California Environmental Protection Agency

AIR RESOURCES BOARD

A REPORT TO THE CALIFORNIA
LEGISLATURE ON THE POTENTIAL
HEALTH AND ENVIRONMENTAL
IMPACTS OF

LEAF BLOWERS

Mobile Source Control Division

February 2000

State of California



AIR RESOURCES BOARD

A REPORT TO THE CALIFORNIA LEGISLATURE ON
THE POTENTIAL HEALTH AND ENVIRONMENTAL
IMPACTS OF LEAF BLOWERS

Public Hearing: January 27, 2000
Date of Revision: February 29, 2000

This report has been reviewed by the staff of the California Air Resources
Board and approved for publication. Approval does not signify that the
contents necessarily reflect the views and policies of the Air Resources
Board, nor does mention of trade names or commercial products constitute
endorsement or recommendation for use.



ACKNOWLEDGMENTS

This report on potential health and environmental impacts of leaf
blowers was developed by the following Air Resources Board staff:

Mobile Sources Control Division:
Nancy L.C. Steele, D.Env. (Lead)
Scott Rowland

Michael Carter (Branch Chief)

Research Division:
Hector Maldonado
Cindy Stover

And with the assistance of additional staff: Cresencia Gapas-Jackson,
Leslie Krinsk, Jeff Long, Keith Macias, Angela Ortega, Muriel Strand, John
Swanton, Maggie Wilkinson, and Walter Wong.

The many other individuals who provided information and assistance for this
report are listed in Appendix B.



TABLE OF CONTENTS

EXECUTIVE SUMMARY ...ttt sttt sae st e sste e sseesseesnaeenseeaseesnaaensees 1
l. INTRODUGCTION.......ciiiiiiieiieesiieeieesieeseeesreesteesaeessseessseessaesseesnseesseeenseesnseenns 7
A. BaCKGrOUNG ..........eeiiiee e 7
B History of the Leaf Blower and Local Ordinances..........ccocceeevveeenieeennnen. 7
C. Environmental CONCEIMS ..........uiiiiiieiiiieeiee e 8
D. Health and Environmental ImpactS...........ccocvieiiiieenieeeee e 9
1. Life-cycle Impact ASSESSIMENT........c.uviiiiieiiee e 9

2. RISK ASSESSIMEN.....iiiiiiiie et e e 10

E PUDIIC INVOIVEMENL. ..o 10
F. Overview of ThISREPOI........coiiiiiiiiierie e 11
. DESCRIPTION OF THE HAZARDS. ......ccii ettt 12
A. EXDaUSt EMISSIONS.......coiiiiiieiiiie e 12
1. Characterization of TEChNOIOQY ........coovviriiiiiiiiieeriie e 12

2. EXhaUst EMISSIONS......ccoiiiiiiiiiieiiieeesieeesiee e e e snnee e 13

a Leaf Blower POpUlation ............ccocueviiiiieniee e 13

D. EMISSION INVENTONY .....eeeiiie e 14

3. Regulating Exhaust EMISSIONS........cccceiiiiiieniiiesiiee e 14

a State RegUIAioNS..........cooiuiiiiiieeiie e 14

b. Federal RegUIBLIONS..........coviiiiieiiieecee e 15

c. South Coast AQMD Emissions Credit Program..................... 16

A, SUMIM@IY ...eeeeieeeiieee et ee e e et e e e e aasee e e e anse e e e e anseeaeeaansneeaeaanseneeeannnneeas 16

B. Fugitive DUSt EMISSIONS......ccccuiiiiiiieeiiee e 16
1. Definition of Fugitive Dust EMISSIONS..........ccoovviiiiiininiieenie e 17

2. Caculating Leaf Blower EMISSIONS........ccccvveiieieiriieeeiiee e seee e 18

a Generation of Fugitive Dust by Leaf Blowers...........ccceeeneee. 18

b. Size Segregation of Particulate Matter ...........ccceevveeeiieeennnen. 19

c. Caculation Assumptionsand Limitations...........ccccccecvveeeenee. 19

d. Calculation Methodology ..........cooieeeiiiiiiiiieeriee e 20

3. Characterization of Fugitive Dust EMISSIONS.........cccoovveeiiieeenieeennnen. 21

a Emission Factors - ThISSUAY ........cevevieeiiieeeniieeeieee e 21

b. Statewide Emissions Inventory - ThisStudy ..........cccoecveeeneen. 22

c. Previous Emissions Estimates: ARB, 1991 ...........ccccoevvveenen. 23

d. Previous Emissions Estimates: SMAQMD ..........ccccoecveeeenee. 23

e. Previous Emissions Estimates: AeroVironment ...................... 23

4. Particulate COMPOSILION ......coveiiiiiieiiiie e 24

5. Regulating Fugitive Dust EMISSIONS.........c.cooiiuiieiiiiieeiiee e siee e 24

a. State and Federal PM10 and PM2.5 Standards....................... 25

b. Local District Regulations............cccovieeeiiieiniieeeniee e 25

B, SUMMIBIY ...ttt e e et e e e s e e e e sne e e e e e ennne e e e e ennes 25



C. NOISE EMISSIONS. ....ceiiiiiiiiiieeiiie et e et sieee e e e e e 26
1. DEfINING NOISE ...ttt 26

2. Measuring the Loudness of Sound............cccoeceeeiiiiniiiee s, 27

a Loudness DeSCIiPLiON. ......cueviiveeiiiieesiie e 27

b. Sound Level Measurement...........ccceveeeiieeeeniee e 29

3. NOISEIN CalifOrMIAL.....ceiiiiie e 30

A NOISE SOUICES.......eeiiiiiie ettt 30

b. Numbers of People Potentially Exposed: the Public................ 30

c. Numbers of People Potentially Exposed: the Operator ........... 31

4. Regulating NOISE........ceiiiiiieiiiie e 31

A Federa LaW. ... 31

D, SAE LAW ..o 31

C. LOCEA OrdiNanCES.........ceeiiuieeiiiieeiiee et 32

5. Noise From Leaf BIOWENS........cooouiiiiiiiiniiieeeeeeee e 33

a. Bystander NOiSE EXPOSUIE........ccovveeirieeenieeeniee e 33

b. Operator NOiSe EXPOSUIE.........ccoicueeeiiiiieiiiie e 34

6. Use of Hearing Protectors and Other Personal Protection Gear ......... 37

a. Zero Air Pollution Study (1999).......ccccviiieieniieenieee e 38

b. Citizensfor a Quieter Sacramento Study (1999b)................... 38

c. Survey99 Report (Wolfberg 1999) ........ccovcvviiiieenieeeeieeee, 38

7. SOUNA QUEITTLY ... 39

8. SUMIMAIY ...ttt e e e e e e eanneeeeans 41

I, REVIEW OF HEALTH EFFECTS......ccti et 42
A. PartiCulate Matter .........ooieiieie e 42
B. Carbon MONOXIAE .....cceveeeiie et 43
C. UNDUMEA FUEL ... 43
D. L@ 70 1 PP PPRRRR 44
E. N[ PP 44
1. Hearing and the Bar.........cccuieiiiiiiiieee e 45

