b. Sound Level Measurement

The ANSIB175 Accredited Standard Committee, a group that includes government
officials, Underwriters Laboratories, leaf blower manufacturers, and trade associations, and
which is accredited by the American National Standards Institute, Inc. (ANSI), developed a
method for measuring the sound levels from leaf blowers (Appendix F). The purpose of the
standard method is to establish sound level labeling requirements for leaf blowers applicable to
noise received by bystanders. The standard also includes requirements for safety precautions to
be included in manuals for use by operators. The ANSI standard specifies a test area in a field in
which natural ground cover does not exceed three inches in height and which is free of any large
reflecting surfaces for a minimum of 100 ft from the blower. The sound level meter must be set
for slow response and the A-weighting network. Once the blower is adjusted and running
properly, the receiver (microphone) is set up 50 ft from the operator and 4 ft above ground.
Sound level readings are taken in a circle every 45 degrees for a total of eight readings, as either
the operator rotates or the microphone is moved. The eight readings are then averaged and
reported to the nearest decibel.

In wide use, the method has been criticized as sometimes generating unreproducible
results. Typical comments expressed in meetings with ARB staff were to the effect that the
manufacturer-reported sound levels for feaf blowers can be significantly different than those
obtained by some third party testers, The standard has been revised (Dunaway 1999) and
approved February 11, 2000, which may address the issue of reproducibility. Other comments .
about the method criticize the fundamental requirements for testing in an open field, with no
reflecting surface for 100 ft, and the receiver 50 ft away, as being unrealistic and unrepresentative
of real-world use on residential properties (Allen 1999a). A standardized method, however,
usually does not reflect real-world conditions, but rather is useful for comparing sound levels
from different blowers tested under the same conditions. The complexity and precision required
by the method does appear to render it unsuitable as a field enforcement standard (Zwerling
1999).

While the ANSI method yields sound level exposures for a bystander, the noise level
exposure for the operator is measured using an audiodosimeter. For occupational exposures, a
dosimeter can report the noise dose as a percentage relative to the permissible exposure level of
90 dBA (8 CCR General Industry Safety Orders, Article 105, Appendix A; 29 CFR > 1910.25).
The eight-hour time-weighted-average sound level experienced by the worker is then calculated
from the dose, using a formula specified in regulations. Additional details can be found in the
OSHA and Cal/OSHA Technical Manuals.®

*0SHA=s Technical Manual is available on their website (www.osha.gov) and noise
measurement is in Section I1I, Chapter 5. Cal/OSHA=s manual is available from Cal/OSHA.
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3. Noise in California
a. Noise Sources

By all accounts, noise exposure is increasing both as the number of sources increases and
as existing sources get noisier (Berglund & Lindvall 1995). We drive our cars more and take
more airplane trips, increasing noise from what have been the two major sources of noise for at
least the last two decades; sales of engine-powered lawn and garden equipment continue to
increase; and movie theaters and video arcades use noise to increase excitement (Consumer
Reports 1999, PPEMA 1999, U.S. EPA 1981). The major sources of noise are transportation,
from road, air, and rail traffic, which impact the most people of all noise sources; industrial
machinery and facilities; construction; building services and maintenance activities; domestic
noise from one=s neighbors; and self-inflicted noise from leisure activities, which may quality as
domestic noise to one=s neighbors (Berglund & Lindvall 1995).

b. Numbers of People Potentially Exposed: the Public

It is not possible to state with any certainty how many people in California are exposed to
noise from leaf blowers. Indeed, the most recent nationwide estimate of the number of people
exposed to noise from various sources dates from 1981. In that study, the U.S. EPA estimated
that 730,000 people were exposed to noise from leaf blowers above the day-night average sound
level of 45 dBA (U.S. EPA 1981). The use of leaf blowers has grown tremendously since 1980,
however, and thus these numbers cannot be reliably scaled for an estimate of the number of
Californians exposed to leaf blower noise today:.

As California=s population has grown almost 41% since 1970 (CDF 1998, CDF 1999),
population density, and thus noise exposure, has increased. California classifies counties as being
metropolitan or non-metropolitan, based on the Bureau of the Census categorization of standard
metropolitan statistical areas as containing or being close to a large city. As of January 1, 1999,
the thirty-four metropolitan counties comprise 96.7% of California=s population, or about 32.67
million people. The population of Californians who live in non-metropolitan counties, while
small at 3.3% of the total, or 1.1 million people, has increased faster than the population in
metropolitan counties {(47.1% increase versus 40.5% increase, 1970-1999) and thus even noise
exposures in the lowest populated counties have likely increased over the past thirty years.

Unfortunately, without a comprehensive and current survey of noise exposures in
California, it is not possible to determine, from available data, how many Californians are
exposed to noise, and in particular exposed to noise from [eaf blowers. The only conclusion is
that the number of people affected by noise is likely increasing as population density increases
even in non-metropolitan areas of the state. How many people are exposed to, and annoyed by,
noise from leaf blowers is a question for future research.
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¢. Numbers of People Potentially Exposed: the Qperator

In southern California, about 80% of lawn and landscape contracting firms use leaf
blowers (Anon 1999), thus one can assume that most gardeners are exposed to the noise from
leaf blowers, either as an operator or from working in close proximity to the operator. From the
California database of employees covered by unemployment insurance, in the fourth quarter of
1998 there were 59,489 workers reported by 6790 firms, in the SIC Code 0782, Lawn and
Garden Services (M. Rippey, pers. com). This number is assumed to be the lower bound of those
exposed, as there are an unknown number of self-employed gardeners, who may not report their
earnings or be covered by unemployment insurance. Future research could test the hypothesis
that all lawn and garden service workers are exposed, as operators or from working in close
proximity, to the noise from leaf blowers.

4. Regulating Noise
a. Federal Law

The Noise Control Act of 1972 established a statutory mandated national policy Ato
promote an environment for all Americans free from noise that jeopardizes their public health
and welfare.= The Office of Noise Abatement and Control was established within the U.S. EPA
to carry out the mandates of the Noise Control Act. The Office of Noise Abatement and Control
published public health and welfare criteria; sponsored an international conference; examined
dose-response relationships for noise and its effects; identified safe levels of noise; promulgated
noise regulations; funded research; and assisted state and local offices of noise control; until
funding for the office was removed in 1981-1982 (Suter 1991; Shapiro 1991). In its almost ten
years of operation, U.S. EPA produced several documents that are still relevant and were
consulted from this report.

The hearing of workers is protected by regulations promulgated under the Occupational
Safety and Health Act of 1970. As California employers fall under California=s equivalent
program, hearing protection law will be covered below under state law.

b. State Law

California enacted the Noise Control Act of 1973 to Aestablish a means for effective
coordination of state activities in noise control and to take such action as will be necessary...z
[HSC 346000(g)]; the office was established within the California Department of Health
Services. One of the primary functions of the office was to provide assistance to local
governmental entities that develop and implement noise abatement procedures, and several
guidelines were written. Funding for the office, however, ended beginning in the 1993-1994
fiscal year; no relevant reports or guidelines were located for this report.

California=s counterpart to OSHA, the Cal/OSHA, has a General Industry Safety Order
[8 CCR Article 105 3 5095-5100] for the contro! of noise exposure that is very similar to the
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federal OSHA regulations. When sound level exposure exceeds 85 dBA for an 8-hour time-
weighted average, employers are required to provide a hearing conservation program at no cost to
employees. The hearing conservation program includes audiometric testing of hearing, provision
of hearing protectors, training, and record keeping. Employers are required to provide employees
with hearing protection when noise exposure exceeds 90 dBA in an eight-hour work day; as
noise levels increase, the allowable exposure duration also decreases. The permitted duration for
an employee exposed to 103 dBA, for example, is one hour and nineteen minutes in a work day
[8 CCR > 5096 (a)(b)]. Employers are allowed to use personal protective equipment to reduce
sound level exposures if administrative or engineering controls are not feasible or fail to reduce
sound levels within permissible levels.

¢. Local Ordinances

In contrast to the low level of activity on noise control at the federal and state levels, local
California cities and counties have been very active in regulating and enforcing noise standards.
About twenty cities have banned the use of gasoline-powered, or gasoline- and electric-powered
leaf blowers, from use within their city limits (City of Palo Alto 1999a). Including the recent Los
Angeles ban on use within 500 ft of residences, about 13% of Californians live in cities that ban
the use of leaf blowers, and six of the ten largest California cities have ordinances that restrict or
ban leaf blowers. Al together, about one hundred California cities have ordinances that restrict
either leaf blowers specifically or all gardening equipment generally, including the cities with
bans on leaf blower use (IME 1999).

