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P R O J E C T    O V E R V I E W

A Preliminary Investigation of the Potential for Ground-Level Ozone Formation 
Resulting from Compost Facility Emissions 
OBJECTIVE: To determine whether the types of Volatile Organic Compounds (VOCs) emitted from typical greenwaste and foodwaste composting operations found around California’s Central Valley during the May to October ozone “season” are likely to react with oxides of nitrogen (NOx) and form ozone.
OVERVIEW:  The MOChA (Mobile Ozone Chamber Assay) provides an environment to mix agricultural emissions with known quantities of oxides of nitrogen (NOx) in order to measure actual ozone formation as  might occur in the San Joaquin Valley and other air basins.  The MOChA was developed at UC Davis and has been used to profile emissions at dairies, in orchards and in other real-world agricultural settings.  
For the purposes of this preliminary investigation, Dr. Peter G. Green, Associate Research Engineer with the UC Davis Department of Civil and Environmental Engineering, will use the MOChA at two permitted compost facilities in the Central Valley for one week at a time to study emissions from active compost windrows.  The MOChA analysis will be conducted on site in a few hours, twice each day.  Additional gas samples will be gathered, stored according to best scientific practices, and analyzed by Dr. Green at his department’s laboratory on the UC Davis campus. 

The sampling and subsequent analysis will result in a report which will be available to all stakeholders.  After review by stakeholders, the report will be provided to regulators. The sampling and analysis may also be used by Dr. Green and his colleagues as the basis for an article published in a peer-reviewed scientific journal.

COST: $32,623

RATIONALE: Research indicates greenwaste composting emits VOCs.  Regulators assume that because VOCs are being emitted, ozone will be formed.  However, VOCs vary greatly in their reactivity and in their propensity to contribute to ozone formation.  Previous compost studies have concentrated on the amount of emissions.  The types of VOC emissions coming off compost piles have not been adequately tested.  The assumption that compost piles contribute to ozone formation should to be validated before implementing new air quality rules which will raise composting costs and exacerbate price pressures which tend to drive organics into landfills.  Without the research, it is difficult to determine whether the proposed new rules will actually result in cleaner air. 
D E T A I L E D   P R O P O S A L

BACKGROUND: This project will provide a timely and low-cost appraisal of the potential for compost emissions to contribute to ozone formation.  Currently, air quality management districts throughout California are preparing to regulate green waste compost facilities for emissions of VOCs, an ozone precursor.  In the case of biosolids and manure co-composting, these facilities have already been regulated.

Ozone is beneficial high up in the atmosphere, but at ground level it harms human health, decreases crop yields, and is regulated as a “criteria pollutant” under the federal Clean Air Act.  In hot, sunny places, such as California’s Central Valley, VOCs mix with oxides of nitrogen (NOx)—mostly coming from engine exhaust—to form ozone.  In ozone non-attainment regions, like the Central Valley, local air quality regulators are under extreme pressure to regulate any industry which might contribute to ground-level ozone formation.
LIMITATIONS OF PREVIOUS WORK: All existing studies on compost emissions have focused on total VOC and ammonia emissions, attempting to answer the questions of: 1) whether compost piles give off VOCs and ammonia, and 2) how much VOC and ammonia might be emitted for every pound of feedstock sent to a compost facility.  Research has determined that greenwaste composting does not emit significant ammonia, but suggests that it does emit VOCs, in some cases at reasonably high rates.  The standard assumption has been that because VOCs are being emitted, ozone will be formed.  This assumption may reasonably be challenged.  

