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PREFACE 
. . 

The Hazard Evaluations and Technical Assistance Branch of· NIOSH conducts fiel~ 
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 Mealt~~Act of 1970, .29 U.S.C • .669(a)(6 ) which 
authorizes , the .·secretary of ff~alth and -Human Services, fo11owing a written 
reaue·st from any emp.loyer or· author.ized ".'epresentativ~ of employees, to 
determine whether a('ly subst~nce normally found in the place of empl~yment has 
potentially toxic ~ffects.'.in such concentrations as ·used or· found. ·r · · ·. .· · .. . 

r / , , , 

The Haza,:d ·Eyaluations and Technical ~ssis.t-ance Branch also provides, upon . 
r-eaue$t,'-medical, nursing·, and_Jndustrial hygiene technical .~d-censultative· 
assistance (TA) to Federal, state, and local agencies; labor·;·· industry ·and-' 
other groups .or indiyiduals to contra1 occupationa1 hea 1th hazards and .to 
prev.ent related trauma and disease.. 

·-~:­

/ 

Mention of company names or products does not constitute _endorsement by the 
National Institute for Occupational Safety and Health. 

.·-~~;"{ .· ..... . 



HETA 82-137-1264 .NIOSH INVESTIGATOR: 
February 1983 , .- . Arvin G. Apol 
Regional Tra~sportation District 
Denver, Colorado 

I. SUMMARY 

I~ February· 1982, the National Institute for Occupational Safety and 
Health (NIOSH) received..a request to evaluate possible health hazards 
assoc.iated with·' exposure to diesel engine exhaust emissions' in three bus 

. ·repair ·shops operated,·by the Regional Transportation District (RTD} fn 
: Denver, Colorado. · : .. - . . 

. On ·March .22-25,- .i982, A NIOSH industrial hygienist collected air-~amples . 
. :at the. three facilities to determine workers 0 exposure to substances . 

p~esent :in the diesel exhaust! Aldehyde c·oncentrations .(acetal-dehyde, . 
btityraldehyde, fonnald~hyde and oropionaldehyde) were _aJl -less than 0.03 
ppm and sulfur dioxide concentrations were less than-..e-.os ppm. Carbo~, 
monoxide· concentrations in the diesel bus storage and maintenance areas 
ranged froni 3-21 -ppm•. At the Alameda facil.ity the carbon monoxide· 
concentration i.n the gas bus storage area during the peak morning
djspatcry ·per.iod, was 170 ppm; however, only -the drivers were in the area 
quring ,this period and they were there for less than 15 minutes. : Total- · 
particola·te time weighted average concentrations rang~d from .0-.12 to 
0.55 ~g/cu .m. During the peak morning per.iod tota·l particulate levels ,· 
ranged , from o.1s · to 0.81 mg/cum. '"Th!Pcyclohexane 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 du'ring the p~a~ morning' 
·.period ·and fro!" 0.08. to 2.28 during the period when appro.,<'imately half 
of the .morning-buses returned to the shop. 

The nitrogen dioxide concentr.ations ·ranged from 0.16 to 1.81-., ppm· d~ring · 
the -dispatch period and from·0.05 to a.so during the time the morning 
run buses ~ere returned. Six of the 15 three-hour samples collected in 
the three facilities during the morning dispatch period exceeded :the 
NIOSH reco~mended criteria of 1 ppm for any 15 minute period. They 
range<f ·from··LOl to 1.81 with a mean of 1.21 ppm. Driver~ and other 
workers may spend 15 minutes or more in these areas. 

. . 

On the basis .of the data collected in this evaluation, NIOSH.has 
detennined that the bus drivers in the East Metro and Platte facilftfes 
and diesel repair mechanics at the Alameda facility of RTD, Denver, 
Colorado, are exposed to nitrogen dioxi~e in excess of NIOSH ·reco111nended 
criteria. Reconnnendations to improve the -ventilation systems and work 
oractices to ·reduce such exposure are listed . in Section IX of this 
report. · 

KEYWORDS: SIC 4172 (Terminal & Service Facilities for Motor-Vehicle 
·pas~enger ·tr~nsportation} Diesel Exhaust, Nitrogen Dioxide,. Carbon 
Dioxide, Sulfur Dioxide, Particulates, CycJohexane Solubles 
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... 
II. INTRODUCTION ' 

In February 1982, NIOSH received a Health Hazard Evaluation· request from 
the Amalgamated Transit Union, Local 1001. This request was to _ · 
determine the diesel engine exhaust conce~trations present in tnr~~ of 
the Regional 0 Transportation District's (Rm} bus ·facflities located in 
Denver, ColQrado . The initial and environmental surveys were conducted 
on March 22-25, 1982. 

., 

I I I . BACKGROUND -
. : 

This request involved ·the three Rm bus maintenance and stora·ge . 
f~cilitie·s.. The s~me basic ·functions of bus storage, .running .repair~ · 
-repair maintenance, servicing, and inspections are conducted ~t all . 
three faciJities. Each facility is · dtfferent in design and construction . 

