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l. JIMMARY

OnNovamber 25, 1987, NIOH recaved arequest for aHedlth Hazard Evaugtion from the Intemationdl
Bratherhood of Teamders Chaufeurs Warehousamen & Hdpasof Ameica, which represmistrewarkforoea
the Consdlideted Fraghtways Inc, Pay, lllinais bresk-bulk trudking temmingl. Theunion requested evaugtionof (9)
potentid expoaresdf the dodk workersto exhaus emissonsfrom desd-powvered farklift trucks and (b) reported
hedth effedtsthet itsmambearsthought wererdated to theseexposres NIOSH invettigatorscondudted an
evironmantd and medicd Survey a thefadlity on March 23 and 24, 1983,

Theawvirommend suvey consded manly o ar sampling for sdedted contaminentspresat indiesd-agne
exhaug conddared to rgresant the gredtest hedlthrisks: Sampleswere cdllected for carbon dioxide, cabon
monaxide, sLifur daxide, sulfuric add, nitrogen diaxide totd axidesof nitrogen, fammeldehyde, valdilediphetic and
aomeic hydrocarbons particulate (totd, reairable, and sub-micron), particlate (sdlvent-extradtadlefradtion),
polynudear aromeic hydrocarbons (PAHS), add dementd (and tatd arganic) carbon (esanindex of overdl
ded-edad eqoare). Withthelikdy exogation of exposuresto theberzene-extradiadlefradtion of ded
paticulate compered to the NIOSH aitaionfar cod-tar pitch metarids arbomeexpoaresto dl componants
messred werebdow dl rdevart individld evdugionaitaia Although thisaitaionisnat dredly goplicableto
desd patiods itisaussful guiddinedueto thesemeaids smilaitiesand the cardnogenic potentid of eech of
them

Themedicd survey condded of asdf-adminidered quesionnairedigributed todl 115 (81 dock and 34 yard)
wokaspresat onthethreedhiftsduing thevist. Thequesionnaire adoressad symptoms expaiencad & wark,
both ontheday thequedionnairewas completed, aswell asduring the preceding month, dang with partinent heelth
andwork information. Dack warkeshed higher prevdenoesdof severd symptoms patticularly heededhe, e
imtation, cough produdive of goutum, and sorethrodt, then the presumelly lessexposad yad workers

Basad upon the NIOSH recommencition thet whalediesd exhaugt beregarded asapatentid oooupetiond
cardnogen, and upon theacuteinitative hedlth effedts congent with expoaure to diesd exnaldt reported by dodk

workersat thisfadlity, the NIOSH investigators conduded thet apatentid heslth hezard edgshare
Recommenctionsfor reduding exqposresaremedein Sedion VI of thisreport.

KEYWORDS SC 4213 (Trucking, Exognt Locel), diesd exhaust exposures polynudesr arometic
hydrocarbons bazenesdublepatticulatefradion


adz1
Based upon the NIOSH recommendation that whole diesel exhaust be regarded as a potential occupational
carcinogen, and upon the acute irritative health effects consistent with exposure to diesel exhaust reported by dock
workers at this facility, the NIOSH investigators concluded that a potential health hazard exists here.
Recommendations for reducing exposures are made in Section VI of this report.

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

OnNovamber 25, 1987, NIOH recdved arequest for aHedth Hazard Evaugtion (HHE) fram the
Intemationd Bratherhood of Teamgias Chauffeurs Wardhousamen & Hdpasdf Ameaicg which rqresanisthe
workforoeat the Consdlideted Fraghiways Inc, Pary, lllinais bresk-bulk trucking temind. Thisunion asked
NIOSH to evdudte () patentid expoaresof the dodk workersto exhaus emissonsfram thedesd-povered
forklift trudksin usea thetamind, and (b) reported hedlth effectsthet workersthought wererdated to these
eqpoares Themos commonly reparted hedth effedtswererearatory tract and eyeimitation, the production of
bladk-cdored muous or phlegm, ather resairetary difficulties and heedeches: Theunionindicated thet the
worg-caseexpoaures cocur during the night shift, betwieen Wedhnestlay and Sunday of eech wesk, when
opaadionsaeheaviet.

ThePautamind cooypiesavay long, reaively narrow building condrudted largdly of ded. Themgarity of the
buldngsfloor goeceisdevoted to thedodk areg whichisasngedary "highbey." Theramainda of thebulding
indudes offices; repar shops lundyoom, resrooms €c. Themganty of thewdl oeceinthedock areaisoooupied
by 144 large door gpeningsthesze of atrudk traller’srear doar opaning; tralersare becked up to thesedoarsfar
wlcedingadlceding

Thistamird isrdfiared to asa"bresk-bulk* type becauseitsfundionisto recavelarge, long diganceloeds ad
bresk them doaninto smdler, fot-diganceloeds Thedodk warkersusefarklift trudksto move cargo around the
dock andinoand out of tralles Employment & thisfadlity, which oparates 7 day's per wesk, usLelly 24 hoursper
dey onthreedhifts wasabout 120 far dl threedhiftsinaday, induding over 80 dock warkasand over yad
workesd thetimed thesurvey. Twenty-fiveto thirty dodk workers about ten yard workers and afew parsornsin
ather jaoswork duingeech hift. Theyadwarkeas asthenameimplies wark autsdeintheyard, comnedting
ova-theroed trucksand tralas refuding trucks and paforming ather uch duties Theovear-theroed trucksare
ds0 ded-powverad, 0 thesewoarkarsare d o exposed to desd-egneexhaus emissons particdaty duing cdd
wedther whentheengnesarenomdlly et runing to avaid thecdddart pradems commonto diesd egines

NIOSH investigetors conoucted an indudrid hygieneand medica survey & thefeality onWeohesday ad
Thursday, March 23 and 24, 1988. A letter desaibing the adivities conducted during thisvigt, with prdiminery
resitsand condusions wassant on April 13, 1988, to comparny and union represantatives
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EVALUATION DESGN AND METHODS

A.  BEnviromaid

Theeviromeantd suvey consged of aningoediondf thetermind fadlitiesand adtivities and ar sampling
auning thenight shift for twelve sedted substances or dasses of subdancespresat indiesd-egneeda st
emsos Thepupoed thesampling conduded westointidly dneradaizethearbome conoantrations of
thesUbgtanoes dlowing addemingtion of thenesd for any subsaouant fdllow-up ssmling for any of them. In
aninitid dreradteizaion of expoaures itisprefaradeto foous on aword-case stugtion when oneisidantified
Theardare thenight shift wes sHedted far sampling because it wes desgneted asthewars-cese expoaure
Stuetion, ssmentionad inthe previcus sedion of thisrepart.

Thesubgtanoss sHedted were those conddared to presant the modt Significant hedlth risks besed on
quentities produced and taxiad ogy, anong thosefor which sardling methodsweareavaldde Althoughthere
isnoIngemehod to ddfinively messreovardl eqposretowhdediesd exhalg, ar samplingwes
conducted for particllatedamentd (and organic) cabon far useasan goproximeteindex of overdl expoare

Sottemaeaar ssampleswaeadledted inthedodk areafor four componentsof desd-egneexnag
emssons cabon diaxide(CO,), catron monaxide (CO), nitrogen dioxide (NO,), and tatd axides of
nitrogen (NQ). Two sampleswere collected for eech, onenear Door #71, just west of the center of the
dock, and onenear Door #1.34, near theesstem end of thedodk. Alll of thesewere adllected using Drépar™
Oetector tubesand pump; the detectar tubes usad for these andyteswearemodd s CO, 0.01%/a, CO 05/,
NO, 05/c, and Nitrous Fumes 05/a, reqpedtivey.

Longtem (full- and partid-ghift) areadr samplesfor nnecomponanisdo desd-agneedad enissos
wereadleded inthedock aread two areasampling locations onenear Door #71 and onenear Doar #134.
Thesecomponartsarefomedehyde, NO,, aifur daxide(S0,), alfuicadd (H,S0,), vddilediphreticad
aomdic hydrocarbons pariculate (told, rearable, and sub-micron), particulate (salvert-extractedle
fradion), vdaileand paticulaebome solvert-extradable polynudear arométic hydrocarbons (PAHS), ad
paticuaedamentd (and arganic) carbon (to esadlish the gopraximeteindex far overdl expoareto
ded-egreead anissos). Atlesst onesampefor eech componant wes adllected a eech of thetwo
sampling locations and
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dl ssmples(induding the hort-tem samples noted above) adlledted & agiven location wereconddared
"d0ehy-9de" withoneanather. For some componants morethen anesamplea thesamelocation was
adleded todlow far theusedf morethen ane calledtion andlor andlyticd tedique

All longtam samples (exogat thosefor NO,) were adlledted using parsondl ar sampling pumpsdraning ar &
known retesthrough vaiious sampling mediia, induding tubes pecked with sdlid sorbents filtersin cassdtes
andimpingasaontaning liquid absrbing sdlutions: For thesesamples theflow rete, ssmpling media and
andyticd tedmiquefar eech componat sarpled aedl inTedel.

