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Statement of Significance

Acrolein (CAS #107-02-8) is a reactive gaseous air contaminant that is generated from many sources, including vehicle emissions, combustion processes (fires/smoking), cooking, and secondary formation in the atmosphere from a variety of natural and anthropogenic chemicals.  Acrolein is considered to be the greatest non-cancer hazardous organic air pollutant in California 1 and the largest non-cancer hazard in a recent assessment of Portland, OR.2  The US Environmental Protection Agency has set the inhalation reference concentration (RfC) of 0.02µg/m3 based on a small number of studies involving acute animal exposures,3,4 while the World Health Organization set a higher “tolerable concentration” of 0.4(g/m3.  Despite the importance of acrolein in terms of health impacts, there is relatively little reliable data on ambient acrolein concentrations due to analytical difficulties with previous methods.

The objective of this research is to accurately determine ambient atmospheric concentrations of acrolein and other volatile carbonyls in an impacted urban region, namely Roseville, to assess the human exposure to this important toxic air pollutant.  We will employ newly-developed analytical methods that deliver greater accuracy and sensitivity than previous methods.  Samples will be collected 8 times a day to assess the diurnal cycles in acrolein concentrations that may arise from vehicle emissions during the morning and evening commute times, thus we will assess the importance of vehicle emissions on local acrolein concentrations.  In addition, we will determine the concentrations of acrolein at a rural site at Parlier to assess potential acrolein arising from agricultural activities.  The Parlier site is also located in the San Joaquin valley, which is a region that has numerous air quality violations. 
The results from this project will provide valuable information for the assessment of acrolein, which is believed to be the most important non-cancer hazardous organic air pollutant.  The main result will be to provide time-resolved ambient air concentrations of acrolein with documented accuracy at an impacted site.  This data will determine if the acrolein concentrations represent a hazard that needs further investigation or mitigation.  The time-resolved data also can assess the contribution of vehicle emissions to ambient acrolein by comparing to concentrations on weekends, when the commuter traffic is absent, to workdays with heavy commute traffic.  Understanding the contribution of vehicle emissions will help to direct future research to assess the relative contributions of different acrolein sources.  Lastly, the data from the rural site will give an indication of the background concentrations in an agricultural region.  Overall, this project will fill in many of the data gaps associated with one of the most hazardous air pollutants in California.

Abstract


The objective of this research project is to determine the diurnal cycles in acrolein concentrations at an impacted urban site to assess both the human exposure to acrolein and the contribution of vehicle emissions to the ambient acrolein concentrations.  To assess the potential human exposure to acrolein, we will collect ambient air samples 9 times a day at two sites, namely impacted urban site and rural agricultural site.  The impacted urban site will be in Roseville, California, at the existing ARB air monitoring site.  The Roseville site is near Interstate 80, so it is expected to be heavily impacted by commuter traffic.  The rural site will be at Parlier, which is in an agricultural region that has a history of air pollution violations.

The second aspect of this research is to estimate the influence of vehicle emissions to ambient acrolein concentrations.  This will be achieved by comparing results obtained during the rush hours on weekends and workdays.  In addition, samples will be collected at both sites in the summer and winter to assess seasonal differences resulting from biogenic emissions or increased wood smoke.

Project Objectives

This research projects has four main objectives:

1) To determine ambient acrolein concentrations in a region that is impacted by vehicle emissions.  In particular, the sample collection site will be located near a major roadway in urban area.

2) To estimate the contribution of vehicle emissions to ambient acrolein concentrations by comparing concentrations during rush hour times on weekends (control) and weekdays.

