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/\ quick , safe , and:c tkctive. method has been developed lhat allows workers to dcnn 
the ir dust lackn work ck>thing periodically throughout tho'. day. For the mining industry. 
this technique is much more effective than the current fodernlly approved ··mcthod of 
us ing a v11cui1mii1g, system. This newly designed method is relatively ine.xpcnsjve and 
C,tn be easily installed at any operation _to allow workers to dean their clothing without 
contaminating the worker-;-the work environment. or co-workers IQ clcviited rcspirable 
dust levels . 111is clothes cleaning process uses an air spray manifold to blow dust from 
a worker' s clothing in an enclosed boo1h , which confines the dui;t for capture and remo­
val ·by a baghouse dust collector. Since tl1e air exhausted by the dust c ollector causes 
the booth to he under negative pressure., no measurable quantities of dust were ever me­
asured e scaping from the booth·to contaminate the work euvironmcnr and/or other· wor­
ker,; . The worker j:><..'t'fonning the deaning process is required to wear a half-mask fit­
tested n:spirntor .with an N 100 _t1her, hearing protection, a:nd full seal g oggles ._ D.:1st 
samples taken inside the respirillor of test personnel performing the clothes cleaning 
proce~s showed very minimal l<J ncl respirabl_c dust. Thi s clothes clca11i11g-proccs~ was 
performed in less than 20 seconds and was signific,mtly cleaner than ciLhcr the federally 

. approved .method of vacuuming. or the most common method of using ;1,:.inglc .;omp­
rcs scd ,1ir lwsc. 11.wa.<; a.lso determined during this .rc.~earc.h th,1t polycsu::r- eotton blend 
coveralls clean mcire effectively than coverall~ which arc 100 percent cotton . The newly 
dc:sig.ned dothcs _cleaning pro~c-~s has potential application to any industry where wor­
kc.n; · clothing becomes contaminntcd with most any type of dust or produn. 

Key VVords: silica, rcspirablc dust , \a,·ork cl()thing, clothes cleaning. air spray manifold, 
cleaning. booth 

I Natimwl Institute for Occupational Safety ond ·Health, P.O. Box 18070 .. 
f>i11 s1>11rgh. Pennsylvania . 15236. United Stmes of America. 

2 P.O. B,.,-;;, 76S. Win..: h.:stcr. Vire:?inia 2.2604. Unite ,! States of A111cric:1 . 
3 P.O. Box 26. MarslOn·. Nnnh C.~rolina 2S3(;3 •. LTnitcd Stat.cs of America. 



l. .I ntrnd ucthm 

J.,ft:nl rh ~:i·nd · ~:.,!~ fet y 1,;p~ch3~l t'sr~ arc ~on~~Tat·~rty. iJ1v0~lig.:.~1ing {tl}'.:\.: tl1¢t:h<)d?} antf h~'t·l1ni(tUt~s t() 

tov,,..et· r0~pir~]b !,:; d.t"JSt.: {f.\po;;un1s tr, ·"vOrkcc;f ill <:hc·inining inditstry. \ 1·/ht!'rl :rn_;:i-1tr:g-·orH~rtt~­
riuns ttre pr<)f;essing producti> ~;onra~11;ng qttart?., i?r stli<.:. .. a b,:.iu·i11g n1~tts~·.rial~ rnt.n·in1i>)ng 
\Vnrkt.~rs·· dt.t·r: (! ,\pu~.;ures ~-;-; even n·i(1re ti~ltlcaL The ~(!rious ht·:) hh h,,tz.urd cf ~~ilica th1f-.t 

h;1.s been kno,;vn for- rnm1y decade\,Y7 The I 997 ,;t:Hng by .the fnternutimw! i\gen:;y foi· 
R,:t:e.ard1 on Cunccr (l/\RC) 'Nhich ::turnd that inhaled t:rysttt!!ine silica fmm 01.;-cupati­
(itWl soul'ces is con::.lder,i,J a {group ! ) hunwn c.1n:111ogen !1.1 ::; fo nher- emp!nsized the .im­
portance {) ( t!K· si!ku hc,dth baz,trd / 

The $i!ica health Jrnz:m.l h<iS long be,~n {htknow!edgcd by tht: feder:\t regtttiwry 
ogeil.dei, in lh,,t the Pern1issibk Exposure Llrnit (PEL) and the Threshold Uinit Va!w.: 
CILVi nm Ht n1uch 1owlT ·1cve!.,, than for .. mnsi (J!:her typt·;,; o(dtlhh . The current feder;d 
du;c,\ :st,rndai'd J<w. the n1c1,dfnon-rriehl minfog _ini.:h.1swy i:<,;ct al :., k'-'el of lO mg ,;if total 

dust for the. "m1isnn<:,,,:" dust standonL'' ·\Vhen silica L; thnugh1 to be. prc:.ent, ,l respirab­
k dusr :·wmp!.,: is a11.ily1'.cd nsing the K-n1y diffrnction technique to {kt<:rminc the pcrcen· 
tuge or :~Hi.c i:L \Vh.en rnm:e than l ·per. silica is determined, a redui:c.d Pc nnhslbk Expu­

"ur,~ Limit {PEt<) s1.nndard h, then imp!ementt.:d . whid; is b,i~ed upon a !00 micnlgi·mn 
silica htveL Even ut tbi:-: lcveL ih,;; r'\merie.an Conference of Government,t! Indu.;.;,:ria! 
Hygienists t ACGlH) und th: Ni,tional tnstitu\¢ ,>i' (}cc\lp,,tivn,d S,ih:ty· i1nr.f Hen!dHNi­
f"'<SP \ :•r" .,·,~,:·(>mll1('r ·· nn" rl)-l( r\•e "rVV'!!li f1"' ~-;;; , •.. ; .!(>•,,•) i,., ti irth':'' ''•"fJ! We'-J f'' f} q..::; •. ,,., .. ,/ rr.-' ., ...,.. , . . ( .< ~ .... i.... .. ~., ,.,., . , ~\.. .::.~ , . • ' . ,. f i... ,,~ - ~. ,. v . .. ~-; v( .~ t ... <,; • .,. -, , , .... , • $ ~ -!, -.,., ..... ~ , ., , .,<_._. _, ~·.•,;;,, • 

or .50 rnfc.;r,,gr~)tn1:> . 

O•,'er t.lw p,1Ht k:w d,,~;;:ai.k~: ., ,i :'iuI,st;mti,il ·nm(mnt of engineering kchnology hm; ht­
(;'1'1 ddt:!nped to kl\.Vcr n!npirahk Ju$( exp{)sur,~$ (s ilk:u) ti:, ;.;orkero- ul mlnei:,il prrn.:essing 

plants. ·rhi:, c(intrnl technology h~is nddrc:,sed ,.i v,1:,;t arr;:1y of dif:l'erent approndles and 
,.:chniqm'.s to addrs:.:,;1' the maj<1r dust cor.tnmimHion <Jf equ.ipnient and pro1;~dunJ'.', within 
thesr: pro...:es~ing plants. Even though many of the:,;e dusr control tedrniqo,1:-. h:1.vo pro, 
vr:n to bt~. ~.u¢('.O.$~;fuJ in J0s.1vcrfr:g drna kveb. rn.my '.vorkcn-.' exposures t>til! ;;;xceed the.ir 
PEL .-ind he.aLh and safety ::=;pedali,;ts are cnntinua!Jy invcstignting; nev; m1l.'.i mw~! app-
r'Y"'l""' f{·i -:1'\""l"' •'·1· 1~,,, ·h1· ,.,~ 1·,, •• ,.)·.; ... ,:b·(,~ "'""·t """ P'''S"'t·»;; >, , 4,-,.,... .l .... · ~"> ,. , \.,.) 4 ~- 'w""'-'°t WW W,°lt JJ"'" - ,A\-J.·.,.• W •., • V • ',,.•. ~,. ) 

Om) tmw of known '>vorker expnsure thrnughimt al! industrk$ i:s from <::or1taminmcd 
;>'>'Ork ck,(hing/W·Di Fur tb.c m1ncrals pr<)..;·cssing industry, :1 funner tj,S, Burcm1 6{ tvli­
nes rcpor1 doclirrnmtcd a number nf wnrkern that ~iXpt•ri.:}nced n ! 0-fold 1111..:.rca~e in di:st 
tXpO:mJC l)VCJ· fJJbvi()th levels frrnn an QCCllrrt:nce tfott signi1k,mlfy l',Oik·d lhc \1/0l'ki.:r· ,-; 

clothing.' H; The respii·.ib!e dust i:om;:entrntions at the worker:,' lapel after these occ:1r. 
n;:n<,e·s irn:lk:,tt,t<l ttrnt their Time \Veighred Aven1ge {T\VA) <.:on<:enrra1i<m \VQlild ex,;;eed 

1\Je Pcrmigsit>ie .Expostm>. Umh (PEL) 1J1 tVI(} h,>urs or Jess . Ast.he~:~ individuab p,.:rfor.· 
in0d their v,:ork dutle::>. dust was ,,;·.ominuously ~mitred from t.heir doiMng :ind the only 
way ro l.dimhntc lhi:-. dw,t ,~tmrce w.m; ki dean 1.:>r changt: their wo;-}; cioth.ing. Contami­

n,itcd work ;;;lnrhing i:, nm. only a h:.?/,ard w tht: worker thems,: lvi::s, bttt a m,mber of stu­
\I\e:, h;rvi: ,ds n dbclb},e_d the ·poti:mi:1J for tuking the ,~<HHumi,rnni home and e:-q:io,d ng fa-· 
ml!y member;<. 1/·l•\ 

There :ire two tedera! 1\:gu!mlom; thar affect <h,: c](~~ini11g of clothes dtirhig the W(·,rk 



d:ty t\~r th~ l)nhed Sta1s.:~~ rniri!ng ind uitiY, ¥ffh: nr~it h; a fnining rt.gttkttifln (;.;~t~~ hhshcd 
by the \·[foe S,if;,:, r.y a.nd He.:dfr Administn11io n ( VfSHA) in :m ( '.FR P:;ifr 56. l '.\010 wbkh 
siaH)f;: "~i\ ··{ :H:·· dnh:.~ shnH co(npn~sst::d.air be dir.(.:c tJ..x-f tD\V:ird t1 p~r~~:on . V/hc:n t:on1pr~:.-~~.s;~d 
~dr ~ ~; used~ aH rh~Z\!StHtt·y pree~au h>n~~ shn.H be n 1k.en R) prnt~L'l pc1-~orr::> fto.n1 h~J t.try /~ /\. 
s.t·?..::ond e~gii!.nt.i(Jn is <l. _gen-t.ra! indn.srry srandnrd esr,-if,1~i<h~d by ;be. ()ct..~up~1ti()naf Si1fe.ty 

·,md fkd!h Adn1iniMiminn (OSHA) in 29 CFR J9J0.2,nr)',). :,wting U,d : ···et,nipr,:,,'".::d 
:iir- :)··s~~n nrlt be u~1.:d fnr {;}e<ttdn.g purpo~·~t.! ;-.; r~~G.:e pr i,.\)"tt;n~ retft~{~t~d tt:> k~~ss thnn 206.8 kPa 
{'1(} p:;: i) t~nd tht.;:n on1y v,.- frh <Jff~'--:·;i v1.;.~. t i~ip J;~~-~qrd und pc.rs·r::-n~,t prt)te.~ ... ~-1:ivt; cqqiprnenL0 ft.~ ... 
;,;~au1<~ ;;l( tl"l~1~ tlh~ t>r~ ly :;.:utTt~~~t f(~tl.t.r~if ly ~JJ>provcd. n-11.::tht>d h'! perfr)rn} ~;,~!othes C!~;.tnin_g fr,r 
th,: US. mining ind1.1;:;1ry Js 1.0 U\e u HEPA-fi! k:r v.ic,mming sr;r.,'tn. ·re pcr!ix,n rbh 
f~rhn.iqy~ ... ~;_. ·9:nrk:;1-r u~es the vacutn1T hose and .rn~:H1ua1.l)/ ·in~) \:<..1s tht} nhz/ Jt~ ov~~~f h. i~/ ht~r 
s(}i!~.J ~~11.~·thi ng in ai~--HH(:.Jnpt 10 ren1:ove the contaxni(·i~nfon~ 1?!:ds is .ii './ery dfffi(~uJt tlnd. 
ti nlt~~ ;Jf'~11 ~;utning tdsk H:'~ pcrforn1 .. !n ~ddhh:>n ~ ·ir,- 1:~ net1d·y ir-n.pos1.~lbl~~· to t:fh:~s;.,~ti vt>iy ch.fan 
~)t1i.:\; b~1c:k '~v~th~)ut .-~HhJhional heip frorn a c ( i ... \'Vorker . . Becrtus.(~ { )f this~ J\~\:S/ \~--<~rk~.:rs· ac­
ft! ,d!y u~;e tbb tvchnkp.11;- und prdi~r to use .,t :,ing!e compn:!sscd nir hvs;,:, m b!O'-"' di;;;;r f'rorn 
th;;i r '>Hifk ch>t!1Ing, ,:vcn rhuugh this a prohibited nicthod nf Clei ini.ng . Norinal!y ibis. [;{ 

r)<'°•.r l'f''' " W'f ,;t 'T""Sllfi'S '11''"("_; (••·1n ··:,()6 i; l · P·l (3() •) :'< i \ i '' I h-• ' J"'~' ' l •vn·, l ·n-,•···, ' "'1i>•li 'lU:l ~' · '"' , .'• ·>4 ,·,,. , ~-/ :1: w ·,.•, w ·. ~ ,::::-,·> .. •;(. ,.,\',. ""' .,,, ... ,,., i . ~ · · l • . .J • " " · W ' · :t' ·•~ 1'" ·:· • · ··• < , . ,,...< ~ "'°( . -~ .~ • . 

