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Hazards At Your Auto Dealership

(Including Everything You Ever
Wanted to Know About a Tail-
Pipe Exhaust Ventilation System)

Reported by Alan Echt, Charles Hayden, II, and
Ova Johnston

Introduction

The National Institute for Occupational
Safety and Health (NIOSH) received a
request for a health hazard evaluation
from employees of an automobile deal-
ership. The requestors were concerned
about possible health hazards associated
with automobile undercoating, carbon
monoxide from car exhaust, and fumes
from a kerosene-fired steam cleaner. Em-
ployees reported symptoms of headache,
nausea, vomiting, and dizziness.

Background

Workers undercoated new cars in an area
enclosed on three sides by curtains in a
service bay area. One wall of the shop
was the fourth side of this enclosure.
Two products were used for undercoat-
ing; one was used for undercoating the
vehicle and the other was used for rust-
proofing inside doors and similar appli-
cations. Rustproofing was performed in-
frequently. Company records reviewed
during the initial site visit indicated that a
total of nine rustproofing jobs had been
done in the previous two months.

A steam cleaner was used to clean
floors, engines, and undersides of the
bodies of used cars. According to the
service advisor who used the steam
cleaner, steaming an engine took about
10 to 15 minutes while cleaning the floor
took up to 30 minutes. Cleaning engines
or vehicles was performed once a week
or less, and the floor was cleaned once
every 2 to 3 weeks.

As shown in Figure 1, there were 16
steel-framed engine exhaust ports in the
garage floor. Two ports (7 and 8) were
bolted closed. The remaining 14 exhaust
ports, 1 at each service bay area of the
garage, directed vehicle tail-pipe exhaust
gases from a flexible exhaust hose into a
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common duct under the service area
floor. Tail-pipe exhaust passed through
the under-floor duct to a sump where
any liquids in the ventilation system were
trapped and pumped to waste. Exhaust
gases were then directed outside the
building through an exhaust fan. Hinged
steel cover plates, flush to the garage
floor, capped the individual exhaust ports
when not in use.

The 32-inch outside diameter flexible
garage exhaust hose varied in length from
6 to 10 feet. One end of the hose fit over
the vehicle’s tail-pipe (an average tail-
pipe diameter is about 2 inches). The
other end was placed into the 7-inch
square exhaust port. When the hose was
connected between a vehicle tail-pipe
and the exhaust port, approximately 4
square inches (in?) of leakage area existed
between the tail-pipe and the flexible
hose. Forty square inches of leakage area
existed between the exhaust port and
flexible hose (Figure 2). In addition, a
total of 12 in? of leakage area existed
through two ¥-inch diameter finger
holes, in each of the 14 functional cover
plates. The finger holes provided access
to lift the cover plate during exhaust port
use. A loose fit between closed cover
plates and exhaust ports provided leakage
area into the exhaust system. Warped or
bent exhaust port frames and cover plates
exacerbated the loose fit.

Engineering drawings of the service
area garage provided no design specifica-
tions for the vehicle exhaust removal sys-
tem. The building architect and con-
struction contractor for the 20-year-old
facility were unable to provide original
design specifications. Consequently, a
comparison of design and current oper-
ating characteristics was not possible. The
exhaust fan, a 20-foot length of exhaust
fan inlet piping, the sump, and the ex-
haust ports were the only accessible por-
tions of the wventlation system. A
3-horsepower motor was used to belt
drive the exhaust fan. No nameplate data

were found on the exhaust fan to indicate

its type or capacity.
Methods
Industrial Hygiene Methods

During the first site visit, exhaust emis-
sions (carbon monoxide, nitrogen diox-
ide, sulfur dioxide) from the steam
cleaner were measured above its exhaust
pipe while the steam cleaner was run-
ning, using the length-of-stain detector
tubes.(’ Two methods were used to col-
lect air samples during a subsequent site
visit to evaluate exposures during under-
coating. Because the undercoating oper-
ation was expected to be brief, thermal
desorption tubes were used to collect
qualitative samples to identify the volatile
organic compounds (VOCs) associated
with the process. Three samples for
VOCs were collected and analyzed using
thermal desorption—gas chromatogra-
phy—mass spectroscopy (TD-GC-MS).