VOCs are a family of more than 1,000 compounds.  Some are inert, benign and ubiquitous. Others are extremely reactive and hazardous.  The types of VOCs coming off of compost piles have been characterized as non-methane, non-ethane organic compounds, but otherwise have not been identified.  There is no peer-reviewed research to suggest that the compounds emitted by compost piles contribute significantly to ozone formation.  VOC “speciation” is a relatively new research field; however, nearly all VOCs have been assigned a reactivity index which indicates the probability of it mixing with other atmospheric constituents to create pollution.  At least one low-reactivity VOC, acetone, has been exempted from federal and California Clean Air Act controls.
Two emissions samples collected during the CIWMB’s 2002 emissions study at Tierra Verde Industries Industries Compost Site in Irvine, CA (3) were analyzed for specific VOCs.  This emissions profile is dominated by methanol, ethanol, acetone and methyl-ethyl ketone (MEK).  These gases have a relatively low reactivity and are not expected to produce meaningful amounts of ozone.  More reactive gases such as xylene and styrene were detected, but at very low levels.  The types of tests performed, however, were not sufficient to detect all potentially reactive gases, particularly highly reactive aldehydes. 

It is prudent to accurately characterize the types of gases actually being emitted by compost piles, and then determine whether those lead to actual ozone formation, before moving ahead with new rules designed to reduce ozone formation from composting.  There is currently no public funding available for this work, so private funding is sought.
THE MOChA CHAMBER: The MOChA chamber may be towed behind a pickup truck to any site. The first application of the MOChA was to study dairy cattle and their fresh waste (1). This study showed that even though VOC emissions were high, ozone formation was negligible.  The second published study (2) used two MOChA chambers-- upwind and downwind of an orchard – to study the spraying of solvent based pesticides.  The results showed the emissions from the spraying vehicle were more important than those from the solvent.  In both cases, ozone formation depended more on NOx emissions than VOCs.   Results from additional studies of other animal emissions, cattle feed, pesticidal oils, and pesticide solvents, are currently being written or are in review for publication. 

RELATIONS TO CURRENT AND PLANNED RESEARCH:  

The California Integrated Waste Management Board (CIWMB) has funded more than $400,000 worth of compost emissions research over the past decade.  The Tierra Verde study showed that ammonia was not a concern in greenwaste composting, and that a high-carbon woody compost pile emitted fewer VOCs than a low-carbon grassy pile.  Its 2006 study at the Modesto City Compost (4) site showed that VOC emissions from a well-constructed greenwaste windrow were considerably less than previously estimated, that adding food waste roughly doubled those emissions, and that capping a new compost pile with a blanket of finished compost significantly reduced VOC emissions by acting like a biofilter. 

Additional research on the impact of operational variables on compost pile emissions is being funded by the San Joaquin Valley Unified Air Pollution Control District, with help from the CIWMB, Merced County, and Stop Waste of Alameda County.  This study will investigate relationships between VOC emissions and compost pile temperature, moisture content, oxygen levels and pH.  This study began in June, 2009, and should be completed by the end of the year.  The District intends to resume its compost rulemaking and adopt a rule before the end of 2010.

THIS STUDY: Researchers will spend one week at a time at two separate compost sites, one which composts exclusively greenwaste, and one which composts greenwastes and food wastes.  MOChA testing is complemented with detailed chemical analysis to determine which of the compounds present—if any—are directly responsible for ozone formation.

TIMELINE: 

	Study planning
	July, 2009

	Field research
	August and September, 2009

	Preliminary analysis and calculations
	October, 2009

	Draft report to stakeholders
	November, 2009

	Final report
	December, 2009

	Peer-reviewed publications
	2010


TESTING PROTOCOLS:  Besides the Ozone Chamber measurement, VOC measurements will be conducted using three techniques: 

1. Canister sampling followed by cryo-focused GC-MS (gas chromatography-mass spectrometer) analysis, for highly volatile and non-polar or semi-polar VOCs, using the established EPA TO-15 protocol.

2. DNPH-impregnated sorbent tubes followed by HPLC (high-performance liquid chromatograph) for highly reactive aldehydes and ketones, using the established EPA TO-11 protocol.