2. Noise-Induced Hearing LOSS .........cooiuieiiiiieiiiiesiiee e 45

3. Non-Auditory Physiological RESPONSE........cccceveiiiieeiiiie e 46

4. Interference with CoOMMUNICAHION..........ccoueeiiieeeiiie e a7

5. Interference With SIEED......coiiiiiiiie e 47

6. Effects on Performance and Behavior...........cccooeiiiiinieinieeiien, 47

7. Annoyance and Community RESPONSE.......ccceeeiiieeerieeeniee e 438

8. Effects of NOISE 0N ANIMAIS .....cocuviiiiiieciee e 49

V. POTENTIAL HEALTH AND ENVIRONMENTAL IMPACTS OF LEAF BLOWERS ..... 50
A. The Leaf BIOWEr OPErator ........ccvvveiiiieiieee e 50
1. EXhaUSt EMISSIONS.....ccuiiiiiiieeiiee e 51

2. Fugitive DUSt EMISSIONS.......cueiiiiiieiiieesiiie s 52

G T [0 1= PP PPSPUPPRI 53

B. The PUDIIC-aE-Large .....ccveeeeeeee et 53



2. Fugitive DUSt EMISSIONS.....cccuiiiiiiieiiieesieee st ssee e 55
G N[0 = PP 55

C. Summary of Potential Health Impacts...........cccoviieiiieiiie e, 56
V. RECOMMENDATIONS......ooiiieiie ettt stee st see et sae e see e e sneeenneeanns 58
VI.  REFERENCES CITED ....cccieiiiiiiiiiie ettt see e snea s 59

APPENDICES

Appendix A SCR 19

Appendix B Contact List

Appendix C  Ambient Air Quality Standards

Appendix D Chemical Speciation Profile for Paved Road Dust

Appendix E  Physical Properties of Sound and Loudness Measures

Appendix F American National Standard For Power Tools - Hand-held and Backpack,

Gasoline-Engine-Powered Blowers B175.2-1996

Appendix G Manufacturer-reported Noise Levels from Leaf Blowers

Appendix H Research Needs

Appendix | Future Technology and Alternatives

Appendix J  Exposure Scenarios for Leaf Blower Emissions and Usage

Appendix K Bibliography

List of Tables

Table 1. Mgor findings of the Orange County Grand Jury and City of Palo Alto.............. 8
Table 2. Statewide inventory of leaf blower exhaust emiSSIONS..........ccceveeviciiieeccciiieeeenn, 14
Table 3. Exhaust emissions, per engine, for leaf blowers...........cccooiiiiiiiiie 15
Table 4. Silt loading values, RIVErSIde COUNLY .........cooiuireiiiieiiiee e eseee e 21
Table 5. Leaf blower estimated emission factors, thisstudy............ccccoviiiiiinieeicieenns 22
Table 6. Leaf blower emissions, possible statewide inventory values, this study.............. 22
Table 7. Leaf blower operator noise exposures and duration of USe.............cccceeeeivveeennn. 36
Table 8. Sound levels of some leaf DIOWESS..........occueiiiiiieii e 37

Table 9. Commercial leaf blower emissions compared to light duty vehicle emissions..... 51
Table 10.Homeowner leaf blower emissions compared to light duty vehicle emissions... 54

List of Figures

Figure 1. Comparison of sound levelsin the environment .............cccceeeieeneeieennee. 28
Figure 2. Loudness levels of leaf blowers (50 ft).........cooveeeiiiieiniierie e 34
Figure 3. Sound quality spectrum of arepresentative leaf blower............ccccceeene. 40
Figure 4. Sound quality spectrum of a representative neighborhood....................... 40



EXECUTIVE SUMMARY
Background and Overview

Cdlifornia Senate Concurrent Resolution No. 19 (SCR 19) requests the Air Resources
Board (ARB) to prepare and submit a report to the Legislature on or before January 1, 2000,
summarizing the potential health and environmental impacts of leaf blowers and including
recommendations for alternatives to the use of leaf blowers and aternative leaf blower
technology, if the ARB determines that alternatives are necessary. The goa of this report isto
summarize for the California Legislature existing data on health and environmental impacts of |eaf
blowers, to identify relevant questions not answered in the literature, and suggest areas for future
research.

The leaf blower was invented in the early 1970s and introduced to the United States as a
lawn and garden maintenance tool. Drought conditions in California facilitated acceptance of the
leaf blower as the use of water for many garden clean-up tasks was prohibited. By 1990, annual
sales were over 800,000 nationwide, and the tool had become a ubiquitous gardening implement.
In 1998, industry shipments of gasoline-powered handheld and backpack |eaf blowers increased
30% over 1997 shipments, to 1,868,160 units nationwide.

Soon after the leaf blower was introduced into the U.S,, its use was banned as a noise
nuisance in two California cities, Carmel-by-the-Seain 1975 and Beverly Hillsin 1978. By 1990,
the number of California cities that had banned the use of leaf blowers was up to five. There are
currently twenty California cities that have banned leaf blowers, sometimes only within residential
neighborhoods and usually targeting gasoline-powered equipment. Ancther 80 cities have
ordinances on the books restricting either usage or noise level or both. Other cities have
considered and rejected leaf blower bans. Nationwide, two states, Arizona and New Jersey, have
considered laws at the state level, and five other states have at least one city with aleaf blower
ordinance.

The issues usually mentioned by those who object to leaf blowers are health impacts from
noise, air pollution, and dust. Municipalities regulate leaf blowers most often as public nuisances
in response to citizen complaints. Two reports were located that address environmental concerns:
the Orange County Grand Jury Report, and a series of reports from the City of Palo Alto City
Manager's office. The City of Palo Alto reports were produced in order to make
recommendations to the City Council on amending their existing ordinance. The Orange County
Grand Jury took action to make recommendations to improve the quality of life in Orange
County, and recommended that cities, school districts, community college districts, and the
County stop using gasoline-powered leaf blowers in their maintenance and clean-up operations.
The major findings of each are similar: leaf blowers produce exhaust emissions, resuspend dust,
and generate high noise levels.



