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JIMMARY

OnApil 9, 1987, NIOH recdved arequest for aHedth Hazard Evadugtion from the Intemationdl Bratherhood of
Teamdas Chauffeurs Warehousamen & Hdpasof Amaica which rgresanisthrewarkforced the
Consdlidated Fraghtways Inc., Pooono Summit, Rensyivania, bresk-bulk trucking termindl. Theunion requested
evaugion of (g) patentid exposuresdf thedock warkersto exhaug @missonsfrom diesd-powered farklift trucks
and (b) reparted hedlth effedts (uch asimitation) thet itsmembarsthought wererdaled to these expoares. NIOSH
investigetors conducted an environmentd and medicd survey & thefadlity on Sqatemboer 27 and 28, 1987.

Theawvirommend suvey consded manly o ar sampling for sdedted contaminentspresat indiesd-agne
exnad conddared to rqresant the gredet hedith risks: Areaar ssmpleswere aollected for catoon dioxide,
cabon monaxide, suifur diaxide, nitrogen diaxide, totl axides of nitrogen, fomeldehyde, vadilediphetic and
aomeic hydrocarbons particllate solvent-extradiablefraction, paynudear aramétic hydrocarbons (PAHS),
paticulae (totd, regaradle and Sbmiaon), sufuricaadd, and dementd caroon (esanindex of overdl
ded-exhaug eqpoare). Thedrbomeoonoatrationsof dl componentsmesared warewd! bdow dl rdevart
indviduel evelugion aritaria, exogt inthe cage of the solvart-extradtablefradtion of diesd particulatewhen
compared with the NIOSH aitarionfar cod-tar pitch meterids: Although thisaitarionisnat diredly goplicableto
ded paticias itisaussfu guiddinedueto thesemetaridls Smilaitiesand the cardnogenic patentie of esch of
them

NIOSH madicd invedigaorsintaviewed 21 workersidentified assbaing symptomdticin order to Sbdarntiete
complantsprevioudy documanted asbaing causad by desd-exhaud expoare: Theseinduded 15warkaswino
coretituted helf of themidhnight hift. All workersintaviewed (and thusat leest 50% of themidnight shift) reported
uope resaratary tract imtation. Other frequently reported symptomswere eyeinitation, cough produdtive of
bladk-tinged soutum, and sorettrogt. Al parsonsintarviewed sated thet the symyptoms ebeted during extended
paiodsavay fromwork.

Based upon reparted acuteimitative hedlth effedts cons gant with expoauretto diesd exnalg, and exposuresto
patentidly cardnogenic metarid, the NIOSH invetigetarscondudied thet thereisapatentid heslth hezard
asodaed with theexpoauresto desd engineexhaud a thisfaality. Recommencetionsfor redudng exposresare
medein Sedion VI of thisrgpart.

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

On Al 9, 1987, NIOSH recaived avdid request far aHedth Hazard Evdugtion (HHE) from thelntemationd
Brathahood of Teamgtiars Chauffeurs Warehousemen & Hepersof America, which rgresarnistheworkforceat
the Consdlideted Freightwiay's Inc., Fooono Summiit, Ransylvania, breek-bulk trudking termingl. Thisunion esked
NIOSH toevauete (8) patentid expoauresdf thedock workersto exheug eanissonsfrom thediesd-powered
farklift trudksin used thetamind, and (b) reported hedith effedsthet union membasthought wererdated to these
exqoares Themodt commonly reported hedlth efedsweareresairatory and eyeinitation, the produdion of
bladk-cdared mucusar phlegm, ather regairatary difficuities and heededhes: Theunionindicated thet the
word-case expoaLres ooour eechwesk during the Sunday-night-to-Monday-moming night shift, because
opaaions(and thusdmod dl of thefarklifts) areat thet time conoantrated only intheest end of thetamingl.

TheRooono Summit temind cooypiesavay long, rdaively narow building congrudted largdy of 9ed. The
mgarity of thebulldingsfloor oeceisdevatad to thedodk areg whichisasinglestary "high bay." Theremainder of
thebullding indudes dffices repair Sops lundroom, redroons ec. Thermgarity of thewdl goeceinthedodk area
isocoupied by 198 large door openingstheSzedf atrudk traller'srear door gpening; trallersare backed up tothese
doarsfar uncedingand loeding.

Thistemird isrefared to asa"bresk-bulk type becauseitsfundionisto recavelarge, lang dganceloeds ad
bregk them doaninto svdler, ort-ddancelceds Thedodk workersusefarklift trudksto movecargo around the
dodk andintoand out of trales Taid employmant a thisfaality, which aparates 24 hours per day, 7 dayspe
wek, onthreehifts isabout 35010400, Inaddtiontoafen medhanics thirty ar moredockmenwork during
eech dhift (thenumber vaiesby hift).

NIOH investigetors condudted anindudrid hygeneand medicd survey a thefaality on

Septemba 27 and 28, 1987, and aletter destribing the adiivities conducted during thisvisit, with prdiminery resuits
and condusians wassant on October 23, 1987, to company and union rgresantaives OnJdune 17, 1988, aleter
sving asaningim repart pending the compleion of the curant repart, but summeanizing thefind resutsof the
evdugion, wes st tothesame paties

EVALUATION DESGN AND METHODS

A. Bwviromaid

Theemrommantd uvey consged of aninguediond thetemind fadlitiesand adtiviies and ar sampling
duing thenight dhift for deven sdected subdances or dassss of sbdanoespresant indiesd-eagneedaudt
emisons Thesudances Heotad wearethose conddarad to presant themoat Sgnificant hedlth risks bessd
on quantities produced and taxiad ogy, among thosefar which sampling mathodsweareavaladle: Thereisno
sngemethod tomesareoveardl exposretowindediesd edrald.