Samples were collected in the breath-
ing zone of a service advisor during un-
dercoating and at the workstations of two
master technicians on the north side of
the service department. Aliquots of bulk
samples of undercoating compounds
were injected onto thermal desorption
tubes and analyzed for VOCs using TD-
GC-MS analysis.

In addition to the thermal desorption
tube samples, five air samples were col-
lected on charcoal tubes for quantitative
analysis of selected compounds found on
the thermal desorption tube samples.
Two charcoal tube samples were col-
lected in the breathing zones of the ser-
vice advisor while he undercoated a small
car. One was collected for the duration of
the entire undercoating job and a second
was collected while undercoating was ap-
plied to the car’s underside. The remain-
ing three charcoal tube samples were col-
lected in the breathing zones of two
master technicians and a mechanic work-
ing on the north side of the service de-
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FIGURE 1. Line diagram of carbon monoxide removal system.

partment. The garage doors were closed
during sampling to simulate winter con-
ditions. Based on the results of the ther-
mal desorption tubes analysis, the char-
coal tubes were quantitatively analyzed
for toluene, Stoddard solvent, and hydro-
carbons that eluted in the range between
C¢ hydrocarbons and toluene.

During a final site visit the following
winter, personal breathing zone samples
for carbon monoxide were collected in
the same service department using color-
imetric length-of=stain diffusion tubes.

Ventilation Evaluation Methods

The tail-pipe exhaust ventilation system
was evaluated during the initial site visit
by measuring flow rates at 14 of 16 ex-
haust ports (two of the ports were bolted
closed and were out of service). The ex-
haust rate at each port was calculated by
averaging the results of five measure-
ments made at each square port—one
measurement at the midpoint of each of
the four sides, and one measurement in
the center of the port. All flow rates were
obtained with all other exhaust port
cover plates closed except the one being
measured. The total exhaust flow rate

was obtained by averaging the results of a
20-point traverse of the main exhaust
duct upstream of the fan. All of the ex-
haust port covers were closed when the
total exhaust flow rate was measured.
Therefore, this measurement was only an
indication of system leakage. Air flow
measurements were made using a TSI
VelociCale Plus model 8360 air velocity
meter. This instrument measures air ve-
locity and converts the readings to air
flow measurements when the user enters
information about the size and shape of
the duct or opening being measured.
During two subsequent engineering
evaluations, exhaust port flow rate mea-
surements were made using a flow mea-
suring stand constructed as shown in Fig-
ure 3. The flow measuring stand used an
Accu-mass™ model 730-N7-1 thermal
anemometer flowmeter. The Howmeter
output to a FloBox™ model 904M signal
conditioner/digital readout device that
indicated flow rate in cubic feet per
minute (cfm). On both of these occa-
sions, flow rate measurements were ob-
tained with and without temporary mod-
ifications (described below) in place
which eliminated unnecessary leakage.

A Neotronics Model MP20 electronic
digital micromanometer was used to ob-
tain a static pressure measurement at ex-
haust port 9. The static pressure measure-
ment taken at this location indicated the
tail-pipe exhaust removal system’s capac-
ity to provide a particular flow rate in the
most limiting case with the known leak-
age area sealed (port 9 being the farthest
from the exhaust fan).

Temporary modifications to eliminate
unnecessary leakage included taping
3—mil plastic sheets over exhaust ports
not in use and installing exhaust port/
flexible hose adapters (designed and fab-
ricated by engineers at NIOSH) in ex-
haust ports in use (Figure 4). The
adapters are 6¥-inch square X ¥-inch
thick plywood pieces with 3%-inch di-
ameter round holes cut into the center.
The outer perimeter of the wood piece
was fitted with %- X ¥Yi-inch weather
strip seal (foam tape). The weather strip
sealed the contact point between the ex-
haust port adapter and the exhaust ports.
Weather stripping is also provided on the
inside diameter of the adapter’s round
hole to reduce leakage between the ex-
haust hose/adapter contact point. The
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FIGURE 3. Flowstand used in taking tail-pipe exhaust removal system flow rate measurements at the exhaust ports.
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FIGURE 4. Flexible garage exhaust hose to exhaust port adapter.

was rated by the manufacturer at 0.344
inches of water ("H,O) per foot of hose
at 100 cfm, and 0.09 "H,O per foot of
hose at 50 cfm.