Longtem areasamplesfor NO, were adlledted with pessve monitaring devices thet ulilizediffusonto
trangport andlytesto gpropriate absorbing media. 1n accordencewith NIOSH Method 6700( 1], the
mediafar NG, isatriehaendamine-coated sremnwithwhich the NO, reedts the darvativefomed isthen
andlyzed spectrophatometricelly.

Inaddtionto theareasamples longem (full-shift) parsond bresthing-zoneair ssmpleswere cdlledted, to
quantitate thetime weghted average expoares of some of the dodk workersto particulaebomedemanta
(end oganic) cabon. Thesewereadlledted by attaching apump-andHilter parsond sampler toeech of those
wokas Thesedamantd cabon messramantsrgaresant theuse df theggproximeteindex of overdl
expoarepreviody edablished by theareasamples Again, thesampling and andlyticd tedniquesusad are
providedin Teblel. All longtem ar ssmpleswearesomitted far andyssto the NIOSH andlyticd lebaratary
ortoaNIOSH contract andlyticd laboratory.

B. Medd

A sf-admingeed quetionarewasddributed to theentiregroyp o 115workerspresat onthe 3dhifts
which oooured duing thevist (theday and sving dhiftson March 23 and thenight dhift on Mach 24).
Among thisgroup, 81 employessweare dodk warkersand 34 weareyadworkes Thequesionnaire
addressed padific symptoms aswidl as oartain demogrgphic, medicd, amoking, and wark higory infometion.
Foadific quetionswere asked regarding the presence of severd symptomswinich oocurred during the pet
month, and whether ar nat they improved, worsened, or ramained undnenged et work. Other questions
pataned towhether or nat symptlomswere presant sSncethe beginning of theshift onthe day the questionnaire
wascompleed.
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V.

EVALUATION CRITERIA

A

Taxicdogicd Hfedso Diesd Exteud Emissans

Theedad emissonsfrom desd enginesare composad of bath gessous and pariculdefradions: The
gessouscomponatsindude axides of aLifur, nitrogen diaxide, nitric axide, cartoon monoxide, carbon
doxide, and hydrocarbons[2]. The particulaefradtion (Soat) iscomposed of salid carton cores produced
during the comboudion process thet tend to form aggregetes thelargest of which arein theregairablerange
(marethen 90 arelessthen 1 miaoningze) [2). 1t hesbean edimeted thet asmeny as 18000 differat
Ubdancesfrom the combougtion proocess can be adsorbed onto diesd exhaudt particulates|[2). Thisadsorbed
metaid contains 15%6t0 65% of thetald particulae messand indudes such compounds ss palynudesr
aomdic hydracabhons (PAHS. Among the pdycydic hydrocatonsareanumber of knovn mutegensad
cadnogans(2.

Many o theindvidud componenisdf desdl edaudt aeknownto havetaxic effeds Thefdloning hedlth
effedtshave ben assoaaed with some componanisfaund in desd exdralst: 1) pumonay initationfrom
nirogen diaxide 2) initation of themuoous memranes and eyesfrom sLifur daxide, phend, sulfuricadd,
aifaeaas0ls and aordan; ad, 3) canoer inanimesfrom paycydic hydrocarbons

Svead recant dudiesin ratsand mice confinm an assoaation betwean cancer and exposretowndedied
edad[3. Thelugistrepimay steidantified with thecaranogenic or tumarigenic regponsssfdloning
inhdaionexposure Limited gaidemidogic evidence Suggesis an assodiation between oooupetiond expoaure
todesd exgreamissonsand lung cancer [3]. Theconsstency of curant taxiadogicd and gaidemidogica
evidencesuggeststhat apotentid ocooupetiond caranoganic hezard exidsfrom humen exposreto desd
exdaxt[2]. Tumorindudionisassoaaed with desd exnaudt paticlates and limited evidence sugpeststhet
the gessousradion of diesd exhaus may becardnoganicaswl [2).

Enviromantd Qritaia

Asaguidetotheevdugtion of the hezards posed by workplace expoares NIOSH fidd 3&f enploy
evironmeantd evauation aitaiafor essessmant of anumba of demicd and physicd agats Theeaitaia
aeintended to uggest levd s of expoaLreto which mogt workersmay be exposad up to 10 hoursper day,
40 hourspar wesk for awarking lifeimewithout expaiendng adverehedth effedts Itis hovever, important
to natethet nat dl warkerswill be pratected from edvarse hedlth effedsif their
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expoaresaemantaned bdow theselevds A smdl paroantage may expaianceadvare hedth efedts
becauseof indvidud susogatility, apreexiding medical condtion, andlor ahyparsangitivity (elergy).

In addtion, some hezardous sUbdances may adt in combingtion with ather workpleoe expoaures theganerd
evironmat, o with medications o parsond hehitsof theworker to produce hedlth dfedsevenif the
oooupetiond expoaresarecontrdled a thelevd st by theevdugtion aitaion. Thesecombinad effedsare
often nat consderad intheevaugtion aiteria. Also, some Sbdianoes are aosorbed by direct contact with the
skinand mucousmemlranes and thuspatentidly increesetheoverdl eqpoare. Rindlly, evdugion aitaria
mey dhangeove theyearsasnew informetion onthetaxic effedtsof an agant becomeavaldde

Thepimary sourcesdf evironmeanid evduation aitaiafor thewarkplaceare 1) NIOSH Qritaria
Documentsand recommandations 2) the Amaican Confarenced Govermmantd Indudrid Hygenigts
(ACGIH) Threshdd Limit Vdues(TLV9), and 3) the U.S Department of Labor (OSHA) oooupetiondl
hedth gandards Often, the NIOSH recommenddionsand ACGIH TLVsarelower then the coresponding
OHA dandards Bath NIOSH recommendationsand ACGIH TLVsuaLdly arebesad on morereoant
information then arethe OSHA dandards The OSHA sandards o may berequired to takeinto acoournt
thefeeghility of contrdling expoauresin vaiausindLgrieswherethe agaisare st the
NIOSH-recommended dandards by contragt, are besed primarily on concamsrdating to the prevention of
oooupdiond dseese Inevdueting theexpoaurelevdsand therecommenditionsfar reduiaing theselevds
foundinthisrepart, it should be noted thet induetry islegdly required to meet thoselevelspedified by an
OSHA dandard.

A imewdghted average (TWA) expoaurerdersto theaverage artome concentration of asudance
duinganammd 8- to 10-hour workday. Some sLibgtances have recommended hort-tam expoaLrelimitsor
aaling vdueswhich areintended to spdemant the TWA wherethare are recognizad toxic efedtsfram high
shot-temexpoares

Tadell containsthe Famissble Bxposure Limits promul geted by the Oooupetiond SAfety and Heedth
Adminigraion (OSHA PEL9 [4], the ACGIH TLVs[5], and the NIOSH Recommended Exposure
Limits(NIOSH REL9) [6] rdevant to asmeny asposshledf the substances or dasses of subdianoes for
whidhar smpeswereadledad inthisevdugion. In addition to thesearitaiafor individud subdances
NIOSH recommendsthat whdediesd exhadt beregarded asapatentid oooupetiond cardnogen, and thet
expoaurestoit bereduced to thelowest feeslelimits[2]. No sefelevd hesbean demondrated for a

cadinogen
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V.