.and·/ therefore, will be giscussed separately. . . ;:.. ­
.. ....,,,......_ 

A. _East -Metro :Faci 1ity 
,, 

__. The Ea.st Metro facility was completed in the fall of 1980. It has 
_ · 340,000 sq ft under one roof. Figure 1 is a fl oo.r p1an of the 

_.- . faci_l i ty. Entrance of the buses into the facility is through: one 
·door a·nd the single exit is on the opposite side of the buiiding. 
All movement of the buses to the various maintenance stations is 
don·e i ri the bu i 1ding. ····.r;:.-~ ,- · 

The general .ventilation system in the bus storage are~ js design~d 
·.. · to .supol_y 1~8,000. cubic feet per 111inute (cfm) on the east side- of 

the ·area and to exhaust it from the west side. In addition, there 
ate .five exhaust ducts located seven feet above the floor in ·the 

· '1us· storage area. These are timer activated and are set to be _. -­
turned on i:iuring peak bus traffic periods. A flow of 117 ,000 .cfm · 
of air i_s supplied to the repair area and 105,000 cfm to-the -· 
service area. There are beehive-sty1e supply air drops located 
through9ut 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 operate-ct but were· · 
n9t connec~ed to the tailpipe exhaust system. 

. . 
On the day of sampling, 170 buses were dispatched -in the niorning. 
About, half of them returned after the morning run. A few buses 
left before 5:00 AM. By 6:00 AM activity was hea_vy, and the air in 
the building was .hazy. By 7: 30 most of the buses had 1eft. 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 n·oon) there was constant bus 
activity in the repair and inspection area.- On this day the-_·· 
outdoor temperature at 5:00 AM was 28°F. 
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The mechanics and other servi ~e 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, perfonn the required checks and wait for the bu~ to 
warm up• .When returning the bus, the time spe!Jt i n the bus storage 

·area will usuall.Y be 1ess than 15 minutes. . 
There are app~nximat~ly 100 workers in the repair and mai~tenance 

. portion of the. facility. They include mechanics, bus washers, 
· .sto_reroorn clerks, .laborers, and ·supervisors. These workers are 

'dfvi ded over· three shifts~ 

B. , ~·latte _..Facility· ( 

The Plat4e Facility covers 2~9,00(f sq ft and is compo~ed of several 
adjoining buil~ings-·0 The bus storage area is sepa_rat~ fi'"mrt the 
repair.:- and i:nspectiori areas. Figure 2 is a floor ·pfa·n of the , 
facility., tntrance. of the buses into the bus storage area is _. 
tnrough a· single door. Each bus storage lane has its own overhead 
door exit. Buses mQved to repair, inspection, wash, etc., are 

,.:~ved._out of the storage building and to. the appropriate_are~·.: 

The ventilation sys~em in the bus storage area consists of 1-2 sets .. 
. . of supply air and exhaust uni ts~-d~ibuted throughout the ar.-ea. 
· Each 's~t is controll ed ._by a separate s·ensor so that when the . 
exhaust builds up in ·an area that system is activated . · The exhaus/t 
unit ~onsists of a ceiling fan which is a short distance .-from the 
supp1y 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 

· ' brpu,ght into the ~rea at· several ·points 8-10 feet above the' floor.-·. 
. .. 

There are-...approximately 210 bu·ses di.spatched each morning ·and «i"bout 
half of them return after the morning run. On the day of sampling, 
a fe~ buses. had left by 4:30 AM. From 5:00 AM to 6:30 AM was the· 
peaR trafff~ perioq, and by 7:00 AM most of the buses ha!f 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 
B:oo· AM and by 10.: 00 AM mo·st 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 Qus 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 respectiv~ area. The bus driver will spe~d up 
to 15 minutes in the bus storage area in the mor.ning when_th~Y 
start the bus·, perfonn the required checks and wait for the bus to 
wann ·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 insoection shops operate three shifts a -· day.- There 
are about 75 mechanics, inspection persons and bus washers who work 
in these areas. · 

C. Alameda Facility ....~.....­

The Alameda Facility i's smaller than the other two. Figure 3 is a 
flo.or plan of' the .f~ility. I.t is a series of adjoining .~ong 
narrow .buildings c>r' ,.b.ays. Bays A & B and D & E are the die-sel bus 

: storage areas. Each bay :has fi.ve lanes that hold six buses ea.ch. 
Each lane has an overhead door for entrance and also one for exit 
on the _opppsit~ side. When one or more doors are _open on .boj:h- · ·. 

' -.sides,, there is a general air movement through the bay. Each bay 
has a .~eiJi_ng exhaust fan tryat is :manually operated.·. ,... 

1 
,• .. __.._.. 

Bay F is the gas en-gi ne repair and the gas bus stor..acfe area. There 
is a tailpipe exhaust system for the repair area and ceiling fan 
that .is Qperated by, a sensor. · 

. . 
Bay G contains the diesel and gas running repair•. There are three 

,:_manua·lly controlled local exhaust hoods above three of the . fpu:r 'bus 
' lanes and a ceiling fan that is controlled by a sensor. 

Bay ·~(a) .is a storage area for ._ca-rs-<1r.id trucks; There is a -ceiling 
fan that is sensor operated. Bay H(b) is the diesel engine repai~ 
and maintenance. There is no exhaust ventilation, either local , 
tailpipe exn_aust o_r 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 ha~ ·1eft and about half of t~e diesel 
buses~ By 7: 00 AM a11 the buses had 1eft. When· the buses·.wer~ ·· .. 
leaving, .. one or more exit do.ors were open and one or more.. entr.ance 
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 ~ -s storage 
area was not very hazy or smolcy this day. The outside temperatur-e-· 
at 5:00 AM was 24°F. 