Exhaust port flow rates were examined
during two separate visits to the study
site. On both occasions, flow rate mea-
surements were obtained with and with-
out modifications being made to the tail-
pipe exhaust ventilation system.

During the first site visit, a 3-ft flexible
garage exhaust hose connected the outlet
of the flow stand to the exhaust port. The
inlet to the flow stand was unobstructed
and open to the garage area. Flow rate
measurements were taken first at exhaust
port 9, followed by exhaust ports 10, 1,
11, 2, and 3. The order in which the
exhaust ports were examined was deter-
mined by the respective exhaust port’s
distance from the exhaust fan (i.e., due to
system pressure losses, the farther from
the exhaust fan an exhaust port was, the
lower the exhaust port’s flow rate). All
exhaust ports were either closed or sealed
except the exhaust port being examined
and the exhaust port(s) previously exam-
ined during a particular run (see Tables 1

TABLE 1. Flow Rates With No Modifications

and 2). After the flow rate measurement
was made in one exhaust port, a 6-ft
length of hose was left in that exhaust
port and the flow stand was moved to the
succeeding exhaust port. This allowed
for examination of the effects on flow
rate of having a number of exhaust ports
open simultaneously to the tail-pipe ex-
haust ventilation system.

On the second site visit, a 10-ft flexible
garage exhaust hose connected the outlet
of the flow stand to the exhaust port. A
2-ft length of flexible hose connected the
inlet of the flow stand to a vehicle tail-
pipe. Using the longer hose afforded the
opportunity to observe the effect that
higher static pressure losses had on ex-
haust port flow rate. Separate flow rate
measurements were obtained with the
vehicle off and with the vehicle idling to
determine if an idling vehicle would pro-
vide a booster effect on the tail-pipe ex-
haust ventilation system. Tail-pipe exhaust
ventilation system flow rate measure-
ments were taken in the order described
earlier. In addition to gathering flow rate
data during this visit, chemical smoke
was used to check for vehicle exhaust

APPL.OCCUP. ENVIRON.HYG.
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gases escaping from around the tail-pipe/
flexible hose fit connection by releasing
smoke near the vehicle’s tail-pipe and
observing its movement. To prevent a
disruption in workplace productivity, re-
searchers did not examine the tail-pipe
exhaust ventilation system while more
than one idling vehicle at a time was
connected to the system. Having six cars
that can start and idle at particular ser-
vices bays simultaneously would require
the service work to be stopped while
operating vehicles were specially brought
into the particular bays. When the flow
rate measurement was finished in one
port, a 10-ft length of hose was left in
that port and a new hose was used for the
next flow rate measurement (see Table
3). This allowed NIOSH researchers to
determine the maximum number of ex-
haust ports that could be simultaneously
connected to the tail-pipe exhaust venti-
lation system and still have the system
work effectively.

During the first visit, the hose lengths
used in obtaining low rate measurements
were based primarily on what the service
garage had on hand. NIOSH researchers
provided 10-ft hoses for use during the
second visit. This type of hose is pur-
chased in 10-ft lengths; the shorter
lengths used earlier were probably mod-
ified by the mechanics. The use of dif-
ferent lengths of hoses enabled NIOSH
investigators to examine the lower flow
rate in the longer hoses due to higher
static pressure losses.