RESUL TSAND DISCUSSON

A.  BEnviromaid

Treingoadion df thetamird fadliiesand adivitiesrevedled thet the dodk hesfiveexhad fansintherodf thet
providediution ventiltion. Neturd ventilation throughout the dodk will aoour through numarous gpenings
around thedoors (epaddly during thewammer monthswhen the"bumpars™ which are rubber surfaces usad
to s the openingsbetwenn trallersperked a the dodk and the door openings areremoved) and through
any doorsthat arenat cooupied by atrdler. Both union and menegamant pasonnd indicated thet anly asmel
numbe o the 144 doarsin thefadlity aretypicaly left unoooupied during the night hiftswhen oparating retes
areheavy, dthough theexact number and petter of unocooupied doarsisunpredidisblefor aparticular dhift
(@ncetheusear nonuse of apatticular bay doar isdidated by theamount and dedtingion of thecargo). No
oadfic provisonfar mekeup ar for therodf exnaud fansispresant; rather, ar will enter through the previoldy
noted opanings No ather ar hending or condtioning sysemsareusad inthedock area

Duingthenight dhift & thetimedf thear sampling, 16 desd-powered faklift ruckswereinuse. Four were
dda moods which aresuspedted to beamittars o rdlatively high levdsdf pdlutants Theoparationsthet night
weredestribed asbang typicd of amoderate to-heavy workioed. However, it wesnated thet a cartain
timesinthe pegt, naticebly heavier fume conoentrations hed been exparienced. Asmeny as 15 doars (lout
often feve) weareleft unocoupied & imesduing thenight hift, and far atime, around 4am, severd doarsin
thevianity of thesampling location near door #71 wereleft unoocoupied. Therdfare arbomelevdsaof
desd-agreea emissonsmay havebem dighly reduiced bdow nomrd by the number and pettem of
doarslet opan; thisdatement and the some of the aboveinfametion supparting it arebesad on commeants
mede by union and menegamant parsonnd. Meeared temparauresin the dook arearanged between 52
and 55°F during the survey, and meeaLred rdlaive humiditiesranged betwean 81 and 90%.

Themesalred conoaniraions of eech of thefour compoundsfor which harttem areaar ssmpleswere
adleded aedl wel bdow thar rdevart indvidLdl evdlugion ataiaenumaaed in Tablell; theresutsof
theeesamplesaeshonnin Tadelll. Als, thelevdsdf CO, detedted aresmilar to nommd amosphaic
levds Notredindcaing thet conoatraionsaf mogt of these contaminentswearegregter a anesamaling
location then &t the ather wes gopearart.

Theresitsof thelongtamar ssmdesaehownin Tades1V, V, adVI. Amongthelongtem area
arsamping reauts asswith theshart-tem areasampling reauits no trend indicating thet conoatrations of

mod of these contaminentsware gredler & oneareasamping location then a the ather was goperant. The
readtsfor fomedehyde, H,S0,, and NO, (TablelV) and for theindividud PAHsbezddpyrene
ngohthdene and drysane (Table V) aewdl bdow dl rdevat evdugion aitaia: Theresutsin TedlelV for
paticuaesifae (30, rqresat thepressncedf tatd gufate inbathionic and moecular forms (induding
H,SO,), impregneted upon airbome patticllates. Snceany ather sifaes presant areexpected to beno more
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imteting then H,S0O,,, these results may be grouped with the corresponding H,S0, results and the meeared
totd arbome concantrationsareill well bdow therdevart evdugtion aiteia(for H,.SO,). Theresuitsof the
samplesfor SO, warerendared invaid by an unidentified ssmpling andlor anelysspradem (Telel V).
Honeve, inapreviousevdution of asmilar faality pafamed by the NIOSH invedigetars|[ 7], Smilar vary
low levelsdf H,SO, and particulate sufate were aocompenied by vary low levdsof SO,. No additiond
vaailearganic compounds (diphetic or aromeic hydrocarbong) were detected (Table V). (Thisdoesnat
indudevapor-phese PAHs[ TableV, PAH samples andysesof sorbant tubeg).)

Although arbome (tatd and resairadle) paticulatereaits (Tadle V) arewdl bdow theevdudtion aitaiafor
"nuisance’ particdateligedin Teblell, theseaitaiaaregenerally goied tobidogicdly “inat” metaids
Paticatesemitted from diesd enginesbear chamicd subdanoes of taxicdogicd significance. Therdore the
nussnee paticllateaiteiaarenat adegueteinthiscase. Also, thesub-micon fradion (lessthen 1 miaron
[um] patidesze) hesno evduetion aitaion. Howeve, theemessramanisareussul oilludratethe
propartion of the particulate exposreswhich aedueto drect desd exnaud emissons(marethen 950 of
thesepattidesarelessthen 1 umin gze[2)) compered with ather sources such asregtraned or
aggomaraed exhaug-emisson partidesar ather souroes of dust. Unfartunately, unidentified saaling andlor
andyssprademsrendared thereatsof thesamplesfar thesub-micon fracioninveid. Nevathdess itcan
be deduced from comperison of thereslits of the samplesfar tatd particulaesand theresairddlefraction
(Which, dueto thesampling tedniques and devices used, exdudes partidesgreter then 10 uminsze[1]) thet
larger partides (greter then 10 um), presumetdly from sources ather then direct emissons gopeared to
predomiretein thisfadlity duing thesunvey paiod. Theemessramatsaredo usdul toilludratethe
propartion of thetatd particulate concentration acoounted for by the ather particllate-bomemeeids
messurad (eg, faesand dlveant extradtables).

Theevdudion aitaiafor cod-tar pitch materids (Tadlell) arebesed ontheassumption thet totd bazene: (o
cydohexane)) dubdefradionsdf arbometatd paticlae samplesgoproximetethetatd of dl
paticuaebome PAHspresat. A Smilar asssumptionismederegarding theberzene: and
adonitrleexdradiadefredionsof arbomesardesof ded-egneedad paticdaeemissans This
famsthebessfor compaing thereauits(Teble V) for barzene: and aodtonitrile-extradadlefradions of toid
ded edad paticuate (Which heaveno evdugtion aiteig) with theevauetion aitaiafor cod-tar pitch
metaids Howeve, uch an gopraechisnat without prablems: Although diesd-engineexhald patticulae
emissonsaedmilar to cod-tar pitch mataridsbecause they arebath carboneosousand knownto be
PAH-contaning, it isnat known how hezardousthe metarid extracted from these particulatesis compered to
thet from cod-tar pitch. Therdfore, theevdugtion aitariafor cod-tar pitch materidsarenat diredtly goplicedle
totheseresLitsand should be consdered only quiddinesfor evdugion. Nethe thebezene or
aodonitrileexdradables any individuel PAH, nor thetald (inany anesande) of individud PAH
conoatrations exosgdsthe evaugtion aritariafor benzene (or cydahexane) sdudes However, theresit for
sampleZF-3 (TableV), a 0.06 mgn, excestsonehdlf of theNIOSH REL of 0.1 g/’
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Theresitsof thesamplesfar demeantd cabonin Table VI arenat comparadlewith any published
evdudion aitaia Thesampleswareadledted for useasanindex of ovadl exqposreto desd-agne
exhaut emissons besad upon thefat thet the particlate phese df theemissionsiscomposed of
dementd-carbon coresontowhich ather meteridsare adsorbed [ 2] (es disoussed abovein Ssdion V).
Usngthispaerande asanindex of overdl expoaurerenuiresthreassumption thet, inagivenfadlity or area
duingagventime thetimeweghted average concantrations of the metaridsadsorbed anto the
dementd-cabon coreswill cordatewith thetimeweighted average concentration of dementa catbonwhen
Sdeby-9desampesaecompared. It may dso beassumed thet acordaion likdy edgswiththe
vapor-phese componanisof desd-engineexhalg anissons sncetheagrodynamic behaviar (intemsof
padointhedr and movemat with theflow of anar sream) of avgpar canbedaosdly gaproximeted by
fumelikeagrosdsauch astheadl diesd-edhad paticddes Thesregthsof these cordationsare under
investigation by NIOSH ressardha's but asyet aeunddemined. Theareasamplesfar damentd cabon
weareodledted Sdeby-gdewith theareamonitarsfor the ather meesLred componentsof theemissonsto
provideabegsfor compaison of thedemantd cabon levdsto thelevdsof theather components Thiswes
doneto estahlish the comdation usad with the parsond samples (discussed bdow).