Sottamaeaar ssampesfar fivecomponaisdo desd-eagneedad enssosweaealedadinthe
dock ares, and ane such samplewas cdllected for carbon dioxide (CO,) autsde, near thebuilding, toddiaina
beckground levd for thiscompound. Inthedock areg, three samples (two near Door #19, & theeestemed



of thedodk, and anenear Door #59, jud eedt of the center of the dodk) eech far CO,, carhoon monoxide
(QO), aifur daxide (S0,), nitrogen diaxide (NO,), and tatd axides of nitrogen (NQ,) werecdlleted. Al of
thesesampleswere cdllected using Drége” detector tubes and pumyp; the detector tubes used for these
andyteswaremoddsCO, 0.01%/a CO 5/c, SO, 1/a, NO, 05/, and Nitrous Fumes 05/, respectively.

Longtem (full- and partid-ghift) areaair samplesfar ten componenisof desd-engneedald anissans
wereadletaedinthedodk area At leet two samplesfor eech componant were collected, one neer Door
#19and onenear Door #59; dl samples collected & eech of thesetwo locationsweare sderby-ddewith one
anather, and with the shart-term samples cdllected &t thesel ocations (noted ebove). For some

componants morethen onesamplea thesamelocation was adlledted to dlow for theusedf morethenone
adledionandior adlyticd tednique All longtem ar ssmplesweare sbomiitted for andlyssto the NIOSH
andyticd |aboratary, or toaNIOSH contract andlyticd laboratory.

Samplesfar @ght of theaboveten componatswere adlledted using parsordl ar sampling pumpsdraning ar
a known ratesthrough vaious sampling media, induding tubes pedked with salid sorbents filtersin cassettes
andimpingarsaonianing liquid absorbing sdlutions: Theseaght componantsinduded fommeldenydg, SO,
vdailediphetic and aramétic hydrocarbons particulae solvent-extradailefradion, vddileand
particulate-bome solvent-extradtable palynudear arométic hydrocarbons (PAHS), particulae (toid, resairable,
and sb-miaan), fuicadd (H,S0,), and demantd carbon (esanindex for ovardl expoareto
ded-agreedad enissans. Theflow rates samplingmedia and andlyticd tedniquesused for eech of
theseaght componantsareprovided in Teblel.

For theramaning two of the above mentioned ten componants NO, and NG, longHem sardeswere
odllected with pessive monitaring devices thet utilize diffusion to trangoart andlytesto gopropriate absorbing
media Inaccordancewith NIOSH Method 6700 (1], themediafor NO, isatriehendamine-cogted srem
withwhichtheNO, reedts the daivative formed isthen andlyzed specrophatomerically. A modified verdon
of thismethod [2] isusad for NQ,; aped imprepreted with dyromic add isinsated into thesampler (dong
with thetriethendlamine-coeted sorean) to axidize NO to NO,, thusdloning thetatd of theseto bemeeaLred.

B. Med
TheNIOSH medicd investigaarsiniavieved 21 warkaswho were sdected by the union because they
wearethought to havewark-rdaed symptoms: Thisgroup of symptomaticwarkaswissintaviewved to
bgantiate complantsthet have been documanted inthemedicd literalure asbaing caused by died
edas.

V. EVALUATION CRITERIA

A.  Toxiodogcd Hfedtsd Diesd Exteust Eissas

Theedad emissonsfrom desd egnesare composed of bath gessousand particulatefradions: The
gessouscomponatsindudeaxides of ulfur, nitrogen dioxide, nitric axide, cartoon monaxide, carbon
daxide, and hydrocabons[3]. The particulaefradtion (soat) iscomposad of salid carbon cores; producsd



during the comboudion process thet tend to form aggregetes thelargest of which arein theregairablerange
(marethen 90 arelessthen 1 miaoningze) [3]. 1t hesbean edimeted thet asmeny as 18000 differat
Ubdancesfrom the comboustion proocess can be adsorbed onto diesd exhaudt particulates[3). Thisadsorbed
metaid contains 15610 65% of thetald particulae messand indudes such compounds ss palynudesr
aomdic hydracabons (PAHS. Among the pdycydic hydrocatonsareanumber of knovn mutegensad
cadnogans|3].

Many o theindvidud componenisdf desdl edaudt aeknownto havetaxic effeds Thefdloning hedlth
efedtshave ben assoaaed with some componanisfound in desd exdralt: 1) pumonay initationfrom
nirogen diaxide 2) initation of themuoous memranesand eyesfrom aLifur daxide, phend, sulfuricadd,
aifaeaas0s and aordan; and, 3) canoer inanimesfrom paycydic hydrocarbons

Svad recat animd sudesin raisand mice confim an assodaion bawean cancer and eqpoaretowhde
ded edrad [4). Thepimay steidantified with thecaranoganic or tumariganic regponsssfaloning
inhdaion eqpoareisthelung. Limited gadamidogic evidence Suggests an assodation betwean oooupetiond
expoaureto desd egreemissonsand lung canoer [4]. Basad ontheconsgancy of curant toxicdogicd and
guidemidagicd evidanoe, apatantid cooupationd cardnoganic hezard exidsfrom humen exposuretoded
exast. Tumorindudionisassodaed with desd exnaudt paticulaes and limited evidence suggeststhet the
gessousfradion of desd exnaugt may becaranogenicaswl [3]. NIOSH recommeandsthet because of its
caranogenic patantid, expoaLreto diesd emissonsbereducad to thelowest fessblelimits[3).

