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l. Smmay

OnMay 1, 1987, theNationd Indtitutefor Oooupationdl Safety and Hedlth (NIOSH) received areuest from
rgresiativesof the Tednicd SavicesDivison, U.S Depatmant of the Treesury, Bureeu of Engravingand
Rinting, to provide technica assgancewith an evaugtion program undartaken to assess contaminanis rdegssd from
inkssupplied by curancy ink contrat biddars: Spadficaly, the bureau requested our assdanceinfour aress (1)
aorfimation of NIOSH'sahlity and willingnessto assig thelburesu with therr effart to evaluete contaminents and
oadificaly imtant compoundsfaling into the generd grauping of ddenydes rdessed by theinksduing thecurrancy
produdion process (2) to provide corfinmetion thet (g) the bureatisassumption thet ddehydesareaplasblecause
of reported imitant effectsamong workersand thet () the bureatistest protoodl to evduatetheinksasasource of
ddeydeamissarsislikely to provideussful emission deta (3) to conduidt astevisit to dosavetheloureais sudy
and vaify thet the Sudy isbaing conducted asproposed; and (4) to provide an expat gpaddizing inddehnyde
andysesto evduatedl agoadsof theteding prooedreinduding sample preparation, Sendard preperation,
ingrument condiionsand peramdiers detaaoquisiion and redudion, and thecondus onsreeched from theandlyses

NIOSH investigatorsresponded to thisrequest by conduding aninitid survey addressng theardlyticd and
evauation pratood conoamsof the bureau June 17-18, 1937, Independent work conducted by NIOSH
invesigatorsduning afdlow-up indudrid hygenesurvey Augud 18-21, 1987, dlowed evdugtion of worker
expoauresto contaminants assodated with examining currency and dso parmiitted confinmetion of sugpected
contaminant identitieson ar samples adlledted inthework aress of conoem. The gpedific process of concamwes
U.S curacy ingoedion.

Rarsord exposre and areasampling was condudied for eodtaldenyde, acrdlian, formel dehyde, butand, perntardl,
and hexand. Areasamplingwas conoucted at sdected work dationsfor salvert vaparstath qudlitatively and
Quantitatively. Expoaures assodated with regular currency produdiion and two test curendeswere evaugted.

Fomd denyde areaconoanirationsranged from 0.13t0 025 mg/n? (0.1 to 0.2 ppm). Parsond exposurevauesfor
fomedehydefdl bdow theandlyticd limit of detedtion which gpraximeted en eqpoaLreleve bdow 03to 0.7
mgi? (03to 0.6 ppm). NIOSH recommendsthat fama dehyde exposLresbe meintained & thelowest feesible
level. TheOSHA Pamissble Expogure Linit (PEL) is 1.2 myfi? (1 ppm). Butandl concantrations; both persond
exposureand aes, ranged from N.D. to 1.4 mg/n (05 pm). Theanly oooupetiond exposurearitaiafor butand
identifiedisaRussan Maximum Allowable Conoantration (MAC) of 5mgfi® (1.7 ppm). Pantandl exposures
ranged fromwere presart intraceamounts lessthen 0.72 mgin (02 ppm). TheACGIH TLV for pantard is175
mgi? (50 pom). Hexardl levelswerepresant in traceamounts lessthen about LOmgin (0.2 ppm). No
oocupationd expoaurelimitswereidantified for hexand. Parsond exposuresand areaarbome concantrations of
aodddehyde and acrdenwere nondetecteble (N.D.). Areasalvent vapor conoentrationsfor aogtong,

1,1, 1-trichioroethene, and tduenewearenedliglde (N.D. or trace). Mingd gaintsand kerosmnevauesranged from
N.D. to 63 mg/m? and traceto 12 mgyi® regpedtively, well below theNIOSH RELsof 350 mg/i? far minerdl
garitsand 100 mgin for kerosene

Based upon the NIOSH indudrid hygieneaurnvey resuts initant heslth effedts assodated with expoaLresto
famadehyde encountered during curency examingtion patentidly exit. Expoauresto acdddehyde, arden,
buterd, pentard, and hexard were aUffidently low thet they arenat conddared likdly to reresant an gprediadle
potentid hedth hezard. Expoauresto soivant vaporsof aocgtone, 1,1,1-richlorogtheng, tduene, minerd sairits and
kacsrewareendly low, unlikdy to condituteasgnificant hedth hezard. Recommendations dffered in Sedtion
VIII of thisrgport adoressed modificationsto the gudy pratood and andyticd method used by thebureauin
evdugting ddehydes offgessing fram the cumency inks locd exheud vattilaion, and ato sserch for asUditutefor
famddehyde containing resnsinthe curancy peoe.

KEYWORDS SC 24 (Commadd Rinting, Gravure) 9311 (Ruldic Hinenoe, Taxation, and Mongary Pdlicy) curency
produdion, acdddenyde, acdan, fomedenyde butand, pentand, hexand, curency examingion.
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INTRODUCTION

OnMay 1, 1987 theNationd Inditutefor Oocupationd Sefety and Hedlth (NIOSH) recaived arequest from
rgresiativesof the Tednicd SavicesDivison, U.S Depatmant of the Treesury, Bureeu of Engravingand
Rinting, to provide technica assgancewith an evaugtion program undartaken to assess contaminanis rdeesed from
inkssupplied by curency ink conrad biddars ﬂwebxeammrterestejlnrdodysdamrglristrﬁvverebei
uted for useasacurancy ink, but dso presanted theleest amount of hedith risk tothe curency

workes Speficaly theburesu repuested four assdance adionsfromNIOSH. Theewere (1) crrflrma]ond
NIOSH'sahlity and willingnessto assst thelbureeu with their effart to eveluete contaminents and spedificelly imitart
compounasfdlinginto thegenard grouaing of ddehydes; rdessad by theinks during the currency produdion
process (2) to prondeouflmalmﬂa(a) the burealisassumption thet ddehydesareaplausble cause of reparted
imtant effedtsamong workersand thet b) thebureatistest pratoodl to evdugtetheinksasasource of dddhyde
emissosislikdy to provideussful emisson detg; (3) to conoud astevist to dosavethebureatissudy and vaify
thet the study isbaing condudted as proposedt and (4) to provide an expart goedidizing inddenyde andysesto
evduatedl agpadtsaf theteding procedureinduding sample prgparation, Sandard prparation, indrument conditions
and parametiers, detaaoouidion and redudtion, and the condusionsreeched fromtheandlyses: Suvey summary
|etterswere sant to the bureau on JUly 7, 1987, and on September 1, 1987.

BACKGROUND

A. Bassd theBureau of Engraving and RiningsReouest:

Aninresseinworke repartsdf hedlth efeds assoaated with hending curency, epeaidly duing the
examingion prooess devated Buresu manegamant concamsithet contaminent anissansof anlimitart neture
asoaaed with hendling the curency mey presant ahedith hezard to bureeuworkers: Inddenisof workers
reporting to the employee hedlth unit hed inaressad in frepuency Snoe October 1986. A number of the
inddents aoinaded with evaugting curency printed with test inks supplied by ink menufadurersbiddingona
multimillion dallar contrect to provide currency inksfar aoneyear pariod dartingin November 1987. These
guisodes however, warenat exdusively limited to thetest aumency evaudion process Somedf these
guisodeswere assodated with regular currency produdtion.

Thenumber of warkers (repartedly) dfedted inany aneinddent ranged from oneto 10warkers This
number indudes only thoseewarkasreparting to theemployee hedlth unit with complaints: Hedlth effeds
reported by theworkersinduded heedaches nauses; buming eyes nose, and throet; dizziness andan
"uncomforteblefeding’. Somewoarkersdso reported devaionsin blood presaure, however inouiry of the
nursng Lupavisr in darge o the hedlth unit reveded thet anumber of theworkerssssnwereunder tresimarnt
for hypatandon. Almogt dl of theinadents ooourred during theday dhift. Workersreparting symptomswere
bath maleand famdeand meny reportedly assoaiated ther symptoms with theink onthe curency. Some
indviduelswereinvdved in morethen aneinddant. Asareuit of theseinddenisand theprevioudy ated
conoars thebureau st out to evduste the potentid heelth risks assoaiated with hendling aurency printed with
inkssupplied by thevaiousink contract bidders

B. NIOHAdivities
1 Intid Svey.

In regponseto the bureatisrepuest NIOSH invedigetors condudted aninitid Stevist June17 and 18,
1987, to provide assdance astedhnicd advisorson thevaiious evaugtion effartsbaing underteken by
theDivison of Tednicd Savicesassodaad with theaurancy ink procuremant process: Duingthis
uvey theragues wasfurther ddfined and indudedt assesssmant of thesampling and ardlytical
proceclres usad in eva uging contaminents offgessing fraom printed notes using currant produdioninks
identifiction and confimmetion of contaminartsfromink affgessing thet mey resut in potentid worker
expoauresduring curency produdion; and suggestionsdong with possble asg tance regarding the
pratood devd opment and condudt of exposLre monitaring during curancy ink tet runs: A reouest for
asdancewith theandlyssof samples adlledted by thebureauwas d o put farth, reguining explaration
o how andtowhat extat such savices could be dffered sswl asthefessihility of regponding tothis
addtiond repuest.