Tatd organic cabon may dso bedaamined from the samples cdlledted for dementd carbon; theresults of
theseandyssswearecomplled and aedo reparted in Tade VI, Although theseresitsarenat compardde
with any exiding evaugion aiteria, they can be usad to asssssthe ussfulness of thedamenid caloon
messrematsfor theevduaion of expoaresto desd-egneedand emissans thiswasdoneby
dgemining the propartion of thetata carbon (both dementd and orgenic) thet isattribuisbleto damenta
cabon. Heamantd carbon may acoount for bewean 35 and 85%0 o thetatd messinded-ednagt
paticulates[2, 8], but usLAly acoountsfor betwean 60 and 80%6, with argenics aooounting for theather 20
t040%[8]. Theareasampling resitsedablished abesdine of 60% (esamean; thepropartionsfar the
indvidLel ssmplesrangefrom 53to 61%) dementd caboninthisfadlity duing thesurnvey, confirming thet the
Oetected damantd cabonisvay likdy essodated with thedesd-angneedniag anissonsdare

Thereadtsof thelongtam parsond arr ssmplesfar demantd cabon (Table V1) indicatetret parsord
expodrelevdsranged fromlessthan 8074, to morethan 22076, of themeen area.conoarntration of 42 ugfin?
(thefour areasampleresLitsranged from 40 to 44 ug/in); 8 of 10 parsondl exposLrelevelsexcesded the
meen aeaconcantraion. Apparat anong theereatsisadight trendindicating thet the equosreswere
gregtar among employesswarking in zone#2 of thedodk, and parhgpsin zone#4, thenin zone#3.
Howeve, thisisnat conggent with thefat thet trendsby location arenat ahaewise seninthisfadlity. Given
thesmdl numbe of sanples itispaushletha thisisnat atrend rdated to theemployess locations (auch as
onecausd by physicd deradaidicsof thefadlity), but rather isdueto therandom distribution of the
warkloed anongindvidisduing thenigt of thesunvey.
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Thepasord sarpes(Tabe V) waredso andyzed for tatd organic carbon, primaily to hdp NIOSH
invedigetorsassessthe usHfuiness of thedementd carboon messramant far the evdugtion of expoauresto
ded-egneedad eanissanshy agan ddamining thepraparion of thetotd cabon et isatribuibleto
dementd cabon. Thedamentd partion of totd carbon for two persond samples COP7 and COR10, is
vay dmilar tothe besdine of 60%6 eseblished by theareasamling resLits at 59% and 64%, regpediively.
Howeve, for theremaning eghnt parsond samples thedamantd partion of thetatd carbonislessthen 50%4,
andfor fivedf thoseislessthen 40%. Inather words thetatd organic partion of thetatd carbonisat the
expedted vdueintwo, and devaed inaght, of ten parsond sarples Thisindicates parsond expoaLresto
cabonraontaning emissons fromasource ather then desd egnesand with adifferent prapartion of
demantd cabonwithinthetatd carbon, whichareapatantid intaferencewith theusedf dementd cabonas
anindex of exqpoaresto ded-egreedad anssons  Theeaddtiond emissosinafaeinthisfasion
only if they add subgtantid quentiiesof dementd cabon to theair compered with thet relessed by thediesd
eghnes |dmificaion of theadditiond sourcedf enissonsand thendure of theseamissans (e, thar
propartiond contant of dementd carbon) isnecessary to ddeminethis

Basd ontheinformationinthenext paragrgph, itisvay likdy thet the higher-then-expected prapartions of
totd organic cabon among the persond samples are dtributable entirdly to exposureto dgarette smoke:
Althoughtheexpoared the sampled workers (and thar sarplas) to agarette sSnoke gredlly inoreesed the
Odtected levdsof totd arganic carbon, it likdly hed little effect upon the messLred exposrestodementd
cabon becausedgarete amoke contansanly 1to 15% demeantd cabon[9]. Thadare itisdill vay likdy
thet theexposuresto dementd carbon are assodated with theexposuresto desd-engneedad anissons
doe

Thefdlowing evidenceind catesthat the higher-then-expedted prapartions of tatd organic cabonamong the
persond samplesaredtribuibleto eqpoareto dgaratesmoke (1) theanly plausbleaddtiond expoaureto
thewarkesnat found in theareamonitaring locaionsis dgaretie smoke: (2) four workersamong thetenwho
woresampaswereknoan to have smoked during the shift (hesed upon theinvetigetors dosarvations and
datemenishy theindviduels), and ahasmay do hevesmoked, and, (3) most workespat sometimeina
bresk room thet was dosarveed to be smoky from dgaretesmoke. Furthermorg, thetop threegrestest ad
axth gredest expoaresto tatd organic carbon (represented by saples COP.8, COP.1, COP6, ad
COP2, reqpedively) werethose df thefour "knoan' snokers and thetwo grestest propartions of ot
arganic caboninthetatd carbon (ar, thesmelest of dementd carboon, a 20 and 3296, regpectivdy) were
dsofoundintwo of thosefour samples (COP.L, and COP8, repadively). Al four of thosesampleshed
proportionsof tatd organic carbon gredler then 50% (1., propartionsof dementd carbon of lessthen 50%).

Theawvironmentd evdugtion aitaialigedin Tabell aredredly godicableto parsond exposrelevds but
thesampling for theindividlel componenisof desd-angneexnaud emissans (exogat for thedementd [and
tatd arganid] cabon sampling)) conducted duning thisHHE meeaured generd-arealevds Thedemantd

cabon sampling provides evidence thet mogt persond expoauresto theindividlal componentswaregreder



Pege 11 - Hedth Hazard Evd ugtion Repart No. 88-077

thenthearealevds inthemog extrame case possibly morethen twice as gredt (besed uponthedata
disoussad above honing 8 of 10 parsond expoaresto damentd carbon exosding themeenaea
conoantration, induding onea 20% of thet meen). Thismay bedueto such efedtsasthe gparation of farklift
trudksinddetrales and thedosar praximity of the souroes (edhaudt talpipes) to thewarkersthen o thearea
monitars Futhermare, themeesured levds of thevarious exhaug-amisson componantsrgoresant those
found under theconditionsonthenight of thesurvey, and mey differ & ather times: They mey havelbean
dighly reduced bdow usLe levdshy thenumber and pettemn of doarsleft gpen duing thesamping (s
dsoussd ealier inthissadian).

Desatethefatt thet persond expoaresto theindvidud componanisof desd-egneexag anissorslikdy
exaeed the mesared area.concantraionsfound in TablesliL 1V, V, and VI, itisunlikely thet they ever
increese afidently to cause ovarexpoauresto any individudl componant (exaeat far the
Slvent-extractablefradion of particulate) compered to aurent cooupationd exposureditaia Thisis
becausemesared levdsdf dl ather individuel componatswarewd| bdow rdevart aitaig withanly
formedenydeand H,S0, levels (& 0.002 ppmin samplesHCHO-1 and -2, and 011 mgn? insarde
S, repadivey [se TadelV]) fdlingwithin even an ader of megnitude of an evdugtion aiterion (NIOSH
TWA REL of 0016 pom, and dl three TWASOf 1 mg/in?, respedtively). However, thereuit for
lvat-edradeblessanple ZF-3 (Table V), a 006 mg/in?, excssdsonehdlf of theNIOSH REL of

0.1 mg/m? for oydohexane: solubles; and, based upon thedemeanta carbon expogureindex, theparsond
expoaureslikdy ranged ashigh asabout 013 g, excsading thisREL.

Thesdvat-edradadle mataids patentid for caanogeniaty isthemain taxiodagicd conoam, and no e
levd hesbean demondraed for acaranogen. Therdfare, depite theunoarttainty of intaprding these detadue
totheprevioldy disoussed lack of direct comperdhlity betwean theevdugtion aitaiaand theresLits a
redudion inthe expoauresto thesemataidsisdesrable (ssed o therdevant foonates for thesemetaidsin
Tadell), eppaadly conddaing the possihility thet exposresto thesemetaidsmey a timesbegede thenthe
leves disoussad above (es destribed previoldy).

A mgor concam df theamployessin requesting thisHHE westhe presance of initant subgtanoes The
arbomeconcantrations of sverd imtantsweremessured and compered with imitationHoesed evelugtion
aitaia but only H,SO, levdsweare mesaLred within an arder of megnitude of such aaitaion (esdesaribadin
thepreviousparaggah). Thareisnoindication thet themessured initants in the conoanrationrs messred o
likdy to beencountered in thefadlity, cause gopredadleinitant effectsin asubdtantid proportion of worke's
Thisdatematindudesany Sngeane o ay combingtion, of themessred initants: It exdudesany addtiondl
imtanswhichmey be, ar may havebemn, presant but ware nat detected during the surnvey with thetedhniques
usd.

