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PREFACE · .- . ,._ " 
' • _... • .< ,._ • • .' f . .:- ..,;;_,: 

The Hazard·.Evaluations and Technical Assistance Bran~h of ·NIOSH conductf·tield 
investigati'.on·s of: '·poss·1ble health ." oazards in the workplace. Thes·e · 
investigations are conduc;,teci y~ger the authority of- Section 20{a)(6)/of· the 
Occupati9.~al; Safety·_and Healt~·~ct of _. 1970, 29 u.s.c. 669(a)(6) which·.,· 
authoriz~.$ ,~he·: Secre.tary_of Health -a~d -~uman Services, .following ~' written . 
reQuest, from. a~y ·emp-lpyer qr -authori'zed representative :of emp1oye~s, to: -- .· · 
determine .Jih,ether .4ny sub~tah~e ·nor.ritaJly found ·;n the ,place. o.f ·employme'}t :ti~s .·: 
potentiaJ'.!ly(toxic·1eff~ct~':lri ·such concen~ratjons as--.used or _.fotih.d • ..._::.:;:·::~.._·;;·: ::;,> · 

... .' ~:·. .:: .' r . ·~ : .:· jf~: .=... ·r ! . • ... .. ~: • .• :: •.. ,. .. • ,..~ . . : r . . . ·._ . ·. ~;__;,_..·:,-...- . . 
The:Haz~d -'tvaluatf9ris an(Tech!'l:ical A~sistan~e Branch also prOY/µles,--upon , · : · :•:, · 
request, m~dical •. pursi11g, and -fndustria1 nygiene technical J~or.r~ultative ·. _)_ 
assistance (TA") to· Fe,deral ,. state, and local agencies; · labor; indu~try and ..,'/(. 
ot~er groups·.or ·· :indi'vidua1s· to. 'contra1 occupationa1 ,h'ea1th hazards and to. .-.~.:-: · · ~ 
prevent r_ela,t~d<. , tra~i'ma . • • and. . disease.. • . · · • • :;·-.:~"' • -­
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 Molly J. Coye. 

. 
H.o•• H.P..H. 
 

... . ..~ -~ 
TRANSIT DlSTRICT 
 
SANTA.CR~Z, .CALIFORNIA 
 

I . SUMMARY 

Qn· July 3, 1981 the National Institute for Occupa.tionat Safety,·and:· ;·; 
,Health' (.NIOSH) received a request for a Health Hazard 'Evaluation froo·· 

·: the veh.icle maintenanc~ supervisor at the Santa Cruz Metropolitan ::,., 
,· ,. '· 	 Transit District (SCMJ:DJ Ope.rations Facilfty. The requestot was 

concerned that empl,eyees (utility sweepers, · cleaners, washers an~ 
.fuelers} may be e~dsed to excessive levels of diesel and gasol'ine .. bus 

. : i • ' exhaust-Jurries while- servicing the buses._ Several employees have· ., 
! · · 

.l 
' complatned 

• . , 
of dfzziness, 

• • , 
tieadach~s. 
•• • • 

and 
• • 

nausea
• 	 
•.· · . · 

; 

1 . On A~gusf 19~io; 	 1981 env1r.onmental ana medical surveys..w!te cond~~d.: :. .;· . .. . 
··i·· ; ' at the SCH~ ·operations .facility du.ri-ng dies.el and ga_so11n~ bus· r;- · :· ...... 

servJcing. Environmental air, sampfes (perlonal and area). were . _ · 
: I coH ected during di e~e1 servjcing for carbon monoxide (CO), , carbon ,.,
1 dioxide (C02.l'J . sul fef dioxide (S02), nitrogen dioxide_ (NOvf; ·:...:..:.­

formaldehyde ·and ·t~tal particulate (soot). Measurement~re-made 
-· · cllring ,~ngine start-up and -while t~e engines were idling. CQ levels 
• 1 ranged,-from 2:-8· pp111\ which fs well below the N-IOSH reco11111ended criteria :: ·

of JS ·ppm. CO2 levels were below the limit ~f detection (0 . 1 · 
percent). ~02 levels were nondetectable except for two. measurements 

·· ~hi~h peaked at 0-I ppm. The NIOSH recormiended criter-ia for N02- -is 1 :. · 
.·, · pp1n.~·- No sulfur d1ox1dl! .was detected. Total particulate·concentratjons 

ranged from 0.03-1.12 mg/m3 _which 1s beJow the ";' ·..;;... · 
 
Calf fornf a-Occupat12nal Safety_a~~~l!ll--Ad1111nist_r.atfon (CAL-OSHA). ,, . 
 
sµndard of lO. mg/n,J ·for nuisan.ce :fflti - "Fffteen ·air· samples for - / 
 

for.nialdehyde were collected for sampling periods ranging from 45 . 
 