3) To estimate the contribution of biogenic sources to ambient acrolein concentrations by conducting sampling in both winter, when biogenic sources are less active, and in the summer;

1. Technical Plan

Sample Site Selection:

Ambient acrolein concentrations will be determined at sampling two locations that represent an urban environment and a rural agricultural site.  The urban site will be the Air Resources Board (ARB) site at North Sunrise Boulevard in Roseville, California, since Roseville has a history of air pollution violations.  This site is expected to be impacted be vehicle emissions from Interstate 80, so this site is ideally suited to evaluate the diurnal cycles of acrolein arising from commuter traffic.  Since this is an established ARB site, other ambient air quality measurements, such as ozone, will be collected and can be correlated to the acrolein concentrations.  This additional data will help to interpret the acrolein and other carbonyl data.  It also allows for comparisons between existing acrolein measurements and the newly developed methods utilized in this study.
The rural site will be located at Parlier in the San Joaquin Valley.  This region has extensive agricultural activity, hence we wanted to assess the possible emission of acrolein in from agricultural activities.  The San Joaquin Valley as a whole has a extensive history of air pollution violations, thus we would like to assess acrolein in this region.
Sample Collection Times:


We plan to conduct both summer and winter field-sampling campaigns in Roseville and Parlier.  The purpose of conducting sampling in two different seasons is to control for the potential biogenic sources acrolein or acrolein precursors.  We would expect greater contribution of biogenic sources in the summer when plant growth is more active and the high solar flux and temperatures may promote the formation of acrolein through ozone or hydroxyl radical oxidation.  While we will attempt to control for the presence of biogenic emissions of acrolein, other seasonal difference may confound the results.  For example, the increased wood burning in winter may elevate acrolein in winter.

Each intensive sampling campaign will consist of three consecutive days of sample collection from Sunday through Tuesday.  The purpose of sampling these days of the week is that the Sunday samples will provide a “control” condition compared to the work-week days where there is commuter traffic.  Therefore, we will be able to assess the influence of commuter traffic within at particular sampling episode assuming the meteorological conditions are comparable between the different sampling days. 

The ambient concentration of acrolein will be determined nine times a day to determine the diurnal cycle of acrolein concentrations.  We propose to collect duplicate samples at 02:00, 06:00, 08:00, 10:00, 12:00, 14:00, 16:00, 18:00 and 22:00 hours to represent a 24-hour cycle.  In particular, we want to collect samples around the peaks of the morning (9:00 am) and evening (5:00 pm) rush hours when we expect elevated emission rates of acrolein from traffic.  Furthermore, the acrolein arising from biogenic emissions may also show a diurnal cycle similar to ozone concentrations and/or temperature.


In addition to the samples, field blanks and field spikes will be prepared to ensure the quality of the results.  Two field blanks will be prepared for each sampling day by adding the collection solution to the mist chambers and then setting up the collection system with no air flow (vacuum pumps off).  This will control for possible contamination from reagents, sample storage/transport and sample handling in the field.  In addition, the calibration curve will be prepared by adding standard solutions to the collection solution in the field, thus the calibration standards will have identical derivatization and handling times as the field samples.

Sample Collection Procedure:


Acrolein and other small carbonyls will be collected and derivatized using a newly developed analytical procedure (See Appendix 1 for a detailed standard operating procedure of the analytical methods).  Briefly, the newly-developed analytical methodology uses a mist chamber to collect carbonyls from the air stream.  The mist chamber works by pulling air through a nebulizer to create a fine mist from the collection solution.  Chemicals present in the gas phase diffuse into the collection solution and are trapped by a reagent that prevents their subsequent volatilization.  In this case, a 0.1 M bisulfite solution is added to the mist chamber as the collection solution since bisulfite reacts with carbonyls to form reversible sulfite adducts.  A single mist chamber can trap 80% of the carbonyls from the air stream at a flow rate of 10 l/min for a 10 minute sample.  We utilize two chambers in series to collect ~ 95% of the carbonyls from the air.  It also should be noted that the methodology can be applied to most other small aldehydes and ketones, including methacrolein, crotonaldehyde, methyl vinyl ketone, glyoxal, and methyl glyoxal, thus it can be used to provide considerable data on many volatile carbonyls.


For each sampling time, there will be two separate sample collection trains to collect duplicate samples at the exact same time, thus providing replication of the individual sampling time results.  This will identify the consistency of the analytical methods under field conditions as well as providing insurance against sample loss in the lab.  Each sample collection train consists of two mist chambers, a Medo VP0660 vacuum pump.  The flow rate of the system will be monitored with a DryCal light primary flow meter.