Aspreviody mantioned inthe Infrodudion sedtion of thisrgpart, the union which requested thisHHE asked
NIO3H to evduateexpoaresdf thedock workersto diesd-engneexnald anissons otheevironmana
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portion of thisevauation fooused ontheseworkers expoares: Air sampling to assesstheyard workers
expodreswasnat conduded. However, inthejudgameant of theinvedigetars theyard warkers expoaLres
toded-engneexnaug amissanswerelonve then the dock workers expoauresat thetime df thesurnvey, and
aenomdly lowe a aher timesdso. Thisisbesad yponlocation of theyard warkers jabs compared to
those dof the dodk workers (autside the building varasinsde, respedtively) and the nomdlly intemittent nefure
of thar expoaures (exagat duing cold westher when thetrudksin theyard areldt idling).

B. Medd

Thepatidpaisinthesuvey waedl mde Theehnic compastion of thegroupinduded 113 whites
(nonhigoenic) and 2workersof higoenicarigink Thesewarkersranged in agefrom 25to 58 yearsdd, with
threavarageapebang 392years

Dock workers desgnated asthe higher-exposLre group, were compered with repect to demogrgphicsand
s/mptometdagy with theyard worke's designeted thelowear-exposregraup. Theseexposure ddfinitions
aebesd yoonthedsoussaninthe previcusparaggon. Theyadwarkaswearedightly dder (averageage
=41.8years) then dock workers (average age= 382 years). Dock workershed been employed & the
compay anavarageof 109 yearsas compered with anaverage of 8 yearsfar yadworkes Thegraups
werecomparadlewith repect to smoking hidary. Among dodk warkers63.8% weresmokasas
compared with 67.7%6 of yadwarkers TablesVII through X depict the comparisonswith respect to
s/mptometaogy beween thesetwo groups of warkersat thistermingl.

TadeVII, "Wak-rdaed Symptomsin the Preosding Month,” ligsthe symptomsrdaied by workers s
oocuning during themonth priar to completing thequestiorare: Only symptomswhich becamewarse
whilea wark during thistime period waere consdered to bework rdated. Asshowninthe Teble the
s/mptom most frequently reparted by the 81 dock workerswias cough with Soutum produdtion, by 39
workers(48.2%0), as compared with only 2 of the 34 yard workears (5.9%). Indecressing order of
freouency, theather reported symptomsware: eyeiitation, sorethroet, heedsohe, dygonea(dhornessof
breeth), oty cough, teering of eyes; nesal discherge (runny nose), nesal congeestion (stopped up noss),
whezing, and hoarseness. Frequancy, and rdativerisk (RR) dong with the 952 corfideanceintavd (Cl),
aereparted inthe Tablefar eech s/mptom. Thosevduesliged under thecdumn entitied "RR providea
mesaLred the Srength of assoaiaion batwean wark location and eech reparted symptom. Theanly
impartant expoaure difference between dock and yard warkerswiasjudged to bein thar levds of exposureto
ded-agreedad anisos sspreviody dsoussd. Thevauesliged unds the cdumn heeding
"BC1%' gveanindcation o therdiahlity of eech etimete

TedeVIII ligsthe curent symptoms reparted by dock and yard warkerson theday the questionairewes
admndead Byeimtaionwasthemog frepquently reported symptom among bath groups of warkers This
symptomwas noted by 54(66.7%/6) dock workers as compered with 7(20.6%) yad workas Other
frequently reported symptoms among dodk workerswere producdtive cough, Sorethroat, heedache, dygonea
(shortnessof breath), and dry cough. Lessthen 35% of dock workersreported expearienang nesdl
congestion, eyetearing, runy nose, wheezing, or hoarsaness onthet day. Asagroup, 6(17.7%%) or fewer
yadwarkersnated any of theramaning symptoms
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InTebel X, acompatison of symptomsexparienced during the preosding monthwes medeamong the 27
dock warkasonesch hift.: Shift 1 ocourred from 12 midnight to 7am,, dhift 2from 7am to 3pm, and
dhift 3fron3pm to 12 midnght. Examirgtiondf thisddarevedsthet shifts 1 and 3rgported ahigher
frequancy of symptomsas compered with hift 2, inwhich fewer warkersreported exparienang symptoms
Produdive cough and eyeimitation werenoted by morethen onehdlf of dl workeson hifts1and 3 and
dongwith heedecheweare d o themost common symptoms reported by workesondhift 2. A smilar pettem
issanin Tade X, which desribes curent symptoms among dock workersacoording to shift. Eyeimitation
wasthe number anesymptom reparted by dl groups exaeat far hift 2, inwhich produdive cough was mogt
frepuently noted

Thefad thet eyeimitation wasthe modt prevaent acute symptom reported by thispopulation of warke's
ppartstheevidence documanted in tentificliteraure thet desdl edneus emissonscauseaouiegye
imtaioninhumeans Itisdso of impartancethet resairetary symptoms aswl assymptomsaf muoous
mamraeinitaion, weremore prevaent among dodk warkersthen yard workers: Based upon these
findings the NIOSH investigatars have cond uded thet, desaite the low meeured arbome conoantrations of
imtants workesreported acuteinitaive hedth effeds conadent with the symptoms of expoaretowhdle
ded ediast

Theexatt caue dof theaoute effedtsisuncartain dueto the absence o exposresin excessof therdevant
aiteia Asdesribad previoudy, few imtantsweare meeaLred & conoarationswithineven an ader of
megnituded anevdution aitaion. It mey bethat additivear snargdic dfedsamong thevaious
componantsdf desd exhaud, the presance of unrecognized componant(9), andlar charadidicsrdaed to
thegmdl paticdaeindesd fume(eg, imtation assodated with thesze or epedf the partides or theablity
o thefine paticlaeto pendratethelower regansd thelung, posshly moredficently carying catan
adsorbad componentsto these aress then they atherwisewould be carmied), or some ather unrecognized
fadton(9 arerepongblefar thehedth effetsfound. However, nofurther evidanceisavaladed thistimeto
uppart any of thesepedificidess

The NIOH invedigetorshave do conduded thet thereexigs a thisfadlity thepatertia for longterm heelth
effeds primeaily the potentid cardnogenic risk destribed previody. (Few condusionscanbedrawn fram
avalabedudesof dronic pumonary and sydemic effeds) Thiscondusonissupparted by severd itams
previody disoussed rdating toworker exposuresd thisfedlity. Thefirg of theseisthet themetarid adsorbed
oo ded exhad particdaes towhichtheemployessat thisfaality areexposed, indudes such compounds
asPAHs anongwhichaeanumba of knovn mutegensand cardnogas: Infedt, twoindvidud PAHS
weaeddedal (a vay low levds) inthiswark evironmeat (Table V). Futhermorg onesamplefor
berzene-edtratablefradtion of paticulate, despitetheinhearant prablemswithintepreationsand the
asumptionstihet must beused, doesprovideevidence df possbly excessve expoauresto thesemetaids the
mantaxicdogicd conoam regarding themisthar caranogenic patentid, and no ssfeleve hesbean
damondrated for acardnogen.

Based upon reparted aouteinitative hedth effedts congdient with expoaureto diesd exnaud, and thefadt thet
NIOSH recommendsthat whdle diesd exhaust beregarded asapatentid oooupetiond cardnogen, the
NIOSH investigetarshave conduded thet apatentid heelth hezard edgtsa thisfadlity.
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VI.