: : minutes to 3· hours. f'our of the formaldehyde samples ranged from .0.5 r 

PP!II to 1.4 ppm. ,:his dfd not exceed the CAL-OSHA standard ,of. 2 ppm;. . ., 
however. :NlPSH recomnends that formaldehyde be controlled to the lowest 

. -feasfb.le Hmtt. CO levels were measured durfng gasoline bus start~up . 
· and whtle idling•. Peak CO levels reached 500 ppm and decended · to 5 ,ppm 
ifter about' 10 ·seconds. None of these levels exceeded the NIOSH:, ·' _..:-~· 

. · ,r'eCO'!ftnded crf ter1a of 35 ppm time wef ghted average.· · . · :i. ~- ,:i---:::
. .. . " ' · 	 • . • . . • -·. t i ~·. .. · 

A. questionnaire was administered to determine relevant past medical ··. 
history. sy111>toms of .headache, eye, nose, throat and/or lung · , · 1 · 

frrftati-on. and the temporal pattern of symptoms. Carboxyhemoglobin 
, tevels ·we·re estimated by sampling of expired air for carbon @Mxide _ . 
content before and after shifts. The reported symptoms were.:cons1stent · . · 
wfth exposure to diesel fume exposure, and to a lesser extent .~1th · · 
gasoline .exhaust exposure; ·the symptoms were not explained by smoking 
habits. and were· associated wfth hot, stagnant ai.r con~ftions._i.rt.. the · · 
work area. , None of the workers dell!()nstrate·d .a si gnt ff cant change in 
carboxyhemoglobin levels pre- to post-shift; in some cases these .. 
results were obscured by cigare.tte smoke inhalation prior to the tests. 

. 	 ' 

Based on . the environmental air samples collected during the dates of 
the survey. overexposure to ·CO, CO2, SOz, N02. total particulate .. .. ...-. --.-~fd not exist. However; sfgnfficant short .term exposures to · . . · ..::::-:· _

formaldehyde were measured depending on workers job task, the time of_· 
the shift and the mechanical conditfon of the bus. The symptoms .::-_-­
reported and/or experienced by the workers are generally cons:f.s.-"Y'en"t 
wfth formaldehyde exposure and diesel fume exposure. Recommendations 
are included in the body of the report to help reduce diesel exhaust 
fume exposure. 

KEYWORDS: SIC 4172 (Maintenance and Service Facilities for Motor . . 
Vehicle Passenger Transportation). diesel and gasoline fume, carbon 
monoxide, carbon dioxide, nitrogen dioxide. sulfur dioxide . total 
particulate (soot) formaldehyde. 

­

­

­
­­­

http:con~ftions._i.rt
http:feasfb.le
http:0.03-1.12
http:con~ftions._i.rt
http:feasfb.le
http:0.03-1.12


r 	 , 

--
-- ..: ;. 

-
. 	 4 	 ~ 

:.. 
Page 2 - Health H'.a°zard Evaluation Determination Report HETA 81-388 .. 

.. 
II. _____ INTRODucr.1ON. 	 ,. . ;: 

.
·
..:...,·f 	 ,, ' 

On 	 Joly ·3, .1961 a request for a health hazard evaluation was submttted 
to 	 NIOSH by the vehicle !l)a-iotenance supervisor for the Santa Cruz 

.	Metropo11 tan Transi't D!s.tr.i ct (SCMTD). The supervisor was concerned 
tha·t ;employees·.i uti 11 ty· sweeper;s, c1e_aners , washers and fue1ersl" may be 
exposed 'to car.ban mono~ide and: carbon dio~ide (components of diesel, 'and 
gasoline exhaus~ fumes) when the buses ar.e serviced. Several employees 
had.'complair,ed of di-zziness, . headaches a_nd nausea. .. · - . ·, -. · . , .

I 	 ' ' ;I 	 . , . • 

• • • • • .t • • . 	 

NIO~~ cond~cted 
' . ·! : . . 

Oa A~gust 19~20, 1981 an environmental and .~edi~l 
study at SCMTD. En~ironrriental a,r samples. were collec~e~~.f.D~veral 
components _of 'gasbline and diesel exhaust engines which--triclude: 
carbon ·monoxi 14e {CO"), ca~bon dioxide (CO2), ni~rogen dioxi~e -(N02) , ' 
su1fur• di oxi t;te (S02) , formal dehyde and tota1 parti cu1ate (soot) • 
NIOSH( was requested to present their pre1i !Iii nary findings at the Santa 
Cruz.-·t.ity ·eoard of-Supervisors meeting the following day. . . : 
Envfr.onmen-ial air sampling results which were not immediately avatlable 
were .telephoned to· ttie supervisor ~~~ _later. date. 

. . . 	 ~ . . ·. -:-··...:.;.:.-,~~
. 

..~ :.:· .. 
. . ' . 	 ,. . . . ~- =r~.!';..~·- . .... . . . 

I 11. BACKGROUND , . 
/ 

NIOSH was. requested to conduct a health hazard evaluation b.a~e-d· on 
.. 	 wo'rkers complaints and ·repor'ted symptoms from exposure to exhaust 

fumes • . A California-Occupational Safety and Health Administration · 
(CAL-OSHA) consulatant.. previously (Ap~il, 1981) .conducted an ., · , __ 
~nviron~ntal surv~y of the vehicle maintenance facility. Personal .. ~-·. 
breathing zone_air samples were collected for several components·, .· : 
(carbon monoxide, carbon dioxide, nitroge~·dfoxide, sulfur dfoxide ··and 
formaldehyde). of gasoline and diesel exhaust; however, none of the · 

. contami~ants. · excee~ed 
. . 

the CAL-OSHA permissible exposure limit,. 	 

Work Process · 

-Fourteen people,'employed by the SCMTD, work an 8-~our day five days 
per week ·in -the vehicle maintenance facility. Nine of the ·14 employees 
work the evening 

.

-	 · ---. 

I. 