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 inrnediately .. 
in the bui l ding. . · 

There are approximately 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· rs -­
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 retur.ning the bus, the time spent in the bus storage area will 
usually be less than 15 minutes. · 

http:for._ca-rs-<1r.id
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IV. EV ..~LUATION:. DESIGN 

The envi ronmenta1 survey was conducted. on March 23-25 ,. 1982 • . One ..day of 
sampling was conducted at each of the three facilities . involved. The 

· measurements fqr diesel exhaust components were made in the genera:f·· 
·areas where the employees ~<>r.ked ~ Diesel exhaust is composed of a large
mixture .of c·omp~und_s. Some a·re present in measurable quantities white · 
others a.re not.· As of _ttie present time there is no single measurement 
that ,can be made that is ··indicativ.e of the diesel exhaust concentration 
piesent.· The ·<1ie·sel exhaus.t components that were .sampled are listed 
below under Evaluati.,on· Methods. Area samples were selected due to the 
var,iety of jobs performed; th·e length ~f time spent in an ·area va~ied ·. 
from employee to employee; and on many ·of the .buses the e~haust pipe . 
termi,nates ·at· the top of the bus .not at the breathing ·zone 1evel • .- · 
~ocations were sele~ted qt each facility that covered the fol+owing 
basic areas: bu~ storage; inspection; running repair; and-maintenante. 

, V. EVALUATION 	 MEt.HOOS · 

. Listed be.low· are the sampling and analytical methods used in this 

eval'uation·: . 


Collection NIOSH Analytical ,. 

---Substance · · Method ·::·r:.FT~w Rate Method (1)

Al detlydes 	 XAD-2 Resin coated with 50 cc/min ... P&CAM .354 / 
tJ-Benz.vl ethano1amine 

Carbon 	 Long Term Detector Tubes . 20 cc/min 
Monoxide ._.., - ·.

Cyclohexane S.i 1ver membrane pl us 1..5 1pm P&CAM 217 

Solubles Glass Fiber Filters 


Nitrogen ·. TEA .coated molecular 50 cc/min P-&CAM S-320 
Dioxide Sieve Tubes 

~. 
Nitric Oxide 	 TEA ·coated molecular 50 cc/min P&CAM S-321 

Sieve Tubes 

Sulfur Long Term Detector Tubes 20 cc/min 

Di ox·; de 


Total PVC Filters 1.5 1pm.. 

Particulates 


VI. EVALUATION 	 CRITERIA 

The environmental criteria for exposure to toxic substances used in this 

evaluation are based on the following: 1. NIOSH Criteria Documents, 

RecoT1111ended Standards .for Occupational Exposures; 2. Threshold Limit 

Values(TLV) of the American Conference of Governmental Indust~ial 

Hygienists (ACGIH); 3. U.S. Department of Labor, OSHA, Standards. 


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


NIOSH (or ACGIH) 
RecollJllended OSHA 

Criteria Standards 


Substance 10 Hr TWA* 8 Hr TWA 
 Health Effects{2,3,4) 

A1dehyctes 

Acetaldehyde 100 pp11vfACGIH) 200 ppm Eye, nose ·i throat 
i rri tati on. 

Butyra1dehyde · ---- Eye and skin . 

irritation · r 


. ' 

Fo.rma1,dehyde Lowest feasible . 3: ppm Conjunctivitis-, eye

level (NJOSH) 5 PPP ceiling i rri ta,;ti Gflr upper 
respfratory irrita­
tion, skin sensi­
tization and 
dermatitis; 
Suspected carci_noqen 

. 
Propionaldehy9e Eye and skin..~ 

·· frritation 

Carbon· 35 ppm ( NIOSH) 50 ppm Headache, nausea, 
Monoxide ;200 ppm ceiling weakness,. dizziness, 

confusion 

Cyclohexane . · 0.2 mg/cum 0.2 mg/cum Diesel exhaust*· may
Solubles (ACGIH) contain some poly~
(Particulat~ polycyclic nuclear aromatic 
aromati.c hydrocarbons) hydrocarbons wh1ch 

have a cancer · 
causing potential 

Nitrogen i ppm ·ceiling 5 ppm Respiratory i rri ta-·. 
Dioxide ti on, delayed

pulmonary e~ema, 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, throa_t, so.ugh

Total · 10 mg/cum 15 mg/cum Re<luced visibility, 
Particulates (ACGIH) . unpleasant aepqsi ts 

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. 

·

6 
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VII. RESULTS ANO DISCUSSION 

1. East Metro Facility 

The' resul-~s of the collected afr samples are ·shown in Table t /ind 
·the sample locations i.n Figure 1. There were ·five· samole 
locations, thr.ee in bus storage area, ·one near the inspection lanes 
and ·bus ex·it and QA1fin the maintenance area. The aldehydes, which 
,were analyzed for acetal dehyde, butyral dehyde, fonnal dehyde and 
·propionaldehyde , were all .' less than the detectable concentration of 
0.03 ppnr. Alde.hydes can ·produce eye- and upper respiratory . . 

.irrita'l;,ion. Althouqh the sample r:esults were all .low on the·,-day .of .. · ... 

sampling, a single diesel bus, not operating properly, can produce 

p sufficient amount of aldehydes over a short periQd to cause--a 

worker in the area to. experience irritation of the ey~ ~ 

respir~tory ,tract. The sulfur dioxide samples were- crll less th.an 


·or equal ,~to ·the detectable concentration of 0.05 ppm wh_ich is well 
Mlow- the NIOSH· recommended criterion of 0.5 ppm. The carbon -· 
monoxide· samples ranged from 3 to 10 ppm. The 10 ppm sample was 

: coll~cted over a time period that a gas powered truck was in the. 
; bus ~-torage area. These carbon monoxide concentrations ·are well 
· below tl)e NIOSH recomended criterion of 35 ppm. ·· 