A vehicle with a 3-liter engine was
being serviced in the respective service
bays during the first, fourth, fifth, and
sixth test runs. An approximate exhaust
gas flow rate of 50 cfm was expected
from a 3-liter engine idling at 1000 rev-
olutions per minute (rpm).® A vehicle
with a 4-liter engine was being serviced
during the second and third test runs. An
approximate exhaust gas flow rate of 70
cfm was expected from a 4-liter engine
idling at 1000 rpm.®

Exhaust Exhaust Exhaust Exhaust Exhaust Exhaust All Other
RUN Port 9 Port 10 Port 1 Port 2 Port 11 Port 12 Exhaust Ports
1A 24 Closed Closed Closed Closed Closed Closed
1B 6 10 Closed Closed Closed Closed Closed

Flow rates are in cubic feet per minute.
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TABLE 2. Flow Rates After Modifications
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Exhaust Exhaust Exhaust Exhaust Exhaust Exhaust All Other
RUN Port 9 Port 10 Port 1 Port 2 Port 11 Port 12 Exhaust Ports
2A 110 Sealed Sealed Sealed Sealed Sealed Sealed
2B 102 102 Sealed Sealed Sealed Sealed Sealed
2C 99 96 104 Sealed Sealed Sealed Sealed
2D 92 94 94 94 Sealed Sealed Sealed
2E 34 84 90 92 86 Sealed Sealed
2F 82 78 84 84 82 80 Sealed

Flow rates are in cubic feet per minute.

Evaluation Criteria

ACGIH®’s Industrial Ventilation Com-
mittee recommends tail-pipe exhaust sys-
tems be capable of providing 100 cfm per
vehicle (for cars and trucks up to 200
horsepower).® Further, they recom-
mend a minimum of 5000 cfm per op-
erating vehicle (not connected to a tail-
pipe exhaust system) be provided as
general dilution ventilation to the service
garage. The American Society of Heat-
ing, Ventilating and Air-Conditioning
Engineers (ASHR AE®) recommends the
exhaust from buildings be directed from
the building via a stack through the roof.
The stack height is to be determined
based on criteria such as building dimen-
sions and prevailing wind, and is de-
signed to prevent reentrainment of ex-
haust air back into the building.

Results and Discussion

Most of the components detected in the
bulk samples of the undercoating com-
pounds and on the thermal desorption
were Cy4—C,, aliphatic hydrocarbons.
This is consistent with the material safety
data sheets for the undercoating com-
pounds, which indicate that they contain
mostly hydro-treated kerosene and/or
mineral spirits. In addition, toluene and
C, alkanes were major peaks also identi-
fied on the air samples. Some methanol

and dichlorodifluoromethane were also
present on the tube samples. Toluene is
not a component of the undercoating
compounds but is an ingredient in the
brake parts cleaner. Methanol is an ingre-
dient in windshield washer fluid. Dichlo-
rodifluoromethane is Freon 12, a refrig-
erant used in automobile air conditioners
(although it is no longer used in new
cars).

Results of the quantitative analyses of
the charcoal tubes indicated only low
concentrations of all compounds (<10
mg/m?®). These results indicate that, on
the day of the survey, the exposures were
less than relevant occupational exposure
criteria for these compounds. It should be
noted that automobile undercoating
spray operations in garages, conducted in
an area having adequate natural or me-
chanical ventilation, are exempt from the
Occupational Safety and Health Admin-
istration (OSHA)’s requirements pertain-
ing to spray finishings operation when
using undercoating materials less hazard-
ous than kerosene or those containing
only solvents having a flashpoint in ex-
cess of 100°F.(

Air sampling for carbon monoxide
while the steam cleaner operated resulted
in a measurement of 300 ppm directly
above the exhaust of the machine. The
results of sampling for nitrogen dioxide

TABLE 3. Flow Rates After Modifications With Vehicle Off/Vehicle Idling

and sulfur dioxide were 1 and 3 ppm,
respectively. While these values cannot
be directly compared to occupational
health exposure criteria, which are based
on personal exposure, they indicate the
steam cleaner is a source of these com-
bustion gases. The manufacturer of the
steam cleaner recommended that the de-
vice be used with adequate general ven-
tilation (open doors and windows) or
vented directly outside.

