell ON (switch is located on the gradient pump module). Tum tbe 
REGEN switch for tbe appropriate system ON. Verify tbat regenerant is flowing by inspecting the regenerant 
waste line which empties into the sink. Open the advanced chromatography module door and inspect for Leaks 
at columns, fittings, etc. Shut pump off if leaks are found. 

.. . 
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l7 .4.1.10 Tum stripchart recorder ON. Baseline should stabilize in less than 20 min. If baseline is not 
stable, see troubleshooting Section I 7.5 for assistance. 

17 .4.2 Data acquisition start-up. The following is a description of the current data acquisition program 
used by the EPA. The program is available (EPA, Atmospheric Chemistry and Physics Division, Office of 
Research and Development, Research Triangle Park, NC) and is for IBM or IBM compatible computers. Other 
appropriately designed programs may be used to compile the data collected for any given sampling network. 
A computer programmed integrator does not need to be used to compute the data, but is recommended for large 
sampling networks. 

17.4.2.1 Turn on the IBM XT computer. From the C:>prompt, type: cd/ccbart, then type: ccbart. This 
loads the Chromatochart software. Turn switch on relay box to ENABLE, indicator light could go on. 

17.4.2.2 Press F2 to enter the methods development module. Select option number I -"select channel 
# and load method file." "Select chrumel # <0>" type 0 or press ENTER to select the default choice shown in 
the brackets (in this case 0). "Load method file named" type the name of the appropriate method, then press 
ENTER. A directory of all of the current methods in memory cart be obtained by pressing the F2 function key. 

17.4.2.3 Press F3 to enter the Data Acquisition module. At this point you will be asked to save the 
method file. If there has not been any changes to the methods file, it does not need to be saved. Select option 
#4- "Collect Data." Press ENTER to deactivate the method queue. "Load Run Queue named," type the name 
of the nn1 queue if one has been created. Type ENTER to deactivate the nnt queue. 

17.4.2.4 "Total# runs for method <I>," type bow many times the method is to be repeated (total 
number of samples). "Autoanalyze Data" type Y. "Autosave data to disc" type Y. ''Data file name (xxxxx) 
change?", type data file name. "Press ENTER to begin methods." Press ENTER only after the samples have 
been loaded into the autosampler and the baseline bas stabilized. 

17.4.2.5 Figure 15 illustrates the chromatograms for each of the samples as output by the programmed 
S pectra-Pbysics integrator. 

17.4.3 Calibration oCIC. The instrument should be brought to normal conditions with a warm-up time 
of at least 30 min. 

17.4.3.1 With the "Reading" light on. check to ensoce the flow rate is 1.5 mL/minute, the fluid pressure 
is 600 psi ± 100 psi and the conductivity is constant as measured by offset difference. 

17.4.3.2 Fill the IC vials with the prepared standard solutions and (20, 10,5 and I ppm S04-andN01Q 
and pure eluent. This will allow a four-point calibration curve to be made. 

[li.ote: For low-level applications. more standards and blank.· mcry be necessary in order to obtain accurate 
reference curves.] 

17 .4.3 .3 Load the folK' vials into the sample vial bolder and place the bolder in the automated sampler 
tray. 

17 .4.3 .4 The tray is controlled by a S pectra-Pbysics SP4200 or SP4270 Computer Integrator. Use the 
integrators operation manual to begin calibrating. By using the RUN command, the analysis md data treatment 
phases of the calibration are set in motion. Four calibration standards are nut, the chromatograms and peak 
areas displayed for each nnt, and the run results for each anion are fitted to a quadratic curve by a least squares 
regression calculation. The three curves are plotted and the correlation coefficients are calculated. The values 
of the coefficients are normally greater than 0.999, where 1.000 indicates a perfect fit. Values of less than 0.99 
indicate the calibration procedure should be repeated. 

{Note: Recalibration should be carried out whenet-•er standard concentrations show consistently high or low 
results relative to the calibration curve is compared to the calibration curve from the old standards. 
Comparability of points should he within ± 0.1 ppm or± I O"A>. For standard concentrations of greater than 
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I ppm. comparability will normal~v be within 5% or better. Old standards are assumed correct since they 
are referenced to the entire historical series qfprevious standard solutions all of which are comparable.] 

17.4.4 System Shut-down. 
17.4.4.1 Shut off the pump. Tum the REGEN switch and the conductivity cell to the OFF position. 
17.4.4.2 Switch the eluent degas switch to HIGH. 
17 .4.4.3 Tum the strip chart recorder OFF. Cap the pen. Press the F I 0 function key on the computer. 

Select option 3 to exit to DOS. Shut off the printer and the computer. 
17.4.4.4 Shut the eluent degas system and reservoir switches and the autosampler to the OFF position. 

Close the valves on both gas cylinders. Close the regulator valves. 

17.5 Basic Troublesboo!fng 

Before proceeding with the troubleshooting guide, make sure the reagents used were prepared correctly and 
are not "old. • 

17 .5.1 Unstable Baselines 
17.5.1.1 Wavy baseline. The most common reason for a wavy baseline is an air bubble in the gradient 

pwup. This problem is diagnosed by observing the pump bead indicator ligbts on the gradient pump module 
front panel. If the baseline is pulsing in phases with pump pistons, a bubble is usually present. Other 
possibilities include a dirty or stuck check valve, piston seal or "0"-ring, as well as an air bubble in the 
conductivity ceiL 

17 .5.1.2 Drifting baseline. Steadily increasing or decreasing baselines usually indicate that the suppressor 
coh:sun is not performing as it should. Pacatneters to change include the regenerant and eluent concentrations 
and flow rates. Check temperatw-e routinely, as changes in temperatw-e can cause drifting. Balancing these 
should stabilize the baseline if the suppressor is functioning correctly. The Dionex manual describes clean-up 
procedures if the suppressor is believed to be contaminated 

17.5.1.3 High baselines. As with drifting baselines, the parameters to change are eluent and regenerant 
concentrations and flow rates. A higb baseline usuaUy indicates that there is not enough baseline suppression; 
this condition can be controlled by increasing the regenerant flow rate. 

17.5.1.4 Low baselines. Low baselines usually indicate that there is too much suppression, which can 
be controlled by decreasing the flow of the regenerant. 

17.5.2 Backpressure. Variations in system backpressure are common and should not raise concem 
UNLESS the pressure change is greater than 200 psi. 

17 .5.2.1 High backpressure. The system is protected from pressure related damage d1rough d1e high 
and low pressure alann settings on the front panel of the gradient pwup module. If the high pressure setting 
is correctly selected (200 psi above normal operating range), the pump will automatically shut-off if this value 
is exceeded. The reason for high backpressure is blockage in the system. Possibilities include loading against 
a closed valve, a plugged line, contaminated colwuns, etc. Diagnosis is done by removing one component of 
the system and observing bow the pressure changes. 

17.5.2.2 Low pressure. Low pressure readings usually indicate a leak somewhere in the system. 
Carefully check all fittings for leaks. Tighten if necessary. 