­

­
­

­

..
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. , . • . · . f . • /'. 

shift whfch·· i.s staggered and begins at 7 p.m., 8p~in., .·and lOp.m. -;/ 
Approximately ,65 buses (54 diesel, 6 gasoline, and 5 propane} are: serviced 
nigtttly. Buses are moved ftom tne adjacent parking area to either sfde of the 
fuel pump island to' be fueled, check and service engine fluids/ swept and · 

. washed on alternate ev.enfngs• . Eng.ines are shut off during servicing which· 
ta~es 15~20 minutes. propane buses. are serviced from 7 p.m.-8. p.m.~ diesel 
btrse'S are ser\iiced f.r.om 8 p.m~:-4: JO··a.m. and gasoline buses are servic.ed from 
4: 3p ~.m. to· 6 a.m.•:/. The rema·f nder of the ·shift . is spent ci eanin.~-,up_ "t~e ~f.ea. 

··t· .;·. /: . . :~ · l . -,/· . _ • •:. Sp. •• ,' ­ : · =. ...... ­

T~·e f1,.1e1 .island .previously had a ..roof.;',·-ttowever it has ·been temporarily removed 
~ca~se worke,rs tho.~ght ~~ bus exhaust. fume co11 ected un.djr the- roof · :.·. 
especially on hot : stagnant days. .-.7-· ~ ... _.,.._ 

. . 

IV. •HAZARD ·, EVALUATION·..DESIGN
• 

.. · ' Evaluation ~riteria and Health Effects 
.·:. . 

/ ,: · Occupatfona1 exposure ~_riterfa have been de.~e1opecr"-i .:eva1ua.te· 
. . ·worker's exposure .to .chemi<;al.

asse.~1:;·:tne
._substances; Two sources of ..": 

.: · .. criteria were used to ··work·rOom concentrations: (i) 
NIOSH Criteria for a Recommended Standard and a Current<:· · 
Intelligence Bulletin, and (2) California Occu·p.ational Safety and 
Health Administration (CAL-OSHA) Standards. These ·values. . ...... 
r~p~esent·concentrations to which it is believed that ~early all 
workers may be exposed .for .an. 8-hour day, 40-hour work~:week · 
throughout° a working 11f~ti me without experienc·; ng.-.adverse-·heal th 
.effects. · . · 1 , .:: ··· ·" · · · .. •, . .:• .i .._...,..~}';_,. . 

.! 

. ... . .. - . 
-.;::._ ' ~ ' -
... .... .. ··---·-

··...: ~-~ :: -­ ... . 

·:·.. 

. .... ­

. . r 

­
., 

... .. ... -:-­-.-.. ..~..
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. 
TABLE A J.,·_,,: 

_,,_.:.,..... 

Substance · i · . . 	 Time Wef.ghted Average (TWA) Ceiling-Value 

ca·rbon Monoxi de-.(~IOSH) . -:.-::-;)5 ppm 	 20.0' ppm
Carbon Monoxide-

'
:
. 
(CAL~. 'OSHA·) . · ,.' 50 PPJII 	 400 -ppm,. . 

Carbon Dioxide .. (NIOSH) . ,; ..IO,000 ppm 	 30,000 ppm . (10 mi~)
Carbon Dioxide .teAl·-osHA ),: . ·/ · · 5,000 ·ppm . . 	 .,

. . ~ \ ,' 	 ·. r.. / ... 

Nitrogen Dioxide (JHOSH 1:: ·. ·. · • '.!

-~ .. 1 pJi_m (15 min)
Niro.gen Dioxide (OAL-OSHA) · _·;/ 5 ppm ' . ;;.- npm :_. 

-';r.-· -~ 
·.. . 

Sulfur Dioxide (tHOS~) .-· .· ' .0.5 ppml>
Sul fur Di:oxi de (CALt.QSHA) ·.~.. ._ 5.0 ppm 

.. 
Formaldehyde (NiOSH) ... Lowest Feasible limit 
Formaldehyde (CAL'~QSHAr. / 	 2.ppm 

·- -·Total Particulate.,, (NIOSHf . .• . 
mg/m3c'7"."::~;:~~-~~ :Total Partfculat~· (CAL-OSHA) 	 .10 .,i 

i · I' 

l • 	 ,. /

(a) TWA ·_ ·NIOSH exposure .i~ 
0 

based on a work day up ·to 10 hours long, whereas CA~-OSHA 
Standard . is based· . on an 8-hour 

: ·. work . day. . ··, · 

ppm·. - Parts 
' t 

of 
• 

a
• 

· 
. . 

vapor 
.. • • 

or 
• 	 

gas per million _parts 
.. 

of contaminated 
• 

air by 
~., 

.v9lyme. 
._, • ·.,:~-.-::.-. 

(b) 
. . \°'· 	 . . . ·,. .·· . 

(c) mg/m3 - Milligrams of a substance per cubic meter .of air. 

-·· -... 

1. Envf ro.nmer)tal · · 
. . 

Environmental a.fr samples ·were collected for carbon ·monoxi"de," carbon 
dfoxfde, nitrogen dioxide, sulfur dioxide and formaldehyde using Drager 
gas detector tubes. 

Five ai~ samples (personal and area) were collected for total 
particulates using a MSA vacuum pump operating at 1.5 liters per minute,
and a two 	 piece, 37-mfllfmeter, closed face -cassette and fflter -C-M-5).-..:..-~-=-·· 
The filters were subsequently analyzed fn the laboratory by· gravimetric
method. 	 - --~ ~ -· 

~ 		 Fifteen personal air samples .were collected for formaldehyde using a 
specially impregnated charcoal tube (chromosorb 102) which was connected 
to a vacuum pump operating at 50 cubic centimeters per minute. The 
chromosorb tubes were subsequently analyzed in the laboratory accordi.ng
to NIOSH 	 . . . . 	 . 

