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l. SUMMARY

OnAugud 3,1989, the Nationdl I ndtitute for Oooupationd Sefety and Heelth (NIOSH) recdved amenegemat
repuest from Sheffidd Lake Savice Department, Sheffidd Lake Ohio, to evduateamployeeexposretoded
exhaud, and complantsof neuseafrom desd exnaug odorswhich ooour inthedfficearess: Thefadlity housesa
garageand shop for roed mantenence vehides and adminidrative offices

Anewvironmentd evauationwas conducted on Octaber 30-31, 1989. Longtam (67 hour) aeasampleswere
odllected & threelocationsin thefadlity, and one outdoor location (to detemine beckground concantrations) for
SHedted cordlituantsof desd exnaust: tatd particulates SUb-micron paticulates bazenesdlubleparticulates
fomedehydeand nitrogen diaxide. Short-term detector tubbe sampleswere collected & the samelocations severd
timesduring theday for nitrogen axides, caroon monaxide, aLifur diaxide, and caboondioxide

Levdsaf berzenesdlubde paticiates totd particuiates and sub-miaon paticdaeswaehignet inthe
mantenanceshop (0.12, 068, and 0.19 milligrams per culic meter, repadtively), about 50% lessin thetrudk
parking bey ares, and anly dightly above outdoor levelsand arelytical detedtion limitsin thedffice (detedtion limits
weae 0035, 001, and 0.007 milligrams per aubic meler, respedtively). Theprimery sourcefor these
contaminants gopeared to bediesd exhaud, and expoauresto diesd exhaud inthesearesswould beexpedted tobe
propartiond to thesemessremants

Shottam messramaisweredther bdow goplicable hedth aitaiaor noneddeded. Inthedfficeareacatoon
daxidelevdsinoressad from 820 to 1500 parts par million during asx-hour paiod of theday, Suggeting thet the
aeaisundavetilated, and thet complantsregarding indoor ar quelity arelikdy evenintheabsenceof desd edadt
expoaure

Onthebedsof detadbtained in thisinvedigation, NIOSH detemined thet apatentia heslth hezard existed among
workersinthe mantenenceshop and parking bay aressdueto expoaureto diesd exrad. A ladk of ventilaionin
aesswaededd trucksarepaicdicaly run resuted in eqpoaresto desd exras. Recommeandationsfar improved
ventilaion inthe dffice; maintenence shop, and parking bey aress aredisoussad.

EEJYWORDS SC 1611 (Higway and drest condrudion), diesd exhaudt, maintenence hops indoor ar
iy


adz1
On the basis of data obtained in this investigation, NIOSH determined that a potential health hazard existed among
workers in the maintenance shop and parking bay areas due to exposure to diesel exhaust. A lack of ventilation in
areas were diesel trucks are periodically run resulted in exposures to diesel exhaust. Recommendations for improved
ventilation in the office, maintenance shop, and parking bay areas are discussed.

http://www.cdc.gov/niosh/hhe
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INTRODUCTION

Onduy 31, 1989, arquresaniative of Sheffidd Lake Savice Department requested thet NIOSH condudt ahedlth
hezard evalugtion (HHE) to evdusteemployesexposreto desd exnaud. Thereouest dated thet diesd ednaut
fromvehidedat upinthresavice garage pamedesthe dificeareadr thebuilding, causing daksand ausomersto
become nauseeted.

On Octaber 30-31, 1989 NIOSH investigatars conducted aninitid survey and evironmentd sampling for sdedted
conditvantsof ded edad a thefadlity. Iniid induetria hygieneresutsand recommeandetionsreauiting from thet
vist were provided to therequestor in aletter dated November 17, 1989,

BACKGROUND

Sedfidd Lake Savice Depatment hesusad the presant location for savicedd munidipe vehides modly
desd-powerad trucks sncegppraximady 1966. Thesngedary 60 by 1201t building iscondructed of

conarete block with apitched comugeted med rodf. A number of adling fanshavebeeningdled to arauatear and
improve hesting and codling effediveness: Snoeabout 1982, 3to 11 adminidraiveemployessof the degpartmant
have bem located in the northeeet comer of the building, in an office gopraximetdy 20 by 40 fedt, ssparaied fromthe
garage bayshy aconaeeblock wall with two door gpenings: The office was hested with dedtric bessooard
heaters and coded with four window ar conditionars: Outsidedr isprovided to the dfficesby operaingwindow ar
conditionerson the vert setting, and when thefront door isgpened. Smoking wes pemitted inthe dfficesand ather
wok aees Thehuldngfloor ganisshoawninFgure L

