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. SUMMARY

Induly, 1987, theMed Trades Coundl of New London County, AH_-CIO requested thet the Nationdl Inditutefor
Oooupetiond Sty and Hedlth (NIOSH) evduetethe use of pneumetic hend todsby workersemployed ssgrindars
andwddersa the Bedric Boat Shipyardin Graton, Connedticut. Therequest reported thet goproximetdy 100 of these
workashed complanad of tingling and numbnessin thar hends symptoms competiblewith the Hand/Am Viloretion
Syndrome (HAVS), acondition caused by excessveexpoareto hendod vibration.

OnApil 4-7, 1988, NIOSH conduded agtevigt to the Sipyard. Vibraion messuremantsweremedeondeven
different commonly-used pneumetic hend todsin acoordence with the method Soedified by the Amaican Nationdl
Sandad Indtituies Guidefar the Messuramant and Evdugion of Humen Expoareto Vibraion Trangmitted to the
Hand! Thetod typesinvestigated wareanesdegun, asand tamper, aleed caulker, and grindarsand buming todls
menufediured by severd differat tod compenies

Thevibraion messremantsreved ed thet modt of thedeventodsshould belimited to 4 or fever hoursof useduringan
8-hour wark shift to bewithin the 1989-90 American Conference of Govemnmeant Induetrid Hygiensts (ACGIH)
Threshdd Limit Vdue(TLV9 far hendlamvibraion eqooare. Only the Sanley Offsst GrindingWhed, onedf the
True Power Buming Tods and the Chicago Preumetic #3 Camer Drill hed vilration levdlsdgtemined inonear more
messremantsthat would dlow usspefrom 4 to 8 hoursper dey. Theather eght todshed levdsdf vibration messured
whichwould restrict their ussgeduring an 8-hour wark shift from lessthen 4 hoursto no usspewhetsoever (levds
gredter then 12 metergsscond{m/sec?]). Thelead caulker (pneumtic chipping hemmer), send tamper, and three of the
4typesof buning todshed vibration levelsin exosssof the ACGIH TLV of 12 m/sc.

A locd oooupationd medicd dinic reported thet over 300 Bedric Boet Shipyard eployees hed been sean because of
tinging and numbnessin thar hendsandor finger dandhing [s/mptoms competibdlewith hendlam vibraion syndrome:
(HAVS). Phyddansa thisdinic hed dso ddributed aquestionnaireto asample of giindars weldars and shipfitters
inguirning about symptoms competilewith HAVS. Appraximetdy 70% of grinders 23% of wedars and 10%0 of
shipfittersreparted finger landhing

Becausedf thesmdl number of todsmesaured, it would beingppropriateto ganardize these vitration
messrematstodl of thetodsused a thehipyard. However, because of thelarge number of workessana
the cooupetiond medidnedinicfar symptoms competilewith HAV'S becausethetod messramanisreveded

thet refridionsin thetimes of usefar modt of thetodswaswaranted, and because no adminidrative prooedure
exidgad to deemineand implemant thesetod useredridions the NIOSH investigatars condude thet ahedlth
hezard exided & the shipyard. Recommendationsto reduce vilkration exposreare medein Saion V1.

KEY WORDS SC 3731 (Shipyad), Vilbraing Tods Hand Tranamitted Vibration, Hand Amm Vilration Syndrome
(HAVS), Vibration White Finger (VWF)


adz1
Because of the small number of tools measured, it would be inappropriate to generalize these vibration
measurements to all of the tools used at the shipyard. However, because of the large number of workers seen at
the occupational medicine clinic for symptoms compatible with HAVS, because the tool measurements revealed
that restrictions in the times of use for most of the tools was warranted, and because no administrative procedure
existed to determine and implement these tool use restrictions, the NIOSH investigators conclude that a health
hazard existed at the shipyard. Recommendations to reduce vibration exposure are made in Section VII.

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

Il. BACKGROUND

In Uy, 1987, theMetd Trades Coundl of New London County, AH_-CIO requeted thet investigatarsfrom the
Nationd Institutefor Oooupetiond Sefety and Hedlth (NIOSH) evdustethe use of pneunmetic hend todlsby
wokasarpoyed ssgindasand wddarsa the Hedric Boat Shipyard in Graton, Comnedtiot. Thereguest
reported thet gopraximetdy 100 of thesewarkershed complained of tingling and numbnessiin their hends
s/mptoms compaibewith the hendlam vilration syndrame (HAV'S), acondition causad by excessveexpoareto
hencktod vibration.

OnApil 4-7, 1988, aNIOSH fidd team visted the Shipyard to meet with Hedric Boat menegement parsond
and rgresniativesfromthe Metd Trades Coundl. After proper desrances hed been dotained for the NIOSH
team, an opaning conferencewashdld on April 4 to gather facts about the hedith and work ediivities of the
anpoyess Atthistime it wasexplaned thet vibraion messrementswould betaken on asdedted number of
preumitic hend todsin usein thehipyard to essessthe megnitude of thevibration impinging onthewarkas hends
A wdk-throughtour of thearesswhere these todlswere ussd wes then condudied. Beginning on April 5, vibration
messramaiswaemedeover thenext two and onehdf days

. METHODS

Vibration messrementswere condudied & thewark ste using hend toolswhich hed been dhecked aut of thetod
aibby theemployess Totheextat possble thesemessramantsweare dataned with theemployee uising thetod
onthedhipshul inhisnome wark routine: Infarmmetion on thevibration levdlswias datained fram deven differart
preumdic handtods Thetod typesinvestigated wereanesdegun, asand tamper, aleed caulker, and gindars
and buning todsmenufediured by severd different tod compenies Thevibraion detlamessremant runswere
ogenadly adlledted for durations of two minutes and wererepegted &t leest onceif permitted by thewark tesk. There
weaed twoindancesswharethe same modd-numbered todl from the same menufediurer was mesared in
dfferent locations oparated by diffeet warkers

Messremantswere medein acoordencewith the arthogond diredtion ddfintions oeaified by the Ameican
Nationd Sancird Indituies Guidefor the Messuramant and Evaugtion of Humen Expoareto Vibration
Trangmitted to theHand (ANS S3.34-1986)." According to thetandard, atriaxid corfiguration of meesLring
transducarsismounted onto thetod hende: A besioantric coardinete sydem usesthe heed of thethird metecarpel
boneastreaign and ddfinesthe Z-adisasthelongituding adisaof thebonesof theam. TheX-adsispapadada
tothepaim of thehend ("up and doan”) when thepeim facesfaward. The Y -axis pessesthroughthearignandis
papadada totheX-adis('3deto9de’). Thiscoardnetesydamfor thehandisshomninFHgurel

Three CdumbiaRessarch Modd 6064 piezodedtric aooderomeaswarefixed inasmal med adbewddedtoa
hosedampinthetriaxid fasnonrfared toabove Thedamp and accderomaaswearetignienad antothehende of
thepneumétictodl beingmessred. Thetriaxid acoderometer assambly was connedted through a20+Ht. dherge
cableto atgperenorder wherethe acod eration Sgndsfrom these three transducarswere converted to voltages
amplified by indvidud chergeanylifiers integrated inthe A tgpe recarder, and recorded on thair respedtive deia
dands Thedatawererecorded onaBrud & Kjaer Modd 7006 FM indrumentation recorder and Sored for
later andlysson /4" ingrument grademegnetic recording tgpe: Thereoorder hesfour-chennd capdhllity, dlowing
far thesmultaneousaoquistion of detafromdl threearthogond axes aswdl asatiming dand. A imecodewes



placsd onthetgpe with aDatum Modd 9300 Time Code Gengrator/Reedler. Usng atgpeoed of 1.5in/sec, a
frequency rangefrom 05 Hz to 1600 Hz was abtained.