One of the benefits of the recently developed methods is that the internal standards can be added to the collection solution prior to sample collection, which accounts for any acrolein loss during sample collection, derivatization and extraction.  Therefore, we will add acrolein-d4 and benzaldehyde-d6 to the sample collection solution prior to sample collection.  The addition of internal standards to the sample collection solution provides a powerful quality control measure that is currently lacking in the existing DNPH-based analytical methods.  The addition of a labeled internal standard analog of the analyte proves sample integrity for each of the field samples and blanks.  Therefore, we can verify the accuracy of all of the field samples unlike the current DNPH-based analytical methods.

Sample Extraction and Analysis:


Once the sample is collected, the bisulfite solution is removed from the mist chamber, along with two rinses of the chamber, and added to a mixture of hydrogen peroxide, acidified pentafluorobenzylhydroxyamine (PFBHA), and hexane.  The carbonyl-bisulfite adducts are broken apart by the slight molar excess of hydrogen peroxide.  The free carbonyls then react with PFBHA forming stable derivatives that are easily detectable by negative chemical ionization-mass spectrometry.  The derivatized carbonyls, being hydrophobic, concentrate in the hexane layer thus shifting the aqueous phase equilibrium in favor of the PFBHA derivatives.  The analytes are stable in this concentration of hydrogen peroxide for at least 7 days, so the samples can be safely stored for up to a week.  The hexane layer is extracted and subsequently concentrated by nitrogen evaporation.  The internal standard of PFBHA-acetone-13C3 is added to the samples and then the samples are ready for instrumental analysis.


The sample extracts are quantified by negative chemical ionization mass spectrometry using an Agilent 6890 gas chromatograph coupled to a 5973 Network Mass Selective Detector.  The detector is operated in the negative chemical ionization mode (m/z = 50-500) which affords the highest sensitivity with fluorinated compounds.  The source temperature is constant at 150°C and methane (40%) is the reagent gas.  A 30m DB-XLB capillary column (0.25mm I.D., 0.25µm film, J&W Scientific, Folsom, CA) is used with an initial temperature of 50°C, held for 2 minutes and then ramped at 5°C/min to 150°C, 20°C/min to 260°C, 30°C/min to 325°C and held for 5 minutes.


Quantification is performed using characteristic ions which occur in the EC-NCI mass spectra of PFBHA-oximes.  Acrolein and most aldehydes and ketones lose an HF fragment and have a unique, characteristic ion at [M-20]¯.  For dicarbonyls and hydroxycarbonyls, the characteristic ions are [M-181]¯ and [M-51], respectively.  A number of common reagent fragments (m/z = 178, 181, 196, 197) are also present and can be used to quickly identify the presence of an aldehyde or ketone functional group.  For characterization purposes, the mass-selective detector is set to count total ions (TIC), however increased sensitivity can be obtained by monitoring for selected ions (SIM).

Expected Results:


The expected results from this study are time-resolved acrolein concentrations from both an urban and rural site in regions that are expected to be impacted site by acrolein.  The impacted site in Roseville is primarily used to 1) determine human exposure in a highly impacted site near a freeway and 2) assess the importance of vehicle emissions on ambient concentrations of acrolein and other small carbonyls.  The first objective will determine if the ambient acrolein concentrations exceed the recommended exposure levels, thus determining if additional monitoring, mitigation and/or control are necessary.  The second objective is to test the importance of vehicle emissions in ambient acrolein concentrations by comparing ambient concentrations during rush hours on business days and weekends.  If there are significant differences between the weekdays and weekends, then it implies that vehicular traffic is an important source of ambient acrolein.  If the concentrations are relatively independent of the day of the week, then if suggests that other sources of acrolein more important (wood smoke, biogenic emissions, etc.).  This research will therefore suggest potential sources of acrolein, which can be used to direct future acrolein emission measurements of potential sources.