As per SCR 19, this report includes a comprehensive review of existing studies of the
impacts of leaf blowers on leaf blower operators and on the public at large, and of the availability
and actual use of protective equipment for leaf blowers. The receptors identified by the resolution
are humans and the environment; sources of impacts are exhaust, noise, and dust. Because the
Legidature specified that ARB use existing information, staff conducted no new studies. In order
to locate existing data, staff searched the published literature, contacted potential resources and
experts, and requested data from the public viamail and through a web page devoted to the leaf
blower report. Two public workshops were held in El Monte, California, to facilitate further
discussions with interested parties.

The methodology followed for this report depends on both the objectives of SCR 19 and
available data. As staff discovered, in some areas, such as exhaust emissions, much is known; in
other areas, such as fugitive dust emissions, we know very little. For both fugitive dust and noise,
there are few or no data specifically on leaf blower impacts. For all hazards, there have been no
dose-response studies related to emissions from leaf blowers, we do not know how many people
are affected by those emissions, and no studies were located that address potential health impacts
from leaf blowers. Therefore, staff determined to provide the Legislature with areport that has
elements of both impact and risk assessments.

The body of the report comprises three components, following the introduction: hazard
identification, review of health effects, and a characterization of the potential impacts of |eaf
blowers on operators and bystanders. In Section 11, the emissions are quantified as to specific
hazardous constituents, the number of people potentially exposed to emissions is discussed, and
laws that seek to control emissions are summarized. Section I11 reviews health effects, identifying
the range of potential negative health outcomes of exposure to the identified hazards. Section IV
isasynthesis of hazard identification and health effects, characterizing potential health impacts
that may be experienced by those exposed to the exhaust emissions, fugitive dust, and noise from
leaf blowers in both occupational and non-occupational setting. Section V discusses
recommendations. Additional information, including a discussion of research needs to make
progress toward answering some of the questions raised by this report, a description of engine
technologies that could reduce exhaust emissions and alternatives to leaf blowers, and a complete
bibliography of materials received and consulted but not cited in the report, is found in the
appendices.

Description of the Hazards

Hazard identification is the first step in an impact or risk assessment. Each of the three
identified hazards are examined in turn, exhaust emissions, dust emissions, and noise. For each,
the hazard is described and quantified, to the extent possible, and the number of people potentialy
exposed to the hazard is discussed. For exhaust emissions, the number of people potentialy
impacted is as high as the population of the state, differing within air basins. Fugitive dust
emissions impact a varying number of people, depending on one's proximity to the source, the
size of the particles, and the amount of time since the source resuspended the particles. Findly,
we also discuss laws that control the particular hazard.
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Exhaust emissions from leaf blowers consist of the following specific pollutants of
concern: hydrocarbons from both burned and unburned fuel, and which combine with other gases
in the atmosphere to form ozone; carbon monoxide; fine particulate matter; and other toxic air
contaminants in the unburned fuel, including benzene, 1,3-butadiene, acetaldehyde, and
formaldehyde. Exhaust emissions from these engines, while high compared to on-road mobile
sources on a per engine basis, are asmall part of the overall emission inventory. Emissions have
only been controlled since 1995, with more stringent standards taking effect in 2000. The exhaust
emissions from leaf blowers are consistent with the exhaust emissions of other, similar off-road
equipment powered by small, two-stroke engines, such as string trimmers. Manufacturers have
developed severa different methods to comply with the standards and have done an acceptable
job certifying and producing engines that are below the regulated limits. Electric-powered models
that are exhaust-free are also available.

Data on fugitive dust indicate that the PM 10 emissions impacts from dust suspended by
leaf blowers are small, but probably significant. Previous emission estimates range from less than
1% to 5% of the statewide PM 10 inventory. The ARB previously estimated statewide fugitive
dust emissions to be about 5 percent of the total, the Sacramento Metropolitan AQMD estimated
leaf blower fugitive dust emissions to be about 2 percent of the Sacramento county PM 10 air
burden, and AeroVironment estimated dust attributable to leaf blowers in the South Coast Air
Basin to be less than 1% of al fugitive dust sources. Dust emissions attributable to leaf blowers
are not part of the inventory of fugitive dust sources. ARB, therefore, does not have official data
on the quantity of fugitive dust resuspended by leaf blowers. A more definitive estimate of |eaf
blower fugitive dust emissions will require verification of appropriate calculation parameters and
representative silt loadings, measurement of actual fugitive dust emissions through source testing,
and identification of the composition of leaf blower-generated fugitive dust.

Noiseisthe genera term for any loud, unmusical, disagreeable, or unwanted sound, which
has the potential of causing hearing loss and other adverse health impacts. While millions of
Cdifornians are likely exposed to noise from leaf blowers as bystanders, given the ubiquity of
their use and the increasing density of California cities and towns, there is presently no way of
knowing for certain how many are actually exposed, because of the lack of studies. In contrast, it
islikely that at least 60,000 lawn and garden workers are daily exposed to the noise from |eaf
blowers. Many gardeners and landscapers in southern California are aware that noise is an issue
and apparently would prefer quieter leaf blowers. Purchases of quieter leaf blowers, based on
manufacturer data, are increasing. While little data exist on the noise dose received on an 8-hr
time-weighted-average by operators of leaf blowers, data indicate that some operators may be
exposed above the OSHA permissible exposure limit. It is unlikely that more than 10% of |eaf
blower operators and members of the gardening crew, and probably a much lower percentage,
regularly wear hearing protection, thus exposing them to an increased risk of hearing loss. The
sound quality of gasoline-powered leaf blowers may account for the high level of annoyance
reported by bystanders.

Review of Health Effects



Potential health effects from exhaust emissions, fugitive dust, and noise range from mild to
serious. Fugitive dust is not a single pollutant, but rather is a mixture of many subclasses of
pollutants, each containing many different chemica species. Many epidemiological studies have
shown statistically significant associations of ambient particulate matter levels with a variety of
negative health endpoints, including mortality, hospital admissions, respiratory symptoms and
illness, and changes in lung function. Carbon monoxide is a component of exhaust emissions
which causes health effects ranging from subtle changes to death. At low exposures, CO causes
headaches, dizziness, weakness, and nausea. Children and people with heart disease are
particularly at risk from CO exposure. Some toxic compounds in gasoline exhaust, in particular
benzene, 1,3-butadiene, acetaldehyde, and formaldehyde, are carcinogens. Ozone, formed in the
presence of sunlight from chemical reactions of exhaust emissions, primarily hydrocarbons and
nitrogen dioxide, is a strong irritant and exposures can cause airway constriction, coughing, sore
throat, and shortness of breath. Finally, noise exposures can damage hearing, and cause other
adverse health impacts, including interference with communication, rest and sleep disturbance,
changes in performance and behavior, annoyance, and other psychological and physiological
changes that may lead to poor health.

