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Air Monitoring Plan 
Combustion, Inc. Removal Action 

Combustion, Inc. 
Denham Springs, Louisiana 

SUMMARY 

This plan describes the air monitoring activities to be conducted during the removal action 

(cleanup) of the Combustion, Inc. site. Air monitoring will provide a means of assessing the 

off site impact, if any, of cleanup activities and will provide a mechanism for triggering 

modification or discontinuation of operations. 

Air monitoring will consist of continuous meteorological measurement and recording, daily 

monitoring for a broad group of volatile organic compounds and dust using field instrumentation 

and daily collection of air samples for laboratory analyses of specific volatile compounds 

(benzene, chlorobenzene, toluene, xylene, etc.). Monitoring will also include periodic collection 

and analyses of air samples for lead, PCBs and polynuclear aromatic (PNA) compounds. 

The chemicals of primary concern during cleanup of the Combustion, Inc. site belong to the 

volatile group of compounds and include such chemicals as toluene, benzene, xylene and 

chlorinated solvents. There will be three levels of continuous monitoring for volatile chemical 

emissions during cleanup activities: 

1. An organic vapor monitor (OVM) capable of detecting the volatile chemicals of concern 

present at the site will be used within the cleanup activity areas to monitor performance 

of the emission control devices and waste handling practices. This monitoring will be 

used to fine tune the control devices, to guide/limit waste handling practices and provide 

early warning of a release. 
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2. Additional organic vapor analyzers capable of detecting the organic vapors of concern 

will be in continuous use at the perimeters ·Of the Process Area and Pond Area to 

immediately detect release of volatile chemicals. Organic vapor action levels have been 

set to trigger modification: of waste handling practices at the Process Area or Pond Area 

and/or shut down of the process at the respective areas. 

3. Air samplers will be placed upwind and downwind of the site at the nearest residences 

( or closer) for collection of samples for chemical specific laboratory analyses. The 

resulting data from this monitoring will be used to assess compliance with the DEQ set 

air standards for the project and to assure protection of the residential occupants. A 

minimum of two downwind samples will be collected at the Process Area and Pond Area 

at the nearest residences and analyzed during each day waste residuals are handled at the 

respective areas. Additional samplers will be available if wind is calm or transient. 

Downwind air samples will also be collected at the perimeters of the Process Area and 

Pond Area during each day waste residuals are handled at the respective areas. These 

samples will be analyzed, if necessary, to verify any off site release, differentiate OVM 

readings into specific chemicals, and/or to modify the OVM action levels. 

In addition to the above monitoring, field detection kits (Drager Tubes) specific to benzene, 

and/or toluene will be available onsite to check for the presence of these specific compounds in 

air on an as requested basis. These kits may be used in response to increased odor levels or 

residential complaints. These kits would be used in conjunction with the OVM instruments. 

Chemicals present at the site but of a lesser concern relative to air emissions during cleanup 

include PCB's, polynuclear aromatic compounds (PNAs) and metals such as lead. These 

chemicals have relatively low volatility potential and emission of these chemicals during cleanup 

activities would primarily be through generation and wind dispersal of contaminated dust. The 

potential for generating contaminated dust when handling oily and/or wet wastes is low and 

control of dust emissions is easily performed. 
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Air samples for laboratory analyses of lead, PCBs and PNAs will be collected upwind and 

downwind of the site at the same offsite locations that the specific volatile compound samples 

are collected. Backup samples will also be collected at the perimeters of the Process Area and 

Pond Area as described for the volatile compound monitoring. Sampling for these compounds 

will be performed at the initiation of waste handling activities in the Pond Area (both Phase I 

and Phase Il). Dust levels in air will be continuously measured with field instrumentation during 

work handling activities. 

Average concentration limits for specific chemical compounds have been set by the Louisiana 

Department of Environmental Quality (DEQ). The basis for these average concentration limits 

considers the close proximity of residences, a two year project duration, predominan~ wind 

direction, a health-based risk assessment approach, and multiple factors of safety. If average 

specific chemical concentrations or field instrument readings exceed the average concentration 

limits set by the regulatory agencies, the cleanup activities will be stopped and/or modified to 

reduce emissions to acceptable levels. 
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1 - INTRODUCTION 

This plan describes the air monitoring activities to be conducted during cleanup of the 

Combustion, Inc. site. Air monitoring will provide a means of assessing the off site impact, if 

any, of cleanup activities . and will provide a mechanism for triggering modification or 

discontinuation of operations. 

1.1 Background 

The Combustion, Inc. site is an inactive waste oil recycling facility located in Livingston Parish, 

Louisiana, approximately three miles northeast of the city of Denham Springs. The site includes 

a processing area and a separate area approximately one half mile away that consists of a series 

of 14 shallow ponds. These two areas are referred to as the Process Area and the Pond Area 

respectively. An underground pipeline connects the two areas. The facility operated from the 

mid 1960's until 1982. Wastes on-site include used oil, water, a methanol and water mixture, 

tank bottom sediments, and pond bottom sediments. The primary site constituents include 

volatile organic compounds, semi-volatile organics, PCBs and heavy metals. 

A Removal Action under the auspices of the Louisiana Department of Environmental Quality 

(DEQ) is proposed for the site. The proposed Removal Action will be conducted in two phases. 

Phase I of the Removal Action includes the removal and proper disposal of the aboveground and 

underground tanks and their contents, above ground structures, the pipeline connecting the 

Process Area to the Pond Area, and the oil on the surface of the ponds. Specific Removal 

Action activities will include pumping and loading of oil for disposal, possible on-site processing 

of the oil and tank bottoms, hydroblasting tanks, and removing underground tanks. Of these 

activities, on-site oil processing including the mixing, chemical addition and centrifuging have 

the greatest potential for air emissions because the oil must be heated from 150° to 17CJ' 

Fahrenheit in a mix tank prior to centrifuging. When the process equipment is not operating 

(i.e., when movement, mixing, .and/or heating of the oil stops) air emissions are anticipated to 

be equivalent to or less than current background levels. The need to process the oil will depend 

1-1 



on the quality of the oil and the requirements of the disposal facility. The need to process the 

oil will be determined following completion of waste profiling and contracting with the disposal 

facilities. 

The technologies to be used for the Phase Il Removal Action to address the Pond Area soils and 

sludges and buried materials in the Process Area have not yet been selected. Based on the 

characterization of the materials present at the site (as documented in the Preliminary Remedial 

Investigation Report revision dated March 30, 1990), it is anticipated that the potential air 

emissions from the Phase Il Removal Action would be limited to volatile organic compounds 

and/or metals (made airborne as particulates). Thus, the monitoring program described herein 

is expected to adequately address both phases of the Removal Action. This plan will be revised 

as. appropriate if it is determined that the Phase Il Removal Action may emit constituents other 

than volatile organic compounds or particulate metals. 

The Phase I and Phase IT field activities are anticipated to require less than two years to 

complete. However, a two year time frame is used for establishing emission compliance levels. 
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2-SAMPLINGMETHODOLOGIES 

2.1 Volatile. Organic Compounds 

2.1,1 Real-time Monitoring 

Emissions of volatile organic compounds (VOCs) on-site will be monitored using a direct 

reading instrument. A photoionization dete.ctor (PID) instrument such as the Thermo 

Environmental Model 580 B portable organic vapor monitor (OVM) or equivalent, will be used 

to continuously dete.ct concentrations of organic vapors. The PID instrument is capable of 

detecting 0.1 to 2000 parts per million (ppm) total volatile organic compounds in air. Values 

obtained from two direct-reading PID instruments, one positioned upwind and one downwind 

of the Process Area and Pond Area fence lines will be compared to action levels to determine 

the need to modify or stop ongoing removal operations. 

In addition to the site perimeter monitoring, a PID instrument will be used by the remediation 

contractor to evaluate the effectiveness and performance of emission control devices and to 

monitor emissions from waste handling procedures. The remediation contractor shall 

immediately report to the air monitoring personnel any readings greater than ten parts per 

million total hydrocarbons in the breathing zone exceeding a duration of five minutes. 

Draeger Tube field detection kits specific to benzene and/or toluene will be available to check 

for the presence of these specific compounds in response to increased odor levels or residential 

complaints on an as requested basis. The samples will be collected using a hand operated pump. 

The draeger tubes will provide an immediate colorimetric indication of the presence of these 

compounds. 
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2.1.2 Integrated Sampling 

EPA Method TOI found in the "Compendium of Methods with the Determination of Toxic 

Organic Compounds in Ambient Air" (EPA-600/4-89-017, June, 1988) will also be used for the 

collection of samples to be analyzed for volatile organic compounds. In this method air is 

sampled through a sorbant tube containing TenexR adsorbent using a portable sampling pump 

such as the SKC Model 222-3 or equivalent. Following Tenex adsorption, thermal desorption 

is performed with GC/MS separation, detection and compound-specific identification. Samples 

will be analyzed for the compounds listed in Table 2-1, which are the compounds that have been 

detected in site materials and which can be detected using the TOl method. 

Samples will be collected during removal action activities that have the potential to emit VOCs 

to the air. 

The use of Method TOl provides continuous chemical-specific monitoring with low detection 

limits. This method will be utilized for compound-specific sampling at off site locations (where 

property access is allowed) and at the fence line. The method is capable of detecting individual 

chemicals in the low part per billion range depending on the sample volume. 

2.2 Particulate Matter 

2.2.1 Real-time Monitoring 

A MINIRAM Model PDM-3 aerosol monitor will be used for real-time monitoring of particulate 

matter in the exclusion zone as an indicator for metals, PCBs and PNAs in the air. The 

MINIRAM is capable of detecting 0.01 mg/m3 to 100 mg/m3 total particulates in air. The 

instrument will be used to determine real-time air concentrations of dust during activities 

which have the potential for dust generation (e.g., excavation or chemical solidification/stabiliza­

tion) during Phase I and Phase II of the Removal Action. Values obtained from two direct 

reading MINIRAM instruments positioned on stands upwind and downwind of the Process Area 
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TABLE 2-1 

Compounds Detected at Combustion, Inc. 
and Measured by 

EPA Method TOI Sample Analysis 

Benzene 

Chlorobenzene 

Chloroethane 

Chloroform 

1, 1-Dichloroethane 

1,2-Dichloroethane 

1,2-Dichloroethene 

1, 4-Dichlorobenzene 

Ethyl benzene 

Styrene 

Tetrachloroethene 

Toluene 

Trichloroethene 

Xylenes 
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and Pond Area sites will be compared to action levels to determine the need to modify or halt 

site activities. 

2.2.2 Integrated Samples 

The method in 40 CPR Part 50 Appendix G, "Reference Method for the Determination of Lead 

in Suspended Particulate Matter Collected from Air, 11 will be used to collect and analyze air 

samples for lead. This method utilizes high volume air pumps at a flow rate of 20 to 60 cubic 

feet per minute to sample air through an 8 x 10 inch glass fiber filter. Samples will be 

collected using the General Metal Works Tripod GMWT 2200 Hi-Vol Air Sampler. 

2.3 Polynuclear Aromatic Hydrocarbon Compounds antegrated Samples) 

The EPA Method TO13 found in the "Compendium of Methods for the Determination of Toxic 

Organic Compounds in Ambient Air" (EPA-600/4-89-017, June 1988) will be used for the 

collection of air samples to be analyzed for polynuclear aromatic hydrocarbon (PNA) 

compounds. In this method, air is sampled through a glass fiber filter and a cartridge containing 

polyurethane foam (PUF) and XAD-2 sorbant resin using a high volume sampling pump such 

as the General Metal Works PS-1 sampler or equivalent. Following sampling, analysis is 

accomplished using Soxhlet extraction with an appropriate solvent and High Performance Liquid 

Chromatography or GC/MS as appropriate. Samples will be analyzed for the compounds listed 

in Table 2-2. 

The use of Method TO13 provides compound specific monitoring at low detection limits. This 

method will be utilized for compound specific receptor point and fence line sampling and is 

capable of detecting individual chemicals in the low part per billion range depending on exact 

sample volume. 
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Table 2-2 

Compounds Detected at Combustion, Inc. 

and Measured by 

Acenaphthene 

Acenaphthylene 

Anthracene 

Benzo(a)anthracene 

Benzo(a)pyrene 

Benzo(b )fluoranthene 

Benzo( e)pyrene 

Benzo(g,h,i)perylene 

EPA Method T013 Sample Analysis 

2-5 

Benzo(k)fluoranthene 

Chrysene 

Dibenzo(a,h)anthracene 

Fluoranthene 

Fluorene 

Indeno(l ,2,3-cd)pyrene 

Naphthalene 

Phenanthrene 

Pyrene 
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2.4 Polychlorinated Biphenyls (Integrated Samples) 

The EPA Method T04 found in the "Compendium of Methods for the Determination of Toxic 

Organic compounds in ambient air" (EPA-600/4-89-017, June 1988) will be used for the 

collection of air samples to be analyzed for polychlorinated biphenyls. In this method, air is 

sampled through a glass fiber filter and a cartridge containing polyurethane foam (PUF) using 

a high volume sampling pump such as the General Metal Works PS-1 sampler or equivalent. 

Following sampling, analysis is accomplished using Soxhlet extraction with an appropriate 

solvent and gas chromatography with electron capture detection for PCBs. 

The use of method T04 provides PCB monitoring at low detection limits. This method will be 

utilized for receptor point and fence line sampling and is capable of detecting PCBs in the low 

part per billion range depending on sample volume. 

2.5 Field Data Collection 

Air monitoring field data will be collected and maintained on the form shown in Figure 2-1. 

Additional field sampling observations will be maintained in a field sampling notebook dedicated 

to the project. 

2.6 Meteorological Data Collection 

Meteorological data will be collected at a meteorological station set up at the site. Sensors for 

wind direction and wind speed will be three meters above the ground surface. Wind speed and 

wind direction monitors will be located in the Process Area and in the Pond Area. A rainfall 

recorder and temperature recorder will be located at the Process Area. 
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2. 7 Quality Assurance/Quality Control 

2.7.1 Sampling Instrument Calibration 

Five different types of sampling instruments will require calibration for this air monitoring plan: 

the photoionization detectors, the low volume air pumps used to collect samples in the EPA TOI 

method, MINIRAM particulate monitors, high-volume air pumps used to collect samples for the 

determination of lead in suspended particulates, PNAs and PCBs and PS-1 samplers. 

Photoionization Detector Calibration Calibration of the Thermo Environmental Model 580B 

OVM will be as follows: 

1. Remove the side plate on the right side of the OVM and tum on the main power 

switch; replace plate. 

2. Tum on the "on/off'' button on the top of the meter. 

3. Push the "mode/store" button and the screen shows "log this value." 

4. Push the"-" button and the screen shows "R/comm-Param11 etc. 

5. Push the " -11 button and the screen shows "Free Space. 11 

6. Push the "-" button and the screen shows "Reset to calibrate. 11 

7. Push the "Reset" button and the screen shows "Restore backup" etc. 

8. Push the "-" button and the screen shows "Zero Gas" etc. 
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9. Attach charcoal scrubber poly fitting to the OVM and push the "Reset" button and 

wait until the screen shows "span ppm = 01()0", then push the "+" button. 

10. Remove charcoal scrubber and attach the calibration standard bottle with plastic 

tubing, then turn on the bottle. 

11. Push the "Reset" button and wait until the screen shows "Reset to calibrate." 

12. Push the "mode" button and tum off calibration standard and remove. 

The OVMs will be cali_brated every morning they will be used prior to the start of the day's 

activities. Periodic checks of the calibration will be made throughout each day to ensure 

accuracy of readings. OVM meter malfunctions or reading discrepancies will be noted and 
- . 

brought to the immediate attention of the field team leader. If faulty, the OVM meter will be 

removed from use until serviced and/or repaired. 

Low Flow Pump Calibration Low flow sampling pumps will be calibrated before and after each 

day of sampling, using a high accuracy electronic bubble flow meter that provides instantaneous 

air flow readings and a cumulative averaging of multiple samples. These calibrators measure 

the flow rate of gases and present the results as volume per unit of time. A sample tube 

containing TenexR and designated for calibration purposes only will be used in-line during 

calibration. The calibration procedure is as follows: 

1. Allow the pump to run five minutes prior to voltage check and calibration. 

2. Assemble the TenexR tube to flexible TygonR tubing and attach to the pump 

outlet. 

3. Connect the inlet of the TenexR tube to the top outlet of the calibration cell. 
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4. 

5. 

6. 

Visually inspect all TygonR tubing connections. 

Wet the inside of the electronic flow cell with the supplied soap solution by 

pushing the button several times . . 

Turn on the pump and adjust the pump rotameter to the appropriate flow rate 

setting. 

7. Press the button on the electronic bubble meter. The meter will capture a single 

bubble and electronically time the bubble. 

8. Repeat Step 7 twice. The instrument will automatically average the three 

numbers to produce an average flow rate. The average flow rate will be entered 

on the field form entitled Air Monitoring Data (Figure 2-1). 

9. While the pump is still running, adjust the pump, if necessary. 

10. Repeat the procedures described above for all pumps to be used for sampling. 

The same TenexR tube may be used for all calibrations. 

MINJRAM Calibration 

The interior walls of the MINIRAM sampling chamber reflect a small amount of the light from 

the infrared source into the detector. This background level is referred to as the "zero value", 

and is automatically subtracted from all aerosol concentration readings during the measurement 

mode. The result is that the displayed readings depend only on the actual dust concentration 

present within the sensing chamber. 
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The zero value varies from instrument to instrument as well as with different sensing chambers. 

It will increase somewhat as the chamber inner walls and windows become contaminated with 

dust. A zero update should be performed after cleaning the sensing chamber. Processing ZERO 

during a measurement period provides momentary display of the stored zero concentration value 

used by the MINIRAM to correct all digital concentration readings (the analog output signal is 

not zero-corrected). To update the ZERO value, the MINIRAM must be in its off condition 

(press OFF in case of doubt). Then, press ZERO and wait until the display again indicates 

"OFF". 

The average of 4 consecutive 10-second zero level measurements will then be stored by the 

MINIRAM as the new ZERO reference·value. When operating the MINIRAM in high particle 

concentration environments (>5 mg/m3 
) the zero value update should be performed 

approximately every 8 hours. At aerosol concentrations below approximately 1 mg/m3 this 

update may only be required once a week, or even less frequently. The zero update should be 

performed either within a clean-air environment (ideally, a clean room or clean bench). Air 

conditioned offices (without smokers) usually have concentrations below approximately 0.05 

mg/m3 and can thus be used for zeroing purposes. When measurements are performed under 

essentially clean air conditions, e.g., in the same environment where the zero check was 

performed, the MINIRAM readings will indicate 0.00 mg/m3 with small random fluctuations 

around that value. Positive values (e.g., 0.02) will thus be indicated on the LCD display. 

Negative values (e.g.,-0.02) are suppressed and are also indicated as 0.00. The digital output, 

however, does include such negative values and these can be printed out on a digital printer. 

High Volume Pump Calibration 

High volume air pumps will be calibrated after shipping to the site and again at the end of the 

sampling, prior to being returned. The calibration of the pumps will be conducted using a 5-

plate calibration kit as described in 40 CFR Part 50 Appendix B "Reference Method for the 

Determination of Suspended Particulate Matter in the Atmosphere (High-Volume Method). 11 The 

calibration procedure is as follows: 
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1. Assemble the blower/motor and filter holder with the orifice meter plate in place 

between them. 

2. Attach each leg of a water manometer to the two pressure taps on the 

blower/motor and the filter holder. Label this manometer A. 

3. Attach the top loading adapter plate to the filter holder and install the calibration 

orifice with the appropriate load plate (number 18 hole plate) onto the top loading 

adapter plates. 

4. Connect one leg of a water manometer to the calibrated orifice. Label this 

manometer B. 

5. Turn the motor on. 

6. Read the manometer labeled B and convert it to actual flow rate using the curve 

supplied with the orifice. 

7. Read manometer A. 

8. Record the actual flow rate and the differential pressure figure that was obtained 

from manometer A on the data sheet (Figure 2-2). 

9. Use the remaining load plates (using the plate with the next fewest number of 

holes next) until the actual flow rates and differential pressures have been 

established. 

10. Using the readings established with the procedure above, plot a curve which will 

represent the actual versus indicated flow rates. 
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11. This new calibration curve is used as a direct reference to obtain the actual flow 

rate in the field. 

12. To operate, remove calibration equipment; however, leave manometer A in place. 

This manometer will be used to take flow measurements at the beginning and the 

end of the sampling period. 

PS-1 Sampler Calibration 

1. Calibration of the PUF sampler is performed without a foam plug or filter paper in the 

sampling module. However, the empty glass cartridge must remain in the module to 

insure a good seal through the module. 

2. Install the GMW-40 Calibrator on top of the 4" filter holder. 

3. Connect an 8" water manometer to the Calibrator. 

4. Open the ball valve fully. 

5. Tum the system on by tripping the manual switch on the timer. Allow a few minutes 

for warm-up. 

6. Adjust the voltage control screw to obtain a reading of 70 inches on the dial gage, 

(Magnehelic Gage). 

7. With 70 inches on the dial gage as your first calibration point, record it and the 

manometer reading on the data sheet (Figure 2-3). 

8. Close the ball valve slightly to readjust the dial gage down to 60 inches. Record this 

figure and manometer reading on the data sheet. 
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9. Using the above procedure, adjust the ball valve for readings at 50, 40 and 30 inches and 

record on the data sheet. 

10. Using these two sets of readings, plot a curve on the data sheet. This curve will be used 

for determining the actual flow rate in the field. 

11. Readjust the voltage control fully clockwise to its maximum setting. Open ball valve 

fully. 

2. 7 .2 Wind Instrument Calibration 

The calibration of the wind monitoring instrument will be in accordance with the 

recommendations of the manufacturer of the equipment selected for this project. 

2. 7.3 Sample Preservation 

Immediately after sampling, TenexR tubes will be sealed in a friction-top tube or can containing 

a layer of charcoal as described in EPA method TO 1. The TenexR tubes will be stored on ice, 

packaged for shipment to the laboratory for analysis and shipped to the laboratory by next-day 

delivery. 

The 8 x 10 inch glass fiber filters used to collect samples for lead analysis are stable and may 

be held at ambient condttions in sealed plastic bags until the analysis is desired. 

For the samples collected by EPA Methods TO4 and TO13 for PCB and PNAs respectively, the 

glass fiber filter will be folded and placed inside the glass cartridge on top of the PUF plug. 

The cartridge will then be wrapped with aluminum foil and placed in a glass jar with a screw-top 

lid. The samples will be stored on ice, packed for shipment to the laboratory for analysis and 

shipped to the laboratory by next-day delivery. 
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2.7.4 Sample Handling 

For ~ch sample collected, an entry will be made on the form shown in Figure 2-1. All samples 

and blanks will be labeled with the sample number, date and the initials of the individual 

collecting the sample. The samples will be shipped to the laboratory by overnight delivery for 

analysis of the constituents of concern. Relevant sample information will be entered on a chain­

of-custody form (Figure 2-4) at the conclusion of sampling. Shipping and all subsequent off site 

handling of samples will be documented on the chain-of-custody forms. 

2. 7 .5 Field Blanks 

Field blanks will constitute ten percent (10%) of the total number of samples collected. These 

blanks will be entered on the form shown in Figure 2-1 as a sample. All blanks will be labeled 

with a sample number, date and the initial of the individual collecting the samples. Field blanks · 

will be entered on the chain-of-custody as a sample so that they are not known as blanks to the 

laboratory. 

2.7.6 Laboratory Quality Assurance/Quality Control 

A summary report of the laboratory quality assurance and quality control (QA/QC) measures 

will be requested from the analytical laboratories. This report will include the results of 

laboratory blanks, spikes and duplicates. This QA/QC, report will be included as part of the 

sample analytical reports. 
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3-SAMPLECOLLECTIONSTRATEGY 

Air monitoring will be conducted during activities which could potentially result in air emissions 

of site constituents during Phase I and Phase II Removal Action activities. Monitoring for 

volatile organic vapors (real-time and integrated sampling) will occur throughout the duration 

of the project and will take place during activities that have the potential for air emission of 

volatile organics. Monitoring for particulates (real-time and integrated sampling), PCBs 

(integrated sampling only); PNAs (integrated sampling only) and lead (integrated sampling only) 

will be conducted only during the initial phases of those activities which may produce emissions. 

Emissions of particulates, PCBs, PNAs and lead to the air are expected to be negligible based 

on the nature of the work, the compounds' low volatility and low _potential to become airborne, 

and previous air monitoring for these compounds at the site. Sampling will occur in the Pond 

Area and/or the Process Area depending upon the location of Removal Action activities that may 

produce the potential for emission. Action levels are summarized in Tables 3-1 and 3-2. 

Derivation of the air action levels in Table 3-2 is provided in Appendix E. The air monitoring 

strategy is described in detail below. 

3.1 Real-time Sampling 

Real-time sampling for volatile organic vapors and particulates will be conducted using one 

upwind instrument and one downwind instrument positioned at the Process Area and Pond Area 

fenceline. Real-time instrument locations may be changed during the day to accommodate 

changing wind direction. Draeger Tube field detection kits specific to benzene and/or toluene 

will also be available to check for the presence of these specific compounds. The Draeger tubes 

will be used on an as requested basis in response to increased odors or residential complaints. 
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Sample 
Type Sample Frequency (a) 

OVM continuous 

! 

MINIRAM continuous 

Table 3-1 

Summary of Response Actions 
to Exceedance of Action Levels 

Parameter Action Level 

total volatile organic 0-3 ppm above 
compounds background 

>3 ppm, <5 ppm 
above background for 
greater than 5 
minutes(b) 

> 5 ppm for greater 
than 5 minutes(b) 

total dust > 3.6 mg/m3 for 
greater than 5 
minutes(b) 

- - - -

Response 

green light - proceed 
with work 

yellow light - modify or 
slow work 

red light - stop work 
and modify procedures 

slow work and modify 
procedures 

(a) Sampling will be conducted only in the areas where project activities are under way with the potential for the type of emissions 
shown. Sampling location will be at the fenceline. 

(b) Measured as an average over five minutes with one minute readings taken. 
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TABLE 3-2 

ACTION LEVELS FOR SPECIFIC CHEMICALS IN AIR 
PHASE I AND PHASE II REMOVAL ACTION 

Combustion, Inc. Site 
Denham Springs, Louisiana 

Method Action Levels M<c><d)<e><f) 
Detection ug/m3 

Parameters Limits (a) 
ug/m3 

Benzene (b) 4 84 

Chlorobenzene (f) 67 200 

Chloroethane (f) 3,333 10,000 

Chloroform (b) 2 30 

1,1-Dichloroethane (f) 1667 5000 

1,2-Dichloroethane (b) 1 27 

1,2-Dichloroethene -- 50 Monitor Only 

1, 4-Dichlorobenzene(f) 233 700 

Ethyl benzene (f) 333 1000 

Styrene (b) 61 1220 

Tetrachloroet}lene (b) 67 1340 

Toluene (f) 667 2000 

Trichloroethene (b) 21 420 

Xylenes (f) 100 300 

PCBs (h) 0.5 1 

PNAs (b)(g) 0.2 4 

Lead -(g) 0.5 1.5 
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Notes: 
(a) 

(b) 
(c) 

(d) 

(e) 
(f) 

(g) 
(h) 

TABLE 3-2 (cont'd.) 

ACTION LEVELS FOR SPECIFIC CHEMICALS IN AIR 
PHASE I AND PHASE II REMOVAL ACTION 

Combustion, Inc. Site 
Denham Springs, Louisiana 

These are the target detection limits but may be modified depending on matrix 
interference and other laboratory factors. 
Action levels derived using a 1 x 10-5 cancer risk. factor for carcinogenic compounds. 
Action levels reflect exposure durations adjusted for a maximum seasonal wind direction 
of 50% (e.g., no one receptor is downwind of the site more than 50% of the time over 
a two-year period). Therefore, exposure duration equals (project time) X 0.5. Reference 
Wind Rose charts found in Appendix E. 
Actions levels equate to the running average of the downwind data results and not 
instantaneous or maximum daily readings. 
Action levels must be corrected for background levels. 
Action levels based on two years of field construction activity; derived using non­
carcinogenic health effects subchronic reference concentrations (RFC) and a Hazard 
Index of one. 
Equivalents to benzo(a)pyrene. See Appendix E for equivalent factors for specific PNAs. 
National Institute for Occupational Safety and Health (NIOSH) proposed standard and 
referenced by EPA Region VI. 

.. 
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3.1.1 Volatile Organic Compound Action Levels 

The action levels for photoionization detector readings are shown in Table 3-1. If the action 

level is exceeded at the downwind monitoring location, the work will immediately be slowed or 

halted until the source is identified and controlled. The PID will also be taken off site to 

determine if there are air emissions outside the fence line and in the adjacent neighborhood. If 

emissions are above the fence line action level in any off site areas, on-site work will be 

immediately suspended. 

3.1.2 Particulate Action Levels 

The action levels for the MINIRAM readings are also shown in Table 3-1. If the action level 

is exceeded at the downwind monitoring point, the work will immediately be slowed or halted 

until the source is identified and controlled. The MINIRAM will also be taken off site to 

determine the air emissions outside the fence line and in the adjacent neighborhood. If emissions 

are above the fence line action level in any off site areas, on-site work will be immediately 

suspended. 

3.2 Integrated Sampling 

3.2.1 Sampling Approach 

Potential integrated sample locations have been tentatively selected as shown in Figures 3-1 and 

. 3-2. These locations may vary somewhat depending on the work in progress and the wind 

direction. The off site locations (indicated by letters on the figures) will be used only if the land 

owners grant permission for the sampling to be performed, since these locations are private 

property. 
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At the start of each day of activities requiring monitoring, three of the mapped locations will be 

selected based on the prevailing wind direction for sampling at the area to be monitored. One 

sampling location will be selected upwind of the work area at the fence line. Two sampling 

locations will be selected at the nearest downwind locations (assuming property access is 

permitted). Off site sample locations will generally be at the nearest downwind residence; where 

the distance to the nearest downwind residences is great; however, the locations will be closer 

to the fence line as shown in Figure 3-1 and 3-2. 

An additional downwind sample location will be at the fence line. The selection of sampling 

locations will be made each day in consultation with the on-site DEQ or EPA representative, if 

available. Volatile organics, lead, PCBs and/or PNAs will be sampled depending upon the area 

of activity, project timing and the nature of the potential release. All samples will be sent to the 

laboratory, but only the two off site downwind samples will be analyzed initially. The upwind 

sample and downwind fence line sample will be archived (for a maximum of 7 days after receipt 

of downwind sample results) and may be analyzed if warranted by the results of the initial 

sample or at the request of the DEQ or EPA representatives. All samples will be collected for 

the duration of the work day. Sampling station inlets will be located 3 to 4 feet above grade. 

Samples for volatile organics will be collected every working day that material handling occurs. 

Sampling for lead will only take place on days when a dust hazard could be created (i.e., 

digging up underground storage tanks). Sampling for PNAs and PCBs will only take place in 

the Pond Area at the time pond oil removal is initiated. Six consecutive days of sampling will 

alternate between PNA and PCB monitoring. This strategy has been selected because both 

methods utilize the same sampling equipment and cannot be collected simultaneously. After the 

six days of sampling have been completed, the analysis results will be compared to the action 

levels to determine if additional sampling for PCBs and PNAs is appropriate. 
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3.2.2 Action Levels 

The TenexR samples which will be collected for analysis for specific organic compounds, the 

glass fiber filters which will be analyzed for lead, and the PUF cartridges to be analyzed for 

PCBs or PNAs require laboratory analysis. Therefore, their results will not be immediately 

known on-site. As data is received from the laboratory on these constituents, it will be analyzed 

and reported. 

Analyses and response to the reported data will be as follows: 

1. All analyses reported below tni-~.i;~u.m det«;tioo limits shown in Table 3-2 (after 

correction for background) will simply he logged and reported. Analyses below the 

detection limits indicates cleanup may proceed unmodified. This is a green light 

condition. 

2. Single analyses reported above the detection limit but below the action level (after 

correction for background) shall be reported to the .regulatory agency within two days of 

receipt of the validated data. Onsite activities i>erf ormed on the day of the sampling shall 

be reviewed to determine the potential source(s) of emissions and corrective measures 

will be considered. This is a green light condition with caution. 

3. Single analyses reported above the action level but with the running average below the 

action level (after correction for background) shall be reported to the agency within two 

days of receipt of the validated data. All waste handling activities shall be immediately 

reviewed and the work shall be slowed or suspended until corrective measures are 

implemented. This is a yellow light condition. 

4. If the running average of the downwind data (corrected for background) exceeds 0.9 

times the action level, all work shall be suspended until corrective measures are taken 

and the regulatory agencies authorize restart of the work. This is a red light condition. 
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4 - SAMPLING RESULTS 

Real time monitoring data will be recorded in a bound log book that will be kept on-site and will 

be available for DEQ/EPA review. Laboratory analyses will be provided to DEQ/EPA within 

ten days of receipt and validation except as discussed in Section 3.2.2. Copies of the laboratory 

reports will also be kept on-site and will be available for DEQ/EPA review. 
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P.£iHOD 101 Revision 1.0 
Apri~, 1984 

KETHOO FOR THE OETERHlNAllO:{ OF VOLATILE ORGANIC COP.?OUlmS 
1N AMBIENT AIR usrnG 1ENAXIP AOSORPTIOH AHO 

GAS CHROKATOGRAPHY/l"ASS SPECTROMETRY {GC/KS) 

l. Scope 

1.1 The document describes a generalized protocol for collection 

and determination of certain volatile organic compounds 

. which can be captured on Tenax~ GC. (poly(i,6-0iphenyl 

phenylene oxide}) and determined by (hermal desorption . 
GC/MS techniques. Specific appr~aches using these techniques 

are described in the literature {1-3). 
1.2 This protocol is designed to allow some flexibility in order 

to accomnodate procedures currently in use. However. such 

flexibility also results in placement of considerable--
• responsibility with the user to document that such procedures 

give acceptable results (.; .e. documentation of method performance 

within each laboratory situation is required). Types of 
documentation required ar~ destribed elsewhere in this method. 

1.3 Compounds which can be determined by this method are nonpolar 
organics having boiling points in the range of approximately 
ao• -.2oo•c. ,However. not all compounds falling into this 

category can be determined. Table 1 gives a listing of . 
compounds f.or which the method has been used. Other compounds 

may yield satisfactory results but validation by the individual 

user is required. 

2. Appli~able Documents 

2.1 ASTK Standards: 

D1356 

E355 

Definitions of Terms Related to Atmospheric Sam~ling 

and Analysis. 
RecollJTlended Practice for Gas Chromatography Ten:is and 

Re 1a ti on ship!.. 
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. 2.3 Other documents: 

Existing procedures (1-3). 
U.S. EPA Technical Assistance Document (4). 

3. Sunina ry of Protoco 1 

3.1 Ambient air is dra\,T\ through a cartridge containing ~1-2 

grams of Tenax and certain volatile organic compounds are 
trapp~d on the resin while highly volatile organic compounds 
and most inorganic attnospheric constituents pass through the 

cartridge. The cartridge is then transferred. to the 

laboratory and analyzed. 
3.2 For analysis the cartridge is placed in a heated chamber and 

purged with an inert gas. The inert 9as transfers the 
volatile organic compounds from the cartridge onto a cold trap 
and !ubsequently onto the front of the GC column which is held 
at low temperature (e.g.-_ 70°C). The GC column temperature is 
then increased (temperature prograln'lled) and the components 

eluting from t~e columnar~ identified and quantHied by m~ss 
spectrometry. Component identification is normally accomplished, 
using a library search routine. on the basis of the GC retention 
time and mass spectral characteristics. less sophistacated 
detectors (e.g. electron capture or fl~me ionization) may be 
used for certain applications but their suitability for a given 

application must be verified by the user. 
3.3 Due to the complexity of ambient air samples only high resolution 

(i.e. capillary) GC techniques are considered to.be acceptable 

in this protocol. 

4. Significince 

· 4.1 Volatile organic compounds are emitted into the atmosphere from 
a variety of sources including industrial and conrnercial 
facilities, hazardous waste storage facilities, etc. Many of 

thes~ compounds are toxic; hence knowledge of the levels of 
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such materials in the ambient atmosphere ts required in order 

to determine human health impacts. 
4.2 Conventional air monitoring methods (e.g. for workspace 

monitoring) have relied on carbon adsorption approaches with 

subsequent solvent desorption. Such techniques allow 
subsequent injection of only a small portfon, typically 1-5: 

of the sample onto the GC system • .!!9wever, tyoical 
ambient air concentrations of these .C.9~P.!>Mnds r~q_~ir~ a more ------- . sensitive approach .... :rh~ thennal desoq~~ion pr:ocess, wherein _ 
_ the entire sample is introduced into the analytical {GC/P.S) 

system fulfills this need for enhanced sensitivity.· 

5. Definitions 

.Definitions used in this document and any user prepared.SOPS should 
be conststent with ASTK 01356(6). All abbreviations and sy;:~ols 

are defined with this document at the point of use. 

6 • . IHTERFEREHCES 

6.1 Only compounds having a similar mass spectrum and GC retention 
time compared to the compound of interest will interfere in 
the ttethod. The most corrrnonly encountered interferences are 

structural isomers. 
~-i Contamination of the Tenax cartridge with the compound{s) 

of interest is a comnonly encountered problem in the siethod. 
The user must be extremely careful in the preparation, storage, 
and handling of the cartridges throughout the entire sampling 

~nd analysis process to minimize this problem. 

7. Appara~us 

7.1 Gas Chromatograph/Kass Spectrometry system - should be capable 
of subambient temperature progranming. Unit mass resolution 
or better up to 800 amu. Capable of scanning 30-4(0 amu region 
every 0.5-1 second. Equippe~ with data system for instrument 

control as well as data acquisition, processing anc storage. 
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7.2 Thermal Desorption Unit - Designed to accor.rnodate Tenax 

cartridges in use. See figure 2a orb. 
7.3 Sar.:;,Hng System - Capable of accurately an1 precisely 

drawing an air flow of 10-500 ml/minute through the Tenax 

cartridge. (See Figure Ja orb.) 
7.4 Vacuum oven - connected to water aspirator vacuum supply. 

7. 5 Stopwatch 
7.6 Pyrex disks - for drying Tenax. 
7.7 Glass jar - Capped with Teflon-lined screw cap. For 

storage of purified Tenax. 
7.8 Powder funnel - for delivery of Tenax into cartridges. 
7.9 Culture tubes - to hold individual glass Tenax cartridges. 

7.10 Friction top can (paint can) - to hold clean Tenax cartridges. 

7.11 Filter holder - stainless steel ~r aluminum (to accor.modate-
1 inch diameter filter). Other sizes may be used if desired. 

(optional) 
7.12 Thermometer - to record ambient temperature. 

7.13 Barometer (optional). 
7.14 Dilution bottle - Two-liter with septum cap for standards 

preparation. 
7.15 Teflon stirbar - 1 inch long. 
7.16 Gas-tight ·glass syringes with stainless steel needles -

10-500 pl for standard injection onto GC/MS system •• 

7.17 liquid microliter syringes - s.so pl for injecting neat 

liquid standards into dilution bottle. 
7.18 Oven - 60 _:!: s•c for equilibrating dilution flasks. 

7.19 Magnetic stirrer. 
7.20 Heating mantel. 

7 .21 Variac 
7.22 Soxhlet.extraction apparatus and glass thimbles - for purifying 

Tenax. 
7 .23 Infrared lamp - for drying Tenax. 
7.24 GC column - SE-30 or alternative coating, glass capillary or 

fused silica·. 

.. 
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7.25 Psychrometer - to detennine ambient relative humidity. 

(opt i ona 1 ) . 

r 

· E. Reagents and Katerials 

8.l Empty Tenax cartridges - glass or stainless steel (See 

Figure la orb). 
8.2 Tenax 60/80 mesh (2.6-diphenylphenylene oxide polymer). 

8.3 Glass\.l!Jol - silanized. 
8.4 Acetone - Pesticide quality or equivalent. 
8.5 Methanol - Pesticide quality, or equivalenl. 
8.6 Pentane - Pesticide quality or equivalent. 
8.7 Helium - Ultra pure, compressed gas. {99.9999X) 
8.8 Nitrogen - Ultra pure. compressed gas. (99.9999i) 

8.9 liquid nitrogen. 
8.\0 Polyester gloves - for handling glass Tenax cartridges: 
8.11 Glass Fiber Filter - one inch diameter, to fit in filter holder. 

(optional) 
8.12 Perfluorotributylamine (FC-43). · 
8.13 Chemical Standards - Neat compounds of interest. Highest 

purity available. 
· 8.14 Granular activated charcoal - for preventing contamination of 

Tenax cartridges during storage. 

