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. The Hazard Evaiuat1ons and Technical Assistance Branch of NIOSH conduct$’f1e1d
*y  investigations of ‘possible health hazards in the workplace. These
" investigations are conducted umder 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 Hedlth and Human Services, following a‘written
request from any empioyer or “authorizéd representative of employees, to: - _
determine,nhether .any- suhstahce normaIly found “in the place of. employmeqt has P
potentialﬂy tox1c éffects in such concentratjéns as- used or found. RS et
e, ez CHL e
The: Hazard Evaluat1ons and Technzca! A551stance Branch also prov;deSa-npon e
request, medical, nursing, and-fndustrial nygiene technical andPcon¥ultative - -
assistance (TA) to Federal, state, and local agencies; labor; Tindustry and _;;3;
other groups ,6r" 1ndiv1duals to. contro1 occupational hea]th hazards and to.. e

prevent related trauma and d1sease.

'‘Mention of company names or products does not constitute endorsemeﬂt“by the
National Institute for Occupational Safety and Health.
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SUMMARY

On July 3, 1981 the National Institute for 0ccupational Safety»and" e;
.Health (NIOSH) received a request for a Health Hazard Evaluation from:

* the vehicle maintenance supervisor at the Santa Cruz Metropolitan -~

Transit District (SCMTD) Operations Faciiity. The requestor was
concerned that employees (utility sweepers, cleaners, washérs and

fuelers) may be expased to excessive levels of diesel and gaso]ﬂne ‘bus
: exhaust fumes while-servicing the buses. Several employees have
‘complatned of dizziness. headaches and_nausea.- ;

#

Oon Rugust 19- 20 1981 environmental and medical surveys. were conducted ,
at the SCMTD: operations facility during diesel and gasoline bus- TRt
servicing. ‘Environmental air samples (personal and area) were :

 collected during diesel servicing for carbon monoxide (CO),acagggn e-

dioxide (C0);. sulfur dicxide (SO2), nitrogen dioxide (NO2Yy
formaldehyde ‘and ‘total particulate (soot). Measurements were- made

" during.engine start-up and while the engines were idling. CO levels “-

ranged -from 2-8 ppmiwhich 1s well below the NIOSH recommended criteria
of 35 ppm. (€02 levels were below the 1imit of detection (0.1 :
percent). uog levels were nondetectable except for two. measurements
which peaked at O-I ppm. The NIOSH recommended criteria for NOp. is 1-:
ppm.: * No sulfur dioxide uas detected. Total particulate concentratjens
ranged from 0.03-1.12 mg/m3 which is below the

california-Occupa mgnai Safety and- Heal&h—hdministration {CAL-OSHR)
standard of 10 mg/m® for nuisance-dusts — Fifteen air samples for -
formaldehyde were collected for sampling periods ranging from 45 ;
minutes to 3 hours. Four of the formaldehyde samples ranged from.0. 5
ppm to 1.4 ppm. This did not exceed the CAL-OSHA standard of 2 ppm,.
however, NIDSH recommends that formaldehyde be controlled to the lowest

. feasible 1imit. CO levels were measured during gasoline bus start-up.
" and while id1ing.. Peak CO levels reached 500 ppm and decended to 5 :ppm

!

_ after about 10 seconds. None of these levels exceeded the NIOSH> ~ .=
recommended criterfa of 35 ppm time weighted average. : 3. e

A questionnaire was administered to determine relevant past medical 7i

history, symptoms of headache, eye, nose, throat and/or lung .
{rritation, and the temporal pattern of symptoms. Carboxyhemoglohin

‘Jevels were estimated by sampling of expired air for carbon monoxide i
content before and after shifts. The reported symptoms were. consistent

with exposure to diesel fume exposure, and to a Tesser extent with
gasoline exhaust exposure; -the symptoms were not explained by smoking
habits, and were associated with hot, stagnant air conditions._in.the -
work area., None of the workers demonstrated.a significant change in
carboxyhemoglobin levels pre- to post-shift; in some cases these -
results were obscured by cigarette smoke fnhalation prior to the tests.