The restrictions on leaf blowers fall into four basic categories, with many cities
employing a combination of approaches: time of day/day of week, noise levels, specific areas,
and educational (City of Palo Alto 1999a). Time of day/day of week ordinances are the most
common and are used to control when leaf blowers can be operated. Typically, hours of use are
restricted to times between 7:00 a.m. and 7:00 p.m., and days of use are either Monday through
Friday or Monday through Saturday, and sometimes including Sunday, with shorter hours on the
weekend, based on the assumption that leaf blower noise is most offensive during the evening
and night time hours, and on the weekend. There may be exceptions for homeowners doing their
own yard work and for work in commercial areas. Time of day/day of week ordinances are
relatively easy to enforce. A problem with these ordinances, however, is that they ignore the
needs for quiet during the day of babies, young children, and their caretakers; day-sleepers; the
ill; the retired; and a growing population of those who work in a home office.

Some cities regulate leaf blower use based on noise levels recorded at a specified distance
from the operator. Palos Verdes Estates and Davis, for example, set the noise level at 70 dBA at
50 fi, and Newport Beach and San Diego have a 65 dBA at 50 ft restriction. Davis allows single-
family homeowners to avoid the restriction if the leaf blower is operated for less than ten
minutes. Palos Verdes Estates requires blowers to be tested and certified by the city. Otherwise, a
noise level restriction is very difficuit to enforce as the enforcement officer must be trained in the
use of sound level meters, carry the meter, and record the sound level before the operator turns
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off the leaf blower or moves on. These rules target the control of noise from blowers, and could
protect those who are home during the day, if they could be effectively enforced.

Recognizing that leaf blowers are often perceived as most offensive when used in
residential areas, many cities stipulate usage restrictions only in residential areas, or withina
certain distance of residential areas. The residential use distance restrictions prohibiting the use
of leaf blowers range from 100 &, in Foster City, to 500 fi, in Los Angeles. This type of
ordinance protects those who are at home and in need of quiet during the day, but does not
address issues of those who work and recreate in commercial or other non-residential areas.

Cities sometimes couple area restrictions with user guidelines, such as prohibitions on
blowing debris onto adjacent properties, and require operators be educated on the proper use of
leaf blowers so as to minimize noise levels and environmental issues. These educational
approaches are generally not oriented towards enforcement, but seek to change operator behavior.
Educational approaches are often endorsed by landscapers and manufacturers, who believe that
much of the discord over leaf blower usage originates with the few gardeners who use them
incorrectly or inconsiderately. For example, an organization calling itself LINK, or Landscapers
Involved With Neighborhoods and Kids, promotes educating operators to use their leaf blowers
at half-throttle within 150 ft of homes (LINK 1999).

5. Noise From Leaf Blowers

In a survey of Southern Californian gardeners by a consumer products manufacturer
(Anon 1999}, the top two ranked attributes of a desirable leaf blower were, in order, Apowerfulz
and Aquiet.= Important features were identified as Abackpack mounted,= Anoise below legal
limits,= and Avariable speed.= When asked what they dislike about their leaf blowers, the most
commonly cited problem was Anoise.= Taken together, these answers suggest that loud noise
from leaf blowers is not only an issue for the public, but is aiso a major issue of concern for the
gardeners who use them, at least in Southern California. On the other hand, a major manufacturer
has indicated that low noise does not even show up in their survey of desirable leaf blower
features (Will 1999b), so perhaps low noise is only a concern of California gardeners.

a. Bystander noise exposure

Manufacturer-reported noise levels from leaf blowers are summarized in Appendix G; all
reported noise levels are assumed to represent bystander exposure, with the receiver 50 ft from
the blower, unless otherwise noted. The reported levels are based on statements in promotional
literature or personal communications with manufacturers; some manufacturers did not report the
sound levels of most of their models in materials available to the ARB. For backpack and hand
held blowers, sound levels range from 62 dBA to 75 dBA, with more than half registering
between 69 and 70 dBA (Figure 2). Bearing in mind the logarithmic decibel scale, the difference
in a leaf blower at 62 dBA and one at 75 dBA, a 13 dBA range, represents more than a
quadrupling of the sound pressure level, and would be perceived by a listener as two to three
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times as loud. The rule of thumb is that when a sound level increases by ten dB, the subjective
perception is that loudness has doubled (MPCA 1987).

Fig. 2. Loudness Levels of Leaf Blowers (50 ft)
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There are presently two gasoline-powered backpack and three hand held electric leaf
blowers that are reported by their manufacturers to be very quiet. Maruyama and Toro have the
two quietest backpack blowers, and Poulan/Weedeater, Stihl, and Toro have produced the
quietest hand held blowers. Echo, Inc., which sells slightly under one-third of the total number of
backpack blowers, has a model rated at 65 dB, the PB-46LN. In 1996, the most popular Echo
backpack leaf blower, based on sales, was the Echo PB-400E, which is also one of the noisiest at
74 dBA. By 1999, however, the quieter PB-46LN had surpassed the PB-400E in sales (Will, L.,
pers. cotm.).

b. Operator Noise Exposure

Data on noise levels at the leaf blower operator’ s ear are limited. The League for the
Hard of Hearing (1999) publishes a fact sheet in which the noise level of a leaf blower is listed as
110 dBA. Clark (1991) reported that one model by Weedeater emitted a maximum level of ] 10-
112 dBA and an equivalent A-weighted sound level (L o) of 103.6 dBA. This leaf blower model,
however, is no longer available and these data may not be comparable to today=s leaf blowers.
Other than Clark=s report, no other published report could be located, but unpublished data were
found.

Schulze and Lucchesi {1997), in an unpublished conference presentation, reported the
range and average sound pressure level from four leaf blowers. The four leaf blowers were
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unidentified models from Craftsman, Weedeater, and Shop Vac.’ The authors reported that 3 ft
from the leaf blower the sound pressure levels ranged from 80 to 96 dBA, with an average value
of 88 dBA, and concluded that leaf blower noise did not violate the OSHA permissible noise
exposure limit. Sound pressure levels, however, were not measured at the operator=s ear, and
thus usefulness of the data is limited. In addition, whether or not the OSHA noise exposure limits
are violated depends on the amount of time the listener is exposed, as the action level is an eight-
hour time-weighted average. At least one of the leaf blowers had an SPL above the Permissible
Exposure Limit of 90; at 96 dBA, the operator would be restricted to a 3 hr, 29 minute daily
exposure without hearing protection.

The Portable Power Equipment Manufacturers Association (Hall 1999} conveyed limited,
blinded data to the ARB on operator exposures. With no information as to data collection
methods (some pages were marked AISO 7182"), manufacturers, models, or maximum and
minimum sound levels, these data are of limited quality. Reported operator sound levels, some of
which were identified as Afull open throttle= or Afull load,= ranged from 91.5 dBA to 106 dBA.

A consultant with James, Anderson & Associates, Inc. (Hager 1999), provided ARB with
data collected as a part of comprehensive noise exposure studies by the firm (Table 7). As with
the PPEMA data, ARB was not given the make or models of leaf blowers tested. Sound levels
were recorded in the hearing zone of groundskeepers while they were operating leaf blowers,
along with the amount of time the groundskeeper operated the leaf blower in an 8-hr day. Sound
levels were measured in dBA per federal OSHA requirements. As shown, duration of use ranged
from 15 minutes to 7.6 hours (average 2.1 hr) during the day. Operator exposure ranged from
88.6 to 101.3 dBA. In this data set, only one of the six individuals monitored would have
exceeded the protective levels, based on leaf blower use for 7.6 hrs.