nrdy f;.r~pn~es the ~Nnrk.-tr .. but i,t~;o ;.:::.rt-=:a-rk~~ ·n ~,igni'!) cant d.u~-1 cloud in the. -;_vork efrs/ irOn··· 
tl'H!HL utrhn~HJ.dy cx pt:J$ing 4;n .... \VOfk(~n,. 'fhc g;oal ·s)f rJ:1]8 n..!:sij~=H'C:h -.;Vas Ju de:vtJop a si1re~, . · 
·" ffec•··i l!•· ··.,n,·1 .,.,..,, ,ronri," d n "•o,~,d fr··· ,·f•n •ovi ri°" ,·\!~l f,·pn' , ·,,1y-l- c'nthin" 'f hL-- .n·ss:·,ir(·h ..._ . . • ,( . w~>.·,.>A . .'"""'''" ... ~. ~ -"" - ~' ·'· .J'! __ , , •. ,, ~":"~ ··.' • . . . ~,.,., ~•, · t-, · ~· 

-urti rnatdy 1cc to th t: ck:; ,gn of rhe t:k>th<:s d~'.:H1i11x prnc<'::,.'> . 

This .::c,:tion o f the n:mnuscdpr ·Nil! be strb-divkk:d in tu di.fferen1. ni·em; w describe dw 
s:Vo-rk pcri'on11t::d in thi~< -rese;rr.cb 0ff<rrt. The firsr pitrt t:le:,;,crit1es· the· ~n.gineer.Lng th:.~t~i_g11 
,md ,!qt.dpn1er: t nfc(:.:;i,a.ry (or !he nev,· ly d(:vdope<l clo\h¢s c!c:ming prnce/;S, Thb is fol­
kYt~'?.:d by fht!. ~n ~~ tr\.unt.!nt,n.f<.n1 and h~:->1 ?\etup u~t~d ·h> e~,,i;.ih.tHh.:·. the eJ};~cnveness Ctf th .re.<:! 
,.:krn'ling kdmiqm::s evakatt:d in this ;-,~,:c.carch c ff rwL h :ing:· ! ) Jw ~,i SHA approved ff;CI. · 

hod t}f ;J~~°i:nJ? a tlEP.i\ '.,:ac uurni·qg ~:y;~tc rn~ 2). thq rHf)sl popc~Iar bur. prohibi{t;J rn t:.th;.H.i of 
u,;ing ,i :;,ir.gk hw,dh<.: !d <.:on1pr¢ssed ;iir no>,tk. nnd 31 the n,;;w!y d,,:ve klpt:d doth(·/, <.ch:.-­

:,ming proc,::,s ud ng ,m uir spray nrnnifo!d in n ,de,ming b9oth . T he nt;H par\ det,ti! ~i :he 
·v,·-j ;;,f,rv-~ .,.,,.{.,,,,,,,iirr· •1,·•"ri H\ ,,., .,··ih·1t•·' 'tnii ,-omQ·l r<°· lht: .,··l,c•·•nin o- ,,p, .. ct;,,.erw,,..;. of th1· thr,.,• 
y ,.. ~:>_• ., , ;::.-:: ,i d .. . > ..... ...... , .~ .~,.,,, , :'! ..... • A '" ....... ..,.: ( ( l).> ~, .. .. ~ .,.,. • t •. '!- '><• , . • ..., • .,..,.~. . ..":':• ,..• , •&•· $ •. ..,._. , . < ~ ',.; " ' "" 

deiming mcthGds. T h~ l,bl area descrl b,::s ihc tcf, ph:n ,1r1d \tatbrk:tl rnetb{ld:, th t)d !G 

~1r~idyze !ht!. resu}u~ of testing "in t.hi~ / t~·}~e~Ht~~h study .. 

2.1. Clothes t:fo,llling system de5ign 

·ri-1·····\pt ', ·,,c,c ,·, lwti·/1n" .sv·;,;h•rn (T1·•1•· '1."t.<· (·)r' •'n ;1~ rn·, >1•' ,·,p1·,,1"°' !l•"n H" ,, .c!A<_ifl]n, , (){•1\t'1~ ·• r "l·r <vv . .. ,, . (,,,,f1';,c ·,,.. ~ ., ;;; ~· .) ' ~v ,,;,,~· .. ~,, .,"> '!>::., s., <".;'"·i 11, ... . ,. ,~ ., , ..... . .... -< .. l ,~., .... , ..,. . ,. ... . :::; ., . -~~,~ - ·- l..< 

i'f:s.e r-Vi)ir, ~u-1.-:.dr :';pn1y rnanifn.kL ~tnd nn ~-xhnusr \-'e-tHH.aiJon sy~nertL ·~rh~. cieuntng bv:ufb 
h,id ,t ba:-;{>. ,iinR!n:"ion ,:;i' l 1 1 .9- cm (LX in) by Hl6,7 em (42 in) und pn:.vi<kd !bi ,,vork,:r 

•,uf!.id<:'.iH sp:1<>: i.c d:i;Y:(h dy pe.,:!:i:mn m1y of th.:. thn:e dothe~, ckianing h.~chniques iva­
c w . .an, air /11,sc . and ;tir iprny 11,mtif'old}. A /,Wridatd ::;Lee door \V,i.:; !odi.V.'.d 0 11 1he frnnl 
thnt nJ'l(J>-.rs-<;d ~nrry Hfl(I egress ·t·ro,n th,: ck~~tniog ·bqt)th . . .-·\bovt~ dlt d\)Of \~/ ;,is afJ open grtt··· 



tc thut pmvid~cl :m imuki.~ for th.: vt:nti!at!on :1irl1ow. Thi~ grntt v;,a::; :h.7 crn ( 10 !i2-.in) 
high and rnn the ,~nfrre wk1r.h i)f the er1<.:.ltisure . ,\ rcrurn air pknnrn k:catcd on the v:::ry 
b(vtom-b;u.:k w.ill of the booth was ducu..:d w rh::· bng.houst~ ,lust cullectGt ~ysh;m, Figti­
ri! ! '1r1,1,,,,.,.,,,. i•·t''' ,:-..,,.,,,1·,;,, ·<!'111v• r1<·'11>i"' t<)1· rJ·•e hn··,if• 11 .. ,·.,J ''l ,r... 'ts ·t~•s/''1•1'-' ·11,,.·! tf·, .~ ••i1·111)\.'' " , . , . , ... ...... ~\4. :..,, , :, '~ '" · t>'-'""·'· , ,,, -..... ,'), . . ""' ., . ,., .,.,.,, ~ . \., .. . f .... . ,~ .... -) ~ !i.Jl .·· ··- · ,. i ;c': t. ,,. . 1.,, , -,~ ,., .., _ •'f 

pw::n, with rhe ventilar.ing air CGmilig ii1 m the top front and exiting at the bollm,\ back, 

KEY 
<,'.;::z::i Air lnle-t 
~ Exhaust Air 

d'_ 

.,,,.-/' 

<~ , ,,., 

122.cm 
., .... ...,, ............... ,~ .--······ ···· 

Exhaust To 
Baghousi:~ 

The ::;econd nm)or comp()l1Cnt to d1is sysi,ern w,i~ t.hc ·ai r r(::,er vt)ir, which ww~ nc:ci:.s­

i,;1ry \() ;;upp!y the i';iqu ir0d afr V(iiumc f() the air nnizh.:~. w,;.:d in th¢ 1'J)f,1Y nmni fold . Tlw 
site nxwlrernent fnr th(: ufr re!;.;,·•,•,)ir wa.~ eaku laied b,1!>ed upon the: design of .iii' ~prtry 
mwi ifok! A wi th 18. ;Jir ,mzzks. To :::opp!y h)lrlpre~-sed nir to lhese nnnk:s. a OAS m' 
( 120 .. ga{h1n) ,\ir rc;;ervoir tanK ·svas HCCC6S::t,y' Thi:;,,rc serV()ir rnnk held 38 . ! . 54 .9 . 7 j .3 
m :, ( t 15, l XO, .;nd 23-i ft '.! of air ,tl pres:-sures i.,f 689 ,5, ! 034.2, 1379 .(} kPa ( ! 00. i 50, ,md 
20i) psi) .. resp1e:eih,dy. Thb re:,crvdr -.:vns pressuriz,..:d by :.m e;~.i:,;ting i.:~1rnprci,so:- :i! the 
fidd l0St ::site grind ing rnff! that ww; in-place 10 supply ;ornpressed ,dr ro a irntnber of dif­
ferent mili ,1ppfa:ati(Jtb. Thb ,1ir rcs(irvo(r W .i:, typi~aUy pn::s:-,uril:~d to th<:' l03°L). kl\1 
<}50 µsi ) lcvd bot \his cnuld v ary ~ome;vhat b,b<:G upon s;,;J'\at other ,1pp!irntion:; wctc 



bei.ng u:-;(xl v-:lihin lht.: g rind ing mi!L 'I'hc a ir n:i:c;.rvoir wa s !<)Cntt':d d irccUy beh ind th e 
c l,-~:.tiifng bnod, ;ir d hnrd pi p~d 10 the ,dr spn,y rn,l td i\ll d loc xted i11s kk thi: bc otl:1. 

Fo r tbh; report.. only th e, firm ! twc a ir ~pray nHmifc>h:b k:,, t~:.d in , his r '-' :..,ei.i.n.:h f.: ffo n: 
l'Vi!! b e: pri:~;<Jtl,~>.(L h:k m ified n:. ,lit rnanifok! /\ :;md LL Over th e courss: z,f thi ~ research, 
the inan ifold -.vas ,;:onst:Jntly m rn.Eficd and improved during vai'it)Ui> b bonHory a nd i'k:ld 
rests . In the ea rly s tag es of deveh>ptTJ<.c~nt. the. manifokl w ns d ivide d into J i.ff~ rnnt sec ti­
nn:s v<'h-ic b signi.fica"r'itJy inlcre,iscd the deunhlg tirne ns each sectkm v;as manually sequ -· 

' ··r··· , · J ·1 · 1 , , · • • , · e ncco . . ne ,.ur s pray nnzz es: \Vere- ::\ so :.;pace u ut greate r 01~;rnnces c rearrng nre,H, o! ct~ 
f;;;c tive nnd ineffo~(;ti v,;. c loti:i.es d eanin:j. Hhislrai:ed by the :;tripes pr (~sent (Ht tbe cove­
ra lb. \Vith each n:st, ll11:! afr sprnf rnanifo ld vvus f'fari.her impny.red nnd he cMn (: mon~ ,1:f, 
fect1vc Ht 1.: k '.:.trting: u worker's ~tJ ikdcfothing, The fina[ tw o des igns nf th e ak sprny m a­
nifold wet('. fabrk ::ited frorn 3 .8 crn ( 1- 1/1 in ) schedule ,'.!{) ~:te ef pipe tbtt ww, capped .ut 
i: be basb . The air spray n ,iin ifold ·v.rns rr1am1;tHy a cnrnte d by the 'Ntwker perf0rm ing the 
d c tming p n :h.:ess by opi:::ning ,1 ball ·laJye loeated on the top of the rnanifo! d. Fm both 
rnailifn!d designs. Uk~ bottorn nor:zle Wi.1$ £t circuim> deSign h)cated 15.1 (:m (6 --in } from 
th t) Jloor . T his noz:t'.lt:: was use() in c oord ina tiqn ,vit h a b,.d!-type adj ustabk fitting so as 
to be direfri.ed d {P,Vir•Nanb th clean !be individual's W<)rk sh()i;s hr lx)ots . During a htbo­
rato ry te f., t. rh.b c ln::d ar di.:~:,ign w1.ts shown w be rnnrc 1:.1ff~c r.ivi.;: for dcai1ing at grear(:r 
d istanc.:: s \vhh::b ·.va.s tb.e case frn~ using ih b nnzzle ,-t} c iean the indiv·klua!'s s,d'ety boots . 
In rh,: fi r:~t dt~;; ign {rnardf<'dd /\) . tb.cn;, :1,,1h: r<:: 18 tli r nozzles spaced on 7 .6 c m (3 in) c'!n­
h ~r s fFi g urt• 2). · A ll o f the se ~\i r ll(Y1,1,k'.<; , vere the (;ircuhu· des.ign . \.vhk h required ,m ,rir 
vo lume ofO .O(l'Jl m '/.sec ([ 9 .2 fr'/min'.I a t 206.S· k F\, (30 psi) . 

