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ABSTRACT

Many organizations interested in renewable, domestic en-
ergy have switched from petroleum diesel to biodiesel
blends for use in transportation and heavy-duty equip-
ment. Although considerable evidence exists on the neg-
ative health effects of petroleum diesel exhaust exposures
in occupational settings, there has been little research
examining biodiesel exposures. Working coellaboratively
with a local municipality, concentrations of particulate
matter (PM) and other air toxics were measured at a recy-
cling facility in southwestern New Hampshire while
heavy equipment operated first on petroleum diesel and
then on a B20 blend (20% soy-based biodiesel/80% petro-
leun diesel). This pilot study used a combination of es-
tablished industrial hygiene and environmental air mon-
itoring methods to estimate occupational exposure
profiles to PM and air toxics from combustion of petro-
leum diesel and biodiesel. Results indicate that B20 use
dramatically reduces work area respirable particle, PM, o
(PM =2.5 pm in aerodynamic diameter), and formalde-
hyde levels compared with petroleum diesel. Some vola-
tile organic compound concentrations were higher for
petroleum diesel and others were higher for the B20
blend. Overall, this study suggests that biodiesel blends
reduce worker exposure to and health risk from petroleum
diesel exhaust, but additional exposure research is recom-
mended.

IMPLICATIONS

Increasing public health concerns and limited regulatory
initiatives for controlling occupational exposures to petro-
leum diesel emissions have led to increased use of alter-
native fuels like biodiesel. Although considerable evidence
exists on the negative health effects of petroleum diesel
exhaust exposures in occupational settings, there has been
little research examining the effects of biodiesel exhaust on
worker exposure and the local environment. This pilot study
provides preliminary characterization of the occupational
and environmental exposures resulting from switching to
biodiesel, but more research is still needed.
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INTRODUCTION
Diesel exhaust emissions are ubiquitous, and their impact
on human health is of growing concern. Diesel exhaust
itself is a complex mixture of hundreds of components in
particulate and gaseous forms. Specific exhaust compo-
nents vary based on fuel source, engine type, engine load,
level of equipment maintenance, and other factors, but
many components are known carcinogens or are other-
wise toxic. Air toxics from on-road and nonroad diesel
engines include benzene, 1,3-butadiene, and formalde-
hyde. Soot from diesel exhaust is typically less than 2.5
pm in diameter, which is respirable into the deeper parts
of the lung. Particulate matter (PM) at this size is associ-
ated with numerous negative health effects including but
not limited to increased mortality, direct lung injury (i.e.,
increased inflammation), cardiovascular effects (i.e., in-
creased risk of arrhythmia in people with heart disease),
and other organ effects.»2 Although diesel exhaust has
been studied extensively for over 20 yr, the components
that are most hazardous to human health and the
quantities at which they cause harm are still not fully
understood.34

Many researchers and regulatory agencies believe
that diesel exhaust is a “potential occupational carcin-
ogen” and “likely to be carcinogenic to humans by
inhalation” from environmental exposures.s¢ In addi-
tion, diesel exhaust has been shown to cause pulmo-
nary inflammation and histopathology, and may
contribute to allergic responses and asthma.5-8 The in-
cidence of asthma has more than doubled from 1978 to
1998, affecting over 17 million people and highlighting
concerns about possible associations between asthma and
diesel exhaust.? Environmental policy-makers have high-
lighted the association between diesel and cardiopulmo-
nary health risk at the lower exposure levels typically
experienced by the public, but occupational exposure to
diesel exhaust may present even greater risk. A detailed
review of workplace exposure assessment data for various
jobs (such as mine workers, truck drivers, and forklift
operators) determined that occupational exposures to die-
sel particulate matter (DPM) were orders of magnitude
higher than ambient exposures, and a cohort study of
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railroad workers with occupational exposure to diesel ex-
haust indicated elevated lung cancer mortality.10.11 A
more recent survey of particulate exposure in the U.S.
trucking industry also found significant differences in
exposure intensity of PM, s (PM =2.5 pm in aerodynamic
diameter), elemental carbon, and organic carbon for work
locations and jobs relative to background concentrations
at trucking terminal sites.12