’ARB was not able to obtain the specific models tested or actual SPLs for each model leaf
blower.
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Table 7. Leaf Blower Operator Noise Exposures and Duration of Use

(Hagar 1999)
Average SPL, dBA Minimum SPL, Maximum SPL, Duration of Leaf
dBA dBA Blower use (hr)
99.5 96.4 101.3 0.75
92.0 N/R N/R 1.0
101.2 N/R 101.9 2.3
101.3 98.3 105.7 7.6
95.9 92.0 97.0 0.25
88.6 85.0 90.4 0.5

N/R = not reported

Eric Zwerling of the Rutgers Noise Technical Assistance Center, along with Les
Blomberg, Executive Director of the Noise Pollution Clearinghouse, recently conducted studies
of operator exposure and the sound quality of leaf blowers (Zwerling 1999). While the data are
still being analyzed, preliminary results were made available to the ARB. Three backpack and
one handheld leaf biowers were tested using ANSI B175.2-1996 test method for the bystander
exposure and using personal dosimetry for operator exposures (Table 8). All equipment used for
tests was certified and calibrated. Zwerling and Blomberg used a 3 dB exchange rate for the
operator dosimetry, as recommended by NIOSH, but noted that the data can be reasonably
compared to data derived with the OSHA mandated 5 dB exchange rate because of the steady
sound emissions of the leaf blowers. Because of this, the OSHA permissible exposure durations,
which are based on the 5 dB exchange rate, are noted in Table 8. The difference is most
important for the worker, who is allowed, for example, a | hr exposure (unprotected) at 105 dB
by OSHA, but only 4 min, 43 sec exposure (unprotected) under the more conservative NIOSH-
recommended 3 dB exchange rate.
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Table 8. Sound Levels of Some Leaf Blowers,

E. Zwerling & L. Blomberg

OSHA
Permissible
Bystander Operator Exposure
Exposure, Exposure,* Duration
Make/Model Type Condition dB Leq (approx)
Stihl BR 400 | Backpack New 73.89 105.7, 105.8, { 52 min
105.5
Stihl BR 400 | Backpack Used 74.5, 74.63 103.3,102.9 | 1 hr, [9 min
Kioritz DM9 | Backpack Used 76.0 102.0 1 hr, 31 min
Stihi BR 75 | Handheld New 68.4 98.4,97.9 2 hr, 38 min

*Samples ranged from 5-10 minutes; each reported value is a distinct sample. The microphone
was attached to the cap above the operator=s ear.

Finally, the Echo Power Blower Operator=s Manual advises operators to wear hearing
protection whenever the unit is used. The user is instructed that AOSHA requires the use of
hearing protection if this unit is used 2 hours per day or more.= This statement indicates that the
operator may be exposed to an SPL of 100 dBA or more during use.

6. Use of Hearing Protectors and Other Personal Protection Gear

When this study was initiated, there were no studies found that documented the incidence
of personal protective equipment usage among operators of leaf blowers. Hearing protectors are
widely available, and some manufacturers provide an inexpensive foam ear plug set with the
purchase. More expensive custom molded ear plugs and ear muffs provide better protection than
the moldable foam ear plugs, but again no data were available on usage. Two studies did
examine the incidence of usage of hearing protection in other industries. In one study of 524
industrial workers, although 80.5% were provided with hearing protection devices, only 5.1%
wore them regularly (Maisarah & Said 1993). In another study of metal assembly workers who
worked in a plant where the average noise level was 89 dBA, only 39% of the men reported
wearing hearing protection always or almost always (Talbott et al. 1990,

By the end of September 1999, however, three studies were delivered to the ARB that
included information on the use of hearing protection by leaf blower operators. Two of the
studies consisted of direct observations of operators; the third was a survey that asked people
who hire gardeners to recall the use of personal protection gear by their gardeners. Following are
summaries of each of the studies.
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a. Zero Air Pollution Study (1999

The goal of this study was to Aobserve 100 yard maintenance workers to determine the
percentage of workers who followed the safety instruction while operating gas powered leaf
blowers.= Workers were observed from August to October, 1997 in the western portions of the
City of Los Angeles, including the San Fernando Valley. Of 100 leaf blower operators observed,
none wore hearing protection, one (1%) wore breathing protection (dust mask), and 22 (22%)
wore eye protection of some kind. Of the workers observed, 27 (27%) were interviewed; seven of
those claimed hearing impairment as a result of using leaf blowers and two claimed to have
breathing problems which they attributed to using leaf blowers. Ten of those interviewed (37%)
said they were aware of manufacturers= safety instruction but did not feel it was necessary to
follow the instructions. The remaining 17 (63%) were unaware of manufacturers= safety
instructions.

b. Citizens for a Quieter Sacramento Study (1999b)

The goal of this study, as for the Zero Air Pollution study, was to determine the
percentage of leaf blower operators who wear personal protective equipment when using
blowers. A total of 64 observations were made during August and September 1999; 12 in
Sacramento, 47 in the Los Angeles area, and 5 in other cities. Most (88%) of the observations
were of blowers being used on residential properties. Of the 64 observations, there were four
(6% individuals observed wearing hearing protection, 41 (64%) were not wearing hearing
protection, and in the remaining cases the observer could not tell whether or not hearing
protection was used. Eye protection use was lower, only 3 (5%) operators were wearing glasses,
but breathing protection incidence was higher, seven (11%) wore dusk masks. Observations were
also made of the incidence of personal protection of other workers, when the crew was larger
than one person. Of the 38 observations of other workers, two (5%) were using hearing
protection, two (5%) were using eye protection, and two (5%) wore dusk masks.

¢. Survey99 Report (Wolfberg 1999)

The third study provided to the ARB was authored by Mrs. Diane Wolfberg, Chair of the
Zero Air Pollution Education Committee and Mr. George Wolfberg. Although the authors are
members of Zero Air Pollution, the study was distinct from the 1997 study summarized above.
The goal of this study was to determine Aopinions and perceptions of California residents
regarding the use of leaf blowers . . . for residential landscape maintenance.= Mainly residents of
Los Angeles were surveyed. Survey takers asked residents a variety of questions related to the
use of [eaf blowers on residential properties; in addition, respondents were asked about the
incidence of personal protective equipment use by leaf blower operators. Because the data are
based on recall rather than direct observations, their usefulness is limited. Data are summarized
here, nevertheless, for completeness.

Of respondents who have had leaf blowers used on their properties in the previous 12
months, 53% reported that leaf blower operators never use a face mask, 62% never use eye
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protection, and 69% never wear hearing protection. On the positive side, however, respondents
reported that 13% of operators always wear a face mask, 19% always wear eye protection, and
9% always wear hearing protection. These percentages are much higher than found in the two
direct observation studies.

7. Sound Quality

As discussed earlier, the perceived loudness of noise is dependent on both sound pressure
level and frequency, which is termed the sound quality. One study examined sound quality from
leaf blowers (Zwerling 1999). While this study is unpublished and data are still being analyzed,
the authors have made data and preliminary findings available to the ARB. Figures 3 and 4
illustrate sample sound spectra from a leaf blower and ambient sound, respectively. As shown in
Figure 3, the sound spectrum of the gasoline-powered leaf blower contains a significant amount
of high intensity and high frequency emissions. In a quiet residential neighborhood (Figure 4),
there are few or no natural sources of sound at these high frequencies. Therefore, the sound
emissions of gasoline-powered leaf blowers are not only more intense than the ambient sound
levels, their spectra are noticeably different than the spectrum for ambient sounds. The high
frequency emissions are, therefore, not masked by other sounds and are more noticeable, perhaps
accounting for the high level of annoyance reported by bystanders. These data and their
implications for annoyance should be confirmed by further study,

Fig. 3. Sound Quality Spectrum of a Representative Leaf Blower
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Fig. 4. Sound Quality Spectrum of a Representative Neighborhood
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8. Summary

Noise is the general 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 Californians 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
is likely that at least 60,000 lawn and garden workers are daily exposed to the noise from leaf
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 leaf
blower operators, and probably a much lower percentage, regularly wear hearing protective gear,
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.
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HI. REVIEW OF HEALTH EFFECTS

Leaf blower noise, exhaust and fugitive dust emissions, as discussed in previous sections
of this report, are health concerns. The goal of this section is to present information on health
effects of identified hazards from leaf blowers; this section does not present exposure
information or data tying identified hazards to specific health effects in leaf blower operators or
bystanders. The following discussion addresses the health effects of particulate matter, carbon
monoxide, unburned fuel, and noise. Particulate matter, carbon monoxide, and unburned fuel are
components of exhaust emissions; particulate matter is also the major constituent of fugitive
dust. Ozone is a pollutant that is formed in the atmosphere through chemical reactions of
hydrocarbons (unburned fuel) and nitrogen oxides in the presence of ultraviolet light. Although
not directly emitted, ozone is a pollutant of concern because leaf blowers emit hydrocarbons,
which react to form ozone. The health effects of nitrogen oxides are not discussed as these
emissions from leaf blowers are relatively low, and any health effects would be negligible.