Onadily beds ded trudksaediveninio themantenence hop, consding of asngesavicebay locaedinthe
souwvest comer of thebullding. It ispaiodicaly necessary to runthetruck enginesinthe maintenence shop during
svidng Duing thewinter months diesd-powvered trucks are parked in thefive garape beysovemight to kegp the
egnessomenha warmer then outside condiions: From 7:00to 7:30 am, trudksto be used thet day aredarted
andrunfor 1to2 minutes then pulled autsde: Theruming timein thelbuilding reportedy isnecessary to dlow for the
ar brekesto beoome pressrized, and for the dide-modd trudk enginesto briefly warmup. Ventilaion consdsof a
wall fan onthesouthwall and two overheed adiling veniswhich mugt begpened menLely.

Employessinthe dificeareahavereparted parsgant diesd exnaug odars epaadly during thewinter months and
oocesond symptomsof neusea.

EVALUATION DESGN

Ontheday of sampling, Octaber 31, 1989, winter conditions a the meintenence garage were duplicated to the
extant possble Theparking bay garege doorswere ket dosad exogpat when gpening was necessary to move
trucks roof ventisweredosad, and thewdl-mounted fanwas tumed off. Windowsand doarsinthe officearees
wearedossd, and thewindow ar-conditionerswereoff. Severd truckswere darted and wamed up for about 2
minuesinthe parking beys thenpulled aut. Inthe maintenence shop, truckswere puled in paiodicaly for rouiine
|vidng

To darataizearbome conoatrations of diesd exhald, longHem (6-7 hour) areasamplesweare adllected & four
locations middedffiog, perking bays; raed depertment shop, and outdoors (to determine bedkground
conoatraions). Sampling locaionsareshowninHgure L. Thesesamplesweare aolledted for sHected
cordituentsof desd exnaud: tatd pariculates sub-micron particulates barzenesdludle paticulates

famadehyde, and nitrogen diaxide(NO,). Thesamples (exogpt thosefor NO,) wereadlledted using persord air
sampling pumpswith vaious sampling media and cdlibrated to oatainflow rates: NO, samplesweare adlleted with
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VI.

pessvemonitars (PAmes Tubes). Theflow rates sampling media and andlyticd tedniquesby cordlituent are
domninTedel

Shottam samplesweare odlected with detedior tubes at the samefour locationsfor NO,, nitrogen axides (NQ),
cabon monaxide (CO), sulfur diaxide (SO;), and carbon dioxide (CO,).

EVALUATION CRITERIA

Sourossof evduation aitaiaarethe NIOSH Recommended Exposure Limits the Oooupetiond SAety and
Hedth Admindration (OSHA) enfarossble Famisshle Expoaure Limits (PEL9), and the American Conferance of
Govanmantd Indugrid Hygeniss (ACGIH) recommendad Threshdd Limit Vaues(TLVS.

NIOSH recommendstiat diesd exhaugt beregarded asapatentia oocupationd caranogen, and thet exposresbe
recuoed to thelowest feesblelimits[1]. Therecommenddtionishoesad on caranogenic and tumaorigenic regoonsesin
rasand miceexposad towhdeded exnaus. OSHA and ACGIH do nat haveevdudion aitaiafor whdedesd
exdas.

BEvdugion aitaiaareavalddefor somedf theindividuel componantsaof diesd exnaus messured, uch as CO,,
CO, NO,, SO, famedehyde, and tatd particulaes which areintended to Suggest levdsof exposreuptowhich
workersmay beexposad for 8-10 hourdday, 40 hourswesk for aworking lifeimewithout advarse hedith effects
Whaegyicaie thee aitaiaare hoan for longterm messrematsin Tede 2

However, the combined effedts of componentsin complex mixturessuch asdesd exhaud arenat consdaradin
theseindvidud evdugtionaitaia Itisimportant to notethet asal paroantage of warkersmay expaiance
avaehedth dfedsa exposurelevdsbdow theaitaiabecausedf individud susogatibility, apre-exiding medica
condition, o hypersarsitivity (dlegy).