­

­
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Physical 
-	

and Chemical Analytical Method wi
• 

,· .
. i' . .• . 

' 	 
3t8 th minor vartations. 

.....;·-;... 

,. '· 
A· direct r~adi ng---.CO· analyzer (ECOLYZER) wa·s used during' servicing 
.of gasoline buse~-·to determine peak CO exposures when ·the buses 

· ,. . .	were dfh:en up . to the .fuel is-land._· Also .a direct r~adfng NCl2 
EcolY,,ter-was,. used to measure· N02 levels during servicing of th~ 
diesel ous~s··. · Afr s~~ples were_, randomly ·colle~te~ -during ·~~e: 

., ... ,' shift as b1;1.~es were being star~ed and whi 1e i qli ng~ · r 
·, ' . -	 • .. 	 . . l . :.!. . 

Med1c·a1 Monftorin~Design and Methods .. J;... 
.. _ Y . 	 • ~ -- - ~ 

··On .-WedtJe$day 
-	 I . 	

and Thursday, August and 20, 
.; _,.;_ 

informal 
• 

· 
. 

19 1981, ;° 

· interv'.iews ~ere -,conduc.ted and a questionnaire completed by eleven 
nigh~·:shi~t·workers in the administrative offices and mai ntenance ·. 

i' areas. Questions· were ask~d regarding history or recent symptoms 
.:; · 	 of: headache, eye,- nose, throat, and/or lung 1rritatiQn~; ·Workers 

also were ~·sked about,-what c9ncerns they had related to.: <tJisel 
and gaso1ine fumes and smok~-;-:::.4.Jtr-1ef..ques.ti.onnaire was-:- . 
a~mini.stered both ·for frritatfve:.-=:and ·central nervous system 
symptoms and as par~. of. the carboxyhemoglobfn breat~: test. 

I' 

Carbon m~oxide -wa~ monitored throughout the .survey\,{th a " 
portable ~frect-reading CO analyzer. Breath samples were taken 

·by· hav·i ng the workers b1ow an fnha1atfon he1d for 20 seconds, f nto 
a sample bag, whfch was then evacuated into a carboximeter -' .. -· 

·ecolyzer. The CO concentration of the samples was determin~d ·on. · 
the ·-car.boxfmeter, and the amount .of co in the samp1e w~s ' -....· 
converted to percent COHb in the workers' blood. Both pre- .and 
post~sojft levels were taken, and smokers were asked not to . smoke 
,for the ~-1~st· (four) hours before coming to work and !?~fore coriti ng
off shift. Workers were a1so asked. not to drink any-~a1coho11c-· ·· 
·beverages :for four hours ·before the shift because alcohol 
·1nterfer~s with the Ecolyzer analysis. 

··· ·· ·-·- ·- ..... 

...----

\, 

­

­

http:ng---.CO
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c. Toxicological Effects · 

Gasoline Exhaust 

'· ' : There .are many .,C'ompon~rits in gasoline exhaust•. ·Carbon ·Mono~i de 
t (CO).'is · the .main component: of concern as a potential health 

:· 
.'; haza.rd . when -it. is in 'high concent.rations. 

, . . ,· .: 

,. 
.-;·.: •,I \ / ,' , • ,.• • • f ! /_r / , . , • •i•i r I • :- .•.. ' .' • 

·. Th~. signs. and symptoms of car~on mtjnoxide. poisonin·g may includ~ , 
~eadache;.nause~; vomiiing, dfzziness, drowsiness, andJcolJ!P_se. 
In the bloodstream cafbon monoxide rapidly binds to tqa:-=--­

, oxygen~arry-jrig molecule hemoglobin , forming 11 carboxylrnmo.globin1
~ , ., 

(C9Mb}_.. Wften c~rbon. monoxide binds with he~oglobin to .form COHb, . .. 
·. it _.· reduce.s.. the .oxygen-carrying capacity of the blood. The more · -

COHb is :formed , . the 1J10re significant the symptoms. ~eart disease 
ilrdy 
.'are·

be:·.made worse in workers who have coronary heart disease .an.d> ·exposed to carbon 111QnQXi de concentrations high enough to .· .~· 
.· produc.e a·coHb .level greater · than-.si._.. :-There is also' evidenc-e- .·_./' 
. :that :~xposure to . lower ·carbon mon~concentrations, producing
,'COHb levels at or slightly below si~ may affect the nervous . 
: system and causes changes in visual alertness, response· time, and · / 
·.- .fine _judgement_.(2} . . . . . . ,.···. ·· · . r 

Non.;.smokirig, non-exposed persons hav~ an average COHb level of, . · 
11. ·cigarette· smokers usual ly have an average COHb level of,2 to _. 
 
101.···~on-smokers exposed to 50 ppm of CO for six to eight 11~urs_.--~· · 
 
have COHb.- 1,evel s of 8 to 101. Symptoms such as headache an~ , -'..·.· · 
 
nausea may be seen above 151, but usually not at lower levels. ·· . 
 
At 251, there may be electrocardiographic evidence of heart · ' 
 
. effects, and: 40$ usually results in collapse. _
. . 

... 
 
The current C~L-OSHA standard for carbon monoxide is 50 ppm. 
 
