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PREFACE

The Hazard Evaluations and Technical Ass1stance Branch of NIOSH conducts field
investigations of possible health hazards in the workplace. These -
investigations are conducted under the authority of Section 20(a)(6) of the
Occupational Safety and Health_.Act of 1970, 29 U.S.C. 669(a)(6) which
authorizes. the Secretary of Health and Human Services, following a written
request from any employer or authorized representat1ve of employees, to
determine whether any substance normally found in the place of emp]oyment has
putent1a11y toxic effects in such concentrat1ons as used or found. Y

The Hazard Eva]uat1nns and Technical Assistance Branch also providess upon G ..
request,. medical, nursing, and .industrial hygiene technical. and-censultative
assastance (TA) to Federal, state, and local agencies; labor: industry and -
other groups or individuals to control occupat1ona1 health hazards and 2
prevent related trauma and disease..

|

Mention of company names or products does not constitute endorsement by the
National Institute for Occupational Safety and Health. :
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SUMMARY .
In February 1982, the National Institute for Occupational Safety and
Health (NIOSH) received a request to evaluate possible health hazards
associated with exposure to diesel engine exhaust emissions’in three bus

. ‘repair -shops operated.by the Reg1ona1 Transportation District (RTD) in
: Dénver, Colorado. ;

_On-March 22 25 1982 A MIOSH industr1a1 hyg1en1st collected aJr samples
‘at the. three fac111t1es to determiné workers® exposure to substances
present in the diesel exhaust., Aldehyde concentrations .(acetaldehyde,
butyraldehyde, formaldehyde and propionaldehyde) were ajl-less than 0.03
ppm and sulfur dioxide concentrations were less than-98:05 ppm. Carbon.
monoxide concéntrations in the diesel bus storage and maintenance areas
ranged from 3-21 ppm.. At the Alameda facility the carbon monoxide
concentration in the gas bus storage area during the peak morn1ng
dispatch period, was 170 ppm; however, only the drivers were in the area
during this period and they were there for less than 15 minutes.’ Total-
particulate time weighted average concentrations ranged from 0.12 to
0.55 mg/cu m. During the peak morning period total particulate Tevels.
ranged. from 0.15 to 0.81 mg/cu m. The"cyclohexane soluble portion of
these particulates ranged from 0.03 to 0.16 mg/cu m. Nitric oxide

‘concentrations. ranged from 0.33 to 5.62 ppm during the peak morning’
period-and from 0.08 to 2.28 during the period when approximately half

of tﬁe morning- buses returned to the shop.

The nitrogen dioxide concentrations ranged from 0.16 to 1.81;ppm during
the dispatch period and from 0.05 to 0.80 during the time the morning
run buses were returned. Six of the 15 three-hour samples collected in
the three facilities during the morning dispatch period exceeded:the
NIOSH recommended criteria of 1 ppm for any 15 minute period. They
ranged from 1.01 to 1.81 with a mean of 1.21 ppm. Drivers and other
workers may spend 15 minutes or more in these areas. .

On the basis. of the data collected in this evaluation, NIOSH has
determined that the bus drivers in the East Metro and Platte facilities
and diesel repair mechanics at the Alameda facility of RTD, Denver,
Colorado, are exposed to nitrogen dioxide in excess of NIOSH recommended
criteria. Recommendations to improve the ventilation systems and work
practices to reduce such exposure are listed in Section IX of this

report. o e

KEYWORDS: SIC 4172 (Terminal & Service Facilities for Motor-Vehicle
passenger transportation) Diesel Exhaust, Nitrogen Dioxide, Carbon
Dioxide, Sulfur Dioxide, Particulates, Cyclohexane Solubles
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I1. INTRODUCTION

In February 1982, NIOSH received a Health Hazard Evaluation request from
the Amalgamated Trans1t Union, Local 1001. This request was to
determine the diesel engine exhaust concentrations present in three of
the Regional Transportation District's (RTD) bus facilities locatéﬂ in
Denver, Colorado. The initial and environmental surveys were conducted
on March 22-25, 1982 -

I11. BACKGROUND

Th1s request 1nvo1ved ‘the three RTD bus‘ma1ntenance and storage
fac111ties. The same basic functions of bus storage, running repa1r,
répair maintenance, servicing, and 1n$pect10ns are conducted at all
three facilities. Each facility is different in design and construct1on
.and, therefore, w111 be d15cussed separately. b g

R L

A. East Metro‘Facility

~The East Metro facility was compieted in the fall of 1980. It has
340,000 sq ft under one roof. Figure 1 is a floor plan of the _
© facility. Entrance of the buses into the facility is through'one -
door and the single exit is on the opposite side of the building.
A1l movement of the buses to the var various ma1ntenance stations is

—

done in the building. o
The general .ventilation system in the bus storage area is designed

* to ,supply 168,000. cubic feet per minute (cfm) on the east side of

_ the area and to exhaust it from the west side. In addition, there
are five exhaust ducts located seven feet above the floor in the
"hus storage area. These are timer activated and are set to be _
turned on during peak bus traffic periods. A flow of 117,000.cfm-
of air is supplied to the repair area and 105,000 cfm to- the “
service area. There are beehive-style supply air drops located
throughout the repair and service area. Tailpipe local exhaust
systems are available in the repair and service areas.- During the
sampling period, several bus engines were being operated but were
not connected to the ta11p1pe exhaust system. N

On the day of sampling, 170 buses were d1spatched in the morning.