RESUL TSAND DISCUSSON

Logtemsarperesdtsaedownin Tade2 Bathlongtamand shattem resdtsaredsoussadinthe
fdloning sbsdios

A. Bawvaesdude Tad, and Sb-Migon Patiadaes

Concantraions of benzene-sduble paticulates totd particulates and sub-micron particulates mesared were
highest inthemaintenaence shop, about 5% lessinthe bey area. Bazenesdlulde paticulate
conoantrationswereanly dightly above outdoars (or detedtion limit) intheoffice. Tatd and Sub-miaon
paticuaeswerean order of megnitude higher then autdoarsin themeintenence shop, and about 50%less
thenthebay area. Sncetheprimery sourcefor thesecontaminents gapeared to be diesd exhaudt (with some
contribution from dgarette smoke, espedly inthe dffice), patentid eqpoaresto theexhaldt inthesearess of
Sefidd Leke Savice Depatment building would be expacted to be propartiond to themessuraments

Theconoaniraion of benzene-sdlube particulatesin the maintenence shop onthe day of thesurvey wes 012
milligiamsper aic meter (mgih?). Although thereisno evadugtion aritaiadiredly godicebletothis
messLramat, it exossdsthe NIOSH REL of 0.1 myfi? for codl- tar pitch valtileswhich may beusad asa
guiddinefar compaison. Died exdhad paticiaeamissonsaresmilar to cod-tar pitch metaridsin thet bath
are caboneosous and known to contain cardnogenic palycydic hydrocarbons[5]. NIOSH invedigetors
ocondudethet thereisapatantid for longterm hedlth effedts a thefadlity, primarily dueto thecardnogenic risk
of eqpoaretodesd exrag.
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B. Fomdddwde

Thelongtam mesaremat far forme denydewesdightly higher inthedificeareatheninthelbey areaar
manenencesop.  Famedehydelevdsare often higher indoorsthen outside becausethe compoundis
rdessed from building metaridssuch asplywood, partideboeard, capeting and afficefumiture (metaridsthet
waemareprevdat inthedfficeares), and it isacondituent of agarettesmoke. Theindoor:outdoor retio for
thefameldenyde messLramaniswes gopraximetdy 8.1 Famadehyoelevdswearewithintherangetypicd of
modem dfficearess lessthen 010 ppm [2).

The OSHA PEL for fomddehydeis 1.0 ppm for an8-hour TWA. TheACGIH TLV-TWA far
fameldehydeis 1.0 pom, withanataion thet it isasugpacted humen cardnogen, and exposresshould be
conraled tolevdsaslow asressonedly adhievele ACGIH hesdso gven naticethet it intendsto changethe
TLV toa03 pomadling limit. NIOSH pdlicy datesthet fameldehydeisasugoedt humen caranogen, ad
thet expoauresshould bereduced to thellowest feesblelevd.

C. CabonDioxide
Short-term detedtor-tube messrementsfar carbon diaxide (CO,) tekeninthe dfficeand parking ey aress
ontheday of thesurvey areliged bdow. Theoutdoor, ambient concentration of CO, meeaLred on thet day
was 30 patspa million (pom).
CO, MEASUREMENTS (FPM)

Tire OfficeArea PakingBays
0830 - 425

10:15 820 -

1210 1000 -

1225 - 580

1506 1250 -

16:15 1500 -

- (indicatesno messramat teken)

CO, isdften monitored asasreming tedhnigueto evduate whether adauiste quantities of fresh outdoor ar
aebang inroduced into awark areawithinabuilding [3). Usly CO, levdsarehigher inddecoopied
buildngsthen outside, because CO, isanomnd condlituant of exhdled breeth. Indoor CO, concantrations
greder then 1000 ppmindicatealadk of ventilation, which can dlow concantraions of ather contaminentsto
increese and leed to complaints such asheedaches faigue, and eyeand throdt imitation. CO, levdsmesaured
inthe parking bey areawerewd | bdow 1000 partsper million (ppm), however inthe dfficearea CO,
reedingsinareased from 820 pom to 1500 pom during the ciy.
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D. Oha Mesuaraits

Withtheexogaion of thefdlowing, detectar tubereslitsfar NO,, NO,, CO, and SO, werenone detected or
trace (non-quentifigdle) amounts

VII.

1

2

Inthe bay areq, seven minutes ater trudk warmup begen a 08:30, 25 ppm CO, and 1 ppm NQ, were
meesLred.

Intheadfficeare, a 09:20 6 ppm CO was detedted.

