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Simulated Carbon

Monoxide Exposure in an Enclosed
Structure From a Gasoline-Powered

Pressure Washer

Reported by H. Venable, K. Wallingford, D.
Roberts, and D. Booher

Introduction
Exposure to carbon monoxide (CO) as a
product of combustion occurs exten-
sively in both occupational and nonoc-
cupational environments.(!"® It has been
estimated that the population at risk for
exposure to CO exceeds that of any
other occupational chemical hazard and
that it accounts for more human deaths
annually than all other gaseous poisons
combined.®? In 1986, Marzella and
Myers® reported that CO was responsi-
ble for half the total poisoning deaths that
occurred annually in the United States.
In nonoccupational environments, expo-
sure to CO usually occurs as a result of
malfunctioning or unvented sources of
heating equipment such as furnaces,
space heaters, and hot water heaters.?”)
Exposure to CO in the occupational set-
ting is more varied but is also usually
related to some source of incomplete
combustion.®

Because CO is a colorless, odorless,
tasteless gas, it gives no warning signs of
its presence to those exposed.® It com-
bines with hemoglobin and interferes
with the oxygen-carrying capacity of the
blood. The onset of toxic effects is insid-
ious since the victim is usually unaware
of being poisoned. Initial signs of CO
poisoning such as headache, malaise, and
dizziness may be attributed to influen-
za.\19 As poisoning progresses, the victim
may lose the ability to recognize the im-
portance of symptoms and fail to realize
the need to escape from the hazardous
environment. The results of CO poison~
ing, usually dependent upon degree and
length of exposure, range from complete
recovery to postexposure neurologic se-
quelae to death.(!:>11=13) The concentra-
tion of CO considered immediately dan-
gerous to life and health (IDLH) is 1200
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ppm.1¥ The National Institute for Oc-
cupational Safety and Health (NIOSH)
recommended exposure limit for CO is
35 ppm for an 8-hour time-weighted
average (TWA) with a ceiling limit of
200 ppm, not to be exceeded any time
during the workday.(™® The Occupa-
tional Safety and Health Administration
permissible exposure limit for CO is 50
ppm for an 8-hour TWA.9 The Amer-
ican Conference of Governmental Indus-
trial Hygienists threshold limit value for
CO is 25 ppm for an 8-hour TWA.(7

An important consideration regarding
exposure to CO is whether it occurs in
an enclosed space.!® In an enclosed
space, sufficient ventilation may not exist
to exhaust or dilute the CO generated by
a combustion source to essentially harm-
less concentrations. In fact, it may be
difficult to determine (or even accom-
plish) sufficient ventilation, particularly
for casual users of gasoline-powered
rental equipment.

The purpose of this case study is to
report the findings from a limited simu-
lation of potential CO exposure in an
enclosed space resulting from the use of a
commercially available gasoline-powered
pressure washer.

Background

In January 1993, NIOSH received a re-
quest to investigate the occurrence of
CO poisoning in farm workers who
were using gasoline-powered pressure
washers for indoor cleaning activities. As
a result of this NIOSH investigation, it
was found that CO poisoning was occur-
ring in farm workers who operated these
pressure washers inside structures used
for confined-livestock-raising opera-
tions.('”)  Periodically, these structures
and the equipment contained inside
them are cleaned using a pressure washer
prior to use for the next cycle in the
raising of livestock. CO poisoning re-
sulted when the pressure washer was op-
erated inside the structure rather than

outside. In some cases, the pressure wash-
ers were reportedly used indoors to pre-
vent lines from freezing. Interviews with
these CO poisoning victims disclosed
that they were not fully aware of the
hazards of operating the pressure washers
indoors and were surprised at the rapidity
of being poisoned in their respective
work environments. In some of these
cases, doors and windows were left open,
and exhaust fans were operating.!® Ap-
parently, even these efforts did not pro-
vide sufficient exhaust or dilution venti-
lation to prevent CO poisoning.

A literature search of NIOSHTIC and
other databases resulted in no reports re-
garding the exhaust volume or the peak
concentration of CO generated by gaso-
line-powered pressure washers when op-
erated in enclosed structures. In subse-
quent discussions with appropnate
experts, it was reported that such data are
difficult to produce or even estimate be-
cause of the variability in type and con-
dition of single-cylinder internal com-
bustion engines, the conditions of their
operation, and quality and type of the
fuel they consume.