About half of them returned after the morning run. A few buses

left before 5:00 AM. By 6:00 AM activity was heavy, and the air in

the building was hazy. By 7:30 most of the buses had left. At

8:00 AM the air in the building was clear. By 9:45 most of the

buses that were to return were back in the storage area. During

the sampling period (4:55 AM to 12:00 noon) there was constant bus .- —
activity in the repair and inspection area. On this day the

outdoor temperature at 5:00 AM was 28°F. :

5 ‘
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5moved out of the storage building and to the appropriate area.: :

The mechanics and other service type workers will spend most of
their shift in their respective areas. The bus drivers will spend
up to 15 minutes in the bus storage area in the morning when.-they
start the bus, perform the required checks and wait for the bus to
warm up. . When returning the bus, the time spent in the bus storage

‘area will usually be less than 15 minutes.

There are approximately 100 workers in the repair and ma1ntenance
portion of the. facility. They include mechanics, bus washers,

- storeroom clerks, Taborers, and supervisors. These workers are
‘divided over three shifts. ’ ‘

Platte Fac111ty' B | R v

The P1atte Facility covers 269, 000 sq ft and is composed of severaI
adJo1n1ng buildings..* The bus storage area is separatgd from the
repair.and inspection areas. Figure 2 is a floor: pThn of the
faC111ty., Entrance. of the buses into the bus storage area is
through a single door. Each bus storage lane has its own overhead
door exit. Buses moved to repair, inspection, wash, etc., are

The vent11at1on system in the bus storage area consists of 12 sets .

of supply air and exhaust units distmibuted throughout the area.

"Each ‘'set is controlled by a separate sensor so that when the _
. exhaust builds up in an area that system is activated. The exhaust

unit consists of a ceiling fan which is a short distance-from the

* supply air inlets.  Short circuiting of the air near the ceiling

can. occur. In the inspection and running repair areas, there are
tailpipe exhaust systems at each service bay. The supply air is

~‘brought into the area at several points 8-10 feet above the’ floor.

There Sré&approximate1y 210 buses dfspatched each morning'ahd about
half of them return after the morning run. On the day of sampling,
a few buses had left by 4:30 AM. From 5:00 AM to 6:30 AM was the

. peak traffic. period, and by 7:00 AM most of the buses had left.

During this time period it was smoky in the building. By 8:00 AM
the air was almost clear. Some of the buses began to return about
8:00 AM and by 10:00 AM most of those that were to. return had
returned. When the buses return, they stop at the vault where the
collection box is removed and put in the vault. The returning
buses are then assigned to a specific lane where the bus is then .
parked. At 5:00 AM on the day of sampling, the outside temperature

" was 30°F.

The mechanics and other service type workers will spend most of --
their shift in their respective area. The bus driver will spend up
to 15 minutes in the bus storage area in the morning when_they
start the bus, perform the required checks and wait for the bus to
warm up. When returning, the time spent in the bus storage area
will be less than 15 minutes. Several employees work in the vault
area and in the office by the vault.
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The repair and inspection shobs operate three shifts a-day. There
are about 75 mechanics, inspection persons and bus washers who work
in these areas.
C. Alameda Fac111ty A
The A1ameda Fac111ty is smaller than the other two. Figure 3 is a
floor plan of the facility. It is a series of adjoining.long
- narrow buildings or.bays. Bays A & B and D & E are the diesel bus
. storage areas. Each bay has five lanes that hold six buses each.
Each lane has an overhead door for entrance and also one for exit
on the oppos1te side. When one or more doors are open on both. -
.sides, there is a general air movement through the bay. Each bay
has a ce111nq exhaust fan that is:-manually operated.” .

.Bay F is the gas eng1ne repair and the gas bus stonaqe area. There .

is a tailpipe exhaust system for the repair area and ce111ng fan
that .is gperated by a sensor.

Bay G contawns the diesel and gas running repair. . There are three
< manually controlled local exhaust hoods above three of the. four bus
" Tanes and a ceiling fan that 15 controlled by a sensor. iz

. Bay H(a) .is a storage area for cars:and trucks. There is a ce11ing

fan that is sensor operated Bay H(b) is the diesel engine repair
and maintenance. There is no exhaust ventilation, e1ther local -
ta1]p1pe exhaust or ceiling fan, in the bay. :

On " the day of sampling the buses started to leave about 5:00 AM.

By 6:15 AM, all the gas buses had left and about half of the diesel
buses. By 7:00 AM all the buses had left. When the buses were
leaving,.one or more exit doors were open and one or more. entrance
doors were open. By 9:00 AM most of -the morning run buses had.
returned. Approximately 100 buses are dispatched in the morning
with-about-half returning after the morning run. The bus storage
area was not very hazy or smoky this day. The outside temperature
at 5:00 AM was 24°F. B
Only 3 of the 8 mechanics were working in the diesel repair area
(Bay H{b)); -hence the number of engines run that day was reduced.
When an engine was started, the smoke and haze built up 1mmed1ate1y
in the building.

There are approximate]y 50 workers (mechanics, inspector persons,
and service and cleaning persons) who work the three shifts in the.
repair and service areas. The bus drivers will spend up to I5
minutes in the bus storage areas in the morning when they start the
buses, perform the routine check and wait for the bus to-warm up.
When returning the bus, the time spent in the bus storage area will
usually be Tess than 15 minutes.
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IV. EVALUATION.DESIGN

The environmental survey was conducted on March 23-25, 1982. One day of

_5amp11ng was conducted at each of the three Fac111t1es involved. The
measurements for diesel exhaust components were made in the general”
‘areas where the employees worked. Diesel exhaust is composed of a large
mixture of compounds. Some are present in measurable quantities while-
others are not. As of _tfie present time there is no single measurement

- that can be made that is “indicative of the diesel exhaust concentration
present. The diesel exhaust components that were sampled are listed
below under Evaluation- Methods. Area samples were selected due to the
variety of jobs performed; the length of time spent in an area var1ed
from employee to employee; and on many of the buses the exhaust pipe
terminates -at' the top of the bus .not at the breathing zone level. -
Locations were selected at each facility that covered the following
basic areas: bus storage; inspection; running repair; and-maintenance.