TheNIOH invedigatiorsmet with the various reresantativesinvaved with the curency ink



evelugtion process theardlytical dnemist assigned tothe prajedt, the Sfely Maneger, and theNursing
Spavis of the Employee Hedth Unit. Disoussonsinduded further definition of therequiest; adivities
oonoudted by thebureaui to dite: review of theandlyticd work performed by the Divison of Tedhnicd
Saviceslaboratory onthisprgect to dates inouiry conoaming ped indugtrid hygeneasssssmants
regarding conamirertspresat in the pressand examining rooms; dataning ummeary infametion aoout
exposureinddants assodated with intants rdeesed during currency produdion; and awak-through
tour of theprocessand produdion aress: The NIOSH chamig condudied areview of theinformetion
and prooaolres ussd by thebureau in addition to evaluating thar sudy pratood devised to eddress
imtant contaminentsrdessed from the contract biddlers curency inks: Adivitiesof thissurvey weare
summeanized and submitied to bureau represantatives Uy 7, 1987.

Sisuat totheinitid Survey, aninteragancy agreameant was etablishad bewean NIOSH and the
Bureau of Engraving and Rinting to dlow far theandyssof sarpesgenarated by the buresu during
thar sudy evadueting tes curency ink anissans: Additiondl guidence conceming theudy pratocdl
wasprovided by theNIOSH invedtigaiors: Assstance concaming theindletrid hygieneassessmant of
worker exposures during the medhanicd examingtion of thetest curmency was dso requested by the
Buresuin addtion to providing the bureu with asuggested sampling protood, alimited inoLgrid
hygenesurvey was condudied by NIOSH inafdlow-up arvey.

2. Indgrd HygeneFdloa-up Surnvey.

Thefdloa-upindudrid hygeneaurvey was conducted Augudt 1810 21, 1987, and condgted of two
daysd pasond expoareand aeasampling for contaminentsrdessad during mechenical
examingion of thecurrancy. Rarsond expoaure monitaring was condudted for aordein and anumber
of ddehydesidantified asoffgessing fromthe aurency. Thepedfic dddhydeswere fomedehyde,
aodadehyde butard, pentard, and hexard. Praperd and heptard, dlthough knoan to be patertiely
presant, werenat baing evaueted because o limitaioswith theanlytical method. Areasampling
conducted a themedhanicdl examinetion dationsinduded addtiond samplesfor varts

TheNIOSH fdlow-up survey duplicated persond and areasampling baing conducted ontet loeds of
auracy by thebureasindurid hygenecontradtar. Thisinvaved Sdeby-sdesampling of the Al
and A3faceexaming's expoaresto dddhydes duplication of thethreeareasamplesfar ddenydes
and aordan; and dheraod tube samplesfar ather organic compoundsthat mey berdessad framthe
inks

Exposuremonitaring of warkersat two medhenicdl examining dationsingpeding regular produdion
auracy invaved samdling dl four examinersand the boakhainder for ddehydeexpoaures adthe A3
faceexaming foraodan. A st of aeasamplesfar ddehydes aoxrden, and slvatswasdo
adleted & the A3 faceexamirgionwork dation. A tatd of 27 full-ghift persond exposuresamplesfar
ddehydeswasdataned. Thisinduded bath regular and test produdion over thetwo day sLrvey.

C. BueaTet Curary Samping Findingsand Pedt Indudrid HygeneData

IndLetrid hygiene sampling conducted by the burestis sty department caindding with the coourence of
inadentsaf initart hedlth effects assodated with curency hendling adoressed farmeldehyde, ardéin, and
adddehyde Conoatrationsfar aorden and aoda denydeware generdly negighleand thosefar
fomddehydewaedl lessthen 1.2 milligrams per meter cubad of ar (mgfi®) (1 part per million (pom).
Reported formeldehyde concantrations ranged from 0.12 mgin (0.10 ppm) to 0.37 mg/i? (0.30 ppm). No
witten reparts of the sampling detawere avaladefar review by the NIOSH invedtigetors

Contaminentsevdueted by the buresis Divison of Tedicd Savicssinvaved samding for gessous
conaminanisingdedf sseled pladiic begsor 9ed baxescontaning thevaioustest curendes printed with the
dfferatbiddasinks Theresdtsdamordrated the presart of lageamounts of butardl, pentandl, and hexard
(milligramspar sanple). Fomddehyde, aodtddeyde, and heptand wered o presart inlesser amountsin
omear dl of thesamples dgpending upon thetype df sUbdrate (pgper) printed ypon and thepresancear
aosanced ay or dl ink (gremn ar bladk). Thisdetaprompted the Ubssquant sapling of eviromentad
levdsto evduetearbome cortamingtion reaiting from the differant curency inks: Natethet corfinmetion of
compound identity hed nat bean gpadificaly parformed ather then for its concurence with the Sendards of the
identified ddehydes



D.  Prooess Destiption and Sugpected Contaminant Sources

TheBureaudf Engraving and Rinting isregponsblefor produdion of dl United Satesaurancy. Theprinting
o theauray invavessnge pessintiaglioprinting. Thenatesare printed onapeaid curency pepar which
contansamdaminefame dehyderesn to impart wet srength to thefinished produd. Twoinksareused,
bladk and green, with green gpplied firgt and then fter about 248 hour curing paiod thebladk or feceis
gopied Theinksaureby axidetivepdymeizaion

Theexadt fomulaionsof theinksareunknoan to thelbureau, hovever areview o themetarid sy deta
Sets(MDS) supdlied by thefour ink menufedurasresponding to theink contract dliatation reveded litle
infometion regarding hezardousink condituenis Threedf thefour menufaduresSatethet imtaion of the
eyes in, and of regairatory pessagesmay ooour fromexposretotheinks: Thefourth menufadiurer detes
thet no hedlth efeds are antiapeted with exposure coounming during thenonmd usedf their produdt. Thislegt
menufadurer tended to provide moreinformeation on the product M SDS concaming gpadific condlituentsthet
mey presat ahedth hezard. Theinksare composad of threeprimary parts thevehide containing resnsand
vats theadorwhichcontansmad pigmentsar axides, and ink driers (meta sogpg) whichmey contain
oo, leed, or mangenese compoundsfor exampleleed odicete: Nonedf the ddehydesidentified by the
bureau areliged asanink cordlituent by any of theink menufedurers

Loedsdf auraxy arebrought into themedhenicd examingtion aressfromvaultsalter a24 to 48 hour

hdding period &ter printing hesbeen completed. Thelceds two sacksof 10000-32 subjett edts ae
apenad by the bookhinder, sperated on avibrating teble, and shingled out onto the currancy feeder as
nesded to meintain aconinuousflow of the shedtsthrough the medhenica examining unit and pedt the
examnas Duingthisprocessthe hedsarecut and timmed to two 16 sl ect shegtsand defedive heds
arepuled aut by thebodkhinder and examinas Theexamining unitshavefour examineswho examinethe
face (front) and bedks of theaurency sheds Regular produdion curency examingtion rangesfrom 36t0 40
thousand 32 ajedt hedspar work dhift. Itisduring thisprocessthet modt of the hedth effets have coourred
anongthewakes Thisisthefirg ggportunity for sgperation of theindividudl Shedséter theaurancy hes
been printed.

Theloedsarelocked doan tightly during Sorapeand mugt bebraken gpart by the bookbinder &fter removd
of thelocking drgp. Odarsare dften reported when thelceds are opened up and the quility and intensity of
the adorsreportedly vaiesevenwithin alced, such asbawean thetwo 10,000 shegt dacks of curancy thet
condituteasnge pressrun (loed).

Atthetimed thesunvey no emisson contrdswerepresant on themedhenicdl examining unitsfor ramove of
vaparscoming off of thecurengy. 1Nk dugt wes absarveed to aooumulae dong the sdes of thefeeder.
Hedrodatic predpitatorsweare mounted from the adlling in the medhenicd examining aressabovetheunits
however thar dfedivenesscould nat be detlemined for particulate rdessed into theroom, and these units
waetatdly indffediveagaing odorsor vgporsrdessad from thecurrancy. Thetamparaureand rdative
humidity wesdasdy regulated in bath theprinting and medhenicd examiningaress Tamparaureswae
mantaned around 72to 74 Farenheit and therdative humidity wes hdd betwean 45 and 55%.

V. EVALUATION METHODSAND MATERIALS

A

Intid Survey.