Befareand dter detacdlledtion, thethree piezodedtric acod eometersware dynamicaly cdibrated aocording tothe
manufedura’singrudionsusngaBrud & Kjear Modd 4291 Acodeameter Cdibratar. Asmessramaiswae
baing mede, amonitaring osalllasoope (Tekironix Modd 321) wes dosarved to insrethet anly truevibration data
washang recorded and thet no Sgndl overlceding (diping) was ooounming

Theandysasaf thetgperecorded acoderation detawes parfamed with aHemMett-Packard Modd 3561A
Satrum Ardyzer. Thisandyzer iscgpetledf daing red-timefrequancy andysesdf the 1/3 odave bend oanter
frequanaesd 6.3Hzt0 1250 Hz. Becausedf thelong intlegraion imesnecessaty tordigdly andlyzethelower
frepquency bends uaudly only 2-4 continuous samplesweareinduded in eech of the pedtrd andlyses: Thisnumber of
samples however, incorparates about 50-100 ssoonds of red-time continuous vibration deta

IV. EVALUATION CRITERIA

Hand-Am Vibration Syndriome (HAV'S) can effect workerswho have extensively usad vibrating hend todls?
Logoaswho use gesdlineponvered diain saws founary workerswho usepreuretic air hemmearsand ginding
wheds and minaswho usepneuretic diills have been the cooupetiond groypsmogt edtensively sudied. UsLdly
thefirg s/mptoms expaiencad by fedted workers conss of numbnessand tingling of thehendsand fingarssimilar
tothet reparted by peodewith capd tunnd syndrome: After avaiadle pariod of tod use (dgpending onthe
intensity of thevibration produced by thetod)), warkerswill naticethet ane or maorefinger tipsbecomewhiteand
numbwhentheworkesareexposed tocold. Thewarker may dso natice decresssd hend dextarity and impaired
sedf touchinthehands If vibration exposure continues, symptom severity ceninaresseto the paint wheredl
fingersaf bath handsfrequently expariencelocd vasogoesm and finger lanching upon even mild cdd eqpoare
Occasodlly tisseneragsinthefingerscan ooour. TheHand-Amm Vibraion Syndrameismoreextansively
disoussad inNIOSH Currant Intdligence Bullein Numboer 382

Theaitaiausdintheevdugion of hend-amvibraion exposrearetwofdd 1) The Amaican Nationd Sandad
Inditutes Guidefor the Messuramant and Evaugtion of Humen Expoareto Vibraion Tranamitted to the Hand
(ANS S3.34-1986),! and 2) Amaican Confarence of Govemmeant Industrid Hygienists (ACGIH) Threshdld
Limit Vaues(TLVS and Bidlogical Exposurelndiossfor 1989-903

1 TheANS dandard padfiestherecommended method for the messramant, detaandlyss and reparting of
humen expoareto hend-amvibraion. Thegtandard forméat for reparting the vibration Soedtrd ddtaiisto
andyzetheroot meen Suare (Mns) acoderdtion levdsin meters par sacond souiared (mysec?) inanerthird
odave bandsin thefrequency rangefrom 56 Hz to 1400 Hz Thisfomet isfalowed for eech of thetiree
athogord diredionsdf vibration.

Addtiondly, the ANS gandard containstihree gopendioes which arenat part of thesandard, but do
provideinfammetion on theassessmant of expoaureto hend-amvibration for eech canter frequency of the
dsraeonethird odave bandsandyzed,



FHaure2isrgaroduced from the 9andard and isbesad on regular dlly expoaures extending over mary
years Occasond daysaf expoaureto vilbration levdshigher then thet shown in the reported exposure zones
isnat necessatily hamfu. Thetimevduesgveninthezonesarefar theadud lengh of tod usead nat the
length of thework day.

The ACGIH Threshdd Limit Vaues(TLVS? datetha themegnitude of thevibration of thetodl ineech
dredion (X, Y, Z) duing nammd gparation Sl beexqressad by themmsvdue d thefrequency-weighted
componat accdedions inunitsof m/sec. Thediredionwith thelargest s acoderation fomsthe besisfor
theexpoareassssamat. [If thetaid daly vibraion exposreinagven direion iscomposed of severd
expoaresd dffeat rmsacodeaions theequivaant frequency-weighted componant accderationinthet
dredion gl bedegamined by usng atimeweghted average

Inthisinvestigeion of preuretic tod essessmat, linear integration of thetod'saooderation far thetime pariad
duringwhich eech tod wasmeeared (1-2 minutes) was assumed to bergpresantative of the diily work task.
If thesework conditionsare unchenged far the entirewark day, then the meeared acodedion levdsare
compared tothedally exposre TLV far hend-amvibration (Table 1) to assesstheexpoaurelimits

When onecomparesthetwo vibration exposure dandards it should benoted thet they arenat diredtly
comparade TheACGIH TLV isasngenumba which rgpresantsthe summed power vauesfor esch of
the 1/3 odtave bends fter each bend hesbemn weighted according to thefilter dreradteridicsgiveninthe
TLV. The ANS dandard, howvever, conddarseech of the 1/3 odtave bends ssperatdy asit comparesthem
totheeqoaretimezones Thus tharemay beindancesswharetheoverdl ACGIH aooderaion vduemey
limit tod ussgeto lessthen 1 hour per day whiletheindividue 1/3 odave bend vauesfram the samettod mey
anly reechthe 1-2 haur linedf meximumtod ussge Thisdiffalenceisdueantirdy tothemanmer inwhichthe
two dffeet evdudion aitaiaaecdoaed

Informetion for bath evaugtion Sandardsisbesad on avalladle knonedge oot thelatart intavals (time
betwean firg using vibrating todsand thefirst gpesrance o finger landhing)) assodated with vibration
expoared vaiousmegnitudes: Consdaing theavallade knoMedge and confounding fadtorssuch as grip
forog grip arientation, ergonomics intemmittent exposLres temparaturg, €(c, it isnat posshleto provide
predseguiddinesfar eech exposurecondition. Therdfare, thetablesand grgphs of vibration assessmant
presat"zones' of dally exposretime Theseaitaiaare besad on rdaively unintemupted vilbration
expoares They dso assumeagood couypling of theworker'shend to thetod. For any ather hendkam
vibration condiions thisassessmant may beovaly consavaive, thet is the hezard may beless

TheACGIH TLVsweefamulated asguiddinesto be usad in conjudionwith anti-vibraion tod
anti-vibraion goves propa wark pradtices and aconsdentioudy-goplied medicd survellance programto
pratet warkasfram theadvere dfedsof hend-amvibration expoaure: Thetod acodedionlevdsad
durationsof eqpoareinthe ACGIH guiddinesrgpresant conditionsunder which it wes bdlieved thet most
workascoud beexposad without progressing to sevaere Sgnsof HAV S (gaisodes of edangvedlanding of
dl fingasand ddinteintaferancewith adtivitiesat work and hame).