a.ScmAkUne 
ti' ;· -; -; 
~~ [ 7 ___ Sa!! Valve 

3 ~8 crn :.;: _ _,,.,_.__.,.~mf~ 

SCH .. 40 ·steer .. .___._,.._ J 

7.6cm 
Centers 

15 .2 cm 
Fmm Floor 'l 

Appto:< 168 t::rn 

Sprayi':~9 Systei n,s tJc. 
Nozzle No .AA 707,,;";:3 



;\frcr fidd ,est l whkh t~va)uarcd airspr:w manlfrdd A •• Lht·re <::) 1Hinued to be :.;,>rrh1 
minor :;trip.ing 1:>n the covcniH~; ,rnd nnntht-r lab,w,itory study was pe1fon1kd fo an eJfon 
·1·~ ,,., .) •' · 1-,j~),:'~ ;· ,") !~ ie"$;•~•tf), .;.i,.: , ··~ff..' . ._ , ,... f),_ ~:.. ;; ·) . . ..,. ... ·1·1, ,·, S" · ',, · _ If' ,• ._ f.'··11·• >~, >·,:,.,.~? .,.· , .., #V~J'~ • · •, "'") •' v"' j' · .u \...t. l >)JJ t.c.'- · ~)' ...... HJ., i ,p.: .. i;,. ,,s .. i S t.....i .n.:.::1-~ .. . ::-.hl~,~-·,.i. LJ. ... On ·. \·':..;.. , -~~u fl. ~'} (H .• . d.~ s,:V,..,.i ~-sl~. ;'> f-.-<d.:"'Y f::; ,.J , I ., 

fo ld l.3 wns <k t,iffncd ,vhkh ·-v:Is ,~omposcd pf 17 spr;iy m:ink::~ :-;p,tc<:d m. 5 . I ,.:m (2 1n l 
,tpml. Figure 3. The bottom nozzle continued. w ln: th~ cin:ubr ~k,:-ci.gn bui tht~ other 26 
1Ko/.k:~ '>Vert~ fln1 -fon lYP•~ spr::,ys. During htbo rnrnry H:sting . U1i::se n.11 r:m no·/:.des were 
.·'1·1(·,,,:v{' !Ct J,,, l ' )i 11'•·' >·'! '1·,,, •(j'".," ,H ·•·11,• '>I•)<;" ,•j,'>':'J?- i f.l 1' ( !: '"' ·,·',1"•('•;C><' fl·,,,() H .>;:,,•',:, f(.·)>;,w! {·p f )<~ iJ ,·,~J (it·{-
-,. J f ..- ~ . · "".'' ~ • , ...,. ,,... , ....,.._. , . Y. "' -..S,k •} . ..,_., ._., "-. ~>....· _"-" -...,.(I _') ') - ~ .o.A -;.tJ , .~ ....- ..... . , • ., , J., ., •~. -... . .,, (. - ~ r . , -,.. .~·:l . ~ ·. V" Y<~°J:',(,,f ,• 

ring fi e ld t~~~. ;ing. 'The~;;;: 27 noz:des ddivs::red ,;Hgb'.i y le~;:; thim 0.24 rn 'i!;c,~· (500 ft 'irrdn) 
of uir. 

Si,ilC<1 rhc air.rcs,:.rvolr hokb 54 .9 n/ (l 80 fr) cf niral !034.2 kPa { t:50 p::,i) , the lank 
'NCHdd !y.; depkH;d \n appro~inw1dy 22 s0Ci>nds. Ti1t:m would be a rech:1rg,~ tini,.;.bd'o· 
r\! the next imlividlwf {:ou1d perforn1 ihii{ t:lnrb,~s clc,Hiing proce~s \Vblch would be i.h.:. 
pe11thu1t tin ,1 cornpnny's ::ti:r con:1pres,-or capa..;l1 y . 

2,.H i-~m 

SCH, 40 steel 

27 t,iozzh:rs 
required 

3,8 c;m Air Line 

! 
f\ppcox 16B cin 

.; 

Spraying Sys,erm, Co, 
~ Nozz!e Nc .. ~.727-13 

Spr;.,vlr~~l Sy:str....?rr1s Co. 
Nozzie No.A.C,7(rt-23 

. ' 

( ~ 

lw~] / 4 NPT . 

0,0091 m''l::;.ec@ 206.8 \P;,i 

lt b critical thm. the deaning bnorh be. ,ent.iJate-d urwk·r neg;.1tiv1;• pres"urs:: at a U ti­
me ,; ,.;n J ', n:, fl{ :> l ~tl!o•.v any dusi liberated during the dothe~ cleaning process rn c~cupe 
i'mm ,he bt)Oth. During the rc:c;(:m·t11p<:'.rforrned at the field te!;t s ire. the pb :1l hud ,:;<~(::;" 
f:mg!H.lu~i; ..:iipu(:ity Lhat was useJ f(>r the ,,;,.k~ining .booth .11td far excccck'.d t\k~ .n:quire -­
n1::-,1t~ fer thi;, npp!i,;atk;n, An cx!Hl.ll5l tiir vo!um.::- of 2.0S rn '/sec (4.400 .!\'!min; with a 
negative ;,,!tic prcs~:urc of (L4·! cm tO. !6 in} H,O ·,;,;as cnnsi~tent!y m ,:•aMircd in i.be c!c~ 
;ming btH'.i th dudng dfr, t;;si ing:. which v,;;,1~ n1im: lh,m sufikknl to keep the booth under 
rn.:ga!ivc pre:;;:-.nn: during the air sprny nrnnifold cl.dming pro::i::;!> < 



2.2. T est iusrrum,!lUatian 

G rn vin,c:11"i(; d t1s l i,unphtg ,:on~-isted or d :-;:1rnp1ing pinnp, fk:.x ibk: T ys;on tub in g, :he: 10-
nm1 l)urr-O!ivcr cyclone. and a fllh-:r. A ll d u:~! snmph:-s \verc col k i:.t,.1.d wit h the !0-rnrn 
cy<.:!om; . ,vhich ~Ls:;i fks ihc rcsp1rable po r;tion of dust. t::ach 2 n1 vi111l·t.rk :<m1pk·r \•,·a" 

,.,- •. d ibrni..:d ,<> ,t f! v ,v mt,: o f I J L/1riin, ffl;:: rJcp.dred f!o\v 1\ :re ,~'.\,:abli~hs.:::d by Uw MSH/\ 
-f~>r the inet~i l/ nt:}n rnet~tl ir1fnint~ indti~ti·y f(>r res;}ir;.ibJ~ l->I 1.i;..: a dli~i S<·1 rr;r:, l ing( 'rhe rcsyJ i­
raf:;de sJu~~t cla-S~i f'! i}ti by t tH .. ~ C} t(.~hHH.!· ' .. v:.t,~ fh:~f'HJ~~1 1~2d on a ? 7·-- tnrn dust fii.H:r <.·~tsse1 t<!, '-Vh icl1 

Vv't:1.n.; I'r""'""· and po;..:t-~-\:V >:~i_gh~i.i t(> d hi J1(.:~H t'C$I ().{J! ) f n1g r)n a rn i<:rr~Ln .. d i.irH;e . .... fhe f\\:{) ft;J.Vi.­

n1et ric fi! t,.::.r,- Jt f .;;11,;h ~ample loc«tion were av<:.rtlgcd rogerber {(1 pruvlde ~1 n ,:von:,i.gs· n ::s­

p inibk d ,.L'-> t ~rni-:entrMion for e ach loc.:ii ion. 

'file i1h :l,rnt;:mcous monitor us,~d m ni l thre,: .-.:.amp!.c 1.ocnliu ns V,·',m tht:: !v[JE Inc. P,~r­
S(.1na l D:.tta RA\4 (PD+U. This i~ .a rc:,iki rn,: ucrt),,ol s,unpkr th at Jr;;!:1,,;;ure .'- 1!1;;; rc-,pinib­
.le tJu st C<).nc,;:;ntr,.itir>n l·1aS:t:d. upcrn thc. tight s, .. ::itt.i.:·-.r t}f pardclt:~~ <Jr<·P,vn lhfr,Hig.h tH! Ink:.rrt.;;1~ 
-'icn,. i ng d1:;n1h:r . Tbc l'('.Sp in.tbic du:-;t k·v, .. +, \Vere n.::cordc·d on ,m i nk '.-r' l'.l ;i! ;J,,H:.ilu:;gi:.r ,u1d 

\.Vf.1!'(~ d.ov~:rd~)t.HJcd lf) ;,i lt)~J,h..JP C(.)fltpu t;r :.rt l t'h ; end of ¢~-1<.:h s:JJ1'1r>Ua:;; pt}rirn:L .S inct:. U··r: 
t;k)Chcs ch~:.an ing. prC>t:<.!S ~·- h r·.:.d s uc.h a .short c Jctnri-ng durutir,rL. the ;~tunpk: tog th:ne ,vns s.er, 

n."> c.~~./ery scci.)n( i anti thi s re.q u·Jred tbt: da1u li.J lie d.<"n .. vnh:;t.Hi!!d t\;v.i c(: r~t .. dt~y CltLnch tirl:e 
~;nd ;ifter ;:;.hifi; . /\ ( tt~t (h(: re;"ipir11ble t:!ust lr~rveicd thf{lt(gh the {n~,trtnrient .. it ·'i.h;a~:.: d-epo?>!w 
t't\1 on ~·t filter c;Jsserh.!,. ~ti~~~ntlcai t(J lh,,t u;;et! \,V ith r!1e .g:r11-..,:-irnotrie s::1.n·1p!cr .. !\ .. Oi~ \v .tlltcr 
•:::.a~ .. ;setn.~ .. ~va;~ t~ se<l f::)r t.'~tch. s:.~t-r1rdtng period .. ... ['ht~ i,P .. -1cra_gi.!-. gr"'-rvirn?.~trh .. < dust v~.dt.:e \Vas thv n 

d ivided by the PDR value t.o determin,.:: u ,/nrrccfio n fac tor, Thi1-; v:.:t.l uc was !hen rnu!tip­
fa:d by :il l th•.! imJ bih:l1.1;:i l me: isure1nents t~i k,::n -.v ith the PDR d evice, wh i,::h ,_v:;;; tbtn used 

l(l t':a)<.~u b:.tte· th~ varic,u-~. <.fV<!t:,ti;e re~pira}..,h: (i1 ... 1st cr:~n~.Y: nt:ratti.:.H1 s. d.tH'i.n .. ~ \t.::trir,u .. s ~egu1cnts 
duri ng te:srlng. lh ing both t:ypes of rcspirab !e dHst n1<}ni 1od ng 1::q tfrpment pn}vided a go­
ud .profih:: o f \he ,,vernge duSt conct~mnuions rhrnughout thi.: :sarnpiing rx~riod, as wel.l ::is 
vs1ri.adon.:~ a.nd cha.nges in n~~pi r(.t l1li; d1.t~t COll<,;t:.nrrtHlt:,~n ~~ duri ng~ the t:v.n.h .. nrt i.(H1 nf the 
tbn::e d iflcr..::.m deaning tt:chniques. 