Enviramanttd Qitaia

Asaguidetotheevauetion of the hezards posed by workplaoe exposures NIOSH fidd d&f engloy
emvronmand evdugtion aitaiafor asssssmat of anumber of demicd and physcd epats Theeaitaia
areintended to uggest levd s of expoaureto which most warkersmay be exposad up to 10 hours per day,
40 hours par wesk far awarking lifedimewithout experiendng advasehedth effedts  Itis however, important
to notethet nat dl workerswill be pratected from edverse hedlth effedtsif their exqpoauresare maintained
bdowtheelevds A sl pacatagemay expaience adverse hedth effedtsbecause of individue

sogtiblity, apreexiding medica condtion, andlor ahyparsanstivity (dlergy).

Inaddition, some hezardous SUbstances may adt in combainetion with ather workplace expoaures thegenerd
eviromat, or with medicaions or persord hehitsof thewarker to produce hedlth effedsevenif the
oocypationd expoaresareconirdled & thelevd st by theevdugtion aitaion. Thesecombined dfedsare
oftennot consdared intheevdugion aiteia. Also, some sUiodianoes are aosorbed by direct contat with the
skinand mucous mambranes and thuspatentialy inoressethe overdl expoare. Firdlly, evdugiion aitaia
mey chengeove theyearsasnew infammetion on thettaxic effeds of enagat becomeavaldde

Thepimary sourcesof evironmeantd evdugtion aitenafar threwarkpaceare 1) NIOSH Gritaia
Dooumentsand recommenditions 2) the Amarican Confarence of Govamnmentd Induetrid Hygienids
(ACGIH) Threshdd Limit Vdues(TL V), and 3) the U.S Departmeant of Labor (OSHA) occupetionel
hedth dandards Often, the NIOSH recommendtionsand ACGIH TLVsarelower then the cormesponding
OHA dandards Bath NIOSH recommendationsand ACGIH TLVsusdly arebesed on morerecant



information then arethe OSHA dandards The OSHA sandards o may berequired to takeinto acoournt
thefeeghility of contraling expoauresin vaiausindLgrieswherethe agaisare st the
NIOSH-recommended dandards by contragt, are besed primarily on concamsrdating to the preverntion of
oooupdiond dseese Inevdueting theexposurelevdsand therecommenditionsfar reduiaing theselevds
foundinthisrepart, it should benoted thet induetry islegdly required to meet thoselevelspedified by an
OSHA dandard.

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

Tadell containsthe Famisshle Bxpoaure Limits promul geted by the Oooupetiond SAfety and Heedth
Admingraion (OSHA PEL9 [5], the ACGIH TLVs[ 6], and the NIOSH Recommended Exposre
Limits(NIOSH REL9) [7] rdevant to asmeny asposshleof the substances or dasses of subdanoes for
whichar smdesweareadledad inthisevaugion

V. RESUL TSAND DISCUSSON

A.  BEnviromaid

Theingoedion of thetemird fadiliiesand edtivitiesrevedled thet the.eeet end of thedodk doesnat heveany
medhenicd vantilaion; thewes end hesevard edad fansintherodf thet providediluion verntiletion: Neturd
venilaion thraughout the dodk will coour through numerous opanings around the doars (espeadly duning the
wama maonths whenthe"bumpars'” which arerubber surfaces usad to sed the gpeningsbawenn trallas
perked a the dodk and the door gpenings areremoved) and through any doorsthet arenct cooupied by a
traler. Bath unionand manegamant parsonnd indicated thet fewif any of thedoarsintheesst end aretypicaly
left unoooupied during the hift in question, and thet the three ar four Such open doars seen during thet hift, on
thenight of thesurvey, may havebeen somenhat unusld. No spaaific provisonfar mekeup ar for theroof
exhaud fansispresat; rether, meke-up ar will enter through the previoudy nated openings: No ather ar
hending or conditioning sysamsareussdinthedock area

Theingoedion dso reveded thet among apartion of thefarklift trudk gperdiarsit wastypicd pradtice, & leett
onthenight of thesunvey, toleavetheegnesiding, evenwhen theunitsweareldt unetiended. Duing thenight
dhiftin quedion, 4 farklift trudks (aut of gapraximetdy 18) warenat in use bath union and menegemant
persomnd indicated thet thiswestypicd far thisgpeafic dhift. All four weareddar modds (Which are conddared
by theunion parsord to beamittarsdf rdativey highlevdsdf pdlutantsy; ebout fivedf therameaning fakliftsin
ueweaenenva modds Hrely, theingoedtion dso reveded thet most harizontd aurfacesinthedodk were
oovaed by athinfilm of bladk, soat-ikemetaid.

Themessured concantraions of eech of thefivecompoundsfar which attem areaar ssrpesweare
adleted aredl wel bdow thar rdevant individud evdugion aiteiaeumadaed in Teblell; theresuitsof
theesamplesaedomninTadelll. Also, nosgnificant devaion of the GO, levd wes detected inthe dodk



aeacompared to the outdoor beckground levd. Findlly, no trend indicating thet conoantrationsof most of
these contaminentsweregregter & onesampling location then et the ather wes gpparart.

Theredlitsdf thelongtamaeaar smpesaehownin TadesIV, V, adVI. Aswiththedhort-tem
samaling reauits no trend indicating thet concantrations of modt of these contamineniswaregede a ane
sampling location then & theather wes gpparant. Theresitsfor formedehyde, tduene, SO, H,S0,, and
NO, (TabelV) adfar theindvidud PAHsbazddpyrene ngpnthdeng and drysane (Table V) ae
beow dl rdevat evdugtion aitaia Thepaticlaesufaeresits(TedelV) may begouped withthe
carresponding H,S0, resits but themesared tatld arbame concantrations aredlill bdow therdevart
evdugtion aitaia(for H,SO,).