Thispat of thesrvey invaved areview of the burealis edtivitiesto adoress contaminentsrdessed from the
teginks Thisinduded dsoussonsbewean the NIOSH dhamig and theburesu dhamid assgned to the
project, ingpedtion of the datagenerated to deteand evaustion of themethods used for thesampling and
andyssaf contaminentsrdessed by theinks Theindudrid hygeneeveugtioninvdved awak-through of the
processand intavienswith the Sety Maneger and the nuraing Spavisr of the Employee Hedlth Unit.
Although disoussed vatly, nownittenindudria hygienergportsaddressing pet contaminert sarpinginthe
exanning aesswaemeteavalddefar review. Infarmetion concaming theinddanisinvavingworker hedth
complanswassmilaly presented inagenadized vad dsousson



B. Fdloa~uplIndudrid HygeneSurvey.

Thefdlon-upinduarid hygenesunvey invaved parsond and areasampling for contaminanisrdessed duning
themedhanicd examining processof bath regular produdion and tet curency. Contaminanisevaueted
were axden; ddehydesidentified by the bureauformeldehyde, eodteldehyde, butardl, pentard, and hexard;
ast of samplesfar an ddehyde soreen to idantify and confirm the presence of Suspected ddehydes and
samplesto pemitidentification of solvent vigporspresant fallowed by quientitation of compounds sdected fram
thequditaivesamples Sampleduraion goproximeted thefull work dhift.

C. SardingadArdyticd Mehods
1. Aadan

Aadédnsampleswereadletted usng ORBO-23* sorbent tubesand asanpling ar flow rate of 50
auic oatimaeaspa minute (cmin). Thefront and bedk sadtionswere separated and andlyzed by
geschromatagraphy (GC) usng NIOSH Method 25019 with modifictions: Themodificationswere

Desoption: D minueswith sonicationin 20 millitesaof tduene

GasChrometogrgoht Henet-Padkard Modd 5711A equipped witha
nitrogerHphogohorus detector.

Cdumn 6 x /4" gass(2 millimeter intemd damder (mmi.dl)

packed with 5% SP-2401 DB on 100/120 Supd coport.
OvenConditions: Tempearaure programmed from 90° Centigrade (C) to 190°C a arde of 32°C/minute

Sandardsweare gaiked on ORBO-23* tubessUbmitted by the NIOSH indudrid hygienis and
Oesrbed thesameasthesampes Thelimit of detedtion (LOD) wes2 micograms (ug)samplefor
axddanandthelimit of quentitation (LOQ) wes6 ugsarpe

2. Fomedehyde Acdeldehyde Butard, Partard, and Hexard:

Sampleswereadledted on ORBO-22* sorbant tubesusing asampling flow ratedf S0 odmin. The
front and back secionsweere sgparated and andlyzed by GC using themethod supplied to NIOSH by
the Bureeu of Engraving and Rinting, Appardix A.

Desomption Prooess Orehour minimum (dter 20minutessonication) in 17
millitars(mL) of tduene containing 0.25 miadliter per mL of
nhexadecaneasanintamd dandard.

GasChametogrgpht Heniet-Packard Modd 5711A equipped with aflame
ionization detector (AD).

Cdummn D mee (M) x 0315 mmfusd slicacgallay cdunmn
coated intamelly witha025 micrameter thidk film (um) of
Durawax DX-4.

OvenConditions Thammd programming 110°Cto 20°C a 8C/min.

Sandardsfaor forme dehydeweare oiked onto the A sation (front) of Supdco ORBO-22* tubesand
Oesrbed thesameasthesamdes Sandardsfor therest of thed dehydeswearegaiked into 1.7 mL of
tduanecontaning the A ssttion of Supdco ORBO-22* tubesand were desrbed thesame asthe
saples Theardyd rgparted thet the peek far fame dehyde was extended bath in the Sandards and
Daachamqudity conrd sardes Attheand of theandlyticd run, ahigh levd gaked properd onthe
ORBO-22* tubeweas desorbed and andyzed. Thepropend peek duted vary dosdy withthe
formddehyde peek, and therdforewas cond dered aninterference



TheLOD and theLOQ for theandyteswere famedehydeL OD 8 ug'sample, LOQ-25 ug/sample
aodddenyde . OD 6 ug'sample LOQ-20 ug'sample; butand-LOD Sug/sample LOQ-17
LL%S(?SI%Q' pemarrslSHTIOI - OD 5uysample LOQ-17 ug/sarple and hexand-LOD 7ug/'sample,

e

Sreaningand Corfinmetion of the Vaiaus Airbome Aldehydes Fresant in Medhanicdl Examining:

Aldehyde sreening samplesware adllected on ORBO-23+ sorbart tubesat asampling flow rateof 50
omin. Thesamplesweredesorbad with 1 mL of tdluenein an ultrasonic beth for 0 minuies
Sampleswearesreanad by ges dvometogrgphy (equipped withaH D) usnga30m DB-WAX
capllay cdumn (glilessmode). Reresaniativesampleswerethen andlyzed by ges
dromatoggohy-mess Hedtive detedtor (GC-M D) toidentify compounds: Sampleswere
quantitated for formeldenyde using Saiked tubesfor dandards: TheLOD for farmel dehydewes about
04 uysampleand the LOQ wasgbout 1.5 ug/sample

Quditaiveand Quentitative Sampling for Sovart Vegpors

Sandard K C dherood tubesweare usad for areasampling evauating Solvert vgporspresat a the
medhenicd exaninaswoak dations A sampling retedf 50 cominuiewas usad and sardleswere
gaadly adlededinpairs dlowing anefar oneandlyssdneradtierizing the arbome contaminents
presant and assoond for quientitating sdected compoundsidentified inthefird andyss

a QuitiveArdyss

All drerod tubesamplesweredesorbad with 1 mL of cabon disuifideand initidly soreened by
gesdvometogygohy (HD) usng a30imaer DB-1 fused slicacaaillary cdunn (Sditessmode).
Represntative samples of the charood tube sampleswarethen andyzed by GCMD to
identify componants

Samplestia hed been cdllected by thebureau on ORBO-32* dharood tubesweareandlyzed in
thissamefaghion, with thefront and bedk seionsandlyzed ssparatdly. Edimetesof thetotd
amount of hydrocarbons presant on these samples (those odllected by the bureeu)) were
deemined usngamingd sarritshulk for thesandards

b. QuatitaiveArdyss

Thefront sedtionsof the dheraod tubear ssmpleswearetrandfared to sadogicd vidsand
treeted with carbon disuifidefar aminimum ime peariad of thirty minuteswith oocasiord agjtation.
Aliquaswerethen injected into aHeMett-Padkard Modd 5890 ges dhramatogrgoh equipped
witha30maer B-1 fusad slicacallary cdumn. A flameionization detector wesused to
Oetect compoundsduiing from theadumn

Quentitation wes aooomplished by comparing andlyte peek aress of the sampleswith those of
prepared dandards: Thehydrocarbon peskswerequantitated interms of minerd sairitsand
kerosme by using laboratory maeidsfor thispupose Theresdtsshoud becorsderad as
edimatessncethedromeiogrgohic pettans of thelaboratory metaidsand fidd ssmpleswere
gmilar but natidentical.

Theardyticd LODsand LOQsin my/samplefar the sHedted ardytesfalow: AcgioneL.OD
0.01, LOQ003; 1,1,2-richioroethane-LOD 001, LOQ 0.03; Toluene-LOD 004, LOQ
0.13; Mingd spiritsLOD 002, LOQ 0.07; and Kerosne LOD 002, LOQ0.07.




V. EVALUATION CRITERIA AND TOXICOLOGY DISCUSSON

A.  Bwviromaid Qitaia

Asagudetotheevduetion of the hezards posed by workplace exposures NIOSH fidd &t enploy
evironmand evduation aitaiafor essessmant of anumbar of demicd ad physcd agats Theeaitaia
areintended to uggest levd s of expoaureto which mos warkersmay be exposad up to 10 hours per day,
40 hourspa wesk for awarking lifeimewithout expariendng adverehedth effeds Itis howvever, important
to notethet not dl workerswill be pratected from edverse hedlth effedtsif their eqpoaresare mainiained
bdow theelevds A svdl paoaiage may expaienceadvare hedth effedtsbacause of individud

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

Inaddition, some hezardous SUbstances may adt in combainetion with ather workplace expoaures thegenerd
evironmat, or with medications ar parsond hehitsof theworker to produce hedlth dfedsevenif the
oocypationd expoaresarecontrdled & thelevd st by theevdugtion aitaion. Thesecombined dfedsare
often nat consderad intheevaugtion aiteria. Ao, some Sbdianoes are aosorbed by direct contact with the
skinand mucous mambranes and thuspatentialy inoressethe overdl expoare. Firdlly, evdugiion aitaia
mey drangeove theyearsasnew infometion onthetaxic effedtsof an agant becomeavaldde

Thepimay sourcesof evironmentd evaugion aitaiafor thewarkplaceare (1) NIOSH

Recommendad Expoare Limits (REL', (2) the Amaican Conferencedf Govermentd Indudrid
Hygends (ACGIH) Threshdd Limit Vaues(TLVS), and (3) the U.S Department of Labor (OSHA)
oocypationd hedth dandards: Often, the NIOSH REL 'sand ACGIH TLVsaelower thenthe
caregponding OSHA dandards Bath NIOSH REL'send ACGIH TLVsusLdly arebessd onmore
recent informetion then arethe OSHA dandards The OSHA dandardsdso may bereguired totakeinto
aooount thefeesihillity of contrdlling expoauresin vaiousindudrieswherethe aganisare usedt the NIOSH
REL's by contrad, are besad primearily on concamsrdating to the prevention of cooupetiondl diseese In
evauating theexpoarelevdsand the recommenddionsfor reduding theselevelsfound inthisrepart, it should
benated thet indudry islegelly required to meet thoselevd s padified by an OSHA dandard.