Data Management:


The data analysis will be relatively straight forward.  Since the ambient concentrations are expected to vary over the course of a day, the data from each day cannot be pooled (unless we obtain uniform concentrations over the day and prove that the data fits a normal distribution by an Anderson-Darling normality plot with p>0.05).  Therefore, the majority of the statistical comparisons will be conducted using pair-wise comparison tests, so the 08:00 sample time at Roseville will be compared to the Parlier site.  Therefore, we will have a population of comparisons (or differences between values) to use for statistical tests.  This pair-wise comparison approach should be able to account for differences due to diurnal cycles in ambient concentrations.


The specific comparisons that will be conducted are:

1) Urban site (Roseville in summer, n=27) verses rural site (Parlier in summer, n=27):  This will test for the extent of urban enrichment in ambient acrolein concentrations compared to an agricultural site.

2) Urban site in summer (n=27) and winter (n=27):  This will test for seasonal differences in acrolein concentrations.  Ideally, we would like to observe differences due to the presence of biogenic sources.  However, the comparison may be complicated by other factors, such as increased wood burning in winter.  Therefore, we will simply test for seasonal differences and then evaluate the possible mechanisms for any observed differences once we see the data.  A similar comparison will be conducted between the summer (n=27) and winter (n=27) concentrations in Parlier.
3) Urban site on weekends (n=9) and impacted site on weekdays (n=18):  This comparison tests for the influence of the daily commute on ambient acrolein concentrations.  The weekend samples should have reduced vehicle emissions compared to the week days.  This comparison will mainly focus on the summertime sampling period at the impacted site, but the same comparison can also be conducted with the winter-time sampling episode and the control site sampling episode.

Overall, there will be 27 samples collected during each sampling episode (3 sampling days × 3 sampling times per day), not counting field blanks.  In addition, 20% of the samples will be collected in duplicate to provide a measure of method consistency.  There will be four sampling campaigns, thus there will be a total of 130 samples collected and analyzed during this project, not counting blanks and calibration samples.

Testing Procedures and Quality Assurance:


Although numerous reports of ambient acrolein concentrations are present in the literature, the quality of the existing data is suspect due to analytical difficulties.  Therefore, it is critically important that this project have extensive quality control measures to prove the accuracy and integrity of the samples.  Therefore, this project will employ the following quality control measures:

1) Field spikes of labeled analytes:  The first quality control measure is to utilize the isotopically-labeled acrolein (acrolein-d4) as an internal standard that will be added to every sample.  The acrolein-d4 will be added to the collection solution before the sample collection, thus is can account for any chemical loss to blow-off, degradation by ozone (which is unlikely due to the ozone scrubbing of the bisulfite solution), or poor derivatization.  Since this labeled spike will be added to all samples in the field, the sample integrity can be determined for every single field sample.  Moreover, any chemical losses can be quantified and accounted for by using the acrolein-d4 as a quantification standard.  While acrolein is the focus of this project, we also plan to add benzaldehyde-d6 as another field spike to assess the potential loss of aromatic carbonyls.

2) Field and laboratory blanks: The second quality control measures are field and laboratory blanks.  Field blanks will be prepared at the same time as the sample collection.  The collection solution will be added to the mist chambers in the same fashion as field samples, but the vacuum pumps will not be turned on.  Thus the field blanks will be handled in the exact same fashion as the field sample but no air will be sampled.  The field blanks will therefore detect any contamination arising from sample reagents, sample handling in the field, transport and storage, and laboratory handling.  These blanks will be used to determine the minimum detectable limit (MDL) for the analytes as well as to blank-subtract the field samples if the analytes are present in the blanks.  Laboratory blanks will also be prepared.  These blanks will test for contamination in the reagents or laboratory handling of the samples.  These blanks will not be used for MDL determination, but are useful for determining the source of any possible contamination since they are not subject to the same field handling and storage as the field blanks.

3) Calibration curves:  The amount of the analyte in the samples will be quantified using calibration curves.  The calibration curves will be prepared in the field by adding the standard solutions to the collection solution.  The reason for preparing the calibration curve in the field is that the calibration curve will be subject to the exact same conditions during derivatization as the field samples, thus duration of derivatization will exactly match that of the samples.  This improves quantification is the analytes are sensitive to derivatization time.