Potential Health and Environmental | mpacts of L eaf Blowers

Health effects from hazards identified as being generated by leaf blowers range from mild
to serious, but the appearance of those effects depends on exposures. the dose, or how much of
the hazard is received by a person, and the exposure time. Without reasonable estimates of
exposures, ARB cannot conclusively determine the health impacts from leaf blowers; the
discussion herein clearly is about potential health impacts. The goal is to direct the discussion and
raise questions about the nature of potential health impacts for those exposed to the exhaust
emissions, fugitive dust, and noise from leaf blowers in both occupational and non-occupational
settings.

For the worker, the analysis suggests concern. Bearing in mind that the worker population
ismost likely young and healthy, and that these workers may not work in this business for all of
their working lives, we nonethel ess are cautioned by our research. Leaf blower operators may be
exposed to potentially hazardous concentrations of CO and PM intermittently throughout their
work day, and noise exposures may be high enough that operators are at increased risk of
developing hearing loss. While exposures to CO, PM, and noise may not have immediate, acute
effects, the potential health impacts are greater for long term exposures leading to chronic effects.
In addition, evidence of significantly elevated concentrations of benzene and 1,3-butadiene in the
breathing zone of operators leads to concern about exposures to these toxic air contaminants.

Potential noise and PM health impacts should be reduced by the use of appropriate
breathing and hearing protective equipment. Employers should be more vigilant in requiring and
ensuring their employees wear breathing and hearing protection. Regulatory agencies should
conduct educational and enforcement campaigns, in addition to exploring the extent of the use of
protective gear. Exposures to CO and other air toxics are more problematic because there is no
effective air filter. More study of CO and other air toxics exposures experienced by leaf blower
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operators is warranted to determine whether the potential health effects discussed herein are
actual effects or not.

Describing the impacts on the public at large is more difficult than for workers because
people's exposures and reactions to those exposures are much more variable. Bystanders are
clearly annoyed and stressed by the noise and dust from leaf blowers. They can be interrupted,
awakened, and may feel harassed, to the point of taking the time to contact public officials,
complain, write letters and set up web sites, form associations, and attend city council meetings.
These are actions taken by highly annoyed individuals who believe their hedlth is being negatively
impacted. In addition, some senditive individuals may experience extreme physical reactions,
mostly respiratory symptoms, from exposure to the kicked up dust.

On the other hand, others voluntarily purchase and use leaf blowersin their own homes,
seemingly immune to the effects that cause other people such problems. While these owner-
operators are likely not concerned about the noise and dust, they should still wear protective
equipment, for example, eye protection, dust masks, and ear plugs, and their exposuresto CO are
a potential problem and warrant more study.

Recommendations

The Legidature asked ARB to include recommendations for aternativesin the report, if
ARB determines alternatives are necessary. This report makes no recommendations for
alternatives. Based on the lack of available data, such conclusions are premature at this time.
Exhaust standards aready in place have reduced exhaust emissions from the engines used on leaf
blowers, and manufacturers have significantly reduced CO emissions further than required by the
standards. Ultra-low or zero exhaust emitting leaf blowers could further reduce public and worker
exposures. At the January 27, 2000, public hearing, the Air Resources Board directed staff to
explore the potential for technological advancement in this area.

For noise, the ARB has no Legidative mandate to control noise emissions, but the
evidence seems clear that quieter leaf blowers would reduce worker exposures and protect
hearing, and reduce negative impacts on bystanders. In connection with this report, the Air
Resources Board received severa letters urging that the ARB or another state agency set health-
based standards for noise and control noise pollution.

A more complete understanding of the noise and the amount and nature of dust
resuspended by leaf blower use and alternative cleaning equipment is suggested to guide decision-
making. Costs and benefits of cleaning methods have not been adequately quantified. Staff
estimates that a study of fugitive dust generation and exposures to exhaust emissions and dust
could cost $1.1 million, require two additional staff, and take two to three years. Adding a study
of noise exposures and a comparison of leaf blowers to other cleaning equipment could increase
study costs to $1.5 million or more (Appendix H).



Fugitive dust emissions are problematic. The leaf blower is designed to move relatively
large materials, which requires enough force to also blow up dust particles. Banning or restricting
the use of leaf blowers would reduce fugitive dust emissions, but there are no data on fugitive
dust emissions from alternatives, such as vacuums, brooms, and rakes. In addition, without a
more complete analysis of potential health impacts, costs and benefits of leaf blower use, and
potential health impacts of aternatives, such arecommendation is not warranted.

Some have suggested that part of the problem liesin how leaf blower operators use the
tool, that |eaf blower operators need to show more courtesy to passersby, shutting off the blower
when people are walking by. Often, operators blow dust and debris into the streets, leaving the
dust to be resuspended by passing vehicles. Interested stakeholders, including those opposed to
leaf blower use, could join together to propose methods for leaf blower use that reduce noise and
dust generation, and develop and promote codes of conduct by workers who operate |eaf
blowers. Those who use leaf blowers professionally would then need to be trained in methods of
use that reduce pollution and potential health impacts both for others and for themselves.



. INTRODUCTION
A. Background

Cdlifornia Senate Concurrent Resolution No. 19 (SCR 19) was introduced by Senator
John Burton February 23, 1999, and chaptered May 21, 1999 (Appendix A). The resolution
requests the Air Resources Board (ARB) to prepare and submit a report to the Legislature on or
before January 1, 2000, “summarizing the potential health and environmental impacts of |eaf
blowers and including recommendations for aternatives to the use of leaf blowers and aternative
leaf blower technology if the state board determines that alternatives are necessary.” The
Legidature, via SCR 19, raises questions and concerns about potential health and environmental
impacts from leaf blowers, and requests that ARB write the report to help to answer these
guestions and clarify the debate. The goa of this report, then, isto summarize for the California
Legidature existing data on health and environmental impacts of leaf blowers, to identify relevant
guestions not answered in the literature, and suggest areas for future research.

As per SCR 19, this report includes a comprehensive review of existing studies of the
impacts of leaf blowers on leaf blower operators and on the public at large, and of the availability
and actual use of protective equipment for leaf blowers. The receptors identified by the resolution
are humans and the environment; sources of impacts are exhaust, noise, and dust. Because the
Legidature specified that ARB use existing information, staff conducted no new studies. In order
to locate existing data, staff searched the published literature, contacted potential resources and
experts, and requested data from the public via mail and through a web page devoted to the leaf
blower report.