A timewdghted average (TWA) expoaurerdersto theaverage artome concentration of asudance
duringanommd 8- to 10-hour warkday. Some sLbdances have recommended shart-term exposurellimitsor
aaling vdueswhich areintended to spdemant the TWA wherethare are recognizad toxic efedtsfram high
shart-tem exposres

B. Todadogy Disoussan

Imtancy isapropaty of nealy dl of theddenydes however it cooursmorecommonly andismare

impartart inthecase of thosewith lower mdeouar weightsand thosewith unsaturation in the dliphetic chein
Dirett sasitization to ddehyde vaparsgopearsto berdaivdy rare. Sangtization to the unsaturated ddehydes
mey oo, but it isuaLdly difficult to ssparateprimary initation from sengtization. Diredt evidencedf thehumen
fetsdf ddenydesisrdated predominanty to eyeimitation, odor threshdd, and innitation of the upper
regairaory tract and skin. Toalessar degres, isdlated human biochemicd reedtions have bean monitored. In
gened, thehigher themdecular weight of theddehyde, themoresturated the dliphetic dein of theddehyde
and the absence of hdloganeted sLUbdiitutents on the carbon dhain, thelesstheinitant propartiesof theddenyde
ae® Thefdloning peragrgphswill presant alrief taxiodlagy disoussion of theddehydesevelugted curing this
hedlth hezard evdugion

1 Actdddyde

Adddddhydeisaninitant of theeyesand mucousmambranes: Theinitant effedtsof thevgpor a lower
concantraions; Such ascough and buming senstion inthe nosg, throdt, and eyesuadly prevent
exposreaffident to causeoantrd nevoussysem deression© Aodtddnydeislessimitating tothe
humeneye nosg and thraet then foma denydeand aordan. It hesavesopressr effedt, ie, it
increessslood presaure, incommonwith ather diphetic ddehydes Marked incressssinblood
presare have nat bean aosaved in tes animd suntil an acgtd dehyde exposreconcatraion at o
above 2,990 mg/n of air or 1,666 ppmisattained. Thelowest taxic concentration (TC, o) foran
oosarved hedlth effect in humansis 240 mg/ine? (134 ppm). Thecardnogenic potential of aoddddnyde
hesnat bean ddfined by longtam animel tudies® The OSHA pamissbleexpoaurelimit (FEL) foran



gght hour imeweighted average (TWA) is360 mgin® (200 ppm). TheACGIH TLV* of 180
n’qn;’ (200 ppm) isintended to prevert excessve eyeinitaion and patentid inury totheregairatary
tract.

Aaddn

Aadenisasvaeeyead reqarday sydaminitat. Theprindplested demicd dfedsisthe
muoous membranes of the upper reairatary ract. Aadenistoxic by al routesof edminidration. Ithes
not bean hownto becardnogenic ar embryatoxic. Aadan hesavasopressor effect which hesbean
oosaved inanimds (rats) a eqposurelevesof 10to 5029 myin (4.4 to 2200 ppm) for oneminute
Theunssturated rnetureof the compound resitsin an eyeinitancy id 25timesgrester thenthet of
fomdddyde At higher aaden conoantraions (1.1 to 23 mgnt (05to 1.0 ppm) theimitart
potentid inoresssstofour or fivetimesthet of fammeldenydea thesameconoatraions The TC, o for
humen responsssto ardein are 05 mgfin? (0.2 pom)-eyeinitation threshald, and 1.4 mg/in? (0.6
ppmM)-regairatary reoonsetireshald. Thehumen odor threshaldis0.75t0 09 mgin? (0.33t0 0.4
pom). Aadeanisamgor contributor to theimitent propatiesof dgarettesmoke™ The OSHA PEL
forardenisaTWA of 025 mgin (0.1 ppm).® TheACGIH TLV* of 025 mgin® (01 pom) is
arﬂctraj(%lfﬁderﬂy low tominmize, but nat entirdy prevant, imtation among dl exposd

indvidLels

Buard:

Imtation of theeyesand upper resairaory tract hesbeen caused by expoauresto buiand. Humen
exposresof 677 mg/n (230 ppm) for aperiod of 10 minutes have bean reported as nonHinitating,©
No OSHA PEL, ACGIH TLV, or NIOSH REL havebemidentified for butand. TheUSSRhesa
Maximum Alloweble Concentraion (MAC) of 5mgi?.®

Fommeldehyde:

Fomddehydegesisaninitant of theeyesand resaratary tract; slutionscausebath primary initation
and sanditization dametitis® Thefirg Sgnsor symptioms naticed Lpon exposureto fomeldehyde
concartrationsranging fraom 0.1 to 6 mgin? (0.1 to 5 ppm) arebuming of theeyes teating (laarimétion),
and genard imitation of the upper resairatory pesssges. Higher expoares (12to 25 mg/n (10t0 20
pPmM)) may produce coughing, tightening inthe cdhedt, asanse of pressureintheheed, and pelpitation of
theheat. NIOSH devdgped aREL in 1976 for farmddehydeof 1.2 mg/n (1 pom) toprevert the
imitent effects of expoaurestothiscompound® Thisrecommendation predited the devdlopment of
animd caanogeniaty detaimplicating fammeldehyde asan animél cadnogen and apatartia
oooupetiond cardnogen. Forme dehyde hes o producad positiverresultsin mutageniaty teding,
upparting thedassification of thiscompound esapatantid oooupationdl caranogen. NIOSH acurantly
conddasfaomedenydeahumean cardnogen and recommiendsthet farmel dehyde expoaures e
meintained & thelowes feedelevd. @Y

On Deoamber 4, 1987, OSHA pramu anew hedth gandard for formeldehyde, which
becomeseffedtiveon February 2, 198812 Inthesandard OSHA conddersfomedenydea
prabable humen cardnogen. The PEL wiasreduoed by two thirds from 36 mg/M?® (3 ppm) to 1.2
myM3 (1 pom), asan 8-hour TWA. Expoauresupto 7.2 mg/M? (2 pom) would be pamitted for 15
minute paiodsaslong asthe daly exposiredoesnat exossd 1.2 M2, Therevisad andard
contansprovisonsfor medicad survellance, record kegping, reguliated arees emargancy procedures
contrd draegyes pratedtiveequipmeant, and hezard communication. Somed theseprovisons
however, may nat bereouired of employersuntil dter theeffedivedete

The ACGIH TLV* far famddehydeis 1.5 mgin® (1 pom) but dso dassfiesfammaldehydeasa
sgpacted humen cardinogen nepessitating thet expoaLresbekent toaminmum®



5 Head:

Hexand or n-hexddenyde hesasharp ddehyde ador® Mild skin and eyeinitation havebean
aosaved inratsexposad viainhelation to hexand. Cardnogeniaty, muiageniaty, and teratogeniaty
havenat been detemined for hexandl.® No oooupationdl exposLreaitaiafor hexard areligedinthe
OSHA generd industry gandaras? or by NIOSH or ACGIH.

6. Paiad:

Humen expoaLre detais nat avaladle conoaming reponsssto differing levds of pentand. Chamids
engeged inthedidillation of isovderd denyde (adrudurd isomer of nvderddeyde or pentardl)
Oeveloped chest disoomfort, neuses, emesis(vomiting)), and heedeches: Theodor wasreparted to be
vay pronounoed during thisindident and the concantration may havebeen high© TheACGIH TLV*
for pentard, liged asnvvderddehyde, is 175 mg/in? (50 pom). Thislimitisintended to prevart initation
of theskin and eyes assoaiated with pentand expoares: Further indudtrid expaiencewith thehendling
of thiscompound isneaded to evduete thegLitablity of tis TLV*? No OSHA PEL curently exdids
for pantand, nor isthareaNIOSH REL for thiscompound.