4) Duplication of each sample collection time:  Two independent samples will be collected at each sampling time to provide duplicate measures of ambient carbonyls.  This will provide a measure of method consistency for each of the analytes.

5) Method inter-comparison:  Chris Halm of the California Air Resources Board has suggested that he would be willing to conduct co-located sampling with this project.  He plans to use canister samplers to detect ambient acrolein concentrations, thus we would obtain results from two very different sampling methods.  We have allocated 20 additional samples for the comparison between the existing network and the methods utilized in this study.
Existing Facilities for Research:


The vast majority of the infrastructure for this project already exists in our laboratory.  The main infrastructure consists of a trace analysis chemical laboratory in the Department of Environmental Toxicology on the University of California, Davis.  This laboratory has the typical equipment required to conduct trace analysis research, such as analytical balances, nitrogen evaporators, sonicators, drying ovens, cold storage, rotary evaporators, centrifuges and assorted glassware.


The main instrumentation in the laboratory is an Agilent 6890 gas chromatograph that is coupled to a 5973 Network Mass Selective detector.  This instrument is a single stage quadrupole mass spectrometer that is capable of conducting negative chemical ionization, which delivers great sensitivity for the pentafluoro- derivatives of the carbonyls.  Therefore, this GC-mass spectrometer will be the main instrumentation used for the quantification of the known analytes of acrolein, methacrolein, methyl vinyl ketone, glyoxal and methylglyoxal.

The field sampling equipment also already exists in our laboratory since this project is following a “method development” project funded by the Health Effects Institute.  Therefore, we have two vacuum pumps, a Hastings mass flow control (with two sample heads that have been recently re-certified), 12 mist chambers, a 12 v battery and power inverter (for operation in remote areas).  While the field equipment already exists, there will likely be some maintenance or replacement costs due to breakage and/or normal wear and tear.
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2. Detailed Work Plan

Total duration of project: 
12 months

Project beginning date: 
May 1, 2006

Project conclusion: 

April 30, 2007

Participants:
Thomas M. Cahill, Assistant Research Scientist, Univ. of California, Davis



Undergraduate Research Assistant
	
	
	Month, 2006
	Month, 2007

	Personnel
	Task
	5
	6
	7
	8
	9
	10
	11
	12
	1
	2
	3
	4

	Thomas Cahill
	1
	80
	
	
	
	
	
	
	
	
	
	
	

	Principal Investigator
	2
	
	160
	80
	
	
	
	
	
	
	
	
	

	
	3
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	80
	80
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	80
	80
	80
	

	
	6
	
	
	
	
	
	
	
	
	
	
	
	160

	Subtotal
	
	80
	160
	160
	80
	80
	80
	80
	160
	160
	80
	80
	160

	Undergraduate

Assistant
	1
	80
	
	
	
	
	
	
	
	
	
	
	

	
	2
	
	80
	80
	
	
	
	
	
	
	
	
	

	
	3
	
	
	
	80
	80
	80
	80
	
	
	
	
	

	
	4
	
	
	
	
	
	
	
	80
	80
	
	
	

	
	5
	
	
	
	
	
	
	
	
	
	80
	80
	80

	subtotal
	
	80
	80
	80
	80
	80
	80
	80
	80
	80
	80
	80
	80

	Total
	
	160
	240
	240
	160
	160
	160
	160
	240
	240
	160
	160
	240


3. Project Schedule

Project Schedule:

Task 1:

Preparation of chemical standards and field equipment 
Task 2:

Collect summer samples at Roseville and Parlier
Task 3:

Process summer samples and reduce data

Task 4:

Collect winter samples at Roseville and Parlier
Task 5:

Process winter samples and reduce data

Task 6:

Prepare final report

	
	2006
	2007

	Task
	May
	June
	July
	Aug
	Sept
	Oct
	Nov
	Dec
	Jan
	Feb
	Mar
	Apr

	1
	M
	
	
	
	
	
	
	
	
	
	
	

	2
	
	
	
	
	
	
	
	
	
	
	
	