The only existing U.S. occupational exposure limit
for workers exposed to diesel exhaust is for mine workers,
as regulated by the Mine Safety and Health Administra-
tion (MSHA). MSHA regulates DPM with a permissible
exposure limit of 160 pm/m? (measured as total carbon).
Two major technical obstacles to determining what con-
stitutes a harmful above-ground diesel dose are limited
measurements of existing human exposures and difficulty
developing techniques to identify a unique signature that
distinguishes diesel exhaust from background air pollu-
tion.? Research efforts are ongoing, but the quantifiable
level of risk posed by diesel exhaust will likely remain
unresolved for some time.

Current regulations require enhanced engine and ex-
haust technology for new (2007 and newer) on-road
heavy-duty diesel engines.'® This approach may be slow
to change overall total emissions because diesel engines
are extremely durable. Many large on-road engines can
last 1 million miles before their first rebuild and can be
rebuilt multiple times.5 Even if total diesel emissions de-
crease as a result of enhanced engine and exhaust tech-
nology, the effects of new technology and fuels on the
chemical and physical characteristics of diesel exhaust are
unknown; thus, a reduction of emissions may not mean a
reduction in overall health risk.'* Nonroad engines, such
as those powering the construction-type equipment in
this study, remain significant sources of air pollution. By
2006, the total amount of PM, . emitted by all mobile
sources had decreased slightly, but the percent contribu-
tion of nonroad engines to the total PM, 5 emissions
inventory increased to 69%, compared with 64% in
2001.1s

Biodiesel is one alternative fuel that is becoming in-
creasingly popular for use in diesel engines. Biodiesel is
biodegradable, considerably less toxic to aquatic organ-
isms (in the event of spills) than petroleum diesel, has a
high flash point, and is considered sustainable because it
can be generated from renewable sources.1¢ According to
the National Biodiesel Board, over 500 fleets in the United
States are using the plant-based fuel.1” A 2009 study per-
formed by the U.S. Department of Agriculture determined
that soy-based biodiesel yields 4.5 units of fuel product
energy for every unit of fossil fuel energy required to
produce it.'® By comparison, petroleum diesel yields 0.83
units of fuel product energy per unit of fossil fuel energy
consumed.!? Furthermore, the use of soybean-based
100% bicdiesel in an urban bus reduced net carbon diox-
ide emissions by 78%.1° Hill and colleagues?® determined
that soy-based biodiesel provides 93% more energy than
the fossil fuel energy invested in its production and re-
duces greenhouse gases by 41% compared with diesel.
However, many argue that land-use changes may reduce
some of the benefits of biodiesel. Fargione et al.2! assert
that land clearing associated with conversion to biofuels
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(including ethanol and biodiescl) will create a “biofucls
carbon debt” by releasing up to 420 times more carbon
dioxide than the annual greenhouse gas reductions result-
ing from displacement of fossil fuels.

Nevertheless, biodiesel is the only alternative fuel
that has completed the requirements of the U.S. Environ-
mental Protection Agency (EPA) Clean Air Act Tier I and II
testing for health effects.22 As a result of its environmental
benefits, many organizations, including Keene State Col-
lege and a municipal fleet in Keene, NH, have switched to
biodiesel blends for on-road and nonroad applications.

The objective of this study was to use a combination
of established industrial hygiene and environmental air
monitoring methods to evaluate diesel and biodiesel
blend exposure profiles in an occupational setting utiliz-
ing nonroad diesel equipment. Although numerous stud-
ies have evaluated tailpipe emissions from engines fueled
by biodiesel blends and operated under controlled condi-
tions, research is needed on biodiesel’s impact on real-
world exposures to PM and other air pollutants. The ra-
tionale for this study is to better understand if biodiesel
emission reductions observed in engine dynamometer
studies will translate to reduced exposures in the work-
place and near-field environment under real-world oper-
ating conditions. The same facility equipment and work
activities were monitored during petroleum diesel and
biodiesel blend (a 20/80% biodiesel/diesel blend, hercaf-
ter “B20”) use at the Keene Recycling Center (KRC) facility
in August 2004. Exposures were measured in the equip-
ment cabin and at the perimeter of the work area. Mon-
itoring was performed by a team of researchers from
Keene State College, assisted by Keene State College un-
dergraduate students working collaboratively with em-
ployees from the municipal facility. The city of Keene has
used B20 in other fleet vehicles since 2002 and was par-
ticularly interested in quantitative evidence that supports
anecdotal employee reports of improved health as a result
of biodiesel use.