The ACGIH vitration expoareguiddineswill not necessatily preveant thedevdopment of dl hend maortidiity
asndated with vibration expoaure. Extrgodation of detapresanted in Appendix A of the ANS vibration



dandard suggeststhat ter 4 hours of dally usedf avibrating tod with afrequency weighted acoderaion of 4
mysac* for aperiod of about 17 years, 50% of awarkforce cohort so exposed could beexpected to have
expaiencad gasodesof a leedt initid finger bandhing. If thetod used hed aweghted acodeaionof 6
mysac?, 509 of thewarkforoe could be expected to have expariencad finger blanching fter about 11 years
For atod with aweighted acoderation of 12 missc?, 50% of theworkers could have such symptoms efter
workingonly 5to6years

V. RESULTS

Aocdeadion daawereadledted from deven dfferat types of pneumeiic hend tods For thisrgpart, thetodswill be
goupad asfdlows

A.  GindasGoyp

1. Dressr Cleoo 68000 Grinder, Modd 15GLE0RA (2todls)

2. Chicago Pheumetic"Whirlybird' GrinderVerticd Sande,
Modd CP9122 (2todls)

3 Saley Ginda/Offst Whed, Modd G0LA2

B. BuringTodsGouyp

Chicago Preumdtic Large Sraght Burr, Modd 9113G

Sarley Offst Buning Tod, Modd G30LA2

Dressr Cleoo Buning Tod, sdll, Modd 11GLF250

True Pove "Wede'sBur” Buring Tod, Modd AP-210 (2tods)

S A

C. OhaPaurdicTods

Von Arx Offset Nesde Gun, Modd MDP-1

Chicago Pneumdtic Caulking Gun/Chipaing Hammer, Modd CP4112
Chicago Preumdtic Comer Drill, Modd CP3450
Dresser Cleno Sand Tamper, Modd AT 6874

e A A

Thedetaweretgpe recorded whilethe gperaior was parforming red work onaparticular task in condrudiion (one
tesk wassmulated). Theteskswarevatied, ranging from grinding extame weld beeds to usng thegrindingwhed
edgeto gind dashy hdding thewhed papandada tothewark face Theergonamic postioswerequitevaied,
withwarkersganding, stting, banding, o evenlying prared thewark ste. Somewarkers whilestting, would
bracethar foream egaing thar knees Insomesitugtions thegrinding or buming wes donea ahigher then heed
levd, withtheammsraised

All operaorsaosaved inthevibration tests (threefemdes and eght males) waorework goves of sometype Same
of thegoveshed legther paim aress but many wore"' Imped-o-Gloves', acattonwork glovelined with Visoolegt
ER 506 whichisamdeid adveatisad to dereesethetranamisson of vibration tothehand. Workestald NIOSH
invedigetarsthet the operatorswould order the smellet Szevibration goveavalablein arder thet thegovewould fit
tightly over thepdm, soasnat to"bunch ug' and causedisoomfart inthepelm area



Theaocodadion ddacdledted for thethreegraupings of pneumetictodsarepresated in Tdles2-4. Each Tadle
indicatesthekind of tod meeaLred, the dominant adisof vibration besad on theweighted s accderdtion vaug, the
ranged acoderaion levelsin mise for thedominart axisover therepested messremeants of thetod, acomparison
o thelow and high aooderdion vdueto the ACGIH TLV far hendkam vibration, and albief desoiptionof the
warke'sadivity during therecording paiiod. Additiondly, agoedrd plat of thetiveeaxesof vibraion of the
messremat o thetod for thehigh and low range accderdion vduesisgvenfar eech tod ligedinthetebles These
platsareinduded in Appadix A.

Ovalayaed onthegpadrd pasinthisrgpats Appandx A istheuppe limit of thetime zonesrefared tointhe ANS
dandardsAppendx A. Thus if thedark spedtrd lineisbdow thefirg sdlid ling thewarker can usethetod far the4
-8hourtimezore If thegpedrd lineaossssinto thenext layer, theworker isdlowed a2 - 4 hour ussgepaiod. A
aossnginothenext highe layer isthe 1 - 2 hour zone and agpedrd plat which crossesdl three zone boundaties
may beinexcessof the ANS gopendix tothestandard. 1t should benated thet the ANS document doesdlow far
al/2- 1 hour zone but thet hesnat beeninduded in thegpedtrd platspresanted inthisrgpart. Thisweasdonefor
daity and sSmgliaty in theplatting of thesedeta

Gagdly, thevilration messrematsreveded thet mogt o thedeventodsshould belimitedinthar ussgeduingan
8hourwak ghift. Only the Sanley Offsat Grinding Whed, onedf the True Fover Burring Tods and the Chicego
Preumetic#3 Camer Drill hed vibration levdsdetaminad inanear moremessrematsthet would dlow ussge
from4to8hoursper day. Theathar eight todshed levdsof vilration messLred which would retrict their usege
during an 8-hour wark shift from lessthen 4 hoursto no usspewhetsoever (levelsgrester then 12 mvsec?). The
mgarity of thelbunring tod messremantswaein exosssof the ACGIH TLV of 12mse. The True Power
"wedar'sbur wastheanly buning tod which did nat exossd an aocderdtion of 12 missc? onany messramart.

Tharewearetwo stugionswherethetyped wark baing doreinfluenced thelevdsof acodadion. Oneindance
waswith the Chicago Preumetic Whinyhird Grinder (). Theoparator wesworking onthehull a the outer torpedo
doors A aut hed been medeinto the hull, and the grinder gperatar wes smoathing theareaaround theaut onthe
aufaced thehull aswel sssmoathing thecut med edge: Thisoperation necessitated thet thewarker ether place
thegindngwhed pardld to theaurfaoed thehull with themgarnity of thewhed toudhing the aurface (mesarement
#1) or & apapadada aienaiontothehul withanly aminimd pat of thegrinding whed incontact with themetal
edged thehul (messramant #2). Ascanbesaanin Tadle 2, the ssoond work condition resuited in higher vibrtion
levesthen the condiionwherealarge partion of the grinding whed wasin contedt with thework plecesurface: This
ismoet likdy duetothe sl sufaceaead thehull'smetd edgeand the nesd for the gperator to diredt thegrinding
whed intotheretrided areadf theaut. Theseoond ingtance df thewark influendng the meesLremantswaswith the
Chicago Preumdtic#3 Comer Drill. Theoparatar medetwo different dhill hdesduring themessuremant paiod.