9. ~artridge Construction and Preparation 

9.1 Cartridge Oesign 
9.1.1 Several cartridge designs have been reported in the 

literature (1-3). The most corrmon (1) is shown in 
Figure la. This design mtntmizes contact of the 
sample with metal surfaces. ~hich can lead to 

decomposition in certain c~ses. However. a 
disadvantage of this design is the need to_rigorously 

avoid contamination of the outside portion of the 
cartridge since the entire surface is subjected to the 

pu~ge gas stream during the desorption porcess. 
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hours fn a hood. Care must be exercised to avoid 

over heating of the Tenax by the infrare1 lamp. 
The Tenax is then placed in a vacuum ove~ (evacuated 
using a water aspirator) without heatins for one hour. 

An inert gas (helium or nitrogen) purge of 2-3 
ml/minute is used to aid in the removal of solv~nt 

vapors. The oven temperature is then increased to 
110°C, maintaining inert gas flow and held for one . 
hour. The oven temperature control is then shut 
off and the oven is allowed to cool to room temperature. 

Prior to opening the oven, the oven is slightly 
pressurized with nitrogen to prevent contamination 

with ambient air. The Tenax is removed from the oven 
and.sieved through a 40/60 mesh sieve (acetone rinsed 

and oven dried) into a clean glass vessel~ If the Tenax 
is not to be used inmedfately for cartridge preparation 

it should be stored in a clean glass jir having a • ' 

Teflon-lined ~crew cap and placed in a desiccator. 

9.3 Cartridge Preparation and Pretreatment 
9.3.1 All cartridge materials are pre-cleaned as 9escribed 

in Section 9.2.2. · If the glass cartridge design shown 

fn Figure la fs employed all handling should be 

conducted wearing polyester gloves. 
9.3.2 The cartridge fs packed by ~lacing a 0.5-lcm glass­

wool plug in the base of the cartridge and then 

filling the cartridge to within approximately 1 cm 
of the top. A 0.5-lcm glasswool plug is placed in 

the top of the cartridge • 
. 9.3.3 The cartridges are then thennally conditioned by 

heating for four hours·at 270°C under ah inert gas 

(helium) purge (100 ~ 200 ml/min). 
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9.3.4 After the four hour heating period the cartridges 
ire allowed to coot. Cartridges of the type shown 
in figure la are i1m1e~iately placed (without cooling) 
in clean culture tubes having Teflon-lined screw caps 
with a glasswool cushion at both the top and the bottom. 
Each tube should be shaken to ensure that the cartridge 
is held firmly in place. Cartridges of the type shown 
in Figure lb are allowed to cool to room temperature under 
inert gas purge and are then closed with stainless steel 

plugs. . 
9.3.S The cartridges are.labeled and placed in a tightly 

sealed metal can {e.g. paint can or similar friction .. 
top container). For cartridges of the type shown . . 
in Figure la the culture tube, not the cartridge,is 

labeled. 
9.3.6 Cartridges should be used for sampling within.2 weeks 

after preparation and analyzed·within two week~ after 
sampling •• lf possibl~ the cartridges should be stored 
at -2o•c in a clean freezer {i.e. no solvent extracts 
or other sources of volatile organics contained in the 

freezer). 

10. Sampling 
10.1 Flow rate and Total Volume Selection 

10.1.1 Each compound has a characteristic retention volume 
{liters of air per gram of ~dsorbent) which must not 
be exceeded. Since the retention volume is a function 
of temperature. and possibly other samp11ng variables, 

one I\USt include an adequate margin of safety to 
eQsure good collection efficiency. Some considerations 
and gui_dance in this regard are provided in a recent 
report (5). Approximate breakthrough volumes at 38°C 
(loo•f) in liters/gram of Tenax are provided in Table 1. 
These retention volume data are supplied only as rough 
guidance and are subject to considerable variability, 

depending on cartridge design as well as samp1ing 
parameters and atmo!;pheric conditions. 
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10.1.2 To calculate the maximum total volume of air which 
can be sampled use the following equaticr.: 

where 

Vr.AX is the calculated maximum total volume in liters. 
Vb is the breakthrough volume for the least retained 

compound of interest (Table 1) in liters per gram 

of Tenax. 
is the weight of Tenax in the cartridge. in grams. 

1.5 is a dimensionless safety factor to allow for 

variability in atmospheric conditions. This factor 

is appropriate. for temperatures in the range of 
25-30°C. If higher temperatures are encountered the 
factor should be increased (i.e. maximum total volume 

decreased). 
10.1.3 To calculate maximum flow rate use the following 

\lfflere 

equation: 

VMAX Qw\X = ~t X 1000 

QAAx is the calculated maximum flow rate in milli­

leters per minute. 
t is the desired sampling time in minutes. Times 

greater than 24 hours (1440 •1nutes) generally 

are unsuitable because the flow rate required 

is too low t~ be accurately maintained~ 

10.l.4 The maximum flow rate QHAx should yield a linear flow 
. velocity of 50-500 cm/minute. Calculate the linear 

velocity corresponding to the maximum flow rate 

using the following_e~uation: 

QKAX. 
B = --r 

,: r 



where 

r TOl-10 

B is the C!lculated linear flow veiocity in 
centimeters per minute. 

r is the internal radius of the cartridge in 

centimeters. 
If Bis greater than 500 centimeters per minute 
either the total sample volume (YMAX) should be 
reduced or the sample flow rate (QKA.x) should be 
reduced by increasing the collection time. If Bis 
_less than 50 centimeters per minute the sampling rate 
(QMAx) should be increased by reducipg the sampling 
time. The total sample value (YKA.X) cannot be· 

increased due to component breakthrough. 
10.1.4 The flow rate calculated as described above defines 

the maximum flow rate allowed. In general. one should 

collect additional samples in parallel. for the same 
ti.me period but at lower flow rates. This practice 
yields a measure of qua~ity control and is f~rther 
discussed in the literature (5). In general. flow 
rates 2 to 4 fold lower than the maximum flow rate 
should be employed for the parallel samples. In 
all cases a constant flow rate should be achieved 
for each cartridge s~nce accurate integration ot the 
analyte concentration requires that the flow be 

coostant over the sampling period. 

10.2 Sample Collection 

10.2.1 Collection of an accurately known volume of air . 
is critical to the accuracy of the results. For 
this reason the use of mass flow controllers, 
rat~er than conventional needle valves or orifices . . 
is highly recorrrnended, especially at low flow 
velocities (e.g. less than 100 milliliters/minute). 
Figure 3a illustrates a sampling ~ystem utilizing 
mass flow controllers. This system readily allows 

for collection of parallel samples. Figures 3b 
shows a cor.mercially ~vailable system based on 
nppr(l,:, \·~]yo no .... cc-r-,tr01lers. 
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10.2.2 Prior to sample collection insure that the sampling 
flow rate has been calibrated over a range including 
the rate to be used for sampling, ..-!th a "dur:Py" 
lenax cartridge in place. Generally calibration 
ts accom?lished using a soap bubble flow meter 
or calibrated wet test meter. The flow calibration 

device is connected to the flow exit. assuming 
the entire flow system is sealed. ASTM Method 
03686 describes an appropriate calibration scheme, 
not requiring a sealed flow systen downstream 

of the pump. 
10.2.3 The flow rate should be checked before and after . . .. 

each sample collection. lf the sampling interval 
exceeds four hours the flow rate should be checked 

at an intermediate point during sampling as well. 
In general, a rota.meter should be included, as_ 
showed in Figure 3b, to allow observation of the 
sampling flow.rate without disru~ting the sampling 

process. 
10.2.4 To collect an air sample the cartridges are removed 

from the sealed container just prior to initiation 

of the collection process. If glass cartridges 
(figure la) are employed they must be handled 
only with poly~ster gloves and should not contact 

any other surfaces. 
10.2.5 A particulate filter and holder are placed on 

the inlet to the cartridges and the exit end 
of the cartridge is connected to the sampling 
apparatus. In many sampling situations the use 
of a filter is not necessary if only the total 

~ concentration of a component is desired. Glass 
cartridges of the·type shown ir. figure la are 

connec_ted using teflon ferrules and Swagelok 
(stainless steel or teflon) fittings. Start the 
pump and record the following parameters on an 
appropriate data sheet (figure 4): data, sampling 

location, time, ambient temperature. barometric 
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pressure, relative humidity, dry gas meter reading 
(if applicable) flow rate. rota~eter reading (if 
applicable}, cartridge number and dry gas meter 

seria 1 number. 
10.2.6 Allow the sampler to operate for the desired time, 

· periodica 1 ly recording the variables 1i sted above. 
Check flow rate at the midpoint of the sampling 
interval if longer than four hours. 
At the end of the sampling period record the 
parameters listed in 10.2.5 and check the flow 
rate and record the value. If the flows at the 
beginning and end of the sampling period differ . . .. 
by more than 10% the cartr·idge should be marked 
as suspect. · 

10.2.7 Remove the cartridges (one at a time) and place. 
in the original container (us~ gloves for g1ass . 
cartridges). Seal the cartridges or culture tubes 

• in the friction-top can containing a layer of 
charcoal and package for i1m1ediate shipment to 
the laboratory for analysis. Store cartridges 

at reduced temperature (e.g. - 20°c) before analysis 
· if possible to maximize storage stability. 

10.2.8 Calculate and record the average sample rate for 
each cartri~ge according to the following equation: 

where 

QA • _Q _1 _+ _Q_z _+_._._. Q __ ·N 
• ff 

. QA • Average flow rate in ml/minute • 
• Q1, Qz ••••• QH • Flow rates determined at 
beginning, end. and inmediate points 

during sampling. 

H • Number of points averaged. 
10.2.9 Calculate and record the total volumetric flow for 

each cartridge using the following equation: 
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' 
Vm = Total volume samp1ed in liters at r.~asured 

temperature and pressure. 

Tz"' Stop time. 
T1 .. Start time. 
T "'Sampling time• Tz - T1. minutes 

10.2.10 The total volume (V5 ) at standard conditions, 
25°C and 760 mnHg. is calculated from the 

where 

follo~ing equation: 

298 

PA= Average barometric pressure, mnHg 

tA = Average ambient temperature. •c. 

11. GC/MS Analysis 

11.1 Instrument Set-up 

1\.1.1 Considerable yariation from one laboratory to 
another is expected in tenns of instrument configuration. 

Therefore each laboratory must be responsible 
for verifying that their particular system yields 
satisfactory results. Section 14 discusses specific 

performance criteria which should be snet. 

11.1.2 A block diagram of the typical GC/MS system 
required for analysis of Tenax cartridges is 
depicted in Figure S. The operation of such 

devices is described in 11.2.4. The thermal 
desorption module must be designed to accorrrnodate 

the particular cartridge configuration. Exposure 

of the sample to metal surfaces should be 
minimized and only stainless steel, or nickel metal 

surfaces should be employed. 
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The volume of tubing and fittings leading fro~ 
the cartridge to the GC column must be minimized 
and all areas h<~st be well-swept by helium carrier 

gas. 
11.1.3 The GC column inlet should be capable of being 

cooled to -70°C and subsequently increased rapidly 

to approximately 30°C. This can be most readily 
accomplished using a GC equipped with subambient 

· cooling capability {liquid nitrogen) although 
other approaches such as manually cooling the 

inlet of the column in liquid nitrogen may be 

acceptable. 
11.1.4 The specific-Ge column and temperature program 

. employed will be dependent on the specific compounds 
of interest. Appropriate conditions are described 
in the literature (1-3). In general a nonpolar 
stationary phase (e.g. SE-30. OV-1) temperature 
progranmed from 30°C to 2oo•c at 8°/minute will 
be suitable. Fused silica bonded phase columns 
are preferable to glass columns since they are 
more rugged and can be inserted directly into 
the KS ion ~ource. thereby eliminating the need 

for a GC/HS transfer line. 
ll.1.5 Capillary column dimensions of 0.3 mn ID and 50 

~ . 
meters long are generally appropriate although 
s~rter lengths may be sufficient in many cases. 

11.1.6 Priot to instrument calibration or sample analysis 
the GC/MS system is assembled as shown in Figure 
5. Helium purge flows (throigh the cartr.idge) 
and carrier flow are set at approximately 10 ml/. 
minute and 1-2 ml/minute.respectively. ·If applicable, 
tfie injector sweep flow is set at 2-4 ml/minute. 
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11.1.7 Once the column and other system components are 

assembled and the various flows established the 

column temperature is increased to 250°C for 
approximately four hours (or overnight if desired) 
to condition the column. 

11.1.8 The HS and data system are set according to the 

manufacturer's instructions. "Electron impact 
ionization (70eV) and an electron multiplier gain 
of approximately S x 104 should be employed. 
Once the entire GC/HS system has been setup the 
system is calibrated as described-in Section 11.2. 
The user should prepare a detailed standard 
operating procedure (SOP) describing this process 

for the particular instrument being used • 

. 11.2 Instrument Calibration 

11.2.1 Tuning and mass standarization of the HS system . . 
is performed according"to manufacturer's instructions 

and relevant information from the user prepared 

•soP. Perfluorotributylamine should generally 

be employed for this purpose. The material 

fs introduced directly into the ion source 
through a molecular leak. The instrumental 
parameters (e.g. tens voltages. resolution, 

etc.) should be adjusted to give the relative 
ion abundances shown in Table 2 as well as 
acceptable resolution and peak shape. If 

these approximat~ relative.abundances cannot 

be achieved, the ion source may require cleaning 

according to manufacturer•s instructions. 

In the event that the µser's instrument cannot 

achieve these relative ion abundances, but· 

is otherwise operating properly, the user 

may adopt another set of relative abundances 
as performance criteria. 
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However, these alternate values must be repeatable 

on a day-to-day basis. 
11.2.2 After the mass standarization and tuning process 

has been corapletcd and the appropriate values 

entered into the data system the user should 
then calibrate the entire system by introducing 

known quantities of.the standard components 
of interest into the ·system. Three alternate 
procedures may be employed for the calibration 

process including 1) direct syringe injection 

of dilute vapor phase standards. prepared 
in a dilution bottle, onto the GC column, 2) 

Jnjection of dilute vapor phase standards 

.~nto a c_arrier gas stream directed through the 
Tenax cartridge, and 3) introduction of permeation 
or diffusion tube standards onto a Tenax cartridge. 

The standards preparation procedures for each 

of these approaches are described in Section . . 
,13. The following paragraphs describe the 

instrument calibration process for each of 

these approaches.· 
11.2.3 If the instrument is to be calibrated by direct 

injection of a gaseous standard, a standard 

fs prepared fn a dilution bottle as described ., 

in Section 13.1. The GC column fs cooled 

to -70°C (or. alternately, a portion of the 

column inlet is manually cooled with liquid 

nitrogen). The.MS and data system is set 
up for acquisition as descriped in the relevant 

user SOP. The ionization filament should be turned 
. off during the initial 2-3 minutes of the run to 

allow oxygen and othe~ highly volatile components 
to elute. An appropriate volume (less than l ml) 

of the gaseous standard is injected onto the GC 
system using an accurately calibrated gas tight syringe. 
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The system clock is started and the column is 
maintained at -70°C (or liquid nitrogen inlet cooling) 
for 2 minutes. The column temperature is rapidly 
increased to the desired initial te~perature {e.g. 30°C}. 

The temperature p~ogram is started at a consistent 
time (e.g. four minutes) after injection. Simultaneously 

the ionization filament is turned on and data acquisition 
is initiated. After the last component of interest has 
eluted acquisiton is terminated and the data is processed 
as described in Section 11.2.5. The standard injection· 
process is repeated using differ~nt standard volumes as 

desire~. 
11.2.4 If the system is to be calibrat~d by analysis of 

spiked Tenax car~riuges a set of cartridges is 
prepared as described in Sections 13.2 or 13.3. 

Prior to analysis the cartridges are stored as 
described in Section 9.3. If glass cartridges. (Figure la) 

are employed care _must.be taken to avoid direct . . 
contact, as described earlier. The GC column is 
cooled to -70°C, the collection loop is inmersed in 

liquid nitrogen and the desorption module is 
maintained at 250°C. The inlet valve is placed in the 
desorb mode and the standard cartridge is placed in 
ihe desorption module. making certain that no leakage 

of purge gas. occurs. The cartridge is purged 
for 10 minutes and then the inlet valve is placed in 
the inject mode and the liquid nitrogen source removed 
from the collection trap. The GC column is maintained 
at -70°C for two minutes ~nd subsequent steps are as 
described in 11.2.3. After the process is complete the 
cartridge is removed from the desorption module and 
stored for subsequent use as described in Section 9.3. 
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11.2.S Data processing for instrument calibration invo~ves 
determining retention times. and integrated ch!racteristic 

ion intensities for each of the compounds of ir.:erest. 
In addition, fo~·at least one chromatographic run,the 
individual _mass spectra should be inspected and 

compared to reference spectra to ensure proper. 
fnstrumental performance. Since the steps involved 
in data processing are highly instrument specific, the 
user should prepare a SOP descrfbing the process for 

fndividual use. Overall perfonnance criterfa for 

instrument calibration are provided ~n Section 14. If 

these criteria are not achieved the user should refine 

the instrumental parameters and/or operating 

procedures to meet these criteria. 

11.3 Sample Analysis 

11.3.1 The sample analysis proc~ss is identical to that 
described in Section 11.2.4 for the analysis of standard 
Tenax cartridges. 

11.3.2 Data processing for sample data generally involves 
1) qualitatively determining.the presence or absence 
of each component of interest on the basts of a set 
of characteristic ions and the retention time using 
a revers~~search software routine, 2) quantification 
of each identified component by integrating the intensity 
of a characterfstic ion and comparing the value to 
that of the calibration standard, and 3) tentative 
identification of other components observed using a 

forward (1 ibrary) search software routfne. As for 

other user specific processes, a SOP should be prepared 
describing the specific- operations for each in~~vidual 
laboratory. 
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12. Calculations 

12.1 Calibration Response Factors 

12.l.1 Oata from calibration standards is used to calculate 
a r~sponse factor for each component of interest. 
Ideally the process involves analysis of at least 
three calibration levels of each component during a 
given day and determination of the response 
factor (area/nanogram injected) from the linear 
least squares fit of a plot o( nanograms injected 
versus area (for the characteristic ion}. 
In general quantities of component greater 
than 1000 nanograms should not be injected 
because of column overloading and/or HS response 

nonlinearity. 
12.1.2 In practice the daily routine may not always 

allow analysis of three such calibration standards. 
In this situation calibration data from consecutive 
days may be pooled to yield a response factor, 
provided that analysis of replicate standards 
of the same concentration are shown to agree 
within 20% on the consecutive days. One standard 
concentration\ near the midpoint of the ·analytical 
range of interest, should be chosen for injection 
every day to determine day-to-day response 

reproducibility. 
12.1.3 If substantial ~onlinearity is present in 

where 

the calibration curve a nonlinear least squares 

fit (e.g. quadratic) should be employed~ 
This process involves fitting the data to 

the following equation: 

Y =A+ BX+ cx2 

Y = peak area 
X = quantity of component. nanograms 

A,B, and Care coefficients in the equation 

' 



. . . . . 
r 

101~0 

12.2 Analyte Concentrations 

12.2.l Analyte quantities on a sample cartridge are calculated 

from the following equation: 

where 

YA is the area of the analyte characteristic ion for 

the sample cartridge. 
XA is the calculated quantity of analyte on the sample 

cartridge, in nanograms. 
A,B, and Care the coefficients calculated frbm the 

calibration curve described in Section 12.1.3. 

12.2.2. If instrumental response is essentially linear over the 

concentration range of interest a linear equ~tion 

(C=O in the equation above) can be employed. 

12.2.3 Concentration of analyte in the original air sample is 

calculated from the following equation: 

where 

CA is the calculated concentration of analyte in 

nanograms _per liter. _ 

v
5 

and XA are as previously defined in Section 
10.2.10 and 12.2.1. respectively. 

13. Standar~ Preparation 

13.1 Direct Injection 
13.1:1 This process involves preparation of a dilution . . 

bottle containing the desired concentra~ions 

of compounds of interest for direct injection 

onto the GC/HS system. 
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13.1.2 Fifteen three-millimeter diameter glass beads 
and a one-inch Teflon stirbar are placed in a 
cl~an two-liter glass septum capped bottle and 
the exact volume is deteflilined by weighing the 
bottle before and after filling with deionized water. 
The bottle is then rinsed with acetone and dried at 200°C. 

13.1.3 The amount of each standard to be injected into the 

where 

vessel is calculated from the desired injection quantity 

and volume using the following equation: 

where 

WT is the total quantity of analyte to be injected 

into the bottle in milligrams 
W1 is the desire~ weight _of analyte to be injected 

onto the GC/HS system or spiked cartridge in 

nanograms 
Vt is the desired GC/MS or cartridge injection 

volume (should not exceed 500) in microliters. 

Vs is total volume of dilution bottle determined 

in 13.1.1, in liters. 
p.1. 4 "(he volume of the neat standard to be injected 

' l .::'=• •~ :~.= . ., .. .., ... ;. __ 
into the dilution bottle is.detennined using 

the following equation: 

"r 
VT ad 

VT is the total volume of neat liquid to be injected 

in microliters. 
dis the density of the nea: standard in grams per 

mill i1 iter. 
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13.l.6 The bottle is placed in a 60°C oven for at 
least 30 rninutes prior to removal of a vapor 

phase standard. 
13.l.7 ro withdraw a standard for GC/KS injection 

the bottle is removed from the oven and stirred 
for 10-15 seconds. A suitable gas-tight microber 

syr'ing warmed to 60°C. is inserted through 
the septum cap and pumped three times slowly. 
The appropriate volume of sample (approximately 2si 

larger than the desired injection volume} is drawn 

into the syringe and the volume is adjusted to the 

exact value desired and then isrrnediately injected . . 
over a S-10 seconds period onto the GC/MS system as 

descr~bed in Section 11.2.3 •. 

13.2 Preparation of Spiked Cartridges by Vapor Phase Injection . . 
· 13.2.1 This process involves preparation of a dilution 

bottle containing the des·;red concentrations· 

of the compound(sj of interest as described 

in 13.1 and injecting the desired volume of 
vapor into a flowing inert gas stream directed 

through a clean Tenax cartridge. 

13.2.2 A helium purge system is assembled werein 
the helium flow 20-30 ml/minute is passed 

through a stainless steel Tee fitted with 
a septum injector. Jhe clean Tenax cartridge 

ts connected downstream of the tee using 
appropriate Swagelok fittings. Once the cartridge 

is placed in the flowing gas stream the appropriate 

volume vapor standard. in the dilution bottle, 

is ·injected through th~ septum as described in 

13.1.6. The syringe is flushed several times 
by alternately filling the syringe with carrier 

gas and displacing the contents into the flow 
stream, without removing the syringe from the septum. 

Carrier flow is maintain through the cartridge (or 

approximately 5 minutes after injection._ 
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13.3 Preparation of Spiked Traps Ustng Penne~tion or Diffusion 

tubes 

13.3.l A flowing stream of inert gas containing known 
amounts of each compound of interest ts generated 

according to ASTM Method 03609(6). Note that 

a method of accuracy maintaining temperature 
within~ 0.1°C is required and the system 
generally must be equilibrated for at least 

48 hours before use. 
13~3.2 An accurately known volume of the standard 

gas stream (usually 0.1-1 liter) is drawn 
through a clean Tenax cartridge using the 

sampli~g system described in Section 10.2.1, 

or a similar system. However, if mass flow 
controllers are employed they must be calibrated 

for the carrier gas used in Section 13.3.1 

(usually nitrogen}. Use of air as the carrier 
gas for permeation systems is not reconrnended, 

unless the compounds of interest are known 

to be highly stable in air. 

13.3.3 The spiked cartridges are then stored or inmediately 

analyzed as in Section 11.2.4. 

14. Performance Criteria and Quality Assurance 

This section sUtrmarizes quality assurance {QA} measures and 
provides guidance concerning performance criteria which should be 

achieved within each laboratory. In m~ny cases the specific 
QA procedures have been described within the appropriate section 
descriliing t~e. particular activ~ty (e.g. parallel sampling). 
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l~. 1 Standard O~reating Procedures·(SOPs) 
14.l.l Each user ~hould generate SOPs describi~; the 

following activities as they are perfor::;ed 

in their laboratory: 
1) assembly, calibration, and operation of 

the sampling system, 
2) preparation, handling and storage of Tenax 

cartridges, 
3). assembly and operation of GC/MS system including 

~he thermal desorption apparatus and data 

system, and 
4) all aspects of data recording and processing. 

14.1.2 S~Ps should provide specific stepwise instructions 
and should be readily available ~o. and understood 

by the 1aborat6ry personnel conducting the 

work. 

14.2 Tenax Cartridge Preparation 

14.2.1 Each batch of Tenax cartridges prepared (as 

described in Section 9) should be checked for 

contamination by analyzing one cartridge flimediately 
after preparation. While analysis can be accomplished 
by GC/MS, many laboratories may chose to use 
GC/FID due to logistical and cost considerations. 

14.2.Z Analysis by GC/FIO is accomplished as described 

for GC/HS {Section 11) except for use of-FIO 

detection. 
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14.2.J While acceptance c~iteria can vary depending 
on the componer,ts of interest, at a minimum 
the clean cartridge should be demonstrated 
to contain less than one fourth of the minimum 

level of interest for each component. For 
most compounds the blank level s~~uld be less 

than 10 nanograms per cartridge in order to 

be acceptable. Kore rigid criteria may be 
adopted, if necessary, within a specific laboratory. 

If a cartridge does not meet theJe acceptance 

criteria the entire lot should be rejected. 

14.3 Sample Collection 

14.3.1 During eac~ sampling event at least one clean 
cartridge will accompany the samples to the 
field and back to the laboratory, without being . . 
used•for·sampling, to serve as a field blank. 
The average amount of material found on the 
field blank cartridge may be subtracted from 
the amount found on the actual samples. However, 

if the blank level is greater than 25% of the 

sample amount, data for that component must 

be identified as suspect. 
14.3.2 During each sampling event at least one set 

of parallel samples (two or more samples collected 

simultaneously) will be collected. preferably 

·----.at different flow rates ~s described in Section 
10.1. If agreement between parallel samples 

is not generally within.:!:. 25% the user should 
collect parallel samples on a much more frequent 

basis (perhaps for all sampling points). 1f 

a trend of lower apparent concentrations with 

increasing flo~ rate is observed for a set 
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of parallel samples one should consider using 
a reduced flow rate and longer sampling interval 
if possible. If this practice does not improve 
the reproducibility further evaluation of the 
method performance for the compound of interest 

may be re qui red. 
14.3.3 Backup cartridges {two ca·rlridges in series) · 

should be collected with each sampling event. 
Blckup cartridges should contain less than 
201 of the amount of components of interest 
found in the front cartridges, or be equivalent 
to the blank cartridge level, whichever is 
greater. Th~ frequency of use of backup cartridges 

should be increased if increased flow rate 
is shown to yield reduced component levels 
for· parallel sampling. This practice will. 
help to identify problems arising from breakthrough 
of the component of interest ~uring sampling: 

14.4 GC/MS Analysis 
• 

14.4.1 Performance criteria for MS tuning and mass 
calibration have been discussed in Section 
11.2 and Table 2. Additional criteria may 
be used by the laboratory if-desired. The 
following sections provide performance guidance -

and suggested criteria for determining the 

acceptability of the GC/KS system. 
14.4.2 Chromatographic efficiency should be evaluated 

using spiked Tenax cartridges since this practice 

tests the entire syst~m. In general a reference 

compound such as perfluorotoluene should be 

spiked onto a cartridge at the 100 nanogram 
level as described in Section 13.2 or 13.3. 
The cartridge is then analyzed by GC/KS as 
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described in Section 11.4. The perfluorotoluene (or 

other reference co~pound) peak is then plotted on an 
expanded time scale so that its width at 10~ of the 

peak can be calculated, as shown in Figure 6. The 

width of the peak at 101 height should not exceed 

10 seconds. Hore stringent criteria may be required 

for certain applications. The assymnetry factor 

(See Figure 6) should be between 0.8 and 2.0. The 
assymnetry factor for any polar or reactive compounds 

should be ~etennined using the process described above. 

If peaks are observed that exceed the peak width or 

assymnetry factor criteria above, one should insp~ct 

the entire system to detennine if unswept zones or 

cold spots are present in any of the fittings and 
is necessary. Some laboratories may chose 

to evaluate column perfonnance separately by 

direct injection of a test mixture onto the 
GC column. Suitable schemes for column evaluation . . 
have been reported in the literature (7). 
Such schemes cannot be conduct~d by placing 

the substances onto Tenax because many of 

the compounds (P..g. acids, bases. alcohols} 

contained in the test mix are not retained, 

or degrade, on Tenax. 
14.4.3 The system detection limit for ea~h component 

is calculated from the data obtained for 
calibration standards. The detection limit 

is defined as 

DL e A+ 3.3S 
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OL is the calculated detection liwit in 

nanograms injected. 
A is the intercept calculated in Section 

12.1.1 or 12.1.3. 
Sis the standard deviation of replicate 

determinations of the lowest level standard 

(at least three such determinations are 

required. 
In ·general the detection limit should be 20 
nanograms or less and for many applications 
detection limits of 1-5 nanograms may be required. 

The lowest level standard should yield a signal 
· to noise ratio.from the total ion current resp6nse, , 

of approximately 5. 
14.4.4 The rel~tive standard deviation for replicate 

analyses of cartridges-spiked at approximately 

10 times the detection limit should be 20X . . 
or less. Day to day relative standard deviation 

should be 2si or less~· 
14.4.5 A useful performance evaluation step is the 

use of an internal standard to track system 

performance. This is accomplished by spiking 

each cartridge. including blank. sample, and 

calibration cartridges with approximately lOO 

nanograms of a compound not generally present 

in ambient air (e.g. perfluorotoluene) •• The 

integrated ion intensitJ for this compound 

helps to identify problems \<lth a specific 
sample. In general the user should calculate 

the standard deviation of the internal standard 
. . 

response for a given set of sa~?les analyzed 
under i~entical tuning ani calibration conditions. 

Any sample giving a value greater than_:!: 2 
~t!ndard deviations from the mean (calculated 
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excluding that particular sample) should be 

identified as suspect. Any marked change in 

internal standard response may indicate a need 

for instrument recalibration. 
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TABLE 1. · RETENTION VOLUME ESTIMATES FOR COMPOUNDS Ott TENAX 

Benzene 
Toluene 

COMPOUND 

Ethyl Benzene 
Xylene( s) 
Cumene 
n-Heptane 
1-Heptene 

Chloroform 
Carbon Tetrachloride 
1.2~Dichloroethane 
1,1.1-Trichloroethane 
Tetr,chloroethylene 
Trichloroethylene 
1,2-0ichloropropane 
1,3-0ichloropropane 
Chlorobenzene 
Bromofonn 
Ethylene Oibromide 
Bromobenzene 

ESTIMATED RETENTION VOLUH~ AT 
l00°F (38°C}-LITERS/GRAM 

19 

97 

200 

""200 

440 

20 

40 

8 

8 

10 

6 

80 

20 

30 

90 

150 

100 

60 
;mo 
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T;..::..E 2. SUGGESTED' PERFORHANCE CRITERIA FOR RELATIVE 
ION ABUNDANCES FROM FC-43 KI\SS CAUBRATlON 

,: RELATIVE 
H/E ABUNDANCE 

51 1.8 + 0.5 

69 100 

100 12.0 + 1.S 

119 12.0 + 1.5 

131 35.0 + 3.5 

169 3.0 .:!: 0.4 

219 24.0 + 2.s 

264 3.7 ~ 0.4 

314 0.25 ~ 0.1 



$w~ok 
Fitting 

Ttn&X 

101-33 

T tf\.l >C 

~1.5 Gram, (6 em B.d D•i:~~) 

Gleu Wool PluQ1 
·(0.5 em long) 

.{a) Glau Cartridge 

Glau Wool 
P1"9t 

Glau C1rtrid9t 
(13.S mm 00 x 
100 mrn long) 

(0.5 em long) 

\ Mwl Cartrtd~ 
. (12.7 mm 00 x 

100 mm long) 
~1.S Grams (7 cm 8-.d OtpthJ 

(b) M.-ul Cutrid~ 

FIGURE 1. TENAX CARTRIDGE DESIGNS 
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Teflon-­
ComprttrJon 
s .. , 

Pur04 
G., -----.-t,oa::f 

Colty for---½~ 
Ten.ax 
Cartridge 

Carrier 
Gas 

Liquid 
Nltr~n 
Coolant 

latch for 
Compraui0f1 
Sul 

,___...,_V,nt 
ftHt .. 

Out 
loop 

(a) Gta:ss Cartridg.H (Compreuion Fit) 

--1--To GC/MS 

Huted 
Blodt 

Tfll&X 

Trap 

(b) M..ul Cutr~ (Sw~ok Fittings) 

FIGURE 2. TENAX CARTRIOGE DESORPTION MODULES 

liquid 
Nitr~n 
Coolant 

I 



~ Dry 
t Tert 

Mttet 

Vent-"--~ 

Rotomat•r -

.... 

101- 3S 

Mw Flow 
Controflan 

(al Mus Flow Control 

-,-

V 
N..&t 
Valve 

Pump 

(bJ NHdt• Vafvt Control 

Couplin;, 
to Connt-et 
Ten.ax 
Cartridoes 

,,c 

FIGURE 3. TYPICAL SAMPLING SYSTEM CONFIGURATIONS 

Coupling to 

ConM<:t T•nt>t 
C.rtnd~ 
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SAHPLJHG DATA SHEET 
(One 5.15>le Per Data Sh-~et) 

ROJECT: _________ _ OATE(S) SAMPLED: ---------
Tl HE PERIOD SAHPLEO: --------

LOCATJ 0:-: OPERATOR: 

.1. 

2. 

3. 

4. 

H. 

---------- ------------
C 1' ll BRA TEO BY: ----------

Sample Number: ----------
St art Time: Stop Time: ----

I 
Dry Gas Flow Ambient Barometric , 

Heter Rotameter Rate,•Q Temperature Pressure, Relative 
Time Keading Reading ml/11in ·c mmHg Humidity, % Comnents 

. 

. 

Toul Volume Data•• 

Ym • (Final - Initial) Dry Gas Meter Reading. or •' 

• liters ---
• QJ + Qz + Q3. • • Qff X 1 • lf te rs 

R 1000 x {Sampling Time in Hinutes) ---

• flowrate from rotameter or soap bubble calibrator 
(s:,ecify which). 

•• Us! data from dry gas meter if available • 

. . 

FIGURE 4. EXAHPlE SAMPLING DATA SHEET 

,· 



Purg,t 
Gu 

t 
Thermal 
Ottorption 
Chember 

Btock.s _____ ...., 

Carrier 
Gas 

liquid 

Nitr~n 

Coolant 

101-37 

6-Port Hioh•Temp.ratur• 
V1ln 

Capilluy 
Gas 

Chromatograph 

Vent 

Mass 
Sp.ctrometer 

FIGURE 5. BLOCK DIAGRAM OF ANALYTICAL SYSTEM • 

Data 
·System 
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E 

B 

0 

BC 
Asymmrtry Ft<:tor • AB 

Examp(t Cateutmon: 

Pm Height • DE • 100 mm 
10% Petk Httght • BO • 10 mm 
P .. k Width at 10% P._.k H•ioht • AC • 23 mm 

AB• 11 mm 
8C •12mm 

12 
TMrd'ON: Atym~ F.aor - 11 • 1.1 

FIGURE 6. PEAK ASYMMETRY CALCULATION 

,· 
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'• 

TABLE 2. . , . . . . LJST OF COH?OUNOS 0F PRIP~RY INTERESl, 

~- ~-- :.: .\: ··_. ·. . .. . - . . 
App 1 ica b 1 e .... ,· · · · · 

' -
u h d( ) ' . ~ •• net o s Conr..ents •· ... , ··) ·· ________________ _:_.:_ ________ .;.::..=:.::.:.::_ ___ _:: ·,, . Compound 

Ace ta 1 c::hyde 
Aero lei~ 
Acrylor.i tri le 

Al lyl Cnloride 

Benzalcehyde 
•Benzene 

Benzyl Chloride 

Carbon Tetrachloride 

Chlorobenzene 

Chloroform 

Ch l oro;,rene 
(2-Ch1oro-1,3-butadiene) 

4,4 1 -DOE 
4,4'-DDT 

1.4-0ichlorobenzene 

Ethylene dichloride 
(1,2-Dichloroethane) 

Fortna 1 dehyde 

Methyl Chloroform 
(1.1.1-Trichloroethane) 

Methylene chloride 

Nitrobenzene 

Perchloroethylene· 
(Tet~achloroethyle~e) 

Polyc~lorinated biphenyls 
(Pees) 

Propar:a 1 
loluene 

.TO-S 
TO-S 
T0-2, T0-3 

T0-2, T0-3 

10-S 
10-1, T0-2, T0-3 

T0-1, T0-3 

(T0-1?) T0-2, T0-3 

T0-1, T0-3 

(T0-11) T0-2, T0-3 

T0-1, T0-3 

T0-4 
T0-4 

T0-1, T0-3 

(T0-1?) T0-2, 

T0-5 

(T0-11) T0-2, 

T0-2, T0-3 

T0-1, T0-3 

T0-3 

T0-3 

T0-3 yields better recovery 
data.than T0-2. 

T0-3 yields better recovery 
data than T0-2. 

T0-3 yields best recovery data. 

Breakthrough·volume is very low 
using T0-1. 

Breakthrough volu~~ is very low 
using T0-1·. 

The applicability of these methods 
for chloroprene has not been 
documented.· 

Breakthrough.volume very low using 
T0-1. 

., ... _., ·~ .. ·- - /• - . .. .... :.. - ~"~· .... ;--~.-•-'. .. . 

Breakthrough volume very low using· 
T0-1. 

T0-1, (T0-21). T0-3 10-2 performance has not been 
documented for this compound. 

T0-4 

T0-5 
T0-1, T0-2, T0-3 

vii 
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IL osl&IL.AnOA &s 
P.unCVLATJ: MAffD m Tm AT• 
IIOffl'Dl:U (Hl0B•VOLt>lO: MffHOD) 

1.0 Api,Ucabiltty. 
1.1 ThJI method provides a meuurernent 

or the mua concentratto,n of total auapend­
~ p&rUculM.e matter <TSP) In ambient &lr 
tor <ktt.enninlnc coms,Uance with the prl• 
mary and IN!(:Ondary nat.lonal ambient air 
ciualJty atandarda tor P&rttculate matter u 
aoecttled 1n f 50.f and I 50.7 of thia chapter. 
The measurement proceu ta nondeatructtve, 
and the able of the sample collected la uaual-

, lY adequate for aubeequent chemical a.na1y. 
ata. Quality uaw-ance procedures and suld• • 
a.nee are provided In Part 58, Appendixes A 
and B, of thJa chapter and In Reference. 1 
and 2. 

2.0 PTtl'&ctJ)l& 
:u An a1r u.mpler, properly located at 

the measurement aite, draWI a measured 
quantltJ of arnblent air Into a covered houa­
l.llc and throu,h a fllter durin&' a 24•hr 
<nominal) aampllnc period. The sampler 
now rate and the ceometr)' o! the ahelter 
favor the collectlo,n of particle.a up to 25-50 
,µ.rn <aerodynamic diameter>, dependlnc on 
,wind apeed and dJJ'ectlon.<J> The tilt.era u.ed 
are •&>eClfled to have a mlnlmum collection 
.eftlcleaey of ff percent for o.:s f'Dl <DOP> 
.parttclea <see Section 7.1.4>. 

2.2 The filter la wetched <after moisture 
.equtllbrat.ton> before and after use to deter• 
mine the net weleht <maa> pin. The total 
volume of a.Ir sampled. corrected to EPA 
•t&ndard cond:Jtlona <25" c. 7to mm He c101 
ltP&J >. la determined from the meuured 
.now ratA and t.he aamplln11 time, The oon• 
centratton of total auapended particulate 
matter In the ambient air la computed u 
the IDUI of collected particle.a divided by 
the volume of air sampled. corrected to 
~tu;r ard condition.a, and la expreaed In ml• 
croiirura per atandard cubic meter (i,iC/std 
en•>. For aample.s collected at temperatures 
111d preaures a.tsniflcantly different than 
IUDd&rd condltlona, theee corrected concen­
tn.Uona m.a.y differ aubetanttally from 
act-ual concentratlona <mlcrosrama per 
actual cubic Dieter>, p&rtJcularly at hich ele­
ratloPL The actual particulate matter con• 
:,entn.tk>n can be e&lculated from the cor­
rected concentn.tlon uain&' the actual tem• 
>erature and pNUure durinc the AmPllnc 
)eriod. 

,.o.RaftGtC. 
,.1 Tbe r.pproxlmate conc:entrat.lon 

-.JWe of the method I.a 2 to '750 ,.c/atd m•. 
t,ie upper Uaut la determined by the point 
~ whleh the 11&1npler can no lolU(er main• 
:.Jn the apeci!led now rate due to the In• 
:reued prasure drop of the loaded tut.er. 
[ltla point la affected by particle atze dtltrt• 
,uuon, moiltu.re content ot the collected 

&£i. GunJ. rom0 IU 
Ot.ner ·1·ne lower llmit. ii de-

termined by the aenaitMty of the balance 
<aee Section '1.10) and by lnhffent aource.s of 
error <aee Section f>. 