. ' Tota\ particulates i~ the air ~~tlft(p~~ticle;· emitted by the 

· · diesel ' engine and dust from dirt stirred up off the floor by the 


' 	 moving vehi cJ es. Separate samples were col 1 ected duri.ng . the .first 
part :of the morning when all the buses were leaving and during the 
sec.and pa.rt of the morning when a oorti on of the buses were 
retu,rning. In all. cases the concentration during the .first part of 
the shift was higher than the seeond part. This is reflective of-· 
the 'hi-gher activity in the firs·t part of the day· when an the buses 
are leavi-ng. The time weighted average total particulate ·· .' -· 
concentration ranged from 0.15 to 0.55 mg/cum which were all less 
than 6t of the nuisance dust criterion of 10 mg/cum. The 
cyc1ohexane solub.les are that portion of the diesel exhaust that 
can be dissolved ·in cyclohexane. They range from 0.07 to 0.16 
mg/cum. There is no standard for the cyclohexane solunJe factions 
of diesel exhaust. However, ACGIH recommends .an 8-hour allowable 
level of 0.2 mg/cum for particulate polycyclic 'aromatic - . 
hydrocarbons· which ·would be a portion of the cyclohexane solubles. 
All the samples collected were below this level. · 

ijitrogen di~xide and nitric oxide are components of diesel . 
exhaust. The NIOSH recommended allowabl.e exposure to nitrogen 
dioxide is 1 ppm for any 15 minute period and for ni tri e. oxide i.t - -­
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 ous- s~.orage 
a·rea, the ·average of .the three sample locatio~s was 1.06 .,ppm for 
the first oortion 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 facili~y. 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 

­

http:was-1.06
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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 portiori -of the 
shift were 0.43 ppm near the inspection line · and ·0.74 ppm in~the 

. mainten~nce area. In the latter part of the morning, they dropped 
to O. 27 and O. 21 ppm,' ·,respective1y • 

. : 'rhe· nitri~ oxide c~-~centrations varied directly with the ·nitrogen 
:dioxide.· They ranged from 1.14 ppm to 2.62 . ppm during the fir,st 
portion .of .the shift and, from 0.50 to 1.30 ppm during the l~tter 
portion. These concentrations are all less 

0 

than the -criterion- of 
•25 ppm-~ 	 I , 

2'. P.latte Facility 	 . ,."'­

The results:of the air samples collected are shown in Table 2 and 
the sampJe locations in Figure 2. There were five sample 
locations, three in· bus storage area, one in the inspection area 

. and one in the running repair area. The aldehydes, which were 
_; .anaTY,zed for acetal dehyde, butyra1dehyde, formaldehyde and . _ : · 
-· propiona1dehyde, were a11 less than the detectab1e concentr..ati on of 
.o._O~ ppm. Aldehydes can produt-e-~_and upper .. respiratory ·· 
irritation. · Although the sample:"fe·sults were all low on the day of 

. 	 sampl i"ng, a single diesel bus not operating properly can ·produce a 
sufficient amount of aldehydes over a short period to . ~a~se ~ / 
worker in tne area to experience irritation of the eyes ·and 
respi ratorv '.tract. The su1fur dioxide samp1es were all 1ess than · 
or·.equal to the detectable concentration of 0.05 ppm which is ' less 
thari the NIOSH retommended criterion of O. 5 ppm. The carbon · ..,. 
l'lOnoxi de samples ranged from 2 to 16 ppm. The 16 ppm samp·l e \l(as· · 
collected 1n the bus storage -near the vault. These carbon_,mon.oxide 
concentra·tions are below the NIOSH recomended criterion of 35 ppm. 

Total pa.rt:icuJates in the air contain particles emitted-by the 
diesel engines and dust from dirt stirred up off the floor by the · · 
moving vehic;les. Separate samples were collected the fi.Y:"St part of 
the ·morning ,when .all the buses were leaving a~d 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 
hiqher than the second part. This is reflective of the higher · 
activity in the first part of the ·· day when all the b1Ises are 
leaving. The time weighted average total particulate concentration 
ranged from 0.13 to 0.55 mg/cu m which were all le·ss than 6t 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/cum. There is -no 
standard for .cyclohexane solubles factions of diesel _exhaust. . 
However~ ACGIH recommends an 8-hour allowable level of 0.2 mg/cum 
for particulate polycyclic aromatic hydrocarbons which would be ·a 
portfon of the eye1ohexane sol ub1es. A11 the samples co11 ected 
were below this level. 

-­

­
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Ni tro~e·n dioxide an.d nitric o;i de are COJ!lponents of Jii ifs~1 
exhaust. The NIOSH ._rec_ommended allowable exposure to nitrogen. 
dioxide is 1 ppm for ·any 15 minute period and for. nitric ;oxi~e it 
is a· 25 ppm average for a 10 hours workday. .There. was a l ar.g~ . 
difference in the nitrogen dioxide concentration between the :first 

; and second part o_f the. shift. In the bus storage ar~~, the aver~ge 
of 3 sample lqcations was 1.29 ppm for the first portion of the· 
shift when the buse-r·went out and 0.48 ppm over the secomi part of · 

' ,th~ shift when a portion of the buses returned to the facility. 
·Since on~ · 3~hour average ~as 1 ~29 ppm, the NIOSH criterion of l ppm 
for any 15 minute period ·was exceede~. The nitrogen dioxid~ . 

,. concentration ·was probab·ly higher ,when the bus activfty was ·at · its .· ' .. · 
;peak. '. Some drivers could experience a slight eye· and/or , 
respiratory irritation when .wanning up and checking the bus ~fore 
'the day•·s run. : The~,-should not experience a problem,Wh~eturning 
the bu,s at the end of the run. The nitrogen dioxide-- , 
conccentrations during the first portion of the shift ~ere 0.53 ppm 
near the··inspec·tion·: area and 0.58 ·pprn in the running repair area·. 
In the -latter part of the morning, they dropped to 0.32 and 0.16 

... ppm,. ~e·specti ye l y. · 	 · 
.. . 	 . 