For thefird messuremant, abracewhich ateched to the drill wasusad. In the ssoond ingtance thebracewias
removed and thedhill weshend hdd by the oparatar. Thefame stugion resuited inan acodadionlevd of 1.1
mysec?, and thelatter work praticeyidlded a12.5 mysec? acoderdtion vdue: Ohvioudy, the addiiond suppart from
the brace reduiosd theamount of vibration being emitted by thisrether large dill.

Duingthecoursed thestevist, the NIOSH investigatarsweare given the gppartunity to usesomedf the
preuretictodsinthewark pace Thegroup of buming todswerethemod difficult to gperatefor the untrained
usg. They wodd haveapropansty togrebinto thesufaceand "runaway’’ framthe usar ashehung onto thetod.
Workassad thet agreat ded of srength was nesdied to contral thetod asit did itswork. Thesrength nesded to



opardethegindasand theather typesof tods whichwerelarger and heavier, wisstolift and hald them, rether then
contrd them during gperaion.

It must beempheszed thet the messremant conditionsundar which the Chicago Preumdtic Chippaing Hammer
(leed caulker) westeted wareSmulated to try to mimic thetypicd warkplacecondiions: Thiswesnecessaty
because of theinecoesshillity of waork areeswhareleed wasbaing usad. A suerepiecedf ded wesplaoedintoa
uerewooden box and the caulker was used to goreed leed into the seem formed bawean thested blodk ad
woodenbox. Thisproved to belessthen an adequete smulaion of adud workstepradtices Thematd block ad
wooden box hed agredt ded of play intheway inwhichthey fit together. Thiswould causethewark piecetorrettie
around asthe oparator attempted to caulk lead into the seam betwean theblodk and bax. Theadud work
pafomed onthedhipwould nat causethiskind of edraneous movemant of thewark piece. Theselessthen pafedt
conditionsmod likely effected the acoderation levelsmessLred onthispreumdiic tod.

VI. DISCUSSON AND CONCLUSONS

Because of the complicated netureof the messuramant schemeand thelimited timeavalladle, thenumber of tods
messred during thestevist issmdl when compered to the hundreds of pneumatic hend todsused a Hedtric Boet.
It necessatily tekesagrest ded of timeto comedtly mekethesekind of messramants Because of thesmdl number
of todsmesared, itisimpossbleto genadizethesemessramantstodl of thetodsused a thefedlity.
Nevathdess the messrements whichwearemedea thework steunder adiud work conditions areat leet
indicalivedf the megnitudedf accdleation leveswhich can be datained with preumetic hend todsof thetypes
duded Becausethemganity of theaoodaaion messremanisreveded thet aretridion inthetimedf usedf the
todsweswaranted, Hedtric Boat hould beavare of the patentid for excesshend-am vibraion expoarein
workeswho mud routindy usethesekindsdf todsin pafoming ther joos

Workersreparted thet dhipping hammershed famery bean usad to desn many of thewdld sites but thet

gradlely burming todshed bemn ubdtituted for thedhipaing hemmasto pafomtherough ramovd of med. The
acodadtion levdsrenorded for burming todsreved ed thet the currernt ACGIH TLV wasexosaded inthe mganty of
cass Itgopaastre thedgedived quidkdy removing metd fram thehull may betheresson for thehighlevdsof
vibraion. Dangalat of wark inashart period of timeyiddshigh levdsof vilbration, and buring todsreppireedra
efart tohdd themin pdaceon thewark plece surfaceto kegp tham fromreadically moving dang thesurface: If one
woud domMy removethemetd, then thehigher peek aocdleration levdswould bereduoad, thusreduding the
integrated vibration pear hour of tod use: Itwill tekeadditiond timetoramovemad with aginde; honvever, the
vibraionlevdsfromthisdassof tod islessthen theaoodeaionsfoundinthelbuning tods

Inthedhipyard, todsare nommelly chedked aut of atod aib by theamdoyeea thebegiming of theshift or whena
paticua tod isnesded. Warkasreported thet todswere only repaired when they failed competdy and could thus
pafomnowark. Onedf theburring todsmessured during the study hed aghet with avery noticessleamount of
play. Thistod, whoseghet would wablle beck and farthwhen thetod wes moved inthe oparatar'shend, hed a
meesLred aocderdionranging from 79t0 8.7 e, Theloosanessof the st praoebly added tothehigh
vibraionlevd bang emitted by thistod. Thesamemodd of preumetic burming tod meeaured & ancther hipyard
worksite hed thelowest acoderation of any tool messred (LOt0 27 mvsec?). A progran of routinepreventative
manenancefor preumdictodsisnesded Rouineingoedion of the ddfedtivebuing tod fdlowing ussgemey have
identified it ssone nesding repair or onewhich shauld have been removed from thettod aib,



Thedosavaion of reduced vibrationin the#3 comer diill through theusedf an additiond braceisawark practice
which should beencouraged and continued. Thistypedf tod should nat beusad ssahendhdld tod. Thepredtioe
of usng abraceshould bepuraued to seeif ather todswould lend themsdveesto thisuse condition. Theremay be
stueiorswhere medhanicd appartscould beusad injosswhich requirealat of tod ussge Thegparator would
haveless contact with the'tod!, and the vibration levdlsmay berreduiced during the pariodswharethetod mugt be
directed.

Themganity of thetod messramanismedkein the NIOSH survey hed frequencyweighted vibration levdsinthe
rangedf 61012 m/ssc2 Asdisoussadin Sedtion 111, workersexposad to vibrating hend todls produding a
frequency-weighted acoderation intherange of 6to 12 msec? could beexpedted to haveamedian laart intarva
(thetime betvwean beginning uch tod useand firgt eqpaienang finger dandiing) of 6to 11 years If employesswae
wsngatod of much higher aocderation (e, thelurming tod mesaured a 7910 88 mvser?) symptams could begin
muchedlie.

Inthelagt 4 years over 300 employessfrom Bedric Boet who ussd vikrating todisin thear work havebean
evauated & alocd oooupetiondl mediical dinicbecause of numbnessand tingling inthar hendsandlor finge
danding Itisdf interet thet theaverepelaant intavd toinitid finger dlanching wesabout 8to 10 yearsfor efected
workers but someworkersexpaienced symptomsdter only 2to 3years

Atthetimed theNIOSH stevist, themgarity of vibraing todswereusad by gindasand wddas
Appraximedy S00warkasweareemployed ssgindas whose primary tesksinvalved usng ginding tods suches
largeand smel preumdtic gindingwhedls or svdler burr tods: Thegppraximetdy 800wddaspafomed
“inddentd grinding’, moatly using sl burr todls 1. or 2 hoursper day. 1N 1988, thelocdl oooupetiondl mediane
dincddributed aquediorareto asampled gindas wddas and shipfitters Sevarty percant of thegrindarsand
2% of thewddarsreparted expaiendng finger banching. Ten paroat of thedhipfitters (who usevibrating todlsless
frequently) reported expaiendng finger llandhing.