17.5.3 Flow 
17.5.3.1 Regenerant lines. If there is no flow at the waste outlet end of the regenerant line, check the 

following: 
• Make sure the correct regenerant switch is turned on 
• Verify that the reservoir is not empty 
• Make sure the nitrogen tank is turned on 
• Check that the regulator is correctly set 
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17.5.3.2 Eluent lines. If there is no flow at the outlet end of the eluent lines, check the following: 
• Check that the pump is on 
• Check that the eluent lines are connected to the correct port 

17.5.4 Software. Refer to the ChromatoChart manual for detailed information on software problems. 

18. Ammonia Analysis by Technicon Autoanalysis 

Presented in Sections 18.1 and 11!.2 are the recipes for the standards and reagents required to analyze the 
ammonium ion (NH/ or ammonia (NH1)) by Techuicon autoanalysis. TI1e prelude of these sections briefly 
describes the TRAACS 800 autoanalyzer and the sample flow through the TRAACS 800 for NH/ analysis. 
This instrument is capable of quantifying, from a single sample, three different species simultaneously. An 
aliquot of the sample is taken from an automated sampler by syringe. A splitter divides the aliquot into the 
appropriate volumes required for the particular analyses. Each of tbe volumes is then transferred to the 
appropriate analytical cartridge. Sample flow diagrams that illustrate S04-, N01" and NH/ analysis 
(although in Method I0-4, only ammonia is analyzed by this technique) from the citric acid denuder and 
Teflon® filter can be shown separately and independently of one another. The data computation (by 
computer) and quality assurance protocols, however, can not be readily adapted to single-channel 
instruments. These protocols need to be specific to the individual analytical instrument. In brief, NH/ 
analysis is illustrated in Figure 16. The samples, along with all standards, are taken from the auto-advance 
sampler tray by the use of a proportioning pump and automated syringe. Air and EDTA are first added to 
the samples and are mixed in the first set of coils. After mixing, phenolate is added and mixed in the next 
set of coils. Nitroprusside is then added and mixed, followed by the addition and mixing of hypochlorite. 
At this stage, the sample should be a bright blue color. After the last mi.'ting stage, the sample is sent through 
a heated bath, followed by another mixing stage. F iually, the sample is sent, through a colorimeter where the 
results are recorded on a digital printer and stored in a computer file for further manipulation. 

flfpte: Ammonia can be ana(vzed by other techniques.] 

18.1 Standards and Stock Solutions Preparation 

llf..ote: Before discarding the old solution, it should be checked against the fresh solution by comparing 
calibration curves on the working solutions prepared from them. Slopes and intercepts are calculated for 
each set of standards. The old slope and intercept are used to calculate concentration values from readings 
for the new standards. This calculation determines if the old solution has deteriorated or if an error has been 
made in preparing the new solution.] 

1B.l.L Ammonium Solution Standard (1,000 JlgfmL). Dry ammonium chloride in an oven for I hat 
50-60Ec and desiccate over silica gel for I h. Weigh 2.9470 g an1mouium chloride and dissolve in 800 mL 
DOW. Dilute to I L with DOW and mix thoroughly. This solution is stable for I y. 

LB.l.2 Intermediate Ammonium Standards. To make a 100 J.Lg/mL 311lmonium standard, pipet 10 mL 
of ammonium stock standard into a I 00 mL volumetric flask. Dilute to voh.me with DOW and mix thoroughly. 
Keep refrigerated. This solution remains stable for I month. To make a JO J.Lg/mL 311lmonium standard, pipet 
1.0 mL of ammouium stock standard into a 100 mL volumetric flask. Dilute to volume with DOW and mix 
thoroughly. This solution remains stable for one week. 

LB.1.3 Working Ammonium Standards in DDW. Pipet aliquots of the 100 Jlg/mL ammonium 
intermediate standards into 100 mL volumetric flasks according to the table below. Dilute to volume with 
DOW. Prepare fresh daily. 
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Stock or intermediate 
standard, FglmL' Aliquot, mL 

1,000 4.0 

100 4.0 

100 3.0 

100 2.0 

100 1.0 

100 0.5 

10 2.0 

10 1.0 
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Concentration. 
FglmL 

40.0 

4.0 

3.0 

2.0 

1.0 

0.5 

0.2 

0.1 

[]:[pte: When reagents are prepared, label the container with the contents, concentration, date prepared, and 
the preparer's initials.] 

18.2.1 Alkaline Phenol. Add 83.0 g Loose crystallized phenol to 800 mL DDW in a I L volwnetric flask. 
Keeping the flask in an ice bath or utder tap water, slowly add 96.0 mL 50% sodiwn hydroxide solution. Shake 
the flask while adding the sodiwn hydroxide. Cool to room temperature, dilute to I L with DDW, and mix 
thoroughly. Store in an amber glass container. This solution will remain stable for 3 mo, if kept out of direct 
light 

18.2.2 Sodiwn Hypochlorite Solution. The amount of sodiwn hypochlorite solution varies from batch to 
batch of sodiwn hypochlorite (5% commercial grade). Therefore, for each new batch, a base and gain 
experiment must be run to adjust the amount of sodiwn hypochlorite required to obtain the existing base and 
gain values. In a 150 mL volmnetric flask, dilute 86 mL of 5% sodium hypochlorite solution to 100 mL with 
DDW and mix thoroughly. Check base and gain values. Reduce or increase the amount of sodium hypochlorite 
to obtain the same base and gain values as the previous sodium hypochlorite batch. This solution remains stable 
for I day. 

18.2.3 SodiwJ Nitroprusside Solution. Dissolve 1.1 g of sodium nitroprusside in about 600 mL ofDDW, 
dilute to I L with DDW, and mix thoroughly. Store in an amber container and keep in refrigerator. This 
solution remains stable for I month, if kept out of direct light. 

18.2.4 Disodium EDTA Solution. Dissolve 1.0 mL of 50% w!w sodium hydroxide and4 I .0 g of disodium 
EDTA mLx thoroughly. Add 3.0 mL ofBrij-35 and mi.x. Store in plastic container. This solution will remain 
stable for 6 months. 

19. pH Analysis 

19.1 Standard and Reagent Preparation 

[!i.ote: Each of the standard HJW~ stock solutions must be prepared fresh the day of pH analysis.] 
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19.1.1 Standard H1SO. Solution. 
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19 .1.1.1 Label seven 25 mL polyetbylene stoppered volumetric flasks. Also, label each flask witb tbe 
volume of I N H2S04 solution indicated in the following table: 

Volume of 
1.000 N H;;>04 Standard 

Standard H ;;>0"' added to each concentration, 
Flask No. flask, JLL 10-~ H;;>04 

I 0 0 

2 25 I 

3 50 2 

4 100 4 

5 200 8 

6 400 16 

7 800 32 

19.1.1.2 Use the 25 JLL automatic pipet to add IN stock H 2S04 to flasks #1-3. Use tbe 100 J.lL pipet 
to add IN stock H 2S04 to flasks #4-7. Dilute all flasks to tbe 25 mL mark witb absolute ethanol. Cap witb 
stoppers or parafilm and mix well. 

19.1.2 2M Potassium Chloride (KCI) Solution. 
19.1.2.1 Weigh 1492 ± 0.1 g ofKCI. Add the KCl to a 2 L flask. 
19.1.2.2 Add about 700 mL ofDDW water to the flask. Swirl the solution w1til the KCl is completely 

dissolved. 
19.1.2.3 Pour this mixture into aIL graduated cylinder. Rinse the flask with a smalt amow1t ofwater 

and transfer the rinse into the cylinder. Fill !be cylinder to !be I L mark. 
19.1.2.4 Pour !be solution from tbe cylinder into the I L polyethylene bottle. Cap and shake the bottle 

to mix well. Mark the bottle with date of preparation. 
19.1.3 0.1 N Perchloric Add (HQOJ Solution. 

19.1.3.1 Fill aIL graduated cylinder about~ full with DDW. Transfer 10 ± 0.1 mL of60-62%HCI04 

into the I L cylinder with a 10 mL pipet. 
19.1.3.2 Fill !be cylinder to d1e I L mark. Pour the solution into !be I L polyethylene bottle. 
19.1.3.3 Cap and shake !be bottle to mi.x well. Mark the date of preparation on the bottle. 

19.1.4 0.01 N HCIO, Solution. 
19.1.4.1 Fill aIL graduated cylinder about Y, full with DDW. 
19.L.4.2 Measure 100 mL of the 0.1 N HCI04 solution with the 100 mL graduated cylinder. Add 

solution to !be I L cylinder. 
19.1.4.3 Fill a I L cylinder with DDW to the I L mark. Pour the solution into !be I L polyed1ylene 

bottle. 
19.1.4.4 Cap and shake tbe bottle to mix well. Mark !be date of preparation on the bottle. 