· The nitric oxide concentratio·ns varied directly with the nitrogen 

· diox,i de~ They . ranged from 1.7g-- ~o 4.81 ppm during the fjrst 


1 portion o·f the shift ·and from 0.4!rto ·2.2s ppm during the latter 

;' portion • . These concentrations. are all less than the criterion of· 

. 2S p~m. . . 	 / 

' . 

3. 	 Alameda Facility 
. . 

The results of the air samples collected are shown in Tables 3 &..4· · 
and 'the sample locations in Figure 3. There were rive sample -· 
locations., two in the bus storage are~s, one in the running repair 
area and two in the maintenance area. The aldehydes, which were 
analyzed:. fqr acetal dehyde, butyra1 dehyde" fonna l dehyde and 
pro.piona l dehyde, were a11 1ess than the detectab1 e conc~tration Pf. 
0.03 ppm. Aldehydes can produce eye and upper respiratory 
irritation• . Although the sample results · were all low on..the day of 
sampling, a ·singl_e diesel ·bus; not operating properly, can _produce 
a sufficient amount of aldehydes over a short period ·to cause a 
worker· in the area to exper-ience 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 
be 1 ow the tH OSH recomme.nded criterion of O. 5 ppm 

The carbon monoxide samples ranged from 1 to 170 ppm. The bu.s.. -- · ·· · - - ­

storage area ran·ged from 1 - 6 ppm and in ttie repa.ir area from 4 - · 

21 ppm. The carbon monoxide concentrations in these two_2~~as· 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 i11111ediate area except the · 

drivers who were there for 10 to 15 minutes. It is possible that 
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the drivers 0 exposure could , ·:on occasion, exceed the ceilin·g 
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 1ess than the NIOSH criteria of 35 'pl)m. In 
the ·running repair area, bay G, the carbon monoxfde concentr.atf on 

. 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 -concev:tration dropped to 5 ppm. · There is a .,tail.P,ipe 

exhaust system irr ·t .he running repair area for ·three of the -four 


.' 	 ianes . this reduces the .- amount of engine exhaust enterin·g the work 
atmosphere~ The time we.i ghted averijge carbon monoxi de · 
concentration .-in · the running repair area from 4 : 50 to 11: so.·AM was · .'. 

,. 	 . 18 ppm which aiso is less than the criterion of 35· ppm. · t ·· ·· · 

:Total 'par.ticul.ates i_p the a,r contain particles emitted_QL the 
'diesel engine ·and dust from di rt stirred up off the.:.,.f.J oor by the 
moving vehicles . Separate samples were collected the first part of · 
the rnorn_~ng when all the buses were leavi_ng and the second part -of 
.the moi:-ning 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 .fs : · 

.= ·reflective of the higher activity fn the first part of the day when 

. al 1 the· buses are 1eaving. The._ti~ wei_ghted ~verage totar 


part,iculate ·concentration ranged"f4'.'mrt.· o.08' to 0.36 mg/cu m which 

, 	 were all less than 4i of the nuisance dust criteria of 10 mg/cum. 


The cyclohex.ane solub·les are that portion of the diesel exhaust / 

tha~-can be ' disso1ved in cyclohexane. They ranged from .-0.03 · to 

0.16· mg/cu m. There is no standard for ~yclohexane solubles 

factions · of diesel exhaust. However, ACGIH reconnnends an 8-hour 

allowable level of 0.2 mg/cum for particulate polycyclic .~~omati~ 

hydr-o~arbons which would be a portion of the cyclohexane solubles•. 

All the ..samples collected were below thfs level. · .. ; ~­

' · 

Nitrogen dioxide and nitric oxide are components of .diesel 

exhaust.· · .The, NIOSH recommended a 11 owab1 e exposure to n.:i trogen 

dioxide is i '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 fi.rst and second 
oart of the · shift. In the bus storage · area, the average of 2 
sample locations 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 portjon of the buses returned to the facility. These 
concentratjons ar.e well below the 1 ppm criterion for any 15 minute 
period. The nitrogen dioxide concentrations in the diesel repair 
area during the first portion of the shift· were 0.85 and 1.01 -- --
ppmand in the latter part of the morning·, they dropped to 0.4-3 ·and·. 
0~58 ppm, respectively. The NIOSH criteria of 1 ppm for any .15 
minute perio~ 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 
exhau~t concentrations would have been higher than mea~ured. 

I 
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The n:i tri c 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 
portion. These concentrations are all less than ·the criterion of 
25 ppm. " J .: 

VII I. SUMMARY AND CONCLUSION·s 
. 

The· sample results from 
/ 

a.11 three facilities are sul?'lllarized in the 
fa11 o'wi·ng para~ra.ph: 

Aldehyde con.cent~at;fon·s { acet~ 1dehyde, butyra l dehyde, fonna 1dehyde and 
propionaldehyde) were all less than 0.03 ppm and sulfur dioxide ' 
concentrations .were less than 0.05 ppm~ Carbon monoxide concentrations
i.n the diesel ·bus storage,: and ma,ntenance areas· ranged fro~ 3.=.,~ ppm.
At the Alameda faci 1ity the carbon rilonoxi de concentration<fn the gas bus 
storage are-a during the peak morning dispatch period, was 170 ppm; ' 
howeve·r, only·.:the dr.ivers were in the area durjng this period and they 
were there f.o.r les.s than .15 minutes. Total particulate time weighted 
average concentrations ranged from 0.12 to 0.55 mg/cu m.. During the 
peak_· mornirig period total particulate levels ranged from 0.15 to o.s1· 
mg/c·u m. ·'.The cyclohexane soluble portion of these particulates ranged 
from 0.03_to ·0.16 mg/cum. Nitric o.xjde conc~ntrations ranged from 0.33· ,· 
to ··5:.62 ppm du.ring the peak morning pe?fmLand from 0.08 to 2.28 during 
the. period when aoproximately half .of the morning buses returned to the 
shop. · / 