Thereparted fact thet over 300workershave been medically evaueted for symptoms competiblewith the
hendam vilration syndrame, and NIOSH'stod vibration survey reatsindicatethet addiiondl messurestolover
hendlam vibration expoauresand to medicaly monitor employessa Hedric Boat arenecessary. Thefdloning
recommendaionsare medeto hdp achievethose goels

VIl. RECOMMENDATIONS

1 HedricBod doudmekeevay dfat toaxretheused pneumatic grinding and buming todsthet havebean
desgned to minmizetheamount of vibration enargy tranamiitied to the usars hendsand ans

2. Thecompany hesreoantly improved itsdhlity to mesarethe vibration levds of hendhdd vibrating tods The
tod moddsfound to have markedy high vibration levdsinthe NIOSH aurvey (the dipaing hemmer, sad
tamper, and svard of theburr tods) should be carefully evaueted by the compeny regarding tharr vibration
daradaidics If theexcessvetod anodeadionlevdsfound inthe NIOSH aurvey aergresaidiveof those
tod modds thosetod moddsshould bergalaoad with anti-vibration tod'ses soon aspossble. Theramaning
vibrating tod dassesused inthe shipyard should then besystediically evaueted to dterminetheir vibration
daradaidics Unil dl vibrating todisin useat theshipyard producelevds of vitration lessthen 4 misec, a
program should beindituted to redrict thetime of usedf todsexcsading thet levd totime pariodswl within
thosedlowed by the ACGIH TLV.



Thepresant todsshould recaive corredtive and pariodic mantenenceto the menufadurers oadificationsto
minmizether vibraion enargy during gperation. If thesetodsbecome sowom thet they cannat berepeired
(eg, dameged bearings bushings ec), thetod should berepaced immediady.

Somed thear-powered todshavean ar exnald thet causesthetodl and the user’'shend to becomeadd
whenthetod isin use someaimeseven deveoping frog onthematd surfaceand hendes Sncedfeded
warkesmey have"whitefinga™ atacks predipiteted by thisadd exhagt &, tod modificationsto redirect this
ar exnaug avey fromthe usa’shendsshould be consdered.

A famd traning program should beedablished by Hedtric Boet toingruct curent and new employessinthe
proper work pradices of using vikrating hend tods: Thetedniquesof gragaing thetodsasloosdy aspossbe
ocosgat with ssfewark pradiossshould betaught. Gragaing thetodislightly will decreesethemedhenical
ooydling and thusthe vibration energy absorbed by thehand.

NIOH isrdessng aCritaiaDocument entitied "Qritariafor aRecommended Sandard.. Oooupetiond
Expoaureto Hand-Armm Vibration", NIOSH Puldication No. 89-106, September, 1989, Thisdocument
daudbeavalddeinthenea fure Chgpter VII isinduded inthisrepart ss Appandx B. Thisdhgte,
cdled"Methodsfor Warker Rratedion’’, contains contrd srategieswhich may bequiteuseful for Hedtric
Baetsindudrid hygeneand ssfety programs Thetopicscovered areenginesring contrdls work pradtioss
ggonomic conddarations pratedivedathing and ecuipment, worker training, and medicdl monitaring of
wokas Asindcaed, ay efedivevilbration contrd proosoures nesd detaddaling thehezard, thet is the
"dog' towhich theworker isexposed to during thewarkday. For vibrating todls thiswould bethevibration
acoderaionin m/se®, meesured in three besicentric coardinates, and thetimein minutes per day thettodl is
adudly inuse Of umogt impartancein thisdngater isthe disoussion concaming thenead of & leegt yearly
madicd evdugtion of workersusing vilrating tods o thet gopropriate adion may betekenif they beginto
expaiencesgificat sgsa symplomsa HAVS

Theabove mesaLrres dong with gpropriate seledion of erlgonomically designed todsthet producetheleet
vibration required for theteek, and proper training of workers supavisors and indudrid hygieneimediical
prafessandlsto recognizethevary ealy Sgnsand symptoms of Hand-Arm Vibration Syndrome, area
necessay fird Sepin reduang thisoooupetiond hedth prodem

Asagenard dosavation, the NIOSH fidd teeam nated thet some df thegrindersusing vibraing tods and dso
omewddas warenat usng prope faceand eepratedion. Inaddtion, incartain hull aressnowdding
autanswereusd, nor wasthereany natification given to adjecant personnd nearby thet welding was about
tobegn Thesddy dficeshoud mekean effart toincreeseampoyecavareessof thenesd to usefecead
gyepratedion.
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TABLE1

ACGH Thredhdd Limit Vauesfar Hand-Amm Vibration 1989-90

HedricBoat
Graton, Connedtiot
HETA 87-348

Vduesa theDominat,

Tatd Daly Expoare Feguey-Waghted, ms
Durdion® Componat Acodadion

Which Sl not be BxossoaP

ms
lessthen8hours 4
lessthen4 hours 6
lessthen2hours 8
lessthen1 hour 12

(@ Thetatd timevilration entarsthe hend par day, whether contiruoldy or intlemittently

(b) Usdly oneadisof vibraionisdominant over theremaningtwo axes If onear marevibration axisexcesdsthe
Tatd Dally Expoare thenthe TLV hesbeen excasdad



Tod

Dresser Cleco 6000 (9)

Dressar Cleoo 6000 (b)

Chicago Preunretic

Whiybird @

Chicago Preuretic

Whirlyord ()
Messramat #1

Messreamat #2

Sarley Offset Whed

Aadedion Levdsinthe Dominert Axisfar Ginding Todls

HedricBoat
Graon, Comnediiout
HETA 87-348

Damiret Accdedion Expoare

Axis Range(m'S) Asegmat

X 73-124 Lessthen 8 hoursto
TLV excadd

Y 56-96 Lessthen4 hoursto
lessthen 1 hour

Z 65-9.8 Lessthen 2 hoursto
lessthen 1 hour

Z 45-89 Lessthen4 hoursto
lessthen 1 hour

Y 130-157 TLV exossded

Y 37-67 Lessthen 8 hoursto
lessthen2hours

Work

Adivity
Gindngwddsonhul
extaior

Grinding med ber
mouted invise

Gindngwddsanhull
extaior

Gindngonaufaced
outer torpedo doors

Gindngonadino
hull a outer torpedo
doors

Gindng edgedf metd
paemountsdinvie

Nate (9 and (b) refer to different messrementson thesamelbrand of tod. Messurement #1 and #2 rfer
todffeet wak adivitiesusng thesametod. Exposreassssamatsaedl medewith rferance

tothe ACGIH aitaia



Tade3

Aadadion Levdsinthe Dominat Axisfar Buning Tods

HedricBoat
Graton, Comnedtiot
HETA 87-348
Damirat Aocdadion Bxpoare Work

Todl AXis Rage(ms) Asessmat Adivity

Chicagp Pneumdic Z 10.7-242 Lessthen 1 hourto Jexing& smoahing

LageSragt Bur TLV exceod wedsin bettery wel

Sanley Offsg Bur
#1) med bit Z 79.7-831 TLV exceod Jexning& smoathing
#2) wirebrush Y 226 TLV excested med intorpedoroom
#3) sndngdsc Z 167 TLV exceod
Dressr Cleo X 3A.7-487 TLV exceod Cleanngmad edgeon
Srdl Bur ontorpedo shutter
TruePover Z 79-87 Lessthen2hoursto Cexnngwddin
"Wdde'sBur" (g lessthen 1 hour pearisoopewd|
TruePover Z 10-27 Lessthen8hours Cexningmed in
"Wdda'sBur” (b) torpedoroom