B. History of the L eaf Blower and L ocal Ordinances

The leaf blower was invented by Japanese engineers in the early 1970s and introduced to
the United States as alawn and garden maintenance tool. Drought conditionsin California
facilitated acceptance of the leaf blower as the use of water for many garden clean-up tasks was
prohibited. By 1990, annual sales were over 800,000 nationwide, and the tool had become a
ubiquitous gardening implement (CQS 1999a). In 1998, industry shipments of gasoline-powered
handheld and backpack leaf blowers increased 30% over 1997 shipments, to 1,868,160 units
nationwide (PPEMA 1999).

Soon after the leaf blower was introduced into the U.S,, its use was banned in two
Cdifornia cities, Carmel-by-the-Seain 1975 and Beverly Hillsin 1978, as a noise nuisance (CQS
19993, Allen 1999b). By 1990, the number of California cities that had banned the use of |eaf
blowers was up to five. There are currently twenty California cities that have banned leaf blowers,
sometimes only within residential neighborhoods and usually targeting gasoline-powered
equipment. Another 80 cities have ordinances on the books restricting either usage or noise level
or both. Other cities have considered and rejected leaf blower bans. Nationwide, two states,
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Arizona and New Jersey, have considered laws at the state level, and five other states have at least
one city with aleaf blower ordinance (IME 1999).

Many owners of professiona landscaping companies and professional gardeners believe
that the leaf blower is an essentia, time- and water-saving tool that has enabled them to offer
services at amuch lower cost than if they had to use rakes, brooms, and water to clean up the
landscape (CLCA 1999). A professional landscaper argues that the customer demands a certain
level of garden clean-up, regardless of the tool used (Nakamura 1999). The issues continue to be
debated in various public forums, with each side making claims for the efficiency or esthetics of
leaf blower use versus rakes and brooms. Leaf blower sales continue to be strong, however,
despite the increase in usage restrictions by cities.

C. Environmental Concerns

The issues usually mentioned by those who object to leaf blowers are health impacts from
noise, air pollution, and dust (Orange County Grand Jury 1999). The Los Angeles Times Garden
Editor, Robert Smaus (1997), argues against using aleaf blower to remove dead plant material,
asserting that it should be left in place to contribute to soil health through decomposition.
Municipalities regulate leaf blowers most often as public nuisances in response to citizen
complaints (for example, City of Los Angeles 1999). Two reports were located that address
environmental concerns. an Orange County Grand Jury report (1999), and a series of reports
written by the City Manager of Palo Alto (1999a, 19983, 1998b). The purpose of the City of Palo
Alto reportsis to develop recommendations to the City Council on amending its existing
ordinance. The Orange County Grand Jury took action to make recommendations that would
“improve the quality of life in Orange County,” and recommended that cities, school districts,
community college districts, and the County stop using gasoline-powered leaf blowersin their
mai ntenance and clean-up operations. The major findings of each are similar (Table 1).

Table 1. Major Findings of the Orange County Grand Jury and City of Palo Alto

Orange County Grand Jury Report (1999) City of Palo Alto City Manager’s Report (1999a)
(1) Toxic exhaust fumesand emissionsare (1) Gasoline-powered leaf blowers produce fuel
created by gas-powered leaf blowers. emissions that add to air pollution.

(2) Thehigh-velocity air jetsused in (2) Leaf blowers (gasoline and electric) blow

blowing leaves whip up dust and pollutants.  pollutants including dust, animal droppings, and
The particulate matter (PM) swept intothe  pesticides into the air adding to pollutant

air by blowing leavesis composed of dust, problems.

fecal matter, pesticides, fungi, chemicals,

fertilizers, spores, and street dirt which

consists of lead and organic and elemental

carbon.



(3) Blower engines generate high noise (3) Leaf blowers (gasoline and electric) do
levels. Gasoline-powered leaf blower noise  produce noise levels that are offensive and
is a danger to the health of the blower bothersome to some individuals.

operator and an annoyance to the non-

consenting citizens in the area of usage.

Aswill be discussed in more detail later in this report, the findings in these two reports
about exhaust emissions and noise are substantiated in the scientific literature. The report’s
findings regarding dust emissions, however, were not documented or based on scientific analysis
of actua emissions, but were based on common sense knowledge. The City of Palo Alto
continued to examine the issue, at the behest of council members, and reported revised
recommendations for the use of leaf blowersin Palo Alto in September (City of Palo Alto 1999b)
and January 2000 (City of Palo Alto 2000). The City of Palo Alto subsequently voted to ban the
use of fuel-powered leaf blowers throughout the city as of July 1, 2001 (Zinko 2000).

D. Health and Environmental | mpacts

SCR 19 asks ARB to summarize potential health and environmental impacts of |eaf
blowers, and thus our first task is to determine what information and analysis would comprise a
summary of health and environmental impacts. The methodol ogy followed for this report is
dependent both on the objectives of SCR 19 and on the available data. As staff discovered, in
some areas, such as exhaust emissions, we know much; in other areas, such as fugitive dust
emissions, we know very little. For both fugitive dust and noise, there are few or no data
specificaly on leaf blower impacts. For al hazards, there have been no dose-response studies
related to emissions from leaf blowers and we do not know how many people are affected by
those emissions. Therefore, staff determined to provide the Legislature with a report that has
elements of both impact and risk assessments, each of which is described below.

1. Life-cycle Impact Assessment

Life-cycle impact assessment is the examination of potential and actual environmental and
human health effects related to the use of resources and environmental releases (Fava et a. 1993).
A product’s life-cycle is divided into the stages of raw materials acquisition, manufacturing,
distribution/transportation, use/maintenance, recycling, and waste management (Fava et al. 1991).
In this case, the relevant stage of the life-cycle is use/maintenance. Life-cycle impact assessment
tends to focus on relative emission loadings and resources use and does not directly or
guantitatively measure or predict potential effects or identify a causal association with any effect.
| dentification of the significance and uncertainty of data and analyses are important (Barnthouse
1997).

2. Risk Assessment



A traditional risk assessment, on the other hand, seeks to directly and quantitatively
measure or predict causal effects. A risk assessment evaluates the toxic properties of a chemical
or other hazard, and the conditions of human exposure, in order to characterize the nature of
effects and determine the likelihood of adverse impacts (NRC 1983). The four components of a
risk assessment are:

Hazard identification: Determine the identities and quantities of chemicals present, the
types of hazards they may produce, and the conditions under which exposure occurs.
Dose-response assessment: Describe the quantitative relationship between the amount of
exposure to a substance (dose) and the incidence of adverse effects (response).

Exposure assessment: Identify the nature and size of the population exposed to the
substance and the magnitude and duration of their exposure.

Risk characterization: Integrate the data and analyses of the first three components to
determine the likelihood that humans (or other species) will experience any of the various
adverse effects associated with the substance.