VI. INITIAL SURVEY HNDINGSAND FOLL OW-UPSURVEY SAMPLINGRESULTS

A

Intid Survey Findingsand Obsavaions

TheTedmicd SavicesDivison hesbean engeged in evduing ink samplesupplied by menufaduras
hiddng onaoneyear contract to Sypaly currency inks beginningin November 1987. Pat of thisevaugtion
invaved ar samling of contaminentsrdessad by theinks and printed nates utilizing the vaious menufadurers
inks Compaiison of thesereaitsto theresLits dotained under thesametype of conditionsfrom currart
prooudion inks hed been undatakeninasydemdic menner. Sampling hes consged of tet samples dbtained
indassd plagtic begs over aconseoutive number of daysfdlowing vaiousdages o the printing process
Sevard contrdsweredo induded inan efart to isdlate contaminant sources: Theandlyticd work to detehes
foousad onanumber of imitant compounds pedficaly asaiesdf diphdic ddehydesand axden

Concem regarding therdeese of contaminentsinto thework aress during the produidtion processes
paticuaty medhenicd examingtion, hesinaressad duning thepest year. Seveard inddantsof acuteinitation
assodated with ingpedting and hendling reoantly printed nates; bath during regular produdiion and with tet
inks have bean attributed to the d dehydes dosarved to be coming from the natesin thetest samples

Workplaoe monitaring for ddehydes spedficaly fameldehyde and aardein, hesbeen condudted when
complantswerereported. No ar sampling hesbeen attempted in the produdtion aressfor the ather
dddhydesidanified fram thelaboratory ssmples: Theseather ddehydes assmantioned previoudy, indude
aodtddehyde butardl, pentard, hexand, and heptandl. Reported forma dehyde conoantrations assodiated
withworker complaintsinthemachanicd examining aessranged from 0.1 to 04 mgin? (0.05t0 0.28 ppm).
Documeanted ardeinlevesin thevalitswerebewean 05to 1.4 mgnt (0.22 to 0.55 ppm). Additiondal
exhaug ventilation teke-dffshed bean recently inddled inthe vaultsto ramove metaidsrd essad by thenates
duing auing. Thesevaiswearelocated gopraximady S feat abovethefloar, and abovethe dadks of

auraxy.
Fdlow-up Indudrid Hygiene Sampling Resuits

Inthissadtion, quelitativeandlyticd resLitsfar dhercod tube samples adllected by theburesu using their test
auracy evdugion schemewill be presanted briefly, fallowed by the quentitative sampling resLits aotained for
parsond exposreand aeasamples adlected duing the NIOSH fdlow-up indudrid hygenesurnvey.

1  Quitative Charood Tube Sample Reauitsfor Buresu Submitted Samples

Thetwdvedharaod tube samples adlledted in the dosed dnembashy theburesudl hed faily smiler
drometograns Rroparionsvaied, but thesamemgar componantswearedaedted ondl tubes Four
of thefront sedtionsand two of the beckup sadtions of the sampletubeswere andlyzed by GG-MSD to
identify or confirmthecomponants Butard, pantand, hexand, and heptand werepresat ondll
sarpesa vaiouslevds Other mgor compoundsidentified weretdueng, acgtong, C,-C, branched



dkanesand n-dkanesinthe C,-Cys range All bedkup ssdions contained someacdioneand lighter
dkanes(C,-Cs) and breskthrough (sampleloss) for these compoundswias prabedle

Edimetesfar tatd hydrocaton amountsfound on these ssmplesweare ddemined usng amingrd ainits
(C4-C,p) bulk for gandardsand by comparing thetald areadf the dandardsto thetald aress of the
samplepesks(am o dl pesk aresswithin thedromatogram). Theereslitsarerepartedin Tadlel.
Tatd aessfor only the C,-C; ddahyde pesksvaied from sampleto sande  Thetatd ddehydepesk
for sample C413, hovever, wesfrom threeto 10 imeshighe then any ather sample. Thissamplewas
fromthete ink evaugted evironmantaly Augugt 19, 1987, Therecondrudied ion dyometogramsfor
samples CA13 (front and beck sadtions), CA33 (thetedt ink eveluated environmentaly August
20,1987), and C3BA+egular produdionink (front and beck sorbent tube ssctions) arepresanted as
Hgures 1 through 5 respectivey.

Aodddenyde Aaden, Butand, Fameldenyde, Hexarndl, and Pantandl Resits

Tadell presmisthe parsond exposreand aeasampling resuitsfor butand, fomeldehyde, hexand,
and pantard. All sardlesfar aodd dehydeand acrdenwearebdow caaulated evironmenia detection
limits lessthan 0.1 and 05 Mg/ (006 and 02 ppm) respedtively. CAaulated environmantd limitsof
Odtetion are datained by dividing the LOD by thesméllest samplevaume adllected presanting no
Odeddbeardyte Thesametednigueisusad to datan vauesfor trace contaminent conoantrations

Butand concantrations bath persond expoaure frombdow deedionlimitsupto 1.4
rrdm”(OSmn)vwma]alﬂTm]crrm]vdLed 073 (02 ppm).

Formddehydelevds far bath persond and areasamples ranged from bdow detedeblelevds (8%
o Rd Bsarpes) totraceamouns(11%ar 4 of 36). Theardyticd LOD for theformedehyde
andysesof 8uysampleresLited in calaulated evironmentd limitsof detedtion of baween 032 and
067 mg/n? (0.3to 06 ppm), levels above those assodiated with primary imitant symptoms:

Partard concanraionswere presart primatily in traceamounts or lessthen about 072 mg/ne? (0.2
pom).

Hexand concaniraionswearedso presart intraoeamounts lessthen about L0 mgfin® (0.2 ppm).
Tadell do hesthisdatalroken out by regular currency produdion and test currency produdiion.
Exogat for formedehyde, none of theather ddehydes evduated were consdered to be dt levd sthet
could patentidly beassodaed withimitarnt symptoms

Quelitative Aldehyde Sreen and Fommedehyde Quertitaian:

Areasamplesadlledted at eech of themedhenicd emrﬂmsa]dswereadyzejfcrtrevmas
ddehydesidentified by the bureau and then confirmed by mess ot . Aldehydeswere
Odeted ondl of theareasamples adllected. Farrdddydele/dsragaﬁmﬁreetosx
micograrsper tubg, 0.13t0 0.25 mgn? (0.1 to 0.2 ppm), and are presanted in Tadlell.

Two o thesampleswereardyzed by GC-MSD toidentify thedaivativepesks Hgure6 presanisthe
recondructed tatd ion drometogram from the ssmple adllected & the A3 faceexamining dation of
mechine972 on Augud 19, 1987. Thepresancedf fomaldenyde, propioneldehyde, butand, pertand,
and hexand was corfirmed ondl of thequdlitaiveareasampes No acrddenwes deedted and the
aodd dehyde darivative peek wastoo STl for any postive corfimetion by GC-MSD under these
conditions: Bassd on comyparison of pesk heightsbatwean samplesand saiked tubes containing
butand and pentand, conoantrations of C-C; ddehydes (propionel dehyde, butand, pentard, and
hexand) wareedimated to bein the 5-20 ug par sarplerange

Quditative AreaSarple Reatsfor Savent Vapors

Thedromdogarsfor dl aeasampeswaedmilar to sampenumbe 75, adledted e the A3 face
exanining dation of mechine 978 on Augud 20, 1987, thus anly thissamplewas andyzed by
GC-MD toidentify componantspresat. Hgure 7 pressisacopy of thergoresaniative
recondructed tatd ion drometogram far thesesamples Mgar compounds detected wearetduene




and vaiousdiphetic hydracartonsinthe Ci-C s range, smilar tomingrd Fainits (Cy-C,,) and kerosane
(Cs-C,p). Other compoundsidantified induded aoetone, isoprapend, methylenedilarice
1,1 1-richioroetheneand xylenes

5 Quanttation of Sdedied Sovarisfrom Pared AreaSanples

1,1 1-trichloroethenewas nat detedted onany of theareasamples cdlledted. Acgtoneand tduene
levdswaevay low (fraoeamountsar N.D.). Airbomelevdsar minad saritsand keosnewaedo
vay low, eventeking into congderation thet concentrationsfor thesetwo contaminentshed tobe
gopraximeted sSncebulk ssamplesdf theminerd gantsand kerosereusad intheinksweareunavalade
Tadelll presmisthelevdsar salvant vgparshy areasamplelocation.

Mehylenedaride arigingly suspedted to be presant in minute quentities besed upon the quelitetive
aeasamplerealits coud nat be sgoarated from theextradion solvert ussd inandyzing thesamples
Attampisto resalve sgparation prodlems on two different drometogrgphic cdunns SPB-1ad
IB-35, did nat resdlve the prodlem suggesting thet thiscompound, if presant, wesbdow messradle
qQuanities
VII. DISCUSS ON AND CONCLUSIONS
A.  CommanisRegarding the Burealis Tes Sample Pratood and Ardlysss

Thesampling and andlytical work thet hesbean compleled to dete on metidsin current use by thebureeu
provides besdinedatafor evdution of thetest inks however, recommenddionsareliged inthenext sedion
whichwill asgg thelureau to moreadeguetdy fulfill themisson of curancy ink evdugtion: These
recommactionsweare pplied to the buresu fdloning theinitid NIOSH aunvey.

Theeqaimatd design usd far theevdugion of metarid offgessing did nat mekedffidat ued thedeta
adleted. Theburesuwasenoouragad to adlledt relicate samplesin eech of thetest curency sampling
dhambearsand reducethetotd number of daysduringwhich ssmpling tekesplace, eg reducesamgling to
daysare(2), three(3) and seven (7) or whetever intavasare marerdledive of actud conditionswhichthe
aurancy issugjedtad to during and &fter printing rether then cdlleding samplesevary day. Avaraging of these
sampleresdtswill dlow a98% corfidenceintav to be calaulated for eech st of repicates Theresson for
thisrecommeanddionisthet the 95% confidenceintav for daisintepretad in somelegd drdesasprodf
beyond ressoneble doubt.