23 .. Testing sernp 

Th t:.rc \Ven:· thF,:e du ;, t ";arnpling !ocat:ions usc!d for thi:, r<'~'>¢ard 1 ,~:fforL 

"' Insitk: the !wl f -rnusk n::spin.Hor of tht:: indiv idual pedurrning ·d(>thi.:s de~ming 

"' l n&kk rhe dconing booih 

,. lnu-n,:-di ,;;dy i HJhid s:!. !.h¢ deanin,\£ bo<Ah 

The r,::;,:,;p\r,'tbk du~;r c,p<>sun.: of tbs.; per~on p,~rforn:iing the (.:Joihc:s c i<.~uni ng te~;ting 
\Vu~ 1non1:orc'.d i rbid<:. th,a· PPE (!rnl f-irwsk re:,pir,Hor) for a!i f h:ld stud ies. In the (~ar!y 
swg<}S of' rh is t\)~;1;;, ir·-:.: h . a fu!J .. fncc si1ic!d helm~( .:yp,: po,.vercd ~dr pnrifying n.::sph.tt<)r 
(PA PR) \.-V;)s tbc:d ns the person:d pro10c t\v.;'. <.kWk(~ ()f111 Posi ti ve Pressure Headgear L-
700 .~.e ris.~:-;) . A mi.mber of "hi.:)rtcoming:., V/q..re id(;ndfit~d dudng rhb te:.>ting with the 
P"'\PR r.Jevk:; . 'The mos. :c;igni{h::ant sb,nco rning W<.1S t!'w dusi .bden ait from within the 



booth du.ring th,) eh1nning.pr0Ccss \V'a} b(~ing forr:ed j::to th(: hr.:d.nlet ak}ng the. f.:.ic-ial s,.!­

al fro:n th-:.'. tt i i- :-pr:iy immifu!J. /\!H>t:hcr prnhkm \vhh the helmet wi1s thaHhe adjusrnb,. 

k he,·1d fokir kept m«Hunct:oning. Nurnt:ro1.1~ rr:plrn.:omcnts wer,;~ tried bl! il npps::ired 
tbm the d.usi buikl-up on the rnwheting me~:hanbn, of the head l i.n~r :.:aused it to ma] .. 

ftrnGti,m. Be,:au~;e of th~ pmblernl{ b~ing cn~(:i,:til:o~red. :1.n cv,duutlun \V,,s pcrfonw.c'd du­

ring a preHu,irmry rest t{) compare respimblc dU/;l con1x:ntrntiuns in the brcnthing ;,:one 

of 1.h:: :P.APR hdnict ,1nd !he h.ilf-ma~k rc~plrawr whh N 100 J ilit.::n, , ·,vkir.:h hat} been fit 
tested for both test: c,ubjccts. During thb testing, 'rhe baF-·mask respinHm proved ro t,e 

'.;;_Hperiur from ;1 Ull?>t st:m<lpoint and tht1S was th"~ only n:spinliory per:-,ormJ protective 
devkc used for the renuindt;r of the st.udy and presented l.11 rhis repbrL fo ;,ddition, lhe 
ha!f,ma"k respirator d!mina1cid :he {)ther rirnj(lr concerns with thti PAPR hc!niet \kith 
th~ rrH)<.:\ signifk:ant one bdng th<:~ hc,llth issue of multiple we,1,ers using the s:nne hel·· 

·1\vo diffr.:rent brnmb of h,1Hwrnask re,,pirators ,;i.rere m.ed throughout the ,~nurse nf 

tk:, 1:t:se,trch .·rnd both types provided very s imilar k'.vels of perfonna.H.:t. Both te~t 

subjects \vere fiHestcd '.Vilh both brands of ha.If nu1sk respifator;; {ming t lv~ TSl Porta­

Count .ivJethml b{:t\ )re any tes.ting was performed. This Porwcount rnellmd is :,1 direcr 

measurt·ment using a portable c,>ndensi.nion nuclei e{mnter w determine the v.·cnrer 's 

eqaiva!enrflt i'iicr.or durin!! dvnamic rnovltH! ui1d. breathirw cx.en:ises tbat arc desiqied 
l,> ',W~~::, the p~,spirntorss;d; ln Order to si~nu!nte a11tid1;tted \~Ork w;;tivily,17 l3cHh 
t(:ht subjects exceeded \he required protection foctorleveLof l 00 during this respirator 

fit~testing. i.n additi,>n, fiHe~ting ,\daptors were purchttscd from both rcspinttor n;mnu­
facturnn; and 'Nert! used to determine re,,pirnhle dttst level;; inside 1he f;KC piece of the 

reispirator dt1dn~ field testing of the rhrc,~ dothe::. Cle:.ming methods, A spedal samp·· 

ting chamber was also fahrk:at:ed of dear ple:dglai'is ;:md used for this testing . Tygon 

n..tb1ng: wus comkci.ed from. the barb fitting on tbc respirn1rir to this sampling ctmmbc-r 

which wns atrnched to the inside wall of tl1e ckaning booth. A iO-mrn Dorr-Oliver 
cyckme \Na:, 1,) c,ited lnside thh, se,1led sainplirig: chatnbe.r and w:is then t:onncated to 

the PDR. abo using Tygon tubing, Figure 4. Since tbe. Pl)R. iirntrument was being 
used in the active sampling mod,~, il sampling pump wus used to dra•.v an '.tir sample 
ft\Jm in1ic.k the resplt.!tt,r to the sampling charrihi.!r, thrintgh the !0-mm cyclone. and 
fin.d!y into the PDR instrument. This a.Unwed the re-5pirablc dust concentrntton in~iw 
di the haif- rm:.:~k rcspirntnr to he detcnni11ed and logged on the PDR -s intcrrw! da1a­

Jogg1;:r du.ring tc:sring. 

The :;ecm,d du:st sampling !t.lc~ilion wai, inside the dothes deantng booth, A samp­

ie nwk was attached to the inside waH of the booth and w~b composed nf nvo gradmet­
rk ::im,pling units and a PDR instimtanemis dust s;n:npling instrument. 

The third duin :",iunµUng k,c~1tlon wiis lmnx:dbi.dy i}utsidc the clotl:ic~ c!eai1ing. bu­
~)th and provided infurmation us l() any !c.:1kagt· or cuntamlnati()n fa:nn rhc bo,:ith w the 

oubide milL The outskfo ~.,1rnple ]oc<ll.irm used thi!.idemicai !.e;-;t sdup as the inside bo­
oth k ;.;ati on. 
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'T'h~~-t\VO tn(}tH. p<JptdJu··typqs of fabric rnaterial covcr;1Bs v.~etc e-:.vn{o:Jted in .thi ~(·r~~se:H\;h 
<"'[)(~) > ( rnp " )fr'." ;> ;,·~·('\t•f·,r''7" >~ t1(i ·~ l''\l'''l.! ~~ f:O."' f '',lr>·1·• / ',' '\[ [' /)('c 11t ·~1s t ·1' t··- 't) Y< 16~ 1·~, ,1· P"t '.._ ·(,, ',) ~·, l"··:,,,~l ~ -, f ' ''•' .. , · t1··,r·1>\ "' ,-,:, , ,, , ,, ... , ,,~:~-,st,,,, .,.,. , ''· I''·' .,,_;,,,,te- . ·•, .. \__, , __ ., '·''--::' - <ft:''<.--·-,- .,<, .. j-.- VI/<:,, ;,,<;,: .• ,,. , , : •-•.- U.) <.(. , _,;, 

Th.: i,,rn1,,, -r1:1,,) tfst subjec1s Wt~re u:,ed in bolh of th; !fold tests pre:-,c;mc·d in this rcp(>rt. 
In udditinrr* t~.ach tesr: subjt~t t HS(~d ~-.heir· ntvn 6(.~ts o f COVt:.rr·dJs. for the erntre :1erlcs of te-~rs. 

A very dr.:'i,iikd n)ve.raJ! ._,,,,,righing pnK:edurc v.>:,1:, performed ,.vi rh tht- gQ;d oC qw1.t1ti f'ying 
tht~ d'i\:clivencss cd e,Kh of !ht: tbre,'. dt:ining .rneihud~ at n!rrioving ciu~t }oiled on th(, 

(.\VO types of COV<~niH.~~ for f;,oth tCS1 ~-U f(jt!Ct~c~ ···:fhiS deiai l,t( V\t(dghi ng. proct'.-~~~ }s· CXp.iain~~d 
in ,\ppeni.ii,: A, For -rhis p;:(KCS$, fr 1;va 1, necessary to al'...:courn. for the ,Hnt) tm! ()hh,1st tha1 

'h'tts lo.,t when the s:over:t!b ,.vere plm:ed in plastic hagi during the 'Ns::ighing pnH:c'.;~,, a nd 
th<:· arrnninr ~;r dust rhac '-'c'<IS lo:,,t when the 1es1 sub_iccts w ere donning and removing the 
coveraJt,~ befon.: ltnd after the. c1cnhhlg p.roc~ss~ 

'fhb deiai!ed ·weigh :ng pn:,cess abw provi(kd :rhe amount of pnxlue! th m w,is remo­
ved from c:1<:b type nf covcrn!! d uring the cvlllu;it io r. of ihe tbrei'.· ckuning rndhmJs. 

J 5, Test phm 

Ri,:.u_!ti; from _the ht~! ,wo t'ieid tests pcrfr1rnwd in this rC!'.{'.an.-:h eth-.in wi]! {i.1 pni,;cmcd in 
!his ;t!fRWL Test ! ,;v;t•i nerforrned dnrlmt. Apd l 28 "'" \4av 1. 2()03 and (:vaktimtd uH three 

) . . ( . ,.,.,. . . ., . . 

ch~nnlnft rnethnds, Air sptay manif<ild A with eighwcn t\ tr nozzle~ <,>,·m; cvalun1i'.d in Ufr, 
nr~,t study . Bo\h :;ub_iects pe::fonried h!i,d ng u&ing bnfh cover;:1 l l fabric t)1pe$ fr:,r th,~, thnie 
c!erming metin)d\, Tnble J HhO\'l}, th•! ovm·all te tH sequence u~cd in ar: ,,:ff\m: m rrd n hni-



Z<.: ;C'.>t bim, . Thn::c runs t'.01-nph:1cd nne seqnencc, T lH: ,;nven.d!s wer<: hi.inak:red :Hh~r· 
e~ich '.<t"'.(.!UCn~·e· ;m<l it tn,>lf. thn::.e \equem;:;:s tocornp !dt: one i:esr. Hy ,1,:,l ng th!\ .smnpHng 
i.-nn1ocni. ,: ,1~h dcu1ing 1.ccLnkp.1<': w,6 cv,d.u:n(;d in .1U thrni.;, rur; po:.; it ions ~tfter the ct.we­
raH~ \Vere hu..rrnJer~rL ( }bv~o~siy aft.c.r lhe flrst run .. the (.:OVt~r;ifls n<:rve)" rt~r:urnc·d ·t~) c1 

com pk:te!y ,;;Ji.:,, :,.n :~f,tHis until after being h!un;:k:n:d . 
A, f t{:r field 1e;:, l ·-viis ,x;1n:pl,:ni!d, ,m(ith~r l:.iborator-y ~iwdy >.vat; p,l!rforined in tm ;,1:~ 

tcrnpt to compk!!.:!y dlminate the st,lping ¢l'fr:ci with the nfr sprny .rmm ifokL A i.r sprny 
manifn!d B wn,:; designed ,md ffotd t..::i;t 2 w;rs pc~.rforn1ed November ! 8- l 9, 200.:\ , Th(~­
n.1 nppear~~d t.d b~ no z..1.dv~1rnuge ui"·re·peuting the \tut;,.~U tHning '-H"id ~1ir h(}SC t(~srs.,. $0 (H1iy th~ 
alr spray ,mmifokl B testing wu:; perfon:n~d, Al.I of the cnV<iH'.,tlls u'.':e<l ·in rhi~ (e!'(t -,v,~re 
cv:d 1,mu:d for thn::.~: nm;; befon: being foundered (Tai>!c l. .) . 

'l\lhf-~ i , Salllp~c f;~"'qnem.:t: u( (:.k·m:~fn~ t,;~c hniqtht cfo·.~lning 1'H\htf t(3 rn~uHni/.~~ tt~~{i bins , 
~ - · - • •s~ •>,-,.,.NWH; ·- ·~ -....... ._ 

--------- Sc~--ita.:n~c . . ;t i 
\/':;..: t~urnirtf 

/\1r ho s:e 

;\"it· n~(.~n i fpl,.I 

~-~t<.~·;a'$~nfn~ 

.Air h\'.t~,c 

/\ tvv(.1, ... "\1.t;;)y Iu11dytds .of \/ttrkuice (./\N().V':\} ~~v .. as perforrnc.d on th.c ~:.rnount o.f du~1 re1nrt·· 

ki ing nn the cover,slL ,.\fl.\~r c.iem1ing, T he 1na.in efl°('.,:b ,vere c<,1vemJI. n:,a,i:.r-ia! tconon v,,. 
polycsreri<::otton bknd) .md ,he ,,.:fo,ming tei.::hdques (vacuum, air hcl:>~. and :i.k spnty ma-• 
nifo!d); V>/hen it significant main eff.:ct was. foonct for the deaning tec!:mique .. ,, lest uf' 
p~ir wbc. e0rnpadsm1J:\J()r group me.am, 'Na.:. pcrt'onned io flett~rminc ,.vhkh meuiit, were 
signifk:,mtty d ifferent from each o tlH~r. Because the smn1)k S ILC:.i v,ere und1uaJ , Tukey\; 
Snufonl.iz<'~d R,mge Test foi: rntildph:; .:on·, rxi.dson:, w,1s used. Before comk:cring the 
ANO\! P., 1.b~ di:, tribmh>md pn>1x·.rrk:, of the depcmfont v;rriahk•. wen:. ~v.llumcd. lt \va;; 
nohtd 1h :1 t the (listrihtdou c(:mtained ,,;;oms:: outlying ob~erv:niom,. Cons,:qu;:nt!y , th~ 
.m,tlysi li w as dl'.mt~ irnirig both tl10 tmtran~ronned and th(i fog-tnm:,formed <fatn, · 'l"he rc ­
,-mlts were .identical: thcn.:fore. only the n::,ults for :.be rnitr,m'>formed duta nre rq::,()ned. 