MATERIALS AND METHODS
Site Description

KRC is a materials recovery facility that serves the city of
Keene and surrounding towns in the southwest corner of
New Hampshire. Similar to public works facilities in many
rural areas, this facility uses forklifts, front loaders, skid
steers, and dump trucks to move materials throughout the
site. There were four primary pieces of equipment in use
at the time of the study: a large front-end loader (2001
John Deere model 624H, 160 hp), a small front-end loader
(1994 JCB model 409, 67 hp), a skid steer (2001 New
Holland model L$190, 33 hp), and a 1994 TCM propane-
powered forklift. This equipment belongs to the city of
Keene fleet and as such undergoes regularly scheduled
maintenance as part of a documented, comprehensive,
preventative maintenance program. The same employees
operated the same pieces of equipment during the diesel
and B20 sampling days.

The facility consists of a single large building with
one large bay door on the main floor area and five smaller
bay doors on the side of the building (Figure 1). This main
building has no mechanical ventilation, so airflow occurs
by natural ventilation only; the manually operated bay
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Figure 1. Diagram of the municipal facility

doors were two-thirds open on both sampling days. Air
consistently flows across the main floor area from the
large bay door to the smaller side doors. Trucks from other
towns and local trash hauling companies dump card-
board and paper waste on the main floor. Town residents
(mostly in light-duty gasoline-powered vehicles) drop off
newspapers, aluminum cans, or plastic containers at the
side bays. Employees stand alongside a conveyor belt sys-
tem inside of the building to separate nonrecyclables
from the process stream. The small front loader works on
the main floor moving cardboard to a second conveyor
belt that leads to a baler located beneath the building. The
skid steer moves paper and other materials as needed
inside of the building. The large front loader typically
works on the metals pile in an outdoor location but also
moves paper from the main floor into an open trailer
outside.

Study Design
The sampling strategy presented here regarded the equip-
ment as pollutant sources, with “in-cabin” measurements
assumed to represent “worst-case” employee exposures.
Exposures were evaluated inside of the cabins of three
pieces of equipment (large front loader, small front
loader, and skid steer) for one work shift per fuel type. The
small front loader and skid steer cabins were open to the
air. Although the large front loader was equipped with air
conditioning, the cabin was open to the air during the
sampling days. The main sources of PM,  exposure at the
site were the small front loader, the large front loader, and
outside diesel vehicle traffic. Background levels of PM
were assumed to be negligible on the basis of the rural
character of the site. Air monitoring instrumentation was
placed in the same locations for each fuel type—cither in
the vehicle cabin (sampling media placed within the
breathing zone) or within 25 ft of the main tipping floor
area. The only exception was perimeter 2 (see Figure 1),
located approximately SO ft from the tipping area in the
conveyer belt work area. Perimeter 2 acted as a surrogate
for general employee exposure because most employees
worked on the conveyor belt or inside vehicle cabins.
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building layout and stationary sampling locations.

Sampling occurred during one workday while equipment
operated on commercially purchased diesel fuel (500 parts
per million by weight [ppmw] maximum allowable sulfur
content), and the process was repeated exactly 2 weeks
later after the same three pieces of equipment were filled
with a B20 blend of soy-based biodiesel (20%) and petro-
leum (80%) (500 ppmw maximum allowable sulfur con-
tent). The biodiesel used in the B20 blend met the Amer-
ican Society for Testing and Materials D 6751 quality
standard. However, detailed fuel analysis was not per-
formed on both fuels because of the pilot scale of the
study; exact sulfur content and aromatic content are un-
known. All monitored employees were nonsmokers in
consideration of the potential confounding effects of cig-
arette smoking found by other researchers.??