Based on'the environmental air samples collected during the dates of
the survey, overexposure to-CO, COz, SOz, NOp, total particulate

did not exist. However; significant short term exposures to - . -- —
formaldehyde were measured depending on workers job task, the time of -
the shift and the mechanical condition of the bus. The symptoms
reported and/or experienced by the workers are generally consistent
with 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 (Mafntenance and Service Facilities for Motor .
Vehicle Passenger Transportation), diese' and gasoline fume, carbon
monoxide, carbon dioxide, nitrogen dioxide, sulfur dioxide, total
particulate (soot) formaldehyde.
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I1.

INTRODUCTION

On JuIy 3 1981 a request for a hea1th hazard evaluet1on was subm1tted
to NIOSH hy the vehicle maintenance supervisor for the Santa Cruz

a;

.Metropolitan Transit District (SCMTD). The supervisor was concerned
* that ;employees: {utility sweepers, cleaners, washers and fuelers) may be

exposed to carbon monoxide and: carbon dioxide (components of diesel and
gasoline exhaust fumés) when the buses are serviced. Several empToyees
had.complained of dizz1ness, headaches and nausea. ‘,; L

'
-1

On’ August 19-20 1981 NIOSH conducted an environmental and medical

"' study at SCMTD. Environmenta1 air samples. were collected: fbteseveral

I11.

components of ‘gasbline and diesel exhaust engines which-irclude:

carbon monoxide (CO), carbon dioxide (CO2), nitrogen dioxide (NO2),

sulfur’ dioxide (SO2), formaldehyde and total particulate (soot).

NIOSH: was requested to present their preliminary findings at the Santa
CruzCity Board of Supervisors meeting the following day. o
Environmental. air sampling results which were not 1mmed1ate1y ava{Iable -
were telephoned to the superv1sor atha Tater date. ” .

——
_-._ .,.-.q.
—__..____._-

e -.1-'-' S

BACKGRUUHD

NIOSH was. requested to conduct a health hazard evaluation based on ¢

. workers complaints and-reported symptoms from exposure to exhaust
fumes. .A California-Occupational Safety and Health Administration

(CAL-0SHA) consulatant previously (April, 1981).conducted an _
environmental survey of the vehicle maintenance facility. Persdna1 L=
breathing zone air samples were collected for several components.
(carbon monoxide, carbon dioxide, nitrogen-dioxide, sulfur dioxide -and
formaldehyde) of gasoline and diesel exhaust; however, none of. the -

.contaminants exceeded the CAL OSHA permissible exposure limit.

Hork Process

-”Fourteen peop1e, emp1qyed by the SCMTD, work an 8-hour day five days

per week in the vehicle maintenance fhciTity. Nine of the 14 employees
work the evening .



Page 3 - Health Hazard Evaluation Determination Report HETA"81-388
shift which is staggered and begins at 7 p.m., 8p.m., and 10p.m. =%
Approximately 65 buses (54 diesel, 6 gasoline, and 5 propane) areIserviced
nightly. Buses are moved from the adjacent parking area to either side of the

fuel pump island to be fueled, check and service engine fluids;” swept and -

. washed on alternate euenings._ Engines are shut off during serv1cing which

takes 15-20 ‘minutes. Propane buses are serviced from 7 p.m.-8 p.m., diesel
buses are serviced from 8 p.mi-4:30-a.m. and gasoline buses are serviced from
4: 30 a m. to 6 a. m.,.The remainder of the shift is spent cieaning up. the area.

The fuel island previously had a roof; however it has’ been temporarily removed
because workers thought the bus exhaust fume collected under the- roof ]

especia]]y on hot stagnant days. ;,ZEV s

Iv. -HAZARD EVALUATION DESIGN

AL ;’Eva]uat1on Criteria and Health Effects

4 a_Occupational exposure criteria have been deveIOped tﬁ eva1uate

- worker's exposure to chemical substances. Two sources of . .-

. .criteria were used to assessthe workroom concentrations: (1)

* NIOSH Criteria for a Recommended Standard and a Current:
Intelligence Bulletin, and (2) California Occupational Saféty and
Health Administration (CAL-OSHA) Standards. These values . -
represent ‘concentrations to which it is believed that nearly a11
workers may be exposed for an 8-hour day, 40-hour work week
throughout a working lifetime without exper1enc1ng.adverse—heaith

o & effects.