Ar, \ndepcndcm sl!mples t--teM wa:<> used ti) test l\>r differences in tb: amot.1,H o(du~t 
n.::muining ,m th~ ;;overalls bitween afr :;pray ii'!anifo/d dc :-d g:n A ,m<l H. This :;rll>:;et of 

the daw :;iH><.ved n dt: viarkm from norm,ility; thus i:he ::irwly:;i:-; was again /1crforme<l u:c.ing 
both :rctn~fr,:-mcd and u1Hrnnsformed v:;n;km~ Qf the dcpcndcm v:1dnble. 'fhc conchisi• 
on '>','at, th,~ s arn<i'. frn·t: ,wh nna!y~;i». Th,.e re :mlrs for-rh,: tmtransfonned vadai?k .i.n~ n[(.ll}r­

ied . T bc srn1i:1tk:,tl :1n~ily:;i:~ ',N,t:'> coi1ductcd using SAS (SAS tm,ti tute foe. C\try, NC), 
R<:su)t$ ,vere <-'O!lS kkred slttii~tic:·ti l:;<' ;-;ignific:mt if the p --v~l!th~ nf the te ;;;t wai; < J)5. 

Thcr,: were 96 cnv,,~rnlls it rd yse:; p,:rfonm.:d in field test ! and 43 frw field u::;t 2. Fig.u­
rt• 5 combines the reM1lts from both tests unJ indica tes the ,irnn unt of produt;,l 1v rm1ining 

·on the ;;;(w-.::r-,db for ¢,t<.:h of the th.ree cJe,in1i1g t(;chniques, Both <.:ovc-rnll mut:::ri.ds \Vert'. 



~J na.l:yz<."d ~;;(."pttn.u.ei:f (tir ~di dna!ysej p<.~rf\)rrn~.d in ·this rttJJGrt . Thh~ . . s;rn.ph ,~tea.rly ~ht}<..v;.~ 
thnt t.h <:.~· ncv'?t:y d_esig.nt:d ~,;foth~~.~ i::lt~ardng pr(k::t::s!'-; u!.ti.n,g H10: air 7;pray nn1..ni f(~td \Va!> th<.~ 
rnost ~rF=:c t.h..'c tc·chiiique ut .rerr1cn;i-ng the dut:;t f r(Hll both CO\''..:,~rutl ry1.')cs ... friUt]\~ied by l.h(~ 
v.acnun1ln_g· tecb.n.ltJUC:, "rhs.:. air hos0 \~/~~5. th~ !c~t!it <::ffi:.et:!vc o:f tht! i~t:.~hn:lc:J tlCt~ for boih 
{ }{ pi~~s \) "!. -<.:-o~,;~:r~.1l ]},. , 

.Pi~;, .5, :31 :?N'~ t.$1~.< i.~( d ?-t:,.1 1•e,:h~-::.i'1ti s~.tf (.HJ s: ·o ~·/..'.·.t9JJ,, /f{.,HJ. :h,··~:c {-.fnlht~.:.; t ·fcaninp' ff??·i:rn·<f(if,". .. 

'>·t,fd~ t~, ·o 'i '<~<,'f.'?"Gff -~\/~f~.'> .: 

'f h,: m:;v; ch.i thsxs c!:e:H1ing pm .. :css wris v.; ry t.1ffk:icn i, b,,::.q1 ui,0 ,d l th: wod,cr n,Tikd 
l. () .dt? t\! .~i.;; ·to si(>\vty sp in ~1rr'.':1.ind fn f r {>11 :1 c .f th&: ,.1:ir spr ~1y· .1n~.1:ni.fo.Jd-~ \ft/ith the nul"..zic:~ :~pn··· 
<;,.:z! nn 5. ! ,:m (2 in) c,.: nR•r;, f(H' ·m.tn:ifokJ H , vhudly 1hcr<,~ appcar'.:;:,d to be .vc.ry cffoc:t i>.'ii 
de;mlng (\;,r~iH an;uf, uf th(' wnrkcr ':,1J!othhg,. Tvm m:e,\I.ithat t<;ok some oifH~0hd ,\tten-­
tion w.::-re de:,n1ing the inside of tbe :inns fmd J,:g~ . One.;: ;,in individual <.vas <ible to <.)li­

i(~kly ·1.1;.~.arn ~-1 sirn:ple tt~(:.hni,JUt: f(} cft.,~x1n these r1ts.i!<1S~ the end.rt~· pt\11;<.~s~ >;;y:.1s ~1-e.ry brie f and_ 
sin:\pk to ped<.)r:rn, 

This s;vas not the ciise !'or the otl H~r two ws.:hniquc!> . Hoth the vnnmrning arid sin;;u 
le :.:omi,re~six! air hose tcc!rnique;:; were very an:luom; for tbe ind1vidmd perfonning the 
c!o,ltcf. ck,rnin": wdiniquc. f•o, vm;;uurning .. tb<.! sticfron hoi\:t: ',,v..u~ ;rwnunHy moved by 
the wst S'-,ibjecr In ,1n nuempt 10 suck the dm;t from th~Js dm!1ing. 'fJw t'itbrk m,.ns:rla! 
W,);i ,.;i.x1lti.Jrn0Hs!y htdni::,..:,;1:H;:kcd int(i 1h 11 noz,;d(t c;n;t'.'s{ng ii rn s1ick, Tht~ ,:e:,t s(ibjcc t:, v;o­
uld th~n pi.:H th~ nozzle fronuhe do1hing and i11ov~ it w anmher ~1.re.1, w hi.ch s.vndd ag:,­
i n c:.m;,;¢.the nozzle to stick, Thb ,;yde -..vns r\~pi;:,n.ed ttnU! tiw ck.tiring trt&k: wns "·on1p· 
k,1.cd . The de.;iniJH~ tedutkp,ii; ,vhl\ lhc -:,ir}g!c nlr ho:,e ,.v,1:-: ba~i.c,1Hy the S,fmC pn)(:t::,~ 
t;!Xt;·ept t:hat the a1r· JH'r.r..:r.Je nc··,,/cr bi.;:ciun~ at:tc:_~t:llCcl to the "h.tbri<.; nn.tH.:;ria1; r~·r~.tsrr~1Uon ~1nd 
fa ti g1i,;: h:.•ie1s 'W(:'f?: dcflnhdy sigriific;tn r h ictoh, w ith !:>nth i,k!tvidua!'s pcrfonn \ng :he:,e 
tv,;{> cl()dics. cit:.aning t:~.chn i,.p.1~s. 

:\nmh<.:r fa,;.tor that impach:d both ,he vacuuming and air .hose tcchniqt.,:\,; wu~, the 
ln<ihiEty or the Vd>rks:.r\:. Hi denn lhc hack port ii:'<nS of their kgs and back ,o,in t'.;;:, it is .im·· 
possibk: in V!'.',Uu!!y .. kv~nnine ho ,;,.: <:. ffecrivc nn,: is performing the proc<:ss h: the '.'.>;: an> 
a:;-;, /\nc>th~)l" i~;su,~~ (n r lh~;! v.H~·t rnajnrity· -nf indivh.h.:ids h~ thtit h t~ ph:·lS. ic~iU;/ irnpns~ibk~­
r.o eJ'fc;..:tiVC~Jy ,.)i(~an t.he$ t.~ .an.~~~-~~ > r,:.:-~gtff{• 6 i n<.iii~~~its;;.:;, "f.bt~ l~!(~; .. 1n"ing. ~~·f'f;,.~cti\·~r'lt}S:.'~ -ftJf_ the: h!lCk 

of <ai(,: i:i f tlH~ Il:".S, ,:; ubjcct::c. t'nr all rhn:c cleaning i c.:hniqu,.•;;;, 'fhc,;;;;: photo'', 1!10·.,v ,J1,: !i:n i , 
t<..Hi<..Hl~ to t.JetH)Sng: varhJltS ar~:;:i/\ ·\vilJt the vt:H:uurn .nr·singic alr hc~st~ t\."Lhniqut~,. \\:f~H~ ai····· 
'.,n indk;Hin.g tlw ;;:ffocliVe n,:~,s >.virh the ,dr :spr:1y n1anifok! dcvh:-s:.., 



/\mnhet h;ctor cleariy idernified _ in Fi gun:: _ 5 is that tile polyeskr-<:t>ttnn blend ,..;n\'t:­
rn!ls cleaned mnre ;.:·tJ'ectiveiy tbun the LOO pct cott<ih C()vcmlb for tdl three c!e,inir1g 
tcc!rnkrue,;. No atteiitpr wit~; made UY!ook at the physkril nr clwrnic al properties of the 
two fabrics but nbv inus! y the polyester!cotwn rr1aterlal provided . n mw::h eash~r re !ease 
nf dk du·:• t n- ,~iicl,.,~- "'-!v·ti1t'-'' •1ei·1•> ,,,,,_.,tr<ir·,, .. ..,.-J ,·-·r f'i inwr) fi·om ihe f •l::rr;_ .. ,1 ,: irt<' (')tl."e-,. (,e -· · . ..,. . ,:-,. t"(. ... S. - .~w ~>< . 'I''°' ·- , ""'· <,. S • • 5 '\; >.,<..v . ,, ).1(,.--~ .. ,...< _.. i . . - . '" ,,.. . -. ,_., . ~ 1,,,. 1,.. ,;,- . -~ · • ... s ... , .... 

::;ittgc ;;iir hc;:;e ,;;;r Jw ult spi:ay :mmil\:,Jd &ystem. This fobr k d e:.i ning factor dei'iniie! '/ ne­
e th to be c6nsidered ""hen the <:.·lorhcs deimlug prtn::ci&s starr:-;t<i he imp!cn1inted at work 
',itcs, Obvi.ousiy. it. i)i far more ,1dv,int.:1genus t<> hnvc workers \.vcar c(wentlb that dw,t 
rnay not ns t:asili,1 adhere to :md thut cleun n1orc et'fo..:1.ivcly than qtJ:.KT types that do noL 



'J'be -~tvt:.r:1t;t" corn:.ctt~d f(;. !~.pin'Jble du.sr cont:cnt1Tit.icj,ns re.t (>rded by the !~J)f.{ cit.tU 
insi.n:1rn,:n!'.f; ,H rht'. 1hrts:: san.1pk. !oc.uion:; for <:.;ch te_st St>.<:p. 1t::1i::c an:. :.hov,n in T,ibk 2. 
AH th..;, od<i nun;h,:; r n>,ts in tbi.s w.hk: corr6pond io resr.ing paforme d by ;,,;·s t subje,;;1 !I.I. 
th: even number re:,ts corr,.:::s;pond to tJ1os0 pcrfo rrn~d tly res\ subjti-.:t !12. T'h i.s data sup­
port~ tl nur.uh(,.;.;r of <Ufl(!r~nt sigrdficant arettS of this r,~s~art~-h,. ():n~ ar~5a t, 1he effectiv~­
ne.ss u t "·i:1n tnin ing 11 1! i:b,c: dnsr generated during the drnh,~s ck:.ming proc1c's:, w inshJe of 
the booth . For nll 1e,.ts, and rnorc spe,:ifkully for tl.ti~ ,.tir .s;pruy n;an!folds t<::Sts, the 1mt­
sick bond1 rc5pirabJc dust cont;entr:;n-i on renwined M. or nc:;;r ;,,;;n, fr)r the v:ist. n1,;jcri1y 
,1f i;1.1mp!ing "cquenccf,., Fnr th(kic C}b '.~S v,;hen dn~t wa;c. re,;.:nrd0.d. tfH~ dut;r :,;;,nirp l fnv ill~t:­

rurnen.nition \.Vt15 d~:tet.;ting dust thnt. -s,;vas f.1t:Uevt-~d to b(t t~1~nern.tf:d in other Hr<~ax t:ff the· 
rnfl! ,;nd then drriwn over the sam pling locmion ns it was pulk:d into th,~ ekaning bon!h . 