Themgar concanwith themodificationsaf themethod used by thelburesu far the adlledtion of the
ddenydeswas breskthrough of the:d dehydes onto the backup sedions of thetubes: Obsarvation of thedeta
hesind cated thet breskthrough hes hgppened anly with acgtd denyde (ca 1006 of thesamples) and
fomadehyde (ca 40% of the samples), and thishresktihrough informationisindudied by thebureaulintheir
reports

B. Inddrid HygeneDisousson

Commatsmededuing theinitid survey concamed modifications of exneudt veantilationingdled inthe curancy
vauts No aher goadfic disousson or recommendationsweare devdgped et thet pant inthe HHE.

Thepasord eoareand areasampling conducted during thefdlow-up Surnvey did nat identify any padific
hedlth hezards assodiated with theexamingtion of curency with the possibleexagption of fomelddhyde
Atmogoheric conoatraionsduring thetimeframe of the NIOSH indudrid hygienesurvey reveded
contaminent levdsfor aogtadehyde butandl, pertard, and hexand wl bdow (lessthen 2/10th to lessthen
1/100th) thoselevdsidentified in tet curency samples adllected by the boureau

Duing theaurvey, mesared expoauresto thelover maecular weight ddehydes-aodd dehydeand
axddnweaengjighle Theabsanoed axdanand acdddeydein theparsond and aeasampleswes
corfimed by queitative andlytical wark coupdled with compound identity confirmetiononareasames
aatanad & eech of themedhenicd examining daionswhare sampling was conducted.




Fomdddhyde conoatraionswearefor themodt part bdow theandytical limitsof detedionfor thesampling
and andlyticdl method used for parsond exposuresamping. Thecdauated environmentd limit of detedionfor
formedenyderanged from 0.32to 067 mgfin? (0.3t0 06 pm). Thiswould begboveavironmattd levels
whaeindviduesmay beginto equaience buming of theeyes laaimaion, and ganad initation of the
regaraory pesseges Pared aeasamples adllected for ddehydesand andlyzed qudlitativey for
formeldehyde, propiondldenyde, buiandl, pertandl, and hexard weared o ardlyzed quiatitatively for
fameldehyde by adifferet mathod. Thisseoond ardlyses on different samples dloved quentitation of
formedehyde concantrations of 0.13to 0.25 mgin? (0.1 to 02 pm) inthemedhenicd examiningaea. The
presencedf fomdddydea theselevdsmay beresponsbefor meny o theimitant symptoms expariencad by
theworkas

Thesourced thefamedehydeismod likdy dueto thepresence of amdamineformédehyderesnusadin
thecurency pepe. Thewark conducted by the bureau conceming ddehydelevdsassodated with the
vaioustes cauracy samplesdemondratad litle vaiaion infomedehyde conoantraions among regular
procudtion curency, test aurency printed with thetest inks blind emboossed currency peper (noink but run
through the press), and unprocessed blank currency papa.

Low leve expoaures ganardly above ddedtion limitshout bd ow quentifisle conoantrations to buiandl,
pentard, and hexand were dooumented far dmod dl persond and areasamplesinvalving regular curancy
produdion. Thissameaosavaionisganadly goplicableto thesamging invaving test curency. The
oocurencedf nonodetedtiablelevdsof butand, pentandl, and hexard inthettest curency persondl expoaure
samplesmay bepatly dueto thesreler ssmple sze assodated with the horter ime pariods duing which the
test curency lcedswereexamined. Themessurad levdsof thesecompounds do nat represant ahedlth
hezard, besad upon acompaison of the dosarved levdswith taxiaty informetion avallailefor thegpeafic
compounds (SeeSadion V. Taxicdlogy Disousson)

Areaconoatraionsof aogtong, 1,1,1-trichloroethene, tduene, mingd Sainits and kerosneweredl wl
bdow the regpediive contaminants evaugion aiteia

Inummary, eqpoaurelevdsaf mog arrbome contaminants assodiated with examining curency did ot
presant ahedlth hezard to thewarkersin themedhenicd examining areaduing thesurvey. Theexogaionto
thisisthe presence of formd dehyde a arangethet hesbean reported to causelinitant ymptosinsome
indviduels Conoamsregarding the patentid caranogeniaty of fomeldehyde should prampt effartsto reduce
o dimineteeqpoaurestothiscompound. Thebureau hes devdgped albesdine of informetion concaming the
evaugtion of teg inksand gopearsto bemoving toward further ddfining pafarmenceand contaminernt
emisson aitaiagoplicableto fulureinks used in curency produdion. The.contaminent consdered mogt likdly
to contributeto the reported initant heelth effeds gopearsfrom theresuits of thisinvedtigetionto be
formddenyde

VIII. RECOMMENDATIONS
A.  ReoommaddionsAddresing the Evdugtion of Tet Ink Samples

1 Sarding pumpsshoud becdibrated bath beforeand dfter sapling, to enaurethet the pump flow rate
hesnat chengad during sampling. Thiscdibration hould be pafomed with regresantative saraing
medapresat inthesorbart tubehddars

2. Thesampetubesshoud bepostioned inthe sample containas o thet they areveaticd. Thiscanbe
donehy pladng all ook under the sampling tubes to prop them up or bydipping them to thebracket
located dong theindde of the ged sading dnambars

3. Twossmdemedablanksand twofidd medablanksshoud beardyzed dongwith evary ten (10)
adleded sampes Thishdpsdimingtepradasif themediavauesvary, Sncean avereape mediablank
vaue can bergparted and usad to corredt thesampledata: Hdd mediablanksare ussd to dgtemineif
samplecontamingtion hes coourred dter sadling or duning thesamplewarkup o arelyticl
procedures




Thenumber of andlyticd dandardsusad for the preparation of the caliboration aurve should beiinoresssd
from thethree (3) sandards currently usad to &t leet five (5) or Sx (6), with eech dandard andlyzed in
tiplicte Thesedandardsshould bracket therange df thesamplevdues Sandardsshoud be
prepered & levdswhichwill nat overloed the capeaity of theardlyticd cdunn. Samplesmay haveto
bedluted to prevart cdumn ovelceding.

Qudity contrd (QC) sarpesshauld beardyzed with eech sarplesst. Theamount of andyte
presat onthesample should beunknoan to the andlyt until the QC sampleshave bemn andlyzed and
resitsreported. Subssquant tothereoapt of the QC reaults adedsion should thenbemedeasto
whahe theardyseswearein contrd and velid. Thisrecommendetionwill repuiretheassgmat of an
indvidldl ather then theandlyd to parfam thefundion of QC samdlepreparaion and QC deta
redudion

When sample breskthrough condlitutes mare then 25%0 of the sample mess on the bedkup sedion of
thesorbant tube, thesampleshould beiinvalickted.

Theorde of theandydsof dandardsand samplesshould berandomized to remove detedtor drift asa
ourcedf bissintheandyss Curently, dandardsareandyzed only befareand dfter ssmplesare
andyzed. Inthisstugtion, detedtor drift during theanelyssisnat compensated for.

IndLerid Hygiene Reoommanddions

1

Obsavaion of thelocation of exhast vattilation tekedffsin thevautsdong with reports of dronginitart
vaparsaooumulaing duing theevening and night shiftswhen thareisno adtivity in thevaults sugpgeststet
theaurat edraud cofiguraionisof limited effediveness: Aninitid recommenddionistolower the
exhad tekedffstoalevd doser tothefloar, such es 12 to 18indhes dlowing ramovd of the
aocumulated contaminent vgparsduning dill periadsinthevalits Thiswould assg withramove of
vaporsfrom the deed ar goecesbawean thedacks of notes

Although alarge number of the parsondl exposresamplesware nat adfinitive conoaming individuel
fame dehyde expoaures the presence of this compound was confirmed and quentitated in area
samplesa levdsa ar abovethoseassodaed withimitant symptoms. Sampling toevluete
formadehydelevdsshould ussamethod sarstivedoanto 0.06 mgi? (0.06500m). Thisgenerdly
requirestheusedf impinger sampling with a1% sodum bisUifitesolution, eg. NIOSH Method 35009
whenevduaing fureformedehydelevesinthe medhenicd examiningacea. Thedgjedivedt such
sampingisto deaminewhahe fomddedhydelevdsarebdow thoseassoaaed withiitart
gmptoms Intheevert thet formeldehyde exposLres exosad OSHA'sadionlevd of 06 mgM? (05
pom), dl pertinant agpectsof OSHA Sandard 29 CHR 19101048 shdll beadhered to.