_.'s
.
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_ TABLE A | o
Substance '57_: l:ﬂj' Time Heighted Average (TWA) 5 Cei1ing:%a1ue

Carbon Monox1de (NIOSH) . . ; - 35 ppm o 200 ppm
Carbon Monox1de (CAL OSHA) .50 ppm o i p 400- ppm
Carbon Dioxide (NIOSH) - 10,000 ppn | 30,000 ppa (10 min)
Carbon Dioxide QCAL OSHA)f 3 ‘{' 5,000 ppm g : PR A A
Nitrogen D1ox1de (NIOSH): p - : : ’ o1 ppm (15 min)
Nirogen Dioxide (CAL- OSHA) 7 "5 ppm _ _ ‘S‘ppm :
Sulfur Dioxide (NIOSH) ~ .- * 0.5 ppmb B '
Sulfur Dioxide (CALLOSHA] * 5.0 ppm
Formaldehyde (NIOSH) . > Lowest Feasible limit I S
Formaldehyde (CAL—OSHA) . 2 ppm . 2ppm” B
Total Particulat&;(NIOSH), e -?};ﬁ?zééf_;)“ A2 -, )
Total Particulaté (CAL-0SHA) - 10 mg/mdc == -

o

(a)

(b)
(c)

THA - HIOSH exposure is based on a work day up to 10 hours long, whereas CAL OSHA
Standard is based on an 8-hour work day. ey | ,

2 ==

ppm- - Parts of a vapor or gas per million parts of contaminated air by volume. e

mg/m3 - H1111grams of a substance per cubic meter of air.

B. Materials and Methods : =

1.

Environmeotal -

Environmental air samp1es'were collected for caobon'ﬁoooxfde, carbon
dioxide, nitrogen dioxide, sulfur dioxide and forma]dehyde using Drager
gas detector tubes. _

Five air samples (persona1 and area) were collected for total
particulates using a MSA vacuum pump operating at 1.5 liters per m1nute,
and a two piece, 37-millimeter, closed face cassette and filter_(M-5).-
The filters were subsequently analyzed in the laboratory by gravimetric

method. i

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 according
to NIOSH
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" symptoms and as part of the carboxyhemoglobin breath test.

fhysieé} and Chemical Analytical Method 318 with minor varjations.

A dfrect readingfcn ana?yzer (ECOLYZER) was used during’ servicing

. .of gasoline busés-to determine peak CO exposures when the buses
i+ were driven up. to the fuel island. Also a direct reading NOp

Ecolyzer was.used to measure NOp levels during servicing of the

~ diesel buses. " Air samples were randomly collected during the

shift as buses were beiog star;ed and while 1dling. ]

Medical Monitor1ng-nesign and Methods : J;.-*_.'

~0n Hednesday and Thursday, August 19 and 20, 1981, informal -

interviews were conducted and a questionnaire completed by eleven

' n1ght shift workers in the administrative offices and maintenance"

areas. Questions were asked regarding history or recent symptoms

of ‘headache, eye, nose, throat, and/or lung irritation.: Workers -
also were asked about what concerns they had related to. diesel
and gasoline fumes and smoke*-_A_hrief questionnaire was:
administered both for irritative=and central nervous system

Carbon moﬁoxide .was monitored throughout the.surveyrh{fh a
portable direct-reading CO analyzer. Breath samples were taken

‘by having the workers blow an inhalation held for 20 seconds into

a sample bag, which was then evacuated into a carboximeter © -

."ecolyzer. -The CO concentration of the samples was determioed on -

the-carboximeter, and the amount.of CO in the sample was’ .
converted to percent COHb in the workers' blood. Both pre- and
post-shift levels were taken, and smokers were asked not to smoke

for the-last (four) hours before coming to work and before coming

off shift. Workers were also asked not to drink any-alcoholic ~
beverages: for four hours before the shift because alcohol

'1nterferes with the Ecolyzer analysis. '
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c.