Operations and vehicle traffic at the KRC were rel-
atively consistent on a week-to-week basis. However,
specific tasks varied day to day, so students recorded
activity and vehicle counts for each sampling day.
Time-activity logs documented equipment activity,
proximity to other equipment, and an assessment of
equipment load/duty cycle at 20-min intervals.
Weather data were also recorded.

For petroleum diesel and B20 sampling days, re-
searchers and students performed equipment calibrations
before and after sampling, positioned the equipment in
the same locations, and regularly performed operational
checks on all of the equipment in use. Preparation and
calibration of the equipment is a precision-based process
that was used as an instructional activity for the students,
resulting in a reduced (6 vs. 8 hr) sampling period. Despite
this shorter sampling time, exposures were still measured
over most of the work shift. At the conclusion of field
sampling, samples were shipped to an accredited external
laboratory for analysis, with the exception of respirable
particle samples (defined as a 50% cut point for collection
of particles =4 um in aerodynamic diameter). Respirable
particle filters were analyzed gravimetrically in the indus-
trial hygiene laboratory at Keene State College.

After the conclusion of petroleum diesel monitoring,
the facility’s main fuel supply was drained. The tank was
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then filled with a B20 biodiesel blend. The large and small
front-end loaders were operating on their third tank of
B20 fuel mixture by the time biodiesel monitoring oc-
curred 2 weeks later. However, the skid steer was used less
frequently and was still operating on its first tank of B20
during biodiesel monitoring.

Similar field preparation and calibration steps were
taken on the biodiesel operation day (day 2) as during the
diesel operation day {(day 1). Work activities at the mu-
nicipal facility were similar on both sampling days. Im-
portant differences include the small front loader being
out of service until approximately 10:45 a.m. on day 1
and the work activities conducted during the afternoon of
day 1 being performed during the morning of day 2.
However, the operators and length of time devoted to the
tasks were the same for both days.

Sampling and Analytical Methods
PM, 5 was measured via real-time monitoring, respirable
particles via integrated sampling, carbonyl compounds
(including acetaldehyde and formaldehyde) via EPA
method TO-11A, and volatile organic compounds (VOCs)
via EPA method TO-15.

Real-time PM, . sampling units (Haz-Dust EPAM-
5000) were placed at perimeter 1 and perimeter 2 to mea-
sure work area PM levels as they occurred throughout the
day. The Haz-Dust EPAM-5000 is a high-sensitivity, real-
time, light scattering monitor that measures particles 0.1-
100 pm in diameter with a precision of =0.003 mg/m?
(3 pg/m*®) and accuracy of +10% to National Institute for
Occupational Safety and Health (NIOSH) 0600 using Ari-
zona Road Dust. For this study, the EPAM-5000 sampled
PM, 5 and took average measurements once every 60 sec.

Respirable particle sampling (integrated time-
weighted average) consisted of using an SKC aluminum
cyclone (4 pm cut point, as specified by NIOSH 0600)
with cassette train (with preweighed polytetrafluoroeth-
ylene filter) and appropriately calibrated Gilian personal
pumps sampling at a flow rate of 2.5 L/min. Filters were
analyzed gravimetrically in a temperature- and humidity-
controlled environment. Samples for the EPA TO-11A
method for carbonyl compounds (including formalde-
hyde and acetaldehyde) were collected on SKC sorbent
tubes (SKC 226-119) coated with 2,4-dinitrophenylhydr-
azine. These samples were collected using appropriately
calibrated Gilian low-flow air sampling pumps at a flow
rate of 200 ml/min. Samples were kept at 4 °C and
shipped overnight to an external accredited laboratory
where they were analyzed by high-performance liquid
chromatography. The EPA TO-15 method for VOCs con-
sisted of using precleaned and evacuated stainless steel
Summa canisters with 8-hr orifices (to collect daily inte-
grated average samples) or without orifices (for grab sam-
ples). These canisters were sent to an external accredited
laboratory for gas chromatography/mass spectrometry
analysis for a wide array of VOCs, including air toxics
such as benzene and 1,3-butadiene. All of the above sam-
ples measured average exposures over the workshift (from
~8:00 a.m. to 3:00 p.m.). Additional “grab” or instanta-
neous EPA TO-15 samples were collected using Summa
canisters (without orifices) during a cold start of the skid
steer and in the afternoon near perimeter 2.
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RESULTS
Site Data

Activity logs indicated that activity patterns were similar
for both days, except as described below. Activity con-
sisted mainly of stop-and-go heavy load cycles to move
materials. This type of higher load activity pattern may
generate higher levels of PM than the transient test cycle
conditions in engine dynamometer studies.