Disussorswith the Tedricd Savices Divison conoaminginroduding locd edaug s/demsand
inoreesng ar flowsthrough theexamining aressindicated thet therequiremantsto regulate

and humidity within faily nerrow ranges and seaunity condrantsprevent considaration of reedily
avalabegpionsfar removing low levdsof ddeydes A heavy dependence upon redraulaion o drin
thisareaisdandard proosdure. Inview of these conddarations the gpproech to removing potentid
imtantsfrom thework aresswill need toindude reduding or dimingting the presance of famdlddhyde
dfgessng franthecurancy papa. Thisreoommendaionisaneanly thebureauiitsdf will be cgpeble of
expaing with essgancefrom thar peper menufadiurer and sypdlier. Longer hdlding of printed
auray to pamit offgessing of contaminentsisproelly of limited uility Sncethecurency mugt be
saoured by tightly lodking down the shedtsin alced duning pariods of doragereducing thetatd surface
aeatha coud rdesseformedenydeand the ather ddehydes
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Tadlel
Qudlitative Ardlyticd Resitsfor Buresu Submitted Test Chambar Sarples

C392
C393
CA13-Tedt Ink 8/19/1987
CA33-Tedt Ink 8§20/1987

U.S Depatmant of the Tregary
Bureeudf Engaingand Rining
Wadhington, D.C.
HETA 87-266
Augugt 19-20, 1987
Buresu SanpleNo® Tatd Hydrocarbons? inmg/sargle

C337-Empty Sampling Chamber 2
9
C343 7
C354-Reguiar Produdiion 8
C359 4
C363 6
C376 5
C330 6
2
4
6
5

1  Sarpenumbasaethoseussd by thebureau. Samplesthat corespond toinksusad on curency evelusted during the
NIOH suvey aenaed to theright of the sample number and the dete exposLrre monitaring was condudied, nat the
detedf thebureausadledion of thetest samplelided here

2. Vduesaeedimaesd thetotd hydrocabonspresat usngthesum o dl pesk aressinduding ddehydesfor
cdadaions A mingd garitsbulk wes used ssagtandard for comparison.



Tadell
Rasond BExpoaureand Area Sampling Resuitsfor Formealdehyde, Butandl, Pentandl, and Hexandl

Bureeudf Engaingand Rining
Wadhington, D.C.
HETA 87-266
Augud 1987
Sample Desyiptiot? Cantaminat Conoaniration in mgin @

Dae Mathre LocdionorJb Type Vdume Fomddayde Butard Pentard

Regular Curency Pradudion:

819 972 A3Faeexaminingdaion A 2 Trace 11 Trace
A3 Faeexamng P 20 N.D. 0.98 Trece
Al Faceexamng P 19 N.D. 12 Trace
A3Bak exmng P 18 Trece 14 Trece
AlBak examing P 19 Trece 13 Trece
Book binder P 20 N.D. 13 Trace

820 972 A3Faeexaminingdaion A 19 N.D. Trace Trace
A3 Faeexamng P 21 Trece 11 Trece
Al Faceexamng P 21 N.D. 092 Trece
A3Bak examngr P 12 N.D. Traoe Trece
Al Bak examng P 21 N.D. 095 Trace
Book binder P 2 N.D. 11 Trace

819 978 A3Fereexanningdaion A 23 N.D. Trace Trace
Al Faoeexaning® P 20 N.D. Trace Trace
A3Bak examngr P 19 N.D. Traoe Trece
AlBak examingr P 19 N.D. Traoe Trece
Book binder P 21 N.D. 085 Trace
Sacker P 21 N.D. Trace Trece

820 978 A3Faeexaminingdaion A 25 N.D. Trace Trace
A3 Faceexamng P 21 N.D. Trace Trace
Al Faceexamng P 21 N.D. Trace Trace
A3Bak examner P 23 N.D. Trace Trace
AlBak examngr P 21 N.D. Trace Trace
Book hinder P 23 N.D. Trace Trace

Tes Curancy Produdion:

819 976 Airknfeintid curancy fed E 17 N.D. Trace Trace
A3Faeeamningdaion A 2 N.D. Trace Trace
Above A3Bak fedline A 19 N.D. Trace Trace
A3 Faceexamng P 15 N.D. Trace Trace
Al Faeexaning® P 14 N.D. Trece Trece
Book binder P 15 ND. Trace ND.

Hexad



Tadlell (continued))
Rasond BExpoaureand Area Sampling Resuitsfor Formealdehyde, Butandl, Pentandl, and Hexandl

Bureeudf Engaingand Rining
Wadhington, D.C.
HETA 87-266
Augud 1987
Sample Desiptior? Contaminant Conoartrationin g™
Dae Mahire  LocaionorJob Type Vdure Fomdddyde Buard Pentard Hexand
Regular Curency Pradudion:
820 976 Airknfeintid curacy fed E 25 N.D. Trace Trace N.D.
A3Faeexamnngdaion A 23 N.D. Trace Trace N.D.
Above A3Bak fedline A 23 N.D. Trace Trece Trece
A3 Feceexamng P 15 N.D. Trace N.D. N.D.
Al Faceexaming® P 15 N.D. Trece N.D. N.D.
Book binder P 15 N.D. N.D. N.D. N.D.
Celauated Ervironmentd Limit of Detedtion® 067 033 034 050
Celauated Ervironmentdl Limit of Quentitaion® 21 14 14 18
Evauation QritariaNIOSH? LFL3
ACGIH 15 1751
OSHA 129

SampleDesiption: Date sampling condudted. Madhinenumber dendtesthe medhanicd examining gation, eschwith four examining
dations abook hinder and adacker. Samplelocation or job desgnateswere sample datained on thet mechine: Typedenotes
whether thesampleisan Areasample, Persond exposiressmple, or aprocEsssample. Vdumedanatesthetotd voumed air
samped ove thewark Shift inliters usng asampling flow reteof 50 aubic oentimelers par minuie

Contaminat Conoatraion: Giveninmilligramsiper auic meter of ar sardled (mgfim). Treceindicatesthat the contaminent wes
presant ebovetheandytical limit of detection, but bdow alevd thet could beaoouratdy quentified. N.D. dendtesthet the contaminert,,
if presant, wesbdow theardlyticd limitsof detedtion

TheA3 Faceexaming onthismechinewas nat sampled 8191987 becausewarker was smoking & thework dation.

For thetest aurency anly the curmency faoe hed been printed, therdfare thare weare anly face examinerspresart these mechineswhile
thecurency examined.

Thecdadaed evironmantd limit of detedionisthehighest leve thet the contaminent mey hevebemn presart inany of thesamples
without being identified aspresat. Natethet thelarger thessmplevdumethelower thelimit of detedtion, therdfore some samples mey
indicatetrace quantitiesar numaica vaduesbdow theonespresantad onthisline Thisvaueisadatained usng thesrdlet ssmde
vaumefarwhichaN.D. vdueweasdgaminad

Thecdadaed environmentd limit of quentitation denatesthe highest quintity of contaminet thet can bepresant anong thesamples
desgnated asshaving traceconoartrations: Thisisageininfluenoad by sarpleszeasmantioned previaudy. Itisdetemined by dividing
theardlyticd limit of quentitation for esch repedtiveardyte by the smeles ssmpevdumeexhibiing detedtedle but nonguertifisle
conoatraionsof theandytes

Sourcesfor eveluetion aitaia NIOSH-Nationdl Indtitutefor Oocupetiondl Sy and Hedlth referenoe 2, ACGIH-Ameican
Corfarenced Govanmentd Induetrid Hygienig®s Threshald Limit Velues reference 3; and OSHA-Ocoupetiond SAfety and Heelth
Admingraion Pamissbhle ExposreLevds rdfeae4.

L.FL.: Denatesthet famealdenydeis conddered apatentia oooupationdl caranogen and exposresshould bemantaned e the
lowes feegblelevd, rferance 1011

ACGIH ligsfarme dehyde asasugpected humen caranogen towhich expoares should bekgat toaminimum, rferance 3.

OHA conddasfamedehydeaprobsble humen caranogen. Al provisansof therevisad dandard (29 CHFR 19101048 gl be
fdlomed if eqposresexosd theadionlevd of 06 3(05ppm). (Seerdarencel?).

Patard isliged inthe ACGIH rfeanceasnvdad



Tadelll
AreaSample Reautsfor Soventsand Fomddehyde at Currency Examingtion Madhines

Bureeudf Engaingand Rining
Wadhington, D.C.
HETA 87-266
Augud 1987
Sample Deiptiar” Contaminent Conoertrtion in mg/h™
Dae Madtine Locaion Dudion CH,COCH, CCLCH; TdueeMin Sarits Keaossne  HCHO
Regular Curency Pradudion:
819 972 A3Faee@nnngdgion 386  Trae N.D. N.D. 12 025
820 972 A3Faee@amnngdgion 431 ND. N.D. N.D. 27 52 020
819 978 A3Bakexaminngdaion 371  Trae N.D. Trace K74 56 0.17
820 978 A3Faeedaminngdaion 444  Trace N.D. Trace 26 42 0.13
Test Curency Procudion®
819 976 A3Faeeamnngdaion 327 - 0.17
AboveA3Bakfeddline 326  Trace N.D. Trace 18 Trace 0.18
820 976 A3Faeeamnngdaion 442 --- 0.18
AboeA3Bakfedline 447  ND. N.D. Trace 24 44 0.16
Evaugion Qiteria®NIOSH 590 1900 375 30 100 LA*
ACGIH 1780 1900 375 15+*
OSHA 2400 1900 720 1.2**
1 SampleDesyipion: Datesampling condudisd. Madhinenumba dendtesthe medhnenical examining sation, eechwith four examining
dations abook binder and adadke. Samplelocation desgneteswerethe ewasabtained onthet mechine
2. Contaminant Concantratiant Gveninmilligramspar aubic meter of air sampled (mgfin). Traceindicatesthet the contaminant ws
presant ebovetheardyticd limit of detedtion, but below alevd thet could beaocuratdy quentified. N.D. denatestiet the contaminert,,
if presat, wesbdow theardlyticd limitsof detection
3 For thetest curency anly the curmency faoe hed bean printed.
4, Sourassfor evdugion aitaia NIOSH-Nationd Inditutefor Oooupationd Sty and Hedlth rference 2, ACGIH-Ameaican

**
*k*

Corfarenced Govanmentdl Induetrid Hygienig®s Threshald Limit Velues reference 3; and OSHA-Ocoupetiond SAety and Heedlth
Admindration Pamissble ExposreLevds rdferanced4.