... Che insfdt.~ b(H}th s~1rnplt Iocntion sho\.ved ·very lo,v du.:.-;1 h:·vc ls during the vat~tk 

tnrdng tc.:,ti.ng, moder:m) kvei:; dudns 1hc :.,;r h(,ise li:sting, und higher n:spirnble dust b, 
vc!s dur·!ng th{) ~-~ ~r ~pr;ly rn~·1·11·!fold.1c;:-:ttng. "l 'l11):je ret-1ults c·t)it1cide cx~1c;...ly \Vil.h \~'hHt V·!()· ... 

ukl bi.,;:. (;Xpe t:1<1J .. 'These ~~xp,~ded v,d iJes cv~n hold n t i:1 
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\\.='"hen corr~~der ing {he t.ncreast!. ln tcspin.1bl t.: du~l le·v(.~fs \\.·ht;f'i rrardfold. 11 !;:; ;.;ornpi.~ ·· 

:-c:d io m;d \:dd i\ . Sh,C,) m:Jnlfold H h<h 27 ~dr m);,:2k:;; (-r;inp;m.:d tu rn i'or rn:mUokl A, 
th(· dt.1s:r ;~viii bs.~ blo\Vn frorn the. {;·ov!;r~dls rnfJ(;h r>.::>ler , 'iJH..:lt~:1sing aht~(:rnc~ re:;p! ~·fibk~ Ju~; 
h:-vt:~s . [)1-t~~t h~·';(·~·is ;;:in b0 f··dth,~r hut ·the hYtal cienn.ing dtn<(;ti.nn {~: ~:horter. 

l .Hsr-~ P'f<.1b.Htdy the n1ost in1pr~rr~~nt =.n-t:n is th::.; r,:~·~rJir<.~bh.: t.htsl h~··h: l;,; in~.id(· tht; h;.Jf ... 
nE:t:--.k t"<-~<.~pirntor uftht~ ~.t: .. ~: .. d ~~ubjects. }\\"Jr t.hf· ;.-ncuurnin,g ~:)·~~tc: rn. res.p}r~1bk:.~dusl k~vch-; rr., 
n·l;.tin:..;d ;.rt f~t~r~':? t:.·~r ~til f.:~st scqucnc~: s,.. E;:(~ept [or n.)~tr st(fti~n{.:?.~~s ~}y;h!i th.-~~ r~Jr hos(~ ~ !(~ V:.:!i~ 

:·;f,..;: t~ r1.~n:~~.in(:d ;.:: t :z~rn. \ ~{{i h tile ~.ilr .:-;pnty n:uu1iJ"oid. ~') Y~~ re tn~; ~ O\·er !1~?]:( ot' ~:!i t<.:.!~t ~;cqu.('~l ··· 

ct~ ~~ t~!sn rt>f;lH.incd ~i ! ?.<.'ro r~spi.rttbh: dust. ·rt!(:~ hight?St ;.:~ven.zg(: r~spir:. ibf.~ du1a h.!\'t:1 r~ .. 
{~{, r<lc<l i~.>r !hi~ ?6 scqrit!n~:t.~s \\·:.~s ·0.52 rng/n;.;·?- ~ ~1lthc-1l.igb tbl;f v:as t:}l)v!<~u~·iy not. t:ypic-ul 
since the a>·/{?.ragc f~) r ~)Ji -~>cquen~;0s \V;;;,-:; 03);; .a nd{} .02 rn gl.n1,:: f(;r n1an if<)]d /\ ~tnJ lJ> f ¢~·­

p~td ..,/ely·. 1\;;;:.in~ it nH.r-it be .n.::nh:r~1hCrCd that th ih is j\yr ttn c<\t re:n(tly shi)n du;~:dj<.;11. .. 

Since tht~ ins:ti11r;)H1.:'0t!~ Pl)I~ {:it.:.:-;;,. n:,:nit<)rs , .. yere l'ecordii.ig respir~lb.l t~ cl tisr, t!1<)11cc~1trr~~-i --

0 11s eVi!ry :~t:c(~ 11 d 1 1th~~ extent (>f the du~t c. !oud fri>nl 11·h} till' $l)l'll} tnu.n.ifoJd cI~;.;.~ 11ing pnJN 

:...'ess 9,/i th!r~ tht..! bt:~()tii us~JaLLy k1stet'.~ ft.)·r !r~s;j thn.n 30 :.~e-condr .. . r;a~r.x! .. upnn the re.cnrt.k•d 
!.l~Jph;nb.f..e Just conct~ntr1.;.tinns n.1easttred in~id(~ th~ ret~pi.r~tt.or u.1·td the fe:tgt}·;; of this (.<:xpz1N 

~;.:urt~~ tht .. ;\::>~Jh::-:: Lndi t;.;!tc the 1cv~I ()f ~;-n.fety prov.idc.d Rt th<· in(H \1idna f pr·rfornfi ng Jht:~ 
c~eU::.~.~ ~:1:.~;,ntJrg prnt..:~~s ·\v'iih the n(~v.rly c\.~·ve!i>pcd .sysu.i;in . !n nddi-ti(~-n , tht r<.: \Vr~:\: V <.rty 

(~·t1 rnp;;ir~:ibk· r~.::~~tdrs for both te;~ft .::-ubjects during l1H aspect> of rhj.~ te;;;t ing·. 

~THblc .:3 ~!10 \~:'::- th<.~ tivr;r:~g(~ c~ e=-·~ning tirne fcrr th;~ thr\~r; c1cnnfJ1g techn iqut~s c·viduat,~J in 

r.hi:~ ~~ tus.ly ~ C'1ciin ~ng tirrvJs nrt,:, pn;.,~~i.:~.nr<~d l~)r both rn:~11~ l\ )kf /\ 8: f3 ~~nt:e rke 1in-1c \v ~t.$ n::­
rh.:·t;t~d \vitb ~h~:~ uddit.iona] air spray n~.Jz;Je~~ of .n-ntnifoki }3. 'fi rne~> H.rc aJst·; pn.;;,e nt~::,d ~1.>· 

pi1r!Us:dy f::H·· th~.:~ t~vH coveruH lypeti b:.::c~H.lSt.~ th..:' te {terr: sunH~ :-;~inor d!fft~re·nt>~:~ bet\vc:--::n 
th<,:· ts.vr~. ~rJ1is 01:<.:nrre~d b;.~~[_::~us·e the G(Jt·~c ~~ (·(,v~·n~ti:-s -.,i/crr~ nnt ;..;!(~.~1.ned ati e,~·~!::. ily ~2tHl t. he­
te.st siJbjCcts >;;pt;nt fnore rirn~:. in the (·k~alting pri)Ct~:-;~; .. () bvioUf:ly ~ the tf:'·~~. ;~tthjccts rn~: ... . 
nu;,J}y p~.rf1 .. Jrn1t.;li the c ~~aning. prr~ci:~;~; ~ising both ttu:. >/at:..n .. ;.rning and air h{) ~,~ rc~hi1iqu-, 
,:~; d,d th,; t,(.:i.t::.d a:k•,rnin,} !.i:nt: \·v,1~ r!1:\k' ;Vk11t on such fou.v,r,s as the ii1d iv:dt1 ar .~- 1c:ncr­

gy t~vt.::~ , ~, .. i~:~~ ~~1i ·:1g ·r11::.i(.:k110~~s.) :flr.:x ihl"f ity ~· ~:;.izc ~ f~tri.guc . antt ~.h~: i r pcn.;<ii. >-./~J( l h~v~:t t)f c !t:-· 
DrHng . r~nr· tht: ~·tir sprny rnHn ifoid (J;;vh.:Z.'v th(~ ;~st .::,;tthjecr~ .... <1b!Et:y<o ·1./~1ry tJH: ,:ietni .i ng. 
t~n1,·:. v:ns ii nl ~tcd h<:.'.C~t u~;e ;:1.li the sut~j<::.tc h~td H) dtJ· \VHS tn spin ,.lround in .front. of the ;:1ir 
spnl)i n1anij\sfd ~ )'fhe .alr :,;pr;(y rri,H:rtfnl:J \i/~)~ by far th~ ·qui ckL~~;f rnerhud ti-v~iHab.k.c. 1\>r· ch:- -

c: ~if!~J:~ p( ~i~/ :.; ,-.: ~~...':r n r~~nd 
. ...... .. . ........ . _. .. wdN-... ~ . .,. . ...._,,..,,, •.• ,.,..uA•.w ·.·•"" ...-u,...,....,,.,., . .,,....-----·--v-..._,.,.,,..,.,.=-----------·~ •• •••••• ••••• ••••••••• ••••••••'"•...._ .. ,..,,. 



3.1, Statisth'al data mwlysis 

Thi:: data ,:olkcr;:d d uring the t v:<> fie.kl !esb ;,v,in: ktatistic.n!!y ana!y;,:c:d tu dctcnnin.;; (h0 

~) flCet.ive.ncs$ i:Jf the thn.X.'- t;1()the!i clea.ni ng 1ecl1ni<1u,~s ~u1d .a1st.> lt) C()rni;ar~ tl·1s~ ¢(,veralt 
fabrL: U:(\fi.t rLd:; , T he am0um u( dust" remaining: on the covi..::rnlls ~\ft:cr ·,,Jenning \v,.is 

,irwJyzed ,vith .i:t 2 X 3 AN{)V-f\ .. wirh covcrnll rna,eri.ri.l and ck,inin,; pmc~h:> us the indc­
p0m;k.'n!. vari,ibics. Summary :~tatistk:,. u1-.;.~ pr;;~;;mtc.J in Tubk 4. The rc:.-ti\ts of the ANO-­
VA r~r.e sho,,'n in Tabk 5 . The nmi.n effect for cov..:rn!i rnuterbl and the main ;;;n·,.:·ct:. for 
deaning pmc,::,:~ ,,.,.cw both stathtict\lly ~.ignifi<.·mn: t.be i1it.:·r.1,:1kni d'foet 'Nas mil. it v~:u, 
found that !he poiy,.:.~~:tcr;\;otton fabrjc n1alerh!i <:·le<o.u1e<l I1!Crr~ cff~(;tivc'l y~ or held ie~s du:::.l ~ 

:d'ter c:kar:lng th:m tbc pur¢ ;;otton rna;eri.iL Sl.lb$equcnt :i) the ANOVA, Tub:y 's test 
w,\s used to nu:kc aH compariso1v. betweer1 the 1ne:ms of the different ch:aning prrn;cs­
;:,e.s;. Sign 1 fk ant di fforen::,;:c. were found between the air spr:1 y n,;u, i f'okl ,ind a ir hos;,~, imd 
bctvit:Cn the uir :sprtty r"l'·r~utif~)ld und v,?.cuun1 .. ·No thfft.ren-te \Vil~ fou nd V·lht~n th{; rdr ho-­
St! a11d ·vat.:uu.:11 prne{'~:,;s.e:1~ 1:-.}en: <~i)a?1 pnrt1d ., 

C,:,tinu 

Oinon 

Pol.yt;~t<:-: ~· 

P~1t_y~1;to:' 

·,1i,cw.m1 

c\irhi}s<.: 

68.?S 

46.24 
6'.U! 

so --- ------ -·· 
I 'J:..jJ 

14},;f) 

!2XH 

·r,~bl~: ~~ , :\iLJfy,\h1- r~f \-\ Jr-h.trt..;:c tA :{;()'I:\} f<>r ~u--utn:11f <;f .~ \t..t n~nl~tir·tiog. on s::nv,.;:rntb {j.r~lntt; ! 

~tlh.·r ~li::-.:1ning ~·or 1'e ~:t l . _____ ,, _____ ,., .... ., ___________ _ - --------···-·-------....... _ .. ,_ 
Suun.:c ----
i\-l~a,.:ri~ll 

Pr<",t::c~,s 

·---- - '~'jc..7 __ s_··1_u_n_,._,!_: :-,_·<;~_u_::1_1·,_-.. ~ ... _- - ---~ ti.·h::;H\.}_,lJ~ll-rt_n._' .. ___ F ___ ~P-· __ v_u.{_t t_e. __ _ 

1 

5l99j)l 

5\!00;71 

4~r't22 

5 PJ9,9! 2 !.L'.\ 

25()0.'..l6 · 

2Vi. J I 

l (lJI:, 

· :m 

[k.:ause \ht manifold was signi fk:antly rnodifi<c:d b,:t>.ve;;;n t he fir-, t :ind i,t~cond field 
:-e:-:ts., the ti.vo dift\~rcm :dr :-pray munifok! de~\igns U\ & B) wcw s...:ompm·ed u~ing a HC:~L 

T'hc ,:.:!eiining ,~ffecriv,::iness of ai r spray manifold B w,t~ :,lgnifi cantly higher s\jhtii com­
pnn.:d 10 air .spray manifold A. These rt~suHs me shovm 111 Table 6. 