Counts of outside diesel and gasoline vehicles were
consistently higher at all site locations during day 2 (B20);
total vehicle count for day 2 (B20) was 123 compared with
67 during day 1 (diesel). Temperature was slightly higher
on day 1 (66 vs. 62 °F, average) as was wind speed (5.9 vs.
3.6 mph, average). Because the main building where mon-
itoring was performed relies solely on natural ventilation,
air exchange rates (and subsequent dilution of emissions)
were likely higher during day 1 (diesel).

rMm
Haz-Dust EPAM-5000 units measured real-time PM, g
concentrations at perimeter 1 and perimeter 2 during
both sampling days. However, data from the perimeter
2 Haz-Dust EPAM-5000 were lost because of a software
malfunction.

Beginning at approximately 11:00 am. on day 1, a
series of real-time PM, 5 spikes occurred at perimeter 1
(Figure 2). The series of PM, s spikes after 11:00 a.m. were
not attributable to any outside traffic; activity from 11:00
a.m. to 12:00 p.m. was associated with idling or move-
ment of the KRC's small front loader. The highest PM, «
level during the study (2165 wg/m®) was recorded at this
time. The highlighted box in Figure 2 (starting at ~12:50
p.m.) corresponds to a sustained work activity in which
the large front loader collected paper from inside of the
building and moved it to an open box trailer outside of
the building. The perimeter 1 sampling location was ef-
fectively isolated from outside truck traffic and other site
equipment for 2 hr by this back-and-forth movement of
the large front-end loader. The large front loader was thus
the main source of diesel emissions at perimeter 1 for this
period. Area real-time PM, . concentrations measured
during this time period reached a high of 943 pg/m3
when the large front loader used petroleum diesel (day 1)
compared with a high of 140 wg/m? during the same 2-hr
work activity while using B20 (day 2).

Real-time M, 4 concentrations measured during the
bicdiesel operating day were relatively stable. Although
outside vehicle traffic (diesel and gas vehicles) was greater
on the biodiesel sampling day, outside traffic did not
seem to impact the measurement of area PM,, 5 at perim-
eter 1. When comparing the time-weighted average
EPAM-5000 PM, 5 levels, the petroleum diesel (day 1)
concentration was 95 pg/m® over the work shift com-
pared with a B20 (day 2) concentration of 34 pg/m? (sce
Table 1).

Results for respirable particle (time-weighted average)
samples are summarized in Table 1. These data suggest
that exposure to PM, 5 or respirable particle mass in oc-
cupationally exposed individuals is approximately 3-5
times higher during petroleum diesel operations than
during B20 operations. In addition, occupational expo-
sures were notably higher than environmental exposures.
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Figure 2. Real-time plot of PM, 5 concentrations at the lower level entrance {perimeter 1) of the municipal facility.

These observations are consistent with results observed
from comparisons between occupationally and environ-
mentally exposed individuals in past petroleum diesel
assessments.24

Air Toxics

Formaldehyde and acetaldehyde levels were lower inside
all of the equipment cabins and at perimeter 2 during B20
operations, although slightly higher acetaldehyde levels
were recorded at perimeter 1 on day 2 (Figures 3 and 4).
The most notable reduction in air toxics after switching to
B20 was measured at perimeter 2, which experienced a
57% reduction (from 1.84 to 0.79 pg/m?®) in acetaldehyde
concentration and a 61% reduction (from 2.23 to 0.88
pg/m?) in formaldehyde concentration (Figures 3 and 4).
Other carbonyl compounds measured during both days
were below or very close to the limit of detection and
therefore their contribution was considered marginal.