L.FL.: Denatesthet fommaldenydeis conddered apatentiad oooupetiondl caranogen and exposresshould bemantaned e the
lowes feesblelevd, refarence 1011

ACGIH ligsfarme dehyde asasugpected humen caranogen towhich exposres should bekgat toaminimum, reference 3.

OHA conddasformddehyde aprabeble humen cardnogen. Al provisansof therevisad dandard (29 CHR 1910.1048) be
followed if exposresexcead to adion level of 06 mgM (05 ppm). (seeReference 12).
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FIGURE 1
Test Sample - Ink Formula #AL217627

Collected by BEP, August 10, 1987
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FIGURE 3
Test Sample Collected August 11, 1987,

Ink Formula No. AL215608
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August 7, 1987-Regular Production Ink
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A3 Face Examining Station, August 19-20, 1987
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Representive Solvent Vapor Composition of Area Samples
August 19-20, 1987, in Mechanical Examining
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Appandx A
Bureau of Engraving and Rinting Dreft Method far Aldehydes

PREFACE

Thismethod wes arigneted from two NIOSH Andlytical methods #2501 (for acrdein) and #2502 (for farmeldehyde). Method
2502 hesbeen madified toindude the anelysisof homd ogs of farmeldehyde, <o thet acete dehyde, butardl, pertandl, hexardl, and
heptandl canbedeteminad sswl.

No ressarch efart was paformed to evduete the method gpplicatllity, detedtion sansitivity, trgpping effidency, and desorption
fidexy, dc

A dnamig mudt becomefimiliar with bath NIOSH andlyticdl methodsbeforemeking fart to andyzethe homdlogous saries of
formddenyde

SAMPLING
SAMPLER: SOLID SORBENT TUBES

1 Foraxddan 2(hydaxymehyl) pipaidneon XAD-2, 120mg/60mg
2. Forsuaedddeydes 2-(bezylamino) ehend on XAD-2, 120mg/60mg.

A OWRATE 50mL/mn

VOLUME: 150 18litars
SAMPLESTABILITY: 4weks@25°C.
BLANKS Han Pgoe, By Bag, adarbigt ar.

INSTRUMENTATION:

A. FORSATURATED LOW MOLECULARWHEGHT ALDEHYDES
TECHNIQUE: Caallay gesdhramaogrgohy, NFD
ANALYTE 3bawyloxazdidnedaivaives
DESORPTION: 170 mL tduane utrasonic beth for 10 minutes
INJECTION VOLUME: 05 uL for front sedtion, L0 ul_ for reer ssdtion;
Fiitlessfor 30 seoonds

TEMPERATURE

INECTOR: 230°C
DETECTOR: 27/5°C

COLUMN: 70°Cfor 30 ssoonds 8°C/min, hdd &t 220°Cfor 3
minutes then 10°C/min, hdd a 250°C far L minute

EQUILIBRATION: 4minutes

CARRIERGAS Hdium, &kPa mekeupflow, Sm/min

COLUMN: Fusdslicacaallary, 30mx 025 mmid SR2250 (equivdent to OV-17, 50:50 methyl:phenyi slicone
CALIBRATION: Mixturedt 3 bazylaxazdidnedaivativesintduene

RANGE: 5810625 ugpe sarple



B.

REAGENTS:

ONOoOGORr~WNE

FORACROLEIN:

Buat tduee Fde catified ACS
Formdinsdutiot 37246
Acdddehyde

Buand

Pantand

Hexad

Heptard

Aaddan

IPMENT:

1

BOONOOIA W N

SAMPALING
1
2
3.

4.

Sample: for seuraed low mdeodar ddenydes 10omx 4mmid glasstubes containing a1204mg fron sstionand a6oimg
beck-up sadtion of 2<(benzylamino) ehanal on XAD-2 beeds (ORBO-22) far acrdein, 2-(hydraxymethiyl) pipaidinean
XAD-2 beeds(ORBO-23). Bathwerespplied by Supdaoinc.

Gllian persord sampling pump, comnedted with dudl sapling parts for smuiteneoudy sampling sturated and unsaturated
dddhydes All pumpsweareddibrated & S0mL/min

Gas Chramatogrgphswith pecked cdumn and caalllary cdumninjectars NPD, and autometic sampleinjedior. Hemett
Pedkard Modd 5890 wasusad inthislaooratory.

reedionvids 4ml withmiminat velves

spevids

aimp ss aimper, and decgper

butdlemeter for flow rate cdibration

Syringe 10U, reededleto 0.1 Ul

Reoipet Digoaser, 5ml from LAB INDUSTRIES

Ultrasonic vibrator

Cdibrate each parsord sapling pumpwith argoresanigivesampler inline

Bresk theendsdf thesmgder immediady beforesampling. Atteched ssmdler to parsondl saming pump with flexidle tuiing,
Samplea 005 L/minfor 6 hoursfar atatd sampleszedt 18L, (Tatd samplevdume dgpand on conoatration of ddehydein
thear).

Cepthesamplerswith platic (nat rubober) cgpsand pack seourdy until laboratory andyss

SAMPLE PREPARATION:

Sooreesch sarper with afileinfront of thefront sorbert sedion.

Bresk ssmple & sooreline: discard gesswod plug and trandfer thefront sorbartinavidl.
Trander therear stionto ancther vid.

Add17mL duattoeschvid. Sorew cgptightly ontoeechvidl.
Agtaevidsinan utrasonic beth for a lesgt 10 minutes

CALIBRATION AND QUALITY CONTROL:

A

CALIBRATION WITH WORKING STANDARDS

1 Foraoddn
a Brekthesampe oy a thefront ssdtion
b. Inetaknownvdumed axden soution onto theglasswodk, cap thesampler and dlow to St ovamight e room

tempaaue

Cc.  Opmarea edadatach thesamper to parsord ar sampling pump, removethe cgpinfront of thesample,
dlow ar flow through thesamgle far 2to 3ssoonds

d Reamovetresampe and cgp bath Sdeswith plagtic cgs

e  Fdlow theproceduresin sample preparaion before GC ardlyds



2. Forstudedddehydes

a Trade dl the XAD-2 beedsfrom 2 unussd ssmplasino adHl reedion vid, add 4 mL tduareiniothevid ad
cpitwithminnat vave

b. Usel0uL spingetoaddknownamount of eech ddehydeiniotduenesduion. After dl thedddydedf interet is
added, ekethesduionwel, and placein uitrasonic beth for 10 minutes. Allow thesdlutionto Steovemight.
Becauiousto avaid thear goece cevd opad inthe syringewhen the morevisoous dddhyde, aresampled
For aodadehyde, both the syring and the ddehyde haverto berrefrigerated for at lesst 10 minutesbdforesampling

c.  Thefdlowingday, diuethesack sdutioninarde to prepeare 3 Sandard dlutionstrackding thesample
conoantration range diluted from thedmL tduenesdution for GC arelyss

d  Amndyzethe3dandard sdutionsbeforeand dter abeich of samples (the number of samplesin albetch dgpendson
thegtahlity of the NFD detedtar).

e Pegaedibraion gigoh and regresson andlyssbesad on the pesk areaand the concentration (ug/iml) of the
ddenyded intaret. Thearigin can beinduded in theregresson andlysisexagpt for formeldehydewhich hes
inharent beckground inthesample.

GCANALYSS

A. S gesdromeaoggohto condtionslisted in Indrumentation sedion of thisrgport. St ar and hydrogen flow raesonthe
Nitrogen spedific detector to manufadiurer'spadifications Inedt 05Ul samplediquat.

B.  Identfy esch peskinthedraomeatogram
C. Memurethepek aessdf intares.
CALCULATIONS

A Fomtredibraionarve deemrirethequertity (inugiml) of eech ddehydefoundin thesamplefrart (W) and beck (W)
sorbent ssdionsand mutiply by thedesoption valume, (L7 ).

B. Cdadaetheconoairaion, Cm (mgi), of eechddenyceinthear sarde ueng thefdloning famula
(Wi+Wy) x 17
Cppy = == em , (mg/m?. milligram per aukic mete)

Becausstheworking dandards are prepered on mediablanks no additiond blank coredionisnecessary.
3. Theconoantraion may dso beexpressadintemsdf partspar million by vdume (O):

C,x2445,inppm

MW

Whae Cm=air conoantration found from previous Sep.
2445=mda vdumea dandard conditions
MW=Mdeoua wegh of theddehyde of interest.
V=Vdumed ar sarded