National Ambient Air Quality Standards have been set by the federal government to
protect public health and welfare. In addition, California has State ambient air quality standards.
These standards include a margin of safety to protect the population from adverse effects of
chronic pollutant exposure. The National Ambient Air Quality Standards and California
standards are intended to protect certain sensitive and probable risk groups of the general
population (Appendix C).

A, Particulate Matter

Fugitive dust is not a single pollutant, but rather is a mixture of many subclasses of
poliutants, collectively termed particulate matter (PM), each containing many different chemical
species (U.S. EPA 1996). Particles of 10 ®&m and smaller are inhalable and able to deposit and
remain on airway surfaces. The smaller particles (2.5 ®m or less) are able to penetrate deep into
the lungs and move into intercellular spaces. The respirable particles owe their negative health
impacts, in part, to their long residence time in the lung, which allows chemicals time to interact
with body tissues. ARB staff could not locate data on the specific chemical and physical make-up
of leaf blower dust, although some data are available on paved road dust, thus only generic
effects from the respirable fraction (particles 10 ®m and smaller) are addressed.

Many epidemiological studies have shown statistically significant associations of ambient
PM levels with a variety of negative human health endpoints, including mortality, hospital
admissions, respiratory symptoms and illness measured in community surveys, and changes in
pulmonary mechanical function. Associations of both short-term, usually days, and long-term,
usually years, PM exposure with most of these endpoints have been consistently observed. Thus,
the public health community has a great deal of confidence that PM is significantly associated
with negative health outcomes, based on the findings of many studies.
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There remains uncertainty, however, regarding the magnitude and variability of risk
estimates for PM. Additional areas of uncertainty include the ability to attribute observed health
effects to specific PM constituents, the time intervals over which PM health effects are
manifested, the extent to which findings in one location can be generalized to other locations,
and the nature and magnitude of the overall public health risk imposed by ambient PM exposure.
While the existing epidemiology data provide support for the associations mentioned above,
understanding of underlying biologic mechanisms is incomplete (U.S. EPA 1996),

B. Carbon Monoxide

A component of exhaust, carbon monoxide (CO) is a colorless, tasteless, odorless, and
nonirritating gas that is a product of incomplete combustion of carbon-containing fuels. With
exposure to CO, subtle health effects can begin to occur, and exposure to very high levels can
result in death. The public health significance of CO in the air largely results from CO being
absorbed readily from the lungs into the bloodstream, forming a slowly reversible complex with
hemoglobin, known as carboxyhemoglobin. The presence of significant levels of
carboxyhemoglobin in the blood reduces availability of oxygen to body tissues (U.S. EPA
1999b).

Symptoms of acute CO poisoning cover a wide range depending on severity of exposure,
from headache, dizziness, weakness, and nausea, to vomiting, disorientation, confusion, collapse,
coma, and at very high concentrations, death. At lower doses, central nervous system effects,
such as decreases in hand-eye coordination and in attention or vigilance in healthy individuals,
have been noted (Horvath et al. 1971, Fodor and Winneki 1972, Putz et al. 1976, 1979, as cited
in U.S. EPA 1999b). These neurological effects can develop up to three weeks after exposure and
can be especially serious in children.

National Ambient Air Quality Standards have been set to protect public health and
welfare and are intended to protect certain sensitive and probable risk groups of the general
population. The sensitive and probable risk groups for CO include anemics, the elderly, pregnant
women, fetuses, young infants, and those suffering from certain blood, cardiovascular, or
respiratory diseases. People currently thought to be at greatest risk from exposure to ambient CO
levels are those with ischemic heart disease who have stable exercise-induced angina pectoris
(cardiac chest pain) (ARB 1992, U.S. EPA 1999b). In one study, high short-term exposures to
CO were found in people operating small gas-powered garden equipment (ARB 1992).

C. Unburned Fuel

Some toxic compounds are present in gasoline and are emitted to the air when gasoline
evaporates or passes through the engine as unburned fuel (ARB 1997). Benzene, for example, is
a component of gasoline. Benzene is a human carcinogen and central nervous system depressant.
The major sources of benzene emissions in the atmosphere are from both unburned and burned
gasoline. The amount of benzene in gasoline has been reduced in recent years through the
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mandated use of California Reformulated Gasoline (ARB undated fact sheet'®), Other toxic
compounds that are emitted from vehicle exhaust include formaldehyde, acetaldehyde, and 1,3-
butadiene. Acetaldehyde is a probable human carcinogen (Group B2) and acute exposures lead to
eye, skin, and respiratory tract irritation. 1,3-Butadiene is classified as a probable human
carcinogen, is mildly irritating to the eyes and mucous membranes, and can cause neurological
effects at very high levels. Formaldehyde is highly irritating to the eyes and respiratory tract and
can induce or exacerbate asthma, It is classified as a probable human carcinogen (Group B1).

D. Ozone

Ozone is a colorless, odorless gas and is the chief component of urban smog, It is by far
the state=s most persistent and widespread air quality problem. Ozone is formed from the
chemical reactions of hydrocarbons and nitrogen dioxide in the presence of sunlight. Leaf
blowers emit substantial quantities of hydrocarbons, primarily from unburned fuel, which can
react to form ozone. Ozone is a strong irritant and short-term exposures over an hour or two can
cause constriction of the airways, coughing, sore throat, and shortness of breath. Ozone exposure
may aggravate or worsen existing respiratory diseases, such as emphysema, bronchitis, and
asthma. Chronic exposure to ozone can damage deep portions of the lung even after symptoms,
such as coughing, disappear. Over time, permanent damage can occur in the lung, leading to
reduced lung capacity.

E. Noise

The literature on health effects of noise is extensive. Exposure of adults to excessive
noise results in noise~induced hearing loss that shows a dose-response relationship between its
incidence, the intensity of exposure, and duration of exposure. Noise-induced stimulation of the
autonomic nervous system reportedly results in high blood pressure and cardiovascular disease
(AAP 1997). In addition there are psychological effects. The following subsections will first
discuss noise-induced hearing loss and physiological stress-related effects. Adverse impacts on
sleep and communication, effects of performance and behavior, annoyance, and effects on
wildlife and farm animals are also described. These are not perfect divisions between discreet
affects: nighttime noises can cause sleep-deprivation, for example, which can fead to stress,
elevated blood pressure, and behavioral changes, especially if the effect is repeated and
uncontrollable. But first, before discussing effects, the reader should have an understanding of
how the ear functions.

"Uhitp://arbis.arb.ca. gov/cbg/pub/cbgbkgr! . htm
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1. Hearing and the Ear

A detailed discussion of the ear=s anatomy and the mechanism by which we hear is
beyond the scope of this report, but a basic level of understanding is necessary so that later
discussions of damage to hearing will be better understood. For further information, the reader is
referred to any basic acoustics or biology text.

The ears are paired sensory organs that serve two functions, to detect sound and to
maintain equilibrium; only sound detection will be addressed in this report. The ears are
composed of the external ear, middle ear, and the inner ear. With the assistance of the external
ear in collecting and focusing sound, vibrations are transmitted to the middle ear via the ear canal
and the eardrum. The vibrations of the eardrum are transmitted by the bones of the middle ear to
the fluid-filled sensory organ of the inner ear, the cochlea. As the fluid of the inner ear vibrates,
the hair cells located in the cochlea bend, stimulating sensory receptors, and leading to nerve
impulses being transmitted to the brain via the auditory nerve. The greater the hair cell
displacement, the more sensory receptors and neurons are stimulated, resulting in the perception
of an increase in sound intensity.

Hearing loss can resuit from damage or growths in any portion of the ear and the part of
the brain that processes the nerve impulses. Damage to the outer and middle ear result in
conductive hearing loss, in which case the vibrations can still be perceived and processed if they
can be transmitted by another means to the inner ear. Damage to the inner ear and auditory nerve
result in sensorineural hearing loss. Sensorineural hearing loss can be temporary, if the body=s
mechanisms can repair the damage, but cumulative inner ear damage will result in permanent
hearing loss. Aging, diseases, certain medications, and noise cause the majority of sensorineural
hearing loss, which is not reversible by surgery or medication, and is only partially restored by
hearing aids.