	3
	
	
	
	
	
	M
	
	
	
	
	
	

	4
	
	
	
	
	
	
	
	
	
	
	
	

	5
	
	
	
	
	
	
	
	
	
	
	
	

	6
	
	
	
	
	
	
	
	
	
	
	
	D


M = meeting with ARB staff

D = Deliver Final Report

4. Project Management Plan

The project management plan is relatively simple since this is a small project with a single principal investigator, namely Thomas M. Cahill.  Thomas Cahill will be responsible for the project design, management and preparation of progress and the final reports.  Furthermore, Thomas Cahill will also conduct sample collection and analysis and directly supervise the graduate student conducting the laboratory analysis.  All the sample analysis will be conducted in our laboratory with the possible exception of Chris Halm of the Air Resources Board who may conduct co-located sampling for this project.

In addition, we plan to have an undergraduate research assistant to work on this project under the supervision of Thomas Cahill.  The student will be mainly responsible for sample collection and laboratory analysis.
THOMAS M. CAHILL

Dept. of Environmental Toxicology




         1175 Lake Bl, Apt #201

University of California, Davis, 





       Davis, CA, 95616

Davis, CA 95616; 







           (530) 750-3408
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AREAS OF SPECIALIZAION:


Development of analytical methods for new chemicals of concern


Modeling of environmental and biological fate of chemicals


Field sample collection techniques to assess biological impacts of chemicals

RESEARCH EXPERIENCE:


Postdoctoral Research at University of California, Davis



Developed analytical methods for the detection of acrolein at low ppt levels



Developed tandem mass spectrometry methods for the detection of hydroxylated PAHs



Quantified gaseous and particulate concentrations of biogenic secondary organic aerosols



Engaged in source identification of tracer compounds for diesel and gasoline vehicles


Postdoctoral Research at Trent University, Peterborough, Canada



Developed and programmed pharmacokinetic models to predict chemical fate in humans



Predicted human tissue concentration of two phthalate esters from exposure assessments



Developed environmental fate model predicting the fate of multiple chemical species



Investigated the environmental fate of perfluorooctane sulfonate (PFOS) for 3M


Dissertation Research at the University of Nevada, Reno



Developed headspace gas chromatographic methods to determine trifluoroacetate (TFA)



Determined the potential impacts of TFA of sensitive wetlands, namely vernal pools



Investigated the spatial distribution of TFA downwind of source regions


Master’s Research at the University of California, Davis



Refined and applied X-ray fluorescence techniques to determine elements in feathers



Assessed the impacts of mercury contamination on the Clear Lake bird community

TEACHING EXPERIENCE:

Lead instructor for Analysis of Toxicants course



Graduate level course in the Dept. of Environmental Toxicology, UC Davis, Fall 2004



The course details analytical procedures for common toxic compounds


Created a new graduate course Introduction to Environmental Multimedia Fugacity Models


Graduate level course in the Dept. of Environmental Toxicology, UC Davis, Winter 2003



The course describes the processes to create multimedia environmental fate models.


Undergraduate teaching assistant for Ornithology Laboratory


Upper division course in Wildlife, Fish and Conservation Biology, UC Davis, Fall 1993



The course focuses of bird biology and identification

PROFESSIONAL EXPERIENCE:


Currently managing a trace analysis chemical laboratory in Environmental Toxicology



Managing grant budgets



Preparing progress and final reports for contract agencies



Supervising graduate students in the laboratory
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5. Related Research

The proposed project is directly related to an existing research project funded by the Health Effects Institute (HEI).  The objective of that research was to develop new analytical methods for the determination of acrolein in the ambient atmosphere, so these are the new analytical methods that we will be using in the proposed research for the Air Resources Board project.  The HEI project lasted approximately two and a half years and it will be completed by December 2005.  The total budget for the HEI project was $361,951 over two and a half years.  We are currently drafting a manuscript detailing the analytical technique for submission to Analytical Chemistry.  We expect the manuscript will be submitted in October or November 2005.  In addition, we just completed a three-day sampling episode in Buffalo, NY in which acrolein concentrations were monitored upwind and downwind of a border crossing.  In addition, we conducted sampling adjacent to other research groups that were using the NDPH-based cartridges to determine acrolein, thus we hope to have an inter-laboratory comparison of the acrolein methodologies.
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APPENDIX #1

Standard Operating Procedure – Acrolein Collection & Extraction

Created by: Thomas Cahill

Created on: 4-29-05


Revised on: 7-26-05

Purpose:  Collect and determine acrolein and other small carbonyls in the ambient atmosphere using mist chambers and a bisulfite trapping solution.