RECOMMENDATIONS

Becauseapatantid hedth hezard exigs a thisfaality, messuresto reduce expoauresshould beindituted.
Spadifically, expoauresshould bereduosd to thelowest feesiblelimitsin acoordence with NIOSH
recommendations| 2], previoudy dsoussed in Sedion IV. Thesedtate, "NIOSH recommendsthet whdedied
exhaud beregarded asapatentid oooupationd caranogen in confomeancewiththe OSHA Canoer Rdlicy

(29 CFR 1990)... Theexcess canoer risk for workers exposad to diesd exnaudt hesnat et been quientified, but the
prabehlity of devegping canoer should be dearessad by minimizing exposure. (E)mployersshould assessthe
cordtionsunder whichworkersmey beexposed to desd exnaugt

and reduce expoaresto thelone feesblelimits™ Thefdlowing areseverd gpedfic messuresto reduce
expoaures

Saiousconddaration to phesing out the diesd-povered farklift trucksinfavor of forlifts powvered by ather,
lesspalluting, fudsshoud bemede Extreme caution isnesdied when meking such dnengestto besure thet
emissosfromthergdacemat unitsdo nat cresteanew hezard, 3uch ashigh CO expoaresduetothe
rdaively high CO emissonsfromnondiesd intlemd-combudionengines

Whenever desd-powerad farlift trudks are left unattended for morethen the briefest of pariods thar
engnesshoud bedhut off. Also, dde-modd diesd fariftsshould be sHedted for useanly if nesded whendl
nenvg-modd unitsareinuse

Engneand fud modifications canreduicetherates of emisson o toxic sotancesfromded egnes The
asdanced farklift menufadiurer represntatives hould be sought to deressetherate of exneus anissos
from the diesd-powered farlift trucks (particulay the dder moddsand those conddared to beexcessive
emitters). Any forklift trudksnat operating property, asindicated by vishly smoky exnaus eanissorsor aher
imegulaities should beimmediady removed fron savice

Thepafomanced therodf exhaust fansshould beevaueted by aqudified verntilation enginesr tobecatan
thet they are gparating asdesigned. [If they arenat, thenrgpairsshauld bemede: [If thefansareoparding s
designad, then additiond ventilation should be provided to reduceexpoaurelevds After repairsandior
addtionsaremede, theeffediveness of the ventilation should beresssesssd. Orneindicator of effediveness
would betheredudion of airbome concantrations of pdlutaniswhich arecomponantsof desd-agneedad
emissons and thusthe Subsaouent messiremant of these conoantraions should be pafomed.

Provison o praper waehing, dathes-cdhanging, and datheslaundaing fadlitiesis necessary to prevert
umessssay dff-gteexpoaureto desd-agneexnad paticuaes("soat”). Suchfadliiesshoud be
provided and ussd.

Asaganard recommencition, ahedth and ssfety committee should be estadlished to address the hedth concams of
thewarkesand promoteassfe warkplace: Thisgroup should indude bath union and maenegament reresaniation.
Workersasagned towork in aresswhere diesd-powered equipment isaperated should beinformed aoout the
workplace hezards



Page 15 - Hedth Hazard Evauation Report No. 88-077

VII.

REFERENCES

1

Hler, PM. (ed). NIOSH Manud of Arelyticdl Methods Third Edition, with Supdements
DHHSNIOSH) Rublication No. 84-100, Nationdl | ndtitutefor Oooupetiond Sty and Hedlth,
Cindnreti, Ohio, (February) 1984 through (August 15) 1987.

Nationdl Ingtitutefor Oooupetiondl Sfety and Hedth. NIOSH Currart Intdligence Bulletin
50..Caanoganic efedsof expoaretotodesd exnaust. DHHSNIOSH) Publication No. 88-116.
NIOH, Cinanreti, Ohio, (AugLe) 1983,

Gashick, E., e d. A rerogoedtivecchort sudy of lung cancer and diesd exhaus exposureinrailroed
wokes Am. Rev. Rexp. Dis 137: 820-5,1988.

Ocouypetiond SHety and Hesith Administraion (OSHA). Ganerdl IndLetry OSHA Sy and Heslth
Standads (29CFR1910), Publication OSHA 2206, 0SHA, Washington, D.C, (ne) 198L

Amaican Cofaenced Govermeanid Indudrid Hygends(ACGIH). Documentaion of the Threshdd
Limit Vduesand Bidogica BExpoareIndices Fifth Edition. ACGIH, Ginanreti, Ohio, 1986.

Nationd Institutefar Oaoupetiond Seety and Hedth. NIOSH Recommendationsfor Oooupetiond
Sdey and Hedth Sandards Marbid. Mortd. WKly. Rt (Suppl.) 37 (S7): 1-29, (August 26) 1988,

Blade L.M., H. Savay, M.D. NIOSH Hedth Hazard Evauation Report No. HETA 87-232-1948,
Consdliceted Fraghtways Fooono Summit, Pans/lvania Nationd Indtitutefor Oooupationd Sty and
Hedlth, Gindnnati, Ohio, (February) 1989.

Travis CC, NB.Murro. Potertidl Heglth Effedtsof Light-Duty Diessl Bxhauet. Risk Arelysis3(2):
147-55, 1983

Zadd, D.D. Presmtaionondamantd cabonand ded exhaus. Presanted & the Amaican Indudnid
Hygene Conference, Sen Frandsoo, Cdlifamia, 1988,



Pege 16 - Hedth Hazard Evd ugtion Repart No. 88-077

VIII.

AUTHORSHIPAND ACKNOWL EDGEMENTS

Report Prepered by

Hdd As5dance

Ardyticd Sppat

Origreting Office

LeoM. Blade
IndLernid HygeneEginer
IndLetrid Hygiene Sadtion

Heavy Savay, M.D,, M.PH.
Medicd Offioar, Medicl Sadtion

Chrigtopher M. Reh
IndLetrid Hygiengt
Indudrid Hygene Sadion

DemisD. Zaedd

IndLetrid Hygiengt

Indudrid Hygene Sadion
IndLsrywide Sudies Branch

Hf Gowve, Chamig
DaaChem, Inc.

Ken Speulding, Cheamigt
DaaCham, Inc.

SeveHlingson, Chamid
DaaCham, Inc.

TayaChedin, Chamig
DaaCham, Inc.

Auggt J Pedli, Chemig
DaaCham, Inc.

Shawn Ludow, Chemig
DaaCham, Inc.

ArdthA. Grag Chamig

Messremats Devdgomant Sadion
Messuremeants Reseerch SUpport Branch
Divisonof Prysicd Sdenoesand Enginesring

Hazard BEvdugtionsand Tednicd Assgance Branch
Divisondof Suvllanoe Hazard Evdudios
andHdd Sudes



Pege 17 - Hedth Hazard Evd ugtion Repart No. 88-077

DISTRIBUTION AND AVAILABILITY OF REPORT

Copiesdf thisrepart aretamporatily avaladle upon reguest from NIOSH, Hazard Evdustionsand Tedica
Asdgance Branch, 4676 Cadumbia Parkway, Gindnnati, Ohio 45226. After 90 days thergpart will be
avalablethroughtheNationd Technicd Infometion Savice (NT1S), 5285 Rart Royd, Sindfidd, Virgnia
22161 Infometion regardingitsavailehlity through NTIS can be dtained from NIOSH Rublications Officeat
theGindnnati address Coplesof thisrgpart hevebeensant to!

1
2

3.
4
5.

Congdlideted Fraghiways Inc.

Intemationd Bratherhood of Teamgiars Chauffers Wardhousamen
& Hdpasd Ameica

Teamdes Locd No. 722

OSHA, RggonV

NIOH, Gindnreti Region

For the purpose of informing affected employess ooplesof thisrepart Sl bepoged by theerdoyerina
prominant place accessbleto theemployessfor aperiod of 30 cdender days



Page 18 - Hedth Hazard Evauation Report No. 88-077

Cortaminat
Hydrocarbons
dipreicad

aomdic

Fommeldehyde

Sifur doddead
patiidesfde

Patiodatesfete
andsifuicedd

Totd particuicte

Reqareble paticete

NIOH
Method
Number [1]

1501/

0600

TABLEI

Smmay o Longdem Adive Sampling and Ardlyticd Methods
Condlidated Fraghtways Inc.