Exposure at ·~hi s level for 90 minutes may cause-chest pai n for 
 
persons with angina {chest pain related to heart di seas.e}.; . . 
 
exposure for 2 hours may make leg cramps worse 
 

. •., . -:.18>~-~·­
.t.--_ 

. ' 
 

­

­

­

­
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f~r· p.e'rsons who have leg cramping associated with va~fular:;'<: 
:' di.seas,e. The effects of carbon monoxide exposure, includfng the 
more-common sympt~m~ of ·headache, dizziness, and nausea, are made 
worse by h~avy 1.a.bor and a high temperature in the' work' area. (1) . --·· . . 	 _.,. 	 , , 

: : , . ; In 197e, after. considering ~11 of these factors, NIOSH. 
, · recoimiended an.exposure.. limit of 35 ppm for an 8..;hour 

tirne;.wei.ght,ed
. ' 

· average;. 	 _and a ceiling limit of . 200 . ppm• .Thjs-, . : · 
) 
:.. 

-:1 . 	 · · rec.onme-ndati on is based on the,:toncentration n.ecessary ·_tQ-- p-roduce· ·· · 
· a COHb .level of not more than ·~,. The recommendation does -not 

. ,
,. consider 

• 
the 

• . 	
· smoking

smokers 
y 

haMts of'workers since the COHb-1.eYels
ha~ ··generfally been in :the 4 to 5i range·;.. 

. J;.· in
~t411ay run as 

· higti as ·in> _to 15i in heavy smokers. Therefore;-smokers who ,' 
, already have-a blood level of 5i, and are then exposed in a w9rk 

• 	 place·with-an average concentration of 35 ppm will have a total 
COHb :of about lQt• .(2,5} 

... ; . .-. 	 ·:. CAL-OSHA standard: 50 .ppm. NIOSH recomrnen9ation:
. . . . 

: 
, . 

. 3.5 . :ppm• 
. 	 :. . 	 ,"" ... 

Diesel Exhaust - ·· · 	 ,, . 
. . . . . . . . ··. ._;~ -:. ..·~:.-;·· · - . 	 i 

· ··D'f esel exhaust contai"ns several·thousand different chemicals and 
materi a1s, ·not a1l ·of which have been analyzed. AJe~ of. thes~ 
cpemicals .are most likely to cause immediate irritation· to people

breathe them while working.. who .. . . 	 . 

short Term Effects 	 ., 
•. •:. • . 	 } •. .~=· .~ :=:, .. 

(ll · formaldehyde and other aldehydes: -'. ' ·> 
\ Formaldehyde is best known for its use by embalmers and 
.morticians to preserve dead bodies and tissues. · It has a 

· .	iharp odor which .can be srne11 ed at very 1ow 1ev~1s (1 ess 
than 1 ppm) . At 1eve1s between 1--5 ppm, forma1:dehyde. matc:es 
the eyes water and sting. At 20 ppm, . many people notfce 
stinging or prfcklfng 

. 	
i n the throat ~nd. nose. 

. 
Low levels 

.... 	 ···-·· . 

. - . 

­

­

­



C _._ 

::'Ill,- ­

! .. ... ., 
Page 8 - Health Haz~rd Evaluation Determination Report HETA 81- 388 

o.·3 to 2.7 ppm - have also been found to disturb sle·ep an(l 
. to. be irritating to some people {3) {4) . . · · {' .- .,._. 

, ·Formaldehyde has caused .nasal cancer in .anjmal testing aS:,: 
·• reported by the Chemi ca1 Industry Institute of ·To~i co1ogy·~ 

Formaldehyde ha~.;al so been shown to be a mutagen .{cau~e 
.· gene~ic chang~J".t in several test systems~ , 

Basedian thes~ 'finds; . NIOSH' recommends that formaldehyde be 
handle_d· in_,.: ~h·e workp.1ace ·as a p~tential occupati~nal .- · . 
car~ir:,og~~ and occupational e~posures ,be controlled to·.tn~ : · _; · "!" . :. \ lowest feasible limit. . / ,· ."· ( ·' .. . 

.!i~' .. . . 

Other 
· I • •. ; 

a14ehyde 
• 

- -~such ~s acrolein 
-

- also cause
. 

_~itn"fon 
; 

to- the ~ose, throat, eyes and lungs at even 1.Q~~- -lmls of 
air oo~centrati ons. 

:: ··cAL-OSHA --standard: 2 ppm. 
_;_.. NIOSH recommendation: lowest feasible limit• 

.. 
;l2) · ,Ni,trogen dioxide (N02) 

. ~02 is ·well known as the gas:~h ~kes ~mog i>ver large. .
. 

. • 
· : 

.·,ci,ties like. Los Angeles turn =yellow or yellow brown. T-his 
 i 

. ' 
I . 

gas also causes irritation of the nose , throat. and lungs · r 
 

at low levels (5 ·ppm). It may cause persistent cough .and / 
. !phlegm, ~(!Tlucou.s) at these levels. At higher levels ,: 50 ppm · 

. · ·qr mor~, N02 will cause serious swelling in the lungs, 
. ,and· in some cases permanent lu~g ·damage. (4,8) • I 

CAL-OSHA .standard: 5 ppm•. . : __, ..
. .. 

NIOSH recommendation: 1 ppm (15 min) -···

(3) Car~on 
\

monoxide (CO) 
\ . 

' . Refer -·~o gaso1fne exhaust 

.(4) , 
: 

Soot 
. . 