All theather longtem and shart-tem messremants on the day of the survey werewl bow the etablished
aitaiafor indvidud compounds

RECOMMENDATIONS

1

CO, messramatsugges thet the office areais undarventilated, and thet complaintsregarding indoor ar
qudlity arelikdy evenintheabsencedf desd exhaudt exposre AsdaeadintheNovamber 17, 1980 lditer,
NIOSH recommendsthet conditioned outdoor ar be upplied and edequatdy didributed to dl officearess
duingtimesthey arecooypied. TheAmaican Soaely of Hegting, Refrigerating, and Air-Conditioning
Engneas(ASHRAE) in Sandard 62-1939 [4], recommendsguiddinesfar indoor vertilaion. The
AHRAE-recommendad ratefar officearessis 20 cubic feet par minute (cfim) per parson. A dudted sydem
for aypdly and reum ar providesthebest mixing for themd comfart and contaminert contrd. Thedfficearea
should be postively presaunized with respect to the parking bay and mainenencearess Veattildionas
destribed shaud dothis Providing thisadditionel ventilation should esuretret equoarestodesd edragtin
the dfficeareas are reduced to autdoar bedkground levels and thet diesd odarsand nomd indoar
contaminanisarediuied and exhauged

Toreducearpoyesexposretodesd exhand inthelbay and maintenence hop aress Lpdemat o
regalacethewal-mounted propdller fan and pessiverodf opaningsused far diluion verntilaion. The
effediveness of the prapdler fan and roof openings gapearsto be et to aus dewindiwesther

conditions and e timesthey would berendered indffedive. A moredfident sysem, capededf aogpingwith
fludueting arflow conditions waould providelocd exhaug verntilation to the diesd truck exhaugt talpipesidacks
Thes/gam shoudindudeasuitableexdnag fan, aich asacantrifugd fan combined with overheed rigid and
flexbledudwork to thetalpipeldacks Asagenard guiddinefor desgn punposes edosd ae"Savice
Garape Vatilaion Overheed” and "Bxhaugt Sydem Reguiremantsfar Typicd Diesd EnginesUnder Loed”
fromthe ACGIH'sIndLdrid Venilation, 19th Edition,. A Manud of Reoommended Pradiice (peges
5-106,5-107, and 5-109).
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X.  DISTRIBUTION AND AVAILABILITY OF REPORT

Copiesd thisrgpart aretamporaily avaladle upon reguest from NIOSH, Hazard Evdustionsand Tedmica
Assgance Branch, 4676 CaumbiaParkway, Gindnnati, Ohio 45226, After 90 days therepart will beavalldde
through theNationdl Tedhnicd Informetion Savice (NT1S), 5285 Part Royd, Sindfidd, Virginia 22161
Informetion regarding itsavlahlity through NTIS can be datained from NIOSH Rublications Office @ the Gindinré
address Copiesaf thisrepart havebeensat to:

1 NIOSHGndmdi Regon
2. OHA,RggonV
3. SdfiddLakeSavice Dgpatmat, Sffidd Lake Ohio

For thepurposeof infoming effected employees coples of thisrepart shell beposted by theemployerina
prominant place accessbleto theemployessfor aperiod of 30 cdender days
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Tadel
Smmay o Langtem Samping and Ardlyticdl Mehods
Seffidd Lake Savice Det.
Sefidd Leke Ohio
HETA 89-335
October 31, 1989
NIOSH Vdumdric Dexting
Mehod Caledion Air How Rate Sivetor Typed
Cortamirert Number [3] Medum (L/min) Usd Sduion ArdyssUsd
Fomddehyde 3500 Impinger - anueous 1% 10 Chromatropic add reedtion,
sodum bisuifitesalution Soectrophotomery
Nitrogen Dioxide 6700 Pdmestubepessve *x Trienthendamineresdion,
(NO) dffuson Spectrophatometry
Tad patiadate 0500 Hiter - pay-vinyl 20 Gajimgric
dlaide(PvC) membrare

Sibmiaon el Hlter - PvC-mambrance 20 Gajimric

paticiae
Bavaesdude 5023 Hiter - Putetreflouro- 35 Bawae Gajimric

fradionof ehylene (PTHE) mamrance

paticiae

** Padvedffusonraed 23 nenomdesppmt.
*** | dentical to NIOSH Method 0500 exogt for szesdetor.



Table 2

Long-Term Sample Results
Sheffield Lake Service Dept.
Sheffield Lake, Ohio
HETA 89-335

October 31, 1989

Sample Sampling Benzene-Scluble Total Sub-Micron Formaldehyde Nitrogen
Location Time Part. (mg/m3) Part, (mg/m3) Part. (mg/m3) (mg/m3) Dioxide (ppm)
{minutes)
1. Outdoors 353 N.D. <¢0.035 N.D. ¢0.01 0.007 0.0030 (0.031)
LOD 0.035 0.01 0.007 0.00057 0.031
LOQ N/A N/A N/A 0.0011 0.054
2, Office 412 0.036 0.097 0.030 0.026 {(0.048)
3, Parking Bays 431 0.066 0.28 0.075 0.023 0.096
4, Maintenance Shop 419 0.12 0.68 0.19 0.024 0.093
EVALUATION CRITERIA:
NIOSH REL N/A N/A N/A LFL 1 ppm
ACGIH TLV N/A 10 mg/m3 N/A 1.5 mg/m3 3 ppm
OSHA PEL N/A 15 mg/m3 N/A 1.5 mg/m3 5 ppm