V. EVALUATION MEfHons

Listed below are the sampling and analytical methods used in th1s

“Flow ng;

50 cc/min

.20 cc/min

eva]uat1on
_ . Collection ' i
Substance P Method
Aldehydes XAD-2 Resin coated with
- *. N-Benzylethanolamine
Carbon T Long Term Detector Tubes
Monoxide ”

Cyclohexane Silver membrane plus
Solubles Glass Fiber Filters

Nitrogen °  TEA coated molecular
Dioxide Sieve Tubes

Nitric Oxide TEA .coated molecular -
Sieve Tubes

Sulfur Long Term Detector Tubes
Dioxide - :

Total PVC Filters
Particulates

VI. EVALUATION CRITERIA

1.5 Tpm

50 cc/min

50 cc/min .

20 cc/min

1.5 Tom.

NIOSH Analytical .
Method (1)

__PSCAM 358 ¢
PACAM 217

PA&CAM S$-320

P&CAM S-321

The environmental criteria-for exposure to toxic substances used in this
NIOSH Criteria Documents,

evaluation are based on the following:

Recommended Standards for Occupational Exposures; 2.

Threshold Limit

Values(TLV) of the American Conference of Governmental Industrial
Hygienists (ACGIH); 3. U.S. Department of Labor, OSHA, Standards.


http:tJ-Benz.vl
http:mixture.of

Page 6 - Health Hazard Evaluation Report No._82-13?

NIOSH (or ACGIH)

Recommended 0SHA
Criteria Standards ) TN
Substance 10 Hr TWA* 8 Hr TWA Health Effects(2,3,4)
Aldehydes i
Acetaldehyde 100 ppm-{ACGIH) 200 ppm Eye, nose & throat
« &7 : irritation
Butyra]dehyde' © - ——- Eye and skin.

i - B ' irritation: .
Forma}dehyde' - Lowest feasible . 3‘ppm Conjuhctivitis, eye
e Tevel (NIOSH) 5 ppp ceiling irritationy upper

. respiratory irrita-
. tion, skin sensi-
' ) : O : tization and
- dermatitis;
Suspected carcinogen
Prop%dna1déhyde - — Eye and skin”~
. : . T -irritation
Carbon 35 ppm (NIOSH) 50 ppm Headache, nausea, °
Monoxide 200 ppm ceiling weakness,. dizziness,
: ; - confusion :
Cyclohexane 0.2 mg/cu m 0.2 mg/cu m  Diesel exhaust* may
Solubles (ACGIH) - contain some poly--
(Particulate polycyclic nuclear aromatic
aromatic hydrocarbons) hydrocarbons which
have a cancer
causing potential
Nitrogen 1 ppm ceiling 5 ppm Respiratory irrita-
Dioxide . tion, delayed
. pulmonary edema, eye
_ irritation
Nitric Oxide 25 ppm (NIOSH) 25 ppm Irritation of the
(ACGIH) ' eyes, nose & throat
Sulfur Dioxide- 0.5 ppm (NIOSH) 5 ppm Irritation of eyes,
nose, throat, cough- -~
Total 10 mg/cu m 15 mg/cu m Reduced visibilfty,
Particulates  (ACGIH) unpleasant deposits
‘ in eyes & nasal
passages

*NIOSH report "Industrial Hygiene Study of Diesel Bus Maintenance Facilities"
which will be published in the near future (as of this date does not have a
publication number) showed the polynuclear aromatic hydrocarbons portion of
the cyclohexane concentrations were just at or less than detectable
concentrations.
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V1I.

RESULTS AND DISCUSSION

1-

East Metro Facility

The' results of the collected air samples are shown in Table l-and
"the sample locations in Figure 1. There were five samole
locations, three in bus storage area, one near the inspection lanes
and bus exit and one in the maintenance area. The aldehydes, which

" were analyzed for acetaldehyde, butyraldehyde, formaldehyde and

‘propionaldehyde, were all’less than the detectable concentration of

i 0.03 ppm. Aldehydes can ‘produce eye-and upper respiratory
irritation. Although the sample results were all low on the .day of .-

samp11ng, a single diesel bus, not operating properly, can produce
a sufficient amount of a1dehydes over a short period to cause-a
worker in the area to experience irritation of the eyés and
respiratory tract. The sulfur dioxide samples were~dll Tess than
‘or equal to ‘the detectable concentration of 0.05 ppm which is well
bélow the NIOSH recommended criterion of 0.5 ppm. The carbon -~
monoxide samples ranged from 3 to 10 ppm. The 10 ppm sample was
.collected over a time period that a gas powered truck was in the

‘bus storage area. These carbon monoxide concentrations are we11
" below the NIOSH recomended cr1ter1on of 35 ppm. _ 2

’Total part1cu1ates in the air conta1n part1c1es emitted by the
+ diesel” engine and dust from dirt stirred up off the floor by the

moving vehicles. Separate samples were collected during. the first
part of the morning when all the buses were leaving and during the
second part of the morning when a portion of the buses were
returning. 1In all cases the concentration during the first part of
the shift was higher than the second part. This is reflecfive of-
the ‘higher activity in the first part of the day when all the buses
are leaving. The time weighted average total particulate- - :
concentration ranged from 0.15 to 0.55 mg/cu m which were all less
than 6% of the nuisance dust criterion of 10 mg/cu m. The
cyclohexane solubles are that portion of the diesel exhaust that

" can be dissolved in cyclohexane. They range from 0.07 to 0.16

mg/cu m. There is no standard for the cyclohexane soluhle factions
of diesel exhaust. However, ACGIH recommends. an 8-hour allowable
level of 0.2 mg/cu m for particulate polycyclic aromatic-
hydrocarbons which would be a portion of the cyclohexane solubles.
A1l the samples c011ected were below this level.