2. Noise-Induced Hearing Loss

Roughly 25% of all Americans aged 65 and older suffer from hearing loss. Contrary to
common belief, hearing loss is not part of the natural aging process, but is caused by preventable,
noise-induced wear and tear on the auditory system (Clark & Bohne 1999). Noise-induced
hearing loss develops gradually over years and results from damage to the inner ear. Sensory
cells within the cochlea are killed by exposure to excessive noise. These cells do not regenerate
but are replaced with scar tissue. After weeks to years of excessive noise, the damage progresses
to the point where hearing loss occurs in the high-frequency range and is detectable
audiometrically; speech comprehension is not usually affected and so at this level hearing loss is
goes unnoticed by the individual. Eventually, with continued exposure, the hearing loss spreads
to the lower pitches necessary to understand speech. At this point, the impairment has proceeded
to the level of a handicap and is quite noticeable. The damage is not reversible and is only poorly
compensated for by hearing aids.
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There is considerable variability among individuals in susceptibility to hearing loss.
Based on major field studies conducted in the late 1960s and early 1970s, the U.S. EPA
suggested that a 24-hour equivalent sound level of 70 dBA would protect 96% of the population,
with a slight margin of safety, from a hearing loss of less than five dBA at 4000 Hz (U.S. EPA
1974). This 24-hour, year-round equivalent sound level is based on a forty-year work-place noise
level exposure (250 working days per year) of 73 dBA for eight hours and 60 dBA for the
remaining 16 hours,

The National Institute for Occupational Safety and Health reviewed the recommended
occupational noise standard recently (NIOSH 1996) and reaffirmed its recommended exposure
limit of 85 dBA for occupational noise exposure. The report concluded that the excess risk of
developing occupational noise-induced hearing loss for a 40-hr lifetime exposure at 85 dBA is
8%. In comparison, the OSHA regulation [29 CFR 3 1910.95] allowing a 90 dBA permissible
exposure limit results in a 25% excess risk of developing hearing loss. The OSHA regulation,
however, has not been changed to reflect the recommendation of the National Institute for
Occupational Safety and Health.

NIOSH also recommended changing the exchange rate, which is the increment of
decibels that requires the halving or doubling of exposure time, from the OSHA mandated 5 dBA
to 3 dBA. This would mean that if the worker was permitted to be exposed to 85 dBA
unprotected for 8 hr, then a noise exposure level of 88 dBA would be limited to 4 hr per day, The
3-dBA exchange rate is supported by acoustics theory, and by national and international
consensus. OSHA, however, continues to mandate a 5 dBA exchange rate in its regulations. In
addition, the American Academy of Pediatrics (1997) has asked the Nationa! Institute of
Occupational Safety and Health to conduct research on exposure of the fetus to noise during
pregnancy and recommends that the OSHA consider effects on the fetus when setting
occupational noise standards.

3. Non-Auditory Physiological Response

In addition to hearing loss, other physiologic and psychological responses resulting from
noise have been noted and are termed non-auditory effects. Noise is assumed to act as a non-
specific biological stressor, eliciting a Afight or flight= response that prepares the body for action
(Suter 1991). Research has focused on effects of noise on blood pressure and changes in blood
chemistry indicative of stress. Despite decades of research, however, the data on effects are
inconclusive. While many studies have shown a positive correlation between hearing loss, as a
surrogate for noise exposure, and high blood pressure, others have shown no correlation (Suter
1991; Kryter 1994). The National Institutes of Occupational Safety and Health (1996) has called
for further research to define a dose-response relationship between noise and non-auditory
effects, such as hypertension and psychological stress.
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4. Interference with Communication

The inability to communicate can degrade the quality of living directly, by disturbing
social and work-related activities, and indirectly, by causing annoyance and stress. The U.S. EPA
(1974), in developing its environmental noise levels, determined that prolonged interference with
speech was inconsistent with public health and welfare. Noise that interferes with speech can
cause effects ranging from slight irritation to a serious safety hazard (Suter 1991), and has been
shown to reduce academic performance in children in noisy schools, as reviewed by Kryter
(1994). The U.S. EPA, therefore, developed recommended noise levels that are aimed at
preventing interference with speech and reduced academic performance. An outdoor yearly
average day-night sound level of 55 dBA permits adequate speech communication at about 9-10
ft, and also assures that outdoor noise levels will not cause indoor levels to exceed the
recommended level of 45 dBA.

5. Interference with Sleep

It is common experience that sound rouses sleepers. Noise that occurs when one is trying
to sleep not only results in repeated awakenings and an inadequate amount of sleep, but is also
annoying and can increase stress. Noise that is below the level that awakens, however, also
changes the sleep cycle, reduces the amount of “rapid eye movement” sleep, increases body
movements, causes cardiovascular responses, and can cause mood changes and performance
decreases the next day (Suter 1991). The U.S. EPA recommended an indoor average yearly day-
night level of 45 dBA, which translates into a night time average sound level of 35 dBA, to
protect most people from sleep disturbance.

An average sound level, however, does not adequately account for peak sound events that
can awaken and disturb sleep. Continuous noise has a significantly smaller sleep disturbance
effect than intermittent noise. Research has found that subjects in sleep laboratory experiments
will gradually reduce the number of awakenings throughout the night in response to noise, but
other physiological changes, including a momentary increase in heart rate, indicative of arousal
do not change. The question is whether physiological arousal, short of awakening, has a negative
health effect. While study results are inconclusive on this issue, it is clear that noise above a
certain level, about 55 dBA L.q according to Kryter (1994), will awaken people, even after long
periods of repeated exposures. Repeated awakenings reduce feelings of restedness and cause
feelings of annoyance, leading to stress responses and associated health disorders.

6. Effects on Performance and Behavior

The working hypothesis in this area has been that noise can cause adverse effects on task
performance and behavior at work, in both occupational and non-occupational settings. Results
of studies, however, have not always been as predicted. Sometimes noise actually improves
performance, and sometimes there are no measurable differences in performance between noisy
and quiet conditions (Suter 1991). Kryter (1994) concluded that masking by noise of other
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auditory signals is the only inherent auditory variable responsible for observed effects of noise on
mental and psychomotor tasks.

The effect of noise on “helping behavior” in the presence and absence of noise is more
clear. Mathews and Canon (1975) tested the hypothesis that high noise levels may lead to
inattention to the social cues that structure and guide interpersonal behavior. In a laboratory study
in which subjects did not know they were being studied, they found that fewer persons were
willing to help someone who had Aaccidentally= dropped materials when background noise
levels were 85 dB than when they were 65 dB or 48 dB. In a subsequent field study, similar
results were demonstrated with background noise from a lawn mower. Initially, subjects were
tested as to their willingness to help a man who had dropped books and papers while walking
from his car to a house; in this test, helping behavior was low both in ambient (50 dB) and high
(87 dB) noise conditions. When the test was repeated with a cast on the arm of the man who
dropped the books, helping behavior was high under ambient noise (80%) and low under high
noise (15%) conditions. These and other studies lead to the conclusion (Suter 1991) that even
moderate noise levels can increase anxiety, decrease the incidence of helping behavior, and
increase the likelihood of hostile behavior.

7. Annoyance and Community Response

Annoyance is a response to noise that has been extensively studied for years. Various
U.8. government agencies began investigating the relationships between aircraft noise and its
effect on people in the early 1950's. Annoyance is measured as an individual response to survey
questions on various environmental factors, including as noise (Suter 1991). The consequences
of noise~induced annoyance are privately held dissatisfaction, publicly expressed complaints, and
possibly adverse health effects. Fidell et al. (1991) reviewed and synthesized the relationship
between transportation noise and the prevalence of annoyance in communities based on over 30
studies. The relationship is an exponentially increasing function, with less than 10% of
respondents reporting themselves to be highly annoyed at noises under an average day-night
sound level of 56 dB. Fifty percent responded they were highly annoyed at sound levels
approaching 79 dB, and nearly every person was highly annoyed at sound levels above 90 dB.