Nate (g and (b) refer to different messramentsonthesame brand of tod. Messuremant #1, #2, and #3
rder to dfferent work ediviiesusing thesametod. Expoareassessmantsaed! medewith
rderencetothre ACGIH aitaia



Tdle4

Acdadion Levdsinthe Dominat Axisfor Otha Pnaumdtic Todls

HedricBoat
Graton, Comedtiout
HETA 87-348
Damirat Aocdadion Bxpoare Work
Todl AXis Rage(ms) Asessmat Adivity
Vonax Offst Y 6.2-7.0 Lessthen4 hours Removepant onova-
NexdeGun head beemintorpedo
room
Chicago Preuretic 4 22.7-1871.7 TLV exceod Caulkingleed; NIOSH
Chipang Hammer messreTEIsMeckin
gmulaed stugion
withleed baing oreed
aound metd block
plaoad inwooded box.
Differat tamping tods
ussd duing messramat
Chicago Preuretic Y 11-125 Lesthen8hoursto Drilling hdesinmad
#3 Comer Drill TLV exceod intorpedo room
Dresser Cleco Sad Y 32.3-395 TLV exceod Tampngssndaound de

Note Exposressessmaisaedl medewith rfeencetothre ACGIH aitaia

Tamper inwooden box



Figure 1
ELECTRIC BOAT

(a)
Badvname
OCITNETE SVITRm
—_—— e e Batcanine
(b) COOMMNETY Priem

Coordinate system for the hand. The origin of the system is deemed to lie in the head of the third
metazarpal and the z,,,.,, axis 10 be defined by the longitudinal axis of that bone. The x axis projects forwards
from the origin when the hand is in the normal anatomical position (palm facing forwards). The y axis passes
through the-origin and is perpendicular to the x axis. When the hand is gripping a cylindrical handle, the coordi-
nate sysiem shall be rotated so that the y, axis is parallel to the axis of the handle. {a) “Handgrip" position. In
this position, the hand adopts a standardized grip on a cylindrical bar of radius 2 cm. (b} “Flat palm™ position.
In th:s position, the hand presses down onto a ball of radius 5 cm.
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Figure 2
ELECTRIC BOAT
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THIRD-OCTAVE BAND CENTER FREQUENCY , Hz

Vibration exposure zones for the assessment of hand-transmitted vibration. The zones of daily expo-
sure time are for rms accelerations of discrete frequency vibration and for narrow-band or broadband vibration
analyzed as third-octave band rms acceleration. The values are for the dominant single axis vibration generating

compression of the flesh of the hand. The values are for regular daily exposure and for good coupling of the hand
to the vibration source.
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APPENDIX A

VIBRATION MEASUREMENT RESULTS
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Hand-Arm Vibration

VI. METHODS FOR WORKER PROTECTION

The major emphasis for worker protection from HAVS should be directed toward preven-
tion. After the disorder has progressed beyond Stage 2 of the Stockholm classification,
procedures designed to reverse the process are usually not effective. Because the develop-
ment of HAVS is dose related, effective control procedures should be directed to (1) reduc-
ing the intensity (acceleration) of the vibration, (2) reducing the exposure duration,
(3) identifying the early signs and symptoms, and (4) identifying vibration-sensitive in-
dividuals. Control strategies include (1) exposure monitoring, (2) engineering controls,
(3) work practices, (4) ergonomic considerations, (5) protective clothing and equipment,
(6) worker training, and (7) medical monitoring.

A. EXPOSURE MONITORING

Any effective control procedure requires objective data on the degree of hazard to which
the worker is exposed. For the use of vibrating tools, these needed data are the vibration
acceleration expressed in m/sec’ rms measured in the three basicentric coordinates (or the
coordinate with the highest acceleration), and the time in minutes per day that the tool is
actually in use (scheduled or nonscheduled rest breaks are not included as exposure time).
The acceleration measurements should be made as described in Chapter I11, B.1 and B.2.

B. ENGINEERING CONTROLS

The major engineering approaches to the elimination or reduction of the vibration accelera-

tion level exposure are (1) reduction at the source, (2) reduction of transmission, and 3)
process modification.

1. Reduction at the Source

The acceleration level usually increases with an increase in the speed at which the tool is
operated (e.g., a chain saw operating at two-thirds throttle produces significantly less
vibration energy [acceleration] than one operating at full throttle). A tool designed to operate
at a reduced speed while providing adequate power for the job could be beneficial. The
relationship between the weight of the tool and the power needed to drive the tool will also
influence the amount of vibration produced. The reciprocating gasoline engine used to
power some tools is a major source of vibration. A rotary gasoline engine or an electric
motor as a power source may be a successful alternative, provided it meets the operational

requirements. If several tools are available that serve the same function, the tool producing
the lowest acceleration should be chosen.

92


adz1

adz1

adz1


VII. Methods for Worker Prorection

How well the tool is maintained will influence the level of vibration during operation. A
sharp chisel or saw chain, a flat-dressed grinding wheel, and a finely tuned engine will reduce
the vibration level. To maintain the optimal level of tool maintenance, the operating
personnel must be adequately trained in maintenance procedures and be aware of the need
for maintenance. ‘A scheduled maintenance program should be established.

2. Reduction of Transmission

The vibration energy produced by the vibrating tool must be transmitted to the operator’s
hands or arms to produce a harmful effect. Any strategy that reduces the transmission from
tool to hand will help prevent HAVS. Several types of energy-damping materials have been
used to cover the handles of the tools or have been incorporated into the fingers and palms
of hand gear with varying degrees of success. Some materials will reduce vibration
transmissions at low-frequencies, and others may reduce those at higher frequencies.
Damping materials in handwear are usually more effective for the higher frequencies.
However, coverings on the tool handles or glove fingers and palms may interfere with the

ability to control the tool during operation and thus may lead to reduced production or
increased risk of accidents.

Rens et al. [1987] reported that cotton or Jeather gloves used for protection against trauma,

chemicals, and temperature provide little or no prutecuon against vibration and may even
increase the transmission of the vibration.

Another approach to reducing vibration transmission is the use of offset handles, spring-
loaded handles, and shock-adsorbing exhaust mechanisms. Again, the operating efficiency
at the tool/work-surface interface would have to be considered. A decrease in the vibration
transmission level must not be offset by an increase in the time needed to complete the task.