Hazards: The organic solvents that are typically used in the extraction (hexane and/or methyl-tert-butyl ether) should be considered toxic and flammable.  Use these solvents only in the fume hood.  Hydrogen peroxide is an oxidizing agent and should be stored away from other organic solvents.  Sulfuric acid is a corrosive agent that should be stored with other acids.  Be sure to wear protective gear when making solutions of sulfuric acid.  Pentafluorohydroxylamine (PFBHA) has not been fully characterized as to its hazards, thus it should be treated as with care as a potential toxicant.
Reagents:

1. Bisulfite solution (0.1 Molar)

Prepare solution by adding 12.6g of sodium sulfite to 1 liter of HPLC or 18 M(-resistance water.  Adjust pH to approximately 5.0 by adding 55mL 1.0M H2SO4.  Allow solution to equilibrate for 1 week prior to use.  The solution appears to be stable for at least 6 months.

2. Pentafluorohydroxylamine (PFBHA) 50mM solution

Add 62.5mg of PFBHA to 5.0mL methanol.  Use the PFBHA as received from manufacturer.  The solution appears to be stable for at least 1 month.

3. Hydrogen peroxide (H2O2)

Use the 30% as purchased.  Keep bottle sealed when not in use to prevent contamination.  Do not pipet directly from the source bottle.

4. Internal Standard Solution 

Acrolein-d4 and benzaldehyde-d6 are prepared at a concentration of 10ng/µL in methanol.

Additional internal standards will be added to the IS mix as they become available.  

For field sampling, the IS mix (10 µL of solution) will be added to an ampule containing 200 µL of purge-and-trap grade methanol and then sealed in the laboratory.  The ampule can then be transported and used in the field without fear of chemical loss or contamination.  The internal standard mix will be added to the samples prior to collection to account for blow-off, degradation or incomplete derivatization of the analytes.

5. Injection Standard Solution

The PFBHA-acetone-d6 oxime is prepared at a concentration of 2µg/µL in GC-grade hexane.  This standard will be added to the samples just prior to instrumental analysis to quantify any instrumental drift.

6. Calibration Standards

Calibration standards are mixtures of the carbonyls of interest in methanol which result in a final carbonyl concentration of 5, 10, 50, 100 and 500 pg/µL.  The current compound list includes acrolein, methacrolein, methyl vinyl ketone, crotonaldehyde, glyoxal, methyl glyoxal and acetaldehyde.  The calibration solutions also contain the internal standard compounds of acrolein-d4 and benzaldehyde-d6 at a constant concentration of 100 pg/(l, which is the same concentration as present in the field samples if there were no losses.

Glassware Cleaning:

All glassware is washed in hot soapy water, rinsed twice with de-ionized water, rinsed once with acetone (to remove soap residues) and baked at 550ºC for 8 hours.  After baking, the glassware is either capped (in the case of test tubes and centrifuge tubes) or the openings are covered in aluminum foil.  This is designed to reduce glassware exposure to air, which might cause contamination.
Sampling Equipment:


2 mist chambers per sampling train (+ backups in case of breakage)


Medo vacuum pump


Mass flow controller (preferred) or rotometer to measure air flow rate


Vacuum tubing and connectors


Moisture trap (to protect pump from any bisulfite solution leakage)

For sampling in remote areas away from line power, the additional equipment is needed:


12v deep cycle batter


Power inverter (300w or greater)


Battery recharger

Collection & Derivatization:

1. Assemble vacuum pump and flow monitoring system.

2. Fill two mist chambers with 10 ml of the 0.1 M bisulfite solution.  Keep the two mist chambers in the same order for all sampling times during the campaign, so label one chamber “A” and always put it as the first mist chamber.