Cdledion
Medum

Sorbert tube- charcod

Impinger - agueous 1%
sodum higfitesduion

Hites- mixed-cdiulose
egder (MCE) mamrarg
fdloved by cdluose
(impregreted with KOH)

Sorbert tube- gassfiber
filter pug fdloved by
weshad dlicagd

Filter - ply-viny/
dHaide(PVC) membrare

Flter - PYCGmambranes*

Pau lllinais
HETA 83077
24Mach 1933

Vdumdric
Air How Rae
(L/min) Usd

02

10

15

05

20

17

Desring
Sovator
Sduion

Cabondifide(CS)

agueous3mM odum
hicarbonate (NaHCO,)

and 24 mM sodum caborgte

(NaCO,) -dution

aqueous3T™M NaHCO, ad
24mM Na,CO; sduion

Typed
AndyssUsd

Gasdvomaograhy (GC) with
flame-ionization detedtion
(AD)

Chromatropic add reedtion,
oedtrophotometry

londrameogay

londrameogay

Ga/imgdric

Ga/indric
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Contaminant
Regardblepaticuate
Sbmiaonpaticuae

Bawvaesdude
fradionof paticuae

Acdontilesdude
fradion of paticdate

Roynudesr Arametic
Hydrocarbons (PAHS)

Roynudesr Arametic
Hydrocarbons (PAHS)

Hematd cabon,
and arganic carbon

NIOH
Method
Number [1]

0600

*k%

9023

9023

5515

5506

*kk*k

Cdledion
Medum

Flter - PYCGmambrane*
Flter - PYCGmambrane*

Hiter - Polytetrefluoro-
dhylene(PTHE) mamrane

Flter - PTHE-mambrane

Flter - PTFHEEmambrane
falowed by sorbert tube
-waghed XAD-2redn

Flter - PTFHEEmambrane

falowed by sorbart tube
-waghed XAD-2redn

Filter - quartz-fibar**

* Thsmethodisascan far dl idartifiele hydrocabons andissmiler todl threedf these NIOSH Methods

** Preoediad by an eppropriste Sze et

*** | dentic to NIOSH Methoos 0500 and 0800 exaqit for Sze sdedor.

*xxx Mehod under devlgomat

TABLEI (CONTINUED..)

Vdumdric
Air How Rae
(L/min) Usd

17
20

35

35

20

20

40

Desring
Sovator
Sduion

Acdonitiile

Acdontrile

Typeodt
AndyssUsd

Ga/imgdric
Ga/imgdric
Ga/imgdric

Ga/indric

GCwithAD

Highypafomanceliquid

drometogay with

fluoresoanceand utra:
vioe daedion

Themrd-opicd
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Bezddpyrene
Cabon Dioxide
CabonMonoxide
Formeldehyde
Negphthelene
Nitric Oxide (NO)
Nitrogen Dicxide
Sifur Diaxide

Chyse

Cod-tar pitch valdiles
(bezeresdldes

Cod-tar products
(cyddexaesdudey

Nusance Dud, toid

resardde
SifuicAdd

opug%&;soo.\lm.bwl—'.o

TABLEII
Bvdugtion Qitaia
Congdlideted Fraghiways Inc.
Pau, lllinos
HETA 83-077
24Mach 1983
ACGHTLV OHA PEL NIOSH REL
8hr 15min 8hr 10+r 15min
TWA(@Q) STE.(Q TWA Cdling TWA Cdling
(Pom) (pom) (Pom) (pom) (Pom) (pom)
A2 - - - - -
5000 30000 5000 - 10000 30000(10)
50 400 50 - 3H(B) 20000
1(A2 2(A2 1 2(15 0.016(6)(8) 0.1(6)
10 15 10 - - -
25 - 25 - 25 -
3 5 - 5 - 1
2 5 5 - 05 -

(mgh?)  (mgim) (mgh?)  (mgim) (mgh?)  (mgim)

(A2) - 02 - © -
02(A18() - 02 - ] ]
- - - - 01(B) -
10 - 15 - - -
- - 5 - - -
1 - 1 - 1 -

Cdling, noddfined time:

TimeWeghtad Avaae

Shot-Tam BExpoareLimit

Al refared to as patiauiete polyrudeer arometic hydrocaoons (FPAHS by ACGIH.

Dedgreted ssrgresarting “thelowves fesshle concartration thet isrdiedly messuraile’ by NIOSH.

OHA gpificdly indudesorly anthrecene, baed dpyrane phererthrene, aniding dysae ad pyreeinthe FEL.
8hrTWA.

10minCeling.

15minCaling.

Dedgreted"humen cardnogart' by ACGIH.

Dedgreted "sgpedted humen cadinogart” by ACGIH.

NIOSH recommendstredting thismetaid esapotattid humen caanogen

NIOSH recommendstreting this aompound easapatential humen cardnogen and contrdlling it asan cooupetiondl caranogen
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LOCATION

Near Door 134

ND Noredeected

TABLEII

ReatsOf Sat-Tem AreaAir Samples (Detectar Tube Reedingy)

ANALYTE

NG,
NO,
CO

CO,
NG,
NO,
CO

CO,
NG,
NO,
CO

CO,
NG,
NO,
CO

CO,

TIME,

am.

110

113

120

122

132

133

136

140

602

606

609

615

6:18

620

6:26

630

Consdlidated Fraghtways Inc, Rary, lllinois
HETA 88077
24March 19838

CONCENTRATION,

om

Trace(<05)
03
ND (<<05)
400
Trace(<05)
03
ND (<<05)
300
ND (<<05)
Trace(<05)
ND (<<05)
200
ND (<<05)
02

ND (<<05)

NOTES

NO+NO,

NO+NO,

NO+NO,

NO+NO,
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Locdion

bdance Sde
Number

Formddehyde HCHO-1
HCHO-6

Hydrocarbons diphetic CT-1
adaomdic

Paticiate Qifae AA-1
Qfur Diokide S02-1
Paticiste Qifate S2
QifuicAdd

Nitrogen Dicxice NO2-2

Sat
Time
am.
1252
409

1252

1252

1252

1252

Reautsof Longtam AreaAir Sampling for 6 Subdances
Congdlideted Fraghiways Inc.

Neer door 71

Sop Sde
Time Vdure
am. L

6:31 320
6.0 148
726 79
726 650
726 180
734 NA®@

* Tre'lessther!’ (<) s/mbdl indicaesthet there it islessthen theardlyticd! Linit of Detection (LOD)
** Rea jtisbeow theLirit of Quenttztion (LOQ) ard thusissarmi-queriitztive

ND Naredssdted
@ Diffusard monitor usd to adlett ssmde
@@ Unidanified ssmpling andlor anelysisprabla; reuit invalid

TABLEIV

Pau lllinais
HETA 88077
24Mach 1988

Conoatration

0.002 pp+*
<0.003 ppnr*
ND

0009 mgfim**
@@

<002 mgin?
004 Mg

0071 ppm

Sde
Number
HCHO-2
HCHO-5
CT-2
AA-2
S0O2-2

S1

NO2-1

Sat
Time
am.
1246
407

1246

1246

1246

1246

Near door 134
Sop Sde
Time Vdure
am. L
6:26 320
6:26 130
1727 80
727 632
727 180
730 NA®@

Conoatration

0.002 pp+*
<0.004 ppm
ND

0009 mgfim**
@@

<002 mgn?
011 myfr?

0.021 ppm
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Locdion

Tatd Paticdates

Regirable Paticulates

Submiaon Paticuates

BawzenesdudleFradion
of Paticulates

Acdonitilesdude
Fadion of Paticdates

TABLEV
Resltsdf Longtam AreaAir Sampling for Paticuliates Paticulate (Savert Extradidle Fradions), and PAHS
Consdlidated Fraghtways Inc, Rary, lllinois

HETA 88077
24 March 19838
Near door 71 Near door 134
Sargde Sat Sop Sarge Concatrdion,  Sarde Sat Sop Sarge
Nurbe Time  Time Vdurg mgh? Nurbe  Time  Time Vdure
am. am. L am. am. L

FWO00 1252 726 870 007 FW1747 1246 727 380
FW1010 1252 726 670 004 FW1743 1246 727 680
FNV8 1252 726 830 @@ FW1006 1246 727 920
ZF1 1252 726 1400 <0.04* ZF3 1246 727 1400
ZF4 1252 726 1400 <04 ZF-2 1246 727 1400

Conoanirdion,

008
001
@@
0.06

<004
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Pdyrudear Arametic Hydrocarbons (PAHS):
Bxtrading Solvent/ ArdlyssMehodt Bazene/ GC/HD®@
Rilter/TubeNumbe: ZF6/PAH-6
TimeSat/Sop, am.: 1252/659
SardeVdurelL: 770
Mass g Conoaration,
fom from tod  ugh?
filter e __ -
Naphthdene <05 <05 <10 <13*
Acargohthylene <03 <03 <06 <08
Aocagohthae <03 <03 <06 <08
Huorene <03 <03 <06 <08
Praentrae <03 <03 <06 <08
Antrecene <03 <03 <06 <08
Huorathene <03 <03 <06 <08
Rrene <03 <03 <06 <08
Baz@attraoae <03 <03 <06 <08
Chrysae <03 03* 03* 04~
Bemopfluoathere <03 <03 <06 <08
Bewo(fluorathee <03 <06 <09 <1
Bewoepyrae <03 <03 <06 <08
Bazo@pyree <03 <03 <06 <08
Indeno(1,23cdpyrere <05 <05 <10 <13
Dibav(@hatraoae <03  05* 05* 06**
Bewo(ghi)paylee <03 <03 <06 <08

gE*E " 1

Tre"lesthart’ (<) s/mbd indicetesthet theresLit islessthen theandlytical Limmit of Detedtion (LOD)
Reaitisbdow the Limit of Quertitation (LOQ) and thusissami-quiatitetive