VOCs measured via the TO-15 method did not reveal
any conclusive patterns. The daily time-weighted average
concentrations for benzene and toluene at perimeter 2
were less than the analytical detection limits during day 1
(diesel) but were slightly above the limits of detection on
day 2 (B20). The values for these contaminants were de-
termined to be 7.2 parts per billion (ppb) for benzene and
8.7 ppb for toluene at perimeter 2 on day 2. At perimeter
1, only acetone was detected on both days, with 79.7 ppb
measured on day 1 and 47.6 ppb measured on day 2. A
TO-15 grab sample taken in the exhaust plume during the
starting of the skid steer resulted in higher day 2 levels of
benzene (112 ppb for day 1 vs. 483 ppb for day 2), toluene

Table 1. Integrated particulate mass concentrations for environmental
and occupational exposures to diesel and B20,

Diesel B20
Diesel B20 Respirable Respirable
PM,s PM,;, PM PM
Perimeter 1: environmental exposure 95 34 121 NA
Front-end loader: occupational exposure NA ~ NA 5332 947

Notes: All data reflect time-weighted average concentrations in pg/m3. NA =
not applicable.
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(53.5 ppb for day 1 vs. 189 ppb for day 2), and 1,3-
butadiene (75.4 ppb for day 1 vs. 137 ppb for day 2). A
TO-15 grab sample of ambient air taken at perimeter 2 on
both afternoons revealed higher benzene and toluene
concentrations on day 1 (6.2 and 8.5 ppb for benzene and
toluene, respectively) than on day 2 when they were not
detected. All of these ambient grab sample concentrations
are at or near the limit of detection for this analytical
method.

DISCUSSION

Unlike transient work areas such as construction sites, the
KRC is a stable and permanent source of diesel emissions
in the local environment of southwest New Hampshire.
As such, it has the potential to produce long-term occu-
pational exposure and prolonged environmental impact,
making it an interesting case study for examining the
relationship between occupational and environmental
risk. Diesel exhaust occupational exposure levels are typi-
cally much higher than public exposure levels, as indicated
by exposure assessment data collected for the trucking, rail-
road, and mining industries.'© Although employees working
in close proximity to diesel emissions are expected to expe-
rience higher exposure levels, it is important to remember
that these same sources also contribute to local ambient
air pollution outside of the workplace. Cleaner burning
fuels that can be implemented today—without additional
engine modification or regulation—may offer more im-
mediate reductions in the environmental and occupa-
tional health risks associated with exposure to diesel
exhaust.

Several studies have shown that burning biodiesel in
heavy-duty diesel engines results in reduced tailpipe emis-
sions of PM and total hydrocarbons.25-2? [t was investi-
gated whether these tailpipe emission reductions would
translate to reduced exposures in the workplace. In this
comparison of diesel and biodiesel exposures, the differ-
ence in real-time PM, 5 and in-cabin integrated respirable
particles after switching fuels was dramatic.

Examination of the highlighted box in the PM, ; data
plot in Figure 2 and the activity logs serves as a focal point
for this comparison. On the afternoon of day 1, the large
front loader worked consistently near perimeter 1 for
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Formaldehyde Concentrations by Location and Fuel Type
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almost 2 hr. This work activity required entering and
exiting the main floor of the building and loading paper
into a box trailer for off-site processing. This same activity
was repeated the morning of day 2 for a similar time
period. When the large front loader was fueled by petro-
leum diesel on day 1, the perimeter 1 area sample for
PM,, ¢ reached a high of 943 pg/m?>. In contrast, when the
same activity was performed by the large front loader
fueled by a B20 blend on day 2, the peak PM, 5 level
measured was 140 pg/m®. Although immediate back-
ground PM, 5 levels were not measured for this study,
regional ambient levels of PM, 5 were examined for com-
parative purposes. Available PM, 5 measurements from
the New Hampshire state air monitoring system were
reported as 21.76 wg/m? in Manchester, NH (40 mi away)
on day 1 and 5.87 pg/m® in downtown Keene, NH (7 mi
away) the day after day 2. There were no known signifi-
cant PM, ¢ local or regional events (i.e., nearby boiler
operations and/or forest fires) on or near the municipal

Skid Steer Small Front Loader

Location

Figure 3. Formaldehyde concentrations at the municipal facility for day 1 (diesel) and day 2 (B20).

facility on either sampling day. Wind speeds were com-
parable for both sampling days. Although it appears rea-
sonable to conclude that background PM, s levels were
not a significant contributor to the site levels observed in
this study, in the future direct background measurements
of PM, ¢ are recommended.