19.1.5 Extraction Solution (0.0001 N HCJO.). 

f!:!...ote: This solution has the same composition as the solution used to jill the sample vials for Teflon®jilters. 
It must be prepared fresh on the day of pH ana{vsis.] 

L9.1.5.l Using a 5 mL calibrated automatic pipet. add 10 ± 0.1 mL ofO.OI N percbloric-acid (HCl04) 

to a 2L Erlenmeyer flask of water. Add 990 ± 10 mL ofDDW to the flask. 
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19.1.5.2 Mix well and cover with parafilm until ready for use. 
19.1.6 EA Solution. 
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19.1.6.1 Measure 150 ± 2 mL ofO.OOOI N HCI04 (prepared in Section 19.1.5) into a250 mL graduated 
cylinder. Transfer to a 250 mL Erlenmeyer flask. 

19.1.6.2 Using a 5 mL graduated cylinder, add 5 ± 0.1 mL of ethanol (from the same fresh bottle of 
ethanol that was used to prepare the standards in 19. I. I) to the flask. 

19.1.6.3 Again using a 5 mL graduated cylinder, add 3 ± 0.1 mL of 2 M potassium chloride (KCl) 
solution (see 19 .1.2) to the flask. 

19.1.6.4 Mix well and cover with parafilm until ready for use. 
19.1.7 Working Standard Test Solutions. 

19.1.7.1 Place fourteen-4 mL polystyrene sample cups (as used with Technicon Auto-Analyzer II 
system) labeled I, I*, 2, 2* ... 7, 7* into racks. Using the calibrated dispensing pipet bottle, add 3 mL ofEA 
solution to each 4 mL cup. · 

19.1.7.2 Using the displacement pipet, add 50 JLL of absolute ethanol to each cup. Pour about 3 mL 
of standard (H2S04 solution) #I into a labeled 4 mL cup. 

19.1.7 .3 hnmediately pipet 50 JLL of this standard into the 4 mL cups labeled I and I* containing the 
EA solution and ethanol. 

/J:l.ote: This transfer must be done without delay to prevent the standard concentration from increasing 
significantly due to evaporation of the ethanol solvent.] 

19.1. 7.4 Repeat the procedure for each of the other 6 standards. If there is a delay of more than 5 min 
between the preparation of these mixtures and the next step, put caps on the 4 mL cups. 

19 .1. 7.5 To prepare for analysis, mb• each mixture. Then transfer two aliquots from each cup to 2 mL 
sample cups. Place cup #I in a rack. In a second rack place two-2 mL cups labeled I and 1-. Use the I mL 
automatic pipet to mix the contents of 4 mL cup #I by drawing I mL into the pipet tip and then dispensing it 
back into the 4 mL cup three times. Use the same pipet to transfer I mL of the mixture to each of the two 
labeled 2 mL cups. Place caps on the two 2 mL cups. After transferring the two aliquots to 2 mL cups, rinse 
the automatic pipet tip in a flask ofDDW. Repeat the transfer procedure for each of the other working standard 
pairs. 

19.2 CaUbration of pH Meter 

The pH meter requires temperature calibration whenever a new electrode is used. Use the manufacture's 
procedure in the instrument manual. This calibration should be repeated every 3 months when not in use. 
The pH meter is left with the power cord plugged into the AC outlet, the mode control knob is left in the 
standby position, the electrode lead is partially disconnected by pressing the plastic ring on its outer edge, 
and the combination electrode is immersed in a 4 M KCI solution (a slit rubber stopper seals the bottle with 
the electrode in it). Keep a record of the temperature calibrations in a lab notebook. 

19.3 Pre-Analym Calibration 

[!Y..ote: The pH buffer solutions are not used for any quantitative purym;e. They are used to standardize the 
electrode and as a diagnostic to verifY that the pH measurement system is working as expected JJefore 
beginning analysis of the samples.] 

19.3.1 Use a pH Analytical Log Form to record all data (see Figure 17). While still in standby mode, 
reco1mect the electrode lead at the back of the pH meter. 
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19.3.2 Fill three 4 mL cups with pH 7 buffer. Withdraw the electrode from the 4 M KCI bottle and wipe 
the tip gently with a Kim wipe® to remove the bulk of the solution. Rinse the electrode with one cup of pH 7 
buffer. Do not test pH of the first cup. 

19 . .3.3 Immerse the electrode in the second cup of the pH 7 buffer. Use a small bottle or other support to 
hold the cup up to the electrode while waiting for the meter reading to equilibrate. 

19.3.4 Test the pH by tuming to the pH mode of the meter. Allow the reading to stabilize for at least 30 s. 
Record the result on the log for "1st cup," 

19 . .3.5 Tliii to standby mode, and then test the last cup of pH 7 buffer. Record the results on the log for 
the "2nd cup." If the pH value for the 2nd cup is not 7.00 ± 0.0 I, adjust the "calib." knob to obtain a reading 
of 7.00. Note this adjustment on the log. 

19 . .3.6 Fill three 4 mL cups with pH 4 buffer. With the meter in the standby mode, remove the CQJI 
containing pH 7 buffer, wipe the tip of the electrode gently witl1 a Kimwipe® and then rinse the electrode witt 

. .the ftrst cup of pH 4 buffer. 
19 . .3.7 Test the next two cups of pH 4 buffer as above, recording the results on the log. Iftte pH value 

for the 2nd cup is not 4.00 ± 0,0 I, adjust the "slope" knob to get a reading of 4.00. If the value for the second 
cup was not 4.00 ± 0.03, the calibrations at pH 7 and at pH 4 must both be repeated. 

19.4 pH Test 0.01 N HC104 Solution 

fl:l.ote: The 0. OJ N HC/0 4 solution is used to prepare the ES solution. which is used to prepare the EA 
solution. The pH value for the EA solution must be 4. 09 ± 0. 04. If this pH value is not achieved, the 0. OJ 
N HC/04 solution must be reprepared.] 

19.4.1 Calibrate tbe pH meter witb pH 4 buffer. 
19.4.2 Rinse the pH electrode with DOW. Wipe the tip of tte electrode witt a Kimwipe®. 
19.4 . .3 Fill three 4 mL cups with EA solution. Measure tte pH of the test EA solution as with the buffer 

solutions this value must be 4.09 ± 0.1 0. 
19.4.4 If tbe above pH value is not achieved, follow the steps outlined in Sections 18.1.3 through 18.1.6 

to reprepare the solutions. Test tbe pH of the new sohjions. Repeat as necessary to obtain a pH of 4.09: 
0.04. 

19.4.5 Leave the electrode immersed in the "2nd cup" with the meter in the standby mode until ready to 
start analysis of the working standards, 

19.5 Analysis o(Working Stancbrd 

[l:Jpte: Immediately following the EA analysis, start testing the working standards.) 

19.5.1 With the pH meter still in the standby mode, remove the last cup from the electrode, gently wipe the 
tip with a Kimwipe®, and immerse the electrode into tht: working standard cup #I. 

fl:l.ote: Only two cups are a~·ailable for each working standard (also for filter extracts). Thus. pH 
measurement is made for both of the two cups for each sample. Also. the electrode tip is not wiped between 
the 1st and 2nd cups of each sample,} 

19.5.2 After testing the pH of cup# I, test cup# 1-. Record the results of both 011 the pH Analytical Log 
Form. 

19.5.3 With tbe meter in tbe stand-by mode, remove the# 1- sample cup, wipe the electrode with a 
Kimwipe®, and test one 2 mL cup ofEA solution. Rinse with DOW, 

.. 
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19.5.4 Test a 2nd cup ofEA solution; record the results for both cups on the logsheet. Discard the 1st cup 
of EA, but retain the 2nd cup to be used as the 1st cup for the next EA test. 