Airbome (totd and reairdle) particliateresuits (Teble V) aebdow theevdugion aitaialiged in Tadlell.
Howeve, the"nuisance’ particlaeaitaiaaregenardly goplied tobidogicaly “inat” metaids Paticaes
emitted from diesd enginesbear dnamicd subtances of taxiadagicdl sgnificance. Therdfarg, the nuisance’
paticuaeaitaiaisnat adeguateinthiscase Alo, theub-miaon fracion (lessthen 1 um partidesze) hes
no evdugiion aitaion. Howeve, thesemessramantsareussful toilludratethe propartion of the particulate
expoareswhichaeduetodret desd exnaud emissons(marethen 9520 of theseparidesarelessthen 1
miaoningze[3]) compared with ather sources such asre-atraned ar aggomerated exhaud-emisson
patidesor ohe sourcesof dud. Inthisfadlity, thelarge patides from sourcesather then diredt emissons
gpeared to predomineteduring theurvey pariod. Thesemessramanisaredo usHl oilludratethe
propartion of thetatd particulate concentration acoounted for by the ather particllate-bomemeeids
messurad (eg, Ufaesand dlveant extradtables).

It should be noted herethet theevironmentd evauetion aitarialiged in Teblell arediredly goplicebleto
persond expoaLrelevds but the sampling condudted during thisHHE messured generd-arealevds Slill, the
mesared aealevdsdf thedesd exhaug-emisson componenismantionad thusfer inthisdisoussonwearew|
bdow rdevat aitaia Whileitispaushlethat some parsond expoareswearegredte thenthearealevdsdue
to such dfedsasthegparaion of farklift rudksinsdetralers it isunlikdy thet theseexqpoareswareaifidently
devaed to cause overexpoaresto theseindvidud componants

It should dso benoted herethet the messrad levd s of thevariousdiesdl exhaug-amisson componants
rgoresant thosefound under the conditionson thenight of the srvey only, and mey vary & ather times: They
may havebamn dighly affected by theaypicd number of doorslet open (3ar 4 ingeed of roughly 1, out of the
18inthefadlity) and the dosaved lack of echarenceto thepdlicy cdling for shut-off of idling farklift trucks
Sill, themessured arealevdsof theindividuel componatsmantioned thusfar inthisdsoussonwearewdll
bdow rdevart aitaia with only NO, levdswithin even an arder of megnitue of an evaugtion aitaion
Whileitispashetre levdssomaimes exosad thosemesared, it isunlikdy thet they ever increese aUfficently
to cause ovarexpoauresto theseindividue componants

Theevdudion aitaiafor cod-tar pitch materids (Tadlell) arebesed ontheassumption thet totd bazere: (o
cydohexane)) dubdefradionsdf arbometatd paticlae samplesgoproximetethetatd of dl
paticuaebome PAHspresat. A Smilar asssumptionismederegarding theberzene: and
adonitrleexdradiadefredionsof arbomesardesof ded-egneedad paticdaeemssans This



fomsthebegsfor compaing theresLits(Table V) far benzene: and acdtonitrile-extradtablefradions of tatd
desd exhast patiauate (Which have no evdustion aitaia) with theevaugiion aitaiafor cod-ar pitch
metaids However, such an goproechisnat without prodems: Although desd-engneednald paticulate
emissonsaresmilar to cod-tar pitch mateidsbecausethey arebath caboneosousand knoanto be
PAH-contaning, itisnat known how hezardousthe meternd extracted from these paticulaesis compared to
thet from cod-tar pitch. Tharefare, theevaugtion aritariafor codl-ar pitch metaidsarenat diredly
comparadewith thesereauits and should be consdered only guiddinesfar evdugiion. Nether thebarzene:
o aodonitrileextradadles any indvidud PAH, nor thetatd (inany onesample) of individud PAH
concantraions excssdsthe evd ugion aitaiafar benzene (or cydchexane) sdlubles exogat for thet of sample
ZF6 (TableV), which exceedsthe NIOSH REL (theresult for ssmple ZF-5isvary dosetothe REL d<0).
Thesemaaids patentid for caanoganiaty isthemaintoxiodogical conoam, and no stfelevd hesbean
damondrated for acaranogen. Therdiare, desitethe unoartainty of interpreting thesedeta, aredudioninthe
expoaresto thee maaidsisdesrable (ssed 0 therdevant foanatesfar these metaidsin Tadell),
epaadly conddaing the possihlity thet eqpoaresto these metgidsmey d imesbegrede thenthe
meeaLred levds (as destribed above).

Theraadtsd thesamplesfor damentd cabonin Tae VI aenat comparadlewith any exising evdugion
aitaia Hamentd carbon hesbean praposad asanindex of overdl exposreto desd-egneedad
emissans but thesgnificancedf themessred arbome concatrationsisundear a thistime Thesardes
weareadleded primaily to hdp NIOH invedigaiars assessthe ussfuliness of thismeesLremant for the
evdugion of eqpoarestoded-agreedad enissons Theredtsaepresatad toaauethe
compleenessdf thisrepart, and to ensurethet they are proparty documented should they becomerdevart for
fuuredudesintiisaea

A mgar concamof theemployessin requesting thisHHE westhe pressance of initant Sbdances The
arbome concantraions of severd imtantswere meeaLred and compered with iitation-oesed evaugtion
aiteig but only NG, levds(averaging 014 pom during thefull dhift, and lessduning thehart-tem sanding
paiods waremessred within an order of megnitude of such aaitarion (NIOSH REL of 1 pomfara
15minadling).