3.2 At wind a.peeda between 1.3 and 4.5 
m/aec (3 and 10 mph>, the hich•volwne air 
aampler haa been found to collect part.lcles 
up to 25 to 50 ~. dependlnc on wind apeed 
and dlrectlon.<J> For the filter apeclfled In 
SecUon 7.1, there ta effectively no lower 
llmlt on the part.lcle alze collected. 

4.0 Precutor&. 
4,1 Baaed upon collaborative teatlnc, the 

relative atandard deviation <coefficient of 
va.ri&t.lon> tor atncle analyat precla.lon <re­
peatablllty) ot the method la 3.0 percent. 
The corre.s.pondlnc value tor lnterlaboratory 
preelalon (reproduciblllty> la 3.7 percent.(4) 

5.0 ..tccuraey. 
5.1 The abaolute accuracy of the method 

I.I undefined because of the complex nature 
of atm015pheric particulate ma.tter and the 
difficulty In detennlnlnc the "true" particu­
late matter concentration. Thi.I method pr,,. 
vldes a meuure of particulate matter co,,. 
centratlon 1uJtable tor the purpoae 1pecl.fled 
under Sect.Ion 1.0, AppllcabUlty. 

6.0 lnlu:rmt Sourr::u of Error, 
6,1 Atr/lDw vanatton. The wel&ht of ma­

terial collected on the filter repreaenta the 
<lntecrated> aum ot the product of the In· 
atantaneoua fiow rate times the lnltantane­
oua particle concentration. Therefore, dlvid• 
Inc thla welr;rht by the avel'&&'e fiow rate 
over the aampllnc period yielda the true 
parttculate matter concentration only when 
the tlow rate la conatant over the period. 
The error reaulttnc from a nonconatant now 
rate de~ndl on the macnltud• ot th• In• 
atanta.neou.a cha.ncea ln the !low rate and ln 
the particulate matter concentration. Nor• 
mally, auch errora are not larce, but they 
can be ereatly reduced by equlpptnc the 
sampler With an automatic tlow controlllmr 
mechanlam that matnt.atna conatant now 
durin&' the aampltnc period. U,e of a con­
tant now controller II recommended.• 

6.2 Air ooh,me measurement. If the now 
rate chances subatant1&lly or nonunJtormly 
dUrin&' the aampllnc period, appreciable­
error In the eatlmated air volume may result 
from uain&' the avel'&&'e of the preaampllnc 
and l>OiltllamPllnl' flow ratea. Great.er air 
volume measurement accuracy may be 
achieved by < 1) equlpplnc the u.mpler wtth 
a now controllln& mecha.niam that main· 
t.alna conatant air !low durtnc the aampllnc 
period,• < 2) ualn& a calibrated, continuous 
now rate recordlnc device to record the 

• At elevated altitudes, the eftect.lveneM o! 
automatic now controllers may be reduced 
becauae of a reduction In the maximum 
aampler !low. 
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IIIUNa :la and 2b, Flirun :la lhowa multiple 
:e<1 ....i.a.tanoe plat.N, which neoouttate 
~blJ' of the unit each tune the now 
Jatance 1a ~ed. A preterable deairn, 
Jatn.ted In P1sure 2b, hu a vari&ble flow 
1trtctJon that can be adjusted externally 
~hout. dlauemblY of the unit. Uae of a 
P.Ventiom.l. orifice-type tramter standard 
auumed in the calibration procedure 

ectton 10. However, the uae of other typea 
tranater standard.I meetinr the above 

ecl!le&tiona. auch u the one shown in 
iure :k. may be approved; see the note 
:lowinc Section 9.1. 
r.s l'Uter condtliontng environment 
r.s.1 Controlled tem~~ between 15' 
d 30" C with lea than ±:3" C vari&tion 
rilic equllibra.tion period. 
t.9.2 Controll.efl humtdtty: Leu than 50 
rcent relative hwnidity, comtant within 
1 percent. 
r.10 Anal11tu:al balance. 
(.10.l &JuUlvttv: 0.1 me. 
!.10.2 Welehinc chamber deal,ned to 
:e1>t an unfolded 20.3 x ~.4 cm ca x 10 In> 
iCr. 
'.11 Areci ltgh.t .101U"Ce, similar to X-ray 
n viewer, to bacldi&ht tut.era for vlaual In· 
lCtlon. 
·.12 Ninnbninr, device, capable of print­
: ldentificatton numbers on the filters 
tore they are placed in the filter condi• 
nine environment, if not numbered by 
,supplier. 
i.o Proced:u.re. 
See References 1 and 2 for quality uaur• 
ce information.) 
1.1 Number each filter, if not already 
mbered. near it.a ed•" •• l•n a unique iden• 
lcatton number. 
,.2 BeckJleht each tuter and lnapect for 
lhole,. particlea, and other imperfections: 
:.era with visible imperfection.a must not 
·uJed. 
i.3 l!',QuWbrate each filter in the condi• 
~ environment for at least 24-hr. 
~4 Pollowtns equWbratlon, weiah each 
;er to the Deare.It mJlllcnm and record 
a tare we11ht <W1) with the filter ldenti!l• 
:ion number. 
,~ Do not bend or fold the filter before 
lectlon of the u.mple. 
~e Open the shelter and lnatall a num­
:-ed. preweiched filter 1n the ampler, fol• 
rtns the NJ:npler manufacturer'• lnltruc­
n,. OUr1n&' inclement weather. precau­
n, mu.at be taken while chancin& fllters 
prevent d&In&&e to the clean tilter and 

1 o! sample from or cl.am&l(e to the ex­
~ tilter. FUter cauettes t.ha.t e&n be 
~ed and unloaded ln the l&boratory may 
uaed to mtntml:P" thJa problem <See Sec· 
ntU>. 

f ut to 
ture oonditiona, 

a.a Record th• now indioetor read.ins 
and, lf needed, the barometric preaure <P ,> 
and the ambient temperature <T ,> 11ee 
NOTE followtnc step 8.12). Stop the um• 
pler. Determine the u.mpler flow rate <aee 
Section 10.l>: if it la outaide the acceptable 
ranate (1.1 to 1.7 m1/min [39-60 ft"/mlnl>, 
use a different filter, or adjust the sampler 
flow rate. Warnlnr. SUbltantlal flow adjust­
ments may affect the calibration ot the Ori• 
flee-type now indicators and may neceaai• 
tate recalibration. 

8.9 Record the sampler identification in• 
formation <filter number, lite location or 
identification number, sample d&te, and 
atarttne tune>. 

8.10 Set the timer to start and atop the 
aampler such that the sampler runs 24-hrl. 
from midnirht to midni&ht <local tune>. 

8.11 Al aoon u practical !ollowtnc the 
eampllnl period, run the sampler for at 
leut 5 min to ap.ln eatabll.th run-tempera­
ture conditions. 

8,12 Record the now indicator readJnr 
and, lf needed, the barometric preaure <P ,> 
and the ambient temperature <T ,>. 

Non:: No omite pressure or temperature 
meuurement.s are neceau.ry if the ampler 
now indicator does not require pressure or 
temperature correction.a <e.r., a maa now­
meter> or if averaae barometric preuure 
and seuonaJ averace temperature for the 
site are incorporated into the sampler e&ll· 
bratlon <see step 9.3.11>. For Individual pres­
sure and temperature correctiona. the ambl• 
ent preaure and temperature can be ob­
tained by onaite meuurementa or from a 
nearby weather station. Barometric pres­
sure readlnp obtained from airport.a mwit 
be station pre.uure, not corrected to sea. 
level, and may need to be corrected !or dJ!. 
ferences in elevation between the sampler 
lite and the airport. For a.mplera h&vlnl 
now recorders but not constant now con­
trollers. the averaae temperature and pres­
aure at the lite du.nnr, t/14 ,14mpzt11r, peno<t 
lhould be estimated from weather bureau or 
other available data. 

8.13 Stop the sampler and carefull:, 
remove the filter, followinl the sampler 
manufacturer's lnltructiona. Touch only the 
outer edlea of the filter. See the preceu• 
tlona In atep 8.11. 

8.H Fold the tilter in half lenathwlle IIO 
that only surtaca wtth collected particulate 
matter are ln contact and pl&ce It ln the 
filter holder <&lusine envelope or manila 
!older>. 

8.15 Record the end.lna time or el&paed 
tune on the tilter lntormatlon record, either 
from the atop ,et-point tune. from an 
elapeed time indicator, or from a continuotu1 
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8.10 Record on tbe filter lntormatlon 
record any other !actora, 1uch u meteoro­
loi1cal condition.a, conatructton act1V1tY, 
fires or dust 1torma. etc., that mirht be per­
tinent to the meaaurement. It the sample la 
known to be defective, void lt at thla time. 

8.17 Equlllbrate the exposed filter in the 
condi,tionixut environment for a.t least 24• 
bra. 

8.18 ImmedJa.tely ~ter equlllbratlon, re­
welrh the filter to the nearest milllgram 
and record the ltl'08I weteht with the filter 
identification number. See Section 10 for 
TSP concentration calculations. 

11.0 Caltbra.tion. 
9.1 Calibration of the hl&b volume Am• 

pler'a now lndicatinc or control device la 
neceuary to eatabllah trace&blllty of the 
field measurement to a prj.marY, sta.nd&rd 
vta a now rate tranater standard. Ft,ure 3a 
Illustrates the certification of the now rate 
tranater standard and Ftcure 3b WU1tratell 
it.a use in callbratin.e a. sampler flow indica­
tor. Detenn.tnatlon of the corrected now 
rate from the aampler now Indicator, mu. 
trated in Plauro 3c, 111 eddreued in Section 
10.1 

Non: The followtnc callbntion procedure 
applies to a conventional orifice-type now 
tranater atandard and en -orifice-type flow 

·· indicator·in the ampler <the moat common 
types>. For samplers ueinl a preuure re­
corder ha~ a square-root IC&ie, 3 other 
acceptable calibration procedure. are pro­
vided ln Reference 12. Other types of tn.ns­
fer 1tand&rda may be uaed if the m&nufac­
turer or uaer provtclel an appropriately 
modified callbratlon procedure that haa 
been approved by EPA under Section 2.8 o! 
APpendix C to.Part 58 of thfa chapter. 

9.2 Certi/fetl,tton of t/14 /l01D n:iU tra.'M/er 
1tanctant. 

9.2.1 EquiJ)J'Mllt ~ired: Poaitive df.l. 
placement ata.ndard volume meter traceable 
to the National Bureau of Standarda <BUCh 
u a Roots meter or equivalent), stop-watch, 
manometer, thermometer, and barometer. 

11.2.2 Connect the now rate tn.nater 
standard to the inlet of the standard volume 
meter. Connect the manometer to measure 
the preuure at the inlet of the atandard 
volume meter. Connect the orifice manome­
ter to the pressure tap on the tn.nafer 
standard. Connect a hieh-volume air pump 
<aucb u a bicb•volume sampler blower> to 
the outlet side of the standard volume 
meter. See F1sure 3L 

9,2.3 Check !or le&k.11 by temporarily 
clampilUf botb ID&llometer lines (to avoid 
nuid lo.u> and blocldnc the orifice with a 
~e-diameter rubber atop1>er, wide cello• 
phane tape, or other suitable means. Start 
the hlth•volume air pump and note any 
chamre ln the standard volume meter read• 

,e rcsh"• •In .-..ilit. ~ 
tne readlna cnaneea, locate any leabby 11.s• 
tenl.ne tor & wh.l.ltllnr 110und and/or retlcht­
enine all connection.a, m&klnc sure that all 
paketa are properly lnatalled. 

9.2,4 After satisfactorily complet~ the 
Iealc check u described above, unclamp both 
manometer lines and zero both manometers. 

11.2.5 Achieve the appropriate now rate 
tbrourh the system, either by means of the 
rartable now rest.stance in the transfer 
standard or by varyinr the voltaire to the air 
pump. <Use of rest.stance Platea u shown in 
Fiilll"e la ls discoura,ed because the above 
leak check mwst be repeated each time a 
new resl.ttance plate la lnatalled,) At leut 
nve dJ!ferent but constant now rates, 
evenly distributed, with at leut three in the 
specified flow rate interval (1.1 to 1.7 m•/ 
min [39-6() ft I /min]), are requlred. 

9.2.6 Measure and record the certifl.ca• 
tton data on a form similAr to the one Wu.a­
tn.ted in Fliiu.re 4 accordlnc to the tollo'lll'llUf 
steps. 

11.2. 7 Observe the barometric presaure 
end record u P, <ltem 8 in Fleure 4). 

9.2.a Read the ambient temperature in 
the viclnlty of the standard volume meter 
and record It u T, <ltem II ln Fleure 4). 

9.2.9 Start the blower motor, ad.Ju.st the 
now, and allow the system to run for at 
leut l min !or a conatant motor speed to be 
attained. 

9.2.10 Obllerve the standard volume 
meter reedlni and almultaneously atart & 
stopwatch. Record the initial meter readlnr 
<V,> in column 1 of Ftaure 4. 

11.2.11 M&lnt&ln thla constant flow rate 
until at least 3 m• of air have puaed 
tbrol.lih the 11tandard vol~ meter. Record 
the standard volume meter Inlet preuurr. 
m&110meter readlnr u AP <column 5 1,1 

Flrure 4), and the orifice manometer read· 
tne u AH (column 7 in Pl.iU,1'e 4). Be aure to 
indicate the correct unit& of meuurement. 

11.2.12 After at leut 3 m• of &lr have 
p885ed tbrouaih the sYltem, obeerve the 
standard volume meter re&dinl while simul• 
taneoualy stoppilUf the Btopwatch. Record 
the final meter readlnr <V,> in column 2 and 
the elapsed time <t> in column 3 of F1IUre 4. 

11.2.13 Calculate the volume meuured by 
the atandard volume meter at meter condi• 
tlom of temperature and preaures u 
v.-v,-v,. Record in column 4 of F1IUre 4. 

9.2.H Correct this volume to standard 
volume (atd m•> u follows: 

P,-AP T,.. 
v ...... v. 

P,.. T, 

where: 
v,..-111tandard volume, std m>; 
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&rd em, 
• ouometrtc preuure durtnr calibration, 
mtnBaorltP&: 

•dJ.!terentt&J. pn-... · inlet to volume 
meter, mm Hs or ltPa: 
-780 mm Hs or 101 kPa; 
. -mx: 
~&lnl»ent temperature durtnc calibration, 
K. 
cutate the standard now rate <std m 1/ 

. min) u tollo'IIII: 

Q... -

,re: 
-atand&rd·volumetrtc flow rate, std m.'/ 
-mln • 
!lat,led tune. minutes. 
,ecord Q... to the nearest 0.01 std m 1/m.ln 
:olumn Clot Ftcure -t. 
2.15 Repeat steps 9.2.9 throu1h 9.2.14 
at least tour additional constant now 
~ evenly a~ over the approximate 
ire ot 1.0 to 1.8 at.cl m'/m.ln <3~ ft1 / 
i). 
~-lCI For each flow, compute 
W <P,/P,..X298/T,) 

umn '1a of Ptsure 4) and plot these value 
:mt Q... u shown in Ftcure 3a. Be sure 
~ coml:atent units <mm Ba or kPa) for 
>metric pressure, Draw the orifice trans­
~ta.nd&rd certification curve or C&lcul&te 
.llnear leut squares slope <m> and inter• 
; <b> of the certltlcatlon curve: 

1H <P,/P.w><298/T,> 

Q,w+b. See Figures 3 and 4. A certltlca• 
graph should be readable to 0.02 std 

mln. 
2.17 Recallbrate the tramfer standard 
ually or a.a reqUlred bY applicable Qual• 
:ontrol procedures. <See Reference 2.) 
3 CC&lU>niticm of ,ampler /1.0tD indica• 

>-n:: For samplers equipped with a now 
:rclllns device, the now controller muat 
iisabled to allow flow chanrea durtnr 
>ration of the aampler'a now indicator. 
ne altem&te calibration of the now con• 
;er civen in SU may be used. For aam• 
, uainc an orifice.type now indicator 
natream ot the motor, do not vary the 
- rt.te by adJuatlnr the voltace or power 
>lied to the sampler. 
I. 1 A form aunllar to the one Illustrated 
~il'W'C 5 ahould be uaed to record the 
,nt1on data. 
1.2 Connect the tranater standard to 
Inlet of the aampler. Connect the orifice 
.oineter to the orifice preaure tap, u 11· 
:a.~ in P'iinU'e 3b. Make aure there are 

9.3.3 Operate the aarnpler for at leut 5 
minute# to eatabllah thermal equ1Ubrtum 
prior to the calibration. 

9.3.4 Meuure and record the ambient 
temperature, T., and the . barometric pres­
sure, P., durlnr calibration • 

9.3.5 Adjust the variable realstance or, If 
applicable, Insert the appropriate real.stance 
plate <or no plate) to achieve the deal.red 
now rate • 

9.3.6 Let the sampler run for at lea.at 2 
min to re-establish the run-temperature 
conditions. Read and record the preasure 
drop acr031S the orifice <AH) and the sampler 
now rate indication <I> in the appropriate 
columns of Fiirure 5. 

9.3.7 Calcuiate VAH<P,/P,..X298/Ta> and 
determine the flow rate at standard condl• 
tlona <Q ... > either ,rraphlcally from the cert!• 
!!cation curve or by calculattnr Q... from 
the leut square alope and intercept ot the 
transfer standard's transposed certlflcatlon 
curve: Q...•l/m v AH<P,/P.w><298/T,)-b. 
Record the value of-Q..,. on Firure 5. 

9,3.8 Repeat atepe 9.3.5, 9.3.6, and 9,3.7 
for several additional now rates distributed 
over a ranire that Includes 1.1 to 1.7 atd m'/ 
min. 

9.3.9 Determine the calibration curve by 
plottinr values o! the appropriate expres­
·slon lnvolvinr I, selected from Table l, 
acalnllt Q.... The choice of exprea\on from 
Table l depends on the now rate meuure­
ment device uaed <see Section 7.4.l) and a1ao 
on whether the calibration curve I.a to lncor• 
porate 1eocraphic averaiie barometric prea­
aure <P.> and seuonal averqe temperature 
<T.> for the site to approximate actual pres­
sure and temperature. Where P. and T. can 
be determined for a site for a seasonal 
period such that the actual barometric pres• 
sure and temperature at the site do not vary 
by more tht.n ±60 mm H1 <8 ld'a> from P. 
or ±15' C from T., reapecttvely, then Ulinr 
P. and T. avoids the need for subaequent 
preasure and temperature calculation when 
the sampler ill used. The ceoll'&phlc &Ver&lte 
barometric presaure <P.> may be eatbnated 
from an altltude-preuure table or by 
~ an <approximate) elevation correc­
tion of -20 mm Hr <-3.48 ld'a> for each 305 
m (1,000 ft> above aea level (760 mm He or 
101 kPa>. The seuonal averap temperature 
<T.> may be estimated from weather station 
or other records. Be aure to wre comlatent 
unit& <mm HI or kPa) for barometric pres­
sure. 

11.3.10 Draw the aampler calibration 
curve or calculate the linear leaat squares 
slo,pe <m>, Intercept (b), and correlation co­
efficient of the calibration curve: [Exprea­
lllon from Table 11- mQ-+b. See Flaurea 3 
and 5. Calibration curvea ahoUld be relldable 
to 0.02 std m•tmtn. 
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w er, t ow co mecna-
nwn should be re-enabled and aet to a now 
near the lower now llrn1t to allow maximum 
control ~e. The sample flow rate shollld 
be verified at this time with a clean filter In• 
stalled. Then add two or more flltera to the 
sampler to see It the now controller main· 
talna a conatant flow; thill 11 particularly Im• 
portant at hlch altitudes where the ranee of 
the now controller may be reduced. 

9.4 Alternate calibration of flow-con• 
trolled samplers. A !low-controlled sampler 
may be calibrated solely at Its controlled 
flow rate, provided that previous opera.ting 
history of the sampler demonstrates that 
the flow rate I.a stable and reliable. In this 
cue, the now indicator may remain unca.11-

relauve cha.n1e oetween an ln&l 
fiowa, &nd the sampler should be recalibrat­
ed more often to rntnlm~ l>Otentl&I loa o 1 

samples because of controller m&lfunctlon. 
9.4.l Set the now controller fo,r a now 

near the lower. limit of the now ran1e to 
allow maximum control ranee. 

9.¼.2 Install a clean filter In the sampler 
and carry out stepa 9.3.2, 9.3.3, 9.3.4, 9.3.6, 
and 9.3.7. 

9.4.3 Following calibration, add one or 
two addltloruu clean filters to the sampler, 
reconnect the transfer standard, and oper• 
ate the sampler to verify that the controller 
maintains the same calibrated flow rate; 
this ls Particularly Important at high a.ltl· 
tudes where the flow control ranee may be 
reduced. 

TABLE 1. EXPRESSIONS FOR PLOTTING 
SAMPLER CALIBRATION CURVES 

Type of •mp(er 
ftow rau nwauring 

dnlce 

Maa flowmeur 

Oriflc:9 and prnsur• 
Indicator 

Rotameter, or orlflc. and 
pressure r.cordtr having 
square root sc,le • 

For tctual pntNre 
and temperature 

oorrectlons 

I 

EXpretsion 

For lnco,i,omlon of 
geographic affrlillf p,eaure and 
... IOMI nerllillf umperature 

I 

--rt,;, seal• Is r,cognlublt by IU nonuniform divisions and Is the most commonly 
available for hlgh-volu~ samplers, 
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Typeofaampler 
flow rate fflNtUring 

derioe 

For actual prMUre 
and temperature 

00ffec1SOM 

For .., when g109r11phlc ••rage prttSUre end NUONII 
aver19e u.mperature .,_, 

been Incorporated ,n10 
1he •mpler calibration 

lauflowmeter 

irlflce and preMl,rt 
lndk:stor 

otameter, or orlfk:e and 
Pl'ff$Ul'I recorder having 
squar1 root .call• 

I 

I 

rh11 1e1le 11 recognl:uble by lu nonuniform dM1ion1 and 11 tht molt commonly 
IVlilable for hl9h-volume 1ampler1. 

io.o Calcula.ttom of TSP Concentratton. 
10.1 Determine the averace sampler flow 
te durl.nc the umplinc period accordlnc 
elther 10.l.l or 10.1.2 'below. 

10.l.l For a. Ampler without a contlnu• 
ts now recorder, determine the a.ppropri­
e expreuion to 'be uaed from Table 2 cor• 
spondlnc to the one from Table 1 ued ln 
~P l>.3.9. Uatnr thl.l &pproprlate exprea­
m. detennlne Q.,. for the lnltlal now rate 
lm the a,.rnpler callbn.Uon curve, cit.her 
~phical.ly or trom the transposed recrea­,n equatlon: ~-
ll < [Appropriate expression from Table 
;..l)) 

nJlarly, determine Q.,. from the final now 
i.dlnS, and calculate the aven.ie now Q,.­
one-h&l! the sum o! the Initial and final 
wrates. 
0.1.2 For a sampler with a continuous 
w recorder, <letennine the averace now 
~ device readin&, I, for the period. Deter• 
ne the approgri&te expression from Table 
::orrapondlna to the one from Table 1 
Id In step 9.3.1>. Then uslnr this expres-
n and the averair,. '' ··ate readlnc, de• 
mine Q.,. from . ,,!er calil>ratlon 
-ve. either ~hically or from the tram• 
,ed reiuesslon equation: ~-
n < CApproprtate expression from Table 
- bl 

U the tn.ce shows aubetantl&l now ch&nrie 
durinr the sampllnr period, rreater accura­
cy may 'be &Chleved by dlvldlnc the aam­
plln&. period Into Interval.a and calcul&tlni 
an averaiie readlnll be!ore detennlnln& Q,... 

10.2 Calculate the total &Ir volume sam­
pled as: 
V-Q,..x t 
where: 
V•total air volume l&DlPled, In atanda.rd 

volume units, atd m• /; 
Q...•averaae atandard !low rate, std m•t 

min; 
t•sa.mpllnr time, min. 

10.3 Calculate and re1><>rt the particul&te 
matter concentration aa: 

TSP• 

where: 
TSP-maaa concentration of total suspended 

particulate m&tter, ,.,/atd m•; 
W,•lnltlal welcht of cle&n tilter. c. 
w,-!lnal welrht of exposed filter, ri: 
V•air volume a&mpled, converted to stand• 

ard condltlolUI, std m•, 
10• -conversion of g to ,.,. 

10.<l If desired, the actu&l pa.rtlcula.te 
matter concentration <see Section 2.2) can 
'be calculated as follows: 
<TSP>.•TSP <P,/P..,><298/T,> 

720 

<TSP>.-actu&l concentration &t field condi• 
ttona, ,.,1m•: 

TSP-concentration at standard conditions, 
J'i/ltd m•; 

P,•aVer&ie barometric preaure durinr 
aamplinr period, mm Hr: 

P..,-760 mn Hi <or 101 kPa); 
T,-aven.ie ambient temperature during 

aampllne period, K. 
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Flaure 1. Hlgh-¥0lume Mffl9W In lhelw. 
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ADJUSTAIU ll£Sl$TANCE. 

Figure 2. V•lous types of flow transfer standacds. Note that all dnices .-e de\i~ 
to mount to the filter inlet area of the Sill11pler. 
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Figure 3. Illustration of the 3 steps in the flow measurement proceu. 
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-- u"ar,u. 1ttAtottk )l"-NO~HU UNIJI JLAflOH WORt;,SH[ll --- ~-~-·-~--- .. ~ I (l) '1) (3) <•> (SI (6) 
(1) ,,a, I: 

Dltfn•nllal Pr.11ur• · ,_,'-•r *'-•r pt"•ssun (IJ drop acnu (l I nodlno roding 5-llno Y•h- (at Inlet to erlflc. start stap ti• •u•red woliae •tar) flw rate 

Ou•> .:"o~, "" {~)(••1 .l lil1m '1 ,, t '• 41 ostd 
!'le- (1121 (■5) (■In) (-3) (M Hg or lPa) (std ■'/■In) af vat .. std 'I', : 

I 
t I 

I 

I J 

I • 
5 

' 
1£COIIOED CAlllRATION DATA 

CALCULATION EQUATIONS l I Standard woliae ■-ter no. ___________________ _ 
(1) '• • ,, • '1 

Tranlfn standard t)Plf: 0 orifice Ootlwr 
llodel No. ________ _ 

<BJ P,: ---------•-...1111-... <o-c_•~e~• ..... > 

S.rlal Ila. _______ _ 

(IO) P ltd: 160 • U, (pr IOI lPa) 

(9) ,,: -----------~It~ (II) T1 td: --=2'-"911"-...:;K,.._ __ 

Calibration perfor■ed by: ___________________ _ 

Date: _______ _ 

tEAST SQUARES CALCULATIONS 

(Z) ystd ■ y■ t•►:td6~)('~) 
ystd 

(J) Qstd ■ -t-

Linear (Y • ■X • b) ngressfDII equatlD11 of Y • IAH(P,/P5tdH298/1 1) on I• Qstd for Orifice Cltlbr1tlon Unit 

SI- (■) ~ ______ Intercept (b) ■ 
Corn11Uon codffcfant (r) • 

To us. for subseqwnt c1tlbr1tf011: I • !(Y-b); tt,td • !~II{~){~) • b) 

Figura C. Example of orifice transfer standard c:ertif"tc11tlon worksheet. 

IIICIMOI.IME 1111 SIN'I.U CALIIIIAflOII -SllEtT 

Sit• lec•tl•: 
a.ta: ____________ ~,,-trlc Pn11vre, '• • Ilg (or lPa) 
Callllrat..r ly: r._rattn't, T1 (K) ______________ _ 
5-lar •· S.rlal llo. __________________ _ 

JraMfer s\•. type: S.rlal Ila. __________________ _ 

,: 
11 

;r 

I- -
I 
I-

(Y) ;:I r-- - -----·-
hr lnco.,,.,.1tlon r,14 ■ HO • Ilg (or 101 lPa) 

For 1,ectflc prHsure average pres.sun a 
apu-1, and t~raturt cor- seasona I awer,: t~ 

Attragt .. .._trlc pnHtn't: '• . nctlans fsH Jobi• U ,..,.t.,.. <sn alJlt I 

D I □• S.H-1 anr• i...i,.ratun: ' . ., 
ol(~X~) I . • 

D J.(~X298) (I) . std .. Ill 41,td I •• or Pn11ure.,... 
(ff'OII erlrlce 5-ltr fl"" •rn)J acro11 orifice 

/~)(~) D ~'• Xz,e) Q(ln) or[]ccaJ cntlflcatlon) rate lndlcotlon D llo. ef waltr std ■'/■In (ati>llrory) I ,;:;j r. 

l 

t 

J , 
• 
s 

~I ' 
LlAST SQ!MltS CAlCUUTIOIIS 

linear "9"'Hlon of Ton I: Y • ■I • lo: Y • appn,prlate txp...,HIOA ,,.... hl>lt I; I~ 41,lcl" 
SI-(■) r __ lnlncopt <•> • __ Corttlatlon Codf. (r) • __ _ 

.----:--------------, 
to dl!ltrah111 1ubseQUN1l flow ralt during •Sf: I • ! (Y·b): Q1ld :: ! ((11pproprl•lt- fq,c-esslan froa Tablt' 2') - hJ 

FlguN 5. Example of high-volume elr 11mplar calibration worlcsheet. 

(47 FR 54912, Dec. II, 1982; 48 FR 1'1365, Apr. 22. 19831 
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[41 FR 52688, Dec, 1, 1976, as amended at 48 FR 2529, Jan 20, 1983] 

.Al'nNDIX O TO PART 50-Rl:n:UNCE 
M.J:rHoJ> FOil THE DE'!'ERIIINATIOK or 
L:l:AD IN SUSPENDED PARTICULATE 
MATTER COLLECTl:D FROM AloU:NT 
AIJl 

1. Principle and appl'icabilit11. 
1.1 Ambient air suspended particulate 

matter ii collected on a elaas-flber filter for 
24 hours ~ a hleh volume air IILlllPler. 
The analyail of the 24-hour IILlllPles ma,y be 
performed for either Individual samples or 
composite& of the samples collected over. a 
calendar month or quarter, provided that 
the compoaltlne procedure has been ap­
proved In accordance With section 2.8 of Ap­
pendix C to Part 58 of thil chapter-Modv'l• 
cation, of method, by uen. < Guidance or 
aailtance tn requesttnc approval under Sec· 
tlon :u can be obtained from the address 
etven In aectlon 2.7 of Appendix C to Part 58 
of thla chapter.> 

1.2 Lead tn the particulate matter !JS solu­
bllized by extraction with nitric acid 
<HNO.>, facilitated by heat or by a mixture 
of HNO. and hydrochloric acid <HCl> faclll· 
tated by ultruonlcatlon. 

1.3 The lead content of the sample la 
&nalYlled by atomic absorption spectrometry 
~ an air-acetylene fiame. the 283.3 or 
217 .o nm lead absorption line, and the opti­
mum lnltrumental conditions recommended 
by the manufacturer. 

1.-t The ultrasonlcatlon extraction with 
HNO1/HCl will extract metals other than 
lead from ambient particulate matter. 

2 • .Range, aeMitivit11, and lower ctetectab~ 
Hmit. The values elven below are typical of 
the methods capabilities. Absolute values 
will vary for Individual attuations depending 
on the type o! Instrument uaed. the lead 
line, and operatine conditions. 

2.1 .Range. The typical ranee o! the 
method Is 0.07 to 7 .5 ,,., Pb/m • assuming an 
upper linear ranee of analylll o! 15 p.&/ml 
and an a.Ir volume of 2,-too m•. 

2.2 Semitivity. Typical sensitivities for a 
1 percent chanee In absorption <O.oo•• ab­
aorbance units> are 0.2 and 0.5 ,,., Pb/ml for 
tbe 217.0 and 283.3 nm lines, respectively. 

U LotDe1' detectable limit <LDL>. A typi­
cal LDL us 0.07 p.i Pb/m•. The above value 
wu calculated by doubltn& the between-lab­
oratory standard deviation obtained for the 
lowest measurable lead concentration In a 
collaborative teat o! the method.(15) An air 
volume of 2,400 m•was uaumed. 

3. lnter/eNmcu. Two types of Interfer­
ences are poulble: chemical and ll&ht scat­
te~. 

3.1 Chemical. Reports on the absence (1, 
Z, 3, 4, S) of chemical Interferences far out­
w~b thoae reportine their presence, <.S> 
therefore, no correction for chemical Inter• 
ferences la etven here. If the analyst sus­
pects that the ample matrtx II caustnc a 

758 

Environmental Protection Agency 

chemical Interference. the Interference can 
be verified and corrected for by carrying out 
the imalyats with and without the method 
of standard additions.( 7) 

3.2 Light ,catteTing. Nonatomic absorp­
tion or lirht acattertne. produced by hleh 
concentrations of dissolved solids 1n the 
sample. can produce a slitllflcant Interfer­
ence, especially at low lead concentrations. 
<Z> The Interference ls IJ'e&ter at the 217.0 
run line than at the 283.3 nm line. No Inter• 
terence was observed ~ the 283.3 nm 
line with a l1mllar method.<l> 

Llrht scattertne Interferences can, howev­
er, be corrected for Instrumentally. Since 
the dissolved solids can vary depending on 
the orletn of the aample, the correction may 
be necessary, especially when ustnc the 
217.0 nm line. Dual beam lnstnunent.s with 
a continuum source &1ve the most accurate 
correction. A lea accurate correction can be 
obtained by ualne a nonablorblnr lea.d line 
that Is near the lead analytical line. Infor­
matldn on use of these correction tech• 
niques can be obtained from lnatrument 
manufacturers' manual.s. 

If Instrumental correction ls not feasible, 
the Interference can be eliminated by use of 
the ammonium pyrrolldlnecarbodithloate­
methyl!JSobutyl ketone. chelation-solvent e.x­
tractlon technique of aample preparation.(8) 

4. Preci.non and bicu. 
4.1 The hieh-volume sampling procedure 

used to collect ambient a.Ir pa.rtlculate 
matter has a between-laboratory relative 
atandud deviation of 3.7 percent over the 
range 80 to 125 p.&/m'.(9) The combined ex­
traction-analysis l)rocedure has an ave?'all'e 
within-laboratory rela.tlve standard devi­
ation of 5 to 6 percent over the ranee 1.5 to 
15 p.11' Pb/ml. and an avera.ee between labo­
ratory relative standard deviation of 7 to 9 
percent over the same range. These values 
Include uae of either extraction procedure. 

4.2 Stncle laboratory experiments and 
collaborative testlni indicate that there ls 
no al&'nlficant difference In lead recovery be­
tween the hot and ultrasonic e.xtractlon pro­
cedures.US) 

5. ApP(lra.tiu. 
5.1 Sampling. 
5.1.1 Hi'1h· Volume Samp~r. Use and call· 

brate the sampler u deacrlbed In Appendix 
B to this part. 

5.2 Anall/.n.t. 
5.2.1 Atomtc abaoJ'1)tion apectrophoto­

meter. Equipped with lead hollow cathode 
or electrodeless di.scharge lamp. 

5.2.1.1 Acetlllene. The era.de recommend• 
ed by the Instrument manufacturer should 
be used. Chllll&'e cylinder when pressure 
drops below 50-100 psiJ. 

5.2.1.2 Air. Filtered to remove p.articu­
late, oil, and water. 

5.2.2 Gla.moctre. Clua A boroslllcate 
11utware should be used throua-hout the 
analysis. 

5.2.2.1 Beaken. 30 and 150 ml. eractua.ted, 
Pyrex. 

5.2.2.2 Volumetric Jl,aab. 100-ml. 
5.2.2.3 Pipette&. To deliver 50, 30, 15. 8. 4, 

2, l ml. 
5.2.2.<l Cleaning. All glasswa.re should be 

scrupulously cleaned. The following proce• 
dure ls suggested. Wash with laboratory de• 
tergent. rinse, soak for 4 hours tn 20 percent 
(W/W) HNO •. rinse 3 times with distilled· 
deionized water, and dry In a dust free 
manner. 

5.2.3 Hot plate. 
5.2.•. UZtra.sonica.tion water bath, un­

heated. Commercially available laboratory 
ultrasonic cleantne baths of <150 watt.a or 
higher "cleanin1t power," I.e .. actual ultra­
sonic power output to the bath have been 
found aatl.lfactory. 

5.2.5 Template. To aid In aectlontne the 
&lass-fiber filter. See fla'Ure 1 for dimen­
sions. 

5.2.6 Piua cutter. Thin wheel Thickness 
1mm. 

5.2.7 Watch gl<Ul&. 
5.2.8 Polyethylene bottles. For storage of 

samples. Linear polyethylene gives better 
storaee stablllty than other polyethylenes 
and ls preferred. 

5.2.9 Paramm "M" 1 American Can Co .. 
Marathon Produ• :..h, Wis., or equiv-
alent. 

6. R.eauenu. 
6.1 Sampltng. 
6.1.1 GZwra fiber Jilt.en. The specifica­

tions riven below are Intended to aid the 
user In obtatnlni hhth quality filters with 
reproducible properties. These specifica­
tions have been met by EPA contractors. 

6.1.1.1 Lead content. The absolute lead 
content of filters Is not critical, but low 
values are, of course, desirable. EPA typical­
ly obtains filters with a lead content of 75 
p.i/fllter. 

It ls Important that the v&riatton In lead 
content from filter to filter, within a given 
batch, be small. · 

6.1.1.2 Teating. 
6.1.1.2.1 For la.r&'e batches of filters 

< >500 filters> select at random 20 to 30 fll. 
ters from a given batch. For small batches 
<>500 filters> a lesser number of filters may 
be taken. Cut one W'x8" strip from each 
filter anywhere in the filter. Analyze all 
strips, separately, accordlni to the direc­
tions In sections 7 and 8. 

6.1.1.2.2 Calculate the tot.al lead In ea.ch 
filter as 

1 Mention of commercial products does 
not Imply endorsement by the U.S. Environ­
mental Protection ~ncy. 
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where: 

F.-Amount. of lead per 72 &Qua.re lnches 
of !liter, 14. 

6.1.1,2.3 calculate the mean, F., of the 
values and the rel&tlve standard deviation 
<standard deviation/mean x 100>. Uthe rel• 
atlve standard deviation 11 hi&h enouch so 
that. In the analyata opinion, subtraction of 
F., (aection 10.3) may result ln a alfPUficant 
error In the I'& Pb/ma. the batch lhould be 
rejected. 

6.1.1.2.4 For acceptable batches, uae the 
value of F, to correct all lead analyses <sec• 
t.ion 10.3) of Particulate matter collected 
~ that batch of !llters. If the analyses 
are below the LDL <section 2.3> no correc­
tion ts necesaary. 

6.2 Anal)IIU. 
8.2.1 Concentrated <15.6 M> HNO.. ACS 

rea,ent. &Tade HNO, and commercl&lly avall­
a.ble redistWed HNO, has found to have SU!· 
ficiently low lea.cl concentrations. 

6.2.2 Concentrated <11.7 M> HCl. ACS re­
acent erade. 

6.2.3 Dutilled-de-ionizect water. <D.L 
water). 

6.2.4 3 M HNO,. This solution Is used In 
the h'ot extraction procedure. To prepare, 
add 1112 ml of concentrated HNO, to D.I. 
water In a 1 l volumetric flask. Shake well, 
coot and dlluw to volume with D.l. water, 
Caution: Nitric acid fumes are toxic. Pre• 
pare ln a well ventilated fume hood. 

6.2.5 0.45 M HNO,. This solution Is used 
as the matrtx for callbrat.lon standards 
when ustnc the hot extraction procedure. 
To prepare, add 29 ml o! concentrated 
RNO, to D.I. water In a. 1 l volumetric fiaslc. 
Sbalte well, cool, and dilute to volume with 
D.I. water. 

6.2.6 2.6 M HNO,+0 to 0.9 M HCl. This 
solution Is \lied In the ultrasonic extraction 
Procedure. The concentration of HCl can be 
varied from 0 to 0.9 M. Directlona are liven 
for prepva.tion of a 2.6 M HNO,+0.9 M HCl 
110lut1on. Place 167 ml of concentrated HNO, 
Into a. 1 Z volumetric !luk. and add 77 ml of 
concentra.ted BC!. Stir -l to 6 hours, dilute 
to nearly l Z with D.I. water, cool to room 
temperature, and dilute to l Z. 

e.2. 7 0.40 M HNO, + X M HCl. This solu­
tion Is llRd as the matrix for calibration 
istandards when U&lnc the ultrasonic extrac­
tion procedure. To prepare, &dd 26 ml of 
concentrated HNO,. plus the ml of HCl re­
QUlred, to a 1 Z volwnetric flult. Dilute to 
nearly l l With D.I. W&ter, cool to room tem­
J>enture, a.nd dilute to 1 l. The amount o! 
BCl required can be determined from the 
tolloW!nl eQU&Uon: 

40 CFR Ch. I (7-1-91 Edition) 

100ml 121otr1ps 
X 

strip tilter 

where: 

77mlx0.15x 

0.9M 

y - ml o! concentrated HCl reqUired. 
x - molarity of BCl In 6.2.6. 
0.15 - dllutlon factor In 7 .2.2. 