{Total particulate). 

Diesel engines produce 30 - 50 times as inuch· smoke-· :-· · 
particulates as gasoline engines. This smo~e is easily 
breathed in and becomes trapped fn the lungs. There ft 
.causes cough·'and phlegm. (4) 
 

· CAL-OSHA standard: 10 mg/m3 
 

--- · . ... - - ... 

­



\, •. . 

C .~ 	 / 

: 
.. .. .. 

. ........ 
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(5) Sulfur dio·xide (S02) 
i' -- _/:,· 

· ·S02 causes symptoms of irritation similar to those--taused 
· ' by N02 and formaldehydes. (1) 

·· CAL-DSHA standard: 5 ppm. · . . 
·' NI_0St{. recorrmendation: 0.5 ppm• 

. ,· 
Longi·Term Effects 

,· 
~. ·,;.:_ , . 

·.,. 
'· . ... : . .. . .. . .. 

' (l,l Polycyclic aromatic hydr-ocarbons' (PAH'sl: - these ·-are -· -· · / .:·: · 
'.-. .. .organic chemicals founcLin very small q·uantities i'n dfesel 

. / · •: · . fumes. Se~eral o,f these chemtcal s are kno·wn· to ca~·se ·1 

· cancer i~;taboratory animals. Whether .<>'~~t~y· cause 
c;,ancer- in humans fs not clear at this ti-Ille)- but it is -- a 

.-; 
,I 

strong possfblity 
• . 	 

that cannot be 
• 

ignored.(4) 
• · .. 

· ... .. 

(2f Smoke 	 pa~iicles (soot): ·Just iike cigarette smoke,' these ·. 
... , 	 particles settle fn the lung. Diesel soot is .la~gely _.made 

( ' up of carbon black particles. Although the long _~rm
effects of breathfng·.:.djesel smoke are not known~_ft is -. 

. ' 
; 

· . known that workers in_".~_t,b~=e_a-rbi>n.. black in.dustry s~ffer from 
emphysema, chronic brone~ftfs, and a lung disease similar 
to. . coal miner's lung (pneumoconiosis).(5) · · /

. ~ 

! : 

. 1~: addition, diesel soot particles have be~n ~hown. to: ·have 
 
... ' PAH's on their surface, and ft has been suggested .that soot 
 

partf cles c·arry these ~u·spected carcinogens deep irito·.!~~ 
 
' , .. . 1ungs. . 	 1 

1 _;;;.-;.. :::.' 
• • 	 ,. • • ·•;;i." 

(3) <·· N02 and Sb2 and fo~ma1detiy_de: . years of exposurJ \o>·: 
these irritants may cause or speed up the development· of 

\ . ... · . .. ·.upper respiratory ·illnesses or chronic bronchitis~. · 
·E'orinaldehyde has been reported to cause nasal:.::cancer ·1n
experimental animals. (7 ,8,9) ...: .· .:_·:; · 

. . 	 . . .· 

\ 
1. 

­



~.. ... 
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·v. .f 

RESULTS AND -OISCUSSION ·- ·.;·.., 
•J<;..· 

Envi roninenta1.· 
} . 

No .ca'lbon l'![onoxide, s·~1 fur::-~~:~·xi de·, ni rogen dioxide or forma1dehy'de. was 
dete¢ted:~>I) · the appropriate,. CO1orimetri C detector tubes during di.es·e1 , 
start-up and while i.dlir:ig~ Carbon dioxide was detected at · . , 
concen~r~_ti ans 6e.l 6w .the ·1owest .·limit of detection . {O.1 per::ceAt) . , . 

. 'I ; / ' . //. ·. . . . I·~ ,· . : J ,( ,.,,._ • .' ~ ... • ( ' • • ••• •• 

Carbop ~noxide· 1~vels were also ·mea~ured: during bus {diesel and 
. gaso'line·) start..:.u·p anq..;while j dl ing'. Peak CO concentrations .measw:ed 
: during diesel engine op·erat-i'on at random intervals in the- eveni-ng­

ranged ·form 2~g pp~. ~ Peak CO levels measured for all gasoffne buses 
,during en.gine staft-up _and..while idling ranged from 5-500 ppm •.. Carbon 

· monoxide. Jevels :hormally peaked at 500 ppm during start-up and 
descende'd to 5:ppm during i:d~ e• 

. ; . 

Nitrogen .'diokide levels .measured during diesel engine start-up arid -::_.-.· . 
while.- i_dlfng indicate9 several peak· con·centra-tions of 0.1 ppm. 

I • , • 
~~--~: ~::~:;--~.. . 


No sul,fur ·dfoxf de levels were detected. 

/ 

Five .environmental air samples were collected for total particulate · 
/ 

(Tabl~ 1). ' The atr :iample concentrations ranged from 0.03 - 1.2 
mg/m3 whic_h· Js be·low the CAL-OSHA standard _of 10 mg/m3. 

. ., .. 

Fifteen per.sonal air .samples were collected for formaldehyde (Tabl'e·. . _..-..:r­
11). - Four sainpl,es measured concentrations .which ranged from 0.4-l.S .. .· 
ppm. These· concentrations are below the CAL..QSHA standard of 2 ppm; ·: . 
however, NIOSH .recomnends that formal dehdye be contra11 ed to the lowest 
feasible Hmit. ·Although no specific bus numbers could be linke<t with . 
the -formaldehyde exposure, the workers indicated that some of the buses 
ran rougher, produced more smoke and stronger diesel odors than others. . . I 

. ·---=- .. . .