The goa of risk assessment is the quantitative characterization of therisk, i.e., the
likelihood that a certain number of individuals will die or experience another adverse endpoint,
such asinjury or disease. A risk assessment isideally followed up by risk management, which is
the process of identifying, evauating, selecting, and implementing actions to reduce risk to human
health and ecosystems (Omenn et al. 1997). While arisk assessment appears to be preferable
because it allows usto assign an absolute value to the adverse impacts, a quantitative assessment
isdifficult, if not impossible, to perform when data are limited.

E. Public I nvolvement

To facilitate public involvement in the process of preparing the leaf blower report, staff
mailed notices using existing mailing lists for small off-road engines and other interested parties,
posted a leaf blower report website, met with interested parties, and held two public workshops,
in June and September, 1999. In addition to face-to-face meetings and workshops, staff contacted
interested parties through numerous telephone calls and e-mails. A list of persons contacted for
thisreport isfound in Appendix B. Letters and documents submitted to the Air Resources Board
as of December 15, 1999, are listed in Appendix K. The vast mgjority of those contacted were
very helpful, opening their files and spending time answering questions. ARB staff were provided
with manufacturer brochures; unpublished data; old, hard-to-find reports and letters; and given
briefings and demonstrations. Many reports have been posted on the Internet, for downloading at
no cost, which considerably simplified the task of tracking down significant works and grestly
reduced the cost of obtaining the reports.
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F. Overview of this Report

The main body of this report comprises four additional sections, followed by the
references cited and appendices. Section |1 describes the hazards, as identified in SCR 19, from
leaf blowers. Hazardous components of exhaust emissions, fugitive dust emissions, and noise are
covered in turn, along with who is exposed to each hazard and how society has sought to control
exposure to those hazards through laws. Section 111 reviews health effects of each of the hazards,
with exhaust emissions subdivided into particulate matter, carbon monoxide, ozone, and toxic
constituents of burned and unburned fuel. Health effects from fugitive dust are covered in the
subsection on particulate matter. Section 1V discusses the potential health and environmental
impacts of leaf blowers, synthesizing the information presented in Sections 11 and I11. Section V
discusses recommendations. Additional information, including a discussion of research needs to
make progress toward answering some of the questions raised by this report, a description of
engine technologies that could reduce exhaust emissions and alternatives to gasoline-powered |eaf
blowers, and a complete bibliography of materials received and consulted but not cited in the
report, isfound in the appendix.
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II. DESCRIPTION OF THE HAZARDS

This section of the report describes the three potential hazards identified by SCR 19 as
resulting from leaf blowers. This report examines the three hazards that have been of most
concern of the public and the Legidature. Hazard identification is the first step in an impact or risk
assessment. In this section, then, each of the three identified hazards are examined in turn, exhaust
emissions, dust emissions, and noise. For each, the hazard is described and quantified, and the
number of people potentially exposed to the hazard is discussed. For exhaust emissions, the
number of people potentially impacted is as high as the population of the state, differing within air
basins. Fugitive dust emissions impact a varying number of people, depending on one's proximity
to the source, the size of the particles, and the amount of time since the source resuspended the
particles. Finally, in this section we also discuss laws that control the particular hazard.

A. Exhaust Emissions

Exhaust emissions are those emissions generated from the incomplete combustion of fuel
in an engine. The engines that power leaf blower equipment are predominantly two-stroke, less
than 25 horsepower (hp) engines. This section describes the two-stroke engine technology
prevaent in leaf blower equipment and associated emissions, reviews the leaf blower population
and emission inventory data approved by the Board in 1998, and describes federal, state, and local
controls on small off-road engines.

1. Characterization of Technology

Small, two-stroke gasoline engines have traditionally powered leaf blowers, and most till
are today." The two-stroke engine has several attributes that are advantageous for applications
such as leaf blowers. Two-stroke engines are lightweight in comparison to the power they
generate, and operate in any position, allowing for great flexibility in equipment applications.
Multi-positional operation is made possible by mixing the lubricating oil with the fuel; the engine
is, thus, properly lubricated when operated at a steep angle or even upside down.

A magjor disadvantage of two-stroke enginesis high exhaust emissions. Typica two-stroke
designs feed more of the fuel/oil mixture than is necessary into the combustion chamber. Through
a process known as scavenging, the incoming fuel enters the combustion chamber as the exhaust
isleaving. Thistiming overlap of intake and exhaust port opening can result in as much as 30% of
the fuel/oil mixture being exhausted unburned. Thus, exhaust emissions consist of both unburned
fuel and products of incomplete combustion. The mgjor pollutants from a two-stroke engine are,
therefore, oil-based particul ates, a mixture of hydrocarbons, and carbon monoxide. A two-stroke
engine forms relatively little oxides of nitrogen emissions, because the extra fuel absorbs the heat
and keeps peak combustion temperatures low.

'Unless otherwise referenced, this section makes use of material in the ARB’s Small Off
Road Engine staff report and attachments, identified as MSC 98-02; 1998a.
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Hydrocarbon emissions, in general, combine with nitrogen oxide emissions from other
combustion sources to produce ozone in the atmosphere. Thus ozone, although not directly
emitted, is an additiona hazard from leaf blower exhaust. In addition, some of the hydrocarbons
in fuel and combustion by-products are themselves toxic air contaminants, such as benzene, 1,3-
butadiene, acetaldehyde, and formaldehyde (ARB 1997). The major sources of benzene emissions
are gasoline fugitive emissions and motor vehicle exhaust; about 25% of benzene emissions are
attributed to off-road mobile sources. Most 1,3-butadiene emissions are from incomplete
combustion of gasoline and diesel fuels from mobile sources (about 96%). Sources of
acetal dehyde include emissions from combustion processes and photochemical oxidation. The
ARB has estimated that acetal dehyde emissions from off-road motor vehicles comprise about
27% of the total emissions. Finally, formaldehyde is a product of incomplete combustion and is
also formed by photochemical oxidation; mobile sources appear to contribute arelatively small
percentage of the total direct emissions of formaldehyde. Data do not exist to alow reliable
estimation of toxic air contaminant emissions from small, two-stroke engine exhaust.

A small percentage of blowers utilize four-stroke engines. These blowers are typically
"walk-behind" models, used to clean large parking lots and industria facilities, rather than lawns
and driveways. Overal, the engines used in these blowers emit significantly lower emissions than
their two-stroke counterparts, with significantly lower levels of hydrocarbons and particul ate
matter. These four-stroke blower engines have a significantly lower population than the traditional
two-stroke blowers and only peripheraly fit the definition or commonly-accepted meaning of the
term "leaf blower." They are mentioned here only for completeness, but are not otherwise
separately addressed in this report.