6.2.8 Lead nitrate, Pb<NO,>,. ACS reagent 
p-aoe, purity 99.0 percent. Heat for -l hours 
at 120• C and cool In a desiccator. 

6.3 Calibration •tc.nda.nu. 
6.3.1 Master standard, 1000 µ.ft Pb/ml In 

HNO,. Dissolve 1.598 &' of Pb<NO,>, In 0.-l5 M 
HNO, contained in a 1 Z volumetric flask 
and dilute to volwne with 0.45 M HNO,. 

6.3.2 Master standard, 1000 µ.&' Pb/ml In 
HNO,/HCl. Prepare u ln section 6.3.l 
except use the HNO,/HCl solution in sec­
tion 6.2.7. 

Store st&ndards in a polyethylene bottle. 
Commercially available certified lead st&nd· 
a.rd solutions may also be used. 

7. Procedure. 
7.1 Sampling. Collect aa.mplea for 2-l 

houn lllinft the procedure described In re!• 
erence 1.0 with class-fiber filters meetlnr the 
apeclflcationa In aectlon 6.1.1. Transport col• 
lected aamplea to the labora.tory ta.Jdnc care 
to mln1m1ze contamination and loss of 
sample. (16). 

7.2 Sample prepara.tio,i. 
7.2.l Hot extraction procedure. 
7.2.l.l cut a 'I".•" x 8" strip from the ex• 

posed filter U&lnc a template and a piz:IA 
cutter u described In Flcures 1 and 2. Other 
cuttln&" procedures may be used. 

Lead In ambient particulate matter col­
lec~ on class f~ber filters has been shown 
to be unltormly distributed acroas the 
filter.• ., 11 Another study 11 has ahown that 
when aampll.nc near a roadway, 1trlp posi­
tion contributes Blcnlflca.ntly to the overall 
variability assocta.ted with lead analyses. 
Therefore, when sampling nea.r a. roadway, 
additional strips should be analyzed to mini­
mize this variability. 

7.2.1.2 Fold the strip in half twice and 
place In a 150-ml beaker. Add 15 ml of 3 M 
HNO, to cover the IIILlllple. The acid should 
completely cover the sample. Cover the 
beaker with a watch rlua. 

7.2.U Place beaker on the hot-plate, 
contained In a. fume hood, a.rut boll 1ently 
.for 30 min. Do not let the sample evaPora.te 
to dr)tneu, Ccn,tion: Nltric &eld fwnea are 
toxic. 
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7.2.1.-l Remove bea.ker from hot plate 
and cool to near room temperature. 

7.2.1.5 Qua.ntitatlvelY transfer the 
sample as follows: 

7.2.1.5.1 Rinse watch rlass and sides of 
beaker with D.I. water. 

7.2.1.5.2 Decant extraet and rlnsln11:s into 
a 100-ml volumetric flask. 

7.2.1.5.3 Add D.I. water to 40 ml mark on 
beaker, cover with watch elass, and set aside 
for a. minimum of 30 minutes. This Ls a critl• 
cal step and cannot be omitted since It 
allows the HNO, trapped In the filter to dlf• 
fuse Into the rinse water. 

7.2.1.5.4 Decant the water from the filter 
Into the volumetric flaak. 

7.2.1.5.5 Rinse filter and beaker twice 
With D.I. water and add rlnslnJS to volumet­
ric flask until total volume ls 80 to 85 ml. 

7.2.1.5.6 Stopper flask. and shake vigor• 
ously. Set aside for approximately 5 minutes 
or until foam bu dissipated. 

7.2.1.5.7 Brin&' solution to volume with 
D.I. water. Mix thorouchly. 

7.2.1.5.8 Allow solution to settle for one 
hour before proceedlnc with analysts. 

7.2.1.5.9 If aa.mple Is to be stored for sub­
sequent analysis, transfer to a linear poly• 
ethylene bottle. 

7.2.2 UltTa3onic e:r:troction procedure. 
7.2.2.1 Cut a %" x 8" strip from the ex­

posed filter as described ln section 7.2.1.1. 
7 .2.2.2 Fold the strip in ha.I.! twice and 

place ln a 30 ml beaker. Add 15 ml of the 
HNO,/HCl solution In section 6.2.6. The 
acid should completely cover the sample. 
Cover the beaker with parafllm. 

The J)ll.rafllm ahould be placed over the 
beaker auch that none o! the para.film ls in 
contact with water in the ultrasonic bath. 
Otherwise, rlnsln&' of the parafilm <section 
7.2.2.-l.l) may contaminate the sample. 

7 .2.2.3 Place the beaker In the ultruonl­
catlon bath and operate for 30 minutes. 

7.2.2.4 Quantitatively transfer the 
sample as follows: 

7 .2.2.4.1 Rinse para.tum and sides of 
beaker with D.I. water. 

7.2.2.-l.2 Decant extract and rlnslnp Into 
a.100 ml volumetric flask.. 

7.2.2.4.3 Add 20 ml D.L water to cover 
the mt.er strip, cover with para.film, and set 
aside for a minimum of 30 minutes. This Is a 
crltle&l. step and cannot be omitted. The 
sample ts then processed as In seetlons 
7.2.1.5.4 throurh 7.2.1.5.9. 

Non: &unples prepared by the hot ex­
traction procedure a.re now in 0.45 M HNO,. 
Samples prepared by the ultra.sonlcatlon 
procedure are In 0.40 M HNO, + X M HCl, 

8.Analv.m. 
8.1 Set the wavelencth of the monochro­

mator at 283.3 or 217.0 nm. Set or a.ll&n 
other lnatrument&l opera.tln1 condlt..lona as 
recommended by the manufacturer. 
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8.2 The sample can be e.na.lyzed direct 
from the volumetric flask, or an a.pproprta 
amount of sample decanted into a sa.m~ 
analysis tube. In either case, care should 
ta.ken not to disturb the settled solids. 

8.3 Aspirate samples, calibration sta.n 
ards and blanks <section 9.2) Into the fla.r. 
and record the equilibrium a.bsorba.nce. 

8.4 Detennlne the lead concentration 
µg Pb/ml, from the calibration curve, st 
tton 9.3. 

8.5 &unples that exceed the linear ca 
bration rana-e should be diluted with acid 
the same concentration as the calibratl< 
standards and reanalyzed. 

9. Calibration. 
9.1 Worltlng standard, 20 µ.g Pb/ml. Pr 

pared by diluting 2.0 ml of the mast 
standard <section 6.3.1 1! the hot acid e 
traction was used or section 6.3.2 if the t 
trasonic extraction procedure was used> 
100 ml with acid of the same concentratlc 
as used ln preparlnc the muter standard. 

9.2 Calibration .tand.anu. Prepare da.l 
by diluting the worklnc standard, with tl 
same a.cid matrix, as lndica.ted below. 0th, 
lead concentrations may be used. 

Volume of 20 i,g/ml worl<ing 
ai..ndar(!. ml 

0 .................................. -----1 
1.0 ...................................................... . 
2.0 ....................................................... . 
2.0 ....................................................... . 
~.o ...................................................... .. 
8,0 ....... ____ ....................... .. 
15,0 .................................................... . 
30.0 .................................................... .. 
50.0 .............................. ____ , 
100.0 ................................................... . 

Final 
volume. ml 

100 
200 
200 
100 
100 
100 
100 
100 
100 
100 

Coocen11 

~"t~Y 

C 
( 

t 
I 
l 
3 
6 

1C 
20 

9.3 Preparation of calibration curv, 
Since the worklnc ranee of analysis wr 
vary depending on which lead line ls use 
and the type of Instrument, no one set of Ir 
structions for preparation of a callbratio 
curve can be given. Select sta.nda.rds (plu 
the reacent blan.lc>, 1n the same acid concer 
tratlon aa the aa.mples, to cover the linea 
absorption range lndica.ted by the lnstrtJ 
ment manufacturer. Measure the a.bso1 
bance of the blank and standards as In sec 
tlon 8.0. Repeat until good agreement Is ot 
talned between repUcates. Plot absorba.nc 
Cy-axis) versus concentration in µ.g Pb/m 
<x-axis). Dra.w (or compute) a straight Un 
through the linear portion of the curve. D 
not force the calibration curve throug) 
zero. Other calibration procedures ma.y b 
118ed. . 

To determine stability of the callbra.t101 
curve, remeuure-a.ltem&tely-one of th, 
followlnl ca.libration atandarda tor ever: 
10th sample analyzed: Concentration .li 1,..1 
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Pb/ml: concentration ;;, 10 J.li Pb/ml. I! 
either standa.rd devla.tes by more than 5 per­
cent from the va.lut> predicted by the ca.11-
bratlon curve. recallbra.te and repeat the 
prevlom 10 anll.lyses. 

10. Calculation. 

10.1 Meaaured air volume. Ca.lcula.te the 
measured a.1r volume at Standard Tempera­
ture and Pressure as described in Reference 
10. 

10.2 Lead concentration. Calculate le!i.d 
concentra.tlon in the a.it sa.mple. 

C = 
(119 Pb/ml x 100 ml/strip x 12 str:,ips/filter) - rb 

VSTP 

where: 
c-concentratlon, J.11' Pb/sm•. 
,.c Pb/ml•Lead concentration determined 

from section 8. 
100 ml/strip-Tota.l sample volume. 
12 atrips-Tota.l useable filter area, 8" x 9". 

Exposed area. of one strip, 'r'," x 7". 
Filter-Total area. ot one strip, 'v.'' x 8", 
F.-Lead concentration of blank filter, I'S, 

from section 6.1.1.2.3. 
Van--Alr volume from section 10.2. 

11. Qualit11 control. 
,.,,... x 8" ilass fiber filter strips conta.inlnr 

80 to 2000 ,., Pb/strip (u le!i.d salts> and 
bla.nk •tril>I with zero Pb content should be 
Wied to determine It the method-as belne 
used-hu any blu. Quality control cha.rt& 
should be est.bllshed to monitor differences 
between measured and true values. The fre­
quency o! such checks will depend on the 
local quality control proi'T&Ill, 

To minlmlze the P0&1ibillty o! eeneratlne 
unreliable data, the user should follow prac­
tlCN established for ~ the quality of 
air pollution data, <JJ) and take part In 
EP A'I semiannu&l &Udit PTOITillll for lead 
ana.lyaea. 

12. Trouble ,h,ooting. 
1. Durinr extr&cUon of lead by the hot ex­

traction procedure. It ii important to keep 
the aample covered ao that corrosion prod­
uct.a-formed on fume hood .surfaces which 
may contl.in le&d-are not depoaited In the 
extract. 

2. The sample &cld concentra.tlon should 
mlnimlze corrosion of the nebullzer. Howev­
er, different nebulizers ma.y reQulre lower 
acid concentrations. Lower concentra.tlon.s 
can be used provtded samples and standards 
have the same acid concentra.tlon. 

3. A.shmr of particulate samples has been 
found, by EPA and contr&ctor l.,boratories. 
to be unnecessary in lea.d ana.Jy.ses by atomic 
absorption. Therefore, thl.s .step was omitted 
frotn the method. 

4. Filtration of extr&cted aamples, to 
remove partlcul&te matter, wu speciflca.lly 
excluded from sample preparation, becauae 

some analysts have observed l011Ses of lead 
due to filtration. 

5. If .suapended solids should clor the ne­
bullzer during analysis of samples, centrl­
fure the sample to remove the solids. 
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Figure 2 

<Secs. 109, 30l<al of the Clean Air Act, a.s 
amended <42 U.S.C. '1409, '160l<a»: secs. 110. 
301(&) and 319 of the Clean Air Act (42 
o.s.c. '1410, '1601<&), 7619)) 
(43 FR 46258, Oct. 5, 1978; 44 FR 37915, 
June 29, 11179, as amended at 46 FR 44163, 
Sept. 3, 11181; 52 FR 2466-t, July l, 11187) 

A.PPJ:HDIX H TO PART 50-lNTER.PRETA· 
noK or THJ; NATIONAL AMBIENT Am 
QUALITY STAMDARI>s roa Ozon 

l. GcmeTtiZ 

40 Cfl Ch. I (7-1-91 Edition) 

%ff x I" STRIP FOR 
LEAD ANAL YIIS 

This appendix explains how to determine 
when the expected number of days per cal· 
endar year with maxlmum hourly average 
concentrations above 0.12 ppm (235 11g/m•> 
Is equal to or less than 1. An expanded dis· 
cw-sion of these procedures and associated 
e~amples are contained in the "Guidellne 
for Interpretation of Ozone Air Quality 
Standards." For purposes of clarity In the 
following discussion, it Is convenient to use 
the term "exceedance" to describe a daily 
maxtmwn hourly averace ozone measure­
ment that is rreater than the level of the 
standard. Therefore, the p~ "expected 
number of clan with nwcimum hourly aver-
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age ozone concentrations above the level ot 
the standard" may be simply stated as the 
"expected number of exceedances." 

The basic principle in making this deter• 
mlnation is relatively straightforward. Most 
of the complications th11.t a.rise In determin­
ing the expected number of annual exceed­
ances relate to accounting for incomplete 
sampling. In general, the average number of 
exceedances per calendar yea.r must be less 
than or equal to 1. In its simplest form, the 
number of exceedances at a. monitoring site 
would be recorded for each cllLlendar year 
and then a.verqed over the past 3 cllLlendar 
yea.rs to determine if this average is less 
than or equal to 1, 

2. Interpretation of Expected Exceeda.ncu 

The ozone standard states that the ex­
pected number of exceedances per ye.ar 
must be less than or equal to 1. The statistl­
cllLl term "expected number" is ba.slcllLlly an 
arithmetic averace. The followlni example 
explains what it would mean for an area to 
be in compliance with this type of standard. 
Suppose a monitoring station records a valid 
daily maximum hourly a.verage ozone va.lue 
for every d11.y of the year during the pa.st 3 
years. At the end of ea.ch year, the number 
of days with ma.xtmum hourly concentra.­
tlons above 0.12 ppm is determined and this 
number Is a.veraged with the results of pre• 
vlous years. As long as this average remains 
"less than or equal to l," the area is In com­
pliance. 
3, Eatimating the Number of E:,;ceedance, 

fora Year 

In eener&l, a valid da.lly maximum hourly 
average value may not be available for ea.ch 
day of the year, and it will be necessary to 
account for these missing values when esti• 
matlni the number of exceedances for a 
partlcula.r calendar year. The purpose of 
these computation& is to determine if the 
expected number of exceedances per year is 
less than or equal to 1. Thus, lf a site has 
two or more observed exceedances each 
year, the standard is not met and it ls not 
necessary to use the procedures of this sec­
tion to account for incomplete sampling. 

The term "missing value" is used here In 
the eeneral sense to describe all days tha.t 
do not have an associated ozone measure­
ment. In some cases, a. measurement might 
actually have been missed but In other cases 
no measurement may h11.ve been scheduled 
for that da.y. A dally maximum ozone value 
is defined to be the highest hourly ozone 
va.lue recorded for the day. This dally maxi­
mum value I.a considered to be valid if 75 
percent of the hours from 9:01 a..m. to 11:00 
p.m. <LST> were meuured or if the hichest 
hour ls ereater than the level of the stand­
ard. 

In 10me areu. the seasonal pattern of 
ozone la 10 pronounced that entire mont.ha 
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need not be sampled because It Is extre 
unlikely that the standard would be ex, 
ed. AnY such wa.iver of the ozone mor 
Ing requirement would be handled u 
provisions o! 40 CFR, Part 68. Som<· 1, 

a.nee should also be made !or days for v. 
valid dally maximum hourly values wer, 
obtained but which would quite likely 
been below the standa.rd. Such an allow 
introduces a complication in tha.t It bee, 
necessa.ry to define under what condltl< 
rnlss!ng value ma.y be aasumed to have 
less than the level of the standard. Th, 
lowing criterion may be used for ozone: 

A ml.sslng daily maximum ozone 1 
may be a.ssumed to be less than the lev 
the standard if the valid daily maxim 
both the preceding day and the folio 
day do not exceed 75 percent of the lev 
the standard. 

Let z denote the number of missing ! 
maximum values that may be a.ssumed I 
less than the standard. Then the follo 
formula. shall be used to estimate th, 
pected number of exceedances for the : 

esv+ [(V /n)8CN-n-z)] 

("lndlca.tes multiplication.> 

where: 

(: 

e-the estlma.ted number of exceeda 
for the year, , 

N-the number of required monltc 
days In the yea.r, 

nsthe number of valid da.ily maxJma, 
v•the number of da.llY values above 

level of the standard, and 
Z•the number of days assumed to be 

than the standa.rd level. 

This estimated number of exceeda 
shall be rounded to one decimal place < · 
t!onal parts equal to 0.05 round up). 

It should be noted that N will be the 1 
number of days in the year unless the 
propriate Regional Adm!nlstra.tor has gr 
ed a. waiver under the provisions of 40 < 

Part 58. 
The above equa.tlon may be interprete, 

tultlvely 1n the following manner. The 
mated number of exceedances Is equa 
the observed number of excee<lances 
plus an increment that accounts for Im 
plete samplinft "T'h"re were <N•n> mill 
values for th<. a. certain numb< 
these, namely ,;, "''-'i-e assumed to be 
than the standa.rd. Therefore, <N-n-z> r 
Ing values are considered to include pos, 
exceeda.nces, The fraction of meas1 
values that are a.bove the level of the st. 
a.rd is 'V /n. It ls usumed that this same J 
tlon applies to the <N-n-z> mJssing va 
and that <v/n>•<N-n-z> of these values w, 
also have exceeded the level of the st. 
ard. 

'7Rfi 
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METHOD T013 

DETERMINATION OF BENZO(a)PYRENE [B(a)P) AND OTHER 
POL YNUCLEAR AROMATIC HYDROCARBONS (PAHs) IN 

AMBIENT AIR USING GAS CHROMATOGRAPHIC (GC) AND 
HIGH PERFORMANCE LIQUID CHROMATOGRAPHIC (HPLC) 

ANALYSIS 

1. Scope 

Revision 1.0 
June, 1988 

1.1 Polynuclear aronatic hydro.carbons (PAHs) have received increased 
attention fn recent years fn afr pollution studies because some 
of these conpounds are highly carcinogenic or 111utagenfc. In par­

ticular, benzo[a]pyrene (6(a]P) has been identified as being 
highly carcinogenic. To understand the extent of human exposure· 
to B[a)P, and other PAHs, a reliable sampling and analytical ~ethod 
has been established. Thts document describes a sampling and 
analysis procedure for B[a]P and other PAHs involving a combination 
quartz filter/adsorbent cartridge with subsequent analysis by gas 

chromatography (GC) with flame ionization (FI) and mass spectrometry 
.(HS) detection (GC/Fl and GC/HS) or high resolution liquid chroma­
tography (HPlC). The analytical methods are a mdification of EPA 
Test Method 610 and 625, Methods for Organic Chemical Analysis of 
Municipal and Industrial Wastewater, and Hethods 8000, 8270, and 
8310, Test Hethods for Evaluation of Solid Waste. 

· 1.2 fluorescence methods were aJJ10ng the very first methods used for 
detection of B[a)P and other PAHs as a carcinogenic constituent 

of coal tar (1-7). Fluorescent 111ethods are capable of measuring 
subnanogram quantities of PAHs, but tend to be fairly non-selective. 
The normal spectra obtained tended to be intense and lacked reso­
lution. Efforts to overccme this difficulty led to the use of 
ultraviolet•(UV) absorption spectroscopy as the detection method 
coupled with pre-speciat~ techniques involving liquid chrG11atog­
raphy (LC)' and thin layer chromatography (TLC) to isolate specific 
PNts, particularly B[a]P (8). As with fluorescence spectroscopy, the 
individual spectra for varfous-PAHs are unique, although portions 
of spectra for different compounds may be the same. As with flu­
oresence techniques. the possibility of spectra overlap required 
complete separation of sample components to insure accurate measure­

ment of component levels. Hence. the use of UV absorption coupled 
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with pre-specfatfon involving LC and TLC and fluorescence spectro­
scopy has declined and ts now being replaced with the 1110re sensitive 
high perfof"lllance liquid chranatography (9) with UV/fluo~escence detec­
tion and highly sensitive and specific gas chr0111ato9raph with either 
flame ionization detector or coupled with ■ass spectroscopy (10-11). 

1.J· The choice of GC and HPLC as the recommended proc~ures for analysis 
of B[a]P and other PAHs are influenced by their sensitivity and 
selectivity. along with their ab~l1ty to analyze comple~ samples. 
This 111etho.d provides for both GC and HPLC approaches to the deter­
■fnat 1on of B(a)P and other PAHs in the extracted sample • 

. 1.4 The analytical 111ethodology is well defined. but the samplfng pro­
cedures can reduce the validity of the analytical results. Recent 
studies (12-15) have indicated that non-volatile PAHs (vapor pres­
sure <10-8 IMI Hg) may be trapped on the filter. but post-collection 
volatilfzatfon problems •ay distribute the PAHs down stream of the 
the filter to the back-up adsorbent. A wide variety of adsorbents 
such as Tenax GC. XAD-~ resin and polyurethane foam (PUF) have been 
used to sample B[a]P and other PAH vapors. All adsorbents have 
demonstrated high collection efficiency for B(a]P in particular. 
In general. XA0-2 resin has a higher collection efficiency (16-17) 
for volatile PAHs than PUF. as well as a higher retention efficiency. 
However. PUF cartridges are easier to handle in the field and main­
tain better flow characteristics during sampling. Likewise. PUF 
has demonstrated its capability in sampling organochlorine pesticides 
and polychlorinated biphenyls (Compendium Methods T04 and TOl0 re­
spectively). and polychlorinated dibenzo-p-dioxfns (Cooipendium 
Method T09). However, PUF has demonstrated a lower recovery effi­

ciency and storage capability for naphthalene and S(a]P. respectively. 
than XA0-2. There have been no significant losses of PAHs. up to 

. -
30 days of storage at o•c. using XA0-2. It also appears that XA0-2 
resin has a.higher collection efficiency for volatile PAHs than 
PUF. as well as a higher retention efficiency for both volatile and 
reactive PAHs. Consequently. while the literature cites weaknesses 
and strengths of using either XA0-2 or PUF. this method covers both 
the utilization of XA0-2 and PUF as the adsorbent to address post­
collection volatilization problems associated with B(a]P and other 

reactive PAHs. 
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1.5 This method covers the determination of S[a]P speciffcially by 
both GC and HPLC and enables the qualitative and quantitative 
analysis of the other PAHs. 

Acenaphthene 
Acenaphthylene 
Anthracene 
8enzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(e)pyrene 
8enzo{g,h,i)perylene 

They are: 

8enzo(k)fluoranthene 
Chrysene 
D1benzo(a,h)anthracene 
Fluoranthene 
Fluorene 
Indeno(l,2,3-cd)pyrene 
Naphthalene ~ 
Phenanthrene 
Pyrene 

The_GC and HPLC methods are applicable to the determination of 
PAHs compounds involving two-member rings or higher. Nftrcf-
PAHs have not been fully evaluated using this procedure; therefore, 
they are not included in this method. When either of the methods 
are used to analyze unfamiliar samples for any or all of the c011-
pounds listed above. compound identification should be supported 
by both techniques. 

1.6 With careful attention to reagent purity and optimized analytical 
conditions. the detection limits for GC and HPLC methods range frOIII 
1 ng to 10 pg which represents detect ion of B(a]P and other PAHs 
in filtered air at levels below 100 pg/m3. To obtain this detection 
limft, at least 100 m3 of afr must be sampled. 

2. Applicable Documents 

2.1 ASTH Standards 

2.1.1 Method 01356 - Definitions of Tenns Relating to Atmospheric 
Sampling and Analysis. 

2.1.2 H~thod E260 - Reccmmended Practice for General Gas 
ChrOC11ato9raphy Procedures. 

2.1.3 Hethod E355 - Practf~e for Gas Chrcmatography Terms and 
Relationships. 

2.1.4 Method £682 - Practice for liquid Chrcmatography Terms and 
Relationships. 

2.1.5 Method D-1605-60 - Standard Recommended Practices for· Sampling 
Atmospheres for Analysis of Gases and Vapors. 

2.2 Other Documents 

2.2.1 Existing Procedures (18-25) 
2.2.2 Ambient Afr Studies (26-28) 

----------
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2.2.3 U.S. EPA Technical Assistance Document (29-32) 

2.2.4 Ge11eral Metal Works Operating Procedures for Hodel PS-1 

_Sampler. General Metal Works, Inc •• Village of Cleves. Ohio. 

3. Summary of Method 

3.1 filters anJ adsorbent cartridges (containing XAD-2 or PUF) are 

cleaned h1 ~ol vents and vacuum-dried. The filters and adsorbent 

cartridge-; are stored 1 n screw-capped jars wrapped in aluminum 

foil (or otherwise protected frOlll light) before careful installa­

tion on a modified high volume sa111pler. 

3.2 Approxi111ately 325 •3 of ambient air is drawn through the filter 

and adsorbent cartridge using • calibrated General Metal Works 

Model PS-t Sampler, or equivalent (breakthrough has not shown 

to be a probleM with sampling volumes of 325 nil). 
3.3 The amour,: of air sampled through the filter and adsorbent car­

tridge is recorded, and the tilter and cartridge are placed in 

an appropriately labeled container and shipped along with blank 

filter ,ir•t adsorbent cartridges to the analytical laboratory 

for analysis. 
3.4 The filters and.adsorbent cartridge are extracted by Soxhlet 

extraction with appropriate solvent. The extract ts concentrated 

by Kuderr,·-Danish (K-D} evaporator, followed by silica gel clean-up 

using <:t•'·.·••:n chromatography to remove potential interferences prior 

to analy i-.. 
3.5 The el u1•r.,. is further concentrated by K-0 1:vaporator. then analyzed 

by either gas chr0111ato9rahy equipped with fl or· HS detection or high 

perfonn.inr.e liquid chranatography (HPLC). The analyt kal system is 

verified to be operating properly and calibrated with five concen­

tration C.\libration solutions. each analyzed in triplicate. 

3.6 A prelimin;iry analysis of the sample extract is performed to check 

the system performance and to ensure that the samples are within· 

the calibration range of the instrument. If necessary. recalibrate 

the instruw.ent. adjust the allll)unt of the sample injected, adjust 
the calibration solution concentration. and adjust the data proces­

sing syst~m to reflect observed retention times. etc. 

3.7 The samples and the blanks are analyzed and used (along with the 

amount ot air sampled) to calculated the concentratuon of B(a]P in 

ambient 1:r. 
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3.8 Other PAHs can be determfned both qualitatively and quantftatfvely 
through optfmfzation of the GC or HPLC procedures. 

4. Significance 

4.1 Several documents have been published which describe sampling and 
analytical approaches for benzo[a)pyrene and other PAHs. -u out­
lined in Section 2.2. The attractive features of these methods 
have been· combined fn this procedure. This method has been 
Vi11idated in the laboratory; however. one must use caution when 

. employing It for specfffc applications. 
4.2 The relatively low level of B(a]P and other PAHs 1~ the environ-

111ent requires use of hfgh volume ("'6.7 cfm) samplfng techniques 
to acquire sufficient sample for analysis. However. the volatility 
of certain PAHs prevents efffctent collection on filter media 

alone. Consequently. this method utilizes both a f~lter and a 
backup adsorbent cartridge "11ch provide for efficient collection 
of most PAHs. 

S. Deffnf t ions 

Definitions used fn this document and in any user-prepared standard 
operating procedures (SOPs) should be consistent with ASTH Methods 01356. 
D1605-60 0 E260. and E255. All abbreviations and sytrbols are defined with­
in thfs document at point of use. 

5.1 Sampling efficiency (SE) - ability of the sampling medium to trap 
vapors of interest. isE fs the percentage of the analyte of in­
terest colleted and retained by the sampling medium when ft fs 
introduced as a vapor fn air or nitrogen into the air sampler and 
the·sampler is operated under normal conditions for a period of 
time equal to or greater than that required for the intended use. 

5.2 Retention time (RT) - tfme to elute a specific chemical fr011 a 
chromatographic column. For a specific carrier gas flow rate. 
RT fs measured from the time the chemical is injected into the 
gas strea~ until ft appears at the detector. 

5.3 High Performance Liquid Chr011atography - an analytical method 
based on separation of compounds of a liquid mixture through a 
liquid chromatographic column and measuring the separated c0111-

ponents with a suitable detector. 
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5.4 Gradient elution - defined as increasing the strength of the 
mopile phase during a chr0111atographic analysis. The net effect 
of gradient elution is to shorten the retention time of compounds 
strongly retained on the analytical column. Gradient.elution may 
be stepwise on continuous. 

5.5 Method detection limit (HOL) - the minimum concentration of a sub­
stance that can be measured and reported with confidence and that 
the value is above zero. 

5.6 ICuderna-Dani sh apparatus - the Kuderna-Dantsh (KO) appartus is a 
systeat for concentrating materials dissolved in volatile solvents. 

5.7 Reverse phase liquid chromatography - reverse phase liquid chro­
•atography involves a non-polar absorbent (C-18.00S) coupled with 
a polar solvent to separate non-polar conpounds. 

5.8 Guard column - guard columns in HPLC are usually short ( Son) 
columns attached after the injection port and before the analytfal 
coluM to prevent particles and strongly retained compounds frQIII 
accumulating on the analytical column. The guard column should 
always be the same stationary phase as the analytical column and 
is used to extend the life of the analytical column. 

5.9 HS-SIM - the GC is coupled to a select ion mode (SIM) detector 
where the instrument is prograllWlled to acquire data for only the 
target compounds and to disregard all others. This ts performed 
using SlH coupled to retention time discriminators. The SIM 
analysis procedure provides quantitative results •. 

5.10 Sublimation - Sublimation is the direct passage of a substance 
fr011t the solid state to the gaseous state and back fnto the solid 
fom without at any time appearing in the liquid state. Also 
applied to the conversion of solid to vapor without the later 
return to solid state. and to a conversion directly from the 
vapor phase to the solid state. 

5.11 Surrogate standard - A surrogate standard is a chemically inert 
compound (not expected to occur in the environmental sample) · 
_which is added to each sample. blank and m.atrix spiked sample 
before extraction and analysis. The recovery of the surrogate 
standard is used to monitor unusual matrix effects. gross sample 
processing errors. etc. Surrogate recovery is evaluated for 
acceptance by detemiining whether the measured concentration 
falls within acceptable limits. 
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5.12 Retention time window - Retention time window is determined for 
each analyte of interest and is the time from injection to elution 
of a specific chemical frOII a chromatographic column. The window 
is detennined by three injections of a single component standard over 
a 72-hr period as plus or minus three times the standard deviation 
of the absolute retention time for that analyte. 

6. Interferences 

6.1 Method interferences may be caused by contaminants in solvents, 
reagents, glassware. and other sample processing hardware that 
result fn discrete artifacts and/or elevated baselines in the 
detector profiles. All of these matertals must, be routinely 
demonstrated to be free fran interferences under the conditions 
of the analysis by running laboratory reagent blanks. 
6.1.1 Glassware must be scrupulously cleaned (33). Clean all 

glassware as soon as possible after use by rinsing with 
the last solvent used in it. This should be followed by 
detergent washing with hot water, and rinsing with tap 
water and reagent water. It should then be drained dry. 
solvent rinsed with acetone and spectrographic grade 
hexane. After drying and rinsing, glassware should be 

sealed and st~red in a clean environment to prevent any 
accumulation of dust or other contaminants. Glassware 
should be stored inverted or capped with aluminum foil. 

6.1.2 The use of high purity water, reagents and solvents helps to 
minimize interference problems. Purification of solvents 
by distillation in all-glass systems may be required. 

6.1.3 Matrix interferences may be caused by contaminants that 
are coextracted frOll the.sample. Additional clean-up by 
coluroo chromatography may be required (see Section 12.4). 

6.2 The extent of interferences that may be encountered using liquid 

chromatographic techniques has not been fully assessed. Although 
GC and H?LC conditions describe~ al low for unique resolution 
of the specific PAH compounds covered by this method. other PAH 
conpounds may interfere. The use of column chronatography for 
sample clean-up prior to GC or HPLC analysis will eliminate most 

_ _____.. 
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of these interferences. The analytical system must. however. be 
routinely de1110nstrated to be free of internal contaminants such 
as contaminated solvents. glassware. or other reagents which may 
lead to method interferences. A laboratory reagent blank 1~ run 
for each batch of reagents used to deteraaine if reagents are 
contaminant-free. 

6.3 Although HPLC separations have been improved by recen~ advances 
in column technology and instrumentation. problems ~ay occur with 
baseline noise. baseline drift. peak resolution and changes fn 
sensitivity. Proble111s affecting overall system performance can 

arise (34). The user ts encouraged to develop a standard operating 
procedure (SOP) aanual specific for his laboratory to minimize 
problems affecting overall system performance. 

6.4 Concern during sample transport and analysis is mentioned. Heat. 
ozone. NOz and ultraviolet (UV) light 111ay cause sample degradation. 
These problems should be addressed as part of the user prepared 
standard operating procedure manual. Where possible. incandescent 
or UV-shield fluorescent lighting should be used during analysis. 

7. Safety 

7 .1 The toxicity or carci nogenfcity of each reagent used in this 
method has not been precisely defined; however. each chemical 
canpound should be treated as a potential health hazard. Fran 
this viewpoint. exposure to these chemicals must be reduced to 
the lowest possible level by whatever means available. The 
laboratory is responsible for maintaining a current awareness 
file of Occupational Safety and Health Administration (OSHA) 

regulations regarding the safe handling of the chenticals speci­
fied in this method. A reference file of material data handling 
sheets should also be made available to all personnel involved fn 
the chemical analysis. Additional references to laboratory 

safety are available and have been identified for the analyst 
(35-37). 

7.2 Benzo(a]pyrene has been tentatively classified as a known or 
suspected. human or mammalian carcinogen. Many of the other PAHs 
have been classified as carcinogens. Care must be exercised when 
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working with these substances. This method does not purport to 

address all of the safety problems associated with its use. It 
ts the responsibility of whoever uses this method to consult and 
establish appropriate safety and health practices and determine 
the applicability of regulatory limitations prior to use. The 
user should be thoroughly familiar with the chemical and physical 
properties of targeted substances (Table 1.0· and Figure 1.0). 

7.3 Treat all selective polynuclear aromatic hydrocarbons as carcinogens. 
Neat conpounds should be. weighed in a glove box. Spent samples and 
unused standards are toxic waste and should be disposed according to 
regulations. Regularly check counter tops and equipment with •black 
light• for fluorescence· as an indicator of contamination. 

7.4 Because the sampling configuration (filter and backup adsorbent) has 
demonstrated greater than 951 collection efficiency for targeted PAHs, 
no ffeld recovery evaluation wil 1 occur u part of this procedure. 

8. Apparatus 

8.1 Sample Collection 

8.1.1 General Metal Works (GHW) Hodel PS-1 Sampler, or equi­
valent (General Metal Works, Inc •• 145 South Nfamf Ave •• 
Village of Cleves, Ohio, 45002, (800-543-7412)). 

8.1.2 At least two Hodel PS-1 sample cartridges an~ filters 
assembled for PS-1 sampler. 

8.1.3 GMW Hodel PS-1 calibrator and associated equipment -
General Metal Works. Inc •• Hodel GHW-40. 145 South Miami 
Ave •• Village of Cleves. Ohio, 45002. (800-543-7412). 

8.1.4 Ice chest - to store samples at o•c after collection. 
8.1.S Data sheets for each sample for recording the location and 

sample time, duration of sample, starting time, and volume 
of air sampled. 

8.1.6 Airtight, labeled screw-capped container sample cartridges 
(wide mouth, preferrably glass with Teflon seal or other non­
contaminating seals) to hold fi1ter and adsorbent cartridge 
during transport to analytical laboratory. 

8.1.7 Portable Tripod Sampler (optional) - user prepared (38). 

8.2 Sample Clean-up and Concentration 

8.2.1 Soxhlet extractors capable of extracting GMW Hodel PS-1 
filter and adsorbent cartridges (2.3• x s• length), 500 ai. 

flask. and condenser. 

I 

I 

I 
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8.2.2 Pyrex glass fube furnace system for activating silica gel 
at 180°C under purified nitrogen gas purge for an hour. 
with capability of raising temperatu·re gradually. 

8.2.3 Glass vfal. 40 ml. 
8.2.4 Erlenmeyer flask. 50 ml - best source. [Note: Reuse of 

glassware should be •inimized to avoid the risk of cross­
contamination. All glassware that is used. especially glass­
ware that is reused. must be scrupulously cleaned as soon 
as possible dter use. Rinse glassvare with the last solvent 
used in it and then with high-purity acetone and hexane: 
Wash with hot water containing detergent. Rinse with copious 
a1110Unt of tap water and several portions of distilled water. 
Drain. dry. and heat a 111uffle furnace at 400°C for 2 to 4 
hours. Volumetric glassware aust not be heated in a 111Uffle 
furnace; rather, it should be rinsed with high-purity acetone 
and hexane. After the glassware is dry and cool, rinse 1t 
with hexane. and store it inverted or capped with solvent­
rinsed alU111inum foil in a clean environment.) 

8.2.5 Polyester gloves for handling cartridges and filters. 
8.2.6 Hinlvials - 2 ml. borosilicate glass. with conical reservoir 

and screw caps lines with Teflon-faced silicone disks. and 
a vial holder. 

8.2.7 Stainless steel Teflon• coated spatulas and spoons. 
8.2.8 Kuderna-Oanish (KO) apparatus - 500 Ill. evaporation flask 

(Kontes K-570001-500 or equivalent}, 10 llll. graduated con:· 
centrator tubes (Knotes K-570050-1025 or equivalent) with 
ground-glass stoppers. and 3-ball aacro Snyder Column (Kontes . 
K-5700010500. K-50300-0121, and K-569001-219. or equivalent). 

8.2.9 Adsorption columns for column chr011ato9raphy - 1-cm x 10-oa 

with stands. 
8.2.10 Glove box for working with extremely toxic standards and 

reagents with explosion-proof hood for venting fumes from 
solvents. reagents, etc. 

8.2.11 YacuUA1 Oven - Vacuu. drying oven syste~ capable of maintaining 
a vacuum at 240 torr (flushed with nitrogen) overnight. 

8.2.12 Concentrator tubes •nd a nitrogen evaporation apparatus 
with variable flow rate - best source. 
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8.2.13 laboratory refrigerator with chaltbers operating at O"C and 4°C. 
8.2.14 Boiling chips - solvent extracted. 10/40 mesh silicon car-

bide or equivalent. 

8.2.15 Water bath - heated, with concentric ring cover, capable 

of temperature contro 1 (!:_ 5.°C). 
8.2.16 Vortex evaporator (optional}. 

8.3 Sample Analysis 

8.3.1 Gas Chrcxnatography wfth Flame Ionization Detection (FIO}. 

8.3.1.1 Gas c~roiaatography: Analytical system conplete 
with gas chrcrnatography suitable for on-column 
injections-and all required accessories, including 
detectors, column supplies, recorder, gases, and 

syringes. A data systeni for measuring peak areas 
and/or peak heights is reccrnmended. 

8.3.1.2 Packed Column: l.8-111 x 2-mm 1.0. glass colum 
packed with 3% OV-17 on Chranosorb W-AW-DMCS 
(100/120 111esh) or equivalent (Supelco Inc., 
Supelco Park, Bellefonte, Pa. Supelco SPB-5). 

8.3.1.3 Capillary Column: 30-11 x 0.25-111111 IO fused silica 
column coated with 0.25 u thickness 5% phenyl, 
90% methy 1 s n oxane (Supe lco Inc., Supe 1 co Park, 
Bellefonte, Pa.). 