Because of this gap identified in the
scientific literature and as part of the on-
going investigation, NIOSH researchers
conducted a limited study to simulate
CO exposure during the use of a gaso-
line-powered pressure washer. To simu-
late the conditions of the CO poisonings
observed in the field, a typical pressure
washer was operated in a similar enclosed
structure to determine the peak CO con-
centrations and the time required to
reach those peaks in both best- and
worst-case conditions of available passive
ventilation.

Methods

Based on both the observations and tech-
nical data gathered in the previous
NIOSH investigation of CO poisoning
cases in farm workers, conditions of en-
closure were simulated using a garage and
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FIGURE 1. Pressure washer used in the simu-
lation.

a rented gasoline-powered pressure
washer. The garage was a detached, two-
car, one-story brick, rectangular structure
(25.5 X 28.5 ft) with a floor area of 727
ft2. The garage was open overhead (8.5 ft
to the soffits and 14.5 ft to the peak of the
roof) with a total volume of 8360 fi>.
The front of the garage had a double-
wide garage door (7 X 18 ft) and a sep-
arate entry door (31 X 79 inches); and
the left wall of the garage had one win-
dow (28 X 37 inches). The dimensions
of this garage are somewhat similar to the
enclosed structures involved in the CO
poisoning cases we investigated (mean
floor area of 654 ft?> and mean total vol-
ume of 4740 £t%).19

Passive ventilation of the garage was
provided by a 12-inch diameter turbine
vent located near the peak of the roof,
four individual 4-inch diameter vents ar-
ranged in a diamond pattern located in
the center of each gable, and a 2-inch
wide soffit vent running the full length of
the eaves on the front and back of the
garage.

A pressure washer (manufactured by
Simpson, Inc.) powered by a 5.5 horse-
powet single cylinder (163 cm? displace-
ment) Honda GX-160 four-cycle gaso-
line engine rated at 3400 rpm was leased
from a local equipment rental company
for use in this simulation (Figure 1). This
pressure washer generated a maximum
water pressure of 1500 Ibs/in2. Accord-
ing to the equipment rental company,
this pressure washer was purchased new
and placed in service on July 21, 1992
(about 14 months prior to its lease for this
research). Total hours of operation of the
pressure washer prior to the time of this
research was estimated to be 890 hours.
Routine maintenance, including oil
changes, had been performed every 150
hours of operation by the equipment
rental company. This pressure washer

performed without problem for both of
our simulations.

To perform both of the CO exposure
simulations, the pressure washer was
placed at the interior center of the garage
and a remote-control off switch was con~
nected. During the simulations, CO was
measured in the center of the garage us~
ing a precalibrated Biosystems Model
1600 PhD gas detector operating in the
datalogging mode. This instrument was
placed 3 ft from the pressure washer at a
height of 6 ft to approximate the breath-
ing zone. Around the perimeter of the
garage, CO was measured by four preca-
librated National Draeger Model 190
Datalogger gas detectors operating in the
datalogging mode. One of these instru-
ments was placed in each corner of the
garage, three feet from the walls at a
height of 6 ft to approximate the breath-~
ing zone. The Biosystems PhD gas meter
has a nominal range of measurement
from 0 to 1500 ppm for CO. The Na-
tional Draeger Datalogger gas detectors
have a nominal range of measurement
from 0 to 1000 ppm for CO. Recorded
data from each instrument was trans-
ferred to a personal computer for analysis
after each simulation.

The first CO exposure simulation was
considered a ““worst case” scenario and
was created by sealing all of the passive
vents with plastic and closing both doors
and the window of the garage. For this
simulation, the CO monitoring instru-
ments were turned on and the pressure
washer was started cold (not previously
allowed to reach operating temperature)
and operated for 30 minutes. After 30
minutes, the pressure washer was stopped
using the remote-control off switch and
the garage door was opened with an elec-
tronic garage door opener. The other
door and window of the garage were also
opened to allow the CO to dissipate
prior to retrieving the monitoring instru-
ments.