19.5.5 Continuetestingtheremainderoftheworkingstandards,#l*, 1*·, ... 7, 7-, 7*, 7*·. Rememberthat 
the electrode tip is wiped before and after each pair of test solutions, but not in between two cups of the same 
sample. 

fli.ote: If there is trouble obtaining constant pH values. use a magnetic stirrer to keep the contents to be 
measured unifonn. If employed. ensure that the sample cups are insulated from any temperature increase of 
the stirring platform, which may occur during extended use.} 

19.5.6 Use the mode control knob in the "temp." position to measure the temperature of the test solutions 
every 5-l 0 sam pies and record the results on the logsheet. 

19.6 Analysis oCFUter Extracts 

After measuring the pH of the working standards, measure the pH of the filter extracts to which 20 FL of 2M 
KCI solution ( 19. 1.2) bas been added, and record all results on the log. After all the filter extracts have been 
tested make an additional test with the EA solution. At the end make a fmal test of pH 4 buffer. With the 
mode control in the standby mode, shut down the pH meter by disconnecting the electrode lead at the back 
of the meter, leaving the meter power cord plugged into the AC line. Immerse the electrode tip in the bottle 
of4M KCL 

20. Atmospheric Species Concentration Calculations 

The system described in the previous sections collects nitric acid (HN01), sulfur dioxide (SO.J, ammonia 
(NH1), particulate sulfate (S04- ), particulate nitrate (N01·), particulate an1monium (NH/ ), and acidic (Ir) 
particles. The collection of each of these species is illustrated in Figure I. Nitric acid and sul:ftr dioxide 
gases are collected on denuder one. Ammonia gas is collected on denuder two. Particulate sulfate, nitrate, 
and ammonium are collected on the first (Teflon)®filter, while some of the particulate nitrate collected on 
the Teflon®filter evaporates and collects on the second (nylon) filter. Also collected on the Teflou®filtet 
are fine particles that contain hydrogen ions (Ir ), though probably not free W. Hydrogen ions are most 
likely present in the Hp• form. The concentration of these W ions indicates the atmospher~ acid aerosol 
content and is collected on the nylon filter. Prepare the Teflon®filter extracts for pH analysis prior to IC 
analysis for the particulate sulfate contents. Special precautions must be taken to prevent contamination of 
the Teflon®filters by ammonia before either of the analyses. 

20.1 Assumptions or tbe Annular Denuder System 

20.1.1 A number of assumptions are made about the performance of the rumular denuder system so that 
validity of the calculations presented later in this section will hold true. As discussed in Section 6, significant 
interferences need to be considered to make accurate estimations of species concentrations. The assumptions 
are as follows: 

• The frrst denuder stage collects 100% of sampled HN01 as nitrate. (Since the diffusivity ofHNO; 
is bigb, diffusion to the side walls is assumed to be very quick.) 

• The first denuder collects 100% of the S02 as sulfite, which can oxidize to sulfate. 
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{Note: Before ana{vsis. add hydrogen peroxide (Hp) to oxidize the sulfite (SO j) to sulfate (SO~-) to 
simplify the calculations. J 

• The second denuder stage collects I oo•A. of the sampled ammonia (NH3) as ammonium ion (NH/ ). 
• The Teflon®filter is 100% efficient for particulate sulfate, nitrate, and ammonia. Particle losses 

are less than I% on each denuder. This assumption may or may not stand true depending on the 
concentrations of the components in the air sampled. Modifications may be needed to avoid low 
(or underestimates of) acidic measurements. For example, another filter stage may need to be 
added to accurately accowtt for the particulate ammonia content of the air sampled. If ammonium 
nitrate (NH~03} was collected on the Teflon® filter, its probability of evaporation is high. 
Therefore, a citric acid-impregnated filter downstream would correct for the loss from the Teflon® 
filter. Also, interaction of ammonia and sulfuric acid neutralizes the filter and causes the acidic 
measurement to be biased. (Again diffusion rules the particle loss assumption; particles have lower 
diffusivities than gases.) 

• The nylon filter collects any nitrate that evaporates from the Teflon® filter. 

20.1.2 Analytical results from the IC and technician autoanalysis are given inw1its of JlglmL from N03·, 

S04-, and NH/, respectively. 
20.1.3 The extraction volume was II mL for N a2C03 denuder(s) and 10 mL (i.e., 0.010 L) for the citric 

acid denuder extractions and the nylon filter and 6.2 rnL for the Teflon® filter. 

20.2 Calculation of Air Volume Sampled, Corrected to Standard Conditions 

20.2.1 The total sample air volume, V,, for each sample is calculated using the data from the Field Test Data 
Sheet. These data include tl1e initial and fmal elapsed tinles, the initial rotameter reading. and the rotameter I.D. 
No. Use the calibration curve for the given rotameter to calculate dte flow for the sample, in LPM, if 
applicable. Calculate the value of V, as follows: 

where: 

v, = [F] [t] 

F = flow from the calibration curve, L per minute. 

t = net elapsed time, min. 

V, = total sample volume, L. 

20.2.2 Convert L to m3 by: 

where: 

v, = v, x (lo-) 

V, = total sampling volume, m3
• 

10-3 = conversion factor, m3/L. 

20.2.3 Calculate the air volume sampled, corrected to EPA-reference conditions: 
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where: 

v ' 
"d 

V = volume of sample at EPA-reference conditions, ml. 
std 
V, = voll.Dlle of gas sample through the dry gas meter, or calculated volume sampled as 

indicated by rotameter (see Section20.22), mJ. 

T .,4 = absolute EPA-reference temperature, 2988(. 

T m = average flowmeter or dry gas meter temperature, Be 

P~ov = barometric pressure of flow or volume measurement condition, rum Hg. 

P "d = EPA-reference barometric pressure, 760 mm Hg. 

Y = dry gas meter calibration factor (if applicable), dimensionless. 

20.3 Calculations of Com:eotration Using Results from IC and Tecbnh:on Autoaoalysls 

20.3.1 Analytic:al Results Cor HN03 from Na1C01 Denuder 

This factor 1.016 represents the ratio of molecular weights ofHNoJ· and NOJ ·. Subscript"g'' denotes "gas." 

20.3.2 Analytic:al Results for S01 from Na1C03 Denuder 

The factor 0.667 represents the ratio of molecular weights of S02 and S04 •• Subscript "g" denotes "gas." 

20.3.3 Analytic:al Results for NH3 from atric Add Denuder 

TI1is factor 0.944 represents the ratio of molecular weights of ammonia to ammonium ion. Subscript "g'' 
denotes "gas. n 

20.3.4 Analytical Results for Particulate S04 ·Captured on Tellon<ll FUter 

This formula expresses the assl.Dllption that essentially all of the particulate sulfate is collected on the 
Teflon~ filter and no evaporation occurs. The subscript "p" denotes "particles." 

20.3.5 Analytical Results for Particulate NH4 + Captured on Tenon~ FHter 
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This fonnula expresses the assumption that essentially all of the particulate ammonia is collected on this 
Teflon® filter and no evaporation occurs. The subscript "p" denotes "particles." 

20.3.6 Analytical Results for Particulate N0/3 Captured on TeOon® Filter 

Nitrates evaporator from the Teflon® filter dl.Iing sampling, so one must also calculate the NOf3 on the 
nylon ftlter. The subscript "pt" denotes particles on Teflon® filters. 

The subscript "pn" denotes particles on the nylon filter. Calculate the particulate nitrate concentration by: 

20.4 Calculations Using Results from pH Analysis 

Earlier pH determinations have been based on the pH buffer concentrations, the activity of the solution, and 
the antilog of the measured pH value. More recent studies have steered away from the issue of activity by 
comparing the results of the standards, thus alleviating errors introduced by basing the activities of ions retained 
on filters on those retained in solution. The methodology developed from these more recent studies is described 
herein. The end results are reported in tenus of mass of equivalent of ions. Appropriate values of accmtcy 
and precision with respect to H+ concentration for this method are 10% and 5%, respectively, for sample pH 
values in the 4.00 to 7.00 range. 