In addition to vehicle exhaust, other
potential sources of carbon monoxide in
the garage included eight gas-fired cabi-
net heaters, which were vented to the
outside, the kerosene-powered steam
cleaner, and cigarette smoke. The results
of carbon monoxide sampling conducted
on a winter day indicated 8-hour time-
weighted average concentrations ranging
from 19 to 25 ppm. The results indicate
that none of the exposures were in excess
of the evaluation criteria for carbon
monoxide, although 3 of the 7 samples
were equal to the ACGIH Threshold
Limit Value (TLV®).® When reviewing
these results, it is important to note test
sampling was performed on a day when
an average of 11 vehicles were in the
garage at any given time (based upon an
hourly count of the number of vehicles
in the garage) and when a total of 30 cars
were serviced, with 19 to 20 of those cars

Exhaust Exhaust Exhaust Exhaust Exhaust Exhaust All Other
RUN Port 9 Port 10 Port 1 Port 2 Port 11 Port 12 Exhaust Ports
3A 48/50 Sealed Sealed Sealed Sealed Sealed Sealed
3B * 52/70 Sealed Sealed Sealed Sealed Sealed
3C * * 62/65 Sealed Sealed Sealed Sealed
3D * * * 48/44 Sealed Sealed Sealed
3E * * * * 48/50 Sealed Sealed
3F * * * * * 50/45 Sealed

*A garage hose, 10 feet in length, was connected to exhaust port through the adapter. Smoke tube checks indicated flow into the open hose end in all cases.

Flow rates are in cubic feet per minute.
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completed. Included among these were 5
or 6 minor services, 1 transmission repair,
3 or 4 tune-ups, 1 partial engine repair, 1
lower engine repair, and 2 or 3 minor
warranty adjustments. In addition, two
technicians were absent on the day of the
survey. Employees described this work-
load as “slow” to “medium.” Thus, a
different mix of jobs or a busier day might
result in a higher level of exposure.

Ventilation Evaluation

Exhaust gases exited the vehicle’s tail-
pipe through the flexible duct to an ex-
haust duct under the service area floor.
Gases then flowed into a common duct
connected to a fan located inside the
service area. Exhaust from the fan was
directed outside of the building. During
the initial site visit, a total exhaust flow
rate of 560 cfm was measured in the main
duct upstream of the fan. This measure-
ment was made with all ports closed and
no temporary modifications installed.
Flexible duct was being stored inside ex-
haust ports 10 and 11. When initial flow
rates were measured at exhaust port 9, a
value of 160 cfm was obtained. After the
flexible ducts were removed from the
two upstream exhaust ports, 210 cfm was
being provided at port 9.

Table 1 shows exhaust port flow rates
measured on the second survey, with no
modifications in place. Because the flow
rates were extremely low, only two ports
at most were measured simultaneously.
After run 1B, further evaluation of the
system was unnecessary as the lower limit
of ACGIH-recommended flow rates
(100 cfm per vehicle for automobiles and
trucks up to 200 hp, and 200 ctm per
vehicle for automobiles and trucks over
200 hp) was unattainable from even one
exhaust port.©? A 700-cfm flow rate was
indicated at the exhaust fan inlet during
runs 1A and 1B.

Flow rate measurements made during
the second survey, with modifications in
place, are shown in Table 2. The modi-
fications produced significant increases in
exhaust port flow rates. Flow rates near
ACGIH-recommended values were ob-
served while using up to six exhaust ports
simultaneously. While the exhaust port
flow rates generally declined as more ex-
haust ports were added, the flow rates
within each individual run remained rel-
atively equal. A total tail-pipe exhaust
ventilation system flow rate of 280 cfm

was measured at the exhaust fan inlet
during run 2A.

A static pressure of 2.0 "H,O was mea-
sured at exhaust port 9, downstream of
the exhaust hose during run 2A. Static
pressure measurements were not ob-
tained during subsequent runs since the
static pressure measurement at port 9,
during run 2A, demonstrated the tail-
pipe exhaust ventilation system’s opti-
mum capacity.

During a third evaluation, no measur-
able flow was observed at port 9 without
modifications in place. Chemical smoke
indicated that tail-pipe exhaust gases
were escaping from around the garage
hose/tail-pipe connection into the ser-
vice area. Further evaluation of the sys-
tem without applying modifications was
unnecessary.