NA irdicates" ot arelyzed’

Gasdrametoggahy with flameionzation deedion
Highpafomeneeliquid drometograahy with fluoressencslulravidet detedion

<000025 ppm

Unidanified ssmpling andlor andlysisproble; reit invaid

Acgonitrile/ HALCRA/UV Dt
ZF5/PAH-5
1252/6:59
760
Masng = Conoanraion,
from from tod ugi?
fiter twbe _

A" NA NA NA
A NA NA NA
<100 <100 <200 <0.26
NA NA NA
<50 <80 <01
<30 <60 <008
<30 <60 <008
<50 <80 <01
<30 <60 <008
<30 <60 <008
<30 <60 <008
<30 <60 <008
<30 <60 <008
<30 <60 <008
<50 <100 <013
<50 <100 <013
<50 <100 <013

2 Z

BLB8LR8L88884F

Bawae/ GCHD Acdonitriile/ HALC, H/UV Din
ZF8/PAH-8 ZF7/PAH-7
1246/ 652 1246/ 652
770 770

Massug  Conoatration, Mass ng Conoantretion,
from from tod ugi? fom from tod ugh?
fiter e __ filter  woe __ 0 ____
<05 <05 <10 <1.3* NA NA NA NA
<03 <03 <06 <08 NA NA NA NA
<03 <03 <06 <08 <100 <100 <20 <026
<03 <03 <06 <08 NA NA NA NA
<03 <03 <06 <08 <V <K0 <80 <01
<03 <03 <06 <08 <30 <30 <60 <008
<03 <03 <06 <08 <V <O <60 <008
<03 <03 <06 <08 <30 <50 <8 <01
<03 <03 <06 <08 <V <O <60 <008
<03 <03 <06 <08 <30 <30 <60 <008
<03 <03 <06 <08 <V <O <60 <008
<03 <06 <09 <1 <30 <30 <60 <008
<03 <03 <06 <08 <V <O <60 <008
<03 <03 <06 <08 <30 <30 <60 <008
<05 <05 <10 <13 <0 <0 <100 <013
<03 <05 <08 <1 <50 <50 <100 <013
<03 <03 <06 <08 <0 <0 <100 <013
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TABLEVI

Reautsof Longtam Air Sampling for Sub-miaron Paticulate bome Hemantd Carbon and Organic Carbon
Congdlideted Fraghiways Inc.
Rau lllinds
HETA 88077
24 March 1983

TypeLocaion Sape
Number

Parsond/Tovmotor, inzone#3

Parsond/Towvmotor, in zone#2

Parsond/Towmoator, in zone#l

Area/Near door #71

Area/Near door #134

COP1
COP.2
COP3
COP4
COPS5
COP.6
COP.8
COR.7
COP9
COP.10
COP11
COP.12
COP.13
COP.14

Timeam
Sat Sop
1232 739
1230 746
1229 743
1227 533
1223 73
1218 721
1220 653
1210 727
1207 726
148 749
1243 730
1243 730
1247 730
1247 730

Vdurdiic Sarde

Howrae
(Limin)

40
40
40
40
40
41
40
40
40
40
41
39
40
40

Vdume
L

1700
1700
1700

1700
1700
1600
1700
1700

1700
1600
1600
1600

Conoartration (ugf)

Heameatd Cabon Organic Cabon

BRLESELABIRBEES Y
5
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Heedache
BEyelmitation
Teaingof eyes
Rumy Nose
Sopped Up Nose
Sore Throet
Hoarsness

Dry Cough
Cough+Fiegm
Whe=zing

Dyspnest*

Dock
8lworkas

29(35:8%)
36(44.4%)
24(296%)
23(28.4%)
20(24.7%)
31(383%)
15(185%)
25(30.9)

30(48.29%)
16(19.8%)

29(358%)

TABLEVII

Andyssdf QuesiorareresponeRaalts
Work-rdaed Symptomsin the Preosding Manth

Condlidated Fraghtways Inc.

Rau lllinas
HETA 83077
24 Mach 19838
Yad RR
3Aworkes
388%) 41
7(206%) 22
5(14.7%) 20
5(14.7%) 19
388%) 28
A(11.9%) 33
1(29%) 63
1(29%) 105
259%) 82
259%) 34
1(29%) 122

* RR=rdaiverk (prevdanceratio); Cl = confidenceintava

** dhortnessof bresth

BUCI*

1591034

115404

089457

084,443

0.99,7.94

143741

122326

2554327

31421.34

0.94,1203

3184665
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Heedache
BEyelmitation
ByeTeaing
Rumy Nose
Sopped Up Nose
Sore Throet
Hoarsness

Dry Cough
Cough+Fiegm
Whe=zing

Dygonea

TABLEVIII

Andyssdf QuesiorareresponeRaalts
SymptomsRresat onthe Day of Inteview
Condlidated Fraghtways Inc.

Rau lllinas
HETA 83077
24 Mach 19838
Dock Yad RR B CI*
8lworke's 3Aworkes
42(53.29) 4(11.8%) 452 219931
54(66.7%) 7(206%) 324 194540
21(33.8%) 4(11.8%) 287 1.216.78
24(300%) 6(17.7%) 1.70 079364
28(34.6%) 6(17.7%) 1.9 094,406
46(575%) 259%) 9.77 4062354
17(21.5%0) 0 Unddined  Unddfined
3B(U3%) 5(14.7%) 297 145612
49(62.0%) 6(17.7%) 351 1.986.23
22(27.5%) 4(11.8%) 237 095,588
39(48.2%) 5(14.7%) 327 164,655

* RR=rdaiverk (prevdanceratio); Cl = confidenceintava
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Heedeche
BEyelmtation
Teringof g/es
Rumy Noge
Stopped Up Nose
Sore Throet
Hoarsess

Dry Cough
Cough + Fregm

Wheszng

Siftl
27workas

13(48.2%)
16(59.3%)
15(55.6%)
12(44.4%)
AB3%)

13(486%)
AB3%)

13(486%)
17(63.0%)
8(29.6%)

15(55.6%)

TABLEIX
Andyssdf QuesiorareresponeRaalts
Symptoms Among Dock Warkasin the Freceding Manth,
Aaoording to Shift
Congdlideted Fraghiways Inc.
Rau lllinds
HETA 83-077
24 March 1983
hift2 hift 3
27 workers Ziworkers
7(25.9%) 933.3%)
6(22.2%) 14(51.9%)
27.4%) 7(25.9%)
4(14.8%) 7(25.9%)
1(3.7%%) 7(25.9%)
6(22.2%) 12(44.4%)
1(3.7%%) 5185%)
2(34%) 10(37.0%)
8(29.6%) 14(51.9%0)
1(3.7%%) 7(25.9%)
4(14.8%) 10(37.0%)
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TABLEX
Andyssdf QuesiorareresponeRaalts
SymptomsPresat onthe Day of Intarview, Among Dok Workers
Aaoording to Shift
Congdlideted Fraghiways Inc.
Rau lllinds
HETA 83-077
24 March 1983
Sympans Shift1 Shift 2 Shift 3
27 workers 27 workers 27 workers
Heedeche 17(630%) 10(384%) 15(57.7%)
Byelnitaion 20(74.1%) 13(48.2%0) 21(77.8%)
Teaing of eyes A3IB.3%) A3IB.3%) AIB.3%)
Rumy No2 A3IB.3%) AIB.3%) 6(23.0%)
SoppedUpNose 7(25.9%) 10(37.0%) 11(40.7%0)
Sore Throat 17(630%) 12(44.4%) 17(654%)
Hoarsness 4(154%) 5185%) 8(30.8%)
Dry Cough 14(51.9%) 7(295%) 14(53.9%)
Cough+ Figgm 18(69.2%0) 15(55.6%0) 16(61.5%0)
Wheang 6(23.1%) 7(25.9%) 9(34.6%)

Dysonea 14(519%) 12(44.4%) 13(484%)