8.3.1.4 Detector: Flame Ionization (FI) 
8.3.2 Gas Chromatograph with Hass Spectroscopy Detection Coupled 

with Data Processing Syst~m {GC/HS/0S). 
8.3.2.1 The GC must be equipped for temperature prograaming. 

and al 1 required accessories must be available, in­
cluding· syringes. gases, and a capillary column. The 
GC injection port must be designed for capillary 
columns. The use of splitless injection techniques 

is rec~mended. On-column injection techniques can be 

used but they may severely reduce column 1i fetime for 
nonchemica11y bonded columns. In this protocol, a 1-3 
ul ·fnject ion volume is used consistently. With some 
GC injection ports, however, l ul injections 111ay pro­

duce some improvement in precision and chromatographic 
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separation. A 1 ul injection volume may be used 1f 

adequate sensitivity and precision can be achieved. 
[NOTE: If l ul is used as the injection volume. the 
fnject1on volumes for all extracts. blanks. calibra­
tion so tut ions and performance Check samples ·11ust be 

1 ul.] 
8.3.2.2 Gas Chromatograph-Hass Spectr011eter Interface. The 

gas chromatograph is usually coupled directly to the 
•ass spectr0111eter source. The interface •ay jnclude 
a diverter valve for shunting the column effluent·and 
isolating the !RilSS spectr0111eter source. A11 compo­
nents of the interface should be glass or glass-lined 
stainless steel. The interface c0111ponents should 
be cCllllpatible with J2o•c temperatures. Cold spots 
and/or active surfaces (adsorption sites) in the 
GC/HS interface can cause peak tailing and peak 
broadening. It 1s recanmended that the GC column 
be fitted directly into the HS source. Graphic 
ferrules should be avoided in the GC injection area 
since the1 may adsorb PAHs. Vespet• or equivalent 
ferrules are recommended. 

8.3.2.3 Mass Spectraneter. The static resolution of the in­
stru111ent must be maintained at a minimum of 10.000 
{10 percent valley). The mass spectraneter should 
be operated in the selected ion mode (SIH) with a total 
cycle time (including voltage reset time} of one 
second or less (Section 14.2}. 

8.3.2.4 Hass spectraneter: Capable of scanning fraa 35 to 
500 a1RU every 1 sec or less. using 70 volts 
(n011inal) electron energy in the electron impact 
ionization mode. The mass spectrometer must be 
capable of producing a mass spectrum for decafluoro­

triphenylphosphtne (DFTPP) which meets all of the 
criteria (Section 14.5.1). 

8.3.2.5 Data Systea. A dedicated computer data systera 
is employed to control the rapid multiple ion 
monitoring process and to acquire the data. 

Quantification data (peak areas or peak heights) 

and multi-ion detector (MID) traces (displays 
of intensities of each m/z being nnnitored 
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as a funct fon of ttme) 111ust be acquired during the 
analyses. Quantfffcatfons may be reported based 
upon conput er-generated peak areas or upon measured 
pealc heights (chart recording). The detector zero 
settfng 11111st allow peak-to-peak measurement of the 
noise on the baseline. 

8.3.2.6 GC Column. A fused silica colurm (50-m x 0.25-m 
I.D.) HP Ultra 12 crosslinlced 51 phenyl 111ethy1s111-
cone. 0.25 um fll• thickness (Hewlett-Packard Co., 
Crystal lake, IL) 1s utflfzed to ~eparate fndfvfdual 
P.AHs. Other columns •ay be used for detenaination 
of PAHs. Hfnfmum acceptance criteria •ust be det!~­
Mtned as per Section 14.2. At the beginntng of each 
12-hour period (after 11ass resolution has been de1110n­
strated) during whfch sacple extracts or concentra­
tion calibration solutions wfll be analyzed, column 
operating conditions Must be atta1ned for the required 
separation on the column to be used for samples. 

8.3.2.7 Balance - Hettler balance or equivalent. 
8.3.2.8 All requfred syringes, gases, and other pertfnent 

supplies to operate the GC/HS system. 
8.3.2.9 Pipettes, mlcropipettes; syringes, burets, etc., to 

•ake calibration and spiking solutions, dilute sa•ples 
H necessary. ·etc •• including syringes for accurately 
measurfng volumes such as 25 ul and 100 ut. 

8.3.3 High Performance Liquid Chromatography (IIPLC) System. 

8.3.3.1 Gradient HPLC syste111 - Consisting of aceton1trfle and 
water phase. reservoirs: ■ixing chamber; a high pres­
sure pump; an injection valve (automatic sampler 
with an optional ~Sul loop injector): a Vydac C-18 

bonded phase reverse phase (RP) column, (The Separa­
tions Group. P.O. Box 867, Hesperia, CA 92345) or 
equhal ent {25-c111 x 4 .6-111111 IO): a· varhb le wavel eng_th 
UV/Fluorescence detector and a data syste111 or strip 
chart recorder. A Spectra Physics 8100 liquid chrOl"Rat­
ograph 111ultf-mfcroprocessor controlled, with ternary 

gradient pumping system, constant flow. autosampler 
injector (10 ul injection loop). and column oven 
( opt 1onal). 

,J 
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8.3.3.2 Guard column - 5-CIII guard column pack with Vydac 
reverse phase C-18 material. 

8.3.3.3 Reverse phase analytical column - Vydac or equivalent, 
C-18 bonded phase RP coluain (The Separation Group, 
P.O. Box 867, Hesperia, Ca •• 92345), 4.6-lllll x 25-0II, 
5-micron particle diameter. 

8.3.3.4 LS-4 fluorescence.sp,ectr0111eter, Perkin Elmer, sepa­
ate excitation and emission, monochromator pos1t1oned 
by separate •icroprocessor-controlled flow cell and 
wavelength programing ability (optional). 

8.3.3.5 Ultraviolet/visible detector, Spectra Physics 8440, 
deuteriu• lamp, capable of programmable wavelengths 

(optional). 
8.3.3.6 Dual channel Spectra Physics 4200 Computing Integra­

tor, measures peak areas and retention times from 
recorded chronatographs. IBH PC XT wil 1 Spectra 
Physics labnet systeni for data collection and storage 

(optional). 

9. Reagents and Materials 

9.1 Sample Collection. 

9.1.1 Acid-washed quartz fiber filter - 105 nm micro quartz fiber 
binderless filter (General Hetal Works, Inc •• Cat. Ho. GHW 
QMA-4, 145 South Miami Ave., Village of Cleves. Ohio, 
45002 (800-543-7412) or Supelco Inc •• Cat. No. 1-62, 
Supelco Park, Bellefonte. PA, 16823-0048). 

9.1.2 Polyurethane foa~ (PUF) - 3 inch thick sheet stock, 
polyether type (density 0.022 g/on3) used in furniture 
upholstering (General Metal Works, Inc., Cat. No. PS-1-16, 
145 South Hfami Ave., Village of Cleves, Ohio, 45002 (800-
543-7412) or Supelco Inc., Cat. No. 1-63, Supelco Park, 

Bellefonte, PA, 16823-0048). 
9.1.3 XA0-2 resin - Supelco Inc., Cat. No. 2-02-79, Supelco 

Park, Bellefonte, PA, 16823-0048. 
9.1.4 Hexane-rinsed aluminum foil - best source. 
9.1.5 Hexane-reagent grade, best source. 



384 Methods for Determination of Toxic Organic Compounds in Air 

• 

9.2 Sample Clean-up and Concentration 

9.2.1 Soxhlet Extraction 

9.2.1.1 Methylene chloride - chromatographic grade, 
glass-distilled, best source. 

9.2.1.2 Sodium sulfate, anhydrous - (ACS) granular 
anhydrous {purified by washing with methylene 
chloride followed by heating at 400°C for 4 hrs 
in a shallow tray). 

9.2.1.3 Boiling chfps - solvent extracted, approximately 
10/40 mesh (silicon carbide or equivalent). 

9.2.1.4 Nitrogen - high purity grade, best source. 
9.2.1.S Ether - chr011atographfc grade, glass-distilled, 

best source. 
9.2.1.6 Hexane - chronatographfc grade, glass-distil led, 

best source. 
9.2.1.7 Dibronobiphenyl - chronatographic grade, best source. 

Used for internal standard. 
9.2.1.8 Decafluorobiphenyl - chromatographic grade, best 

source. Used for internal standard. 

9.2.2 Solvent Exchange 

9.2.2.1 Cyclohexane - chrcmatographic grade, glass­
dfstilled, best source. 

9.2.3 Column Clean-up 

Method 610 

9.2.3.1 Silica gel - high purity grade, type 60, 70-230 
mesh; extracted in a Soxhlet apparatus with 
methylene chloride for 6 ~ours {minimu~ of 3 
cycles per hour} and activated by heating in a 
foil-covered glass container for 24 hours at 130°C. 

9.2.3.2 Sodium sulfate_. anhydrous_ - {ACS) granular 
anhydrous {See- Sect ion 9.2.1.2). 

9.2.3.3 Pentane - chromatographic grade, glass-distilled, 
best source. 
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lobar Prepacked Column 

9.2.3.4 Silica gel lobar prepacked column - E. Herek. 
Danastadt, Gennany [Size A(240-10} lfchroprep Si 
( 40-63 u111)]. 

9.2.3.5 Precolumn containing sodium sulfate - hnerican 
Chemical Society (ACS) granular anhydrous (purified 
by washing with methylene chloride followed by 

heating•~ 400°C for 4 hours_in a shallow tray}. 
9.2.3.6 Hexane - chromatographic grade. glass-distilled. 

best source. 
9.2.3.7 Methylene chloride - chromatographic grade. glass­

dfstilled. best source 
9.2.3.8 Methanol - chromatographic grade, glass-distilled. 

best source/ 

9.3 Sample Analysis 

9.3.1 Gas Chrmatography Detection 

9.3.1.1 Gas cylinders of hydrogen and helium - ultra high 
purity. best source. 

9.3.1.2 Combustion air - ultra high purity. best source. 
9.3.1.3 Zero air - Zero air may be obtained from a cylinder 

or zero-grade conpressed air scrubbed with Drierite• 
or silica gel and SA molecular sieve or activated 
charcoal, or by catalytic cleanup of ·aroient air. 
All zero air should be passed through a liquid 
argon cold trap for final cleanup. 

9.3.1.4 Chromatographic-gr1de stainless ~teel tubing 
and stainless steel plunning fittings - for 
interconnections. (Alltech Applied Science • 

. 2051 Waukegan Road. Deerfield. IL. 60015. (312} 
948-8600]. (Note: All such materials in contact 
with th~ sample. analyte. or support gases prior 
to analysis should be stainless steel or other 
inert.metal. Do.not use plastic or Teflon• 

tubing or fittings.) 
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9.3.1.5 Native and isotopically labeled PAHs isomers for 
calibration and spiking standards-[Cambridge 
Isotopes, 20 Commerce Way. Woburn, !'A, 01801 (617-
547-1818)]. Suggested isotopically labeled PAH 

isomers are: 
o perylene - d12 
o chrysene - d12 
o acenaphthene - d10 
o naphthalene - da 
o phenanthrene - d10 

9.3.1.6 Decafluorotriphenylphosphine (DFTPP) - best source, 

used for tuning GC/HS. 

9.3.2 High Performance Liquid Chromatography Detection 

9.3.2.1 Acetonitrile - chromatographic grade. glass­
distilled, best source. 

9.3.2.2 Boiling chips - solvent extracted. approx1matley 
10/40 mesh {silicon carbide or equivalent). 

9.3.2.3 Water - HPLC Grade. Water Must not have an 
interference that is observed at the 111inf111um 
detectable limit (K>l) of each parameter of interest. 

_9.3.2.4 Oecafluorobiphenyl - I-PLC grade. best source 
(used for Internal standard). 

10. Preparation of Sample Filter and Adsorbent 

10.l Sampling Head Configuration 

10.1.l The sampling head (Figure 2) consist of a filter holder 
compartment followed by a.glass cartridge for retaining 

the adsorbent. 
10.1.2 Before field use, both the filter and adsorbent 111ust be 

cleaned to <10 ng/apparatus of B(a)P or other PAHs. 

10.2 Glass Fiber Filter Preparation 

10.2.l The glass fiber filters are baked at 600°C for f.ive hours 
before use. To insure acceptable filters, they are ex­
tracted with 111ethylene chloride 1n a Soxhlet apparatus, si111-
ilar to the cleaning of the XA0-2 resin (see Section 10.3). 
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10.2.2 The extract is concentrated and analyzed by either GC or 
HPLC. A filter blank of <10 ng/tilter of B[a]P or other 
PAHs is considered accept ab le for field use. 

10.3. XAD-2 Adsorbent Preparation 

10.3.1 For initial cleaoop of the XAD-2. a batch of XAD-2 (approxi­
mately 60 gra111s). is placed in a Soxhlet apparatus [see Fig­
ure 3(a)] and extracted with methylene chloride for 16 
hours at approximately 4 cycles per hour. 

10.3.2 At the end of the initial Soxhlet extraction. the spent 
methylene chloride ts discarded and replaced with fresh 
reagent. The XAD-2 resin fs once again extracted for 16 
hours at approximately 4 cycles per hour. 

10.3.3 The XA0-2 resin is removed froai the Soxhlet apparatus. 
places in a vacuum oven connected to an ultra-purge nitrogen 
gas stream and dries at r00111 temperature for approximately 
2-4 hours (until no solvent odor is detected). 

10.3.4 A nickel screen (Alesh she 200/200) is fitted to the bottom 
of a hexane-rinsed glass cartridge to retain the XAD-2 resin. 

10.3.5 The Soxhlet extracted/vacuu• dried XAD-2 resin is placed into 
the sampling cartridge (using polyester gloves) to a depth 
of approximately 2 inches. This should require ~pproxi­
mately 55 grams of adsorbent. 

10.3.6 The glass module containiog the XAD-2 adsorbent is wrapped 
with hexane-rinsed aluminum foil. placed in a labeled 
container and tightly sealed with Teflon~ tape. 

10.3.7 At least one assettble cartridge fro,a each batch must be 
analyzed. as a laboratory blank. using the procedures 
described in Section 13. before the batch is considered 
acceptable for field use. A blank of <10 ng/cartridge of 
B(a]P on other PffA 1 s is considered acceptable.· 

10.4 PUF·Sampling Cartridg~ Preparation 

10.4.1 The PUF adsorbent is a polyether-type-polyurethane foam 
(density No. 3014 or 0.0225 9/C1113) used for furniture up­
holstery. 
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10.4.2 The PUF inserts are 6.0-cm diameter cylindrical plugs cut 
from 3-fnch sheet stock and should fft, wfth slight 
conpression, fn the glass cartridge, supported by the 
wire screen (see Figure 1). During cuttfng, the die is 
rotated at high speed (e.g .• in a drill press) and 
continuously lubricated with water. 

10.4.3 For initial cleanup, the PUF plug is placed in a Soxhlet• 
apparatus [see Figure 3(a)] and extracted with acetone 
for 14-24 hours at approxfmately'4 cycles per hour. 
(Note: When cartridges are reused, si diethyl ether in 
n-hexane can be used as the-cleanup solvent.) 

10.4.4 The extracted PUF fs placed fn a vacuum oven connected to 
a water aspirator and dried at rocn temperature for 
appro~imately 2-4 hours (until no solvent odor is detected). 

10.4.S The PUF is placed into the glass sampling cartridge using 
polyester gloves. The module is wrapped with hexane­
rinsed alu~inu~ foil, placed in a labeled container, and 
tightly sealed. 

10.4.6 At least one aisembled cartridge frcm each batch must be 
analyzed, as a laboratory blank, using the procedures 
described in Section 13, before the batch is consfder«:d 
acceptable for field use. A blank level of <10 ng/plug 
for single c011pounds fs considered to be acceptable. 

11. Sample Collection 

11.1 Description of Sa:>i:~~L.~, Apparatus 

11.1.l The entire sampling system can be a modification of a 
traditional high volume sampler (see figure 4) or a portable 
sampler (see Figure S). A unit specifically designed for 
this method is c01111nercfally available (Hodel PS-1 -
General Hetal Works, Inc., Village of Cleves, Ohio). 

11.1.2 The sampling module consfsts of a glass sampling cartridge 
and an air-tight metal cartridge holder. as outlined in 
Section 10.1. The adsorbent (XA0-2 or PUF) is retained 
in the glass sampling cartridge. 
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11.2 Calibration of Sampling System 

Each sa111pler 1s to be calibrated: 1) when new; 2) after major 
repairs or maintenance; 3) whenever any audit point devf~tes 
fr"'8 the calibration curve by mre than 71; 4) when a different 
sample collection •edta. other than that ...taich the sampler was 
originally calibrated to. will be used for sampling; or 5) at the 

frequency specified in the user Standard Operating Procedure {SOP) 
111anual in which the samplers are utilized. 

11.2.1 Calibration of flow Rate T~ansfer Standard 

Calibration of the 110dtfted high volU111e air sa•pler tn 
the field \s perfonaed using a calibrated orifice flow 
rate trans fer stAndard. The flow rate trans fer standard 
must be certified fn the laboratory against a positive 
displacement rootsineter (see Figure 6). Once certified. 
the recertification is-perfonaed rather infrequently 1f 
the orifice ts protected frcaa damage. Recertification 
of the orifice flow rate transfer standard ts perfonaed 
once per year ut n tzing a set of five is) ault thole re­
sistance plates. [Hote: The 5 •ultthole resistance 
plates are used to change the flow through the orifice so 
that several points can be obtained for the orifice cali­
bration curve.] 
11.2.1.l Record the ro0111 temperature (ti tn •c) and barome­

tric pressure (Pb in 111111 Ilg) on Orifice Calibra­
tion Data Sheet (see Figure 7). Calculate the 
ro0111 temperature in •t (absolute temperature) 
ind record on Orifice Calibntion Data Sheet. 

t1 in K • z73• ♦ t1 in •c 
11.2.1.2 Set up laboratory od fice calibration equipment 

as illustrated in Figure 6. Check the oil level 
of the root s,neter prior to start Ing. There are 
three oil level indicators. one at the clear 
plastic end. and two sight glasses. one at each 
end of the measuring chamber. 
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11.2.1.3 Check for leaks by clamping both manometer lines 
blocking the orifice with cellophane tape, turning 
on the high volume motor, and noting any change 
in the rootsmeter•s reading. If the rootsmeter's 
reading changes. then there fs a leak fn the sys­
tem or in the tape._EH111inate the leak before 
proceeding. If the rootsmeter's reading remains 

constant, turn off the hf-vol aotor. remove the 
cellophane tape, and unclamp both manometer lines. 

11.2.1.4 Install the 5-hole resistance plate between the 
orifice and the filter adapter. 

11.2.1.5 Turn manometer tubing connectors one turn counter­
clockwise. Hake sure all connectors are open. 

11.2.1.6 Adjust both Manometer Midpoints by slfdfng their 

movable scales until the zero pofnt corresponds 
with the bott001 of the 111en1scus. Gently shake 
or tap to reaove any air bubbles and/or liquid 
remaining on tubing connectors. (If additional 
liquid is required for the water manometer, 

remove tubing connector and add clean water). 

11.2.1.7 Turn on the hf-vol motor and let ft run for 
five minutes to set the 1110tor brushes. 

11.2.1.8 Record both manometer readings-orifice water mano­
meter {.e.H) and rootsmeter mercury manometer {.e.P). 
[Note: ~If is the sum of the difference from zero 

(0) of the two column heights.] 
11.2.1.9 Record the time, in minutes,. required to pass a 

known volume of ~ir (approximately 200-300 ft3 of 
air for each resistance plate) through the roots­
meter by using the rootsmeter's digital volume dial 

and a stopwatch. 

11.2.1.10 Turn off the high vollJ'lle motor. 
11.2.1.11 Replace the 5-ho.le resistance plate with the 7-

hole resistance plate. 
11.2.1.12 Repeat Sections 11.2.1.3 through 11.2.1.10. 
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11.2.1.13 Repeat for each resistance plate. Note results 

on Orifice Caltbratjon Data Sheet (see figure 7). 
Only a atnute is needed for warm-up o: the motor. 
Be sure to tighten the orifice enough to elimi­
nate any leaks. Also check the gaskets for 
cracks. (Note: The placement of the orifice 
prior to the rootsmeter causes the pressure at 

the inlet of the rootsmeter to be reduced below. 
atlll)Spheric conditions. thus caus1 ng the measured 
volume to be incorrect. The volume measured 
by the rootsmeter 11ust be corrected.] 

11.2.1.14 Correct the 11easured volumes with the following 
fonnula and record the standard volume on the 
Orifice Calibration Data Sheet: 

Ystd • V111 P1 -AP 
Pstd 

where: Ystd • standard volume (std m3). 
Y11 • actual volume measured by the 

root smeter (1113) • 

P1 • barometric pressure during calt-
brat ion (mm Hg) • 

.t.P a differential pressure at inlet 
to volume meter (mm Hg). 

Pstd • 760 mm Hg. 

Tstd • 298 IC. 

T1 • anbient temperature during cali-
bration (IC). 

11.2.1.15 Record standard volume on Orifice Calibration 
Data Sheet. 

11.2.1.16 The standard flow rate as measured by the 
rootsmeter can now be calculated using the 
following formula: 

Qstd • ~ 

where: Qstd • standard volumetric flow rate. 
std m3/min. 

O elapsed time, min. 
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11.2.1.17 Record the standard flow rates to the nearest 
0.01 std m3Jmin. 

11.2.1.18 Calculate and record ~.t.H(P1/Pstd} (298/T1) 
value for each standard flow rate. 

ll.2.1.19 Plot each ..J.6H(P1/Pstdl (298/T1) value (y-axis) 
versus fts associated st~ndard flow rate (x-axis) 
on arithmetic graph paper. draw a line of best 
fit between the individual plotted points a'?(! 
calculate the linear regression slope (H} and 
intercept (b}. 

11.2.1.20 Commercially available calibrator kits are 
available (General Metal Works Inc •• Hodel 

GMW-40, 145 South Hia111i Averue. Village of 
Cleves, Ohio. 45002 (1-800-543-7412)]. 

11.?.2 Calibration of The High Volume Sampling System Utilizing 
Calibrated Hult f-point Flow Rate Transfer Standard 

11.2.2.1 The airflow through the sampling system can be 
monitored by a venturf/magnehelic assembly. as 
illustrated fn Figure 4 or by a ~-tube assenbly 
connected to the high volume portable design as . 
illustrated in Figure 5. The fiel,d sampling sys-
tem must be audited every six months using a 
flow rate transfer standard. as described in the 
U.S. EPA High Volume Sampling Method, 40 CFR SO. 
Appendix B. A single-point calibration must be 
performed before and after each sample col lec-
t ion. using a transfer standard calibrated as 
described in Section 11.2.1. 

11.2.2.2 Prior to initial multi-point calibration. a 
•du11111y• adsorbent cartridge and filter are 
placed in the sampling head and the samp~ing 

motor· is activated. The flow control valve 
is fully opened and the voltage variator is 
adjusted so that a sample flow rate corresponding 
to 1101 of the desired flow rate (typically 
0.20 - 0.28 ,.'.3/111in) is indicated on the 
Hagnehelic gauge (based on the previously 
obtained multi-point calibration curve). The 
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motor 1s al lowed to ·wara up for 10 111inutes and 
then the flow control valve ts adjusted to 
achieve the desired flow rate. Turn off the 
sanipler. The ambient teaiperature and baro-
111etric pressure should be recorded on the field 
Calibration Data Sheet (Figure 9). 

11.2.2.3 The flow rate transfer s.tandard is placed on 

the sa1Apltn9 head. and a 111anometer is connected 
to the tap on the tr.tnsfer stand.trd using a • 
length of tubing. Properly align the retaining 
rings with filter holder and secure by tighten-
1 ng the three screw clMips. Set the zero 
level of the ■anometer. Attach the magnehelic 
gage to the sampler venturi quick release 
connections. Adjust the zero {if needed) 

using the zero adjust screw on the face of 
the gage. 

11.2.2.4 Turn the flow control nlve to the fully open 
position and turn"the sampler on. Adjust the 
flow control valve until a magnehelic reading 
of approximately 70 in. is obtained. Allow 
the magnehel fc .and manoneter readings to 
stabilize and record these values. 

11.2.2.5 Adjust the flow control valve and repeat until 
six or seven uniformally spaced magnehel ic 
readings are recorded spanning the range of 
approxi..ately 40-70 in. Record the readings 
on the Field Calibration Data Sheet {see 
figure 9). [Note: Use of some filter/sorbent 

media COfflbinations may restri~t the airflow 
res.ult i ng i n a 1Aax i mum magn ehe 1 i c reading of 

60 in. or less. In such cases. a variable 
transfonner should be placed in-line between 
the 110 volt power source and the sampler so 
that the line voltage can be increased suf­
ficiently to obtain a aaximum magnehelic 
reading approaching 70 in.). 
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11.2.2.6 Adjust the orifice manometer reading for standard 
temperature and pressure using the following 

equation: 

X •~ AH !a_ fuda 
Pstd ~Ts 

where: X • adjusted manOllleter reading to 

standard temperature and 

pressure (fn. water). 

LI.ff• observed manometer reading (in 

water). 

Pa• current baronetric pressure (mm Hg). 

Pstd • 760 11111 Hg. 

Ta• current te111perature (K). (K • •c + 273). 
Tstd • standard temperature (298 K). 

11.2.2.7 Calculate the standard flow rate for each 

corrected manometer reading by the following 

equation: 

Qstd • ~ 
where: 

Qstd • standard flow rate (1113 /min). 

M • slope of flow rate transfer 
standard calibration curve. 

X s corrected man011eter reading 

fron 11.2.2.6 (in water). 

b • inter~ept of flow rate transfer 

standard calibration curve. 

11.2.2.8 Adjust the 111agnehelic gage readings to 
standard temperature and pressure using the 

following equation: • 

' 



Hstd • 

where: 

.,/ (MJ!Pa} 
Pstd 
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Hstd • adjusted magnehe11c reading to 
standard temperature and pressure 
(inches of water). 

H • observed •agnehelic reading 
(fnches of water). 

Pa • ambient at110spheric pressure C•m Hg). 

Pstd • standard pressure (760 11111 Hg). 
Ta • aaofent temperature (K), (K • •c + 273). 
Tstd • standard tempernure (298 K). 

11.2.2.9 Plot each Mstd value (y-axis) versus fts 
associated Qstd standard (x-axis) on arithmetic 
graph paper. Draw a line of best fit between 
the individual plotted points. This ts the 
calibration curve for the venturi. Retain with 

saapler. 
11.2.2.10 Record the corresponding Qstd for each Hstd 

under Qstd column on Field Calibration Data 

Sheet, Figure 9. 

11.2.3 Single-point Audit of The High Volume Sampling System 
Utilizing Calibrated Flow Rate Transfer Standard 

11.2.3.1 A single point flow .1udit checlt fs performed 
before and after each sampling period utilizing 
the Calibration Flow Rate Transfer Standard 

(Section 11.2.1). 
11.2.3.2 Prior to single point audit, a •du11111y• adsorbent 

cartridge ~nd filter are place~ in the sampling 
head and the samp 11 ng 110to r ts act hated. 
The flow control valve is fully opened and 
the voltage variator is adjusted so that a 
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sample flow rate corresponding to 110t of the 

desired flow rate {typically 0.20-0.28 m3/min) 

is indicated on the magnehelic gauge (based on 

the previously obtained multi-point calibration 

curve}. The 1110tor fs allowed to warm up for 5 

minutes ~nd then the flow c.ontrol valve is 

adjusted to achieve the desired flow rate. 

Turn off the sampler. The anbi ent temperature 

and barc.etrfc pressure should be rec_orded on 

a Field Test Data Sheet (Figure 10). · 

11.2.3.3 The flow rate transfer standard fs placed on 

the sampling head. 

11.Z.3.4 Properly align the retaining rings with fitter 

holder ~nd secure by tightening the three screw 

clamps. 

11.2.3.5 Using tubing. attach one manometer connector to 

the pressure tap of the transfer standard. Leave 

the other c~nector open to the atnosphere. 

11.2 .3.6 Adjust the .anometer midpoint by slidf ng the 

nnvable scale untfl the zero pofnt corresponds 

with the water inenfscus. Gently shake or tap 

to rerrove any air bubbles and/or 11qufd remain­

ing on tubing connectors. (If additional liquid 

is required, rern:>ve tubing connector and add 

clean water.) 

11.2.3.7 Turn on high volume motor and let run for five 

minutes. 

11.2.3.8 Record the pressure differential indicated, .t.H, 

fn inches of water. Be sure stab le .t.H has been 

es tab ti shed. 

11.2.3.9 Record the observed magnehelic gauge reading, 

in inches of water. Be sure stable H.has been 

established. 
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11.2.3.10 Using previously established Flow Rate Transfer 

Standard curve. calculate Qstd (see steps 
11.2.2.6 - 11.2.2.7). 

11!2.3.ll Using previously established venturi calibration 

curve. calculate the indicated Qstd (Section 
11.2.2.9). 

11.2.3.12 A multi-point calibration of the Flow Rate 
Transfer Standard against a primary standard. 

IIUSt be obtained annually. as outlined in 

Section 11.2.1. 
11.2.3.13 'Renove Flow Rate Tra~sfer Standard and dummy 

adsorbent cartridge and filter assembly. 

11.3 Sample Collection 

11.3.1 After the sampling system has been assembled and flow check­
ed as described in Sections 11.1 and 11.2. ft can be used to 
collect air saiaples. as described in Sect ion 11.3.2. 

11.3.2 The samples should be located in an unobstructed area. at 
le!st two ineters frc:n any obs tac le to air flow. The exhaust 
hose should be stretched out in the downwind direction to 
prevent recycling of air into the sample head. 

11.3.3 With the empty sample module removed from the sampler. 
rinse all sample contact areas using reagent grade hexane 

in a Teflon• ~queeze bottle. Allow the hexane to evaporate 
fr011 the module before loading the samples. 

11.3.4 Detach the lower chamber of the rinsed sampling module. 
While wearing disposable c1ean lint-free nylon or powder­

free surgical gloves. remove a clean glass cartridge/sorbent 
from its container (wide mouthed glass jar with a Teflon•­
lined lid) and unwrap its alumin~nt foil covering. The foil 

should be replaced back in the sample container to be re­

used after the sample has been collected. 
11.3.5 Insert the cartridge into the lower chamber and tightly 

reattach it to the module. 
11.3.6 Using clean Teflon• tipped forceps. carefully place a clean 

fiber filter atop the filter holder and secure in place 

by clamping the filter holder ring over the filter using 
the three screw clamps. Insure that all module connec­
tion~ are tightly asseoi>led. (Note: Failure to do so 
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could result in air flow leaks at poorly sealed locations 
which could affect sample representativeness]. Ideally, 
sample module loading and unloading should be con<lucte<! 
fn a controlled envfronment or at least a centralized 
sample processing area so that the sample handling vari­
ables can be mfnfmfzed. 

11.3.7 With the module removed fron the sampler and the flow 
control valve fully open, turn the pump on and allow ft 
to warm-up for approximately S mtnutes. 

11.3.8 Attach a •dummy• sampling module loaded with the exact 
same type of filter and sorbent media as that which 

wfll be used for sample collection. 
11.3.9 With the sampler off, attach the Magnaheltc gage to the 

sampler. Turn the sampler on and adjust the flow control 
valv~ to the desired flow (nomally as· indicated by the 
cfm) magnahelfc gauge reading and reference by the 
calibration chart. [Note: Breakthrough has not been a 
proble111 for all PAHs outlined in Section 1.S using 
this sampling 111ethod except anthracene and penanthrene]. 
Once the flow ts· properly adjusted, extreme care should 
be taken not to inadvertantly alter its setting. 

11.3.10 Tum the smpler off and remove both the •dummy• ll!Odule 
and the Hagnahelic gauge. The sampler ts now ready for 
ff el d use. 

11.3.11 The zero reading of the sampler Magnehelic is checked. 
Ambient temperature. barometric pressure, elapsed time 
meter setting, sampler serial nurrber, filter number. 
and adsorbent sample number are recorded on the Field 
Test Oata Sheet (see Figure 10). Attach the loaded 
sampler IIIOdule to th~ sampler. 

11.3.12 The voltage variator and flow control valve are placed 
at the settings used fn Sect ton 11.2 .• 2, and the power 
switc~ fs turned on. The elapsed tfme meter is acti­
vated and the start time fs recorded. The flow (Hagne­
helic setting) fs adjusted, ff necessary, usfng the 
flow control valve. 

11.3.13 The Hagnehelfc readfng fs recorded every sfx hours 
during the sampling period. The calibration curve 
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(Section 11.2.4) is used to calculate the flow rate. 
Ambtent temperature. barometric pressure. and Hagnehe­
lic reading are recorded at the beginning and end of 
the sampling period. 

11.3.14 At the end of the desired sampling period. the power is 
turned off. Carefully remove the sampling head contain­
ing the filter and adsorbent cartridge to a clean area. 

11.3.15 While wearing disposable lint free nylon or surgical 
gloves, remove the sorbent cartridge froa the lower 
IIIOdule chamber and lay it on the retained alu11inu• foil 
1n which the sample was originally wrapped. 

11.3.16 Carefully rei110ve tHe gl~ss fiber filter froca the upper 
chall'ber using clean Teflon• tiped forceps. 

11.3.17 Fold the filter in half twice (sample side inward) and 
place ft 1n the glass cartridge atop the sorbent. 

11.3.18 Wrap the combined samples fn·alU111inum foil and place thena 
in their original glass sample container. A sample label 
should be cmpleted and affixed to the sample container. 
Chain-of-custody should be maintained for all samples. 

11.3.19 The glass containers should be stored in ice and pro­
tected froa light to prevent possible photo-decOllposi­
tion of collected analytes. If the time span between 
sample collection and laboratory analysis is to exceed 
24 hours. sa:nple must be kept refrigerated. (Note: Recent 
studies (13.16) have indicated that PUF does not retain. 
during storage. B(a]P as effectively as XAD-2. Therefore. 
sample ho 1 ding t iane shou 1 d not exceed 20 days.] 

11.3.20 A final calculated sample flow check is perfor111ed using 
the calibration orifice. as described-in Section 11.2.2. 
If calibration deviat~s by R10re than 101 fr0111 the initial 
reading. the flow data for that sample must be ~arked 

as suspect and the sampler should be inspected and/or 
removed fr0111 service. 

11.3.21 At least one field filter/adsorbent blank will b£ re­
turned to the laboratory with each group of samples. A 

field blank ts treated exactly as a sample except that 
no air is drawn through the filter/adsorbent cartridge 
assenbly. 
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11.3.22 Samples are stored at 0°C in an ice chest until receipt 
at the analytical laboratory, after which they are 
refrigerated at 4°C • 

. 12. Sample Clean-up and Concentration 

(Note: The following sample extraction, concentration, solvent exchange 
and analysts procedures are outlined for user convenience in figure 11.) 
12.1 Sample Identification 

12.1.l The samples are returned in the ice chest to the laboratory 
fn the glass sample container contafnfng the filter and 
adsorbent. 

12.1.2 The samples are logged in the laboratory logbook according 
to sample location, fflter and adsorbent cartridge number 

identtftcatfon and total air volume sampled (uncorrected). 
12.1.3 If the time span between sample regfstratfon and analysis 

fs greater than 24-hrs., then the samples must be kept 
refrigerated. Minimize exposure of samples to fluores­
cence light. All samples should be extracted within one 
week after sa11plf ng. 

12.2 Soxhlet Extraction and Concentratfon 

12.2.1 .Assemble the Soxhlet apparatus (see figure 3(a)]. Immedi­
ately before use, charge the Soxhl.et apparatus with 200 to 
250 ml of methylene chloride and reflux for 2 hours. let 
the apparatus cool, disassemle it, transfer the methylene 
chloride to a clean glass container, and retain ft as a 
blank for later analysis, if required. Place the adsorbent 
and filter together 1n the ·Soxhlet apparatus (the use of an 
extraction thirmle is optionalJ if using XA0-2 adsorbent fn 
the sampling rodule. (Note: The filter and adsorbent· are 
analyzed together fn order to reach detection lfmfts, avoid 
questionable interpretation of the data, and minimize cost.] 
Sfnce methylene chlorfde fs not a suitable solvent for PUF, 

101 ether in hexane is employed to extract the PAHs frm 
the PUF resin bed separate fr0111 the methylene chloride 
extraction of the accanpanying filter rather than methylene 
chloride for the extraction of the XA0-2 cartridge. 
12.2.1.1 Prior to extraction, add a surrogate standard to 

the Soxhlet solvent. A surrogate standard (i.e .• 

a chemically inert compound not expected to 



Method T013 401 

occur in an envirorwtental sample) should be 

added to each sample. blank. and matrix spike 
sample just prior to extraction or processing. 
The recovery of the surrogate standard.is used 
to aonttor for unusual 11atrix effects. gross 
sample processing errors. etc. Surrogate recov­
ery 1s evaluated for acceptance by determining 

whether the measured concentration falls _within 
the acceptance lf•its. The following surrogate 
standards have been successfully utilized in 
detenafning matrix effects. sample process errors. 
etc. utilizing GC/FID. GC/HS or 19LC analysis. 

Surrogate 
Standard Concentration 

Dibrcmobfphenyl 50 ng/ul 
Oibr011obiphenyl 50 ng/ul 
Deuterated Standards 50 ng/ul 
Oecafluorobiphenyl 50 ng/ul 

Analytical 
Technique 

GC/FID 
GC/MS 
GC/HS 
HPLC 

fffote: The deuterated standards will be added 
in Section 14.3.2. Deuterated analogs of selec­
tive PJ\Hs cannot be used as surrogates for HPLC 
analysis due to coelutfon proble111s.) Add the 
surrogate standard to the Soxhlet solvent. 

12.2.1.2 For the XA0-2 and filter extracted together. 
-add 300 1111.. of methylene chlorine to the apparatus 
and reflux tor 18 hours at a rate of at least 
3 cycles per hour. 

12.2.1.3 For the PUF extraction separate fran the filter. 
add 300 ml of 10 percent ether in hexane to the 
apparatus and reflux for 18 ltours at a rate of .. 
at least 3 cycles per hour; 

12.2.1.4 For the filter extraction. add 300 ml of methylene 
chloride to the apparatus and reflux for 18 hours 
at a rate of at least 3 cycles per hour. 

12.2.2 Dry the extract from the Soxhlet extraction by passing ft 
through a drying column containing about 10 grams of anhy­
drous sodium sulfate. Collect the dried extract in a 
Kuderna-DanisQ (K-0) concentrator assembly. Wash the 
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extractor flask and sodium sulfate column with 100 - 125 ml 

of methylene chloride to complete the quantttatfve transfer. 
12.2.3 Assemble a Kuderna-Oanfsh concentrator (see Figure 3(b)] 

by attaching a 10 JIil. concentrator tube to a 500 ml evapora­
tive flask. [Note: Other cOt1centrat1on devices (vortex 
evaporator) or techniques may be used 1n place of the K-D 
as long as qualitative and quantitative recovery can be 

demonstrated.] 
12.2.4 Add two boiling chips. attach a three-ball macro-Snyder 

column to the K-0 flask, and concentrate the extract using 
a water bath at 60 to 6S•c. Place the K-D apparatus 1n . 
the water bath so that the concentrator tube fs ab·out half 
fnnersed 1 n the water and the entire rounded surface of 
the flask ts bathed with water vapor. Adjust the vertical 
position of the apparatus and the water teniperature as 
required to complete the concentration tn one hour. At 
the proper rate of distillation, the balls of the column 

t 

actively chatter but the chambers do not flood. When the 
liquid has reached an approximate volume of 5 ml, remove the 
K-D apparatus fr0111 the water bath and allow the solvent 
to drain for at least 5 •inutes while cooling. 

12.2.S Remove the Snyder column and rinse t~e flask and its lower 
joint into the concentrator tube with S ml of cyclohexane. 

12.3 Solvent Exchange 

12.3.1 Replace the K-0 apparatus equipped with a Snyder column 
back on the water bath. 

12.3.2 Increase the temperature of the hot water bath to 9S-100•c. 

Momentarily. remove the Snyder column, add a new boiling 
chip. and attach a two-ball micro-Snyder col~mn. Prewet 
the Snyder column. usfng 1 ml of cyclohexane. Place the 
K-D apparatus on the water bath so that the concentrator 
tube is .partially Immersed in the hot water. Adjust the 
vertical position of the apparatus and the water tempera­
ture. as required, to complete concentration in 15-20 
minutes. At the proper rate of distillation. the balls 
of the column will actively chatter, but the chambers 
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· wil 1 not flood. When the apparent volume of liquid 
reaches o.s ml. remove the K-D apparatus and allow it to 
drain and cool for at least 10 •fnutes. 

12.3.3 When the apparatus is cool. remove the aicro~snyder 
column and rinse· its lower joint into the concentrator 
tube with about 0.2 ._ of cyclohexane. [Note: A S 111l 

syringe is reconimended for this operation]. ·Adjust the 
extract volume to exactly 1.0 lllL with cyclohexane. Stoppe 
the concentrator tube 4nd store refrigerated at 4•c. if 

~ 

further processing wil 1 not be perfonned imraedi ately. If 
the extract will be stored longer than 24 hours. ft should 
be transferred to a Teflon•-sealed screw-cap vial. 