2. Exhaust Emissions

a. Leaf Blower Population

The best estimates available indicate that there are approximately 410,000 gasoline-
powered blowersin use in the state today. Less than 5,000 of those use four-stroke engines; the
remainder (99%) utilize two-stroke engines. These data have been developed from information
gathered through the development and implementation of ARB's small off-road engine regulation.
Since the small off-road engine regulation does not apply to blowers powered by electric motors,
data regarding the number of electric blowers are not as extensive. However, information shared
by the handheld power equipment industry indicates that approximately 60 percent of blowers
sold are electric. Thiswould indicate that there are approximately 600,000 electric blowersin
Cdifornia. It must be stressed that the mgjority of the blower population being electric does not
imply that the majority of usage accrues to electric blowers. In fact, electric blowers are more
likely to be used by homeowners for occasional use, whereas virtualy all professional gardeners
use engine-powered blowers.

b. Emission Inventory
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Cdlifornia's emission inventory is an estimate of the amount and types of criteria pollutants
and ozone precursors emitted by all sources of air pollution. The emission inventory method and
inputs for small off-road engines, with power ratings of less than 25 hp, were approved by the
Board in 1998 (ARB 1998b) (Table 2). Exhaust emissions from leaf blowers contribute from one
to nine percent of the small-off road emissions, depending on the type of pollutant, based on the
2000 emissions data. Exhaust emission standards for small off-road engines, which will be
implemented beginning in 2000, will result in lower emissions in the future. By 2010, for example,
hydrocarbon emissions are expected to shrink by 40% statewide, while CO declines by 35% and
PM 10 drops 90%. The reductions reflect the replacement of today's blowers with cleaner blowers
meeting the 2000 standards.

Table 2. Statewide Inventory of Leaf Blower Exhaust Emissions (tons per day)

Leaf blowers Leaf blowers All Lawn & All Small Off-
2000 2010 Garden, 2000 Road, 2000

Hydrocarbons, 71 4.2 50.24 80.07
reactive '
Carbon Monoxide 16.6 9.8 434,99 1046.19
(CO)
Fine Particulate 0.2 0.02 1.05 3.17
Matter (PM10)

3. Regulating Exhaust Emissions

a. State Regulations

The Cdifornia Clean Air Act, codified in the Health and Safety Code Sections 43013 and
43018, was passed in 1988 and grants the ARB authority to regulate off-road mobile source
categories, including leaf blowers. The federal Clean Air Act requires states to meet national
ambient air quality standards (Appendix C) under a schedule established in the Clean Air Act
Amendments of 1990. Because many air basins in California do not meet some of these standards,
the State regularly prepares and submits to the U.S. EPA a plan that specifies measuresit will
adopt into law to meet the national standards. Other feasible measures not specified in the state
implementation plan may also be adopted as needed.

In December 1990, the Board approved emission control regulations for new small
off-road engines used in leaf blowers and other applications. The regulations took effect in 1995,
and include exhaust emission standards, emissions test procedures, and provisions for warranty
and production compliance programs. In March of 1998, the ARB amended the standards to be
implemented with the 2000 model year (ARB 1998a). Table 3 illustrates how the standards
compare with uncontrolled engines for leaf blower engines. Note that there was no particulate
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matter standard for 1995-1999 model year leaf blowers, but that a standard will be imposed
beginning with the 2000 model year.

Among other features of the small off-road engine regulations is a requirement that
production engines be tested to ensure compliance. Examination of the certification data confirms
that manufacturers have been complying with the emissions regulations; in fact, engines that have
been identified as being used in blowers tend to emit hydrocarbons at levels that are 10 to 40
percent below the existing limits. This performance is consistent with engines used in string
trimmers, edgers, and other handhel d-type equipment, which are, in many cases, the same engine
models used in leaf blowers.

Table3
Exhaust Emissions Per Enginefor Leaf Blowers
(grams per brake-horsepower-hour, g/bhp-hr)

Uncontrolled 1995-1999 2000 and later
Emissions Standards” Standards
HC+NOXx 283+ 1.0 180 + 4.0 54°
CO 908 600 400
PV 3.6 ---* 1.5

b. Federal Regulations

Although the federa regulations for mobile sources have traditionally followed the ARB's
efforts, the U.S. EPA has taken advantage of some recent developments in two-stroke engine
technology. Specifically, compression wave technology has been applied to two-stroke engines,
making possible much lower engine emissions. Bolstered by this information, the U.S. EPA
(1999a) has proposed standards for blowers and other similar equipment that would be more
stringent than the ARB standards. ARB plans a general review of off-road engine technology by
2001, and will consider the implications of this new technology in more detail then. A short
description isincluded in Appendix I.

c. South Coast AQMD Emissions Credit Program

Applicable to engines of 20-50 cc displacement, used by the vast mgjority of leaf blowers.
3For yr 2000, the HC + NOx standards have been combined.
*There was no particul ate standard for this time period.
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The South Coast Air Quality Management District (SCAQMD), an extreme
non-attainment area for ozone, has promulgated Rule 1623 - Credits for Clean Lawn and Garden
Equipment. Rule 1623 provides mobile source emission reduction credits for those who
voluntarily replace old high-polluting lawn and garden equipment with new low- or zero-emission
equipment or who sell new low- or zero-emission equipment without replacement. The intent of
the rule isto accelerate the retirement of old high-polluting equipment and increase the use of new
low- or zero-emission equipment. In 1990, volatile organic carbon emissions from lawn and
garden equipment in the South Coast Air Basin were 22 tons per day (SCAQMD 1996). To date,
no entity has applied for or received credits under Rule 1623 (V. Y ardemian, pers. com.)

4. Summary

Exhaust emissions from leaf blowers consist of the following specific pollutants of
concern: hydrocarbons from both burned and unburned fuel, and which combine with other gases
in the atmosphere to form ozone; carbon monoxide; fine particulate matter; and other toxic air
contaminants, including benzene, 1,3-butadiene, acetaldehyde, and formaldehyde. Exhaust
emissions from these engines, while high compared to on-road mobile sources on a per engine
basis, are asmall part of the overall emission inventory. Emissions have only been controlled since
1995, with more stringent standards taking effect in 2000. The exhaust emissions from |leaf
blowers are consistent with the exhaust emissions of other, smilar off-road equipment powered
by small, two-stroke engines, such as string trimmers. Manufacturers have developed several
different methods to comply with the standards and have done an acceptable job certifying and
producing engines that are below the regulated limits. Electric-powered models that are exhaust-
free are also available.