‘are expused to carbon monoxide concentrations high enough to -

- produce a COHb level greater-than.5%. -There is also’ evidence™

" that ‘exposure to lower carbon monox¥de=concentrations, producing
. COHb levels at or slightly below 5%, may affect the nervous

- system and causes changes in visual alertness, response t1me and

 -fine Judgement.(Z)

effacts, and 40% usually results in collapse. -~

Toxicological Effects

Gasoline Exhaust | B . ys

There .are many .componeats in gasoline exhaust.  Carbon’ Monoxi de

. (C0)."is the main component of concern as a potential hea]tﬁ
'ahazard when-it is in"high concentrat1ons. _

: _ Carbon Monoxlde (CO)

‘:-The signs and symptoms of carbun monox1de poison1ng may inc!ude i
headache, nausea;- vomiting, dizzinéss, drowsiness, and col_ﬁgse.

In the bloodstream carbon monoxide rapidly binds to tha’ ——

. oxygen-carrying molecule hemoglobin, forming “carbox?hewoglob1n“'

(COMb).. When carbon monoxide binds with hemoglobin to form COHb,

it -reduces the oxygen-carrying capacity of the blood. The more

COHb is formed, the more significant the symptoms. Heart disease
nay be:made worse in workers who have coronary heart disease and

Non-= smoking, non-exposed persons have an average COHb Tevel of.
1%. Cigarette smokers usually have an average COHb level of.2 to
10%.. “Non-smokers exposed to 50 ppm of CO for six to eight-houts

.3 have COHb levels of 8 to 10%. - Symptoms such as headache and:

nausea may be seen above 15%, but usually not at lower levels. 4
At 25%, there may be electrocardiographic evidence of heart '

The current CAL-OSHA standard for carbon monoxide is 50 ppm.
Exposure at this level for 90 minutes may cause chest pain for
persons with angina (chest pain related to heart disease);.
exposure for 2 hours may make leg cramps worse


http:greater�than-.si

Page 7 - HeaItﬁ'Hazard Evaluation Determination Report HETA 81a388_' _

for- persons who have leg cramp1ng associated with vascularﬂ

‘disease. The effects of carbon monoxide exposure, 1ncludihg the

more common symptoms of headache, dizziness, and nausea, are made
worse by heavy Tabor and a high temperature in the work area. (1)

‘In 1972, after cnns1der1ng all of these factors, NIOSH
recommended an.exposure. Timit of 35 ppm for an 8-hour

time-weighted- average, and a ceiling limit of 200 ppm. This :

recommendation is based on the toncentration necessary- tquroduce'

a COHb .level of not more than 5%. The recommendation does.not
consider the smoking habits of workers since the COHb_leyels in
smokers has ‘generally been in the 4 to 5% range,-but*may run as

-high as 10 to 15% in heavy smokers. Therefore, Smokers who.

already have-a blood level of 5%, and are then exposed in a work
place with-an average concentration of 35 ppm will have a total

COHb of about 10%. (2,5)
~_CAL-0SHA standard- 50 ppm. NIOSH recommenﬁatipn:;-Qﬁfppm.

Diesel Exhaust

'-“Diesei exhaust contains several thousand dlfferent chem1cais and

materials, not all of which have been analyzed. A few of these
chem1cals are most likely to cause immediate irritation to people

who breathe them while working.