3. Sorbent tube-sampling followed by solvent elution and GC-MS.  This method aims to quantify the largest possible range of VOCs, including moderately volatile compounds.  It is used for worker safety through NIOSH (method 1500 for hydrocarbons, method 1501 for aromatic hydrocarbons, and method 1552 for terpenes) and has been described and validated in various publications – including one from the field project leader (Dr. Kumar) for this proposal.


All chemical analysis will be conducted at UC Davis, in the laboratories of the Department of Civil & Environmental Engineering.  The laboratory has an extensive collection of recent analysis equipment permitting the analysis of nearly every pollutant of concern at the lowest levels currently feasible.  For more on the laboratory, visit: http://cee.engr.ucdavis.edu/faculty/young/Laboratory.htm 
COSTS:  Since the MOChA apparatus is fully developed, costs are primarily related to time and travel of personnel.  To take a good ‘first look’ at greenwaste compost, we plan on funding only one full-time person, Dr. Kumar, a highly experienced post-doctoral researcher.  We plan to have at least one other person working on independent support at all times, including the primary researcher, Dr. Green, who will donate time if necessary or a student assistant who can work at a cost low enough to preclude budgetary planning.

Besides personnel, costs include a rented pick-up truck (to pull the trailer housing the mobile chamber), food and accommodation, laboratory supplies (e.g. solvents) and field supplies (e.g. sorbent tubes).
Budget
	
	
	Rate
	Total

	Principal Investigator, Green (3.5 months @ 10% time)
	$56
	$3,142

	Post Doctoral Scholar, Kumar (3.5 mo @ 80%)
	$29
	$13,057

	Subtotal wage & benefit
	 
	$16,199

	Laboratory use and University overhead
	
	$11,283

	Field and Laboratory Supplies
	
	$2,000

	 
	Subtotal facility & supply
	 
	$13,283

	Fleet truck for towing equipment
	$75
	$750

	Mileage (assume 1 RT Bakersfield & 1 RT Fresno)*
	$0.23
	$219

	Lodging (max $84 plus tax), 8 days, 2 people*
	$100
	$1,600

	Meals and incidentals, 10 days, 2 people*
	$40
	$800

	 
	Subtotal travel
	 
	$3,369

	Grand Total
	
	$32,851

	
	
	
	

	* estimates, actual cost should be lower
	
	


ADDITIONAL RESEARCH, CO-FUNDING AND COLLABORATION OPPORTUNITIES:  This research is intended as a first look into the question of compost emission reactivity, and is needed on a rapid time line, precluding the use of federal grants and other sources of long-term funding.  Depending on the results, additional research may be needed.  Federal funding may be available for future projects stemming from this study.  Additional funding may be available through non-profit organizations, private foundations, public entities, and other interested parties.  The CIWMB will continue to provide in-kind support through its existing budgeted personnel.
CONTACTS:
Principal Researcher: Dr. Peter G. Green, Associate Research Engineer, Department of Civil and Environmental Engineering, University of California, Davis.  530-752-8581, pggreen@ucdavis.edu ; http://cee.engr.ucdavis.edu/People/pages/Green/ 
Field project leader: Dr. Anuj Kumar, Post Doctoral Researcher, Department of Civil and Environmental Engineering, University of California, Davis.  530-752-5860, kumar@crocker.ucdavis.edu 
Technical Assistant: Bob Horowitz, Senior Integrated Waste Management Specialist, California Integrated Waste Management Board, Sacramento.  916-341-6523 rhorowit@ciwmb.ca.gov ; http://www.ciwmb.ca.gov/Organics/Threats/Emissions/default.htm 
REFERENCES FOR PETER GREEN

Paul Martin, Western United Dairymen, paulwud@callatg.com
Beth Grafton-Cardwell, IPM Specialist and Research Entomologist, Kearney Ag Center in Parlier, BETHGC@uckac.edu
Jim Sullins, Tulare County Ag Expo:  jlsullins@ucdavis.edu
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