Medicd

Thegoup o 21l warkersinavieved condged of: 14 dodkmen and 1 medhenic from the 1200 midnight to
830am shift, 1 dockmenfromthe4:00 pm. to 1230 am. shift, and 5 dod<men fram the 800 am. 10 4:30
pm gift. Theamnployesswork fiveconssouivedeyseechwesk. All of thewarkasinavieved warende,
a0es24-61 (averape=39) years Thar work expaienceat the compeny ranged from 3 monthsto 10 years
Hftean (71%) of thoseintavieved smoked dgardtes Onewarker, anonamoke, hed ahigary of dlegc
brondhitisfor which hewesunder medicd care



All 21 workesreported having black soat inthar nogtrilsby theend of the shift, and complained of upper
regaraary tract imtation. Themodt frequently reported symptomswere

1 Nasd congedtion, nesdl inmitation, and pogt-nesd drip (al 2L warkes)
2. Byeintaionor laaimetion (16)
3. Coughprodudiveof black-tinged sputum (15)

4 Sorethroa (12)

Threeor fever workersreported hoarseness incressad frequency of colds heededhes shartnessof bregth,
cry cough, nosslesds and dhest congestion.

All wakesinevieved sad thet they wareexpaiendng sypmtomsa thepresat time: They dsonoted thet
thesymptomsarewarseduring thewinter months (Whenthedodk iskgat “dosed ug* ssmuch esposshle
and thefaklift engnesaredlowed to run continuody). All dated thet the symptoms gredlly improved o
abeted onweskendsaway fromwork and during vecation pariods: Twenty workersrdated theonsat of thar
s/mpamstoapaiod of 1 to4 monthsfalowing redacemant of propenefuded farklift trudkswith
ded-powveredvehides Althoughweintavieved workeswho wereidentified asheving hedth complants
the15intaviewed night-dhift workersrgoresanted bout onehdlf of dl workesonthat dhift. Thus evenif the
workersnat intervieved hed no symptoms symptom prevaenceswould range up to 50%.

Thewakeswhowereemployed a the plant when the compeny begen using diesd fordlift trucksrdlated the
devdopmat of thesymptoms of mucous mambrane and uppe resairdary imtaion to theexheus amissans
fromthesetrudks Sncediesd exhaus contansinitants thisssamsressonddle, but no pradical way of
ayedively confirming it wesavaldde Saentific dudesareaurantly bang condudted ondiesd exnaudt, but
theinformetion onlongtem advere hedith effeds of warker expoareto desd edhadt isinoondusived this
time

TheNIOSH invedtigators have conduded thet, desite therdatively low conoantrations of themeeared
arbome contaminants workersreparted aouteinitative hedth effeds cond gent with the symptoms of
expodretowhdeded ead. Theexad caueof thedfedsisunoatain dueto the absence of
expoaresinexoessd therdevart aitaia. Only NO, levdswearemessred withineven anarder of
megnituded animtaionHbesed evdugtion aitarion. It may bethet additivear syargdic effedsamong the
vaiouscomponanisof diesd exnald, the presence dof unrecognized component(9), andlor chaeradeidics
rdaed tothesmdl paticiaein desd fume(eg, imtation assodaed with theszear depedf thepartides o
theahlity of thefine paricllateto pandratethelonver regons df thelung, possbly maredfidently carying
cartain adsorbed componentsto these aress then they athawisewould be camied), or someather
unrecognized fadtar(9) areregponsblefor the hedth effedsfound. However, nofuther evidenceisavalddea
thistimeto Sppart ay of these adificidess



VI.

RECOMMENDATIONS

Becausedf thepresance of aouteinitant hedth effeds of diesd exneud, and the potentid for long-tem hedlth effeds
(imaily, thepatentid caranoganic k), meeauresto reduice expoaresshould beindituted. Urfartunatdy, the
eviromantd resdtsdo nat provideinformetion indicaing the extant towhich theexpoaLres should beredluiced
Thadare apradicd soluiontothisprademisto reducetheeqposresto aaffidet edant thet imtative symptoms
aedlevigted Thefdlomngaresevad mesaresto reduceexpoares

1

Two dnangesinwark pradicesshoud beingtituted. Frd, whenever thefarklift trudks areleft unettended for
morethen thelriefest of pariods enginesshould beshut off. Manegament hesdated thet thisiscurrant pdlicy,
butitisundear towhet edat thispdicy isnamdly fdlowed. Al wheneve any faldiftsareto beleft
unusad during ashift (esheppened & thetime df thear ssampling), dda-modd unitsshould besdedted for this
(eswasdoneonthenignt of thesurvey).

Manegamant parsonrd indicated thet roof exneust fanshave been ardered for theesst end of thetamindl's
dock area. Theseshould beinddled, and thar effediveness subssquantly evdugted. (Anindicator of fan
effedtivenesswill betheredudion of airbome concantrationsof pallutants and thusthe ubssouant
messramat o these concantraionsshould be consdered. However, Sncethedegreetowhich levdsimugt
bereducadisnat knoan, areindicator of efedivenesswill betheredudion of theinadence df reparted helth
effedts asnoted above) Al theassdancedf farklift menufadiurer represantatives should be sought, ashes
reportedy baen dorein the pedt, to decresse therate of exneus emissonsfrom theforklift trucks (perticulay
thedder moddsand those consdered to beexcessve amitters).