Nitrogen dioxide and nitric oxide are components of diesel

exhaust. The NIOSH recommended allowable exposure to nitrogen
dioxide is 1 ppm for any 15 minute period and for nitric oxide it -
is a 25 ppm average for a 10 hours workday. There was an
approximate 4-fold difference in the nitrogen dioxide concentration
between the first and second part of the shift. In the bus storage
area, the ‘average of the three sample locations was 1.06 ppm for
the first portion of the shift when the buses went out and 0.23 ppm
over the second part of the shift when a portion of the buses
returned to the facility. Since one 3-hour average was-1.06 ppm,
the NIOSH criterion of 1 ppm for any 15 minute period was : '
exceeded. The nitrogen dioxide concentration was probably higher
when the bus activity was at its peak. Some drivers could
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experience a slight eye and/or respiratory irritation when warming
up and checking the bus before the day's run. They should not
experience a problem when returning the bus at the end of the run.
The nitrogen dioxide concentrations during the first portion of the
shift were 0.43 ppm near the inspection 1ine and 0.74 ppm in-the
- maintenance area. In the Tlatter part of the morn1ng, they dropped
to 0. 2? and 0 21 ppm, respectively.

" The n1tr1c ox1de concentrat1ons varied directly with the nitrogen
., dioxide. - They ranged from 1.14 ppm to 2.62.ppm during the first
portion-of .the shift and from 0.50 to 1.30 ppm during the latter
portion. These concentrations are all Tess than the-criterion of

25 ppm. + : *
2. Platte Facility ‘ .

e

The resu1ts of the air samples co]]ected are shown in Table 2 and
the sample locations in Figure 2. There were five sample
Tocations, three in bus storage area, one in the inspection area
.and one in the running repair area. The aldehydes, which were
© analyzed for acetaldehyde, butyraldehyde, formaldehyde and- . ° -
- propionaldehyde, were all less than the detectable concenthﬁt10n of
-0.03 ppm. Aldehydes can produce. eye and upper.respiratory ;
: irritation. Although the sample results were all low on the day of
sampl¥ng, a single diesel bus not operating properly can produce a
sufficient amount of aldehydes over a short period to cause a g
worker in the area to experience irritation of the eyes ‘and
respiratorv tract. The sulfur dioxide samples were all less than
or equal to the detectable concentration of 0.05 ppm which is'less
than the NIOSH recommended criterion of 0.5 ppm. The carbon
monoxide samples ranged from 2 to 16 ppm. The 16 ppm sample was
collected in the bus storage near the vault. These carbon:monoxide
concentrations are below the NIOSH recomended criterion of 35 ppm.

Total particulates in the air contain particles emitted-by the
diesel engines and dust from dirt stirred up off the floor by the
moving vehicles. Separate samples were collected the first part of
the -morning .when all the buses were leaving and the second part of
the morning during which time a portion of the buses returned. In
all cases the concentration during the first part of the shift was
higher than the second part. This is reflective of the higher:
activity in the first part of the day when all the buses are
leaving. The time weighted average total particulate concentration
ranged from 0.13 to 0.55 mg/cu m which were all less than 6% of the
nuisance dust criteria of 10 mg/cu m. The cyclohexane solubles are - -—
that portion of the diesel exhaust that can be dissolved in ~—
cyclohexane. They range from 0.06 to 0.13 mg/cu m. There is-no
standard for .cyclohexane solubles factions of diesel exhaust.
However, ACGIH recommends an 8-hour allowable Tevel of 0.2 mg/cu m
for particulate polycyclic aromatic hydrocarbons which would be a
portion of the cyclohexane solubles. Al1 the samples collected
were below this level. ;
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Nitrogen dioxide and nitric oxide are components of diesel
exhaust. The NIOSH recommended allowable exposure to nitrogen
dioxide is 1 ppm for any 15 minute period and for nitric.oxide it
is a-25 ppm average for a 10 hours workday. There was a large-
~difference in the nitrogen dioxide concentration between the first
"and second part of the shift. In the bus storage area, the average
of 3 sample Tocations was 1.29 ppm for the first portion of the
_ shift when the buses went out and 0.48 ppm over the second part of-
.the shift when a portion of the buses returned to the facility.
‘Since one’3-hour average was 1.29 ppm, the NIOSH criterion of 1 ppm
for any 15 minute period was exceeded. The nitrogen dioxide
; concentrat1on was probably higher when the bus activity was at its "
" peak. 'Some drivers could experience a slight eye and/or
resplratory irritation when.warming up and checking the bus before -
‘the day's run. They-should not experience a problem when~return1ng ;
the bus at the end of the run. The nitrogen dioxide™ ;
conccentrations during the first port1on of the shift were 0. 53 ppm
near the-inspection area and 0.58 ppm in the running repair area.
In the latter part of the morning, they dropped to 0.32 and 0.16
Eppm, respect1ve1y .

" The n1tr1c oxide concentrations varied directly w1th the n1%rogen
dioxide. They ranged from 1. ?9‘pmm=;n 4.81 ppm during the first

‘ portion of the shift and from 0.49 to 2.28 ppm during the latter

* portion. These concentrations are all less than the criterion of |
25 ppm. G g

3. A?ameda Fac111ty

The results of the air samples collected are shown in Tables 3 & 4 -
and ‘the sample locations in Figure 3. There were five sample -
locations, two in the bus storage areas, one in the running repair
area and two in the maintenance area. The aldehydes, which were
analyzed- for acetaldehyde, butyraldehyde, formaldehyde and

. propionaldehyde, were all less than the detectable concentration of
0.03 ppm. Aldehydes can produce eye and upper respiratory
irritation. . Although the sample results were all low on.the day of
sampling, a single diesel bus, not operating properly, can produce
a sufficient amount of aldehydes over a short periond to cause a
worker in the area to experience irritation of the eyes and
respiratory tract. The sulfur dioxide samples were all less than
or equal to the detectable concentration of 0.05 ppm which is well
below the NIOSH recommended criterion of 0.5 ppm