T,;hl~ 6. ~.::f<;~.tn:; ~ SlitrH.i;.'trd ()i::;'.·dt~tic:)'0:\- .. frn.d t··Va]uc l~):!' ~.l rJK>UHi t)f dt.~:-.l rt .·.?~l~t:nii):.::: . 
. Gn c,.~.,...t,.~r1i.U;; (M.r;.in}:~n ),:-.ith t,{1n.nHh kl A .. ~'s~ld .fl , .... 

:uo .0007 

B 12.40 



·1n ~urnrl'l ~1ry< :-:ignll"i(~::.nt difTer~nces \\.:s..:·n> <.k.·f.,;,;rrni n<.yd fur the. ~.:1t<th('S clcani·n;:~· pr{,·· 
c·(·ss u~~~ng 1hc ~.th' spr~i.)t rn~in if~:--std. ,-,~h<:.n conq·)ar~yd. to 1Yilh(~r v~:Cu~on ()t' ~ii.r h·o~~,; h!-;:.:-hnk.;u .... 
t:.~ :=-:,. lr1 >.1d1Jiti<.}rl~ ::~ ~;tali~;rlcull·y ~ignific{1nt dil.t\~r~.nct· v/i!S fnun~.t ~.xhcn c ,)n1]>;JrlrtJ,~ th.·=.:: :u1-~<:J,.· 

tH'>l o( ;ht;;: n:ni<)v;.;d by mani!<) ld n '-'tWStb m:rnifohJ :'\. Ln~\ly, th<.': po!ye'.,Wrkonnn 

bJend type C\.4Vt~~raDs acros~~; :n.U 'Ck::an!"ng r~i..7hnic:p.H.:s \\\ ~r~ ~--Jgnd1canl1.Y ~1e::n1er than tht· 
l-00 p~::t C() itrn1 rype . 

h n'iu:-t bi: imwd thn\ tl,c. dust ~;,_m,pl_lng focation ins itk the h,.tlf-nw;;k re:-;piran)r Jo0;; not 
meet \,iSHA ·:. ,:nmp!hmc,! -dust ;-wnip"!ing rcguhniuns, in ,,vhkh the dust sample would 
bt~ located on the indivh:\uai' s 1apcL Fkcansc or tbh,, when a compliance dtist: %1mple 
\"<'tn,id t".: taken. th:: nir spray nmnifold 'Ni th the m.i men·,us ni.r nozzles blowing dust from 
th~ workers c!o1J1l,1g incnrn;;w, n::;p.ir:ibk dust le-ve!'.'s in rhe i.:-lenrdr1g, booth and !his ,.v,i­
uU cm1sc !h:: \vorkt'.r ' s lapel dust sdn1pk to aho .ine1Yias,1, 'rhis }ri<.:1>2:1ss1. :would be pro­
portional w ih.:: lime :nid i:nagniwdc of !he dust conccntratioii irn,i<k. the cl0aning_ boot:h. 
during rl1~ c lothst"i ckaning process. E.vtm \Vith thb: itKT1;::,1~;,;:, it is ~till f;;,r rnorc. advanta -: 
ge;,n;:; to perfonn the doi hc~, de.:rning prrn:css usi.ng th,; air sprny .rnanifokl rban to .,iHow 
the individud 10 contimit to \Anrk with contaniinakd work clorh1ng:. C onwmlnaii.:,d 
-;vork d otbing h a cnm,t,.m! some:.~ of rcspin:bl.e du\t. tQ the Wdrk,:r ,hnmglKHJt tht ,vork · 
day. T o cr,~rff-:1 a ~:l:wn. duration of incre<,s~d ,.,.orker respi rnbk d\1 ::t e;,;posm-e during the 
,~lrHhe.t> ~~i~n.nintr proc~~~s :iS -st:i l! n,uch nH)f(": ad·vnrn~1ge!'H1;~.·rhan u i!()\Vinr~ rhc \v{nl .. ~~:~r l<> b~}~ 

<.:r:1nt.imm!ly :;;s.:po~~~d i'i\nn .con(:unimtk~d ·,vo,k dothes. For !his tes ting, tbt: re:;pirub k 
dm,t ;;.·onc(::rtrn.tinn irnide the booth would repn>-(;nt the worker'~, t:xpn~un:: during r.be 
dothes dem-~it1g process, Siiicc r.h i,-; ,.;::lNhi.:s deaning process averaged approximately l S 
:c.,:cunds whh ;tir sprny rntm ifold lL the ,e:~pusw-,.; woukf he torn very short ;,_iurn.tion, 1n 
icrm~ of true ~xp,bure to th<.:., worker, :;ince the worker is r,:quired 1.0 wear a flt--r~s.:;t:ed half 
iriask respi rator~ very· rrdrdrnal ex.post1re {,~ veJs. wetc. rcer,n:k:d e\·cn cluring tlte t1c i-uui :.;le~. 

aniJJg pro~;ess, 

,\.:other f:1<::.tor identified during te~ting wa~ tlwt the covcrn!l~ should only be ck­
aned a limited mrmber. of timt:s before bei.ng lmmdered. Th,z: dothes cl<f~:nbg prcces~. 
need,;, tq be viev.:cd ,t:; ,tn interim rnethod. £() be u:,;ed during the wnrkdny and not ns a rep­
!accc1em f{).r laundering. This ww{ nmsl r,i.vidt: nc Cor covera!b with zippers. '<vhich be.;a~ 
me more diffk:uh lo 1.is .. ~ nfter being i,oikd a nu1nber of tfo,cs. lt shculd lh~ rime::J !hough 
Huit the kvd nf soiling for this t::.st.ing V.<'Hs at ,1 \-Vor:,t i.:a\;s;'. s"enltrio kv<J! and covcndls 
wotlid rarely, if' ,:v;:r be so.ik:d t.o !hi:-; degrct> in iln ;cictual work slwation . 

Durlng on(· or 1lw fi,jkJ stutfo.;;; perforni_cd in t:hf,: rcse«rch effort. ti dosim,o:re:- w,,~ 
US('d tc determine ~.ound kvel mc:1su.remen:s as;:,i)i:l.H,;d with thi s cloths::~ <:k::nlng pro­
,;css. Si.n:.::!: ihi:- 1nsi:dhilion \Va,,. in a grinding rnilL buckgi'{)Und i,ot.md k,vds wen: n-H:· 
asurc d \() be ~inYt.:rnd 9 ! dH . S,)und levds inside the bocth were aµp:-oxlrrnttcly 87 dB wit-· 
limit the ~,ir ,Spr..ty rnhni fold iri w;e unr.i t O I dB whtm tt:k~fL Bec~n1s<: of rhes,.,- :-:ound h:-­
v(;b , !11.:: nring protecth,n s:vas required at this uper:itinn k,r anyone pcrt\:.nning thr: ,.:1nilt(:s 



\V ·!tb the (rnJ idr ~~pray n1z:-1nif() id <.h~f-, ign (.B}~ t.h:.:: Uai. Crn nozzle· d.(!·;i1gn c:;..:.h.;nd~~ 7/0 crn 

(; ..... Jf/1 if~! fn)r-n th~~ ~; tippiy rip~:-, }~nd (;rJ1 1id (~~1.:.;ily bc; ·l_::.rnkci, ntf if -~i:n.u;k forct~fully. B<.J·· 
c;:-u\:.: ~Jr ~.h b:., i{ (.:-,. rc;:~ort~.:'fH}tu:.k.-d th:H ~~,kt:.=. t!arrk:(.'.) be in~.:~t~IL:~d tn pn.Hec"t the.:: :.dr ~1<)<:'Jc~· =; . 

f)u.ring fh.::.hI tc~.iing . 2.5.,t c.:i"i f 1: in} \·V~}od .~;.,~·~t:J,;fin/ v.; as :..: .:--.~ ... 'd ,1:.h?ng boi h )~ i;.h.~s of ihe no1../~ .. -

h:~~~:~ rn.:\ iding ttn cff~.~cn'vf¢. b~r:·.her 1:-.J ·rninic::.}z~ ~ht; pi~t(-:-n tJ;/ for nnt? k.~. d.H1HJ.tg 1~. 

··rhi~~ ai r ~;;pr~ty rn~tntn·?Jd \~.-~f~ d t~ ~~.ignt:d fnr ~~ pt;;rsr::n l )) rn {-6 fo in h·/;·~;:J~L 't\di<:-r \Vur ­

k~~, ;.·~-~ \\ L l hAv·i~~ t n .su>np ~~.nd :.Jr~)p tht.'ir ·:-;.hon kk~ :·s fo (~n-~;~;t~ Vi}:~./ c1 )~~nn the! r u ppi:~r body, 

\Vb~in ~i per:?.t)ti.. ~s ~hon~~r .' t.hr t/:p ;Jr norzfa~~:, cnrt be C·over(~ti ·V--:=! th (k?fh.:<.--tnrs tu. pri~~v<.-~nt 

t~)J) .rnur nn~~:l.!t) t> \V:..;r~1 fnndified v.-:!rh dt:f.\i~cror.:::.. nn:~chcd 1.(; U\c }_,.ith.:.\ Y~firde.r:.~ t~ibdt'a(f~d 

ft():n HJ .. 2. crn, (.-l l:i) P~FK~ thar \i/a!~ -::ut in half a:1d the·~1 hn.ci 5J i~ rri {2 hi.t vt ide -~,~ rip$ . 

. L~Uf..~11~~\ \\·\n\~ u.;~~tth~d on l:1nsh ~- idc~i {~r rherit~ <h:flcctt>rs so they :..:nu ld bt; k1cktd in chht!.r 

th~; open or / !nsed pn~·ition, \~h ie!··r cu:_1 be ;;,een in F-'i,gurf 7. 

t t ~hou kJ b<.~ iV..nt:d . t.h'itt l h~ ~d.r ~:prtry .n1un.i fij i{J .c-~Jn b~ rnod i fl~:..1 tu ,~ccoun r ft~r t:~ight 

(.:hurucri:d:;ti;,..;s {)f. \'t\)rke t~ ;.tt ~ndi\··it:iu~.d (!perztifun~~? .f\ddilic~n\tl .atr i1(>l.J.} .::..s could b{~ ,vJ--­

d0d J~;;:· t:d\ir ,':vork~rs; Hkt\Vi:~e~ ~-~~~. ~n :t~.n~= tk~fle(.:t rH·s i.~:~ n~:{..~·{;~~ary t" t)tdd ht ;.H..lde-d to rn ~(· 

<;ddirk·rn.::ii ,-1lr nc>;.?.it;;..; ~xn.; ndded t)r jf ·~H1 op~;!ra.n.(sn ~:~fHi tip~{tes tbni \vndu;r.s v.:i! ! t:~/ ,y;;.ing 

the ch)thet~ ch:~;lning prflcess ont~ tl.ftt:: r an<..r:her ... <i ~tirgc.r ;iir r<:.-cl<\N.'}r t:ink sL·-:-~1 of 05} ~ n,J 

.tr.:{~ 
·: . .=~k_ . 