12 .4 Sample Cleanup By So lid Phase Exchange 

Cleanup procedures may not be needed for relatively clean ~atr1x 
samples. If the extract in Section 12.3.3 1s clear. cleanup aay 
not be necessary. If cleanup 1s not necessary. the cyclohexane 
extract ( 1 ml) can be analyzed directly by GC/FI detection. excep 
the inftfal oven temperature begins at 3o•c rather than so•c for 
cleanup samples (see Sect:ion 13.3). or solvent exchange to aceton-
1tr11e for HPlC analysis. If cleanup 1s required. the procedures 
.ire presented using either handpack silica gel column as prescMbe, 
in Method 610 (see Section 18.0 0 citation No. 18 and 22) or the 
use of a lobar prepacked silica gel column for PAH concentration 
ard separation. Either approach can be employed by the user._ 

12.4.1 Method 610 Cleanup Procedure (see Figure 3(c)] 

12.4.1.1 Pack a 6-fnch disposable Pasture pipette 
(10 mm I.D. x 7 011 l~ngth} with a piece of 
glass wool. Push the wool to the neck of the 
disposable pipette. Add 10 grams of activated 
silica gel in methylene chloride sJurry to the 

disposable pipette. Gently tap the column to 
settle the silica gel and elute the methylene 
chloride. Add 1 gram of anhydrous sodium sul­

fate to the top of the silica gel column. 
12.4.1.2 Prior to initial use, rinse the column wfth 

methylene chloride at 1 ml/min for 1 hr to 
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remove any trace of contaminants. Preelute the 
column with 40 ml of pentane. Discard the eluate 
and just prior to exposure of the sodium sulfate 
layer to the air. transfer the 1 ml of the cyclo­
hexane sample extract onto the column. using an 
additional 2 1Al of cyclohexane to complete the 
transfer. Allow to elute through the column. 

12.4.1.3 Just prior to exposure of the sodiu~ sulfate 
layer to the atr. add 25 d. of pentane and con­
tinue elution of the column. Discard the pen­
tane eluate. [Note: The pentane fraction 
contains the aliphatic hydrocarbons collected 
on the filter/ adsorbent conbination. If inter­
ested. this fraction inay be analyzed for specific. 
aliphatic organics.] Elute the column with 25 II(, 

of •ethylene chlorlde/pentane (4 + 6) (Y/V) and 
collect the eluate in a 500 Ill K-0 flask equipped 
with a 10 ml concentrator tube. [Note: This 
fraction contains the B(a]P and other inoderately 
polar PAHs). Elution of the column should be 

at a rate of about 2 at/111in. Concentrate the 
collected fraction to less than 10 1111.. by the 
K-0 technique. as illustrated in Section 12.3 
usfng pentane to rinse ·the walls of the glass­
ware. The extract is now ready for HPLC or GC 
analysis. [Note: An additional elution through 
the coluRVl with 25 ml of methanol will collect 
highly polar oxygenated PAHs with more than one 
funct fonal group. This fraction may be analyzed 
for specific polar PAHs. However. additional 
cleanup by solid phase extraction 11ay be required· 
to obtain both qualitative and quantitative data 
due to conplexity of the eluant.] 

12.4.2 Lobar Prepacked Column Procedure 

12.4.2.1 The setup using the Lobar prepacked columo con­
sists of an injection port. septum. pump, pre­
column containing sodium sulfate, lobar prepacked 
column and solvent reservoir. 

' 

I 
i 
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12.4.2.2 The column is cleaned and activated according 
to the following cluoop sequence: 

Fraction Solvent Composition Volttn~ (llll) 

1 100% Hexane 20 
2 80i Hexane/20S Methylene Chloride 10 
3 SOX Hexane/SOS Methylene Chloride 10 
4 100% Methylene Chloride . 10 
5 95% Methylene Chlorfde/5% Methanol 10 
6 801 Methylene Chloride/20% Heth~nol 10 

12.4.2.3 Reverse the sequence at the end of the run and 
nm to the lO<n hexane tract ion 1n order to 
1cttvate the column. Discard 111 frictions. 

12.4.2.4 Pre-elute the colu111n with 40 llll. of hexane, 
Mlich 1s also discharged. 

12.4.2.5 Inject 1 Ill. of the cyclohexane sa111pl~ extract, 
followed by 1 al fnject fon of blank cyclohexane. 

12.4.2.6 Continue elution of the colu•n wfth 201111.. of 
hexane. Mlfch 1s 1lso dtscharged. 

12.4.2.7 Now elute the column with 180 Ill of a 40/60 
•fxture of •ethylene chloride/hexane respectively. 

12.4.2.8 Collect approxfaately 180 d.. of the 40/60 111ethy­
lene chloride/hexane •txture fn a K-0 concentrator 
assenbly. 

12.4.2.9 Concentrate to less than 10 ml w1th the K-0 
assenbly as discussed in Section 12.2. 

12.4.2.10 The extract is now ready for either HPLC or 
GC analysis. 

13. Gas Chromatography Analysis with Flame Ionization Detection 

13.1 Gas chrmatography (GC) is a quantitative analytical technique 
useful for PAH 1dentfffcat1on. Th1s method provides the user the 
flexibility of column selection (packed or capillary) and detector 
(flame fon1zat1on (FI) or mass spectrometer (MS)] selection. The 
■ass spectr001eter·provfdes for spec1f1c 1dent1ftcat1on of B(a)P; 
however. w1th syste• optiaizatton. other PAHs may be qualitatively 
and quantitatively detected using HS {see Section 14.0). This 
procedure provides for common GC separation of the PAHs wtth 
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subsequent detection by either fl or MS (see Figure 12.0). The 
following PAHs have been quantified by GC separation with either 
fl or MS detect ton: 

Acenaphthene 
Acenaphthylene 
Anthracene 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(e)pyrene 
8enzo(g.h,1)perylene 
Benzo(k)fluoranthene 

Chrysene 
Oibenzo(a 0 h)anthracene 
fluoranthene 
f1uorene 
Indeno(l.2.3-cd)pyrene 
Naphthalene 
Phenanthrene 
Pyrene 

The packed column gas chranatographfc ~ethod described here can not 
adequately resolve the following four pairs of conpounds: anthricene 
and phenanthrene; chrysene and benzo(a)anthracene; benzo(b)fluoran­
thene and benzo(k)fluoranthene; and dfbenzo(a.h) anthracene and 
tndeno(l.2,3-cd)pyrene. The use of• capillary column fnstead of . 
the packed column. also described 1n this inethod. should adequately 
resolve these PAHs. However. unless the purpose of the analysis can 
be served by reporting a quantitative su• for an unresolved PM pair. 
either cap11 lary gas chr011atography/111ass spectroscopy (Section 14.0) 
or high performance liquid chronatography (Section 15.0) should be 
used for these cooipounds. This section will address the use of 
GC/FI detection usfng packed or _capillary columns. 

13.2 To achieve maxi111U111 sensitiv~ty with the GC/FI fflethod 0 the extract 
must be concentrated to 1.0 ml. ff not already concentrated to 1 ml. 
If not already concentrated to 1 ml. add a clean boiling chip to the 
methylene chloride extract in the concentrator tube. Attach a two­
ball micro-Snyder column. Prewet the micro-Snyder column by adding 
about 2.0 ml of methylene chloride to the top. Place the micro K-0 
apparatus on a hot water bath (60 to 65°C) so that the concentrator 
tube is partially im:nerse<I fn the hot water. Adjust the vertical 
posit io~ of the apparatus and the water temperature as requf red to 
complete the concentration in S to 10 minutes. A~ the proper rate 
Qf distillation the balls will actively chatter but the chani>ers 
will not flood. When the apparent volume of· liquid reaches 0.5 ml. 
remove the K-0 apparatus. Orain and cool for at least 10 minutes. 
Remove the micro-Snyder column and rinse fts lower Joint into the 
concentrator tube wfth a small volume of methylene chloride. Adjust 
the final volume to 1.0 ml and stopper the concentrator tube. 

I 
; 
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13.3 Asserole and establish the following operating parameters for 
the GC equipped with In Fl detector: 

Capillary hcked 
(A} (8) 

Identification SPB-5 fused silica SPB-5 fused s n ica Chromosorb W-AW-01-CS 
capf11ary. 0.25 u11 capillary. 0.25 u~ (100/120 inesh) coated 
51: phenyl• aiethyl si phenyl. 111ethyl with 31: OV-17 
s n oxa ne bonded si1 oxane bonded 

Dimensions 30-ta x 0.25-flllll ID · 30-a X 0.25-IIHII ID 1.8 ... X 2-111111 IO 
. 

Carrier Gas Heliu111 Heltuaa Nitrogen 

Carrier Gas 28-30 a./sec 28-30 cm/ sec 30-40 aa/1111nute 
Flow Rate ( 1 aa/minute) ( 1 ca/111fnute) 

Column 
Program 35•c for 2 •fn; so•c for 2 •in; Hold 1t 1oo•c for 

progra~ at a·ctmtn program at a•C111in 4 11inuteSi progra11 at 
to 2so•c and hold to 2ao•c and hold s•c/ain to 2so•c and 
for 12 ■inutes tor 12 ■inutes hold for 15 •fnutes 

Detector Flame Ionization Flame Ionization Flame Ionfzatfon 

(A) Without column cleanup (see Section 12.4) 
(8) With column cleanup (see Section 12.4.1) 

13.4 Prepare and calibrate the chr(lfflatographic system using either 
the external standard technique (Section 13.4.1) or the internal 
standard technique (Section 13.4.2). Figure 13.0 outlines the 
following sequence involving GC calibration and retention time 
window detennination. 
13.4.l External Standard Calibration Procedure - For each analyte 

of interest. including surrogate canpounds for spiking. ff 
used, prepare calibration standards at a minimum of five 
concentration levels by adding volumes of one or more stock 
standards to a volumetric flask and diluting to volume with 
methylene chloride. [Note: All calibration standards of 
interest involving selected PAHs. of the same concentration. 

can be prepared in the same flask.] 
13.4.1.l Prepare stock standard solutions at a concentration 

of 100 ug/ul by dissolving_0.100 gram of assayed PAH 
m~terial in methylene chloride and diluting to vol­
in a 10 ml volumetric flask. [Note: larger volumes 

can be used at the convenience of the analyst.] 
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13.4.1.2 When compound purity is assayed to be 98l: o~ 
greater. the weight can be used without correc­
tion to calculate the concentration of the stock 
standard. [Kote: Commercially prepared stock 
standards can be used at any concentration ff 

they are certified by the inanufacturer or by an 
independent source.]' Trans fer the stock standard 
solutions 1n~o Teflon•-sealed screw-cap bottles. 

13.4.1.3 Store at 4•c and protect frcm light. Stock 
standards should be checked frequently for signs 
of degradation or evaporation. especially just 
prior to preparing calibration standards from 
them. Stock standard solutions must be replaced 
after one year. or sooner. if comparison with 
Check standards indicates a problem. 

13.4.1.4 Calibration standards at a •1nimum of five 
concentration levels should be prepared through 
dilution of the stock standards with inethylene 
chloride. One of the concentration levels should 
be at a concentration near. but above. the method 
detection lfmtt. The remaining concentration 
levels should correspond.to the.expected range 
of concentrations found in real samples or 
should define the working range of the GC. 
(Note: Calibration solutions must be replaced 
after six months. or sooner. if comparison 
with a check standard indicates a problem.] 

13.4.1.S Inject each calibration standard using the 
technique that will be used to introduce the 
actual samples into the gas chromatograph 
(e.g .• 1- to 3-ul injections). (Note: The 
same amount must be injected each ttme.] 

13.4.1.6 Tabulate peak height or area responses against 
the mass· injected. The results can be used to 
prepare a calibration curve for each analyte. 
(Note: Alternatively. for samples that are 

introduced into the gas chronatograph using a 

syringe. the ratio of the response to the amount 
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injected• defined.as the calibration factor (CF). 
can be calculated for each analyte at each stand­
ard concentration by the following equation: 

Calibration factor (Cf) • Total Area of Peak 
Hass injected (in nanograms) 

lf the percent relative standard deviation 
(XRSO) of the u11brat1on factor is less than 
20% over the working range, 1 i neari ty through 

.the origin can be assumed. and the average 
calibration factor can be used in place of a 

calibration curve.] 
13.4.1.7 The working calibration curve or ?libration 

factor ■ust be verified on each working day by 

the injection of one or aore calibration 
standards. If the response for any analyte 
varies fr011 the predicted response by mre 
than .!,201. a new calibration curve 11Ust be 
prepared for that analyte. Cal cu lite the 
percent n.rtance by the following equation: 

Percent variance• Rz - R1 x 100 
R1 

where 

R2 a Calibration factor fran succeeding analysis. 

R1 s Calibration factor frau first analysis. 

13.4.2 Internal Standard Calilbration Procedure - To use this 
approach, the analyst must select one or mre internal 
standards that are sh11lar in analytical behavior to the 

compounds of interest. The analyst must further demon­
strate that the measurement of the internal standard is 

not affected by method or matrix interferences. Due to 
these limitations. no internal standard applicable to 
alt samples can be suggested. (Kote: It 1s recommended 
that the internal standard approach be used only when the 
GC/HS procedure is employed due to coelut1ng species.] 
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13.4.Z.1 Prepare calibration standards at a mfnfmum of 
five c~ncentrat1on levels for each analyte of 
interest by adding volUffleS of one or more stock 
standards to a volumetric flask. 

13.4.2.2 To each calibration standard. add a known con­
stant amount of one or mre internal standard 
and dilute to volume with methylene chloride. 
[Note: One of the standards should be at a 
concentration near• but above• the method 
detection 11•f~. The other concentrations 
should correspond to the expected range of 
concentrations found fn real samples or should 
deftne the working range of the detector.] 

13.4.2.3 Inject each ca11brat1on standard using the same 
introduction technique that will be applied to 
the actual samples (e.g., 1- to 3-ul injection). 

13.4.2.4 Tabulate the peak hetght or area responses against 
the concentration of each compound and internal 

standard. 
13.4.2.5 Cal cu late response factors (RF) for each compound 

as follows: 

Response Factor (RF)• (AsCfs)/{AfsCs) 

\olhere: 

As • Response for the analyte to be measured 
(area units or peak height). 

A1s = Re~ponse for the internal standard. 
{area units or peak height). 

Cis • Concentratfon of the internal standard, 
(ug/l). 

Cs• Concentration of the analyte to be 
measured. (ug/l). 

13.4.2.6 If the RF value over the working range is con­
stant ( <20% RSO). the RF can be assumed to be 
invariant. and the average RF can be used for 
calculations. [Note: Alternatively. the results 
can be used to plot a calibration curve of 
response ratios. As/A1s versus RF.] 
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13.4.2.7 The working ca11~rat1on curve or RF must be veri­
fied on each working day by the measurement of 
one or •ore calibration standards. 

13.4.2.8 If the response for any Halyte varies ·froca ~he 
predicted response by IA)re than ,!_20i. a new cal 1-
bratfon curve ■ust be prepared for that COCllpound. 

13.5 Retention Time Windows Deten1tinat1on 

13.5.1 Before analysis can be perfomed. the retention time windows 
must be established for each analyte. 

13.5.2 Hake sure the GC system is within opttmum operating condi­
tions. 

13.S.3 Kake three injections of the standard contatning alt 
cocapounds for retention time window detena1natfon. (Note: 
The retention time window 111Ust be established for each 
analyte throughout the course of a 72-hr period.] 

13.S.4 The retention window is defined as plus or afnus three 
t1aes the standard deviation of the absolute retention 
tiiaes for each standard. 

13.S.S Calculate the standard deviation of the three absolute 
retention times for each single component standard. In 
those cases where the standard deviation for a particular 
standard is zero. the laboratory must substitute the 
standard deviation of a close eluting. similar compound 
to develop a valid retention time window. 

13.5.6 The laboratory mus_t calculate retention time windows for each 
standard on each GC column and whenever a new GC column 
1s installed. The data must be noted and retained 1n a 
notebook by the laboratory as part of the user SOP and 

as a quality assurance check of the analytical system. 

13.6 Sample Analysis 

13.6.1 Inject 1- to 3-ul of the methylene chloride extract fran 
Section 13.2 (however. the same amount each time) using 
the splitless injectton technique when using capillary 
column. (Note: Smaller (1.0 ul) volumes can be injected 

if automatic devices are employed.] 



412 Methods for Determination of Toxic Organic Compounds in Air 

13.6.2 Record the volume injected and the resulting peak size 
1n area units or peak height. 

13.6.3 Using either the internal or external calibration pro­
cedure. detenaine the identity and quantity of each ccxn­
ponent peak in the sa~ple chr011atogram through retention 
time window and established calibration curve. Table 2 
outlines typical retention times ·tor selected PAHs. using . . 
both the packed and capillary column technique coupled 
with FI detection, \lthile Figure 14.0 illustrates typical 
chromatogram for a packed column analysis. 
13.6.3.1 If the_ responses exceed the linear range of 

the system, dilute the extract and reanalyze. 
It is rec011mended that extracts be diluted so 
that all peaks are on scale. Overlapping 
peaks are not always evident when peaks are off 
scale. Computer reproduction of chr0111atograms, 
111anipulated to ensure all peaks are on scale 
over a 100-fold range, are acceptable if linearity 
1s det110nstrated. Peak height 111easurements are 
recoinmended over peak area integration when over­
lapping peaks cause errors in area integration. 

13.6.3.2 Establish daily retention time windows for each 
analyte. Use the absolute retention time for 
each analyte from Section 13.5.4 as the midpoint 
of the window for that day. The daily retention 
time window equals the midpoint.!. three times the 
starxlard deviation determined in Section 13.5.4. 

13.6.3.3 Tentative identification of an analyte occurs 
when a peak fr011 a sample extract falls within 

the daily retention time window. [Note: Con­
fin11ation may be required on a second GC column. 
or by GC/HS (if concentratfon permits) or by 

other recognlzed confimation techniques if 
overlap of peaks occur.] 

13.6.3.4 Validation of GC syste111 qualitative performance 
is perfonned through the use of the midlevel 
standards. If the mid-level standard falls out­
side its daily retention time window. the· system 
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is out of control. Oetennfne the cause of the 
problem and perform a new calibration sequence 
(see Section 13.4). 

13.6.3.5 Additional validation of the GC systeai pe_rfon11• 

ance fs detenained by the surrogate standard 

recovery. If the recovery of the surrogate 

standard dev1 ates fr0111 lO!n by not. 110re than 

2ox. then the sample extraction. concentration. 
clean-up and analysis is certified. If it 

exceeds this value. then detenatne the cause 
of the problem and correct. 

13.6.4 Deten11ine the concentration of each analyte in the sa.ple 
according to Sections 17.1 and 17.2.1. 

14. Gas Chromatography with Hass Spectroscopy Detection 

14.1 The analysis of the extracted sample for benzo[a)pyrene and other 
PAHs is acconpli shed by an electron impact gas chroaatography/•ass 

spectrcmetry (El GC/HS) in the selected ton 11onftoring (SlH) 111ode 

with a total cycle time (including voltage reset time) of one 
second or less. The GC fs equipped with lln ult.ra Ho. Z fused 
sflfca capillary column {50◄ x 0.25-111111 I.D.) with helfu~ carrfer 
gas tor analyte separation. The GC column is temperat~re controlled 

and interfaced directly to the HS ton s'ource. 
14.2 The laboratory must document that the EI GC/HS system is properly 

maintained through periodic calibration checks. The GC/MS system 

should have the following specfffcatfons: 

Hass range: 35-500 amu 
Scan time: 1 sec/scan 
GC Column: 50 ax 0.25 llll'A 1.0. (0.25 um fil~ thickness) 

Ultra No. 2 fused silica capillary column or equivalent 
Initial co\umn temperature and hold time: 4o•c for 4 ■in 
Column temperature program: 40-270°C at 1o•c/ain 
Final column temperature hold: 270°C (until benzo(g,h,i) perylene 

has eluted) 
Injector te111perature: 250-300°C 
Transfer line temperature: 250-300°C 
Source temperature: According to manufacturer• s speci ficat fons 
Injector: Grob-type. splftless 
El Condition: 70 eV 
Mass Scan: Follow manufacturer instruction for select ion 

monitoring (SIM) mode. 
Sample volume: 1-3 ul 
Carrier gas: Helium at 30 cm/sec. 
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The GC/HS is tuned using a 50 ng/ul solution of decafluorotr1phenyl­
phosphfne (OFTPP). The DFTPP penafts the user to tune the mass s~ec­
trometer on a daily basis. If properly tuned. the OFTPP key ions 
and ion abundance criteria should be 11et as outlined 1n Table 3. 

14.3 The GC/HS operating condftions are outlined in Table 4. The 
GC/HS system can be calibrated using the external standard tech­
ntque (Section 14.3.1) or the internal standard technique 
(Sect ton 14.3.2). Figure 15.0 outlines the following sequence 
fnvolvfqg the GC/HS calibration. 
14.3.1 External standard calibration procedure. 

14.3.1.1 P~epare calibratton standard of B[a]P or other. 
PAffs•at a •fni■llll of five concentration levels 
by adding YOl!Mlles of one or 11ore stock standards 
to l vo1U111etr1c flask and diluting to volU111e 
with ~t~lene chloride. The stock standard 
solution of 8[a]P (l.o ug/ul) •ust be prepared 
fr0111 pure standa~ materials or purchased as 
certified solutions. 

14.3.1.2 Place 0.0100 gr1111s of natfve 8(a]P or other PMts 
on a tared ,1lU111fnu11 wefghfng df sic and wefgh on 

a Hettler balance. 
14.3.1.3 Quantitatively. transfer to a 10 1111 volumetric 

flask. Rfnse the weighing disk with several 
small portions of methylene chloride. Ensure 
all material has been transferred. 

14.3.1.4 Dilute to mark with methylene chloride. 
14.3.1.5 The concentration of the stock standard solution 

of B(a]P ot other PAHs in the flask 1s 1.0 ug/ul 
[Note: Commer1ca11y prepared stock standards may 
be used at any concentration if they are certified 
by the manufacturer or by an independent source.] 

14.3.1.6 Transfer the stock standard solutions into Teflon•­
sealed screw-cap bottles. _Store at 4•c and pro­
tect fran lfght. Stock standard solutions should 
be checked frequently for signs of degradation or 
evaporation. especially just prtor to preparing 
caltbratton standards fr0111 them. 
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14.3.1.7 Stock standard solutions 111ust be replaced after 

1 yr or sooner if comparison with quality control 
check samples indicates a problem. 

14.3;1.8 Calibration standards at a atni111Um of ftve·con­
centratfon levels should be prepared. (Note: 
One of the calibration standards should be at a 
concentration near• but ~ove the 111ethod detect ion • 
li•it: the others should correspond to the range 
of concenratfons found fn the sample but should not 
exceed the working range of the GC/KS. system.] 
Accurately pipette 1.0 •1 of the stock solution 
(1 ug/ul) into another 10 Ill. volumetric flask. 
dilute to mark with methylene chloride. Thfs 
daughter solution contains 0.1 ug/ul of 8(a]P 
or other PAHs. 

14.3.1.9 Prepare a set of standard solutions by 1.pproprt­
ately diluting. with methylene chloride. accu­
rately 111easured volumes of the daughter solution 
(0.1 ug/ul). 

14.3.1.10 Accurately pipette 100 uL. 300 ul. S00 ul. 700 ul 
and 1000 ul of the daughter solution (0.1 ug/ul) 
into each 10 ml volumetric flask. respectively. 
To each of these flasks. add an internal deuterated 
standard to give a final concentration of 40 

. ng/ul of the internal deuterated standard (Sect ion 
14.3.2.1). Dilute to •ark with ~ethylene chloride. 

14.3.1.11 The concentration of B(a]P in each flask isl ng/ul. 
3 ng/ul. 5 ng/ul. 7 ng/ul. and 10 ug/ul respec­
tively. Al 1 standards should be stored at 4°C 
and protected fron fluorescent light and should 
be freshly prepared once a week or sooner if check 

standards indicates a problem. 
14.3.1.12 Analyze a constant volume (1-3 ul) of each cali­

bration standard and t~ulate the area responses 
of the primary characteristic ion of each stand­
ard against the mass injected. The results may 
be used to prepare a calibration curve for each 
conpound. Alternatively. if the ratio of response 
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to a1110unt injected (calibration factor) is a 
constant over the working range (<20% relative 
standard deviation, RSO), linearity through the 
orfgfn may be assumed and the average ratio or 
calibration factor •ay be used in place of a 
calibration curve. 

14.3.1.13 The worlcfng calibration curve or calibration 
factor IIIUSt be ver1f1 ed on each working day 
by the aeasurement of one or more calibration 
standards. If the response for any parameter 
varies froa the predtcted response by irore than · 
.!, 20%, the rest must be repeated using a fresh 
calibration standard. Alternatively. a new 
calibration curve or calibration factor must 
be prepared for that compound. 

14.3.2 Internal -~~andard calibration procedure. 

14.3.2.1 To use this approach. the anal~t ~ust select 
one or 1110re internal standards that are similar 
in analytical behavior to the ccmpounds of inter­
est. F9r analysis of B(a]P. the an~lyst should 

use perylene -d12• The analyst must further demon­
strate that the measurement of the internal standard 
1s not affected by method or matrix interferences. 
The following internal standards are suggested 
at a concentration of 40 ng/ul for specific PAHs: 

Perylene - d12 

Benzo(a)pyrene 
Benzo(k)fluoranthene 
Benzo(g,h,i}perylene 
Oibenzo(a ,h) anthracene 
lndeno(l,2,3-cd)pyrene 

Chrysene - dp 

Benzo{a)anthracene 
Chrysene 
Pyrene 

Acenaphthene - d1n 

Acenaphthene 
Acenaphthylene 
Fluorene 

Naphthalene - ds 

Naphthalene 

Phenanthrene -d10 

Anthracene 
Fluoranthene 
Phenanthrene 

14.3.2.2 A mfxture of the above deuterated compounds in 
the appropriate concentration range are coo1~~­
cfally available (see Section 9.3.1.5). 
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14.3.2.3 Use the base _peak ion as the primary ion for 

quantification of the standards. If interferences 
are noted. use the next two 1110st intense ions 
as the secondary tons. The internal standard 
is added to all calibration standards and all 
sample extracts analyzed by GC/HS. Retention 

time standards. column performance standards. 
and a aass spectrOlleter tuning standard 111ay .be 
included in the internal standard solution used. 

14.3.2.4 Prepare calfbratfon standards at a •fnf.aum of­
three concentration level for each parameter of 

interest by adding appropriate volumes of one 
or 110re stock standards to a volumetric flask. 
To each calibration standard or standard mixture. 
add a known constant a1110unt of one or 110re of the 

internal deuterated standards to yield a resulting 
concentration of 40 ng/ul of internal standard 
and dilute to volume with methylene chloride. 

One of the calibration standards should be at a 
concentration near. but above. the ~inimum detec­
tion limit (MOL} and the other concentrations 
should correspond to the expected range of 
concentrations found in real samples or should 
define the working range of the GC/MS system. 

14_.3.2.5 Analyze constant amount (l-3 uL) of each cal ibra­
tion standard and tabulate the area of the 
primary characteristic ion against concentration 
for each coopound and ·.foternal standard. and 
calculate the response factor (Rf) for each analyte 
using the following equation: 

Where: 
As ,. Area of the characteri st k ion for the 

analyte to be •easured. 
= Area of the characteristic ion for the 

internal standard. 
a Concentration of the internal standard, 

(ng/uL). 
Cs "' Concentration of the anal yt e to be 

measured. ( ng/ ul). 
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If the RF value over the working range is a con­
stant (<201 RSO), the RF can be assumed to be· 
invariant and the average RF can be used for 
calculations. Alternatively. the results can 
be used to _plot a calibration curve of response 
ratios. As/Ais• vs •. RF. Table 5.0 outlines key 
ions for selected internal deuterated standards. 

14.3.2.6 The workfng calibration curve or RF must be veri­
fied on each working day by the measurement of one 
or 1110re calibration standards. If the response 
for any parameter varies fro:n the predicted response 
by 1110re than !,201 0 the test must be repeated using 
a fresh calibration standard. Alternatively, a 
new calibration curve ~ust be prepared. 

14.3.2.7 The relative retention times for each compound 

tn each calibration run should agree within 
0.06 relative retention time units. 

14.4 Sample Analysis 

14.4.1 It is highly reconmended that the extract be screened on a 
GC/FIO or GC/P[O using the same type of cap11 lary column 
as in the GC/HS procedure. This will minimize contamina­
tion of the GC/HS system fr011 unexpectedly high concentra­
tions of organic compounds. 

14.4.2 Analyze the 1 ml extract {see Section 13.2) by GC/HS. 
The reconmended GC/HS operating conditions to be used 
are specified in Section 14.2. 

14.4.3 If the response for any quantitation ion exceeds the 
1 nit1al calibration curve range of the GC/HS system, 
extract dilution must take place. Addftfonal internal 
standard must be added to the diluted extract to maintain 
the required 40 ng/ul of each internal standard fn the 
-extracted volume. The diluted extract must be reanalyzed • 

. 14.4.4 Perform all qualitative and quantitative measurements as 
described fn Section 14.3. The typical characteristic ions 
for selective PAHs are outlined fn Table 6.0. Store the 
extracts at 4°C. protected from light in screw-cap vials 
equipped with unpferced Teflon•-lined 0 for future analysis. 
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14.4.5 For sample analysis. the comparison between the sample and 
references spectru111 aust illustrate: 

(1) Relative intensities of major ions fn the reference 
spectru111 (ions >lOl of the most abundant ton) should be 
present in the sample spectru111. 

(2) The relative fntensfttes of the major ions should 
agree within +201. (Example: For an ton with an abundance 
of sen in the-standard spectru111. the corresponding sample 
ton abundance 1111.1st be between 30 and 701). 

(3) Holecular ions present in the reference spectru• 
should be present in the sample spectrum. 

(4) Ions present fn the sample spectru• but not in the 
reference spectru• should be reviewed for possible back­
ground contaminatfuon or presence of coeluting compounds. 

(5) Ions present in the reference spectru111 but not in 
the sample spectru111 should be reviewed for possible sub­
tract ion fr0111 the sample spectnua because of background 
contamination or coel ut fng peaks. Data syste111 11 brary re­
duct ion programs can socaetimes create these discrepancies. 

14.4.6 Determine the concentration of each analyte in the sample 
accordfng to Sect ions 17 .1 and 17 .2.2. 

14.5 GC/HS Perfonnance Tests 

14.5.1 Oaily OFTPP Tuning - At the beginning of each day that 
analyses are to be performed. the GC/HS system must be 
checked to see that acceptable performance criteria are 
achieved when challenged with a 1 ul injection volume 
containing 50 ng of decafluorotriphenylphosphine (OFTPP). 
The OFTPP key tons and ion abundance criteria that ■ust 
be met are illustrated in Table 3.0. Analysts should not 
begin until all those criteria are met. Background 
subtraction should be staightforward and designed only to 
eliminate column bleed or instrument background ions. 

The GC/MS tuning standard should also be used to assess 
GC column perfonnance and injection port inertness. 
Obtain a background correct ion 111ass spectra of OFTPP and 
check that all key ions criteria are met. If the criteria 
are not achieved. the analyst must retune the mass spectronete 

and repeat the test until all cr1ter1a are achieved. The 
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perfonnance criteria must be achieved before any samples. 
blanks on standards are analyzed. If any key 1on abundance 
observed for the daily OFTPP mass tuning check differs by 
more than lOl absolute abundance from that observed d~ring 
the previous daily tuning, the instrument •ust be retuned 
or the sample ard/or calibration·solution reanalyzed until 
the above condition 1s inet. 

14.S.2 Daily 1-point Initial Calibration Check - At the beginning 
of each work day, a daily 1-point calibration check is 
perfonned by re-evaluating the midscale calibration 

_standard. This 1s the same check that t~ applied during 
the initial calibration, but one instead of five working 
standards are eval_uated. Analyze the one working standards 
under the same coooitfons the initial calibration curve 

was evaluated. Analyze 1 ul of each of the •id-scale 
calfbration.stardard and tabulate the area response of 
the primary characteristic ion against mass injected. 
Calculate the percent difference using the following 

equation: 

i Difference• RFc - RF1 x 100 

RFJ 

Where: 
RF1 .. average response factor fron initial cali­

bration using mid-scale standard. 

RFc = response factor from current. verification check 
usin~ .:-:id-scale standard. 

If the percent diffE:rence for the mid-scale level is 
greater than IOt, th~ laboratory should consider this a 
warning limit. If the percent difference for the mid-scale 
standard is less than 2oi, the initial calibration is 

assumed to~ valid. If the criterion fs not met (<20i 
difference), then corrective action HUST be taken. [Note: 
Some possible problems are standard _mixture degradation. 
injection port inlet contamination. contamination at the 
front end of the analytical column, and active sites in the 

column or chromatographic system.] 'This check must be met 
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before analysis begins. If no source of the problem can be 

detenained after corrective action has been taken. a new 
five-point calibration .!!:!ll be generated. This criterion 
HUST be Met before s1111ple analysts begins. 

14.5.3 12-hour Calibration Verification - A calibration standard 
at ■id-level concentration containing B(a]P or other PAHs 
IIIUSt be perlonaed every twelve continuous hours of analysis. 
Compare the standard every 12-hours with the ave~age response 
factor fraa the 1n1tfa1 calfb,:atfon. If the 1 difference 
for the response factor (see Section 14.S.2) is less than 
2m. then the GC/HS systeni is operative within initial cali­
bration values. If the crfterta is not 11et (>201 difference)~ 
then the source of the probleia IIIUSt be detenllined and a new 

five-point curve HUST be gener.ated. 
14.5.4 Surrogate Recovery - Additional validation of the GC system 

perfonaance is dete,..ined by the surrogate standard recovery. 
If the recovery of the surrogate standard deviates frOII 10~ 

by not 1110re than 201, then the sample extraction, concentra­
tiQn0 clean-up and analysis ts certified. If it exceeds this 
value, then determine the cause of the problem and correct. 

l~. High Perfonnance Liquid Chromatography {HPLC) Detect ion 

15.l Introduction 

1~.1.1 Oetection of B[a)P by HPlC has also been a viable tool in 
recent years. The procedure outlined below has been writ­
ten specifically for analysis of B[a]P by HPlC. However, by 

opti~izing chromatographic conditions [{multiple detector 
fluorescence - excitation at 240 nm, emission at 425 nm; ul­
traviolet at 254 m}] and varying the mobile phase composi­
tion throug_h a gradient program, the following PAHs may 
also be quantitatified: 

COMPOUND DETECTORl 

Acenaphthene W 
Acenaphthy lene UV 
Anthracene W 
Benzo{a)anthracene fl 
Benzo(a)pyrene Fl 
Benzo(b)fluoranthene Fl 
Benzo(e]p rene FL 

·senzo( hi er lene fl 
UV= Ultraviolet 
fl= Fluorescences 

COMPOUND OETECTORl 

Benzo(k)fluoranthene fl 
Oibenzo(a.h)anthracene Fl 
fluoranthene Fl 
fluorene UV 
Indeno(l,2,3-cd)pyrene Fl 
Naphthalene UV 
Phenanthrene UV 
P rene fl 
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15.1.2 This method provides quantitative 1dentiffcat1on of the~­
lected PAH's cmpounds listed above by hfgh performance liquid 
Chronatography. It fs based on separating of compounds of 
a liquid •fxture through a liquid chromatographic column and 
aeasurfng the sepuated c011ponents with suitable detectors. 

15.1.3 The aethod involves solvent ex~ange. with subsequent HPLC 

detection involving ultraviolet (UV) and fluoresence (Fl) 
detection. 

15.2 Solvent Exchange To Acetonitrile 

15.2.1 To the e,ctract 1n the concentrator tube. add 4 llll. of ace­
tont trfle and a new, boflf ng chip; attach a •icro-snyder 
column to the apparatus. 

15.2.2 Increase temperature of the hot water bath to 95 to 1oo•c. 
15.2.3 Concentrate the solvent as in Section 12.3. 

1S.2.4 After cooling. remove the ■fcro-Snyder column and rinse its 
lower sections Into the concentration tube with approxi­
mately 0.2 d. acetonitr fl e. 

15.2.S Adjust its volume to 1.0 fill.. 

15.3 HPLC Assenbly 

15.3.1 The HPlC system is assenbled. as illustrated in Figure 10. 

iS.3.2 The HPlC systeia is operat~ according to the following para­
•eters: 

HPLC Operating Parameters 

Guard Column: VY0AC 201 GCCIOYT 
Analytical Column: VY0AC 201 TP5415 C-18 RP (0.46 x 25 cm) 
Column Temperature: 
Nobile Phase: · 

-;,; .o + 2·c 
Solvent.Composition 

40t Acetonitrile/601 water 
1001 Acetonitrfle 
1001 Acetonitrile 
40: Acetonitrile/60: water 

Time (Minutes) 
0 

25 
3S 
45 

linear gradient elution at 1.0 ml/min 
Detector: Variable wavelength ultraviolet and fluore-

scence. · 
Flow Rate: 1.0 ml/minute 
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(Note: To prevent irreversible ibsorption due to •dtrty"' 

injections Hd premature loss of coluan efficiency. a 
guard cotU111R is tnst&l led betweea the injector ac,d the 

analyttcal column. The guard colu11rt fs generilly packed 

wfth identical aaterhl as is found 1n the analyt fut 

column. The guard column fs generally replaced with a 

fresh guard column after several 1njectfons ( 50) or 
wen separat10ft between .cOllpounds becomes difficult. 

The analytical column specified in thfs procedure has 

been laboratory evaluated. Other analytical colu~ns 

aay be used as 1 ong · as they ,aeet procedure and separation 

requiresaents. Table 7.0 outlines other colu111ns uses to 
detenafne PAHs by HPLC.] 

15.3.3 The 11101>11e phases are placed fn separate HPLC solvent ,. 
reservoirs and the pumps ar~ set to yield a total of 

1.0 d./111inute and allowed to pump for 20-30 •inutes 

before the first analysts. The detectors are switched on 

n least 30 •fnutes before the first analysis. UV 4etec­

tfon at 254 n11 is generally preferred. The fluorescence 

spectroneter excitation wavelengths range froa 250 to 800 

nanometers. The excitation and emission slits are both 
set at 10 nan<meters nminal bandpass. 

15.3.4 Before each analysts. the detector baseline is checked 

to ensure stable operation. 

15.4 HPLC Calibration 

15.4.l Prepare stock standard solutions at PAI-I concentrations of 

1.00 ug/ul by dissolving 0.0100 graias of assayed mterial in 

acetonitrile and diluting to volume in a 10 ml volumetric 

flask. (Note: larger volumes can be used at the convenience 

of the analyst. When compound purity fs assayed to be 981 

or greater. the weight can be used without correction to 
calculate the concentration of the stock standard.] C011111er­

c1a1 ly prepared stock standards can be used at any concen-_ 

tration ff they are certified by the manufacturer or by an 

f ndependent source. 
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1S.4.2 Transfer the stock standard solutions into Teflon~-sealed 
screw-cap bottles. Store at ◄•c and prote~t from light. 

· Stock standards should be cheded frequently for signs of 
degradation or evaporation, especially just prior to pre­
paring calibration standards fro- theffl. 

15.4.3 Stock standard solutions iaust be replaced after one year. or 
sooner. if coupartston with _check sttndards indicates a problem. 

15.4.4 Prepare calibration standards at a ■inirom of five concentra­
tion levels ranging fr011 1 ng/ul to 10 ng/ul by first diluting 
the stock standard 10:1 with acetonitrile. giving a daughter 
solut1?n of 0.1 ug/ul • .Accurately pipette 100 uL. 300 ul. 
S00 ul. 700 ul and 1000 ul of the daughter solution (0.1 ug/ul) 
into each 10 ml volU111etric flask. respectively. ·oilute to 
•ark with acetonitrile. One of the concentration levels 
should be at a concentration near. but above. the anethod 
detection lf■ft (NOL). The recaafnfng concentratfon levels 
should correspond to the expected rHge of concentrations 
found 1 n real samples or should define the working range 
of the HPLC. (Note: Calibration standards must be replaced 
after six mnths. or sooner. 1f conparison with check standards 
indicates a problenr.) 

15.4.S Analyze each calibration standard (at lease five levels) 
three ttmes. Tabulate area response vs. mass injected. 
All ca lib rat 1on runs are performed as described for sample 
analysis in Section 15.5.1. Typfcal retetion times for 
specific PAHs are illustrated in Table 8.0. linear response 

• is indicated where a correlation coefficient of at least 
0.999 for a linear least-squares fit of the data (concen­
tration versus area response) is obtained. The retention 
times for each analyte should agree within!.. 21. 

15.4.6 Once linear response has been documented. an intermediate con­
centration standard near the anticipated levels for each c011-
ponent1 but at least 10 times the detection limit, should be 
Chosen for a daily calibration check. The response for the 
various components should be within lSt day to day. If greater 
var1ab1lity 1 s observed. recalibration may be required or a 

new calibration curve must be developed from fresh standards. 