A moredfedivedtamdiveto theabove contrd mesares whichwould reducear dimingeexpoareto the
vaiousdesd-engneexhaud-dream componants would beto phese aut the use of diesd-powered forkdlift
trucksinfavor of propenepowered units (or unitspowvered by ather, lesspdliuting, fuds). Cautionwould be
nesdd before undatteking thisdtamdtive, to bearethet emissonsfrom thergdacamant unitsdid nat aestea
new hezard (eg, rdaivdy high CO emissonsfrom propenefuded egines).

Addtiondly, ahedth and sty committiee should be edeblished to eddress the hedlth concams of thewarkarsand
promateasde warkplace Thisgroup shoud indude union and menegamant reresantation.
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TABLE I

Summary of Long-term Active Sampling and Analytica) Methods

Consolidated Frefghtways, Inc.
Pacono Summit, Pennsylvania
HETA 87-232
28 September 1987

NIOSH Yolumetric Desorbing
Method Collection Air Flow Rate Solvent or Type of
Contaminant Number {1] Medfum {L/min) Used Solution Analysis Used
Hydrocarbons, 1500/ Sorbent tube - charcoal 0.2 Carbon disulfide (C3p7} Gas chromatograhy (GCY with
aliphatic and 1501/ flame~ionization detection
aromatic 1550* (FID)
Formaldehyde 3500 Impinger - agueous 1% 1.0 Chromotropic acid reaction,
sodium bisulfite solution spectrophotometry
Sul fur dioxide and 6004 Filters - mixed-cellulose- 1.5 aqueous 3mM sodium Ion chromatograhy
particulate sulfate ester (MCE) membrane, bicarbonate (NaHCO3)
followed by cellulose and 2.4 mM sodium carbonate
{impregnated with KOH) (NazC03) solution
Particulate sulfate 7903 Sorbent tube - glass-fiber 0.5 aquecus 3mM NaHCD3 and Jon chromatograhy
and sulfuric acid filter plug followed by 2.4 aM NaC03 solution
washed silica gel .
Total particulate 0500 Filter - poly-vinyl 2.0 Gravimetric
chloride (PVC} membrane
Respirable 0600 Filter - PVC-membrane** 1.7 Gravimetric
particulate
Sub-micron akx Filter - PYC-membrane** 2.0 Gravimetric
particulate
Benzene-soluble 5023 Filter - Polytetrafliuoro- 2.8 Benzene Gravimetric
fraction of ethylene {PTFE) membrane
particulate
Acetonitrile-soluble 5023 Filter - PTFE-membrane 2.8 Acetonitrile Gravimetric
fraction of :
particulate
Polynuclear Aromatic 5515 fFilter - PTFE-membrane, 2.0 Benzene GC with FID
Hydrocarbons {PiHs) followed by sorbent tube
- washed XAD-2 resin
Polynuclear Aromatic L306 Filter - PTFE-membrane, 2.0 Acetonitrile High-performance }iquid
Hydrocarbons {PAHs) followed by sorbent tube chromatograhy with
- washed XAD-2 resin ftuorescence and ultra-
violet detection
srirdrk ik

Elemental carbon

Filter - quartz-fiber**

Thermsl-optical

* This method is a scan for all identifiable hydrocarbons, and is similar to ali three of these NIOSH Methods.
** Preceded by an appropriate size selector.

*** Tdentical to NIOSH Methods 0500
**¥% Method under development;

and 0600 except for size selector.
various flow rates were used as part of the development process.
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TABLE II

Evaluation Criteria
Consolidated Freightways, Inc.
Pocono Summit, Pennsylvania
HETA 87-232
28 September 1987

Compound ACGIH TLV OSHA PEL NIOSH REL
g-hr 15-min  8-hr 10-hr 15-min
TWA (1} STEL {2) TwA Ceiling TWA Ceiling
(ppm} (ppm) (ppm) (ppm) {ppm) (ppm)
Benzo[alpyrene (A2) - - - - -
Carbon Dioxide 5000 30000 5000 - 10000 30000 (10)
Carbon Monoxide 50 400 50 35 (8) 200 (O)
Formaldehyde 1 (A2) 2 (A2) 1 2 (15) 0.016 (6)(8) O, 1 (6)
Naphthalene 10 15 10
Nitric Oxide (NO} 25 - 25 - 25 -
Nitrogen Dioxide 3 5 - 5 - 1
Sulfur Dioxide 2 5 5 - 0.5 -
Toluene 100 150 200 300 (3) 100 (8) 200 {10)

(mg/m3)  (mg/m3) (mg/m3) (mg/m3) (mg/m3) (mg/m3)

Chrysene (A2) - 0.2 - {(€) -
Coal-tar pitch volatiles

(benzene solubles) 0.2 (Ala)(4) - 0.2 (1) - - -
Coal-tar products

{cyclohexane solubles) - - - - 0.1 (B) -
Nuisance Dust, total 10 - 15 - - -

respirable - - 5 - - -
Sulfuric Acid 1 - 1 - 1 -
0. Ceiling, no defined time.
1. Time-Weighted Average.
2. Short-Term Exposure Limit.
3. Also includes a maximum peak of 500 ppm (exceeds the 300-ppm ceiling)
for a maximum of 10 min during an 8-hr shift.

4. Also referred to as particulate polynuclear aromatic hydrocarbons

(PPAHS) by ACGIH.

6. Designated as representing “the lowest feasible concentration that is

reliably measurable" by NIOSH.