20.4.1 Adjustment for Filter vs. Non-Filter Standards. ·· This adjustment is necessary because 
experiments showed d1atthe measured acid concentration from filters doped with H 1S04 stock standards yielded 
concentrations. as measured by the difference from EA solution, that were about 3% lower than the values 
fmmd for working standards (prepared without filters from the same stock standards). The results gave the 
following relation (by linear regression): 

Cr = - 0.11 + 0.971 (C.r) 

where: 

Cr- calculated net strong acid concentration as would be obtained from ftlter standards doped with H2S04 . 

c.r = the apparent net strong acid concentration of H2S04 based on standards prepared without filters. 

For each working standard (non-filter), ott a given analysis day, calculate the "apparent net strong acid 
cottcentration ofH2SO/ as follows: 

.. 
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pHWS = measured pH for a working standard (or apparent strong acid concentration for non-filter H 2S04 
doped standards). 

pHEA- measured pH for the EA solution (or apparent strong acid concentration for non-filter, non-H2S04 
doped standard). 

After calculating the c., values for each working standard, use the above equation to calculate the adjusted 
values ofCr for each. 

20.4.2 DetermJnatlon ofNomJnal Strong Add Concentration for FUter Samples. The apparent net 
strong acid concentration of each sample filter extract, C, is calculated as with the working standards: 

c.= to-pHS- 10-pBEA 

where: 

pHS= measured pH of the sample filter extract (or apparent strong acid concentration for sample filters 
extracts). 

pHEA. measured pH for the EA solution (or appar~pt strong acid concentration for non-filter, 
non-H~04 standards). 

fl!..ote: The C, values for the filter eJ:tracts are d i rect(v comparable to the Cj values for the working standards, 
since the Cj values have been adjusted for the difference in apparent acid concentration for tests made with 
filters and tests made without filters.} 

20.4.3 Calculation or Strong Acidity Aerosol Concentration. Calculate the final concentration of 
apparent net fine particle (<2.5 Fm) strong acidity (as H2S04): 

C(H') = c,t v,.4 

where: 

C8 + =apparent net fine particle str\\\\\=ong acidity concentration, F!fm1
. 

Cr = apparent net strong acid, F g, as calculated from standard curve. 
v,.d =volume of sampled gas at EPA-referenced conditions (see Section 17.2.3), ml. 

2L Variations or Annular Denuder System Usage 

As described in Sections 3 and 4, the ADS is used to measure reactive acidic (S02 and HN01) and basic (NH1) 

gases, particulate sulfates and nitrates, and strong acidity of atmospheric particles (<2.5 Jlm) found in ambient 
air. The unique features of the ADS that separate it from established air monitoring methods are the ability of 
sampling artifacts to be eliminated from the collected gases and particles and preservation of the samples for 
subsequent analysis, which is accomplished by removing NH1 in the gas stream with a citric acid coated 
denuder, thus reducing the probability of the particulate acid sulfates (S04 "') captured on the Teflon® filter from 
being neutralized. The ADS configuration described in this methodology clearly illustrates these unique features. 
The elutriator is designed to allow only particles with <2.5 J1M diameter into the system. The impactor is 
designed to reduce the possibility of coarse particle infiltration even further. And fmally, the sequence of the 
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denuders reduces interference of possible chemical reactions that could cause lHlder-or over-estimations of 
concentrations to be made. Although this configuration is recommended for measuring these gases and 
particulates, the user may wish to measure only one or two of the chemical species. The following discussion 
will present possible variations of the ADS to accommodate such usages. 

21.1 Today, the ADS is being used in intercornparison studies to assess NHJ concerm-ation differences indoors 
and outdoors. The assembly used here consists of an elutriator-impactor assembly, an ammlar denuder, and 
a filter pack assembly. The elutriator-impactor assembly and the annular denuder are both smaller than those 
described earlier. The filter pack is available in the smaller size, but an adaptor is also available to assemble the 
smaller annular denuder to the larger filter pack assembly. This system is referred to as the personal sampler 
(see Figure 18). It is designed for sampling while attached to the shirt of a worker. The personal sampler can 
be used to measure other chemical species in indoor air by simply changing the reactive surface (coating) of the 
annular denuder or the types of filters used. 

21.2 Another variation of ADS application is simultaneous use in parallel with a fine particle sampler. The fine 
particle sampler assembly is very similar to the annular denuder assembly. The main difference is d1at a 
flow-straightener tube replaces tile annular denuder. The flow-straightener is a shorter version, 1-1 /4~ 4" long, 
of the annular denuder and creates even air flow across the filters to collect particulate matter. Again the 
elutriator-impactor assembly and flow-straightener are available in smaller sizes with accommodating filter pack 
assemblies. In addition, the ADS carrying and shipping cases as well as the sampling box can be adjusted to 
accommodate the ADS and fme particle sampler. The assemblies as they would appear in the sampling box 
ready for sampling are illustrated in Figure 19. 

21.3 If one has interest in quantitatious HNO 1 utilizing the ADS, special sampling and analytical concerns must 
be addressed. As identified in Section24, Citation 14, guidance is given for accurate quantitation ofHN02 in 
ambient air. 

21.4 The ammlar denuder methodology has been extended to other constituents, as indicated in Table 5. 

22. Method Safety 

This procedure may involve hazardous materials, operations, and equipment. This method does not purport 
to address all of the safety problems associated with its use. The user must establish appropriate safety and 
health practices and determine the applicability of regulatory limitations prior to the implementation of this 
procedure. These practices should be part of the user's SOP manual. 

23. Performance Crtterta and QuaHty Assurance (QA) 

Required quality assurance measures and guidance concerning performance criteria that should be achieved 
within each laboratory are summarized and provided in the following section. 
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23.1 Standard Operating Procedures (SOPs) 

23.l.l SOPs should be generated by the users to describe and document the following activities in their 
laboratory: ( 1) assembly, calibration, leak check, and operation of the specific sampling system and equipment 
used; (2) preparation, storage, shipment, and handling of the sampler system; (3) purchase, certification. and 
transport of standard reference materials; and (4) all aspects of data recording and processing. including lists of 
computer hardware and software used. 

23.l.2 Specific instructions should be provided in the SOPs and should be readily available to and 
understood by the persomtel conducting the monitoring work. 

23.2 QA Program 

The user should develop, implement, and maintain a quality assurance program to ensure that the sampling 
system is operating properly and collecting accurate data. Established calibration, operation, and maintenance 
procedures should be conducted regularly and should be part of the QA program. Calibration procedures 
provided in Sections 17 and 19, operation procedures in Sections 14 and 17, and maintenance procedures in 
Section 17 of this method and the manufacturer's instruction manual should be followed and included in the QA 
program. Additional QA measures (e.g., trouble shooting) and further guidance in maintaining the sampling 
system are provided by the manufacturer. For detailed guidance in setting up a quality assurance program, lhe 
user is re~ to the Code of Federal Regulations (Section24, Citation 12) and the U.S: EPA HandbdOic:on 
Quality Assurance (Sectiou24, Citation 13). 

23.2.1 Field QA. It is recommended that the flow rates of each denuder system be audited at1east 
quarterly. 

23.2.2 Laboratory QWIIlty Control (QC). It is recommended that laboratory QC program include lbe 
following as minimum requirements. 

23. 2.2.1 Include a reagent blank with each set of twenty (20) samples or less of each matrix (i.e .. denuder 
extract, filter extract, etc.). 

23.2.2.2 Include a laboratory duplicate with each set of twenty (20) samples or less of each matri:t. 
23.2.2.3 Include a laboratory control sample (LCS), also known as a laboratory blank spike (LBS) with 

each set of twenty (20) samples or less of each matrix. 

24. References 

I. Waldman, J. M., Operations Manual for the Annular Denuder System Used in the U. S. EP.AIJUVM 
Atmospheric Acidity Study, UMPNJ- Robert Wood Johnson Medical School, Piscataway, NJ, August 2!, 
1987. 