The· nitrogen qioxide concentrations ranged from 0.16 to 1.81 ppm du~ing
the dispatch period and from O. 05 to 0'.80 during the time the morning 
run buses were returned. Six of the 15· three-hour samples coll~cted io 
the three facilities during the morning dispatch period exceedea the · 
NIOSH recomended criteria of 1 ppm for any 15 minute period. ..'they:. 
ranged from 1.'01 to 1.81 with a mean of 1.-21 ppm. Ori vers and other. 
workers may spend 15 minutes or more in· these areas. · · 

Nitrogen dioxide ·exposures were the only diesel exhaust comoonent 
sampled for that exceeded individual substance exposure criteria used in 
this evaluation. · There is no eriterion for diesel exhaust as· a whole. 

·Table 5 is a su11111ary of the nitrogen dioxide concentrations in the three 
bus storage· area~ 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 pennits natural ventilation along with general exhaust ventilation . _-·­
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 lef~ 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 carpon 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, t~e carbon monoxide concentration increases • 
• I 

http:ra~ra.ph
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Only the drfvers are in the area 9t that time. Personal .!=arbqn 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 ~oncentration dow~ .to a 
lower level. 	 · .... ·· 

The separate heal th effects of most contaminants in diesel · exhaust are 
fairly well known. It. ff. possible to establish a criterion for 
si'mul taneous exposures to· substances that have simi 1ar heal th effects 
such·as ·upper respiratory irrftation-, etc. However, there is currently 
no single pennis·sible ·exposure level to diesel exhaust since all -the _. 

·	su9stances present ··do not have the sam~ heal th effects -and the ratio of 
the s·ubstantes present in the exhaust . varies .from one engine to 
anoth.er. · The· variation is a result of ~the variation in the diesel- Juel, . 

maintenance of the engine,· temperature of the engine, etc.;. - ­ · 


• 	 '• .,_,,.r._ 

There -are mani comoonents of diesel exhaust that cause irritation of ~he 
eye, nose; throat an-d respiratory system. Some of these components, 
such as the ·aldehydes, are produced in larger quantities when ' a diesel 
engine is. out of tune. This being the case, it is possi~le for a driver 
or a' mech~-ni.c to experience discomfort over a short period of ttme _in 
one ·portion ·of the bus storage area .when such an engine is in , 
operation.. Changes in the existing v~ation systems or the addition 
of new systems· in these areas could. reduce ·the diesel exhaust 
concentrations. 

! 	
. 

., 

IX. REC.OMMENDATIONS 

A. East Metro FacilitV. 

1.· ·several buses were run in the maintenance repafr area whi 1e not· 
connected. to the tailoipe exhaust sys_tem. 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 regular general ventilation system, there 
are five exhaust systems that terminate in 12 11 open ducts 7 foot 
above the floor. These are timer-activated for peak traffi.c 
periods. There should be 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. PJatte Facility 

1. The automatic sensors that operate the supply and exhaust~ .. .. -.-­
system should be set to be more sensitive. This can probably be 
accomplished by i nc:reasi ng the 1i ght path 1ength in the _sef!~or·~ 

. 	 ­
2. Some s·hort circuiting of the supply air occurs. The .supply ai r 
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 
supplied at the floor level to purge the air at the breathing ·zone 
level. 

-· 

http:anoth.er


Page 13 Health, Hazard Evaluation Report No: 82-137 
llf!.._ -~. 

3. M.ore exhaust fans or collector olenums shoul<i be in·stalied to 
cover a wider area for the exhaust ai r to return as opposed to a 
point r.eturn . 

4. ' Increase the supply and exhaust air vol uriles during .the p~~k 
· period· in ' the morning ..when the buses lea·ve the· facility. 

. . 	 . 

5. · Under -tertain_ou·tside atmospheric conditions (i.e., wind 
.directi'on), reentry···of the exhaust air into the supply air is 
·possi b 1e .: Extending the ·exhaust discharge point above the solar 
panels and ·exh?usting the air vertioally will reduce the potential 
for re~ntry. · 	 · · ~ , · · 

/j. Fresh -air should be supplied to the ·small office.by the v.ault . 
·and the area by the_vault door as employees spend .con.sidei:able time · 
there ,~hen the· buses are returning. ~~ 

7~ In t~e running ~epair area the supply, air is distributed abotit 
8 feet -above ·the floor. This provides for poor air distribution 

.· and _does not effect· the breathing zone level some.-di stance. away. 
: :Supp1,yi..ng the air closer to the floor will aid in purging· the :air 

at 	the ~reathing zone level. _ · 

. ' 	8. The ·1ocal exhaust systems pro~f@d at each bay must be u·sed 

whenever !)uses are run in place. 


/ 

C. 	 · Alameda Faci.lity 

1 • . A local tailpipe exhaust system should be installed for each 
bus bay .in the Bay H(b} diesel repair area. It should incJt.ide 
adaptors for a11 makes and varieties of exhaust pipe discharge. 
ooi_nts (~.g.~ bottom exhaust· and top exhaust}. Supply ai-r.' then has 
to be provided to m~ke 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 
have to· be provided to the diesel repair area. to accomplis~ this. 