The carbon monoxide samples ranged from 1 to 170 ppm. The bus - - -~ °~
storage area ranged from 1 - 6 ppm and in the repair area from 4 -
21 ppm. The carbon monoxide concentrations in these two areas are
well below the NIOSH recommended criterion of 35 ppm. In the .

running repair area the concentration ranged from 5 - 170 ppm.
Between Bay F and G, in the area where the tires are repaired, the
concentration from 5:00 AM to 6:25 AM was 170 ppm. During this

time the gas buses stored nearby were started and moved out of the
garage. There was no one working in the immediate area except the
drivers who were there for 10 to 15 minutes. It is possible that
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the drivers® exposure could, -on occasion, exceed the ceiling
criterion of 200 ppm. From 6:25 AM to 12:45 AM, the concentration
dropped to 19 ppm. The tire changer worked nearby during this
time. His exposure was less than the NIOSH criteria of 35 ppm. In
the runming repair area, bay G, the carbon monoxide concentration
. from 4:50- AM to 7:30 AM was 30 ppm. This concentration is probably
a result of the gas buses being started in bay F. From 7:30 to
11:40 AM the concentration dropped to 5 ppm. There is a tailpipe
. exhaust system im the running repair area for three of the four
‘lanes. This reduces the .amount of engine exhaust entering the work
atmosphere. The time weighted average carbon monoxide
~concentration -in the running repair area from 4:50 to 11:50.AM was -
5 0 wig ppm which also is less than the crwter1on of 35 ppm. % g

{Total part1cu1ates in the air conta1n particles emitted by the
diesel engine -and dust from dirt stirred up off the-floor by the :
moving vehicles. Separate samples were collected the first part of-
the morn1nq when all the buses were leaving and the second part-of
the morning during which time a portion of the buses returned. In

~all but the diesel repair area, the concentration during the first

. part of the shift was higher than the second part. This is - - .

" reflective of the higher activity in the first part of the day when

~all the buses are leaving. The time weighted average total 3

. particulate concentration ranged"T_*' rom 0.08 to 0.36 mg/cu m which
were all less than 4% of the nuisance dust criteria of 10 mg/cu m.
The cyclohexane solubles are that portion of the diesel exhaust .
that. can be ‘dissolved in cyclohexane. They ranged from-0.03 to
0.16'mg/cu m. There is no standard for cyclohexane solubles
factions of diesel exhaust. However, ACGIH recommends an 8-hour
allowable Tevel of 0.2 mg/cu m for particulate polycyclic aromatic
hydrocarbons which would be a portion of the cyclohexane solubles..
A1l the samples collected were below this Tlevel. : ;

Nitrogen dioxide and nitric oxide are components of diesel
exhaust. ~ The NIOSH recommended allowable exposure to nitrogen
dioxide is 1 ppm for any 15 minute period and for nitric oxide it-
is a 25 ppm average for a 10 hours workday. There was a difference
in the -nitrogen dioxide conentration between the first and second
part of the shift. In the bus storage area, the average of 2
sample Tocations was 0.16 ppm for the first portion of the shift
when the buses went out and 0.07 ppm over the second part of the
shift when a portion of the buses returned to the facility. These
concentrations are well below the 1 ppm criterion for any 15 minute
period. The nitrogen dioxide concentrations in the diesel repair
area dur1nq the first portion of the shift were 0.85 and 1.01 _—
ppmand in the latter part of the morning, they dropped to 0.43 ‘and.
0.58 ppm, respectively. The NIOSH criteria of 1 ppm for any 15
minute period was exceeded in this area. On the day of. sampling
only 3 of.the 8 mechanics assigned to the repair area were -
working. Having more workers present would have increased the
amount of time engines would have been run; thus, the diesel
exhaust concentrations would have been higher than measured.
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VIIL

The nitric oxide concentrations varied along with the nitrogen
dioxide. They ranged from 0.33 ppm to 3.99 ppm during the first
portion of the shift and from 0.08 to 2.28 ppm during the latter
ggrtion.‘ These concentrations are all less than ‘the criterion of
ppm. . >

SUMMARY AND CONCLUSIONS

. The: sampie resu1ts from a11 three facilities are summarized 1n the

f0110w1ng paragraph:

Aldehyde concentrat1ons (acetaldehyde, butyraldehyde formaldehyde and
propionaldehyde) were all less than 0.03 ppm and sulfur dioxide *
concentrat1ons .were less than 0.05 ppm. Carbon monoxide concentrations
in the diesel bus storage and maintenance areas ranged from 3- -21 ppm. \
At the Alameda facility the carbon monoxide concentration-in the gas bus
storage area during the peak morning dispatch period, was 170 ppm; ’
however, only ‘the drivers were in the area during this period and they
were there for less than 15 minutes. Total particulate time weighted
average concentrations ranged from 0.12 to 0.55 mg/cu m. During the
peak' morning period total particulate levels ranged from 0.15 to 0.81
mg/cu m. ‘The cyclohexane soluble portion of these particulates ranged
from 0.03 to'0.16 mg/cu m. Nitric oxide concentrations ranged from 0.33-
to 5.62 ppm during the peak morning period’ ‘and from 0.08 to 2.28 during
t:e period when aoprox1mately half of the morning buses returned to the
s op. 5 p

The nitrogen dioxide concentrations ranged from 0.16 to 1.81 ppm during
the dispatch period and from 0.05 to 0.80 during the time the morning
run buses were returned. Six of the 15 three-hour samples collected in
the three facilities during the morning dispatch period exceeded the -
NIOSH recommended criteria of 1 ppm for any 15 minute period. _They.
ranged from 1.01 to 1.81 with a mean of 1.21 ppm. Drivers and other
workers may spend 15 minutes or more in these areas.