Suter (1991) concluded that throughout decades of study, community annoyance has been
positively correlated with noise exposure level, and that although variables such as ambient noise
level, time of day, time of year, location, and socioeconomic status are important, the most
important variable is the attitude of the affected residents. Kryter (1994) further elaborates that
interference by noise, and the associated annoyance, depends on the activity of an individual
when the noise event occurs, and the intensity and duration of the noise. People have different
beliefs about noise, which are also important. Those most annoyed share similar beliefs that the
noise may be dangerous, is probably preventable, are aware that non-auditory effects are
associated with the noise source, state they are sensitive to noise, and believe that the economic
benefit represented by the source is not important for the community (Fields 1990).

8. Effects of Noise on Animals
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Kryter (1994) reviewed studies on the effects of noise both on wildlife and farm animals.
None of these studies examine noise-induced hearing loss, but rather looked at effects of noise on
litter size, prevalence of wildlife, and milk production. Most of the studies were conducted to
examine the effects of airport noise, including noise from landings and takeoffs and sonic booms
near commercial and military airports, and noise from construction activities during laying of
pipelines across wilderness areas. Negative impacts on wildlife and farm animals, due to noise,
were not supported by the studies. In the airport studies, the absence of human activities in the
areas surrounding the high noise exposure zones appeared to be more important than noise,
resulting in abundant wildlife. Farm animals exposed to frequent sonic booms showed little or no
negative effects, again using such criteria as reproduction, milk production, and growth rate. No
study, however, has examined the effects of leaf blower noise on animals.
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IV. POTENTIAL HEALTH AND ENVIRONMENTAL
IMPACTS OF LEAF BLOWERS

This section of the report synthesizes the information presented in the two previous
sections, hazard identification and health effects, and characterizes the potential health impacts of
leaf blowers on operators and bystanders. As discussed previously, there are no studies of the
health impacts of leaf blowers, and essential information is missing that prevents ARB from
preparing a quantitative risk characterization. There is, for example, no information on the
quantitative relationship between exposure to hazards from leaf blowers and adverse effects. The
size of the exposed population and the magnitude and duration of exposures are also unknown.
The goal of this section, then, is to point the discussion in directions dictated by the findings of
the two previous sections, and to raise questions about the nature of 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 settings.

Leaf-blower operators and bystanders have two different types of exposures to exhaust
and fugitive dust emissions: exposures that ocour on a regional basis and exposures that occur
when one is within a short distance of the leaf blower. Regional exposures are those exposures to
air pollution that occur as a result of leaf blowers contributing to the basin-wide inventory of
ozone, carbon monoxide, particulates, and toxic air pollutants. While leaf blowers contribute a
small percentage to the basin-wide air pollution, they are nonetheless a source of air poliution
that can be, and is, controlled through exhaust emission standards.

The second type of exposure is of greater concern. Lawn and landscape contractors,
homeowners using a leaf blower, and those in the immediate vicinity of a leaf blower during and
shortly after operation, are exposed to potentially high exhaust, fugitive dust, and noise emissions
from leaf blowers on a routine basis. While ARB staff have not located conclusive data on how
often, how long, and at what concentrations exposures occur, the ARB off-road mode! assumes
that each commercial leaf blower is used for 275 hr/yr, and each residential leaf blower is used
for 10 hr/yr. These figures do not tell us, however, how long each leaf blower operator is
exposed.

Because of the highly speculative nature of the data on operator and bystander exposure
time, staff have been unable to develop estimates of the quantities of chemicals individuals could
be exposed to per amount of time. Instead, impacts are presented somewhat qualitatively, with
recommendations for appropriate personal protection or controls from hazards that staff have
found to be significant.

A, The Leaf Blower Operator

In this section, data are presented that apply to the commercial leaf blower operator, a
person who regularly uses the leaf blower in the course of a landscaping or gardening job. Staff
assume that a commercial leaf blower operator will use equipment with a higher horsepower than
a residential, or homeowner, operator,
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1. Exhaust Emissions

The typical leaf blower owned and operated by commercial lawn and landscape
contractors, with an average horsepower of three and a load factor of 50% based on the ARB off-
road emissions model, produces the estimated average emissions for a one hour usage as shown
in Table 9. Actual operator usage apparently ranges from 15 minutes to a full work day (Table 7).
To illustrate the magnitude of potential exhaust and fugitive dust emissions, staff have compared
the estimated leaf blower emissions to the emissions from one hour of operation of two different
types of light duty vehicles, one new and one old. A comparison of emissions from leaf blowers
to vehicle engines is relevant to provide some sense of the relative quantities of pollutants.

Table 9. Commercial Leaf Blower Emissions Compared to Light Duty Vehicle Emissions
3 hp average, 50% load factor, 1999 emissions data

Exhaust Emissions, | Exhaust Emissions, { Exhaust Emissions,
g/hr new light duty older light duty
vehicle,* g/hr vehicle,** g/hr
Hydrocarbons 199.26 0.39 2019
Carbon Monoxide 423.53 15.97 1310
Particulate Matter 6.43 0.13 0.78
Fugitive Dust 48.6-1031 N/A N/A

*New light duty vehicle represents vehicles one year old, 1999 or 2000 mode! year, driven for
one hour at 30 mph.

**Older light duty vehicle represents vehicles 1975 model year and older, pre-catalytic vehicle,
driven for one hour at 30 mph.

For CO (Table 9), the estimated 423 g emitted by one hour of leaf blower use is
approximately 26 times the amount emitted by a new vehicle, but approximately one-third of the
CO emissions of an older vehicle. While not implying that the operator will inhale this amount of
CO, these data do suggest concern about the relatively large amount of CO emitted directly into
the air space surrounding the operator. For particulate matter exhaust emissions, the leaf blower
emits eight to 49 times the particulates of a light duty vehicle, primarily because of the large
amount of unburned fuel directly released by the two-stroke engine.

Another way to visualize the data is to compare emissions for a given amount of leaf
blower operation to miles traveled by car. The Air Resources Board regularly publishes such
emissions benchmarks. Thus, for the average 1999 leaf blower and car data presented in Table 9,
we calculate that hydrocarbon emissions from one-half hour of leaf blower operation equal about
7,700 miles of driving, at 30 miles per hour average speed. The carbon monoxide emission
benchmark is signficantly different. For carbon monoxide, one-haif hour of leaf blower useage
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(Table 9) would be equivalent to about 440 miles of automobile travel at 30 miles per hour
average speed.

Exposure data are necessary to determine potential health impacts of the pollutants. Since
few exposure data exist, staff have developed a model that estimates potential exposures based
on 10 minutes of leaf blower operation and compares those emissions to the amount of still air in
which emissions would need to be mixed to avoid a transitory, local exceedance of the ambient
air quality standards, which are health-based standards. Details of the model and results are
presented in Appendix J.

The exposure scenario suggests that 10 minutes of leaf blower usage could expose the
operator to a significant, potentially harmful dose of CO, assuming a worst case exposure, in
which there is no dispersion of pollutants out of the immediate area. In this case, the operator
could be exposed to potentially harmful amounts of carbon monoxide. The best case would be
that all emissions and fugitive dust from the leaf blower would be blown out of the immediate
area, resulting in little or no exposure to the operator. Actual exposures would most likely be
somewhere in between these two assumptions and would vary greatly with weather conditions,
wind, use or nonuse of protective gear, walking speed of the operator, and type of machine used.
In addition, for carbon monoxide exposures, whether or not the operator has heart disease would
be important in determining potential risk. Exposure studies would need to be conducted to
obtain more reliable estimates of operator exposure, and staff recommend further research.

On December 27, 1999, ARB was mailed a redacted copy of a 1995 report on operator
exposure levels for several chemicals that are present in handheld gasoline-powere equipment
exhaust emissions. The report summarized breathing zone measurements during operation of
chain saws, a string trimmer, and a leaf blower, but all data pertaining to equipment other than
the leaf blower was blacked-out. The study and its limitations are discussed in some detail in
Appendix H, but it is relevant to note here that ARB has received two measurements from one
leaf blower of breathing zone concentrations of carbon monoxide, toluene, benzene, 1,3«
butadiene, acetaldehyde, and formaldehyde. As reported in the study, concentrations of carbon
monoxide, benzene, and 1,3-butadiene were high enough as to reinforce concern over operator
exosures for the commercial leaf blower operator.