Flow rate measurements made on the
third visit, with modifications in place,
are shown in Table 3. Because only one
exhaust port with an operating vehicle
could be measured at a time without
disrupting the operation of the service
garage, and because flow rates did not
change substantially within each run (Ta-
ble 2), it was decided to measure the low
rate at succeeding ports. Table 3 shows
flow rates with a vehicle turned off fol-
lowed by the flow rate with the vehicle
idling (i.e., vehicle off/vehicle idling). A
total tail-pipe exhaust ventilation system
flow rate of 500 cfim was measured at the
exhaust fan inlet during run 3A. Chem-
ical smoke checks indicated no vehicle
exhaust gases were escaping from the
flexible hose/tail-pipe loose fit connec-
tion.

During all visits, vehicles were moved
in and out of the service area or were
otherwise idling in the service area and
were not connected to a tail-pipe exhaust
hose. There was no dilution ventilation
system in the service area garage.

Conclusions

Air sampling measurements made during
undercoating of a small car indicated that
exposures to the components of the un-
dercoating compounds did not exceed
applicable exposure criteria.

Air sampling for carbon monoxide at
the exhaust of the steam cleaner indicated
that the steam cleaner is a source of car-
bon monoxide, and should only be used
with the doors to the garage open or
when the exhaust can be vented directly
outside the building. Seven personal

APPL.OCCUP.ENVIRON.HYG.
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breathing zone ‘air samples for carbon
monoxide during a winter day showed
concentrations less than the NIOSH
Recommended Exposure Limits and the
OSHA Permissible Exposure Limits in all
cases, but equal to the ACGIH TLV in
three cases. Exposures may be somewhat
higher or lower on other days, depending
upon the number and type of repairs
performed in the garage.

Prior to installing temporary modifica-
tions, the tail-pipe exhaust ventilation
system did not effectively remove vehicle
exhaust gases from the service area garage
space. After installing temporary modifi-
cations to block leakage areas in the tail-
pipe exhaust ventilation system, the sys-
tem was still unable to provide the
minimum ACGIH-recommended flow
rates which can ensure capture of vehicle
exhaust. Nevertheless, smoke tube
checks indicated no escape of vehicle ex-
haust gases into the service area environ-
ment when modifications were in place.

Abundant leakage areas into the tail-
pipe exhaust ventilation system are the
“path of choice” for air pulled into the
system. Leakage areas diminish the ca-
pacity of the system to pull air through
the flexible duct since static pressure
losses through leakage areas are lower
than the static pressure losses through the
flexible duct.

The cause of the disparity between
measured system flow rates during the
site visits was not determined. However,
the difference between the total flow
rates and the individual exhaust port flow
rates indicate that there is leakage into the
tail-pipe exhaust ventilation system not
identified in this study.

When engine exhaust gas flow rate
exceeds the flow rate measured at a par-
ticular exhaust port with the engine off, a
slight “booster fan” effect of the idling
engine is observed in some cases by the
higher exhaust port flow rate. Exhaust
port flow rates during runs 3B and 3C
(4-liter engines) demonstrate this effect.
A typical 4-liter engine, idling at 1000
rpm, could be expected to exhaust a flow
rate of approximately 70 cfm (2-liter en-
gine at 1000 rpm would exhaust approx-
imately 35 cfm). Thus, when measuring
exhaust port flow rates there will be dif-
ferences associated with vehicle engine
size and operating speed as compared to
flow rates when no vehicle is operating.

The length of the flexible garage ex-
haust hose radically affects an exhaust
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port’s flow rate. The static pressure losses
associated with flexible hoses are very
high and the tail-pipe exhaust ventilation
system should be designed to accommo-
date this pressure loss. Comparing the
results presented in Table 2 (3-ft flexible
hose) and Table 3 (12-ft total flexible
hose length) shows that the shorter the
flexible hose, the higher the exhaust port
flow rate. However, considering the va-
riety of vehicle tail-pipe to exhaust port
distances found in the service area, it
would be unreasonable to use flexible
hoses less than 6 ft long.