) N1trogen dioxide- exposures were the only diesel exhaust comnahent

sampled for that exceeded individual substance exposure criteria used in
this evaluation. There is no criterion for diesel exhaust as a whole.

‘Table 5 is a summary of the nitrogen dioxide concentrations in the three

bus storage areas and in the Alameda diesel repair area. The bus
storage in the East Metro and Platte facilities both are large areas
that depend on the general ventilation systems to control the diesel
exhaust in the facilities. The Alameda facilities has several smaller
areas with overhead doors that open on both sides of the storage bays
that permits natural ventilation along with general exhaust vent11ation
to control the diesel exhaust. This difference is reflected in — =
differences in the nitrogen dioxide concentrations of 1.06 and 1.29 ppm
in the East Metro .and Platte facilities versus the 0.16 ppm —-—
concentration in the Alameda facility during the time the buses left in
the morning. The diesel repair area in the Alameda facility has no
exhaust ventilation, which is the reason for the 0.85 and 1.01 ppm
nitrogen dioxide concentrations in that area. Excessive carbon monoxide
exposures could occur at the Alameda facility in the area where the gas
powered buses are stored. During the time the buses are warming up

-before the morning run, the carbon monoxide concentration increases.

A
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IX.

Only the drivers are in the area at that time. Personal carbon monoxide
breathing zone samples on each driver are needed to identify any
exposure above the 200 ppm ceiling criterion. The use of tail pipe
exhaust ventilation can keep the carbon monoxide concentration down -to a
lTower Tevel. _ »

The separate health effects of most contaminants in diesel exhaust are
fairly well known. It_i§ possible to establish a criterion for

- simultaneous exposures to substances that have similar health effects

such'as upper respiratory irritation, etc. However, there is currently

no single permissible exposure level to diesel exhaust since all the .
substances present do not have the same health effects .and the ratio of .

the substances present in the exhaust-varies from one engine to

another. The variation is a result of "the variation in the diesel fuel,
maintenance of the engine; temperature of the engine, etc.r ——

There are many components of diesel exhaust that cause irritation of the
eye, nose, throat and respiratory system. Some of these components,

such as the aldehydes, are produced in larger quantities when a diesel
engine is out of tunme. This being the case, it is possible for a driver

or a mechanic to experience discomfort over a short period of time in %
one portion of the bus storage area when such an engine is in - _
operation. Changes in the existing ventilation systems or the addition
of new systems in these areas could reduce the diesel exhaust
concentrat10ns.

RECOMMENDATIONS

A. East Metro Facility
1. 'Several buses were run in the maintenance repair area while not
connected to the tailoipe exhaust system. These systems must be
used whenever an engine is run and the bus is not going to be
immediately moved.
2. In addition to the regqular general ventilation system, there
are five exhaust systems that terminate in 12" open ducts 7 foot
above the floor. These are timer-activated for peak traffic
perijods. There should he a system 1ike these between every set of
pillars in the bus storage area. A more efficient system would
include an exhaust hood over the tailpipe of each bus.

B. Platte Facility

1. The automatic sensors that operate the-supp1y and exhaust _ - =
system should be set to be more sensitive. This can probably be
accomplished by increasing the light path length in the sensor.

2. Some short circuiting of the supply air occurs. The supply air
hits the roof of the buses and is deflected laterally toward the
exhaust fans, therefore, sweeping the air at the ceiling level
instead of at the breathing zone. Some of the supply air should be
supp;1ed at the floor level to purge the air at the breathing zone
leve
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3. More exhaust fans or collector plenums should be instalied to
cover a wider area for the exhaust air to return as opposed to a
point return. : :

; Increase the supply and exhaust air volumes dur1ng the peak

‘per1od in the morn1ng when the buses Teave the fac111ty.

5. - Under certain_ outside atmospher1c cond1t1ons (i.e., wind

L_d}rect1on), reentry ‘of the exhaust air into the supply air is
'possible.’ Extending the exhaust discharge point above the solar

panels and -exhausting the air vertically w111 reduce the potent1a1

for reentry. - _ : .

5. Fresh-air should be supp]1ed to the small office by the vault _
‘and the area by the_vault door as employees spend cons1de:able time

there when the buses are returning.

?' In the running repair area the supply- air is distributed about
8 feet -above ‘the floor. This provides for poor air distribution

-and does not effect the breathing zone level some -distance away. _
1 Supp1y1ng the air closer to the floor will aid in purging the air -
- at the breathing zone Tevel. . -

8. The Tocal exhaust systems pro*1ded at each bay must be used

whenever huses are run in place.

Alameda Fac111ty

1. A 1ocal tailpipe exhaust system should be installed for each
bus bay in the Bay H(b) diesel repair area. It should include -
adaptors for all makes and varieties of exhaust pipe discharge
points (e.g., bottom exhaust and top exhaust). Supply air:then has
to be provided to make up for the air exhausted. : —

2. The air pressure in the Bay H(b) repair area should-be positive
relative to the air in Bay H(a) storage area to prevent-the gas
engine exhausts from entering the repair area. More supply air may
havé to be provided to the diesel repair area to accomplish this.

3. Bay G - The exhaust hoods only provide tailpipe exhaust
ventilation only to the buses with bus top exhaust. Adaptors need
to be prov1ded for the buses with under the bus exhaust pipes.

4. Bay G - The wheel stops on the floor for the buses in running

repair are about 18 inches too far forward. At this location the . - -~
bus is too far forward and the tailpipe is at the front edge of the
hood. The stops should be moved back 18 inches so the ta11u1pe

will be d1rect!y under the center of the hood. T

5. The exhaust fumes in Bay G for the tailpipe exhaust hoods are
not on at all times the bus engines are running. One of the
reasons is that the switches are not in a convenient location.
Additional switches should be installed and at locations where the
mechanics can easily reach them. Also the units need to be on
whenever an engine is run in place.
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6. There are only three exhaust hoods in Bay G running repair for
4 lanes of buses. FEach lane should have a tailpipe exhaust system.