J 
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15.4.7 The response.for each component 1n the daily calibration 

st4ndard 1s used to calculate a response factor according to 
the following equation: 

Where 

Rfc • Cc xv, 
Re 

Rfc • response factor (usually area counts) for the 
coaponent of interest 1n nanogra111s injected/ 
response unit. 

Cc • concentration (■g/l) of analyte 1n the daily 
calibration standard • . 

Y1 • volume (ul) of calibration standard injected. 

Re • response (area counts) for analyte tn the calt­
bratfon standard. 

15.5 Sample Analysis 

15.5.1 A 100 ul aliquot of the sa■ple is drawn into a clean HPLC 
injection syringe. The s•ple injection loop JlO ul) is 
loaded and an injection is aade. The data systea, 1f Hat­
ble. is activated sim~ltaneously with the injection and the 
point of injection is marked on the strip-chart recorded. 

15.5.2 After approximately one minute. the injection valve is 
returned to the •1oad• position and the syringe and valve 
are flushed with water in preparation for the next sample 
analysis. 

15.5.3 After elution of the last component of interest, concen­
trations are calculated as described in Section 16.2.3. 
(Note: Table 8.0 illustrates typical retention times asso­
ciates with individual PAHs, while figure 17 represent a 
typical chrmatogra111 associates with fluorescence detection.) 

15.S.4 After the last c0111pound of interest has eluted. establish 
a stab le baseline; the system can be now used for further 
sample analyses as described above. 

15.5.5 If the concentration of analyte exceeds the linear range 
of the instrument, the sample should be 'diluted with mobile 
phase. or a smaller volume can be injected into the HPLC. 
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15.S.6 Calculate surrogate standard recovery on al 1 samples, blanks· 
and spikes. Calculate the percent difference by the follow­
ing equation: 

J difference • ~ x 100 
. S[ 

Sr • surrogate injected, ng. 
~ • surrogate recovered, ng. 

15.5.J Once a ■tnt111U11 of thirty samples of the same ~atrix have been 
analyzed, calculte the averge percent recovery (U) and stand-. . 
ard devhtfon of the percent recovery (SO) for the surrogate. 

15.S.8 For a gfven 111atrb1 ca~culate the upper and lower ·control 
H■tt for ■ethod perfonunce for the surrogate standard. 
This should be done as follows: 

Upper Control lt•ft (UCl) •(JR)+ 3(SO) 

lower Control l1•1t (lCL) • (JR) - 3(SO) 

The surrogate recovery 11111st fall within the control li ■fts. 

If recovery 1s not wfth1n 11■1ts, the following 1s required. 

o Check to be sure there are no errors in calculations 
surrogate solutions and internal standards. Also, 
check 1nstnt111ent perfonaance. 

o Recalculate the data arvJ/or reanalyze the extract if 
_any of the above checks reveal a problem. 

o Reextract and reanalyze the sample ti none of the 
above are a problem or flag the data as "estimated 
concentration.• 

15.S.9 Oeter111ine the concentration of each analyte in the sample 
according to Sections 17.1 and 17.2.3. 

15.6 HPLC Systea Performance 

15.6.1 The general appearance of the HPLC system shoul~ be 

si•flar to that illustrated in figure 10. 
15.6.2 HPLC system e_fficiency is calc.ulated according to the 

following equation: 

N • 5.54 

• 
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H • colUIM efficiency (theoretical plates). 

t,- • retention ti,ne (seconds) of analyte. 

Wl/2 • width of COllponent peak at half height 
(seconds). 

A coll.lCIWI efficiency of->S.000 theoretical plates should 
be obtained. 

15.6.3 Preclsi4?n of response for replic1ie tf>LC injections should 
be !,101 or less. day to day. for anllyte calibration stand­
ards at l ug/al cu· gruter levels. At 0.5 ug/a level and 
below. precision of replicate anllyses could vary up to 251. 

Precfston of retention times should be,!.H on a given day. 
15.6.4 Froca the caltbc~tion standards. uea responses for each 

PNi C011pound CH be used against the concentrations to 

establish wortcing caltbration curves. The calibration 
curve ■ust be linear and have a correlation coefficient 
greater than 0.98 to be acceptable. 

15.6.S The working ca11bratfon curve should be checked daily with 
an analysts of one or 110re calibration standards. If the 
observed response (rp) for any PAH varies by a>re than 1si 

frOII the predicted response (rp). the test method must be 
·repeated with new calibration standards. Alternately a new 
calibration curve aust be prepared. (Note: If r0 - rp 
>lSi, recal tbration ts necessary.] rp 

15.7 HPLC Method Modification 

15.7.1 The HPLC procedure has been aut0111ated by Acurex Corpora­
tion as part of their 11SUndard Operating Procedure for 
Polynuclear Af"aaatfc Hydrocarbon Analysis by High Perfona­
ance liquid Chromatography Hettiods, 11 as reported in Refer­
ence 9 of Section 18. 

15.7.2 The system consists of a Spe~tra Physics 8100 Liquid Chronat­
ograph, a •icro-processor-controlled HPLC. & ternary gradient 
generator. &nd an autosampler (10 ul injection loop). 

15.7.3 The chromatographic analysis fnvolves an automated solvent 

program allowing unattended fnstrument operatfon. The 
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solvent program consists of four t1tne<! segments using 
varying concentrations of acetonftrile in water with a 
constan~ flow rate. a constant coltlffln temperature. and a 
l0-111inute equilibration ttine. u outlined below. 

AUTOKATED HPLC WORKtfG PARAf£TERS 

Solvent 
~ Composition· Te!!!?erature ~ 

10 •fnutes 40%. Acetonitrtle 21.0 !. 2•c 1 tnl./•fn 
equf11bration 6ot Water 

T•O 40% Acetonttrlle 
6fn Water 

T•25 tom Acetonitrile 

T•35 tom Acetonftrfle 

T•45 40t Acetonitrfle 
6ot Water 

Table 9.0 outlines the associated PAI-ts with their 111ini111Uffl 
detection 11•1ts {K>L) tdtich can be detected employing 
the aut0111ated HPLC inethodology. 

15.7.4 A Yydac or equivalent anaJytical column packed with a C1s 
bonded phase is used for PAH separation with a reverse 
phase guard col.urin. The optical detection system consists 
of a Spectra Physics 8440 variable Ultraviolet (UV)/Yisfble 
(VIS) wavelength detector and a Perkin Elmer LS-4 Fluores­
cence Spectrometer. The UV/VIS detector, controlled by 
remote programmed commands, contains a Deuterium lamp with 
wavelength selection between 150 and 600 na~oneters. It 

· is set at 254 nanometers with the time constant (detector 
response) at 1.0 seconds. 

15.7.S The LS-4 Fluorescence Spectrometer contains separate exci­
tation and emission tnonochronators which are positioned 
by separate microprocessor-controlled stepper 1110tors. tt 
contains a Xenon discharge lamp. side-on photomultiplier 
and a 3-microliter illuminated volume flow c~ll. It is 
equipped with a wavelength progra1t11ting facility to set 

the 1110nochromators automatically to a given wavelength 
position. This greatly enhances selectivity by changing 
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_t~ fluorescence exci ut ion and eiai sston detect ion wave­

lengths during the chroaatographic separ&tion 1n order to 

Opt1•b:e the detection of each PNi. The sc:it&tion wne­
lengths rHge froa 230 to 720 nanOA1eters; the eiaf~sion· 

wavelengths range frca 250 to 800 nanoaetes. The exci u­
tton and eia1ss1on slits are both set at 10 nanometers 

na1tnal bandpass. 

15.7 .6 The UV detector 1s used for detenalning Mphthalene. acenap­

thylene and acenapthene. and the fl,uoresctAce detector is 

used for the reiaafnfng PAHs. Table 9 outlines the detec­

tion techniques and •inf.,. detection ll•ft (HOL) eaployin9 

this IFLC systea. A Dual Channel Spectr-& Physics (SP) 4200 

COllputtng tntegrator. wfth a labnet power supply. provides 

df.t& an.alys1s and & chroaatogr&111. AR IBM PC XT with a 

10-■egabyte hu'd disk provides dah storage &nd reporting. 

8oth the SP4200 and the IBH PC XT can control &11 funct tons 

of the 1 nstru111ents 1n the serf es th.-ough the llbnet system 

except ~or the LS-4. libose wav~length p,-_01rua 1s started 

with & sJgnal froai the High Perfonaance liquid Chrocutograph 

&utosaiapler when ft injects. All dah &re tnns11itted to· 

the lT and stored on the hard disk. Data files can later 

be transmitted to floppy di sic storage. 

16. Quality Assurance/Quality Control 

16.1 General System QA/QC 

16.1.1 Each laboratory that uses these methods is required to oper­

ate a fonnal quality control program. The minimum require­

Ments of tMs,progra11 consist of an inftfal demonstration 

of laboratory capability and an ongoing analysis of spiked 

samples to evaluate and documel'lt quality data •. The labora­

tory 1111.1st snaintain records to document the quality of the 

data generated. Ongoing data quality checks are compared 

wfth established perfonnance criteria to deten11fne ff the 
results of analyses meet the perfomance characteristics of 

the method. When results of sample spikes indicate a 

typical method perfomance. a quality control check stand­

ard must be analyzed to confirm that the measurements were 
performed in an in-control mode of operation. 
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16.1.2 Before processing any samples, the analyst should de1110n­

strate, through the analysts of a reagent solvent blank, 
that interferences frcn the analytical syste111, glassware, 
and rea~nts are under control. Each ttme a set of saaipl•5 
1s extracted or there 1s a dtange in reagents. a reagent 
solvent blank should be processed as a safeguard a241nst 
dtrOC1tc laboratory conta•fnatfon •. The blank sall!ples should 
be carried through alt stages of the snple preparation 
and 111easureaent steps. 

16.t.l.ror each analytical batch (up to 20 samples). a reagent 
blank, 1111trix spike•~ deuterated/surrogate samples aust 
be an,lyzed (the frequency of the spikes aay be different 
for different 1110nttorfog progra11s). The blank and spfked 
samples 111.1st be urned through all stages of the sac1ple 
preparation and measwement steps. 

16.t.4 The experience of the analyst perforafng gas chrowatography 
and high perfon1ance liquid chroaatography is 1nnluab1e 
to the. success of the tnethods. Each day that analysis is 
perfor'llled. the dafly calibration sample should be evaluated 
to detenafne if the chrOfflatographfc systeni 1s operating 
properly. Questions that should be asked are: Do the 
peaks look nonia11; Is the response windows obtafned 
comparable to the response fr011 previous calibratfons? 
Careful examfnat fon of the sta·ndard chromatogra111 can 
indicate.whether the column is stflt good, the injector is 
leaking. the fnjector septum needs replacfng. etc. If ar.y 
changes are •ade to the system (e.g •• column chan9ed}, 

. recalfbration of the system must take place. 

16.2 Process, Field, and Solvent Blanks 

16.2.1 One cartridge (XAD-2 or PUF) and filter frm -each batch of 
approximately twenty should be analyzed. without shipment 

. to the field. for the COllpounds of interest- per to serve as 
a process b1ank. A blank level of less than 10 ng per 
cartridge/filter assembly for single P.Alt conponent is 
considered to be acceptable. 
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16.2.2 Oudng each sampling episode. at least one artr1dge and 
filter should be shtpped to the field and returned. v\thout 
drawing air through the uiapler. to serve u a field blank. 

16.2.3 Ourtng the analysts of each b&td\ of suples at le~t OC\e 
solvent process bl&nk (all steps conducte.d but M cartridge 

or :i-nter tncluded) should be earned through the prOGedure 

and analyzed. Blank levels should be less than 10 ng/uaiple 

for single cOC11ponents to be accept1ble. 
16.2.4 Because the umpling configuration (filter and backup 

adsorbent) has been tested for targeted PAHs in the 

llboratory in relltionship to cotlect ion efficiency and 

has been den>nstrated to be greiter than 95i for targeted 

Pffls. no field recovery evaluation will occur as put of 

the QA/QC pragrui outltned in this section. 

16.3 Gu Chroutogr,p~ with fllllle Ionization Detection 

16.3.1 Under the calibration procedures (internal and extem1l ). the 

S RSO of the ul1brat1on factor should be <20% over the 

linear working range of a five point calibration curve 

(Sections 13.4.1.6 and 13.4.2.6). 
16.3.2 Under the calibration procedures (internal and external). 

the daily working calibration curve for each 1nalyte should 

not vary froo the predicted response by more than _!.2<n 

(Sections 13.4.1~7 and 13.4.2.8). 
16.3.3 For each analyte. the retention time window 111Ust be 

established (Section 13.5.1). verified on a daily basis 
(Section 13.6.3.2) and established for each analyte 
throughout the course of a 72-hour period (Section 13.5.3). 

16.3.4 for each analyte. the •id-level standard ,nust fall within the 
retention time window on a daily bas{s as a qualitative 
perfor111ance evaluation of the GC systetll (section 13.6.3.4). 

16.3.S The surrogate standard recovery must not deviate fr0011ooi 

by no 1110re than 2<n (Section 13.6.3.S}. 
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16.4 Gas Chronatography with Kass Spectroscopy Detection 

16.4.1 Section 14.S.1 requires the •ass spectrometer be tuned 

daily with Of'iPP and 111eet relative ion abundance require-

111ents outlined 1n Table 3. 

16.4.2 Section 14.3.1.1 requires a •1ni11U11 of five concentration 
levels or each analyte (plu~ deuter1ted internal standards) 

be pre.,.red to establish a calibration factor to illustrate 

<20% varhnce over the linear working range of the 

calibratton curve~ 

16.4.3 Section H.3.1.13 requires the verification of the working 

curv'e each work1 ng day ( ff ustng the erterna 1 standard tech­

nique) by the •easurement of one or ■ore calfbratfon stand­

ards. The predicted response 11t1st not vary by 1110re than 

+20%. 

16.4.4 Section 14.3.2.6 requires the 1n.1t1a1 calibration curve 
be verified each wrting day (if using the internal standard 

technique) by ·the measurement of one or more calibration 

standards. If the response varfes by mre than !_20% of 

predicted response, 1 fresh calibration curve (five point) 

IIIUSt be established. 

16.4.S Section tc.4.S.requires that for sat1ple analysis, the CClCll­

parfson between the sample and reference spectrum illustrate: 

(1) Relative intensities of 11ajor ions fn the reference 
spectrum ( tons > lot or the 111ost abundant ion) should be 
present in the sample spectrum. 

(2) The relative intensities of the major ions should 
agree within !_201. {Example: for an ion .with an abundance 
of SOX in the standard spectrum, the corresponding sample 
ion abundance IIIUSt "be between 30 and 70X). 

(3) Holecular ions present fn the reference spectrum 
should be present in sample the spectrum. 

(4) Ions present in the sa11pte spectrum but not in the 
reference spectrum should be revtewed for possible back­
ground contami nat iuon or presence of coel ut f ng con pounds. 

(5) tons present in the reference spectrum but not in 
the sample spectrum should be reviewed for possible sub­
traction from the sa•ple spectrum because of background 
contamination or c.oeluting peaks. Oata system library re­
duction programs can sometimes create these discrepancies. 
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16.4.6 Section 14.S.3 requires that initial «tibration curve be 

verified every twelve continuous hour of anal~ts by a 
•Id-level alibration standard. The response aust be 
less than 20i difference froca the initial r~ponse. 

16.4.7 The surrogate standard recovery IIUSt not deviate fr0t lGOi 
by no 110re than zoi (Section 14.5.4). 

16.5 High Perfonu.nce liquid Chroaatogr.aphy 

16.5.l Section 15.4.4 requires the preparation of ulibntion 
standards at a •lni•lMI of five concentration levels to 
estib 11 sh correlation coefficient of at lust 0.999 for a 
linear least-squares fit of the data. 

16.5.Z Section 15.4.5 requires that the retention t111e for each 
analyte should agree wfthfn !,2S. 

16.5.3 A daily calibration check involving an intenaediate 
standard of the initial five point calibration curve 
should be within !,15% frcn day to day. 

16.S.4 Section 15.5.6 requires the calculation of percent difference 
o_f surrogate shndard recovery 1n order to es tab lfsh 

17. Calculations 

control lf•tts: 

Upper Control Li111it (UCl) •(SR)+ 3 (SO) 
lower Control li•tt.(lCL) • (SR) - 3 (SO) 

The surrogate recovery IIIUSt fall within the control limits. 

17.1 Saaple Volume 

17.1.1 The total sample volume should be corrected to standard 
temperature and pressure. 

17.1.2 The total sample volume (V111 ) ts ,~-l~ulated frOII the 
periodic flow readings (Hagnehefic readings taken ~n. 
Section 11.3.13) using the following equation. 

Where 

Ym. Q1 + 92 ••• On X -1..... 
N 1000 

Vm • total sample volume-(~3) at aoo1ent 
conditions 

Q1. Qz ••• Qn • flow rates determined at the beginning • 
end, and intennediate points during 
sampling (m3/minute)~ 

N = number of data points. 
T • elapsed sampling time (minutes). 
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17 .1.3 The volume of air sampled can be converted to standard 
conditions (760 lllfll "g pressure and 2s•c) using the 
fo11owfng equatfo~: 

Where 

17.2 Sample Concentration 

Vs• v,. x ~ x -=29~8,;._ __ 
760 273 + tA 

Ys • total s1111ple volume (-3) at standard 
. teaperature and pressure (2s•c and 760 m 
Hg pressure). 

v. • total sllllple flow under amient condition~ 
(~). ' 

PA• ambient pressur~ (111111 Hg). 

tA • anbfent tea1perature t•c). 

17.2.1 GC/FI Detection 

17.2.1.1 The concentration of each analyte 1n the sample 
■ay be deten111ned fr011 the external standard tech• 
nique by calculating the &1110unt of standard 
injected. froi. the pealc response. using the 

calibration curve or the calibration factor 
detendned 1n Section 13.4.1.6. 

17.2.1.2 The concentration of a specific analyte 1s 
calculated as follows: 

Concentration. ng/a
3 

• (lA~J{VtJ{D)) 
( C Yi Vs)] 

Where: 

CF • ·calibration factor for chronatographic 
syste111. peak height or area response 
per mass injected, Section 13.4.1.6. 

Ax • Response for the analyte 1n the 
sample. area counts or peak height. 

Yt • volume of total sample. ul. 

0 • Dilution factor, 1f dilution was.made 
on the sample prior to analysis. If 
no dilutio·n was made, O•l. dimensfonles! 

Vt • volume of sample fnjected, ul 

V
5 

• total sample volume (m3) at standard 
temperature and pressure (2s•c and 
760 11111 Hg), Section 17.1.3. 
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17.2.2 GC/HS Detection 

17.2.2.1 When an •nalyte has been identified. the quant1-· 
f1c:at1on C!f th•t •nllyte will be hued o~ ti_le 

· integrated .t>und.nce fraa the aonitoring of the 

prt1Ury characteristic 1on. QU4nttf1ctt1on will 

tue place using the 1ntern.i1 standud technique. 
The 1 nterna 1 st&ndard used shal 1 be the one 
nearest the retention tiae of that of• given 

&nalyte (see Section 14.3.2.1). 
17.2.2.2. Calculate the concentr•t1on of eKh identified 

&nalyte in the nmple as follows: 

Concentration, ng/a
3 

• f\~t!1{li\{~!\Yi!)l 

Where 

17.2.3 HPLC Detection 

Ax • area of charactenstfc fon(s) 
for analyte being 11usured • ... 

Is • a1110unt of tnternal sUndanf 
injected. ng. 

Vt • volume of toUl sa11ple. ul. 

0 • dilution factor. 1f dilution was 
made on the sa•ple prfor to analysis. 
lf no dilution was made. 0 • 1. 
dimensionless. 

Ats• area of characteristic ion(s) for 
internal standard. 

RF• Response factor for analyte being 
111easured. Section 14.3.2.S. 

Vt• volume o~ analyte injected. ul. 

Vs• total sample volume (m3) at standanf 
temperature and pressure (2s•c and 
760 mm Hg). Section 17.1.3. 

17.2.3.1 The concentration of each analyte in the 
sample may be determined frCKI the external 
standard technique by calculating response 
factor and peak response using the calibration 

curve. 
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17.2.3.2 The concentration of a specific analyte is 
calculated as follo'flS: 

Concentration, ng/w.
3 

• ((R[f~~tf~~l])(O)] 

When~ 

Rfc • response factor (nanogrus injected 
per are, counts) calculated in 
Section tS.4.7. 

Ax • response for_ the analyte in the sample. 
1rea counts or peak height. 

Yt • volume of total sample. ut. 

D • dilution factor. 1f dilution.was 
sade on the sa111ple prtor to analysis. 
If no dilution was •ade. D • t. 
dh1ensfonless. 

Yf • volume of sa.ple injected. ul. 

Y
5 

• total sample volue1e C•3J at standard 
temperature and pressure c2s•c and 
760 111at Hg). Section 17.1.3. 

17.3 Sample Concentration Conversion Froa ng/-3 to ppbv 

17.3.1 The concentrations calculated in Section 17.2 can be 

converted to ppbv for general reference. 
17.3.2 The analyte concentration can be converted to ppbv using 

the following equation: 

CA ·(ppbv) • c,._ (ng/11h x 24.4 
H\.lA 

Where 

CA• concentration of analyte, ng/M3• calculated 
according to Sections 17.2.1 through 17.2.3. 

HWA • 111:>lecular weight of analyte. gig-mole 

24.4 • aolar volume occupied by ideal gas at 
standard temperature and pressure (zs•c and 
760 nn Hg). 1/mole. 
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TABLE 1.0 fORKJUE Nil fHYStCM. PROPfRTlES OF SELECTIVE PNts 

t«>LECUW tCELTU«i fOIKT IOllll«i POii« CASE 
fORt«.ILA 1'EIGHT •c •c I 

Acen1plathene C1zH10 154.Zl 96.2. %19 83-32-9 
Acen,p1lthylene Cizffa 152.20 92-93 265-275 208-96-8 
Anthr-11:ene C14H10 178.ZZ 21a• · 342 120-12-7 
leu~a)anthrac:ene · C18H1z 22:8.29 158-159 - 56-55-3 
leftZ •1pyrene CzoK12 252.32 ' 111• 310-312 S0-~2-8 
leuofb fluoranthene CzoK12 252.32 168 - ZOS-99-2 
knzo e pyrene Czo1t12 252.32 178-179 - 192-92-2 
IHZ~ 'Jll.1)perle11e CzzK12 27'.34 273 - 191-24-2 
lcnz t f1t1Cr•11thene CzoH1z 252.32 217 480 Z07-08-9 
Ctvyseae • c1aH12 ffl.29 255-256 - 218-01-9 
0tbenzo(a.~)anthrac:ene Cz2H14 278.35 262 - 53-70-3 
fl uoralltllene C16H10 202.26 110 - Z06-44-0 
fluorene C13H10 166.ZZ 116-117 293-295 86-73-7 
llldeno{l.2.3-cd)pyrene cz2H1z 276.34 161.5-163 - 193-39-5 

Jf1phth&lene . C10"6 12:8.16 80.Z 217.9 91-20-3 
Phenanthrene C14H10 178.22 100• 3-40 85-01-8 
Pyrene C16H10 ZOZ.26 1S6 399 129--00-0 

·-··· 
-H&ny or these COCllpOunds sub11ae. 
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T~SLE 2.0 RETENTlOK ilt£S FOR SELECTIVE PAHs FOR PACKED 
ANO CAPILLARY COLUHKS 

Compound Pactecfl Cap111a,y2 

Acenaphthene 10.8 16.8 
· Acenaphthylene 10.4 15.9 

Anthracene 15.9 20.7 
Benzoi•Janthracene 20.6 29.1 
8enzo a pyrene 29.4 36.2 
Benzo(b)fluoranthene 28.0 34.2 
Benzo(ghf)perylene 38.6 48.4 
Benzo(t)f1uoranthene 28.0 34.4 
Chrysene 24.7 29.3 
Oibenzo(a.h)anthracene 36.2 46.1 
fluoranthene 19.8 24.3 
fluo.-ene 12.6 18.1 
lndeno(l.2.3-<:d)pyrene 36.2 4S.6 
Naphthalene 4.5 11.0 
Phenanthrene 15.9 20.6 
Pyrene 20.6 25.0 

lGc conditions: Chromosorb W-AW-0K:S (100/120 11esh) ·coated with Ji 
OV-17 • pacl:ed fn a 1.8-« long x 2 m ID 9tass colU11111. "1th nitrogen 
earner gas at a flow rate of 40 d./•in. tolU11111 temperature was held 
at too•c for 4 111in. then programed at s•/1.tnute to a final hold at 2so•c. 

2Capi11ary GC conditions: 30 tneter fused silica SPB-5 capillary colu<nn; 
flame ionization detector. spl1tless injection; oven temperature held at 
80 degrees C for. 2 111fnutes. fncreas~ at 8 degrees/min. to 280 degrees C. 

·•-



··Hass 

51 

~ 6~ 
70 

127 

197 
198 
199 

275 

365 

441 
442 
443 

TABLE 3.0 DFlPP KEY IONS Atl> IOIC ABUNOAHCE CRlTERlA 

•Ion Abundance Criteria 

30-601 of aass 198 

less than 21 of auss 69 
less than 2% of MSS 69 

40-601 of IIISS 198 

i.ess than ti of aass 198 
8ue peak. 1001 rehtfve abundance 
5-!n of aass 198 

10-301 Of USS 198 

Greater than 11 of 11ass 198 

Present but less than 11ass 443 
Greater than 40% of ,uss 198 
17-23% of •ass 442 



444 Methods for Determination of Toxic Organic Compounds in Air 

TABLE 4.0 GC AKO HS OPERATING CONOtTIONS 

Chroniatography 

Column 

Carri er. Gas 
Injection Volume 
Injection Mode 

Temperature Program 

Hewlett-Pacl:ard Ultra 12 crossltnl:ed SJ phenyl 
methyl sflfcone (SO• x 0.25 111111. 0.25 um film 
thfcl:ness) or equf valent 

He11ua velocity 20 c.3/sec at 2so•c 
Constant (1-3 ul} 
Splitless 

Initial Column Temperature cs•c 
Initial Hold Tw 1 •in 
Progra111 • •s•c to 1oo•c in s •in. then 1oo•c to J2o•c at 

a•ct■fn 
final Hold Time 15 •in 

Hass Spectrometer 

Detect fon Hode Hultfpte ion detection. SIH n:,de 

I 

__j 
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TABl£ 5.0 CHARACTERISTIC IONS FROK GC/HS DETECTION 
FOR 0£UT£RATm IHTERHAL STANDARDS AHO SELECTED PMis 

• C011pound 

Oa-n1phth1l ene 
010-phen1nthrene 
Phen;ithrene 
Anthracene 
fluor&nthene 
010-pyrene .. 
Pyrene 
Cyclo~nta(c.d]pyrene 
8enzC1]1nthriCene 
012-chrtsene 
Benzo(e]prrene 
012-benzo(1]pyrene 
Benzo(a]pyrene 

H/l 

136 
188 
178 
178 
202 
212 
202 
226 
228 
240 
252 
264 
252 
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TABLE 6.0 OtARACTERISTIC IONS FROM GC/HS DETECTION 
FOR SELECTS> PAHs 

Acenaphthene 
Acenaphthy1ene 
AnthrKene 
Benzo(a)anthracene 
Senzo{a)pyrene 
Benzo(b)f1uor~nthene 
Senzo(ghf)pery1ene 
Benzo(k)f1uoranthene 
Chrysene 
01benzo(a,h)antht'acene 
Fluoranthene 

·Fluorene 
lndeno(l,2,3-cd)pyrene 
Naphthalene 
Phenanthrene 
Pyrene 

154 
152 
178 
228 
252 
252 
276 
252 
228 
278 
202 
166 
276 
128 
178 
202 

Priury 

.153 
151 
179 
229 
253 
253 
138 
253 
226 
139 
101 
165 
138 
129 
179 
200. 

Secondary 

152 
153 
176 
226 
125 
125 
277 
125 
229 
279 
203 
167 
227 
127 
176 
203 
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TABLE 7 .0. COKtERCIAl AVAILABLE COLUKHS FOR PAH 
AHALYS[S US[N:a ffPlC 

Cocapany Coluai ldent1flc•t1on Co 1 U111R ful!le 

The SepuUtoR Group 201-TP YYDAC 
P.O. Box 867 
Hespen&. C&lifornil 92345 

tl&in1n lnstt'uaent Company Ultrasphere - ODS Al.EX 
Hack Rold 
llasurn. W. 01801_.626 

Supelco. Inc. LC-P.AJt Supelcosn 
Supelco Park 
Bet lefonte. PA 16823-0048 

DuPont Coalpany oos Zorbax 
Biotechnology Systenis 
Barley Hill Pl&za, P24 
Wilmington. OE 19898 

Perkfn-El■er Corp. 
Corpdrate Offlce oc-oos sn-x 
Hafn Avenue 
ffontalk, CT 06856 

Waters Associates u-Boodapak NH3 u-Bondapak 
34-T Maple St. 
Milford,~ 01757 
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CO!llpOURd 

TABLE 8.0. TYPICAL RETENTION TIHE FOR SELECTIVE PAHs 
BY HPLC SEPARATION ANO OETECTIOM 

Retention Tfiaes (■fnutes) 

HPLC Conditions 

Condition A Condftfon 8 
Fluorescence UV Fluorescence !! 

Acenanhthene 
' 

20.s 18.0 
Acenaphthylene 18.S 15.8 
Anthr1eene 23.4 21.0 21.0 

· Benzo(aJanthncene 28.S 26.3 26.3 
Bentot•Jpyrene 33.9 31.t 31.1 
Benzo b f1uoranthene 31.6 29.3 29.3 
Benzoie)pJrene 31.1 
Benzo ghf perylene 36.3 33.9 33.9 
8enzo(t)fluoranthene 32.9 30.2 30.2 
Chrysene 29.3 26.7 
Ofbenzo(a.h)anthracene 3S.7 32.7 32.7 
Fl uoranthene 24.S 22.S 22.S 
Fluorene 21.2 18.5 18.S 
Indeno(l.2.3-cd)pyrene 37.4 34.6 34.6 
Naphthalene 16.6 14.0 
Phenanthc:ene 22.1 19.9 19.9 
Pyrene 2S.4 23.4 23.4 

. 

Condit ion A HPLC pa_rameters: Reverse phase HC-OOS sn-x. 5 micron 
particle size. in a 250-mm x 2.6-mm I.O. stainless steel 
column. lsocratic elution for 5 min using acetonitr11e/water 
(4:6}(v/v). then linear gradient elution to too,; acetonftrile 
over 25 min at 0.5 111(_/mfn flow rate. If columns having other 
internal diameters are used. the flow rate should be adjusted 
to maintain a linear velocity of 2 m/sec. 

Condition 8 HPLC parameters: Reverse phase VYOAC 201 TP 5415, S micron 
particle size, in a .46 x 25 C111 stainless steel column. Iso­
cratfc elution for 10 min using acetonitdle/water (4:6)(v/v), 
then linear gradient elution to 100,: acetonitrfle for 10 minutes 
then linear gradient to 40/60 acetonftrile for 10 minutes at 15 
ml/min. 
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TA8l£ 9.0. RETENTION TU£S (RT) ANO HINIHUtt la£CTIOH LIHITS (HDls) FOR 
sa£CTm PNts USllli ULTRAVIOL£T N{O fl0UR£SCEHC£ DETECTION 

Ultraviolet Detector Flourescence Detector 

PAH RT HDl RT liOL 

Naphthalene 14.0 250pg/ul 
Aeen,phtl\)'lene 15.85 250pg/ul 
Acen,phthene 18.0 250pg/ul 
Fluorene 18.S 50pg/ul 18.5 Spg/ul 
Phenanthrene 19.9 50pg/ul 19.9 lOpg/ul 
AnthrKene 21.0 50pg/uL 21.0 50pg/ul 
Fluoranthene 22.S 50pg/ul 22.5 lOpg/ul 
Pyrene 23.4 50pg/ul 23.4 5pg/ul 
Benzo(a)anthracene 26.3 50pg/ul 26.3 Spg/ul 
Chrysene 26.7 50pg/ul 26.7 5pg/ul 
Benzofblfluoranthene 29.3 50pg/ul 29.3 lOpg/ul 
8enzo I: fluoranthene 30.2 SOpg/ul 30.2 Spg/ul 
Benzo • pyrene 31.l 50pg/ul 31.1 Spg/ul 
Oi~nzo(ajh)anthracene 32.7 50pg/ul 32.7 Spg/ul 
Benzo( h1 perylene 33.9 50pg/ul 33.9 Spg/ul 
lndeno 1 2 3-cd rene 34.6 50 /ul 34.6 /ul 

RT• Retention t1111e in 11fnutes 
tt>l • Kinf11U111 detection Uiaft 
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T013-81 

00 ro 
Acenaphthene Acfflaphthy1ene Anthracene 

Benzo(a)ant~ Benzo(b)fluofanthene Benzo(k)fluoranthene 

Benzo{g,h.l)perylene Benzo(a)pyrene Benzo{e}pyrene 

Chrysene Dlbenz(a,h)anthracene Fluoranthene 

Fluorene lndeno(1,2,3-c,d)pyrene Naphthalene 

Phenanthrene Pyrene 

FIGURE 1.0 RING STRUCTURE OF SELECTIVE PAHs. 
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filter Retaining Ring 

.c• Diameter c J------~~:~f:ex 
===-===-::: TX40H120WW Air Flow 

t 

.C" Diameter 
PalUlcx Alter 

~Adsorbent 
Cartridge and 
Support · 

Air Flow 
Exhaust 

- Filter Support Screen 

Filter Support Base 

Retaining Screen 

Adsorbent 
Support 

FIGURE 2.0 GENERAL METAL WORKS SAMPLING HEAD 
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SoxhfeC 
Extraction_ 
Tubeand 

Thimble 

(a) Soxhlet Extraction Apparatus 
with Afllhn Condenser 

r--1 ____ 3 Bal Macro 

Synder Cotumn 

SOOmL 
-Evaporator 

Flask 

10mL 
1\1----Concentralor 

Tube 

(b) Kudema-Oanlsh (K-0) Evaporator 
with Macro Synder Column 

(c} Silica Gel Clean-up Column 

FIGURE 3. APPARATUS USES IN SAMPLING ANALYSIS. 
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Samptlng 
Head 

(See Figure 2) 

Gauge---,-------. 
0-100 In. 

Exhaust 
Ouct 
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Pipe Fitting (1/2 1n.1 

, ___ Elapsed Tlme 
Meter 

___ 7-0ay 
Ttmer 

FIGURE 4. MODIFIED HIGH VOLUME AIR SAMPLER 
GENERAL METAL WORKS MODEL PS-1 SAMPLER 
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Ventur1-.:-=----• 
; 

1---~-XA0-2orPUF Adsoroent 
Cartrldge And Support 

, ___ ...:..,.._ Ouk:k Release Connections 

LI For~ 

_J]___ ClulckReluse Connecllons -- u .... _"""' 
, ____ ...,;;__ Flow ControlVafve 

AGURE 5. PORTABLE HIGH VOLUME AIR SAMPLER 
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Mercury 
Manometer --i-----.n 

~ Ba<omeler 

Alt Flow ~ ThetmQIOeter 

OrHlc• 

Aootsmctcr 

Resistance Plates 

FIGURE 6. LABO RA TORY ORIFICE CALIBRATION SETUP 
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T
1 
_____ 'C ____ K 

Name __________ _ 

P1--------- mmHg Oat•-----------Orff~No. _________ _ 

Roots Meter No.--------

Tlme·Fot Air Roots·Meter Pressure X•Axls 
)'-Axis Air Volume Standard Volume To Drop Across Standard Resistance Measured By Volume Pass Through Pressure 

Flow Rate -IA H(P1l~td )(298/11) Olllerentlal 0r1nce Plates Rootsmeter V11d Rootsmeter AP «1H Ostd 
Value 

(No. of Holes) Vm. 
(S1d m3) e (mm Hg) (ln. H20) 

(std m3imtn) 
(n3> (m3) (min) . 

5 200 5.66 

7 ~00 5,66 

10 300 8.50 

13 300 8.50 

18 300 8.50 

Factors: (II 3) (o.02832 ~) • m 3 and (In. Hg) 25.4 (rm, Hg) • mm Hg. 
· It In, Hg 

ca1cu1at1on Equations: (
p1 - AP )(T 1td) 

1, V,td = Vm Pstd -;:-;-
Where: T ltd • 298 K 

Pstd • 780.0 mm Hg 

FIGURE 7. ORIFICE CALIBRATION DATA SHEET. 
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3.0 

,.o 

0 ~..L-'----.L..L..L-'-'-"~.I...L...L..IL...L..L.1...LJLI-.L.L..&...1-'-II....L-..L...l,...L...l~L.L..l....L..L..-'-l 

0.0 0.25 0.50 0.75 ,.oo 1.25 1.50 1.75 2.00 

FIGURE 8. ORIFICE METER CALIBRATION CURVE 



Perfonned by _______ Callbratlon Orlnet, _____ SIN _____ AmblentTemperaturt _____ • C 

D1le/1'1me ________ Manometer SM ____________ Bar.Prtss. _______ nm Hg 

Flow Aa1 • Transfer Standard Sampler Vtnturl Date 
San11)1er va11ac 'Tlmet'OK? 

Comments SIN Setting V Ves/No Manometer 
Q I Magnehtnc. 

Orrab _ h.H20 ltd ln.H10 

. 

' 

1 From Calibration CUN• For F1oW Rate Transfer Standard (Section 11.2.1). 
b From Callbra11on CUM for Vemurt TUbe Using Flow Ra1• Transfer Standard (Section 11.2.2.9~ 

~ 
FIGURE 9. FJELD CALIBRATION DATA SHEET 
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Sampler Site _______ _ Btfore After 
sampler Location _____ _ Barometr1c Pressure 
Date _________ _ Ambltnt Temperature ___ ...., __ _ 

Sitt------------ Dalt-------
Per1onned By ______________ _ 

Sampllng Heigh! ldent10cat1on Sampllng Perlod Totanng $ampler FJow Check 1 Sampler Location Above No. Sampling Pump1lmer 
SIN l.D. Ground FIiiet XA0•2 Start Slop 11me,mln. Hr. MIO. Manometer A H, O:,cs M Oms Within 

or PUF Inches or Water ± 10•,(, 

. 

1 Must Be Petlormed Belore and After Each Sampllng PerlOd Cheeked By __________ _ 

Dal•-------------

FIGURE 10, FIELD TEST DATA SHEET. 
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Surrogate Standard 
Addlllon for GOFlO 
enclGCIMSAnafys(s 

(Section 12.2.1) 

Fitter 
Adsorbent 

PUF or XA0-2) 

Soxhf.t Exftactlon In Mdhy1eM Chlorld. 
18 Hours/3 Cyclts/Hr)or 
El~UM Solvent 

(Section 12..2..1) 

Dryhg with ~SodiumSullal• 
(Section 12.2.2) 

Kud«na-Oanlsh (K-0) Evlpora1or 
Attached wlh Macro ~Cobnn 

(Section 11.2.3) 

Sofwnl Exchange lo Cydohnane by 
K-0 Appamuswltb MaaoSnyderCobm 

(Section 12.3.2) 

(No Extract Ctean-up Required} 

Surrogate StaC1dard 
Addlllon for 

HPl.C Analysis 
(Se<:Uon 12.2.1) 

AddSml.o( 
Cydohex.M 

MdO.Smt. =--·--· Conctilfrale 
1o1.0ml. Cyclohexane 

: 

i 
I 

(Ex1ract0Hn-Up 
~ed) 

Sllca Get Column T~ with 
Sodium Sulfa!• 
(Section 12.4..1) 
orlDbwCoum 
(Section (12.4.2) 

Pffltan• 
Elution 

MelftyleM 
.._-1--1CHoride,1>emane 

EJullon 
Methanol 
Elution 

·····--···---··-···-·--··f---·-········-·-·······-· --~--~ ..---...__--. Penlan• Methylene Chloflde/P~ntane fraction Methanol 
• ffadlon Con~ntraled by K-0 Appatattn to 1 ml Fradlon 

(Optlonal) {Section 12.4.1.3) (Optional) 

. ···-·--··--·-··--------------··--------·-----·--

Gas Chromatography 
Analysis 

(Section 13.0) 

Mass 
Flam• lonlutlon Spectroscopy 

(fl) Detection ------ (MS) Oetedlon 
r-,.ctton 13·3> (Section 1-1.0) 

An.alyslsby 
GC«HPI..C 

Sofvfflt Exchange to Aeetonitrlle 
by K-0 Apparatus 

(Section 15.2) 

HPlCAnalysls 
(Section 15.4) 

Ultra Violet 
(UV} Detection 

FJuocescenee 
(R.) 0.tedlon 

FIGURE 11.0. SAMPLE CLEAN•UP, CONCENTRATION, 
SEPARATION ANO ANALYSIS SEQUENCE. 
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flame 
lonlZaUon 

(FQ 
Oettc:tor 

Mass 
SpecUosCOpY 

(MS) 
h 

SCAHMode 

FIGURE 12.0 GC SEPARATION WITH SUBSEQUENT 
FLAME IONIZATION (A) OR MASS 
SPECTROSCOPY (MS} DETECTION. 
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Esbbtlsh Gas Chroma\ograph 
Op«alfng Parameters: 

(s.ctloet13.3) 
Prep«e Callbratlon Stand.uds 

(Section 13.4) 

ln1emaC Standard l External Standard 
Set.ct lntemat Standards Prepare Callntlon Stanc:b(ds 
ffmng Stmllar e.havforlo I~ 

Ca1t,mlon T.ehnlque .. . for Each Analy{• 
Compoundso(lnMffft (Section 13.C) - oflntt1•st 

(Section 13.4.2) (Section 13.4.1) 

l ' i 
~Callntlonl lni.ct Catl,ratlon Standard: 
lmemaCStandanfs Prepareealbatlon O#w 
(Sadlon 13.0.1) or Callbratlon FKtor (Cf) 

i 
(Section 13.4.1.5) 

i lnlect ~lion Standards: 
Calculate ~sponsa Factor (RF) 

(Section 13.4.2.2) VarifyWorldng Calbfatlon 

l 
CurwEachDay 

(Section 13.4.1.7} 

V«ffyWOf1dng CalbnlUon Calculate Raten<lon I Olrw otRF Each Day 1--t- ThwWlndows 
. 
' 

(Section 13.4.2.6) • (Sactlon 13.5) . 
·~ • ' lntroduoe Extract Into 

Gu CNOtNlograph by 
cir.ct ln~ctlon 
(Section 13.6.1) 

i 
Oo.s Rupons.a Excud 

Yes 0/luta Extract UnearRanga 
of System? 