The second CO exposure simulation
was considered a “‘best case” scenario and
was accomplished by unsealing all of the
passive vents and leaving both doors and
the window of the garage fully open. For
this simulation, the pressure washer was
started and allowed to reach operating
temperature outside of the garage. Once
operating temperature was achieved, the
pressure washer was stopped and moved
to the interior center of the garage. The
CO monitoring instruments were then
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FIGURE 2. Worst case CO exposure simula-

tion.

turned on and the pressure washer was
restarted hot (at operating temperature)
and operated for 30 minutes as before.
Also, during this simulation, the wind
direction and wind speed were measured
using an Alnor Model 6000-P Velom-
eter. As previously described, the pres-
sure washer was stopped after 30 minutes
and the monitoring instruments retrieved
after the CO had dissipated.

Results and Discussion
The results from the “worst case” CO
exposure simulation are shown in Fig-
ure 2. The concentration of CO in the
center of the garage increased to more
than 200 ppm (NIOSH ceiling limit)
within 5 minutes and continued to in-
crease to more than 1200 ppm (IDLH
level) within 15 minutes. The CO con-
centration in the center of the garage
reached 1500 ppm (upper range limit of
the monitoring instrument) within 19
minutes. At the perimeter of the garage,
the CO concentration also increased to
more than 200 ppm within 5 minutes
and reached 1000 ppm (upper range limit
of the monitoring instruments) within 19
minutes. (The perimeter CO concentra-
tions shown in Figure 2 are the means
calculated from the CO concentrations
measured by the monitoring instruments
placed in each corner of the garage.)
The results from the “best case” CO
exposure simulation are shown in Fig-
ure 3. The concentration of CO in the
center of the garage increased to more
than 200 ppm (NIOSH ceiling limit)
within 3 minutes and reached a peak
concentration of 658 ppm within 12
minutes. After the initial 6 minutes, the
CO concentration in the center of the
garage fluctuated between 300 and 650
ppm for the remainder of the 30-minute
simulation period. At the perimeter of
the garage, the CO concentration in-
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FIGURE 3. Best case CO exposure simulation.

creased to more than 100 ppm within 3
minutes and reached a peak concentra-
tion of 203 ppm within 23 minutes. After
the initial 3 minutes, the CO concentra-
tion at the perimeter of the garage fluc-
tuated between 140 and 200 ppm for the
remainder of the 30-minute simulation
period. (The perimeter CO concentra-
tions shown in Figure 3 are the means
calculated from the CO concentrations
measured by the monitoring instruments
placed in each corner of the garage.) The

Circle reader action no. 110

fluctuations in CO concentrations mea-
sured during this simulation are most
likely due to turbulence and dilution re-
sulting from varations in wind speed.
During this simulation, the prevailing
wind direction with respect to the front
of the garage was from left to right and
the wind speed usually varied from less
than 20 to 50 ft/min with periodic wind
gusts up to 90 ft/min.

The results from these two exposure
simulations indicate that acutely toxic
concentrations of CO greater than 200
ppm (NIOSH ceiling limit) can be
quickly generated within 3 to 5 minutes
nearby a pressure washer operated in-
doors, even when passive ventilation is
provided. Additionally, concentrations of
CO around the interior perimeter of a
passive ventilated structure can be near or
above 200 ppm so that the operator of a
pressure washer could still be quickly
poisoned even when somewhat distant
for the CO source.

These two simulations were intended
to determine the operator’s potential CO
exposures during best and worst condi-
tions of passive ventilation when a pres-
sure washer was used indoors. As ob-
served during the NIOSH investigation
of CO poisonings, the practical use of
these pressure washers is usually some-
where in between the conditions of these
two simulations. The results from these
two simulations support the observation
made earlier by NIOSH investigators
that adequate ventilation cannot be
achieved just by leaving doors and win-
dows of an enclosed structure open when
a pressure washer is operated inside.
These results are also consistent with the
survivor reports of the rapid onset of CO
poisoning from the use of a pressure
washer indoors.(')

Condlusions
Although limited, the results from these
two exposure simulations support previ-
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ous case reports and indicate that CO
poisoning is likely to occur in anyone
operating a pressure washer indoors, even
when passive ventilation is provided. For
this reason, these pressure washers should
not be used indoors. Although not using
a pressure washer indoors seems to bor-
der on “common sense,” CO poisonings
from their use continue to occur, as seen
in the ongoing NIOSH investigation.(”)
Therefore, industrial hygienists must
continue efforts to educate the public re-
garding the hazard of CO poisoning
when operating these pressure washers
(or any other equipment powered by
gasoline engines) indoors.
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