2. American Chemical Society Subcommittee on Environmental Chemistry, "Guidelines for Data 
Acquisition and Data Quality Evaluation in Enviromnental Chemistry," Ana(vt. Chem., Vol. 52:2242-2249, 
1980. 

3. Sickles, ll, J. E., Sampling and Analytical Methods Development for Dry Deposition Monitoring, 
Research Triangle Institute Report No. R TI/2823/00-15F, Research Triangle Institute, Research Triangle 
Park, NC, July 1987. 
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5. Stevens., R. K., et al., ACGlli Symposium: "Inlets., Denuders and Filter Packs to Measure Acidic 
Inorganic Pollutants in the Atmosphere," Aislomer Conference Center, Pacific Grove, CA, February 16, 
1986. 

6. Appel, B. R., Povani. V., and Kotbney, E. L., "Loss of nitric acid within inlet devices for Atmospheric 
Sampling," Paper presented at 1987 U. S. EPAIAPCA Symposium: Measurement of Toxic and Related Air 
Pollutants, Research Triangle Park, NC, 3-6 May 1987. 

7. Braman, R. S ., et al., "Tungstic Acid for Preconcentratiou and Determination of Gaseous and Particulate 
Ammonia and Nitric Acid in Ambient Air," Analyt. Chem., Vol. 54:358-364, 1983. 

8. Ferm, M., Concentration Measurements and Equilibrium Studies of Ammonium. Nitrate and Sulphur 
Species in Air and Precipitation, Doctoral Thesis, Department of Inorganic Chemistry, Goteborg University, 
Goteborg, Sweden, 1986. 

9. Ferm, M., and Sjodin A., "A Sodium Carbonate Coated Denuder for Determination of Nitrous Acid in 
the Atmosphere," Atmos. Environ., Vol. 19:979-985, 1985. 

I 0. Riggin, R. M., Technical Assistance Document for Sampling and Ana{vsis of Toxic Organic Compounds 

in Ambient Air, U.S. Environmental Protection Agency, EPA Office of Research and Development, 
Atmospheric Research and Exposure Assessment Laboratory, Research Triangle Park, NC, 27511, 
EPA-600/4-83-027, November, 1983. 

II. Stevens, R. K., and Rickman, E., Jr., "Research Protocol/Method for Ambient Air Sampling wid1 
Atmular Denuder Systems," U.S. Environmental Protection Agency, EPA Office of Research and 
Development, Atmospheric Research and Exposure Assessment Laboratory, Research Triangle Park, NC, 
27511, ASRL-ACPD-RPM 003, January 1988. 

12. 40 CFR Part 58, Appendix A, B. 

13. Quality Assurance Handbook for Air Pollution Measurement Systems, Volume II- Ambien.£Air Specific 

Methods (Interim Edition), U.S. Environmental Protection Agency, EPA Office of Research and 
Development, Atmospheric Research and Exposure Assessment Laboratory, Research Triangle Park, NC, 
27511, EPA-600/R-94/038b, May, 1972. 

14. Febo H., Perino, C., and Cortiello, M., "A Denuder Technique for dle Measurement ofNitrous Acid 
in Urban Atmospheres.," Atmos. Environ., Vol. 27: J 721-1728, 1993. 

15. Winberry, W. T., Jr., "Determination of the Strong Acidity of Atmospheric Fine Particles(< 2.5 p.M) 

Using Atmular Denuder Technology," U.S. Environmental Protection Agency, EPA Office of Research and 
Development, Atmospheric Research and Exposure Assessment Laboratory, Research Triangle Park, NC, 
27511, EPA-600/R-93-D37, November 1992. 
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TABLE I. ESTIMATED DETECTION AND QUANTIFICATION LIMITS 
FOR THE ANNULAR DENUDER SYSTEM' 

0 ,, Sariiptilljl; ~iOd 
Detection limit~; J1glm1 lhoOC'' ,. ·· I'da:Y.' I ~eek 

Gaseous ~pedes 
so2 3.1 0.13 0.02 
HN01 2.0 0.08 0.01 
NH1 5.6 0.25 0.04 

Particulate matter 
so; 1.6 0.07 0.01 
NOi 1.8 0.08 0.01 
H+ 1.0 0.05 0.001 

_Quantification limits, Fwm1 

Gaseous ~pecies 
sol 10.4 0.43 0.06 
HN01 6.8 0.28 0.04 
NH, 20.0 0.83 0.12 

Particulate matter 
SOt= 5.3 0.22 0.03 
N01· 6. I 0.25 0.04 
H+ 2.1 0.15 0.01 

1Samples analyzed by ioo chromatography. Detection limits are taken as three standards deviations above field 
blanks. Quantification limits are token llli ten stmdard deviations above field blmks. Both the detection md 
quantification limits were estimated assuming that the variance is independent of concentration. 
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TABLE 2. ACCELERATOR JET DL>\METERS AND CORRESPONDlNG REYNOLDS 
NUMBER (RE) FOR SELECTED FLOW RATES TO OBTAIN 2.5!lm DL>\METER 

(AERODYNAMIC) PARTICLES SEPARATION 

.. 
Flow rate, 

Lim in Jet diameter, mm Reynolds number (RE) 

1.0 1.55 900 

2.0 1.97 1,400 

5.0 2.65 2,700 

10.0 3.33 4,200 

12.0 3.55 4,700 

15.0 3.85 5,500 

16.7 4.00 6,000 

20.0 4.25 6,600 

.. 
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TABLE 3. SUMMARY OF KEY PROBE SITING CRITERIA FOR ACID AEROSOL 
MONITORING STATIONS 

·~ ·Factor .. 

Vertical spacing above ground 

Horizontal spacing from 
obstruction and obstacles 

Unrestricted airflow 

Spacing from roads 

SESDFORM-012-R4 

'.. . ... 
·, criteria 

• Representative of the breathing zone and avoiding effects of 
obstruction, obstacles, and roadway traffic. Height of probe 
intake above !1'-'0und in genera~ 2-3m above ground and 2-15m 
above ground in the case of nearby roadways. 

• About I m or more above the structure where the sampler is 
located. 

• Minimum horizontal separation from obstructions sucb as trees 
should be > 20 m from the dripline and must be 10 m from the 
dripline when the trees act as an obstruction. 

• Distance from sampler inlet to an obstacle sucb as a building must 
be at least twice the height the obstacle protrudes above the 
sampler. 

• If a sampler is located on a roof or other structures, there must be 
a minimum of 2 m separation from walls, parapets, penthouses, 
etc. 

• There must be sufficient separatiou between the sampler and a 
furnace or incinerator flue. The separation distance depends on 
the hei.!!Jit and the nature of the emissions involved. 

• Unrestricted airflow must e;"tist in an arc of at Least 270 degrees 
around the sampler, and the predominant wind direction for the 
monitoring period must be included in the 270 de!l'ee arc. 

• A sufficient separation must exist between the sampler and nearby 
roadways to avoid the effect of dust re-entraiument and vehicular 
emissions on the measured air concentrations. 

• Sampler should be placed at a distance of 5-25 m from the edge of 
the nearest traffic lane on the roadway depending oo the vertical 
placement oftbe sampler inlet which could be 2-15m above 
llfOUild 
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,:j·~.}: .. 
Symbbl 

OJ 

HCl 
HF 

PAHs 
SVOCs 

TABLE 4. DILUTION RATES 

'· · ·, Volume'of EquiValent 

,. Stand;irdHzS04 
··•· 1.0. N Hj:04 . Str~ng Acid :. ,_,,, 

Added to Each Mass Collected 
Flask, mL on Filter; Fg' Flask No; Approximate pH 

I 0.000 0 4.09 

2 0.025 4.90 4.01 

3 0.050 9.80 3.95 

4 0.100 19.60 3.84 

5 0.200 39.20 3.68 

6 0.400 78.40 3.48 

7 0.800 156.80 3.23 

"Based on 6.2 mL extraction volmne. 