.'r-

Short Term Effects E & =

b 4 L =)

- AT

(1)- Formaldehyde and other aidehydes o
“Formaldehyde is best known for its use by embalmers and
~ _morticians to preserve dead bodies and tissues. ‘It has a
--sharp odor which can be smelled at very low levels (less
than 1 ppm). At levels between 1-5 ppm, formatdehyde makes
- the eyes water and sting. At 20 ppm, many people notice
- stinging or prickling in the throat and nose. Low levels -
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0.3 to 2.7 ppm - have also been found to dtsturb sleep and
_to be irritating to some people (3) (4) . .. -

« Formaldehyde has caused nasal cancer in.animal test1ng as
" reported by the Chemical Industry Institute of Toxicology.
Formaldehyde has-also been shown to be a mutagen. (cause

_'genet1c changes) in several test systems. i

B o Based on these flnds, NIOSH recommends that formaldehyde be
handled in-the workplace as a potential occupational :
o carcinogen and occupational e;posures be centrol1ed to the
8 lowest feasible limit. 2 , , £
Other aldehyde -“such ds acro]ein - a1so cause *gfxtatfon
to the nose, throat, eyes and lungs at even lower Tevels of
air concentrations.
v . ‘”"CAL-0SHA 'standard: 2 ppm. :
. NIOSH recommendation: Tlowest feasible 11mit.

f?) Qﬂitfogen dioxide (NO2) . ' ‘_ s ::3'

- .., NO2 is well known as the gaS‘whzsh makes smog over 1arge
i, . ..cities like Los Angeles turnzyelTow or yellow brown. This
T gas also causes irritation of the nose, throat. and lungs
at low levels (5 ppm). It may cause persistent cough and .
.’phlegm ‘(mucous) at these levels. At higher levels, 50 ppm
- or more, NO2 will cause serious swelling in the 1ungs,
-and in some cases permanent lung damage. (4,8) ,
CAL-0SHA standard: 5 ppm.. A
NIOSH recommendation: 1 ppm (15 min) T Gy

(3) Carbon monoxide (CO)
Refer to gasoline exhaust gl
(4) :;Sqot_(Tetal particulate) |
Diesel engines produce 30 - 50 times as much smoke
particulates as gasoline engines. This smoke is easily
breathed in and becomes trapped in the lungs. There it

causes cough-and phlegm. (4)
| CAL-OSHA standard: 10 mg/m3
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(5) Sulfur dioxide (S02) . - s
' ‘S02 causes symptoms of irritation s1m11ar to thoseJtaused
" by NDz and formaldehydes. (1) . . U
- CAL-0SHA standard: 5 ppm. ‘ ;
’ NIOSH recommendat1on 0.5 ppm.

' Long Term Effects

(1) -PoTycyc11c aromat1c hydrocarbons (PAH s): - these’ are AL
... .organic chemicals found-in very small quantities in diesel
+- <. fumes. Several of thesé chemicals are known to cause *
- cancer 1ngTaboratory animals. Whether or,gg‘_fﬁﬁy cause
s cancer- in humans is not clear at this time; but it is'a
THEA strong possib11ty that cannot be 1gnored (4)
; _ ¢ (2) Smoke part1c1es (soot): Just 11ke cigarette smnke, these
| ». .- particles settle in the lung. Diesel soot is largely made
i ‘0, + up of carbon black particles. Although the long térm e
' ' ' effects of breathing-diesel smoke are not known, it is . -
. known that workers in-the=garbon black industry suffer from
emphy sema, chronic bronchitis, and a lung disease similar
to.coal miner's 1ung (pneumoconiosis).(5) - . b
. In addition, d1ese1 soot particles have been shown to have
- 'PAH's on their surface, and it has been suggested that soot
particles carry these suspected carcinogens deep into the
lungs. ‘ _ 27 _Ebsx_

(3) - NO» and SO2 and formaldehyde: years of exposure to-,
; . these irritants may cause or speed up the deve1opment of
... _upper respiratory illnesses or chronic bronchitis. .
‘Formaldehyde has been reported to cause nasal.cancer 1n
experimenta] animals. (7,8,9)

i | e
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V.