Key to Abreviations:

Part. - Particulate
LOD - Limit of detection
LOQ - Limit of quantitation

ppm - parts per million

mg/m3 ~ milligrams per cubic meter

{ ) - quantity measured is between LOD and LOQ
N/A - not applicable

LFL - lowest feasible level
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Figure 1
Floor plan

Sheffield Lake Service Dept.

sheffield Lake, Chio
HETA 89-335
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ATTACHMENT 1
INDUSTRIAL VENTILATION

Weatherhood — See Fig 6-24

Mainduct: I
Plenum design best — sire for 2000 fom moximum
or .
design as in Section 6 At feast 5

Roor

IS AAGTITTISSITEISL GSTTITETIITE ST TS ETISITSSFITITITIE ST IS BES TS TSI TI TS ETE SIS T T SAFITTEL ST TS ITTEIIS Ll

l N l l | l
30”-:76/
Mose con be _f

counterweighted 10-12" from fioor

= Fon

L

exible joint

— A/l joints soklered

L For dual roiipipes o
Use one hose with v

or
Use two oullets per stoll

Vehicle horsepower | cfm/vehicle

Up to 200 hp 100 3" 4"
Over 200 hp 200 4" 4"
Drasel trucks See V§5-908.2

On dynomometer fest rolls

Autommobiles and light dutly frucks =2 x c¢fm above
Heavy duly trucks = /(200 cfm minimum

For friction loss of flexible duct; consull manufocturers’ doto

See VS-908 for odditional details

AMERICAN CONFERENCE OF
GOVERNMENTAL INDUSTRIAL HYGIENISTS

SERVICE GARAGE VENTILATION
OVERHEAD

DATE /-82 l Vs -907
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ATTACHMENT I
(continued)

SPECIFIC OPERATIONS

Note. In ventitating c gorage use either the overhead or under fioor system.

/5

Exhoust 1o be dischorged above roof
t
7o fon and discharge
above roof
Double or single floor plates suitable.
Self - closing floor plates desrroble.
Flex duct fo
toipipe
1\
30"-4
L — ¢ D) L
Along ceiling of floor below,or in rrench
if in trench, grom tile wilh cemenred joints Size main for E'OOOfpm
Sump or dry

suitoble.  Must be sioped ond droned or less. wel/

for flushing.

UNDER FLOOR SYSTEM
EXHAUST REQUIREMENTS *

~ Type cfm per vehicle | Flex duct 1D (min)
Automobile s and trucks up to 200 hp /100 3"
Autornabites and trucks over 200 hp 200 g'* *
Diesse/ -~ See V5-908.2

% On dynomometer test rolls
Automobiles and light duty Irucks = 2 x cfm above
Heaovy duty frucks =200 cfm minimum.

%% 3"djg permissible for short runs with proper fan.
For friction loss of flexible duct; consult manufacturers’ dato.

Dilution ventilation is necessary for cars
in motion or idling outside of stolls.

DILUTION RATES:

5000 cfm/running outornobile
10,000 cfm (or more)/ truck.
100 cfmshorsepower for diesel.

For parking garages, sée Table 5-9-2

AMERICAN CONFERENCE OF

Use odapters on dual GOVERNMENTAL INDUSTRIAL HYGIENISTS
exhousts ond specra/

taljpipes.
SERVICE GARAGE VENTILAT/ION

72 — UNDERFLOOR

DATE /=82 VS -908




ATTACHMENT 11

SPECIFIC OPERATIONS

R W

3

S
Q

Exhaust, cfm

400

200 -

/ !
T

L 1
1000 2000 3000 4000
Engine speed, rpm

Note
N& - normally aspirated
TC - turbo charged

Exhaust, cfm = acfm + 20'% excess AMERICAN CONFERENCE OF

) . GOVERNMENTAL INDUSTRIAL HYGIENISTS
For specific design information

request manufactures /3 mode EXHAUST SYSTEM REQUIREMENTS
£44 engine bench test FOR TYPICAL DIESEL ENGINES
UNDER LOAD

DATE  /-82 VS-908.2
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