2. Fugitive Dust

Estimated fugitive dust emissions cannot be compared to light duty vehicle exhaust. The
worst case exposure scenario, however, suggests that ten minutes of use of a commercial blower
would exposure the operator to significant amounts of PM (Appendix J). While leaf blower
operators would not be expected to spend significant amounts of time within such a particulate
cloud, the day-in-day-out exposure to this much PM10 could result in serious, chronic health
consequences in the long-term. Short-term exposures of one to two days to high levels of PM can
lead to coughing and minor throat irritation. Long-term exposures have shown statistically
significant associations of ambient PM levels with a variety of negative human health outcomes,
as discussed previously. These data strongly suggest that professional leaf blowers operators, and
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those regularly working within the envelope described above, should wear a face mask effective
at filtering PM from the air, and further research is warranted.

3. Noise

The potential health impacts of leaf blowers on workers from noise center on noise-
induced hearing loss. Two factors contribute to an increased risk of hearing loss in typical career
gardeners: the high sound pressure levels emitted by leaf blowers at the level of the operator=s
ear, and the infrequent use of hearing protection. While we cannot estimate the percentage of
workers who will experience noise-induced hearing loss without additional data, these two
factors are likely to be responsible for hearing loss in an unknown percentage of workers,
although individuals may not notice any hearing loss until many years have passed. In order to
reduce potential hearing loss, employers should ensure that employees use hearing protection.
State and local health and enforcement agencies should promote hearing protection in campaigns
targeted at professional landscapers and gardeners. Hearing loss is gradual, and may become
obvious only years after the exposure has ceased.

B. The Public-at-Large

Those who are not working in landscaping and gardening fall into two categories:
homeowners doing their own gardening and bystanders. Homeowners who chose to use a leaf
blower likely experience relatively low-level exposures which they control. Bystanders may
experience low or high exposures, depending on the nature of the exposure. Bystanders,
however, almost never have chosen to be exposed to the exhaust, dust, and noise emissions of the
leaf blower. Thus their attitude toward the leaf blower is likely very negative and they may be
highly annoyed by the exposure.

In addition, staff have received letters, and read testimonials on Internet web-sites,
concerning acute symptoms, such as asthma and allergies, exhibited by sensitive individuals to
relatively limited exposures. These symptoms have not been evaluated in this report as they are
anecdotal and unable to be substantiated. The recent study by Miguel et al. (1999), however,
lends support to those who claim that exposure to leaf blower-generated dust causes allergic and
asthmatic symptoms. It is also important to acknowledge that some individuals may be very
sensitive to the emissions from leaf blowers and unable to tolerate exposures that do not seem to
bother other individuals.

In addition to homeowner-leaf blower operators and bystanders who are in the vicinity of
leaf blower operation, everyone is exposed to a small degree to air pollution that results from
exhaust and dust emissions from leaf blowers. This report does not quantify those exposures, but
the ARB does regulate exhaust emissions from leaf blowers, as from most other sources of air
pollution. All sources of air poliution need to be reduced in order that Californians can breathe
clean air.
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1. Exhaust Emissions

The typical leaf blower owned and operated by a homeowner for private residential use is
assumed to have an average horsepower of 0.8 and a load factor of 50%, based on the ARB off-
road emissions model. Emissions from one hour of operation are compared to exhaust emissions
from two different age light duty vehicles (Table 10). There are few data available on the length
of time a homeowner runs a leaf blower, but it is likely that the homeowner uses a leaf blower for
less than one hour, which would reduce the potential exposures and impacts.

Table 10. Homeowner Leaf Blower Emissions Compared to Light Duty Vehicle Emissions

0.8 hp average, 50% load factor, 1999 emissions data

Exhaust Emissions, | Exhaust Emissions, | Exhaust Emissions,
g/hr new light duty older light duty
vehicle,* g/hr vehicle,** g/hr
Hydrocarbons 56.73 0.39 201.9
Carbon Monoxide 119.2 15.97 1310
Particulate Matter 1.44 0.13 0.78
Fugitive Dust 48.6-1031 N/A N/A

*New light duty vehicle represents vehicles one year old, 1999 or 2000 model year, driven for
one hour at 30 mph.

**Older light duty vehicle represents vehicles 1975 model year and older, pre-catalytic vehicle,
driven for one hour at 30 mph.

As with the heavier-duty commercial leaf blower, CO and particulate matter emissions
from the lighter-duty leaf blower are many times higher than emissions of the same pollutants
from vehicles (Table 10). CO emissions from a leaf blower that might be used by a typical
homeowner are significantly lower than those from a commercial leaf biower (Table 9) and it is
likely that homeowners use leaf blowers for much less than one hour at a time. The exposure
scenario for homeowner usage (Appendix J) estimates a correspondingly lower potential
exposure. The homeowner is, therefore, less likely to be exposed to potentially harmful amounts
of carbon monoxide, although sensitive individuals should be cautioned. For all exhaust
emissions, exposures are considerably lower in a residential setting than in a commercial setting.
In the best case, all emissions and fugitive dust from the leaf blower would be blown out of the
operator=s immediate area, resulting in little or no exposure. Actual exposures would most likely
be somewhere in between these two assumptions and would vary greatly with weather
conditions, wind, use or nonuse of protective gear, walking speed of the operator, and type of
machine used. Exposure studies would need to be conducted to obtain more reliable estimates of
operator exposure, and staff recommend further research.
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As discussed in Section IV. A. 1., another way to visualize the data is to compare
emissions for a given amount of leaf blower operation to miles traveled by car. The Air
Resources Board regularly publishes such emissions benchmarks. Thus, for the average 1999
homeowner-type leaf blower and car data presented in Table 10, we calculate that hydrocarbon
emissions from one-half hour of leaf blower operation equal about 2,200 miles of driving, at 30
miles per hour average speed. The carbon monoxide emission benchmark is signficantly
different. For carbon monoxide, one-half hour of a homeowner-type leaf blower useage (Table
10) would be equivalent to about 110 miles of automobile travel at 30 miles per hour average
speed.

2. Fugitive Dust Emissions

For fugitive dust, because the homeowner is likely using leaf blowers for a very short
time each week, the potential risk from exposure is much lower than for commercial gardeners.
Still, based on estimates in the exposure scenario (Appendix J), staff recommends that even
homeowners wear a dust filtering mask when using a leaf blower.

3. Noise

The homeowner who uses a leaf blower for a brief amount of time each week or two is
unlikely to experience noise-induced hearing loss. The cumulative exposure to many recreational
sources of noise, such as recreational power tool use, lawn care, shooting, boating, concert-going,
and other activities that expose one to loud noises, however, is likely to be great enough to
impact hearing (Clark 1991). Those who regularly use noisy power equipment should be in the
habit of using hearing protection to reduce their overall exposure to potentially damaging noise.

The likelihood of a bystander exposed to leaf biower noise on an irregular basis
experiencing hearing loss is low. The potential health impacts from leaf blowers on bystanders
that are likely more important include interference with communication, sleep interruption, and
annoyance. Each of these impacts may in turn lead to stress responses, although research has not
conclusively tied chronic exposures with any particular adverse health outcome. Although
interference with communication, sleep interruption, and annoyance may not seem to be serious
impacts, they are important health and quality of life issues for many people. At least 100
municipalities in California have restricted or banned the use of leaf blowers within city limits in
response to people who object to the loud noise of leaf blowers interrupting their lives.
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C. Summary of Potential Health Impacts

Health effects from hazards identified as being generated by leaf blowers ranging 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
is most likely young and healthy, and that these workers may not work in this business for all of
their working lives, we nonetheless 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 potentially greater for chronic effects. In addition,
evidence of significantly elevated concentrations of benzene and |,3-butadiene in the breathing
zone of workers leads to concern about exposures to these two toxic air contaminants.

Potential noise and PM effects 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 for these air pollutants. More study of CO and other air toxics exposures to leaf
blower 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 health is being
negatively impacted. In addition, some sensitive 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 blowers in 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 are should still wear protective
equipment, for example, eye protection, dust masks, and ear plugs, and their exposures to CO are
a potential problem and warrant more study.
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Y. RECOMMENDATIONS

The Legislature asked ARB to include recommendations for alternatives in 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 already in place have significantly reduced exhaust emissions from the engines
used on leaf blowers, and manufacturers have 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 its January 27, 2000, public hearing, the Air Resources Board directed its
staff to explore the potential for technological advancement in this area.