B. Fugitive Dust Emissions

“Blown dust” is the second of the hazards from leaf blowers specified in SCR 19. For the
purposes of this report, we will use the term “fugitive dust,” which is consistent with the
terminology used by the ARB. This section, in addition to defining fugitive dust emissions,
characterizes fugitive dust resuspended by leaf blowers by comparing previous estimates of
emission factors (amount emitted per hour per leaf blower) and emissions inventory (amount
resuspended per day by al leaf blowers statewide) to a current estimate, developed for this report.
In addition, the potential composition of leaf blower dust and fugitive dust controls at the state
and local levels are described.
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1. Definition of Fugitive Dust Emissions

From the Glossary of Air Pollution Terms, available on the ARB’s website, the following
definitions are useful:

Fugitive Dust: Dust particles that are introduced into the air through certain activities such

as soil cultivation, or vehicles operating on open fields or dirt roadways; a subset of

fugitive emissions.

Fugitive Emissions. Emissions not caught by a capture system (often due to equipment

leaks, evaporative processes, and windblown disturbances).

Particulate Matter (PM): Any material, except uncombined water, that existsin the solid

or liquid state in the atmosphere. The size of particulate matter can vary from coarse,

wind-blown dust particles to fine particle combustion products.

Fugitive dust is a subset of particulate matter, which is a complex mixture of large to small
particles that are directly emitted or formed in the air. Current control efforts focus on PM small
enough to be inhaed, generaly those particles smaller than 10 micrometers («.m). So-called
coarse particles are those larger than 2.5 um in diameter, and are directly emitted from activities
that disturb the soil, including construction, mining, agriculture, travel on roads, and landfill
operations, plus windblown dust, pollen, spores, sea salts, and rubber from brake and tire wear.
Those with diameters smaller than 2.5 um are called fine particles. Fine particles remain
suspended in the air for long periods and can travel great distances. They are formed mostly from
combustion sources, such as vehicles, boilers, furnaces, and fires, with asmall dust component.
Fine particles can be directly emitted as soot or formed in the atmosphere as combustion products
react with gases from other sources (Finlayson-Pitts & Pitts 1986).

Dust emissions from leaf blowers are not part of the inventory of fugitive dust sources.
ARB, therefore, does not have official data on the quantity of fugitive dust resuspended by |eaf
blowers. No data on the amount and size distributions of resuspended dust from leaf blower
activities have been collected, although estimates have been made. ARB evaluated three previous
estimates (McGuire 1991, Botsford et a. 1996, Covell 1998) and developed a proposed
methodology for estimating fugitive dust emissions from leaf blowers. The estimate presented
below begins with the assumptions and cal culations contained in the study conducted for the
SCAQMD by AeroVironment (Botsford et al. 1996). Additional methodol ogies and data have
been reviewed and derived from the U.S. EPA document commonly termed AP-42, and reports
by the Midwest Research Institute; University of California, Riverside; and the Desert Research
Institute.

*http://arbis.arb.ca.gov/html/gloss.htm
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2. Calculating L eaf Blower Emissions

There are more than 400,000 gasoline-powered leaf blowers, plus approximately 600,000
electric leaf blowers, that are operated an estimated 114,000 hours per day in California. The
fundamental premise in the calculations below is that |eaf blowers are designed to move relatively
large materials such as leaves and other debris, and hence can also be expected to entrain into the
air much smaller particles, especialy those below 30 «m diameter, which are termed total
suspended particulate (PMtsp). Subsets of PMtsp include PM 10, particul ates with diameters less
than or equal to 10 um, and PM 2.5, particulates with diameters less than or equal to 2.5 m.
Particles below 30 «m are not visible to the naked eye. Note that PM 10 includes PM 2.5 particles,
and PMtsp includes PM 10 and PM 2.5 particles.

a. Generation of Fugitive Dust by Leaf Blowers

The leaf blower moves debris such as leaves by pushing relatively large volumes of air,
typically between 300-700 cubic feet per minute, at a high wind speed, typically 150 to 280 miles
per hour (hurricane wind speed is >117 mph). A typical surface is covered with alayer of dust
that is spread, probably non-uniformly, along the surface being cleaned. While the intent of a leaf
blower operator may not be to move dust, the high wind speed and volume result in small
particles being blown into the air. In order to calculate how much fugitive dust is generated by the
action of ablower, we assume that this layer of dust can be represented by a single average
number, the silt loading. This silt loading value, when combined with the amount of ground
cleaned per unit time and the estimated PM weight fractions, produces estimates of fugitive dust
emissions from leaf blowers.

Staff have located no fugitive dust measurement studies on leaf blowers, but have found
previous calculations of fugitive dust estimates from leaf blowers. Based on areview of those
estimates, staff applied the latest knowledge and research in related fields in order to derive a
second-order approximation. This section presents the best estimates using existing data, while
recognizing that estimates are only approximations. Variables that would affect fugitive dust
emissions, and for which ARB haslittle or no empirical data, include, for example:

(2) the specific surface types on which leaf blowers are used;

(2) the percentage of use on each specific surface type;

(3) effects of moisture, humidity, and temperature;

(4) st loading values for surfaces other than paved roadways, shoulders, curbs, and
gutters and in different areas of the state; and

(5) measurements of the amount of surface cleaned per unit time by the average operator.

Other variables are not expected to greatly influence fugitive dust emissions; the

hurricane-force winds generated by leaf blowers are expected to overcome such influences, for
example, as the roughness of relatively flat surfaces and the effect of particle static charge.
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b. Size Segregation of Particulate Matter

PM emissions can be subdivided into the following three categories, operator emissions,
local emissions, and regional emissions. They are differentiated as follows:

1) Operator emissions. PMtsp emissions approximate emissions to which the operator is
exposed. The larger of these particles, between approximately 10 and 30 «m, have relatively short
settling times, on the order of minutes to a couple of hours, maximum (Finlayson-Pitts & Pitts
1986, Gillies et a. 1996, Seinfeld & Pandis 1998). These would be emissions to which both the
leaf blower operator and passersby would be exposed.

2) Loca emissions. PM10 emissions will be used to estimate "local" PM emissions.
PM 10, which includes particles at or below 10 xm, may remain suspended for hours to days in the
amosphere (Finlayson-Pitts & Pitts 1986, Gillies et a. 1996, Seinfeld & Pandis 1998). These are
emissions to which persons in the near-downwind-vicinity would be exposed, for example,
residents whose lawns are being serviced and their neighbors, persons in commercia buildings
whose landscapes are being maintained or serviced, and persons within afew blocks of the
source.

3) Regiona emissions. PM2.5 emissions may remain suspended for as long as a week or
more (Finlayson-Pitts & Pitts 1986, Gillies, et a. 1996, Seinfeld & Pandis 1998). These particles
are sized at or below 2.5 «m, and hence can be considered as contributors to regional PM