_., end Reanalyze -
(Section 13.6.3.1) (Section 13.6.3.1) 

+ 
0.tffmlna klMtlty and 

Quantity c,f Each Anatyt•. 
Using .Approprtata Fonnulas 

andCurvH 
{Secllo!) 13.6.3 and 17.2.1) 

FIGURE 13.0 GC CALIBRATION AND RETENTION 
TIME WINDOW OETEAMINA TION. 
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• 0.. 
CA 
• C i3 
l: < 
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~ 
Cl 

~ 

12 16 20 , 24 28 

Retention Tune, minutes 

• 2 
C .. 
Ol 

32 

Column: 3% OV-17 on Chromosolb W-AW-OCMS 
Program: 100 •c. 4 min., a • per min. to 2so •c. • 
Detector: Flame Ionization 

36 40 

FIGURE 14.0 TYPICAL CHROMATOGRAM OF SELECTIVE PNAs 
BY GC EQUIPPED WllH Fl DETECTOR. 
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Establlsh Gas Chromatograph.I 
Mass Spectro,eopy Op«atlng Param.ttr1: 

Prepare Calibration Standards 
(S.CtJon14.2} 

t I Tune GCIMS with OFTPP I 
Seltd lnttmal Standards (Section 1.c.2) 
Ha,.ing Sfmlw B•havlot to Internal Standard ♦ External Standard 

Prepare Calibration Standards 

Compounds of lntff'Ht 
tor Each Analysts 

Nonnally Otuterated PAHs r-t Calbmlon Tec:hnlqtN i--- offnt«Hl 

(Section 1.c.3.2 and 14.3.2.1} (Sfflfon 10) (Section 1.c.3.1) 

+ 
Prepare Calibration 

Standards 
(Seeffon 14.3.2..C.1} Joject Callbratlon Standard: 

+ Prepv• Calibration CUrw 
. or Calibration FaciOf (CF} . 

Add lnltmal (Section 14.3.1.12) 
Standards 

(Section 14.3.1.10) 

+ 
lnJeef Callntlon Standards: Verify Working Calibration 

Calcufate Response Factor (RD) . CtnaEacht>ay 
(Sffllon 14.3.2.5) · (Section 14.!J.1.13) 

+ I 

Verify Working Callbraflon 
Curve or Rf Each Day 
~Ion 1-4.3.2.6) . 

I~ .-. 
lnttocfuc. Extract Into 

GCIMS by Direct lnJectlon 
~fon1U) 

♦ 
~s Ruponse Excud 

Yes ~ 
DIiute Extract and 

I Unear Rang• of System? Reanal~e 
(Section 14.-4.3) (Section 14.4.3) 

t 
Calculate c.onc.ntrallon of 

Each Analyt-. Using 
.Appropriate Formulas 

(Section 14.4.4 and 17.2.2) 

+ 
Dally GCIMS Tuning 

GCIMS ~ Test ~ 12-Hr Calibfatlon V«lllatlon 
WlthDFTPP - ~ (Section 14.5.1) 

(Section 14.5) (Section 14.S.3) 

+ 
D1illy 1-Polnt 

Calibration Verification 
(Section 14.5.2) 

FIGURE 15.0 GC/MS CALIBRATION AND ANALYSIS. 
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METHOD T04 Revision 1.0 
April, 1984 

METHOD FOR THE DETERMINATION OF ORGANOCHLORINE PESTICIDES 
ANO POLYCHLORINATED BIPHENYLS IN AMBIENT AIR 

1. Scope 

1.1 This document describes a method for determination of a 
variety of organochlorine pesticides· and polychlorinated 
biphenyls (PCBs) in ambient air. Generally. detection 
limits of >l ng/m3 are achievable using a 24-hour sampling 
period. 

1.2 Specific compounds for which the method has been employed 
are listed in Table 1. Several references are available 
which provide further details on the development and 
application of the method. The sample cleanup and analysis 
methods are identical to those described jn U.S. EPA Method 
608. That method is included as Appendix A of this ·methods 
compendium. 

2. Applicable Documents 

2. 1 ASTM Standards 
01356 Definition of Terms Related to 
Atmospheric Sampling and Analysis (7). 

2.2 Other Documents 
Ambient Air Studies (1-3) 
U.S. EPA Technical Assistance Document (4). 
U.S. EPA Method 608 (5). See Appendix A of methods 
compendium. 

3. SuTllllary of Method 

3.1 A modified high volume sampler consisting of a glass 
fiber filter with a polyurethane foam (PUF) backup 
absorbent cartridge is used to sample ambient air at 
a rate of ~200-280 L/minute. 
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3.2 The filter and PUF cartridge are placed in clean, sealed 
containers and returned to the laboratory for analysis. 
The PCBs and pesticides are recovered by Soxhlet extraction 
with 5% ether in hexane. 

3.3 The extracts are reduced in volume using Kuderna-Danish {K-0) 
concentration techniques and subjected to column chroma­
tographic cleanup. 

3.4 The extracts are analyzed for pesticides and PCBs using gas 
chromatography with electron capture detection (GC-ECD), as 
described in U.S. EPA Method 608 (5). 

Si gni fi cance ·, 

4.1 Pesticides, parti_cularly organochlorine pesticides, are widely 
used in both rural and urban areas for a variety of applications. 
PCBs are less widely used, due to extensive restrictions placed 
on their manufacture. However, human exposure to PCBs 
continues to be a problem because of their presence in 
various electrical products. 

4.2 Many pesticides and PCBs exhibit bioaccumulative, chronic health 
effects and hence monitoring ambient air for such compounds 
is of great importance. 

4.3 The relatively low levels of such compounds in the environment 
requires the use of high volume sampling techniques to 
acquire sufficient sample for analysis. However, the volatility 
of these compounds prevents efficient collection on filter 
media. Consequently, this method uttlizes both a filter and 
a PUF backup cartridge which provides for·efficient collection 
of most organochlorine pesticides, PCBs, and many other organics 
within the same volatility range. 

5. Definitions 

Definitions used in this document and any user-prepared SOPs 
should be consistent with ASTM 01356 (7). All abbreviations 

n 
n 

i 
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and symbols are defined within this document at the point of 
use. 

6. Interferences 

6.1 The use of column chromatographic cleanup and selective GC 
detection (GC-ECO) minjrnizes the risk of interference from 
extraneous organic compounds. However, the fact that PCBs 
as well as certain organochlorine pesticides (e.g. toxaphene 
and ~hlordane} are complex mixtures of individual compounds 
can cause difficulty in accurately quantifying a particular 
fonnulation in a multiple component mixture. 

6.2 Contamination of glassware and sampling apparatus with traces 
of pesticides or PCBs can be a major source of error in the 
method, particularly when sampling near high level sources 
(e.g. dumpsites, waste processing plants, etc.) careful attention 
to cleaning and handling procedures is required in all steps 
of the sampling and analysis to minimize this source of error. 

7. Apparatus 

7.1 Hi-Vol Sampler with PUF _cartridge - available from General 
Metal Works (Model PS-1). See Figure 1. 

7.2 SamplingHeadto contain glass cartridge•with PUF plug - available 
from General Metal Works. See Figure 2. 

7.3 Calibration orifice - available from General Metal Works. 
7.4 .. Manometer - to use with calibration orifice. 
7.5 Soxhlet extraction system - including Soxhlet extractors 

(590 and 250 mt), heating mantels, ·variable voltag~ trans­
formers, and cooling water source - for extraction of PUF 
cartridges before and after sampling. Also for extraction of 
filter samples. 

7.6 Vacuum oven connected to water aspirator - for drying 
extracted PUF cartridges. 

7.7 Gas chromatograph with electron capture detector - (consult 
U.S. EPA Method 608 for specifications) . 

• 
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7.8 Forceps - to handle quartz fiber filter samples. 
7.9 Die - to cut PUF plugs. 
7.10 Various items for extract preparation, cleanup, and analysis -

consult U.S. EPA Method 608 for detailed listing. 
7.11 Chromatography column - 2 mn I.O. x 15 cm long - for alumina 

cleanup. 

Reagent and Materials 

8.1 Polyurethane foam - 3 inch thick sheet stock, polyether 
type used in furniture upholstering. Density 0.022 g/cm3• 

8.2 Polyester gloves - for handling PUF cartridges and filters 
8.3 Filters, quartz fiber - Pallflex 2500 QAST. or equivalent. 

8.4 Wool felt filter - 4.9 rng/cm2 and 0.6 nm thick. To fit 
sample head for collection efficiency studies. Pre­
extracted with 5% diethyl ether in hexane. 

8.5 Hexane - Pesticide or distilled in glass grade. 
8.6 Diethyl ether - preserved with 2% ethanol - distilled in 

glass grade, or equivalent. 
8.7 Acetone - Pesticide or distilled in glass grade, 
8.8 Glass container for PUF cartridges. 
8.9 Glass petri dish - for shipment of filters to and from the 

1 aboratory. 
8.10 Ice chest - to store samples at '\.()°C after collection. 
8.11 Various materials needed for extract preparation~ cleanup, 

and analysis - consult U.S. EPA Method 608 for details 
(Appendix A of this compendium). 

8.12 Alumina - activity grade IV. 100/200 mesh 

9. Assembly and Calibration of Sampling Apparatus 

9.1 Description of Sampling Apparatus· 
9.1.1 The entire sampling system is diagranmed in Figure 

This sampler was developed by Syracuse University 
1. 
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Research Corporation (SURC) under a U. s. EPA · 
contract (6) and further modified by Southwest 
Research Institute and.the U.S. EPA. A unit 
specifically designed for this method is now corrmer­
cially available (Model PS-1 - General Metal Workss 
Inc., Village of Cleves, Ohio). The method 
writeup assumes the use of the comnercial device, 
although the earlier modified device is also con­
sidered acceptable. 

9.1.2 The sampling module (Figure 2) consists of a glass 
sampling cartridge and an air-tight metal cartridge 
holder. The PUF plug is retained in the glass 
sampling cartridge. 

9.2 Calibration of Sampling System 

9.2.1 The airflow through the sampling system is monitored 
by a venturi/Manehelic assembly, as shown in Figure 1. 
A multipoint calibration of the venturi/mag-
nehelic assembly must be conducted every six months 
using an audit calibration orifice, as described in 
the U. S. EPA High Volume Sampling Method (8). A 
single point calibration must be performed before 
and after each sample collection, using the procedure 
described below. 

9.2.2 Prior to calibration a "du11111.Y" PUF cartridge and 
filter are placed in -the sampling head and the sampling 
motor is activated. The flow control valve is 
fully opened and the voltage variator is adjusted 

so that a sample flow rate corresponding to ~110: of 
the desired flow rate is indicated on the magnehelic 
(based on the previously obtained multipoint cali­
bration curve). The motor is allowed to wannµp 
for ~10 minutes and then the flow control valve is 
adjusted to achieve the desired flow rate. The 

ambient temperature and barometric pressure should 
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be recorded on an appropriate data sheet (e.g. Figure 3). 
9.2.3 The calibration orifice is then placed on the sampling 

head and a manometer is attached to the tap on the 
calibration orifice. The sampler is momentarily 
turned off to set the zero level of the manometer. 
The sampler is then switched on and the manometer 
reading is recorded, once a stable reading is 
achieved. The sampler is then shut off. 

9.2.4 The calibration ·curve for the orifice is used to 
calculate sample flow from the data obtained in 
9.2.3, and the calibration curve for the venturi/ 
magnehelic assembly is used to calculate sample 
flow from the data obtained in 9.2.2. The calibra­
tion data should be recorded on an appropriate 
data sheet (e.g. Figure 3). If the two values do 
not agree within 10% the sampler should be inspected 
for damage, flow blockage, etc. If no obvious problems 
are found the sampler should be recalibrated (multi-· 
point) according to the U.S. EPA High Volume 
Sampling procedure (8). 

9.2.5 A multipoint calibration of the calibration orifice, 
against a primary standard, should be obtained 
annually. 

10. Preparation of Sampling (PUF) Cartridges 

10.1 The PUF adsorbent is a polyether-type polyurethane foam 
(density No. 3014 or 0.0225 g/cm3). This type of foam 
is used for furniture upholstery. It is white and yellows 
on exposure to light. 

10.2 The PUF inserts are 6.0 cm diameter cylindrical plugs cut 
from 3 inch sheet stock and should fit with slight com­
pression in the glass cartridge, supported by the wire 
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screen. See Figure 2. During cutting the die is rotated 
at high speed (e.g. in a drill press} and continuously 
lubricated with water. 

10.3 For initial cleanup the PUF plug is placed in a Soxhlet 
extractor and extracted with acetone for 14-24 hours at 
approximately 4 cycles per hour. When cartridges are 
reused, 5% diethyl ether inn-hexane can be used as the 
cleanup solvent. 

10.4 The extracted PUF is placed in a vacuum oven connected 
to a water aspirator and dried at room temperature for 
approximately 2-4 hours (until no solvent odor is detected). 

10.5 The PUF is placed into the glass sampling cartridge using 
polyester gloves. The module is wrapped with hexane 
rinsed aluminum foil, placed in a labeled container 
and tightly sealed. 

10.6 Other adsorbents may be suitable for this method as indicated 
in the various references (1-3). If such materials are 
employed the user must define appropriate preparation 
procedures based on the infonnation contained in these 
references. 

10.7 At least one assemb1ed cartridge from each batch must be 
analyzed, as a laboratory blank, using the procedures 
described in Section 12, before the batch is considered 
acceptabl_e for field use. A blank level ·of <10 ng/plug 
for single compounds is considered to be acceptable. For 
multiple component mixtures (e.g. Arochlors) the blank level 
should be <100 ng/plug. 

11. Sampling 

11.1 After the sampling system has been assembled and calibrated 
as described in Section 9 it can be used to collect air 
samples as described below. 

11.2 The samples should be located in an unobstructed area, at 
least two meters from any obstacle to air flow. The 
exhaust hose should be stretched out in the downwind 
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direction to prevent recycling of air. 
11.3 A clean sampling cartridge and quartz fiber filter are removed 

from sealed transport containers and placed in.the sampling 
head using forceps •and gloved hands. The head is tightly sealed 
into the sampling system. The aluminum foil wrapping is 
placed back in the sealed container for later use. 

- 11.4 The zero reading of the Magnehelic is checked. Ambient 
temperature. barometric pressure, elapsed time meter setting, 
sampler serial number, filter number and PUF cartridge number 
are recorded. A suitable data sheet is shown in Figure 4. 

·11.s The voltage variator and flow control valve are placed at the 
settings used in 9.2.3 and the power switch is turned on. 
The elapsed time meter is activated and the start time recorded. 
The flow (Magnehelic setting) is adjusted, ff necessary using 
the flow control valve. 

11.6 The Magnehelic reading is recorded every six hours during 
the sampling period. The calibration curve (Section 9.2.7) is 
used to calculate the flow rate. Ambient temperature and 
barometric pressure are recorded at the beginning and end of 
the sampling period. 

11.7 At the end of the desired sampling period the power is turned 
off and the filter and PUF cartridges are wrapped with the 
original aluminum foil and placed in sealed, labeled containers 
fo~ transport back to the laboratory. 

11.8 The Hagnehelic calibration is checked using the calf°bration 
orifice as described in Section 9.2.4. If the calibration 
deviates by more than lOS from the i~itfal reading the flow data 
for that sample must be marked as suspect_ and the sampler 
should be inspected and/or removed from service. 

11.9 At least one field blank will be returned to the laboratory 
with each group of samples. A field blank is treated exac~ly 
as a sample except that no air is drawn through the cartridge. 

I 
n 
n 
I 
n 
n 
a 
[1 

n 
L j 

f· 

r .• 

r· • 

L. 



I 

T04-9 

11.10 Samples are stored at ~20°c in an ice chest until receipt at 
the analytical laboratory, at which time they are stored 
refrigerated at 4°C. 

12. Sample Preparation and Analysis 

12.1 Sample Preparation 

12. 1.1 All samples should be extracted within 1 week after 
collection. 

12.1.2 PUF cartridges are removed from the sealed con­
container using gloved hands, the aluminum foil 
wrapping is removed, and the cartridges are placed 
into a 500-ml Soxhlet extracti.on. The cartridges are 
extracted for 14-24 hours at ~4 cycles/hour with 5% 
diethyl ether in hexane. Extracted cartridges can be 
dried and reused following the handling procedures 
in.Section 10. The quartz filter can be placed in 
the extractor with the PUF cartridges. However, if 

separate analysis is desired then one can proceed with 
12.1.3. 

12.1.3 If separate analysis is desired, quartz filters are 
placed in a 250-ml Soxhlet extractor and extracted 
for 14-24 hours with 5% diethyl ether in hexane. 

12.1.4 The extracts are concentrated to 10 ml final 
volume using 500-ml Kuderna-Danish concentrators 
as described in EPA Method 608 (5), using a hot water 
bath. The concentrated extracts are stored refrigerated 
in sealed 4-dram vials having teflon-lined screw-caps 
until analyzed or subjected to cleanup. 

12.2 Sample Cleanup 

12.2.1 If only organochlorine pesticides and PCBs are sought, 
an alumina cleanup procedure reported in the literature 

is appropriate (1). Prior to cleanup the sample 
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extract is carefully reduced to 1 ml using a gentle 
steam of clean nitrogen. 

12.2.2 A glass ch·romatographic column (2 ntn ID x 15 cm long) 
is packed with alumina, activity grade IV and rinsed 
with ~20 ml of n-hexane. The concentrated sample 
extract (from 12.2.1) is placed on the column and 
eluted with 10 ml of n-hexane at a rate of 0.5 
ml/minute. The eluate volume is adjusted to 
exactly 10 ml and analyzed as described in 12.3. 

12.2.3 If other pesticides are sought, alternate cleanup 
procedures (e.g. Florisil) may be required. Method 
608 (5) identifies appropriate cleanup procedures. 

12.3 Sample Analysis 

12.3.1 Sample analysis is performed using GC/ECD as 
described in EPA Method 608 (5). The user must 
consult this method for detailed ·analytical procedures. 

12.3.2 GC retention times and conditions are identified 
in Table 1 for the compounds of interest. 

13. GC Calibration 

Appropriate calibration procedures are identified in EPA ·Method 
608 (5). 

14. Ca1culat•ions 

14.1 The total sample volume ("1) is calculated from the 
periodic flow readings (Hagnehelic) taken in Section 
11.6 using the following equation. 

where 

Ql + Q2 .•. QN. T 
\m=-----x-

N 1000 

n 

[ l 

n 
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Vm = Total sample volume (m3). 
Q1, Q2 .•• QN = Flow rates determined at the 

beginning, end, and intermediate points during 
sampling (L/mfnute}. 

N = Number of data points averaged. 
T • Elapsed sampling time (minutes). 

14.2 The volume of air sampled can be converted to standard 
conditions (760 nm Hg pressure and 25°C) using the following 
equation: 

where 

p 
V • V X ~ X 298 

s m 760 273+tA 

Vs• Total sample volume at 25°C and 760 nm Hg 
pressure (m3) 

Vm • Total sample flow under ambient conditions (m
3

) 

PA• Ambient pressure (nm Hg) 
t. A • Ambient temperature (°C) 

14.3 The concentration of compound in the sample is calculated 
using the following equation: 

where 

Ax VE 
CA= 

V;XVS 

CA• Concentration of analyte in the sample, 
pg/m3 

A = Calculated amount of material injected onto 
the chromatograph based on calibration curve 
for injected standards (nanograms) 

Vi= Volume of extract injected (µL). 
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VE= Final volume of extract (ml). 
Vs= Total volume of air samples corrected to 

standard conditions (m3). 

14. Performance Criteria and Quality Assurance 

This section sunmarizes the quality assurance (QA) measures and 
provides guidance concerning performance criteria which should 
be ac~_ieved within each laboratory. 

14.1 Standard Operating Procedures (SOPs) 

14.1.1 Users should generate SOPs describing the follow-
ing activities as accomplished in their laboratory: 
1) assembly, calibration and operation of the 
sampling system, 2) preparation, purification, storage 
and handling of sampling cartridges, 3) assembly, 
calibration and operation of the GC/ECD sys~em, and 
4) all aspects of data recording and processing. 

14.1.2 SOPs should provide specific stepwise instructions 
and should be readi_ly available to, and understood 

.. 
by, the laboratory personnel conducting the work. 

14.2 Process, Field, and Solvent Blanks 

14 •. 2.1 One PUF cartridge and filter from each batch of 
approximately twenty should tie analyiea, without 
shipment to the field, for the compounds of 
interest to serve as a process blank • 

14.2.2 During each sampling episode at least one PUF 
cartridge and filter should be shipped to the field 
and returned, without drawi~g air through the sampler, 
to serve as a field blank. 

14.2.3 During the analysis of each batch of samples at 
least one solvent process blank (all steP,s conducted 
but no PUF ca·rtridge or filter included) should be 
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carried through the procedure and analyzed. 
14.2.4 Blank levels should not exceed ~10 ng/sample for 

single components or ~100 ng/sarnple for multiple 
component mixtures (e.g. PCBs). 

14.3 Collection Efficiency and Spike Recovery 

14.3.l Before using the method for sample analysis each 
laboratory must determine their collection 
efficiency for the components of interest. 

14.3.2 The glass fiber filter in the sampler is replaced 
with a hexane-extracted wool felt filter (weight 
14.9 mg/cm2, 0.6 nm thick). The filter is spiked 
with microgram amounts of ~he compounds of interest 
by dropwise addition of hexane solutions of the 
compounds. The solvent is allowed to evaporate 
and filter is placed into the sampling system for 
inrnediate use. 

14.3.3 The sampling system, including a clean PUF cartridge. 
is activated and set at the desired sampling flow 
rate. The sample flow is monitored for 24 hours. 

14.3.4 The filter and PUF cartridge are then removed and 
analyzed as described in Section 12. 

14.3.5 A second sample~ unspiked is collected over the 
same time period to account for any background 
levels of components in the ambient air matrix. 

14.3.6 A third PUF cartridge i~ spiked with the same amounts 
of the compounds used in 14.3. 2and extracted to 
detennine analytical recovery. 

14.3.7 In general analytical recoveries and collection 
efficiencies of 75% are considered to be acceptable 
method performance. 
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14.3.8 Replicate (at least triplicate) determinations of 
collection efficiency should be made. Relative 
standard deviations for these replicate determinations 
of± 15% or less is considered acceptable performance. 

14.3.9 Blind spiked samples should be included with sample 
sets periodically,_ as a check on analytical per­
formance. 

14.4 Method Precision and Accuracy 

Typical method recovery data are shown in Table 1.. Re­
coveries for the various chlorobiphenyls illustrate the 
fact that all components of an Arochlor mixture will not 
be retained to the same extent. Recoveries for tetrachloro­

. biphenyls and above are generally greater than 85% but 
di- and trichloro homologs may not be recovered quantitatively • 
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TABLE 1. SELECTED COMPONENTS DETERMINED USING HI-VOL/PUF SAMPLING PROCEDURE 

24-Hour Sampling Efficiency(b) 
Air. 

GC Retentiol) 
Time, Minutesla) 

Concentration S 
Compo_und ng/m3 Recovery 

A1drin · 

4,4'-DDE 

4,4 1 -DDT. 

Chlordane 

Chlorobiphenyls 
4,4' Di-

2,4,5 Tri-

2,4',5 Tri-

2,2',5,5' Tetra-

2,2',4,4',5,5' Hexa 

2.4 

5.1 

9.4 

(c) 

--

0.3-3.0 

0.6-6.0 

1.8-18 

15-150 

2.0-20 

0.2-2.0 

0.2-2.0 

0.2-2.0 

0.2-2.0 

0.2-2.0 

(a) Data from U.S. EPA Method 608. Conditions are as -follows: 

... 

Stationary Phase - 1.5% SP2250/1.95% SP-2401 on 
Supelcoport (100/120 mesh) packed in 1.8 nm long x 
4 nm ID glass column . .. 
Carrier - 5/95 methane/Argon at 60 ml/Minute 

Column Temperature - 160°C except for PCBs which are 
determined at 200°c . 

(b) -· From Reference 2. 

(c) Multiple component formulation. See U.S. EeA Method 608. 

28 

89 

83 

73 

62 

36 

86 

94 

92 

86 
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Sampling 
Head 

(See Figure 2) 

Magnehelic -~_,~J 
Gauge 

0-100 in. 
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Pipe Fitting (1/2 in.) 

(6 in. X 10 ft)--­,=:;:====~~=====::;:::i 
Base Plate 

Voltage Variator 

Elapsed Time Meter 

7-Day 
Timer 

FIGURE 1. HIGH VOLUME AIR SAMPLER. AVAILABLE 
FROM GENERAL METAL WORKS (MODEL PS-1) 
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APPENDIX E 

DERIVATION OF AIR ACTION LEVELS 

Combustion, Inc. Site Removal Action 
Livingston Parish, Louisiana 

The air action levels during performance of the Removal Action at 
the Combustion, Inc. site, presented herein, were developed in 
accordance with the Risk Assessment Guidance for Superfund, Volume 
1, Human Health Evaluation Manual (Part A) and Human Health 
Evaluation Manual, Supplemental Guidance: "Standard Default 
Exposure Factors" (OSWER Directive 9285.6-03). Health-based 
criteria, inhalation unit risk values and subchronic reference 
concentrations, were obtained from the Integrated Risk Information 
system (IRIS), and the 1991 and 1992 Health Effects Assessment 
Summary Tables (HEAST). 

Carcinogenic Health Effects 

The air action levels were developed with the assumption that the 
active remediation would occur over a two-year period. The 
inhalation unit risk values were prorated to account for the 
duration of the active remediation (The Risk Assessment Guidelines 
of 1986). The exposure duration was adjuste~ from a 70 year 
exposure to a two year exposure. Unit risk values are used with 
the assumption of one excess cancer case per one hundred thousand 
individuals. 

Air action levels for carcinogenic health effects correspond to the 
average concentration of each specific constituent over the entire 
exposure period at each receptor location. For ease of data 
handling and reporting, all downwind data will be pooled to 
determine average concentrations of each constituent. Wind 
direction is accounted for by applying a wind direction factor of 
0.5 (i.e., any receptor is downwind of the site less than 50% of 
the time). A summary of wind direction recordings for a nine year 
period is provided in Table E-1. The 50% value is derived by 
grouping three adjacent vectors (example: north, northeast and 
east) for each season and identifying the maximum value. The 
maximum observed wind direction is for the northeast, east and 
southeast for a total of 48% of the time {this value is rounded to 
50%). 

E-1 ERM-SW40 
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TABLE E-1 

BATON ROUGE WIND ROSE SlJMMARy(a) 

Combustion, Inc. Site 
Denham Springs, Louisiana 

Time Percentage of Time Wind Blows From al Particular Direction 
Deliver<a) N NE E SE 

Annual 13.4 11.6 15.9 

·Spring(b> 11.2 9.8 13.9 

Summer<c) 10.1 10.8 14.9 

FaU(d) 15.6 14.6 19.5 

Winter<c) 17.4 115 14.9 

NOTE.S: 

<•>Source: Local Climatological Data, 1981, Baton Rouge, Louisiana (NOAA) 
(b)Marcb, April. May (1965-1974) 
(c)June,July, August (1965-1974) 
(d)Septcmber, October, November (1965-1974) 
<•>December, January, February (1965-1974) 

14.4 

16.8 

12.1 

13.6 

14.9 

s SW w 

12.4 7.0 7.8 

19.7 8.2 6.3 

10.0 10.0 12.8 

7.6 35 5.8 

13.0 5.5 6.5 

-

NW Calm 

8.0 9.3 

7.4 6.5 

6.9 12.4 

7.8 11.6 

9.8 6.6 



The equation for determination of air action levels is presented in 
Table E-2. Health-based criteria used in calculation of the air 
action levels are presented in Table E-3. Calculated air action 
levels are provided in Table E-4. 

Noncarcinogenic Health Effects 

The duration of active remediation at the Combustion site is 
assumed to be two years. This duration of time is within the 
exposure range of subchronic reference concentration (RfC). 

Subchronic RfCs estimate a daily exposure level for human 
population, including sensitive subpopulations such as children, 
that is likely to be without adverse effects for an exposure 
duration of two weeks to seven years. Subchronic RfCs could be 
used without modification as two-year air action levels for 
chemicals with noncarcinogenic health effects (Table E-4). 
Subchronic RfCs are used with the assumption of a hazard index (HI) 
equal to unity (1). 

Polycyclic Aromatic Hydrocarbons 

Carcinogenic Polycyclic Aromatic Hydrocarbons (PAHs) should be 
evaluated on the basis of. the toxicity value for benzo(a)pyrene. 
PAHs can be evaluated as a class of chemicals using the toxicity 
equivalency factor (TEF) methodology. The following TEFs should be 
used to convert the concentration of each carcinogenic PAH compound 
to the relative potency of benzo(a)pyrene. 

Compound TEF 

Benzo(a)pyrene 1.0 

Benzo(a)anthracene 0.1 

Benzo(b}fluoranthene 0.1 

Benzo(k)fluoranthene 0.1 

Chrysene 0.01 

Dibenzo(a,h)anthracene 1.0 

Indeno(l,2,3-c,d}pyrene 0.1 

E-3 ERM-SW40 
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TABLE E-2 

EQUATION FOR DETERMINATION 
OF AIR ACTION LEVELS 

Combustion, Inc. Site 
Denham Springs, Louisiana 

Air Action Level (p,g/M3) = TR * AT + BG 
UT*ED*WF 

TR = Target Risk (1 X 10-5) 

AT= Averaging Time (70 years) 

UT= Inhalation Unit Risk Value (See Table 1) 

ED= Exposure Durations (Years) 

WF = Wind Factor to adjust for maximum seasonal wind direction of 50% (0.5). 

BG = Upwind (background) air concentration for measured compound. 
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TABLE E-3 

HEALTII-BASED CRITERIA USED TO CALCULAIB 
AIR ACITON LEVELS FOR 1HE COMBUSTION, INC. SITE 

Combustion, Inc. Site 
Denham Springs, Louisiana 

Contaminant Carcinogenic Group 
Inhalation 
Unit Risk 

Subchronic Reference 
Concentration 

Benzene 

Benro(a)pyrene 

Chlorobenzene 

Chloroethane 

Chloroform 

1,1-Dichloroethane 

1,2-Dichloroethane 

1,2-Dichloroethene 

1,4-Dichlorobenzene 

Ethyl benzene 

Lead 

Styrene 

Tetrachloroethene 

Toluene 

Trichloroethene 

Xylenes (mixed) 

NOTE: 

A 

B2 

B2 

C 

B2 

C 

B2 

B2 

B2 

B2 

83E-6 

1.7E-4 

23E-5 

2.6E-5 

5.7E-7 

52E-7 

1.7E-6 

Inhalation unit risk values are expressed 1/(µ.g/cubic meter) and reference concentrations 
are expressed in mg/cubic meter. 

2E-1 

lE+l 

SE+O 

7E-1 

lE+O 

lE-1 

2E+O 

3E-1 



TABLE E-4 

ACTION LEVELS FOR SPECIFIC CHEMICALS IN AIR 
PHASE I AND PHASE II REMOVAL ACTION 

Combustion, Inc. Site 
Denham Springs, Louisiana 

Parameters Method Action Levels <•>(b)(c) ug/m3 
Detection 

Limits 
ug/m3 (c) 

Benzene (a) 4 84 

Chlorobenzene (f) 67 200 

Chloroethane (f) 3333 10,000 

Chloroform (a) 2 30 

1,1-Dichloroethane (f) 1667 5000 

1,2-Dichloroethane (a) 1 27 

1,2-Dichloroethene -- 50 Monitor Only 

1,4-Dichlorobenzene (f) 233 700 

Ethyl benzene (f) 333 1000 

styrene (a) 61 1220 

Tetrachloroethene (a) 67 1340 

Toluene (f) 667 2000 

Trichloroethene (a) 21 420 

Xylenes (f} 100 300 

PCBs (h) 0.5 1 

PNAs (a) (d) 0.2 4 

Lead (g) 0.5 1.·5 

NOTES: 
(a) Action levels derived using a 1 x 10·5 cancer risk factor for carcinogenic compounds. 
(b) Action levels reflect exposure durations adjusted for a maximum seasonal wind direction of 50% (e.g., no 

(c) 

(d) 
(e) 

(f) 

(g) 
(h) 

one receptor is downwind of the site more than SO% of the time over a one-year period). Therefore, 
exposure duration equals (project time) X 0.5. Reference Wind Rose charts found in Appendix E. 
Actions levels equate to the running average of the downwind data results and not instantaneous or 
maximum daily readings. · 
Equivalents to benm(a)pyrene. See Appendix E for equivalent factors for specific PNAs. 
These are the target detection limits but may be modified depending on matrix interference and other 
laboratory factors. 
Action levels derived using non-carcinogenic health effects subcbronic reference concentration (RfC) and 
a Hazard Index of one. 
National Ambient Air Quality Standards. 
National Institute for Occupational Safety and Health (NIOSH) proposed standard and referenced by EPA 
Region VI. 
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Air Action Levels 

The carcinogenic and noncarcinogenic health effects of chemicals 
were assessed in the calculation and determination of the 
recommended air action levels are provided in Table E-4. The air 
action levels should be protective of human populations including 
sensitive individuals living in the vicinity of the Combustion, 
Inc. site during the Removal Action. The air action levels were 
adjusted to account for the two years of anticipated remedial 
activity. The air action levels should be compared to cumulative 
average air concentrations. Therefore, it may be acceptable to 
exceed these air action levels on a short term basis without harm 
to human health. 
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Local Climatological Data 
Annual Summary With Comparative Data 

1981 
BATON ROUGE, LOUISIANA 

Narrative Climatological Summary 
Jlat011 lou&e, Louisiana'• capital. city, :la loeated on the use: side of the His,siuippi lliver, 1i:l the souc:hu.stern 
section of the atate, s0111e 60 to 70 ail•• isllaad froa the coaat. the area :la near the firsc: evident relief 110rth 
of the deltaic coastal pl&in, aarsh and svamp terrain stretchiD& souchvard to the Culf of Hexico. the NOAA Nat­
local \leather Service Office 1• locatacl at llyan Airport, aome ei&ht ailes north of the dowittown area. Elevations 
ill East Baton louse l'arish range froa lle&l' 25 feet above aea level 1n southern cectioas to aore thau 100 feet in 
the excre11e north. 

'the ceneral cliaate of latou louse is humid subtropical., but the city is subject to sipificant polar influences 
durinc viater. •• sasses of cold air periodically t10Ve southv&rd across the plaias and the H1ssissipp1 Valle7, 
displacfni vara moist air. Prcvailinc vind flov is frora a southerly direction durins such of the year. 'this .ove­
aenc: of aaric:iae air frora the Culf of Mexico helps to temper extreia-es of su=er heat, to shorten the du-cation of 
¥inter cold spells, and provides a source of abundant t10iscure and rainfall. Vinds are usually rather li&ht • 
.Aboui:: 80 perc:eut of hourly wind speed observations durin& the yea,: are l2 a.p.h. o,: leas. 

binfall is beayy vith the norsul annual to1:al 1110re ·than 54 inches. hlounts ai.-e substantial in all seascns. al­
thou&h there is an early autwml ainimum in September and October. All other month• receive an average total of 
1101:e than fou1: inches. J.hlosc: all 1:'ainfall is of the convective and air mass tnes-sh=ecy and b1:ief-except 
occasionally during vi11ter vhe11 nearly continuous rains. produced as cold fronts, bec0111e stationary in the recion 
and aay persist for a fev days. Extreaes of precipitation may occur in all ~ .. sous. and although c:ouential. ,:ain­
fall is unusual in East Baton Jtou&h Parish. 12.08 inches verc reported 1n 24 hours on April 13-14. 1967, vith ll..29 
hliches of this amount 111e&sured in 11 hours. 

The winter -tbs a-ce norm.ally ai.ld vi.th cold spell• usually of short duratiou. The typical pattern is veathei.- •• .,._ 
turnin& cold vith n.in one day, reaching the lovesc: temperatures after sky is clear oa the second day, and varuinc 
oa the third day. Free:z:ing or sub-freuinc sini1111.1111 temperatures occur several t:imes annually. but ,:arely do aaxi-
- temperatures fail to rise above the free:z:ing point. The longest ltnovn period during vhich temperatures ,:emain-
ed belov JJ•F is 71 hours, on 3anuary 9-12, 1962. The average date of the first 32•F in the autumn is November 22, 
and the average date of the last 32•F in spring is February 22. 'these dates produce a mean free:z:e-free period of 
SOIIIC 273 days. Individual years have from fever than 10 to more than 30 days with free:z:ing temperature. ~'bile 
temperatures of free:z:ing or belov occur each vint:er, ,:eadincs drop belov 29•F in oaly about 60 percent of the 
seasons. Snov is a negligible form of precipitation; total annual snovfall averages only a fraction of an inch and 
-ny years pass vith no measurable snow. The heaviest: snCX1fall of record, in February 1895, deposited 12.5 inches 
ill Baton ftouge. 

'the summer 110nths are consisteat:ly quite varm, but maximW11 temperatures rarely exceed 1oo•F because of t:he unifor1:1 
hi&h hwaidity of the domi~nt maritime t:ropic~l air aass and the moderating effects of cloudiness and the scattered 
convective=showers and thundersconas vhich are a primary feat:ure of the veather durin& these month•• Shovers nor­
aal17 fall at any place on about one-third of the days in 3une. 3uly and August, and are present in the area on 
wore than one-half of the day•. The resulting point rainfall totals are usually less than one-half inch except on 
three or four d3ys per month. 

SUINIICr relative hUlllldity exceeds 80 perceni:: for aboui:: 12 hours per day. High humidity may be experienced al: any 
hour, but occurs aainly at night; 90 percent or inore of the hours from late evenin& to early morning have relative 
humidity of 80 percent or higher. !leadings of SO perceni:: or less occur about tvo hours per day, usually during 
afternoons; from 25 1:0 40 percent of the mid-afc:emoon hours have had relative hUlllldity of less than 50 percent. 

Temperatures in the sprin& are usually mild and pleasant and those in autumn from late September to December are 
generally delightful for outdoor activities. 

Thunderstorms occur each month; they are saosc frequent in July and Augusi:: vith almosi:: one-half of the days in each 
month reporting thunder. The fewest days vith rain are in October. Dry spells of two to three veeka' duration are 
not uncollllllOn. The longest period vithout measurable precipit~tion is JS days. 

Severe local storms, including hailstorms, tornadoes, and local vind storms, have occurred over small areas in all 
seasons, but are most frequent during the spring mouths. Large hail of a d&1Daging nature very rarely occurs and 
tornadoes in this section of Louisiana are unusual. Since 1900. the centers of five hurricanes have passed very 
near Baton Rouge. The area has also been affected by sever.al other hurricanes and by several tropical sc:orias vhich 
did not attain hurricane intensity. Baton Rouge is in the resion vhere a mean recurrence interval of SO years 
gives a standardized extreme mile of vind a speed of about 85 m.p.h. 

noaa NATIONAL OCEANIC ANO 
ATMOSPHERIC ADMINISTRATION / 

ENVIRONMENTAL DATA AND/ NATIONAL CLIMATIC CENTER 
INFORMATION SERVICE ASHEVILLE. N.C. 
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