­

­

­

http:Ha~�a.rd
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. .. . -.-..... 

. . . . . . . .. . - ' . 

It is ·not clear that removing the roof from the ·fue-1 island has·--<-­
s_igni'ficantJy improved the previously existing· exhaust fume pr(iblem 
s·fnce most -of the compl~fnts . were associated with periodic hot- stagnant , 
climatic conditj6ns • .,..f'iJ.rthermore, most of the -buses have exhaust 
:systems whi ch discharge on .top of the bus well .away from the .~orkers 

: :·brea~hing ~~ne -and 9utside .the per..imeter of t~e roof line. . . ,. . .. , . 	 

:<· · . 
.,· 

. 
. 

·' ; • p 	 ! •• • 

- . 

':, ~:~ical / .. , . 1 ./· ·.. 
. 

• 

. _...·, . ·:\_(>> _/.;:·. 
·. 	 Vehicle ·.service operators .reported· 9ecasional symptoms. of eye, ·nose, 

throat and. ·lung ,i_rrita_;jon wMch are consistent with :tbp~e -Mported in : 
tile medical liieratur.e/ for diesel fume exposure in part41:u:tar. and, to a.: 
,lesser eitenti with gasoline exhaust exposure. Presence of these , ., 
sy~to'!'s wa·s rep~rteq ·to be associated with, hot, stagnant air · 
condi t1 ons·'. in the work . area. • 

'(.~ble .ni .below shows· the number of workers reporting .sympt9ms . . : .. · 
associ~ted with workplace ·exposures, among the eleven: workers--:.~." 
.surveyed •.. Six of the eleven. wor~~~.:.. ~~- smokers, .. and' as a group. were...._.. 
·respon~ible ·for 33i of the total -~s···repor-te·d. · No marked · f 

dfffere~ce in pattern between smokers and non-snX>kers was-found for 
...iype of symptOll!S reported. · 	 · /

/" 

' . 

·carbo~hemo9.l()_bin (COHb) levels were measured pre- and post~shfft_for 
10 workers...(see Table IV). None of the.workers demonstrated a . ·, · 
sf gnf ficant change ht COHb, fndicattng· that the workers had not been -· 
exposed to CO in excessive concentrations during this shift iaverage 

· shift differential 
.... ' 	 

was a decrease. in COHb of l.45t). . -: . -' ·. 
\ 

>· · 

. :;_--__-...-­
. 	 -· . 

­

­
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VI. 	 
• • - ~ 		 .....,I'.• ...
CONCLUSIONS 

t ' · No ove-rexposures· to c~rbon mc;uioxide, carbon dioxide~ ·nitroge~·dioxide, 
 
sulfur dioxide or ·to.tal P~!.:ticulates were measured; ·however, there were 
 
si gntficant exposures to- f~rmal dehyde vapors. VeMcl e service · .. 
 
operators :report~t1 symptoms of ·eye, · nose, throat and 1ung i rri ta.ti on . 
 
which are consi~terit wjth those ·reported in ·the medical literature for 
 
formald~hyde a~d die.~el ·fume exposure. T~ese symptoms are not ·: ,- .· .· ;··... . 
 

expl:airyed by ,smoking_:habits, and they ar1·.reported to b~.-·aggravated- oy :· _.,· .. .

. hot stagnant ·;a·i r~,· , · · 

. ,; 	 . f • . . . ..-:~; - ~ I. 	 ...• . --.._. .,.
·1 , . 

VII. . · RECOMMENDATIONS ,:. . ··..~		 ·,.....__
..._..,...:.. 

.' .~ -~ I 

1. 	 Af\ educati ona1 program should be deve1oped -to inform workers 
about the··hazardous materials present in their workplace, 
-~·pecifi~ally diesel fumes and gasoHne vapors. · 

•• : • • 	 • ' • .! .
2. 	 .' Buses--'. which are serviced with fuel should continue to be· turf!e'd · 

·.·j~ff• .' : i ·.. . . ,.. . . -=:-{:~~!::i:-. /

_:·,
I 	 

3. 	 suses· 
• 

wtfich 
• 

appear 
• 

.. . . ~· 
to be 

• 

running 
• 

rough 
• ._- .._ 

should be reported to the 
: ·supervisor so .that these buses can be checked by the vehic,le . / 

· ·· service department. · 
/ 

. 	 . . . . 

·4. 	 The· fuel -hland roof design should be open at the ends to allow ·, 
good· air movement during hot stagnant days. . 'i ' ... ~.. 

. . •: . -	 1 ~ ' ..... ~-­

' \ 

. ~ ....

./ 

-__.. 
. 

­

­

­
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_.. TABLE I 
;.-"ENVIRONMENTAL AIR SAMPLES. ... . . COLLECTED .FOR TOTAL PARTICUL~TE . i . 

. . 	 · i - SANTA. CRUZ METROPOLITAN TRANSIT. DISTRICT 
. . .,>:· . . SAKTA-CRUZ, CALiFORNIA. 

• r • ,,., 
, . . .AUGUST 19-20., 1981 : 	 ·. 'r, . ·· '! . .' . 	 _.,: •: 

/ . . ' 	 / . ' . .. . · 
, .. 	 ' . / . 

. Sample Sa!l)p)~~-. :;- Concentration 
Location Volume (Liters) Per-i-Od ·· (mg/m ), · 

.' ·I 
. ; .. 