• \,i. 

TABLE 5. OTHER CHEMICAL SPECIES 
AMENDABLE TO ANNULAR DENUDER TECHNOLOGY 

· "' i'( cheihicar s ,,. 'ies' ,, l··',o.'•" •0 '"'· ·. :. ~ 

e• ·coue~~n'~ub£ ~''' 
~- I 

·, 
'f' ;· .,. ·. ' ' ...... ~ ' 

·coating Comments Denuder 

Ozone 1% (wtlwt) Analysis by IC or 
N aHCO/ glycerin colorimetry 

Hydrogen Chloride Na2C01-alkali coating Extracted with water/ 
Hydrogen Fluoride analyzed by IC 

Semi-volatile polycyclic Ground Soxhlet 
aromatic hydrocarbons XAD-4/glycerin extraction/GC/MS 

analysis 

.. 
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Figure I. Schematic view of Allllular Denuder showing species collected. 
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Pump-Time!' System 

·-··-Heeter 

Tl!llllpautul'll 
ControiU~ 

Includes: 
• Field Sampling Box 
• 13" .x. 1"' x. 28" Ueatcd md Cooled 
• Pu:mp-Tm.er System, Single Channel 

with Mass Flow COIJttQIJcr 
• Cyclono 
• Aru:udar Oen.uder 
• Filter Pad 
• llOV « 220V 

Figure 2. Annular Denuder system in field sampling box. 

, /,, .. · 
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(a) Glass Assembly 

fPi1 Teflon 1Sf kcelenotlon J.t 

t . 

Air 

(b) Aluminum and Teflon Assembly 

' 
. . . 

. 
. 

w 

' 
. 

. 

~---~ l'lawC-

FIIIarf'xt--Jr . .-r-· ·_ ... _ .i 

c..pler-.ilh,f.WI, 
Nl-t>-llln!l'tu!J' 

~-Oonucier.-..-. 
-.«l-<i43111111111l!ilh. _......,_., __ ~ . 

~-,IZDJ, -...-AIIICI 'tiDJ' 

""' : ~·: 

Figure 3. Available elutriator and acceleration jet assemblies. 
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Figure 4. Glass Annular Denuder with inset impactor assembly. 
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¢ovpler with .rmlt 
Buil1-ln 58111 Rlfl9 'to:JJ' 

Almullr Denuder, St:l.illliiH s.el, 
MtAtf.CI'Iaru·.t. 242 mm length, 
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Coupler with tiiDI. 
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Alr Flvw 

Annular Denuder Filter .Pack: 
Assembly with Coupler-Impactor 

SboV~-n in line 

Figure 5. Side view impactor/coupler assembly. 
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! 
1 

NH. 

Coupler with ----'~ 1 
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Annular Denuder, StalniBSS SIBal, ---+ 
Multi-Channel, 242 nvn langlh. 
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10 Lpm, 2.6 prn cut 

Figure 6. Schematic view of Annular Denuder with cyclone 
adaptor for removal of coarse particles. 
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Annular Denuder 

Cross-Sectional View 
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1 nn Annular Space 

Jnlr:mal Schematic of Annular Dcmulm: 

Figure 7. Internal schematic of Annular Denuder. 
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Figure 8. Filter pack assembly. 
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Figure 9. Drying train and manifold. 
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liiiiil ·--·-
e•~•._, ... ._ . 

Pump-Timer Syttem 

Includes: 
• Field Sampling Box 
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with Ma>ss Flow Controller 
• Cyclone 
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• Filter Pack 
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Figure 10. Ammlar Denuder system with cycloue in heated sampling case. 
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Figure I I. Frit removal from pin. 
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Figure 12. Side view impactor/coupler assembly with disc removal tools. 
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Controller No.: 

EQUIPMENT 

Lab Calibration Date: 
Flow Rate Set Point: 
Calibrated By: 
Rotameter No.: 
DGMNo.: 

SAMPL lNG DATA 
Time 

Time:-------------­
Flow Rate: -----------­
T~perature: ----------­
Pressure: ~-----------­Avg. Flow Rate: 
Leak Check (Before): 

(After): 

Total Sample Vol.: 
Flow Maintained Ra-t-e:-_-_-_-_-_-_-_-_-_-:_(±: 5%) 
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Date:-~-~----------
Location of Sampler: 

Operator: -------------

Sampler 

Sodimn Carbonate Denuder No. 
Citric Acid Denuder No.: 
Filter Assembly No.: 

tf, 

;.Bifroln~ic 
i' 

Pressure, 
···.mmHIO!. 

Figure 13. Annular Denuder Field Test Data Sheet. 
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Figure 14. Major components of a commercially available ion chromatograpber. 
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Figure 15. Chromatograms of denuder/filter extract performed by tbe ion chromatography. 
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Figure 15 (Cont' d). Chromatograms of denuder/filter extract performed by the ion chromatography. 
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Chapter I0-4 
Atmospheric Acidic 
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Acidic/Basic Constituents 
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Figure 16. Technicon autoanalyzer flow diagram for ammonia analysis. 
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Method I0-4.2 
Acidic/Basic Constituents 

Chapter I0-4 
Atmospheric Acidic 

Determination of the Strong Acidity of Abnospheric Fine-Particles(< 2.5 FM) 
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llUNNUMBiiJI. 
Con S11fWftl 

I 2 } ~ s 0 7 

pK 7 Bu1J'<r I .. . 
I . ,;- ... ... . .. ;, I · 1·-·-. :-• 

2 
} 

pit 4 lhdJtr . ~- .. 
S!\ {j.;.; !.:7.' . ~~ ... lJ." :~·- ·· 

I _·,· ~ ;· ' . •·::~ -,-·;··· I •'·"':~1 " 

J 
) 

&A Solud"" - '• .. _. ~· -.. .• ;; . •• ,. :.,_1:'1;, l• 1 ... ' -- ... -
I ,.. .• _,r • ·t ·~ -~ ,.! .·:· 
2 

} 

Warklna Stoncb-ch I )~] _,. 'I"•':'' ,; ·~ ·:-w•D: 1 -;,~;· ,·nn, .' . ~ . -. ,'"" ~ . :-!.>·~- 1.· •• ~-·'""' ' • 
1 ... 1 

IAl 

&A 

IBI 

182 

llA 

2.\1 

2A2 

TCf'll'-

&A 

2B I 

2B:! 

llA 

lA. I 

}A2 

E.._ 

T....,_ 

lBI 

}82 

EA 

Figure 17. pH Analytical Laboratory Log Form 
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Ftgure 17 (cont). pH Analytical Laboratory Log F«m 
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Method I0-4.2 
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Chapter I0-4 
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... .. 
CUT AWAY VIEW 

FILTER PACK 
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I----I'LOW STRAIGHTNER 
(37mm LONG) 

ACCELERATION JET 
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Figure 18. Field Particle personal sampler. 
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Figure 19. Annular Denuder system with parallel fme particle sampler. 
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CORROSION CLASSIFICATION COUPON 
Environmental Monitorin: Pr~edore PUR.i\f1l 
About PuraOI 
Purafil i:s the leading 
manufacturer of air 
purification systems for the 
removal of corrosive, toxic. 
and odorous pollulmtS. 
Airborne pollutants are the 
biggest thre.at lo the reli3bility 
of yow- cl<.:ctrnnics. Even trace 
levels of these pollutants c.an 
earue irreversible damage to 
inlegratcxl circuits, pin 
connectocs, and other electr1cal 
ood electronic components. 