Integrating real-time data for this 2-hr work activity
results in a diesel PM,,  concentration of 131 pg/m? com-
pared with a B20 (Day 2) concentration of 19 pg/m?®.
Therefore, during a similar work activity with the same
equipment, engine load, operator, and duty cycle, real-
time work area PM,  levels were reduced by up to 85%
during B20 use. Integrating the EPAM data over the entire
work shift results in a diesel PM, 5 concentration of 95
pg/m?® (day 1) compared with a B20 (day 2) concentration
of 34 pg/m? (see Table 1)—a 61% reduction. This finding
is notable because tailpipe emissions studies only predict
an average 10% reduction in PM from B20 use.>s This
prediction is based on a review of biodiesel use in on-road

Acetaldehyde Concentrations by Location and Fuel Type

Concentration (pg/m?)
B
8 8

o
@
]

o
@
S

0401

0.201

0.00 +

Perimeter #1 Perimeter #2

[l Diesel
O 820

Skid Steer Srall Front Loader

Location

Figure 4. Acetaldehyde concentrations at the municipal facility for day 1 (diesel) and day 2 (B20).
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engines; EPA notes that nonroad biodiesel data are espe-
cially lacking.2s

Finally, although limited respirable particle (time-
weighted average) samples were collected in this study,
respirable particles were measured in the large front
loader cabin during the work shift on day 1 and day 2.
The integrated respirable particle average on day 2 (947
pg/m?) was 82% lower than the result for day 1 (5332
ug/m?®), consistent with the dramatic reduction noted in
real-time PM, 5 area levels after switching to B20. Further
examination of PM reduction trends is recommended and
should include on-site meteorological assessment and di-
rect comparison with local background levels of PM, 4
and respirable particles.

Fuel chemistry, especially combustion in nonroad en-
gines, may be an important explanatory factor behind the
PM reductions documented in this study. Heavier engine
loads or more fuel-rich conditions typically lead to in-
creased PM emissions. Unlike petroleum diesel, biodiesel
does not contain aromatics or sulfur but is composed of
methyl esters, which have oxygen embedded within the
hydrocarbon chain. This increased oxygen content may
enhance combustion, thereby reducing soot formation,
which when combined with the lack of sulfur and aro-
matics may result in fewer particulates overall.2” Other
researchers have concluded that the higher oxygen con-
tent available from oxygenates such as biodiesel may also
lead to obvious reductions in smoke and PM emissions
during nonroad engine, heavy-load operations when
more fuel is burned in the diffusion mode.3° In their study
of the effects of oxygenates on soot formation processes
in diesel engines, Mueller et al.3! determined that selec-
tion of an appropriate oxygenate (with an optimal molec-
ular structure for reducing soot precursors) can be espe-
cially effective at reducing in-cylinder soot formation.
Therefore, the increased oxygen content in biodiesel may
have effectively increased air/fuel ratios in the fuel-rich
zones during heavy engine load stop-and-go conditions
such as those seen during this study, leading to reduced
PM emissions and exposures.

Sulfur content differences between the fuels may also
have influenced the PM results presented here. Although
the petroleum diesel fuel and the diesel fraction of the B20
blend were commercially purchased as 500 ppmw maxi-
mum allowable sulfur content, exact sulfur levels are un-
known. Variation in sulfur content between fuels could
have contributed to the reduction in PM, complicating in-
terpretation of the impact of the biodiesel fraction itself,
Future research should determine specific fuel properties.