Fuel 'Island, on· top d( paper . 
towel tray / · 705 1915-0305 0.06 

Fuel Island;·:;on t~p ~.of unleaded 	 . .,• '. ·• 

,fuel pu~- · · ·· ·:_ 705 2015.:.0305 0.0.3 
.-~-.) ~3~~-: . 

Personal, vehicl~; service operator . 2030-0007 
 
.'. 0053-0315. , 
 
; 

. /' 

Personal, vehicle:· servic.e :operator 	 600 2030-03io .. .. .·. -1. 2 

Personal, vehicle '-service oper~tor 	 450 2210-0310 ',' 0.33 
! "l 
 

"} . .: "::.:~1.,:;:. 
 

? t 

' . ,: . 
\ 

. . 
1. mg/m~ ~ mf 		 lligrams·,·of- a substance per cubic meter of air by vo1~·. 

.. _·~,;_ :..: ___.. 
·:_=.-: 



:. 

... 

.,-_ 
-:..-~ ..-. - , 
 

: I • 
 
. . . _.~· TABLE . II 
' 

·/. · ENVIRONMENTAL AIR ·SAMPLES 	 . , . t>• • .• • 
i 	 . ' .. _...: .. . "t· _.·. 	 ,.- .·: · COLLECTED FOR FORMALDEHYDE ., ( 

'.: . SANTA CRUZ METROPOLITAtf.:TRANSIT DISTRICT .. 
I • • - • SANTA CRUZ, CAiIFORNIA 

": _(, .,AUGUST 19-20, 1981 . _.:;/ . ,......__
..• __...r..:_ . 

... , 
:,., .. Sample Sample Concentrati on ' Location · Vo1ume( Liters) Period (ppm) 

Vehicle Servi_2e:Opef.ator(A) 2.4 1915-2005 · ·. ~~N.D.2 
_':' N.O. . · ..· -t: ·:~--~-~-.:::~~~-: ·..:·_ 	 ... ~~~~-	:~~~b -. N.D. 

8.3 . ,~--- 2330-0205 N.D. · 
3.6 	 0210-0315 N.o; / 

/ 

. ' 

Vehicle Service Operato~(B~: 2.6 	 2025-2116 N.D. 
5.2 	 2117-2300 .N.D• 
8.3 	 2305-0200 . ·, ·o~s _. 

. ... . 3.7 	 0205-0320 -;· N.D·~- . 
. :. ...: . - . 

Vehicle Service Operator·(c) 	 2.5 2030-2115 1.4 
5.9 2115-2305 0.8 

. ~ .. . 3.0 2305-0010 N.D •
-.... 
 ~ 


Vehicle Service Operator(D)_ 3.2 2208-2315 N.D. 
8.8 . 	 2315-0210 0.4 
3.6 	 0210-0325 N.D • 

. 
1. ppm - Parts of a vapor or gas per million parts of cpntaminated air by volume• 

. .•:= -_:•.::· .-. · · 2. N.D. None detected 

­
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. ., ., . TABLE III . 
. -SYMPTOMS :-REPORTED TO BE ASSOCIATED WITH 

. ,WORKP(ACE EX~OSURES. i . 
. .• MAINTENANCE: WORKE8S 

i .. . - . . 

'ti ·· / . No. of Workers Report_ing . smokers R_e·p,or.ti og
Symptom.~ . ' N=ll'· : . N=6 

' . . .. . . .~ 0 

.: ., ..i_­eye. i rritafion ; 5 . - -;r--··.· 

fr'equent cough 2 -- . ­

na4sea . ,; .. 4 2 

runny, itchy' nose .·· 4 1 

headache ! 5 2 

dizziness : · 6 .2.. 

fatigue ; .':. 3 ·· L >>· 
chest pain i :.... . 1._...­

·" .·chest tightness r ~:~·;~::;~=- .. .... -·· 
~· 

/
phlegm prbduction .­

decrease~ appetite 1 
 

' .,r ·~::::;-. 
. . 

'• ", -· ;, ... 

-... 

_._...._.::_··· 
•--: - . 

­

­

­

­
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1· 

.... . >.'· 

...,.J_~.: 

} . ·· TABLE IV
GARBOXYHEMOGLOBIN LEVELS( %) 

~ ~I. • • -M~INTENANCE .WORKERS
• I • 

' . 
' 

Worker Number . 

1 
; . , . 2 

.. 3 
4 

. 5 

l : . 
, 

.:.• . 
· l . . "' 

. : , 
\ / .•

. 

·! ..

· ·smoker . Pre-shift 
,, . . 

No ' 2.3­
No,~ ..··•. 3.3 

Ye'~ 2.5 
Yes NA* 
.No NA 

Post-shi'ft: .· 
· . ( 

1.7 . .. .
; :, 3-.4-- ­

. . ·~·':2:1·~ ---....:._ . . 

,. . 
... .. . 

6.1 ..6 Yes 6.1 
7 Yes 3.3 
8 Yes NA 

, < 

9 Yes .. 10.2 7.9 ::;_.". 
10 Yes .·:-:-:~~~~~~1p.,.~-.· .. . 4.7: .,,· 

Average shi,ft ·df fferential =-1.45%. COHb .,. 
11NA 11 * 3 of the .tests. were. invalid tests. H sted as • . ·. .. 

/

..:.-. .. -- ~­

' ·. 

. ·~- . 

__ ·-. ·. ..-- :...-­
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