3. BaY G - ·rhe exhaust hoods only provide tailpipe exhaust 
ventilation only _to the buses with bus top exhaust. Adaptors need 
to be provided 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 1ocati on toe - -·
bus is too far forward and the tailpipe is at the front edgecif the 
hood. The stops should be moved back 18 inches so the tail pipe
will be. directly under the center of the hood. 

5. The exhaust 
. 	

fumes in Bay G fpr 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. The.re are only three exhaust hoods in Bay G running. repair for 
4 lanes of buses. Each lane should have a tailpipe exhaust system. 

7. The ceiling exhaust fan in Bays A-B and D-E are turne·d on 
manually"and are usually turned on only on Sundays when the b.use.s 

. are 	started prior to the Monday run. These fans should be put on 
timers and run during ·the peak morning startup-warming period. 

--·· 	 , 
. , 8. ,··The roof fans~fry Bays F, G and H are controlled by a ·single 

'sensor ·in . each-bay which .is mounted near the-ceiling. The fan is 
. not acti.vated until the smoke r·eaches the sensor. There shoul'd be 
sever.al sen·sors spaced near the roof and several more at a lower· . 

:; .point so that .when the exhaust builds up in any area of the 5ay the .. ·· · 
exhaus~ fan will be activated. _ 

, , 

9. The automatic sensors that operate the ceiling .f.a:tis snould be 
set to· be mere sensitive. This can probably be accomplished by 
increasing .. the _patn 

. 	
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 fo·r use .when tne­

.' buses are warming up would reduce this carbon monoxide · 
concentration in this area. 

. 	 . ~~~-

... 	 11. 
1

0n Sunday 0 s an employee starts ail the buses that .will be . 
dispatched o~· Monday ·morning. He will spend a considerable amount 
of time in b·us storage area . His exposure to nitrogen ·d-ioxide . 
should be mohitore·d. 
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TABLE 1 	 ~ • 
IDIESEL EXHAUST COMPONENTS -t·,GENERAL AREA AIR CONCENTRATIONS 

\ 

March 23, 1982 

EAST METRO FACILITY . 
REGIONAL TRANSPORTATION DISTRICT 

DENVER; ·COLQRADO .. 
HEJA 82-137 · ··· 

Substance 	 Sample Time Unit of·· Location 1 L~cati on 2 LoGati.()n 3 lo.cation 4 L.p~ation 5 
Measur.e ~ay 29 · Bai i 2 , :: Bay 16 · 	 Near ·exi.t & Maintenance 

Inspection By Hoist 6 
Line 

-~~~~~~-~~~-~~~~~- .----: . 	 . ' . . ..... . . . ': ­

cyclohexane solubles 4:55a-11 :~5~ . mg/cu m 0.16 0.13 0.07 0.07 0 .07 

total particulates .(TWA)* 4:55a-11:55a mg/cum 0.55 0.43' I·, 0 .15 'l:l .31 0.34 

total particulates 4: 55a-8 :OOa mg/cu m 0.81 0.45 0.18 0.47 0.43 

total particulates 8:00a-11 :55a mg/cum 0.34 0.41 0.12 0. 18 0 .27 

al dehydes** 	 4:55a-8:00a ppm <0.03 , .1 ·<0.03 <0.02 <0.03 <O.•o2'·i , . \, 

al dehydes 	 8:00a-11:55a pp~ <0.02 ::ii ·<O .02 <0.02 <0.02 <0 .02 ' 

nitrogen dioxide 4:55a-8:00a ppm 1.33 0.85 1.01 0.43 0 .74 

nitrogen dioxide 8:OOa-11: 55a ppm 0.21 0.16 0.32 0 •.27 0.21 

nitric oxide 	 4:55a-8:00a ppm 5.62 3.34 2.sz 1.14 2.45 

nftrfc oxi<ie 	 8 :OOa-11: 55a ppm 1.30 1.22 }' 0.50 0.90 · 1.14 
1 ,~,. • 

i : i sulfur d1oxide 	 4:55a-8:00a ,, 0.05 .. ND ' · 0.05 ppm ' t,{D f ND I 
 •., 
' 1
I 	sulfur dioxide -, ND ND .8: OOa-11: 55a ppm NDt ND 	 Np 

I f'.... 
I .• ·, 

carbon monoxide 4:55a-8:00a ppm 6 3 5 .. 5 4 
' 

carbon monoxide 8:00a-ll:55a ppm 10· 6 7 4 3 
I

* TWA - Time Wefghtedi Average 
** Aldehydes - include acetaldehyde, ·butyraldehyde, fonnaldehyde, and propfonaldehyde 
t Not Detectable - less than 0.05 'oom 



TABLE 2 ~
' 

DIESEL EXHAUST COMPONENTS 	
GENERAL AREA AIR CONCENTRATIONS 	

I 
-~ 

\ 
March 24, 1982 

PLATTE FACILITY 
REGimfAL TRANSPORTATION DISTRICT 

DENVER," tOLORADO ·· -.. 
~ .......


HETA 82-137 

SuQstance Sample Time 	 Unit of Location i Location 2 ·· Loc~tion 3 
Measure Bus Storage· Bus Stora'ge Bus.· Storage . 

Lane 30-31 ~ane 12-13 _..._ By Vault .·- L ----------·- ·-·- ._________ ..,_......___ 
locatton 4 
Bus I nspet­
tion Area 

LocatJ on 5 
Running 
~!!_""__ 

cyclohexane solubles 4:45a-12:00n mg/cum o.iJ 0 .09 0. 10 0.03 0.06 

total particulates (TWA)* 4:45a-12:00n mg/cum 0. 3l 0.40 . I 0.55 'O. 22 . 0.13

total particulates 4:45a-7:45a mg/cum 0. 47 0.44 0.65 0 .31 0.15 

total particulates 7:45a-12:00n mg/cum 0.23 0 . 38 Q.48 0.16 .0.11 

al dehydes** 4:45a-7:45a ppm <0.02 i '<0 . 03 <0.02 <0.02 <0 : 03 :l · 

aldehydes 7:45a-12:00n ppm <0.02 <0.02 sf. <0 .02 <0.02 <0.02 . 