RESULTS AND DISCUSSIUN K f_ F -‘55;

EnV1r0nmental

No.carbon monoxide, sﬁlfur’ddoxide; nirogen dioxide or formaldehyde_was

detected. on "the appropriate colorimetric detector tubes during diesel

start-up and while idling. Carbon dioxide was detected at
concentrations Below the Towest l1m1t of detection (0.1 percent)
".(- £ .,- J 'r'"

Carbon monoxide . levels were also mea§ured during bus (diesel and

-gasolinel start-up and.while jdlings Peak CO concentrations measured
“during diesel engine operatidon at random intervals in the evening—

ranged form 2-8 ppm.® Peak CO Tevels measured for all gasoTife buses

descended to 5 ppm during idie.

Nitrogen diok1de levels measured during diesel engine start-up and
while - idling 1nd1cated several peak concentrations of 0 1 ppm -

- .I-._—_‘_\_
==~

No sulfur dloxfde levels were detected.

Five environmental air samples were collected for total particulate -

ITable 1). The air:samplé concentrations ranged from 0.03 - 1.2

mg/m3 which is below the CAL OSHA standard of 10 mg/m3.

Fifteen personal air samples were collected for formaldehyde (Tableg

~ II). - Four samples measured concentrations which ranged from 0.4-1.5 -

ppm. These concentrations are below the CAL-OSHA standard of 2 ppm;
however, NIOSH recommends that formaldehdye be controlled to the lowest
feasible limit. -Although no specific bus numbers could be linked with

the formaldehyde exposure, the workers indicated that some of the buses =

ran rougher, produced more smoke and stronger diesel odors than others.

.during engine start-up and while idling ranged from 5-500 ppm.. Carbon -
* ‘monoxide. levels ‘normally peaked at 500 ppm during start-up and

=t
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It is not clear that removing the roof from the fuel island has~

significant]ly improved the previously existing exhaust fume prob1em

since most of the complaints were associated with periodic hot stagnant -

climatic conditjons. _Furthermore, most of the buses have exhaust

.systems which discharge on top of the bus well away from the workers
j{broath1ng zone -and outs1de the per1meter of the roof line. . .

- Hedical f .'._;J.' j; ; o g o Rl
\ s : : a R : '.r-;._,\ s
' jVeh1c1e serV1ce operators reported oecas:onal symptoms of eye, nose,
throat and Tung irritatjon which are consistent with those reported in :
the medical literature’ for diesel fume exposure in particuTar; and to a:
Jesser extent;w1th gasoline exhaust exposure. Preseiice of these -
symptoms was reported ‘to be associated w1th hot, stagnant air
condit1ons in the work area.
Table .IIT below shows the number of workers reporting symptoms _. ‘- -
associated with workplace ‘exposures, among the eleven: workers .-
surveyed.. Six of the eleven workers.are smokers, -and as a group were. .
‘responsible -for 33% of the total symptoms reported. No marked g
difference in pattern between smokers and non-smokers was- found for
ftype of symptoms reported. : - g 2
'Carboxyhemo lobin (COHb) levels were measured pre- and post-shift for
10 workers. ?see Table IV). None of the workers demonstrated a .
significant change in COHb, indicating that the workers had not been-
exposed to CO in excessive concentrations during this shift {average
shift differential was a decrease. in COHb of 1.45%). , EaE T
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- VI.

VII.‘

CONCLUSIONS B g

ot

No overexposures to carbon monoxide, carbon dioxide, nitrogen’ d10x1de,

sulfur dioxide or total pgrt1cu1ates were measured; -however, therée were

significant exposures to- formaldehyde vapors. Vehicle service v
operators reported symptoms of eye, nose, throat and lung irritation

which are consistent with those reported in ‘the medical literature for .

formaldehyde and d1ese1 ‘fume exposure. These symptoms are not -y

explained by smok1ng ‘habits, and they are reported to be- aggravated«hy

: Lo

2.

3.

,hot stagnant awr N ¢ 3 ;
RECOMMENDATIOHS oo F | . #ff*
Aq Educationa1 program should be deve1oped to 1nfurm workers

about the” hazardous materials present in their workplace,
spec1f1ca11y diesel fumes and gasoline vapors.