Reviewing the historical data from the New Hamp-
shire PM, s ambient air monitoring network for Manches-
ter and Keene, NH, the authors are reasonably confident
that local equipment is the primary source of the high
PM, 5 levels measured in this pilot study. The EPA Na-
tional Ambient Air Quality Standard for PM,  is 35 pg/m?
(over a 24-hr period). In its Health Assessment Document
for Diesel Engine Exhaust, EPA established a nonbinding
exposure standard or reference concentration of 5 pg/m?
for DPM.é The American Conference of Governmental
Industrial Hygienists (ACGIH) proposed (although later
removed) a threshold limit value exposure of 150 pug/m3
for DPM.32 MSHA has implemented a DPM limit of 160
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pg/m>. Because this study was not designed to assess
compliance, it cannot be concluded that exposure stan-
dard exceedances occurred at the site. However, the levels
of PM, s measured during the diesel operations on day 1
were orders of magnitude higher than the reference con-
centration for DPM, even after applying a conservative
assumption that DPM contributes between 6 and 36% of
the measured PM,  for an area.s2s These data indicate
that petroleum diesel operations at the municipal facility
could be a relatively important source of DPM exposure
for workers and the local environment. Although more
data are needed, this study also indicates that B20 may
be effective at reducing PM exposure from diesel engine
operations.

Biodiesel may also have potential for reducing car-
bonyl concentrations. Many carbonyl compounds are
pronounced respiratory irritants, and some are believed to
be carcinogenic. Acetaldehyde and formaldehyde levels
are expected to decrease with increasing biodiesel concen-
trations.2> The pilot results presented here support this
trend. Individual inhalation exposure to an average form-
aldehyde concentration of 0.08 pg/m?® over a lifetime
represents a 1 in 1,000,000 excess cancer risk.33 Levels of
formaldehyde measured during the study exceeded this
threshold for day 1 and day 2, although biodiesel use did
result in an overall reduction in total concentration. Ad-
ditional data are necessary to clarify whether biodiesel
presents significant carcinogenic risk reduction benefit
when compared with petroleum diesel.

The variation in targeted VOCs is more puzzling.
Measurements inside of the building at perimeter 2 indi-
cated no detectable VOC during day 1 (diesel) and slight
levels of benzene and toluene during day 2 (B20). A grab
sample taken during the afternoon at perimeter 2 indi-
cated low levels of benzene and toluene during day 1 and
nondetectable levels during day 2. The skid steer exhaust
grab sample showed the most dramatic results, with
higher levels of VOCs detected during biodiesel opera-
tions. However, it is difficult to draw firm conclusions
with such limited data. EPA biodiesel emissions data on
the air toxics benzene, toluene, and 1,3-butadiene have
also been inconclusive in trend and magnitude.25 Further
study is necessary to determine the impact of diesel and
biodiesel on targeted VOCs.

CONCLUSIONS

This study indicates that the use of biodiesel in some
settings may provide more substantial reductions of oc-
cupational and environmental exposures to PM than pre-
dicted on the basis of engine dynamometer testing. In
addition, the study highlights the need to concurrently
examine the impact of diesel nonroad equipment sources
on exposures in the workplace and the near-field environ-
ment because these sources can contribute to occupa-
tional and public health risks. Iowever, although biodie-
sel may hold promise for reducing exposure to PM and
carbonyls, more comprehensive biodiesel exposure data
are needed to determine if these reductions are replicable
and statistically significant. VOC results were inconclu-
sive on the basis of the data collected and more exposure
data are recommended. In addition, emissions of nitrogen
oxides from biodiesel remain a concern, especially in
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ozone nonattainment areas, and deserve scrutiny in fu-
ture work.?5

Since 2007, new on-road engines with cleaner emis-
sions profiles have begun to replace older engines, but
cleaner nonroad engines will not be required by law until
2014. Diesel engine durability means that the full replace-
ment of existing engines with cleaner models could take
decades. Finally, although health hazards associated with
diesel exhaust have been widely examined, the fate of
diesel emissions in the atmosphere, the effect of different
fuel formulations on emissions, and the impact of diesel
on noncancer health effects (e.g., asthma exacerbation)
are still relatively unknown.*34 Biodiesel may offer imme-
diate, nationwide risk reduction opportunities, even as
the debate regarding the level of health risk posed by
diesel continues.
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