· nitrogen dioxide 4:45a-7:45a ppm 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 l. 79 


nitric oxide 7:45a-12:00n ppm 1.71 1.46 l . 2.28 ·, . 
! \ ' .. . 

1 •.22 0.49


sulfur dioxide 4:45a-7:4?a ., , :1 ppm 0.05 NDt 	
f.ND 

ND NO
' ppm .... ,.; HDsulfur dioxide 7:45a-12:00n 	 1ND · ND 

I I 	 - , 
I 	

ND 
I (. ,, 

ND 

carbon monoxide 4:45a-7:45a ppm 8 7 14 4 5 


' 
ppm 5 	 , 4 	carbon monoxide 7:45a-12:00n 16 4 2

* TWA - Time Weighted\Average 
** Aldehydes - include acetaldehyde, _butyraldehyde, formaldehyde , and propionaldehyde 
t Not Detectable .:. ·less than O.05 ,ppm 



TABLE 3 ~ 
DIESEL EXHAUST COMPONENTS ·' ~.._. 

·,GENERAL AREA AIR CONCENTRATIONS 
' March 25, 1982 

ALAMEDA FACILITY 
REGIOltAL TRANSPORTATION DISTRICT 

DENVER; COLO.RADO . . 
HETA 82-137 . 

Substance Sample Time Unit of · Location 1 Locatio.n · 2 ·· Location 3 .Location 4 Location 5 
· .Measu.re Bus Stora~e. Bus Stora.ge Rep_air Repai'r, ,. Runnfi,g 

. Bay· A & B Bay D & E East Side. West Side Repafr 
---- ·-- · · _ · --·---- -- · · ------ -- ·---- --- .__ ..._ of Bay H__ · _ ou~ H____ _ Bay G___ 

cyclohexane solubles 4:50a-11:50a .mg/cu m 0.03 0.02 0.16 0.16 0.04 
' 

total particulates (TWA)* 4:50a-11:50a mg/cum 0.12 0.23 . '.· 0. 22 0~·28 0.27 

total particulates 4:50a-7:30a mg/cum 0.18 0.28 0.32 0.24 0.36 

total particulates 7: 30a-11: 50a mg/cum 0.08 0.19 0.16 0.31 0~22 
; : 

al dehydes** 4:50a-7:30a ppm , <0 .03 t ; <0.03 <0.02 <0.03 , . ,.. <0.03 'l 
t·/al dehydes 7:30a-ll:50a ppm <0.03 )_· <0 .02 <0.02 <0.02 <0 .02 . 
. ' 

nitrogen dioxide 4:50a-7:30a ppm 0.16 0.16 0.85 1.01 0.48 

nitrogen dioxide 7:30a-ll:50a ppm <0.05 0.10 0 . 43 0•.58 0.43 

ni tr.1c oxide 4:50a-7:30a ppm 0.33 0.57 2.93 3·.99 1.55 
i .

nitric oxide 7:30a-ll:50a ppm 0.08 0.49 r\. .1.79 2.2!3 ·o.57 

sulfur dioxide. I 4:50a-7:30a · ' ; :I ppm NDt ND NP NDI 

,.; 'NO 

sulfur .dioxide I 7:30a~tl:50a ppm ND 
I 
ND NO - ND I',, ND'I . '· ·. 

carbon monoxide 4:50a-7:30a ppm ., 1 6 21 ., 21 38 
' 

carbon monoxide ' 7:30a-ll:50a ppm 2 . 3 4 5 5I 

I 

TWA - Time We1ghted 1Average* ** Aldehydes - include acetaldehy~e. ·butyraldehyde, fonnaldehyde, and propfonaldehyde 
t Not Detectable - less than O.Ofi nnm 

I 
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TABLE 4 .. 

DIESEL EXHAUST COMPONENTS 
GENERAL AREA AIR CONCENTRATIONS 

~arch 25, 1982 

. ALAMEDA FACILITY 
· REGIONAL TRANSPORTATION DISTRICT 

DENYER, C'oLORAOO 
-·'}!ETA 82-137 

Location 

Substance 
F - G Bay 

Sample Time Next to Gas Buses 
~

I 

. ' 
carbon monoxide· 5:00a - 6·::·25a 170 ppm . ~ _.__ 

carbon monoxide · ., 6:25a - l0:45a 19 ppm. . 

·· ·r~ ...~ ': .. 

.-.- ­



----
. TABLE~ 

COMPARISON OF NITROGEN DIOXIDE CONCENTRATIONS 
MARCH· 23 - 25, 1982 

REGIONAL TRANSPORTATION DISTRICT 
; 

, DENVER, COLORADO 
HETA 82-137 

·First ·POrti On' · Second Portion 
Area of Shift of Shift . ,' 

East Metro Factlity 
Bus Storage L06 pp.m 0.23 ppm . . ;~.-~ .... 

Pl.atte Facility . 
Bus ·.Storage L29 p.pm 0..48 ppm 

Alameda Facili.ty 
Bus Storage ; · 0.16 ppm 0.07 ppm 

.A 1 ameda Faci 1 i.ty -· : .:.-~ :­
Diesel Repair 1.01 ppm 0.58 ppm 

END OF DOCUMENT 
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