F.a-viroamental AssHSment 
Corrosive poUutauts are 
invisible to the human eye and 
are I 0 times smaller than the 
smallest particulate matt«. 
Purafil•s CoJTOSion To-1 JGt 
wi II enable you to determine: 
the air quality in your facility. 
The lest kit ill part of Purafits 
Environmenbd Assessment 
Program, an analytical service 
designed to characterize the 
cotrO:!ii.,·e potential of an 
ern·ironment as defined by the 
lmtrumentation Society of 
Ameri-ca (ISA) Standard 
S7l Jl4-198.5. 

The Corrosion ClauificlltiOJI 
Coupu(CCC) 
As part of the environmc::ntal 
monitoring procedure, place 
the: CCC in the environment 10 
be tested for a period of 30 to 
90 days. Over time, the copper 
strip will tarnish. Tile amow'lt 
of corrosioo forming on the 
strip, over a given pcr}o.d, is a 
primary iodicutor of bow weD 
rontroUed an etl\'ironment 
may 1;1¢. 

SESDFORM-012-R4 

Upon immediate return to 
Purafil, the CCC is analyzed to 
identify the levels of corrosive 
oontamin.ants present in the 
conttol room or other 
protected space. 

Coupon Placement 
The copper strip is mounted on 
a Plexiglas support panc:t 
Touching the copper strip will 
invalidat~ the test results. 

folklw these steps carc:fully to 
insure the validity of the test 
results: 

t. Within 30 days of receipt, 
place the CCC in the space of 
concern. 

2. Remove the CCC fiom the 
plastic packing bag. Keep the 
bag for return mailing to 
Purafil's laboratory. 

3. Coolpletely fill in the blank 
spaces on tbc labcl affixed to 
the CCC: 

• Company Name & Address 
• Roonv'lll"ea tdentifacation 
• Date and ~ installed 

DO NOT ... 
• Touch the copper strip 
• Affix tile coupon outdoors 
• Affix the coupon inside the 
control cabinet 

IMPORTANT: A nport 
t:illllltll H provkktl witlwat 11 

ditu trtld tillle Df bt:$1allldio,. 

4. Place the CCC in the area of 
concern with the label side up. 

Page 135 of 137 

first..indeanalr 

5. Corrosion is defined in 
terms of corrosion film 
thickness, which builds up 
within ooe month of exposure. 
However, due to "'arying 
environmental conwtioos, a 
visual inspection of the coupon 
should be made. 

In 11 harsh c:n\;iroument, a 
coupon may become: highly 
tarnished before 30 days, and 
should be returned sooner to 
Purafil for analysis. If a CCC 
shows littlt: to no 
discoloration. it should remain 
in place for an additi<mal 
periOO of time up to 90 days. If 
visual inspection is not 
possible and the severity of the 
environmem is unkn4Jwn, 
return rhe CCC at 90 days. 

6. After the specified time has 
passed, remove me coupon 
from the test area. Mark the 
label with the date and time of 
retOOval Thi.r informotiml is 
c:n·lical - tiJe lab cannot 
produce an analysis without it! 

7. Place the CCC in the pl.astic 
bag being careful to :seal the 
bag. Return to the following 
address: 

Attn: Laboratory 
Purafil, Inc. 
2654 Weaver Way 
Ootaville, GA 30340 USA 

8. flurafil will issue a report 
classi.fyinJ the corrosivit}• of 
your cnvirorunenl. 
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Reactivit)· Monitoring 
Reactivity Monikning is a widety 
accepeed ted:lnique use<:! to 
characterize the destructive 
pot~ntiel or an enwomoont. 
Because many of ttte 
conLaminant$ targeted for control 
are oorrooive in nature (i.e .. 
h~rogsn sultlde and sulhlr 
dioxide). reactirllly monitQrS have 
lOng been used to gauge the 
q~R~Hty of ambienl air and to 
indicate the El<lfedivenes.~ of 
pollution control stra.tegios 

Purafi"s reactivity monitoring 
tectmique Is passive in nature 
and involves the use or copper 
and ~ Cori'OSIOn 
Oas&ilication Coupons {CCCs). 

CCCs are typically employed ill 
industrial environments. to 
determine the effect ot con(lsion 
on s-ensitive electrMlcs. ar in 
ITIU$E!ums, to detmmioo whe1her 
or not artifacls are safe fr1lm 
decay. 

cccs are a reliable yet cost· 
effect~ means of classifying ltle 
external and intamal 
enwonments. M -part of the 
Punml"s moniloring strategy, 
lndl11iduat CCCs are placed in !he 
foltowing ate<'l$; 

indusbial enworunents 
• Con'trol Rooms 
• Raek Rooms 
• M041X Control Cor>1et$ 
• LallOfatories 
• Crl1k:ill Parts Sto~C~ge Rooms 
• Mainframe Computet Room!> 

Museum Envlronmellt$ 
• OUtside air intaio;es 
• lf'llct ot Recirculation Air 
Handlers 

• Slorage Rooms 
• Display Cases 

Fol.lowing a period of 30 to 90 
da:,os, the CCCs 01re wnected aDd 
sent co Purafir$ laboratory. Field 
exposed CCCs ate analyzed to 
determine the .levet at 
contamination In · · · the 

environ~W:flt. 
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CCC Anah·sis 
The ptll'pose ~f CCC Analysis is 
to detetmine the lypoe 3nd 
thickneas of corro:;ion buif<~Yp on 
t1'1e surface of each CCC. CCCa 
ate analyzed via CoulorretriC 
Reduction, which allows tl'le 
rontamlnam type 1o be eas.1y 
idenhfJCd. Knowing the period o1 
1irne during which the ooupon 
was exposed and the thickness 
of corrosion ptcsent a oorrosion 
reactivity rate can be C&lelA3ted. 
This method or reactillity 
mooilorlng has been exten.$11/ely 
researChed by BatehE: 
labota!Oiie$ and Sell Telephone 

Corrosion Potential 
Industrial 
Environments: 
Knowing an envifo«nent's 
COITosion potential i$ Important to 
Industrial facilitie$. Purafil'!l 
la'IXIratory anatysis ptov~s a 
quanWiative measure ol an 
envirO<T!menrs overaH corrosion 
potcnUal and details the 
environmental <=Ja~s as defined 
by Instrumentation ~ of 
America (ISA} Standard S71.04-
1985, taled "Environmen1al 
Conditions For Process 
Meast11ement and Control 
Systems: Alroome 
Contaminants.· Ttris stal'ldard 
r&Qulre$ lhat rooms cool:alning 
b~. plane wired equipment. 
instrumentation. pcoeess control 
sys.l~ or computer$, must Nlve 
a G1 erwlranmenCal da$slllcallon, 
defined in terms of oorrosk$ 
thanes$ as 0..299 ~lrom$ 
per 30 days. A G 1 classifiCation 
iS chatacterized by ISA as "Mild"'; 
02. "Moderate": G3. "Harsn·: anc 
GX, 'Severe'. 

Mu~m Environments; In 
museums corrosion is caused by 
the burning o1 1uel$ in power­
stations, rect-ories, cort'll11ef'Cia 
and d<Jmestie building;s. and 
automobiles. Puralil off'ef$ CCCs 
•o test multiple loeatiol'ls 'lln1hin 
the llxal environmonl. The 
envlr~ . oassllieatlonS. tor 
balh copper and silver oorrosion 
is ptOVidcd. 
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Air Purity 
RecommendatioM 
• Class St/C1: ArchiYes, Metal 
Collections., Rare Books 
• Class S21C2: Museums, 
Museum Storage, librarias 
• ctass S31C3: ~one House$ 
• Ctfls S41C4: Short Term 
Acceptable 
• Ctus SSICS: NaC Aooeptablc 

CCC Comprehensive 
Report 
The resu£ts of P~~Eafll's. 

envlronmen1aJ analysis ar~ 

r~ and made ar::c:essil:l'e to 
your local Purali representative 
\lla Purafil's oofine lnslalle::! 
Tracldng System. Included in the 
report are 1he general clas'OIIt!i of 
gases present. estimated 
conc~:.>ntratiOn levets. and 
humidity tl'1teets. 
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