Recommendations
Tail-pipe Exhaust Ventilation Systems

1. The exhaust port covers should be
replaced with covers having self-
closing caps. The exhaust ports covers
and caps should provide an airtight
seal when not in use.

2. The exhaust fan should be replaced
with a unit capable of providing ap-
proximately 5 inches of water column
static pressure at the fan inlet with a
600-cfm flow rate. This would enable
the tail-pipe exhaust ventilation sys-
tem to provide sufficient flow rates for
up to six vehicles simultaneously.

3. Exhaust fan discharge should be relo-
cated to the roof of the building and
discharge at the ASHRAE-recom-
mended stack height.® This will pre-
vent reentrainment of the exhaust fan
discharge air and subsequent return of
the contaminants into the building.

4. Five thousand cubic feet per minute
of dilution ventilation should be pro-
vided to the service bay area garage.
This should be accomplished with a
ventilation system separate from the
tail-pipe exhaust ventilation system.®

Kerosene-Fired Steam Cleaner

1. The exhaust emissions from the steam
cleaner should be vented to the exte-
rior of the building. One way to ac-
complish this would be to fabricate a
device allowing the steam cleaner to
be connected to the tail-pipe exhaust
ventilation system.

References

1. Richie, LM.; Qatman, L.A.: Residential
Air Pollution from Kerosene Heaters. J.
Air Pollute Control Assoc. 33:879-881
(1983).

2. Lindeberg, M.R.: Mechanical Engineer-
ing Reference Manual, 9th Ed, pp. 7-20.
Professional Publication, Belmont, CA
(1994).

3. American Conference of Governmental
Industrial Hygienists: Industrial Ventila-
tion—A Manual of Recommended Prac-
tice, 22nd Rev. Ed, pp. 10-140. ACGIH,
Cincinnati, Ohio (1994).

4. American Society of Heating, Refrigerat-
ing and Air Conditioning Engineers:
ASHRAE Handbook—Fundamentals, pp.
14.12-14.13. ASHRAE, Atlanta, GA
(1993).

5. National Institute for Occupational Safety
and Health, U.S. Department of Health
and Human Services, Center for Disease
Control: Guide to Industrial Respiratory
Protection. DHHS (NIOSH) Pub. No.
87-116, Cincinnati, OH (1987).

6. U.S. Government Printing Office, Office
of Federal Register: Code of Federal Reg-
ulations, 29 CFR 1910.134. Washington,
DC (1992).

7. US. Government Printing Office, Office
of Federal Registar: Code of Federal Reg-
ulations, 29 CFR 1910.107. Washington,
DC (1992).

8. American Conference of Governmental
Industrial Hygienists: 1995-1996 Thresh-~
old Limit Values for Chemical Substances
and Physical Agents and Biological Expo-

Case Studies 241

CERTIFIED INDUSTRIAL

HyaGieNIST/INDUSTRIAL HYGIENIST

A leading environmental contracting
firm with operations in the northeast
is seeking a qualified individual for
the position of Director of Industrial
Hygiene and Safety. Corporate offices
are located in upstate New York.
Responsibilities include management
of all Hygiene and Safety administra-
tive and compliance requirements for
the company. Management and instruc-
tion of Hazwoper Training and Asbestos
Worker Training courses is required.
Appropriate certifications and work
history is necessary. Please reply to:

AOH CuassIFIED DEPARTMENT
Box 401
655 AVENUE OF THE AMERICAS
New York, NY 10010

sure Indices. ACGIH, Cincinnati, OH
(1995).

EpimoriAL NIOTE: Alan Echt is with the Hazard
Evaluation and Technical Assistance Branch and
Charles Hayden II and Ova Johnston are with the
Engineering Control Technology Branch of
NIOSH. More detailed information on this evalu-
ation is contained in the Health Hazard Evaluation
Report No. 95-0200-2579, available through
NIOSH, Health Hazard Evaluation and Technical
Assistance Branch, 4676 Columbia Parkway, Cin-
cinnati, Ohio 45226; telephone (800) 35-NIOSH;
fax (513) 533-8573.