Buses which are serv1ced with fue1 shou]d cont1nue to be turned
Offn ’ '_ Y . 3 : = 'Tr-"-_:-r- :

. . o T S
' - Cop -

——
- i

Buses which appear to be running rough should be reported to the

3 supervisor so .that these buses can be checked by the vehlc]e :

serv1ce department.-

The: fuel island roof design should be open at the ends to allow
good air movement dur1ng hot stagnant days. _ -7

e
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TABLE I

~ENVIRDHMENTAL AIR SAMPLES s

i . . .. . COLLECTED FOR TOTAL PARTICULATE
. 7"+~ ;" _SANTA CRUZ METROPOLITAN TRANSIT. DISTRICT
" .7 7. SANTA-CRUZ, CALIFORNIA .
AUGUST 19-20, 1981

'y

Y. s £Samp1e Samp1
Location LR - Volume(Liters) Period
Fuel ‘Island, on top nf paper' _ | |
towel tr‘qy ! ; s & 705 1915-:0305
Fuel Island,. on tdp of unleaded : 2
fuel pump o .. =705 2015-0305
Personal, vehic]e: ser\nce c-perator : ""532’ | f2030-0007‘
: 0053-0315
Personal, vehicle Servi_c,é_ operator 600 2030-0310 "
Personal, vehicie service operator 450 2210-0310

AP i Concentrati on

(mg/m ). -

0.06

0.03

1. mg/m3 - milligrams of a substance per cubic meter of air by volume.



. TABLE 11 . : -
o Dty ENVIRONNENTAL AIR -SAMPLES - o 8F e
e g '1- COLLECTED FOR FORMALDEHYDE ; 6 TR o e
o ", . SANTA CRUZ METROPOLITANTRANSIT DISTRICT - ;
~ SANTA CRUZ, CALIFORNIA A
. % AUGUST 19-20, 1981 g T
3 K k- 77 Sample - Sample Concentration
Location : a4 ' - Yolume(Liters) - Period (ppm)
Vehicle Service. Operator(A) 2.4 1915-2005 = - .:*N.D.2 -
' S 4.3 ... - . . 2005-2127 - N.D. v
: 8.3 2330-0205 . N.D. -
_ 3.6 0210-0315 = N.D. -
Vehicle Service Operator(B): 2.6 2025-2116 N.D.
# & ET T 5.2 2117-2300 N.D.
8.3 2305-0200 & 0E .
3.7 0205-0320 2 N.DT
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.
g 8.8 2315-0210 0.4
3.6 0210-0325 - -- N.D.

1. ppm - Parts of a vapo? or gas per million parts of contaminated air by volume.

2. N.D. None detected ! W



i

Symgto s

eye. 1rr1tat1on
frequent cough
nausea

runny, itchy nose f'

headache
dizziness -
fatigue
chest pain

chest tightness . o
phlegm praduction-
decreased appetite

"~ TABLE III '
_ SYMVTOMS‘REPORTED TO BE ASSOCIATED HITH
- ‘WORKPLACE EXPOSURES )
B MAINTENANCE'HORKERS _
No. of Workers Report1ng ‘Smokers Reporting ...
Mol - NeG .-
o 5 gk B
2 —.,..nn? -
4 2
4 1
5 2
6 2. |
3 S "
2. ; ; I ;
_1_-. .T_?_-___E'—_:: et - = )'(‘,
LT . -
1 - 5
S
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4 S ) . TABLE 1V
f e - CARBOXYHEMOGLOBIN LEVELS (%)
I ol - MAINTENANCE WORKERS

Worker Number. . .7 'Smoker . Pre-shift - _Post-shift -
R No - . .7 2.3 T 15 R
- o Noe ‘ 3.3 A < S
- Yes 2:5 a5 |
= Tgs Yes NA* i -
o T .- No NA ' - -
! - ' Yes 6.1 - 6.1
Yes 3.3 & -
Yes NA s
Yes - i 10.2 "
Yes =~ . o ll.1c

DWW WMN -

LA

Average shift differential = -1.45% COHb
| * 3 of the.tests.were invalid tests, listed as "NA".

ot 1
I
5§
—
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