3. Process Modification

An ergonomic analysis of the entire industriat process is recommended to determine whether
changes in some aspects of the process could reduce or eliminate the need for vibrating tools.
For example, introducing a different casting process in a foundry might result in smoother
castings and might therefore reduce or eliminate the need for grinders or power chisels.
Using mechanical aids such as chucks and clamps to hold the piece being worked on can
reduce the time and the intensity of the vibration exposure. Introducing automation and
robots (e.g., robots used for spot welding to replace hand-held riveting guns) could reduce
the need for workers to use vibrating tools. Where the size of the trees and the terrain are
suitable, automated logging machines can reduce the need for chain saws to fell and debranch
trees. Substituting altemnative materials (e.g., plastics for cast metal) might reduce or
eliminate the need for grinding or chipping operations.

Where the process produces such extreme vibration forces that they cannot be adequately

controlled by any means, complete abandonment of the process may be the only feasible
solution. Although such a situation may never occur, the possibility must be kept in mind.
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C. WORK PRACTICES

Because the pathophysiologic effects of using vibrating tools are related to vibration
intensity and use time, the total daily, weekly, and yearly exposure time and the daily
exposure schedule are important factors in preventing workers from developing HAVS. The
epidemiologic data and clinical experiences discussed in Chapter IV suggest some practical

and acceptable work practices that can be implemented to reduce the health impact of using
vibrating tools.

Saito [1987] studied the effects of limited tool use time on the presence of HAVS in 155
chain saw operators between 1978 and 1983. Each year the operators were medically
examined. Skin temperature, vibratory threshold, recovery of nail bed color after compres-
sion, and pain sense were measured before a 10-min exposure of the hand to cold water
(10°C) and 5 and 10 min after exposure. The results of 6 years of observation suggest that

limiting chain saw use time can help prevent the occurrence of HAVS. The suggested chain
saw use schedule was as follows:

One operatingcycle(min) . . . . . ... .......... 10
Total operating time perday¢hr) . . . . ... ...... .. 2
Consecutivedaysofuse . .. ................ 2
Operating hoursperyear . . ... .............. 320
Upperagelimit(years) . . .................. 55

The daily duration of exposure can be regulated by the length of the workday or by

introducing exposure/nonexposure cycles of varying lengths throughout the usual workday.
Most exposures are not continuous throughout the workday but consist of actual tool

operation of varying lengths of time interposed with scheduled and nonscheduled periods
when the tool is not in operation. The large number of possible combinations of work/rest
cycle schedules permit choosing one that will best fit the requirements of most industries.

Types of exposure schedules that are applicable include the following:

®  Alernating work tasks involving a vibrating tool with some other task that does
not involve exposure to vibration (on hourly or daily basis)

®  Limiting daily use of vibrating tools as much as possible if acceleration is high

. Lirx;iting use of vibrating tools to ! or 2 days a week

[ ]

Scheduling sufficiently long rest periods each hour to reduce the time-weighted
acceleration levels
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D. ERGONOMIC CONSIDERATIONS

The amount of the tool-produced vibration that is transmitted to the hands and arms of the
operator is influenced by (1) the grip force with which the tool is held, and (2) the force
applied by the operator holding the tool against the workpiece {Sakurai and Matoba 1986,
Farkkila 1978]. The tool should be held as loosely as safe tool control and operating
requirements permit. The force applied to hold the tool against the workpiece should be
minimal. The weight of the tool should be used to help provide the required tool/workpiece
interface pressure for optimal working speed and efficiency. Moisture at the hand/tool

interface (sweat or liquids) may require the worker to exert greater grip force to control the
tool. A slip-resistant interface surface is desirable.

Another important ergonomic factor is the position of the body while operating the tool.
The angle of the wrists, elbows, and shoulders during tool operation will influence the level
of stress exerted on the joints and tendons and the incidence of such problems as tendinitis,
carpal tunnel syndrome, tennis elbow, painful shoulders, and HAVS.

An ergonomic analysis of how the work is done is important. Such an analysis can determine
the operating practices that may require modification to minimize health problems.

E. PROTECTIVE CLOTHING AND EQUIPMENT

Two generic types of protective clothing and equipment may be used to provide protection
against the effects of vibration. These include (1) those that reduce transmission of vibration
encrgy to the hand and (2) those that protect against exposure to cold and trauma.

Various types of vibration-damping materials have been incorporated into gloves and
mittens to protect the user of vibrating tools. If these are sufficiently successful as energy
dampers, this approach could be very acceptable. For most tasks involving vibrating tools,
hand gear of some type is used for protection against trauma and cold. Presently, the major
problem is finding energy-damping materials that (1) provide adequate damping with
minimal thickness so that the dexterity required for safe and efficient tool operation will not
be reduced, and (2) have adequate damping characteristics over the vibration frequency

spectrum associated with HAVS. Although several materials are available, an optimal,
all-purpose material is not available.

Acute episodes of white finger, especially in the early stages of HAVS, are frequently
triggered by exposure of the hands or body to cold. Thermal protection by adequate body
clothing and handgear to prevent hand or central body cooling might reduce the frequency

of the attacks. However, protecting the hands and body in cold weather is a complex problem
that depends on many interacting factors such as

® Airtemperature

®  Wind speed
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Presence of rain or snow

¢  Sunshine or other radiant heat source

®  Water permeability of clothing and handwear
. Vapof permeability of clothing and handwear
® Air permeability of clothing and handwear

.

Insulation value of clothing and handwear
®  Metabolic heat production

Exposure time

®  Fit of clothing

®  Dryness of the handgear

®  Compression of insulation (hand grip force)

The insulation value of clothing is expressed in clo units (1 clo = 555 kcal/m? per hr per
*C). A clothing ensemble that will keep a sedentary individual in thermal balance at a calm
air temperature of 23.9°C (75°F) has about 1 clo of insulation value. Clothing that is 1/4-in.
thick provides about 1 clo of insulation. The insulation value of clothing under minimal
airflow conditions is not a function of fiber or fabric type but depends on the amount of air
trapped between the fabric layers or between the fibers.

. If the clothing is not adequate to prevent a negative body heat balance, the circulatory system

will respond with a peripheral vasoconstriction, particularly of the fingers and toes. Thus
exposure to cold air may precipitate an attack of white finger, especially in susceptible
individuals with HAVS. For a discussion of cold weather clothing, see Horvath [1985),
Goldman [1973], Belding [1973], Newburgh [1949], ACGIH [1988], and NIOSH [1986].

Besides the insulation value of the clothing and handwear, the following other factors should
be considered for cold weather operations:

® In the presence of rain or snow, a water-repellent outer clothing layer should be

used.

Handgear should be kept dry. If the handgear becomes wet, a change to dry gear
should be made and the wet articles should be dried before being used again.
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VII. Methods for Worker Protection

In cold conditions (<0°C or 32°F) when wind velocities are greater than 0.5 mile/hr
(0.8 km/hr), air-impermeable coverings for hands and torse should be provided.

Wind barriers to reduce airflow over the body surface can effectively change the
rate of heat loss.