7. The ceiling exhaust fan in Bays A-B and D-E are turned on
manually“and are usually turned on only on Sundays when the buses
.are started prior to the Monday run. These fans should be put on
timers and run durwng the peak morning startup- warming period.

¢ Bew The roof fans 1n Bays F, G and H are controlled by a s1nqie
:sensor in, each bay which is ‘mounted near the ceiling. The fan is
not activated until the smoke reaches the sensor. There should be
~ several sensors spaced near the roof and several more at a Tower-
.7 point so that.when the exhaust builds uu in any area of the an the
exhaust fan will be act1vated.

-

‘9. The automat1c sensors that operate the ceiling faﬁs"FBUTd be
set to be moere sensitive. This can probably be accomplished by
ipcreasing the path length in the sensor.

10. The carbon monoxide concentration in Bay F from 5:00 AM to

. 6:25 AM was 170 ppm. A tailpipe exhaust system for use when the

 buses are warming up would reduce this carbon monox1de oo
concentrat1on in this area. N

- ‘on Sunday s an employee starts a11 the buses that will be _
dispatched on Monday morning. He will spend a considerable amount
of time in bus storage area. His exposure to nitrogen dioxide

shou1d be mon1tored

X. REFERENCES - _ o B o

Xl

1, NIOSH Manua1 of Analytical Methods, Vol. 1-7.

2. NIOSH Cr1ter1a Documents, Recommended Standards for OccupatlonaT

_ Exposure.- --; _ .

3. Occupational D1seases A Guide to their Recognition. NIOSH Pub.
(77-181). . =

4. Patty FA. Patty®s industrial hygiene and toxicology. Vol
IT--toxicology, 3rd revised ed. New York: John Wiley & Sons, 1978.

AUTHORSHIP AND ACKNOWLEDGEMENTS

Report prepared by: Arvin G. Apol
Industrial Hygienist- e o

Originating Office: Hazard Evaluations and Technical SR
Y Assistance Branch 2
Division of Surveillance, Hazard
Evaluations and Field Studles


http:sever.al

—

-7

Page 15 - Health Hazard Evaluation Report No. 82-137

XII.

e

DISTRIBUTION AND AVAILABILITY OF REPORT:

Copies of this report are currently available upon request from NIOSH,
Division of Standards Development and Technology Transfer, 4676 Columbia
Parkway,; Cincinnati, Ohio 45226. After 90 days, the renort will_be
available through the National Technical Information Service (NTIS),

5285 Port Royal, Springfield, Virginia 22161. Information regard1ng
its avai1abi1ity through-NTIS can be obtained from NIOSH Publications
Office at the Cincinnati.address. Copies of this report have been sent
to: .’ : e i : i

1. Regiona1 Traasportafion_ﬂistrici, Denver, Colorado

2. Amalgamated Transit Union, Local 1001, Denver Colorado

.3. u. S. Denartment of Labor, Occupational Safety,aﬁd HeaTth
Agency (OSHA) Region VIII, Denver, Colorado

For the purpose of 1nforming affected employees, copies of this report
shall be posted by the employer in a prominent place access1ble to the
emp?oyees -for a perwod of 30 calendar days. o
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TABLE 1
DIESEL EXHAUST COMPONENTS
GENERAL AREA AIR CONCENTRATIONS
March 23, 1982

EAST METRO FACILITY
REGIONAL TRANSPORTATION DISTRICT
DENVER; ‘COLORADO

e

HETA 82-137 )
Substance “sample Time  Unit of- Cogatian £ Location 2 - Location 3 Location-4 Location 5
‘ ‘ Measure Bay 29 Bay 12. Bay 16 - Near exit & Maintenance
' : ; i Inspection By Hoist 6
. e : Line
cyc]ohexané solubles 4:55a-11:55a _mg/cﬁ m 0.16 0.13 0.0?ﬁ1- - 0.07 0.07
total particulates (TWA)* 4:§5a-11:55a mg/cu m 0.55 0.43" L 0.15 - b.31 0.34
total particulates 4:55a3-8:00a mg/cu m 0.81 0.45 -0.18 0.47 0.43
total particulates B:dOa-II:SSa ‘mg/cu m 0.34 0.41 0.12 0.18 0.27
aldehydes** 4:55a-8:00a ppm . <0.03 <0.03 <0:ﬂ% <0.03 <0.023
aldehydes 8:00a~11:55a ppm 20.02 <0.02 <0.02 <0.02 <0.02°
nitrogen dioxide 4:55a3-8:00a ppm 1.33 0.85 1.01 0.43 0.74
nitrogen dioxide 8:00a-11:5§a ppm 0.21 0.16 0.32 0.27 0.21
nitric oxide ‘ 4:555-8:003 ppm 5.62 3.34 2.52 1.14‘ 2.45
nitric oxide 8:00a-11:55a ppm 1.30 1.22 ¢, .0.50 . 0.90 - 1.14
sulfur dioxide | 4:55a-8:00a ' ' ppm‘: 0.05 ND } ND b{b : 6.05
sulfur dioxide | | 8:00a-11:55a ppm  NDY 'NDi ND - ND ND
carbon monoxideb ‘ 4:55a-8:00a ppm‘ ‘ .6 . 3 | 5 . 5 | 4
carbon ﬁonoxide 8:00a-11:55a ppm 10- 6 2 4 3

*  TWA - Time HeightedﬁAverage
**  Aldehydes -~ include aceta]dehyde. butyraldehyde, formaldehyde, and propionaldehyde
t Not Detectable - less than 0.05 'ppm



TABLE 2
DIESEL EXHAUST COMPOMNENTS
GENERAL AREA AIR CONCENTRATIONS
March 24, 1982

_ PLATTE FACILITY
REGIONAL TRANSPORTATION DISTRICT
DENVER, COLORADO - - .