3. Add 100 ng of each internal standard chemical to mist chamber A.  For the field sampling events,   open a pre-made ampule of the internal standard mix (see under reagents #4) and add it to mist chamber A.  For laboratory tests, 10ul of the 10/ng/ul solution can be directly added to the collection solution.

4. Connect the two mist chambers in series making sure that chamber A is first.

5. Turn on the vacuum pump and set the flow rate to approximately 10 liters per minute.  Record the exact start time and flow rate in the sample log book.

6. After 10 minutes, turn off the vacuum pump and record the exact end time in the sample log book.  Make any comments relevant to the sampling (e.g. weather conditions, local conditions, etc.)

7. Empty both mist chambers into a single 50 mL test tube containing 200µL 30% hydrogen peroxide, 300µL 50mM PFBHA, 4 drops concentrated H2SO4 in 1mL HPLC water, and 5mL hexane.  Rinse each chamber with ~ 5 ml of HPLC or 18 M(-resistance water.  Add these rinses to the 50 ml test tube with the sample solution.

8. Mix well and allow it to react.  Record start reaction time in the sample log book.

9. Label the sample on both the test tube and the cap with a sticky label and a pencil (Pencils do not come off in organic solvents, so accidental erasure is less likely.)

10. Store the samples at room temperature for 48 to 168 hours to allow them to react.  The samples should be extracted within 7 days.

11. For each sampling day, create a 5-point calibration curve (and a reagent blank) to be derivatized alongside the samples.

a) Add 20 ml of the 0.1M bisulfite solution to five test tubes.

b) Open an ampule for a given standard and add it to the solution. Shake the test tube.

c) Repeat for the other four standards.

d) Prepare one reagent blank solution that does not contain any standards. Allow to react for 10 minutes.

e) Add to a 50mL test tube containing peroxide (200µL), 50 mM PFBHA solution (300µL), acid (4 drops), and hexane (5mL) and mix well.

f) You should have a total of 6 test tubes for standards and blanks (5 STDs + 1 blank) each day of sampling.

Sample Extraction: 

Sample extraction needs to be conducted 48-168 hours after sample collection.  For each sample and standard…
1. Shake vigorously and allow the aqueous and hexane layers to separate.  Remove the hexane layer and add it to a centrifuge vial by passing the hexane though a sodium sulfate Pasteur pipet column to dry the hexane.

2. Conduct a second extraction with another 5 ml of hexane (conducted as above).

3. Reduce the volume of the extract to 200 (l by nitrogen evaporation.  Vortex the centrifuge tube to wash the walls before transferring the solution to an amber GC vial.

4. Add 10ul of the 2µg/µL PFBHA-acetone-d6 oxime solution to each sample and standard to serve as an injection standard.

5. Store samples at 4oC in a sealed container with desiccant until instrumental analysis.  The samples are stable for at least 30 days in this condition.

Instrumental Analysis:

The samples are best determined by gas chromatography-negative chemical ionization mass spectrometry due to the electronegative properties of the pentafluorohydroxyl functional group.  Note: carbonyls will frequently give two (sometimes as many as four) peaks due to isomers arising from how the PFBHA attacks the double bond of the carbonyl.  Chromatographic separation of different isomers (e.g. methacrolein, methyl vinyl ketone, and crotonaldehyde) is easily accomplished by gas chromatography.  Our instrumental conditions are:

1. Instrument: Agilent 6890GC + 5973MS 

2. Column: DB-5MS or DB-XLB (30m, 0.25mm I.D., 0.25µm film thickness)

3. Helium carrier gas at a linear velocity of 35 cm/sec.

3. GC Program: Initial temperature 50ºC, increase 5ºC/min to 150ºC, increase 20ºC/min to 260ºC, increase 30ºC/min to 325ºC, hold for 5 min.

4. MS Source temperature = 150ºC, Mode = negative EC/CI, Reagent gas = CH4