For noise, the ARB has no Legislative 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 several letters urging that 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 alternatives, such a recommendation is not warranted.

Some have suggested that part of the problem lies in how leaf blower operators use the
tool, that leaf 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 Jeaf 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.
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From: Cindy Swift Date: 25 Mar 2013
55 Madrone Rd
Fairfax

To: Linda Neal, Senior Planner, Planning & Building Services, Fairfax
Planning Commission

Subject: Draft Ordinance — Regulating Leaf Blowers and Town Council Resolution 13-3

I am following up my public comments at the March 21% Planning Commission meeting with a
written statement as well as references.

1. Scope: the original ‘petition’ addressed leaf blowers, and as | recall, was initiated because of
an Issue at Bennett House with commercial (heavy duty) leaf blower use. The petition did not
address any other type of power equipment. Other power equipment includes chain 5aws,
weed/hedge trimmers, leaf chippers, compressors, generators, power drills, etc., all of which
come in non-commercial models for use by homeowners and are addressed in the current noise
control ordinance,

Recommendation- Confine the addressing of the code to only leaf blowers.

2. Power Source/dBA Levels: Both electric and gas leaf blowers fill a need. Electric blowers do
not meet the needs of all homeowners either due to the size of the property, capability or for
safety reasons. Extension cords do not cover all properties and the longer the cord the lower
the voltage. | have a redwood tree that drops needles on my roof. An electrical blower creates
a safety issue with usage of the cord on the roof. Electrical blowers can also have a higher
pitched noise than gas blowers. A comparison of sound levels in the environment in a 2000
CEPA, Air Resources Board (ref 1) report labeled 50-70 dBAs as ‘moderately loud’ and in that
category at 70 dBAs were vacuum cleaners.

Recommendation: Approve both electric leaf blowers as well as gas powered blowers in the
range of 65-70 dBAs. {The town of Davis has a 70 dBA limit and distinguishes between
commercial and homeowner use in that the 70 dBA at fifty feet restriction does not apply if the
blower is operated for 10 minutes or less per occurrence.)

3. Town Exemption: The current noise control ordinance states that all town departments shall
comply with the noise control chapter and the Town should follow any language on leaf
blowers.

4. Hours restrictions — if a restriction in this area is sought for leaf blowers then a reasonable
fimitation would be 9-5 M-F and 9-4PM on Sat, 10-3PM on Sun. This allows a reasonable time
for landscapers as well as the homeowner who works M-F and therefore cannot complete all
their maintenance tasks during the week.




5. Any changes to the noise control chapter needs to take into consideration the workload
impact on the existing Town staff.

6. 1do not know the normal code process but would recommend that any changes have a
paragraph stating that they will automatically be reviewed one year later.

References:

1. California Environmental Protection Agency, Air Resources Board report, “A Report to the
Legislature on the Potential Health and Environmental impacts of Leaf Blowers” Mobile Source
Contro! Division February 2000.

I recommend reading this thorough report. While it was issued in 2000, | have not
found anything more recent. The report was prepared at the request of the California Senate.
The Senate wanted a summarization of the potential health and environmental impacts of leaf
blowers along with recommendations for alternatives. The report addresses exhaust
admissions, dust emissions and noise. It also reviews local ordinances and regulatory
approaches, including towns such as Davis, CA. This report concluded that new exhaust
standards put in place had significantly reduced exhaust admissions from engines used on leaf
blowers and that manufacturers had further reduced admissions below what was required by
law. Also there was no data to show that fugitive dust emissions were any different from
alternatives such as rakes, brooms or vacuums. The report addresses noise impact on
commercial landscapers, homeowners and bystanders and did not find any conclusive research
tying ‘chronic’ exposures with any particular adverse health issue.

2. www.leafblowernoise.com : This site is authored by a former Vice President of Engineering
for Echo Inc., who since his 2002 retirement has worked as a consultant. While at Echo he
oversaw the development of the first quiet leaf blower. While he is a member/former member
of the industry the site has good links to information including a guides on the safe and
‘courteous’ use of leaf blowers. (Planning Commission members had raised the issue of
education.)




Planning Commission
Ordinance to Restrict Leaf Blowers and Other Power Equipment

1. The petition.

a. Factually in correct using scare tactics “ brake dust asbestos”

b. Many signatures not from residents of Fairfax e.g. many other towns in Marin
and other Bay Area cities and signatures from:Ukiah,Toronto Ontario, Santa
Clara, Boulder Creek, Chicago and several from NYC. Ireland.

2. Leaf Blowers
a.Modern gas leaf blowers from several manufacturers have much less than
older equipment. (See the ANSI B 175.2 Standard). Around 70db which is about
the same as a house vacuum cleaner.
b. Electric leaf blowers. Don’t have same performance as gas models because of
available power- length of power cord and lack of outdoor outlets. Electric
blowers generate a very high pitched scream similar to a shop vac.

3. Dr. Nancy Steele of the California Air Resources Board

A.Conducted 1 year study of leaf biowers for the California legislature. She and her
staff concluded that “there is no scientific evidence that leaf blowers are any more
detrimental to the environment than the alternatives. Under certain conditions
brooms are likely to lift more dust than leaf blowers. They can dislodge caked dirt and
generate dust the leaf blowers would normally leave behind”.

4. Recommendation:

Set realistic sound levels for the use of leaf blowers (75db{A).) and possibly restrict
hours of operations, Suggest only 9 to 4 or something in that range. This will help in
getting voluntary compliance. An outright ban does the opposite. Our police have
more important things to do than write tickets for unrealistic limitations.

Thank You

John Sergeant
55 Madrone Rd., Fairfax



RESOLUTION NO. 13-3

A RESOLUTION OF INTENTION OF THE FAIRFAX TOWN COUNCIL DIRECTING THE
PLANNING COMMISSION TO AMEND CHAPTER 8.20, NOISE, OF THE FAIRFAX TOWN
CODE TO REGULATE THE USE OF LEAF BLOWERS AND OTHER POWER EQUIPMENT

WHEREAS, the Fairfax Town Council, having conducted a public hearing at their January 10, 2013
regular meeting, has directed staff to initiate an ordinance for consideration that will regulate the use of
leaf blowers and other power equipment within the Town limits;

WHEREAS, the Fairfax Town Counci! has determined that it is in the best interests of the citizens of
Fairfax to minimize the impacts of these blowers which have the potential to create significant clean-air
and health impacts for the community because they disturb ground-borne particulate matter. Ground-
borne particulate matter, when airbomne, can be ingested by the general public potentially affecting long
term health;

WHEREAS, the Fairfax Town Council has determined that the use of leaf blowers and other power
equipment in the community negatively impacts the quality of life enjoyed by residents through the
creation of excessive noise during times when residents are in their homes and/or on their property;

NOW THEREFORE, BE IT RESOLVED,

We, the Fairfax Town Council, direct staff to initiate a proposed amendment to Chapter 8.20, Noise, of
the Fairfax Town Code, seeking to regulate the use of leaf blowers and other power equipment to include

but not be limited to:

1) when the ordinance will take effect {i.e. 6 months after adoption);

2) limiting the times and days of the week the blowers and other power equipment can be operated;

J3) encouraging persons operating leaf blowers or other power equipment to ensure that leaves, dirt and

other debris are not blown
onto adjoining private or public properties;

4) providing for an exception to the ordinance in the case of hardship due to owner infirmity or size of a
property;

5) whether or not to include both leaf blowers and other power equipment in the regulations;

6) inclusion of an exemption during states of declared emergency as determined by the Town Manager;

7) whether authorized Town Employees operating leaf blowers on public property during regular business
hours should be exempt from the regulations and,

8) providing for penalties for violations. We further direct Staff to send the proposed amendment to the
Planning Commission for their review and possible action at the regular March 21, 2013, meeting of
the Fairfax Planning Commission.

The foregoing resolution was duly presented and adopted at the regular meeting of the Fairfax Town
Council of the Town of Fairfax held in said Town on the 10th day of January 2013 by the following vote
to wit:

AYES: Bragman, Hartwell, O'Neil, Reed, Weinsoff
NOQOES: None
ABSENT: None

JORN REED, MAYOR

EXHIBIT # =D

.
ATTEST: (A ’7-‘?-5"47@:;}?/;7\#
})]vay Andersca, Town Clerk