Warm-up breaks may be required even when the air temperature is above freezing.
A work/warmm-up schedule for a 4-hr shift is presented in the TLV on coid stress
proposed by the ACGIH [1988]. Because the blood circulation of the fingers is
especially sensitive to even short exposures to cold, responding by acute
vasoconstriction and reduced blood flow, constant vigilance must be exercised to
protect the fingers from cold exposure when using vibrating tools. Exposing the
hands to cold can cause a vasoconstriction even though the body as a whole is in
thermal balance and the torso skin temperature is normal. Warm-up facilities may
range from portable handwarmers to whole-body warming shelters.

Battery-powered, electrically heated handgear is, in some situations, a viable
solution to cold-induced vasoconstriction of the fingers.

F. WORKER TRAINING

Because of the wide range in tolerance to vibration within a group of workers, it is imperative
that each worker be instructed in the recognition of early symptoms of HAVS and in the
cause and prevention of HAVS. A worker training program is vital to prevention and control
of HAVS and should emphasize the following, at a minimum:

Recognition of the early signs and symptoms of HAVS, including finger tingling,
numbness, and episodes of finger blanching

Reporting of all signs and symptoms

Role of medical supervision in prevention and control of HAVS
Possible health effects of continued operation of vibrating tools
Reversibility of eardy signs and symptoms

Role of tool maintenance and vibration production

Ergonomic aspects of tool use, including the influence of handgrip force, pressure

exerted at the tool/workpiece interface, manner in which the tool is held, body
posture, etc.

Need and procedures for keeping the body and hands warm and dry


adz1


Hand-Arm Vibration

Use of protective clothing and equipment
Work/rest schedules to control exposure duration
Informing supervisor about any abnormal functioning of the tools

Possible aggravation of HAVS from smoking and use of some drugs

The training should be provided to each new worker and repeated at intervals for each worker
using vibrating tools to ensure continued worker awareness of the potential problems.
Because the earliest signs and symptoms of HAVS are periodic numbness or tingling of the
fingers, or episodic blanching of the fingentips, the worker will be the first to recognize that
something unusual is occurring. A trained worker can recognize the disorder at the early
stages, when further progression can be prevented or reversed.

G. MEDICAL MONITORING

Medical monitoring of workers using vibrating tools should be a primary approach to HAVS
prevention and control, but it presents some difficulties because there is no specific clinical
or medical test to objectively diagnose or assess the presence of HAVS. HAVS, as the name
suggests, is a composite of signs and symptoms. The medical monitoring program should
consist of (1) a preplacement medical examination with special attention to peripheral
vascular and neural factors, (2) yearly or more frequent examinations designed to elicit
responses that may be related to earlly HAVS, and (3) continued communication with the
workers to ensure that early signs and symptoms are reported. Regardless of the signs and

symptoms present, a diagnosis of HAVS is not justified without an occupational history of
the use of vibrating tools.

1. Preplacement Baseline Medical Examinations

The primary purpose of the preplacement medical examination is to identify (1) any worker
who has HAVS from previous vibration exposures, (2) workers who have primary
Raynaud’s disease, (3) workers who have other disorders with signs and symptoms similar
to HAVS (e.g., peripheral vascular or neural disease), (4) workers who are on medications
or drugs that may have peripheral vascular or neural effects and (5) baseline data for
comparison with subsequent examinations. The preplacement medical examination should
be structured to elicit information pertinent to these points.

Specific screening tests considered useful in the diagnosis of HAVS are listed in Chapter
IV, D (Screening and Diagnostic Tests). Ataminimum, the preplacement medical examina-
tion should include tests or questions to identify the following:

®  Peripheral neural status--light touch, pain, temperature, two-point discrimination,

depth perception, vibrotactile sensitivity level
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VII. Methods for Worker Protection

Peripheral vascular status--finger blood flow response to the cold and cold

provocation test with before, during, and after plethysmography conducted under
standardized conditions

Presence of carpal tunnel syndrome, tennis elbow, or other work-related cumula-
tive trauma disorders of the hand or arm

Old injuries that could have peripheral vascular or neural effects (cold injury,
burns, trauma, etc.)

Primary Raynaud’s disease, and its history

Other disorders that may have similar peripheral vascular or neural signs and

symptoms (polyneuritis, occlusive vascular disease, thromboangiitis, chemical
intoxication)

Use of therapeutic and/or other drugs that have peripheral vascular or neural effects
(including alcohol and tobacco)

Anatomical abnormalities that may interfere with the safe use of the vibrating tools
Presence of cold sensitivity and previous cold injuries
History of past use of vibrating tools (including type of tool and duration of use)

Age, sex, race, body weight, and other demographic data that may be relevant to
differences in peripheral neural and vascular function and cold sensitivity

Baseline measurements of vibrotactile threshold, grip force, muscle strength, etc.

2. Periodic Medical Examinations

Periodic medical examinations for workers exposed to vibration from vibrating tools should
be offered on a yearly basis or more frequently for affected workers on the recommendation
of the responsible physician. The periodic medical examination should emphasize tests and

questions that will elicit information on the early signs and symptoms of HAVS or the
progress of its severity.

The periodic medical examination should include

Review of worker health complaints

Review and updating of the data derived from the preplacement examination
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Repetition of tests and procedures directed to peripheral vascular and neural
functions and symptoms

Assessment of peripheral vascular and neurological signs and symptoms, aes-
thesiometric and vibrotactile test results, grip strength, and presence of musculo-
skeletal symptomatology to establish whether HAVS has developed to Stage 1 or
has progressed further

3. Medical Survelliance

To ensure that the control practices provide adequate protection to workers exposed to
hand-transmitted vibration, the responsible health professional can use the workplace
exposure data, periodic medical data, and the interview history to determine any significant
changes within a worker or group of workers since the previous examination. These events
may include complaints of episodic numbness, tingling, or cold-induced white fingers;
changes in grip strength and muscle force; and pain in the hands, arms, and shoulders. The
events may lead the physician to suspect overexposure of the work population or a change
in an individual’s health status or susceptibility. The occurrence of these sentinel health

events (SHEs) could signal a breakdown of or inadequacy of the vibration exposure control
systems established at the workplace.

H. RECORDS AND RECORDKEEPING

Records of the data obtained from the following measurements are required to establish
adequate control procedures: (1) updated acceleration and frequency characteristics of the
vibrating tools used, (2) hours per day the worker operates the tool, (3) intraday exposure
pattern, (4) years of operating the tool, (5) nonoccupational exposure to hand-amm vibration,
(6) exposure year in which HAVS symptom:s first appeared, (7) stage assessment of HAVS,
(8) environmental conditions at the workplace, including air temperature, wind speed, and
humidity, (9) type of personal protective clothing and equipment used, (10) results of
preplacement and periodic medical examinations, (11) change in medical status between
medical examinations, and (12) worker training programs.

The records on vibration exposure levels and times and medical status should be retained in

accordance with the requirements of 29 CFR 1910.20(d). HAVS should be considered a
reportable occupation-related disorder.
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