7. OSHA specifically includes only anthracene, benzo[alpyrene,
phenanthrene, acridine, chysene, and pyrene in the PEL.

8. 8-hr THWA.

10. 10-min Ceiling.

15. 15-min Ceiling.

Ala. Designated "human carcinogen"” by ACGIH.

A2, Designated “suspected human carcinogen” by ACGIH.

NIOSH recommends treating this compound as a potential human carcinogen.
NIOSH recommends treating this compound as a potential human carcinogen
and controlling it as an occupational carcinogen.



TABLE III

Results Of Short-Term Area Air Samples (Detector Tube Readinas)
Consolidated Freightways, Inc.
Pocono Summit, Pennsylvania

HETA 87-232
28 September 1987
LOCATION ANALYTE TIME, CONCENTRATION, NOTES
a.m, ppm

Neaf Door 19 S0z 4:00 ND

" €02 4:03 300

" NOx 4:10 3

" Co 4:20 ND

! NO2 4:22 Trace
Qutside Bldg. €02 5:00 200 Backaround
Near Door 89 €02 5:07 300

" co 5:14 ND

g SG2 5:20 ND

" NO2 5:22 0.1

" NO 5:27 3
Near Door 19 S0z 6:35 ND

" NOy 6:37 3

" NO2 6:40 ND

" co 6:45 ND

" Co2 6:50 300
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TABLE 1V

Results of Long-term Area Air Sampling for 7 Substances

Consolidated Freightways, Inc.
Pocono Summit, Pennsylvania

HETA 87-232
28 September 1987

Location: Near door 59 Near door 19
JSample Start Stop SampTe Concentration SampTe Start  Stop SampTe  Concentration
Substance Number Time, Time, Volume, Number Time, Time, Volume,
a.m. a.m. L a.m. a.m. L.
Formaldehyde HCHO-1  1:24 7:55 350 0.0093 ppm HCHO-2  1:03 7:58 390 0.0082 ppm
HCHO-3  5:06 7:58 170 0.0099 ppm
Toluene cT-1 1:26 8:17 82 <0.003 ppm* CT-2 1:06 8:25 86 0.0078 ppm**
Sulfur Dioxide S-1 1:28 8:17 610 0.025 ppm S-2 1:07 8:25 660 0.036 ppm
Particulate Sulfate AA-1 0.023 mg/m3 AA-2 0.021 mg/m3
Particulate Sulfate H-1 1:27 8:17 210 0.025 mg/m3 H-2 1:10 8:25 220 0.030 ma/m3
Sulfuric Acid 0.001 mg/m3 0.004 mg/m3
Nitrogen Dioxide NO2-1 1:24 8:30 NAC 0.13 ppm N02-2 1:01 8:30 NA® 0.15 ppm
Oxides of Nitrogen NOX-1  1:24  8:30 NAC ee NOX-2  1:01  8:30 NA® )

* The “"less than" (<) symbol indicates that the result is less than the analytical Limit of Detection (LOD)
** Result is below the Limit of Quantitation (LOQ) and thus is semf-quantitative
@ Diffusional monitor used to collect sample
@@ _ Unidentified sampling and/or analysis problem; result invalid


adz1

adz1


TABLE ¥
Results of Long-term Area Air Sampling for Particulates, Particulate {Solvent Extractible Fractions), and PAHs
Consolidated Freightways, Inc.
Pocono Summit, Pennsylvania

HETA 87-232
28 September 1987

Location: Near door 59 Near door 19

SampTe Start Stop Sample Cnncent:stion. Sample Start Stop SampTle _""ChFEéh¥;'g‘f¥b7|;
Substance Number Time, Time, Yolume, mg/ Number Time, Time, Yolume, ma/

a.m. a.m. L a.m. a.m. L o
Sub-micron Particulates FW 1061 1:29 8:17 180 0,05 FW 1044 1:07 8:25 - 880 n.02
Total Particulates FW 9645 1:29 8:17 ‘ 940 0.18 FW 9653 1:04 8:25 1100 n.32
Respirable Particulates FW 1063 1:28 8:17 700 0.06 FW 1062 1:0% 8:25 750 0.09
Benzene-soluble Fraction IF-6 1:27 8:17 1100 0.13 IF-7 1:08 8:25 1200 <0.04
of Particulates

Acetonitrile-soluble IF-5 1:28 8:17 1100 0.096 IF-8 1:07 8:2% 1200 0.02

Fraction of Particulates e e

Polynuclear Aromatic
Hydrocarbons (PAHs}:

xtracting Solven
Analysis Method: Benzene / GC/FID® Acetonitrile / HPLC,F1/U¥ Dtn¥ Benzene [ GC/FID Acetonitrile / MPLC, F1/UV Dtn
Filter/Tube Number: IF-2 / PAH-2 ZF-1 / PAH-1 IF-3 / PAH-3 IF-4 / PAK-A
Time Start/Stop, a.m.: 1:27 7 8:17 1:26 / 8:17 1:06 / 8:25 1:06 / B:25
Sample Volume, L: 820 820 880 880
“Wass, ug cun'cent;gﬂ s Wass. N concent;gtion, Wass, ug Toncentration, Mass, na Concenfr.,
“from from totaj ug/! rom from tota ug/ “from from total ua/ “from from total ua/m
filter tube filter tube filter tube filter tube o
Acenaphthylene <0.5% <0.5 <1.0 <1.2 NA*  NA NA NA <0.5 <0,5<1.0 <l.1 NA NA  NA NA
Acenaphthene <0.5 <0.,5 «<1.0 <1.2 <100 <250 <350 <0.43 <0.5 <0.5<.,0 <1.1 <00 <250 <350 <0.,40
Fluorene 0.5 <0.5<1.0 <1,2 NA NA  NA NA <«0.,5 <0,5 <1.0 <1.1 NA NA  NA NA
" Phenanthrene «0.5 <0.5 <1.0 <1.,2 <100 <100 <200 <0.24 <0,5 <0.5 <1.0 <1.1 <100 <100 <200 <0.23
Anthracene <0.5 <0.5 <1.0 <1.2 <100 <100 <200 <0.24 <0,5 <0.5 «<1.0 <1.1 <100 <100 <200 <0.23
Fluoranthene «0.5 <0.,5<1.0 <1.2 <25 6 <50 <0,061 <0,5 <0.5 <1.0 <1.1 <25 <25 <50 <0,087
Pyrene «0.5 <0.,5«1.0 <1.2 <25 <25 <50 <0,061 .5 <0.5 <.0 <1.1 25 <25 <80 <0.057
Benz({a)anthracene «0.,5 <0.,5 <1.0 <1.2 <25 <25 <50 <0.061 0.5 <0.5<1.0 a.l <25 <25 <50 <0.0587
Chrysene <0.6 <«0.5 «<1.0 <1.2 <25 <25 <50 <0.061 0.5 <0.5 <1.0 <1.1 <25 <25 <50 <0.057
Benzo(b}fluoranthene <0.5 <0,5<1.0 <1.2 <25 <25 <50 <0.061 <«0.5 <0.5 <1.0 <1.1 <25 25 <50 <0.057
Benzo{k)fluoranthene <0.5 <0.5 <1.0 1.2 <25 <26 <50 <0.061 .5 <0.5 «<i.0 <1.1 <25 <25 <50 <0.057
Benzol{e)pyrene «,5 <0.5+<1.0 1,2 <25 25 <50 <0.061 0,5 <0.,5<.0 <1.1 <25 <25 <50 <0,057
Benzola)pyrene 0.5 <0.5<1.0 <1.2 <25 <35 <60 <0.,073 0.5 <0.5 <1.0 <1.1 <25 <35 <60 <0,068
Indeno(1,2,3-¢,d)pyrene <0.5 <0,5 <1.D <1.2 <25 <50 <75 <0,091 <«©.5 <0,5¢<.0 <1.1 <25 <60 <75 <0,085
Dibenz{a,h)anthracene <«0.5 <«0,5 <1.0 <1,2 <25 <25 <50 <0.061 .5 <0.5<.0 <1.1 <25 @5 <50 <0057
Benza(g,h,1)perylene <0,5 <0.5 <1.0 <1.2 <25 <25 «50 <0.061 <0.5 <0.5 <1.0 1,1 <25 25 <50 <0.057
Naphthalene .5 3.9 3.9 4.8 (0.91 ppb) NA  NA NA NA 0.5 <0.5 <1.0 .1 NA HA  NA NA

*

The “less than" (<) symbol indicates that the result §s less than the analytical Limit of Detection {LOD)

NA indicates "not amalyzed;" an acceptable standard analytical curve was not obtainable with this analytical method for this analyte due to poor detector
response in the relevant concentration range |

Gas chromatography with flame-ionization detection

High-performance ]!quig‘chrontography with fluorescence/ultraviolet detection

nnnnn
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TABLE V1

Results of Long-term Area Air Sampling for Elemental Carbon
Consclidated Freightways, Inc.
Pocono Summit, Pennsylvania
HETA 87-232
28 September 1987

Location Particle-size Pump Sample Time, a.m, Flow Yolume Concentration
fraction Number Start Stop {1./min) {L) (ug/m?)

Near door 19 respirable Ganged Gilians EC1 12:38 8:04 10,0 4480 50.1
respirable Ganged Gil{ans EC2 12:38 8:05 10.1 4510 37.0
sub-micron Alpha 1 EC3 12:39 B:06 4.1 1800 55
sub-micron Alpha 1 ECd 12:39 8:06 4.1 1800 45
respirable Gast ECS 12:42 8:08 11.1 4940 40.6
respirable Gast EC6 12:42 8:08 11.0 4910 47.1
respirable SKC Universal ECT 12:43 8:08 2.8 1200 52
respirable SKC Universal ECS 12:44 8:09 K| 1400 652
totzi (open face} SKC Universal EC9 12:44 8:09 3.2 1400 84
total (open facel SKC Unfversal EC10 12:44 8:10 3.2 1400 97
sub-micron SKC Untversa) EC11 12:45 8:11 2.0 890 61
sub-micron SKC Universal ECl2 12:45 8:11 2.0 890 62

Near door 59 respirable Ganged Gilians EC13 1:03 8:26 9.7 4300 a5
respirable Ganged Gilians EC14 1:04 8;27 10.0 4440 46.0
sub-micron Alpha 1 ECL5 1:04 8:28 4.0 1800 48
sub-micron Alpha 1 EC16 1:04 8:28 4.0 1800 50
respirable Gast EC17 1:05 8:28 10.6 4710 45,8
respirable Gast ECi8 1:08 8:28 10.9 4820 3.4
respirable SKC Universal EC19 1:06 8:29 2.9 1300 42
respirable SKC Universal EC20 1:06 6:35 2.9 950 57
sub-micron SKC Universal EC21 1:06 8:30 2.0 890 55
sub-micron SKC Universal EC22 1:06 8:30 2.0 890 57
total (open face) SKC Universal £C23 1:07 5;57 3.2 930 70
total (open face) SKC Universal EC24 1:07 6:23 3.2 1000 62
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