* TWA - Time WeightedAverage
** Aldehydes - include acetaldehyde, butyraldehyde, formaldehyde, and propionaldehyde
t+ Not Detectable - less than 0.05 ,ppm

16

4

HETA 82-137 ==
Substance Sample Time Unit of Lﬁcat%on 1 | Lﬁéétion 4 Location 3  Location 4 Logatjoﬁ 5
Measure Bus Storage: Bus Storage Bus Storage. Bus Inspec¢- Running
. ; Lane 30-31 Lane 12-13 .. By Vault -  tion Area Repair
cyclohexane squBles 4:45a-12:00n mg/cu m 0.13 | 0.09 | 0.10 - 0.03 0.06
total particulates (TWA)* 4:45a-12:00n mﬁ/cu m 1 0.32 0.40 , , 0.55 ‘ '219.22 B:13 -
total particulates 4:45a-7:45a mg/cu m 0.47 0.44 | 0.65 | 0.15
total particulates 7:45a-12:00n mg/cu m 0.23 0.38 0.48 0.16 0.11
aldehydes** 4:452-7:45a ppm <0.02 1%0.03 <0.02 <0.02 <0.03,
aldehydes 7:452-12:00n ppm <0.02 jjl<o.oz <0.02 <0.02 <0.02 |
-nitrogen dioxide ~ 4:453-7:45a ppﬁ 1.06 ‘;’ 1.81 1.01 0.53 0.58
nitrogen dioxide © 7:45a-12:00n ppm 0.32 0.80 0.32 0.32 0.16
nitric oxide 4:45a-7:45a - ppm  4.81 3,75 3.67 2.20° 1.79
nitric oxide 7:45a-12:00n ppm 1.71 1.46 - 2.gé'l 1.22 10.49
sulfur dioxide 4:452-7:45a , ; ppm 0.05 NDt N ND N
sulfur dioxide E ' 7:45a-12:00n me-Z. "~ ND _ .qq: kND " ﬁb ! ND
carbon-monoxide: 2 4:45a-7:45a ppm '8 y lh 4 ' 5
carbon monoxide 7:45a-12:00n ppm - 4 - 2



DIESEL EXHAUST COMPONENTS
GENERAL AREA AIR CONCENTRATIONS
March 25,

REGIONAL TRANSPORTATION DISTRICT

TABLE 3

1982

ALAMEDA FACILITY

DENVER, COLORADO .

HETA 82-137
Substance ISample Time  Unit of" Location 1’ Ldééiiun 2 + \oeakion §  Lecarton &
' -Measure Bus Storage. Bus Storage Repair Repair
Bay'A & B Bay D & E ~ East Side. West Side
gy B I of Bay H of Bay H
cyclohexane solubles 4:50a—11:50a mg/cu m 0.03 0.02 0.16 n 0.16
total particulates (TWA)* 4:50a-11:50a mg/cu m 0.12 0.23" 0,22« ¢ 6;29
total particulates 4:50a-7:30a_ mg/cu m 0.18 0.28 0.32 0;24
total particulates 7:30a-11:50a mg/cu m 0.08 0.19 0.16 0.31
aldehydes* 4:50a-7:30a ppm . <0.03 _:520.03 0,02 <0.03
aldehydes 7:30a-11:50a ppm <0.03 .1 <0'02 <0.02 | <0.02
nitrogen dioxide 4:50a-7:30a ppm 0.16 6.16 0.85 1.01
nitrogen dioxide | 7:30a-11:50a ppm <0.05 0.10 0.43 . 0.58
nitric oxide 4:50a-7:30a ppm 0.33 - 0.57 le.93 3.99
nitric oxide 7:30a-11:50a ppm 0.08 0.49 be 1,79 2.28
sulfur dioxide | 4:50a-7:30a ' ' ppm NDt . ND | *ND ND
sulfur dioxide 7:30a-11:50a ppm :' ND o ND - ND e
carbon monoxide ' 4:50a-7:30a . ppﬁ 1 " 6 21. 21 :
carbon monoxide 1 ?'3ﬂa 11:50a ppm 2 >3 4 5

* TWA - Time Heighted Average

** Aldehydes - include acetaTdehyde, ‘butyraldehyde, formaldehyde, and propionaldehyde
t+ Not Detectable - less than 0.05 nnm

-

Location 5
Running
Repair
Bay G

0.04
0.27
0.36

0,22

~ <0.03 "

<0.02
0.48
0.43
1.55
0.57
ND
ND -
38
5
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Substance

carbon monoxide

carbon monoxide -

P s

TABLE 4 .

DIESEL EXHAUST COMPONENTS
GENERAL AREA AIR CONCENTRATIONS

March 25, 1982
ALAMEDA FACILITY

DENVER, COLORADO
- “HETA 82-137

4 ~ Sample Time

5:00a - 6:25a

F é:ESa - 10:45a

Tl

- REGIONAL TRANSPORTATION DISTRICT

Location
F - G Bay

Next to Gas Buses

19 ppm

—

170 ppm -

R



- - * ———

. TABLE 5
COMPARISON OF NITROGEN DIOXIDE CONCENTRATIONS
MARCH 23 - 25, 1982

;REGIUNAL TRANSPORTATION DISTRICT
DENVER, COLORADO

HETA 82-137
‘First -Portion - Second Portion
Area o " ‘ of Shift i of Shift
East Metro Facility ' - : k-
Bus Storage °* 1.06 ppm 0.23 ppm . . =
Platte Facility. .

Bus .Storage . 1.29 ppm 0.48 ppm
Alameda Facility . .
Bus Storage. - o 0.16 ppm 0.07 ppm
Alameda Facility . ;:fﬁjgf. y .

Diesel Repair B 1.01 ppm 7 0.58 ppm

END OF DOCUMENT
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