. ?··,, 1 

S·ECT tC)N ,.t.,_../:~~~ 
Er~t;'ff rqEti 

ww .... - ~., .-. ·,· ·· ··• • 



.t\. pd in~lry ~--~On<\ .;iT1 r<:~.gig\Jing any typ-:..; n f ne'-;,./ 1i>.::h_nQ}t ::gy i !; lhc ( '\~f;f ur ·trn p ictr}e.nr;.t"If<.\n , 

.;rTu.:: t\ >lhr;v ing i:~~ ·.~n1 ~ippn. J.,\ in l-;tte ~.:O~-: l fo r i:h<.." ·vrtd ou..s ·t;<nnp\JfH.:.'nLi:-; n<:~:esshry fur th(~ clot .. 

hf;~~:;~ tk~~fni-ng rrr::c:.~K'.~ : t.~t11.1 :: ing booth: - · $ 1500- .$20{)(): ai r t;(/7.::-.k<: f>,r spray 1i-1al ·i~f<)id : 

·-= $d(:0; {).45 fn~:, ( i. 2tJ-.g~;dh>n) nir :n}:~ei··t·o!r tunJ. ... :. _ ....... $6{K)~ t) r 0 .9 1 nr~~ (240--g~1 non) air r<>· 

~,(~ rvo-~r ~ank . N,/ SH ~)O ~ J); c~n f J_ b; ) r ,~gnkHor: ,,.,..,.5·1so: .F'i i i.ing~/pl p(;lrrd~~c ., ;;uppH~-=·~; ; 

.··-j <?. OO , 'fh~/ i;.O ~~:t o.f rt--::~~: u:nh .; JH.HJ}<i ~.;(':· in the S2 .8UO t{> $ j .~/H)O r:;fng:,.;.\ ex,.:~!ud hi_g ]he. <.~o~t 

u~~t "v• c, ft U'ilC \Y~tS ,).va}·ts) i;-h.; ttnd t,l } ;f}tl ·j ·(:: r l !°~j-~,.;,, ~(ysg;:·~n , \1 ();,; t <::1p,.:..;n,U·i(}! 't~~ tYif ) f;t) ! ha..,./I~~ t!' ~·t~-, 
1u:-~ury ~;:·nd th i-~:~ d-en) H \\lnt h a vt"; to h{': bu ih in to th :::. <:t>s l , 

~:=.f th~~~ f ncd.t(y-., S hh.:/.~ ~ h~~~ ~rn!.u~J nt n f diJst n.~lHf)v~.::.-d {n)tn r~ \\.(t) t k =~:~r ~s ,; ]~ .-~~/:'-ting \v.i l l t~~.: .n.::Ja-:­
i"ni.nor i~ ·1 ;·~~~i ;}~Zif;,~ 1 f { -.; rl ·i~~- ~t !t1ct~n i. r~r a.~r J<(<t.~<1~: \1=: r_y t5. ·:. . pl~~e:,~;~ ri""~~} °t)O·nth t~t ':~J.(: r n~:;g;,ti -f -s.:t:·~ 

t.~ !{!. {·~,; ln\1y~·~ i .. fi\:: <~:·11) .:\ddit ;.~ {n~it t;..::.s~) J}g i~< t>l,~ ~ng p·it~rin t:·d" ~~ } \'\tt·~ t y ~r th ~~, j.;~'. :.-~ ·y ~(1bL.::. ~tli~'T ., 

n:n:~ \; {~~, 

~·~rt~r:~t~n:r~ ~; .. a c !c~rht:~~ ci~~~ ~)nir~g: p :n )).;t::,:/:; s},J(i~ rec~)·n.fJ_y <ie\·?~~ lnped -:. 'l.l :.i~ p·ro(:e.s~< h~r:~; t:-::e(~.n. 

d~~n'1<.)t'i ~; ~)-~tt~~d t <. ; bf' ~:i rn tich ; n (; r i..;. ef~'\::.c:rt vc. rr :~: th{ )<:! t (l r t..'.!l'~t .>"V<!. dt.i \t. fr(J!I1 a v1:,tJ'rk~:)r"s :;!qt .. 

h I r~g tb~.:.:1 ti ·~(:-.thn·d ?;~ -currt>.nUy ~-=s~~d.1:,_;/ \\:( .H'[ t:r~.~- "f f1i~~ p-~·n.c~.:.:.:; ~.; u:.;c~ a t:fl!1tpre·ss~~d. air nt>zz .. 
J;:.~ ·r: n ~.i.n.U·<:. ~d. t t; b k)\V <it isi. f tt; tn !f t<:! \vurker : ~:~ c l'n th.Lng ·i·n :'!.~ ~~ (::l'~(: :! t~f.~(:d booth . ··rbc booth 

-: .. :rrnfin(' ~ th·e dtrs t \v~t i(.~f ·t L; f!··}Jn <.:: t1pnrr·~~,d, by ~t bngh(::tr;;;t~ du~n. coU0ct.t, r ,. :Th(=:: c .J,~)l h0t> (:k'­

un~ng u..: ::..trrdq uc ::..k::v~.:.;kfpt~d &n t:.Ie r th is n.!St::arc h ..:.tfo rt \-~as by far the r.no~;t ~.:. fficii?fH nK=t-,.. 

·· · ·· ·, - . ~ •. '·.· '· >'', , , .. > ·· ·· ·(-,: ·~'1 :·· .. ., .; ,;; {1 <;.;. •. " ,;;· , ·~ ,. , , ~·J ·} ·· ·· · ·; ,, :_ .,. :. ·,_::_} .:_', ,._, __ ,,)_ • .. _'_{_;·~_',<·.:~ -·-·,. ~.'·-·,···:·. ~. i~ ;:,: .. :~ ~ .·~g.··' , ·" ~) -: :: ,;->, , ~-~- l · .. ! [ . . < , · . . ; P~ . ;, ,,..~ •. --~·:. :~ . } - -~ .. ;;. .·~ .. . - C • • • •• • • •• •• 

{-~:·l :. ·(.:: ~·t:;.::i ~:: t:d <=.~:.: :J H~ ~~t\.·' t·: ·::··~ i ~~. }~:'.<)<.~. {i, }-;.:; i·~c ~}(.n :- t: .... :\. ~'<.;\pf ~·(_t t :: .:= i ·~ i:~ ~1·=~/ :'~.:i·~_-::Ji ::: :J{;r ~.·:~ · ~i-:-.} :(;~~/ ~:;~ 

.~\ :·.:·~~.:i t r f ·:, <. ~ f J(~.sts --.v~·1rr:. perf:)rr:ned d~J r :i t1 Ei: ;:~. ·n-.;," L.1 dn!;~ i y:-:..~ ~-~ ~A~ ~J:: ~:. Jpl~:·atir;~=~ ~ n i 11e r:.d 

pr{><.:~:- ~1r j;1g: pl:Jnf \ \: }·11~,.;.h £~hf; \~e(1 tbn.L t11e el(>th(:·s -:~: ·i c·nning_ p t~)C:Cf::.~; ·\v:,:1:.; . ..::.i-0 .3 pct .. .nJ( )i '~~.., ;;.; f ~ 

t~:;ct i \ :t ;: Lh-~in u.:.d r1 g d"{(:· tbdc r ;,~; t t.y· uppn)\;e(i n·h~~ th t ?d t -: f v rtcu:n-rn.i nr~ ~-dh.I 50 J.:, pet .. d-1nn ~ h ~-~ 



,:ommon !y us,.:d nwthod of using ,.1 si.ng!e· cornpn:~,;...:d ifrr h<:,s,.:. The ,:!rnh(:.~ de,rn1ng pro­

~;t: ~~s v·..t tts ~ti Stt ,~up,·rior in _Its cth-ility ro 11ni f~}r·Jn·1y rt:.n11-)vr: du~,t fn>n1 ;.~ 1r tt1·(;a~ f'~r tht; ~-ov(<,. 

ndh ·u.scd fnr L::,<inJ! . 

A ,H.itha f;;ctnr tlw! w,.c~ nmsidcrcd during thb :,,W:Jy w,1~ thi;; dfffor>enct'. in <..'.l>.: rtn1r1)} 

~fft';:~dvt n~ :,:.'i bas0d uponT\Vo difft.!ren~ cov<.~rall Cnb!};..;:-~ , ~fhi$ {e~ting <:.onfirrn~d th}it. the·· 

re w:i:, « ~i!;nificmn. impn:;vern,.:nt w;:i, th,.: ddining cfk·~'.tlliene:,s z~r th<.:- poly,.:M,~·rfs.'.o tton 

hknd cuvend.!s when eoinpared to I.he pure crmr,n typ,:. Thi" ne~ds tu h~ 1.x:,nsidcrc:d by 
oJk:rations -;: \H't:--: idering i.:rnplcrnc:nting thi:~ n<..:.--~v c1othc;, t.Aleat1ing prt.)z.:es~~-

:\nothic'r rnHjor benefi t 'Nn~ th,if th,: ci,,mpleH.' denn'ing proces~ was pc,'i'ormed in :1 

fraction or th~ 11 !~)~; I. ~rht~ Ll\·:eragc c[r:.:.~ning tirn<.~~~ ',~~/(~ft: ~J-~~ fo!h)\V~·: V(lCUUn:'li-t1g: 317 :~~e­

•.:onds.; ai t lEw~:: !. ?l"> s.¢conds: {kil!lcs (:k:ani og pro,,.:,:si,: l 8 >Cctmds. 

Thi;;; t !oihe:, c: k~wi ing prnces::- prnv ides work.en ;,, quick. ~mk, :md eficcti vt;, method 

to ckan th.drdus1; ktdcri work clqthing pcdudicaliy 1.hroughot,t tbc work duy. fr b reb · 
1ivdy ·in--s:xpensive and can b~ e::si.iy fostaHed at any npernli.on, nlhw-Anr s.-1.'orkcc-; in ch:!­

an their dorhing v:it:hom r:ontarninarrng thcim:dves t>C their n :1-\'-'i>rkers , Although th'is 

prnci:::-.~, Was d.::\ ign<:d for 'Ni,rkcrs lll the mining indU!;try, i.(: is app.ftcnbh~ t<l ,my indtbtry 

whet<: c.ommninated work cfothes arc ;} probkm . 

Apptmdb: A 

t)e1,1ik:d de~:cription ()f-~,i.}v,ir.'1ll werghlng pnx:e,;s 

' /1·, 1v·,,. ,,, ... ,., .•. ,t, ,·," ;-;."' '11•'' 1{><.J<: ()r'' l'°'ll'' 1'1,·,·r· lt··w,,,(,,>\l( ,-;f·1>t·'1c !)'.l >'S ·w·~''I' '' i".Pll">l' ' 'n•; !"'!°]1 ·•· " ~ .. ~ ..... .. .-<, .tu .... ~~. >u, t ~ H t " ...... ... ..... .,. ~ c. '"· "t .,.. :;;- ....... ;:::..~t f ' .f.. ," . "c·· •• ~ .... ... - .:- ......... 1 1.. ,., $. ,. ..: i."''• )! .1:-.;.s , 

t),~r.<··1 ''cl~ ·1>0U1 n1·'"· 'lr•d '''°)"i i°' S' ' t\"() ! ., 'l' {4 ft' hv I ·) n1 f.4 f•·) t'k,·s:\ ,,f ,"Jloreci J'.>h;;;, t, , "" •JU ,, ·' ! ' ...... .,. + f'' ,, , _,.. , W.,. , , •< , ~.- t t ,: · j ',,, ,,,: . •- •. A~ ,, / · • - • , ~-/ ,., ' , .•. , C. · ( .,, 

th: brntd<.'.e V-' t '.re identk:iiUy numb0n:d and th.; cnveralls. being rn;<.:d by cad1 w:sl subji::ct 

w-;;.:re also numbered. A 22.9 en, {9 in} by JJ (:rn n 3 in ) nlumimnn pan wtt~ then ph\ccd 

()n n,1 clet:'tn)nic .~cHle and f.an.:d to ·zero.. [inch ( .. 111pry pi n~.r~c b;-~~:! a11d ho1h t.':it~an pit..~{; t;.!S 

of tm:ittlc;:. ,.v(~fe then Wt.:ighed :,epnr~1tdy and recorded. E:1dt ck,m t n veral! \,.,as lhcn in ·· 
:~.,~·:tcd inrn on.e of tbc pt\::~ hag.~~ .~~e .... 'l.veighed and .this l~(elght \V~ts ro~?.,rdt~J. ~fhc: coveraBs 

wcrn then taken outside and soiled '.Vith !imesmnc ~ md, dust. Since th1: ,est far.::;tlty pro­
cel';sed si!ka sand. it w,b deckkd to use cn.ishs;:.d limestone {rock dus!:) lls th,! dothc,, :,o­
Hing <:nn1: .. mi11ant. to IO\ver the tcsL p~1rsonnel's cxp{1sun1 to .fiika during: teMing: . .Sin1;.·tY 
...:n1slwti !tmesi.onc has a similar slz.e to r.hc !.11 Hkd :.,illca, 1\ c bsr:ly mimics !.he r,,:suhs for 

the silk:\ <.b;;t. Tbe ::;oiled cnvcri.t!hi \VCre put brick inw the pn:-b;.ig and then again rc- 0 

'.vdghed . Wbik :;wnding ,in a pk'.ce o f pre-weighed brauice doth, !he h~s t subject remo­

ved th,;: cov.::mll ,, from the plnstic bag i;md put the- cnvern!h or. over ihi::; picte pf t~rJH!­
ce cloth . The ,1mpty piastk b:ig and bl':tltice doth containing ;m,i:h.H.:t Lflm fell ,:)iT v.:h;k 

donn-ing th~ i..:1wera!L \Vere then re--..vciglwd ,md n~{'. Orded , ;\.fier on,~ or th(• rbi\;iJ ch:­

:u1ing m(: thods W;)t, t()mplctc<l ,, the tcst•,~r rcn1ov~d the ..:overall~ while :mmding (Hl a dif-. 
!cn.:m pit;i.:& { if' SnJJtkt; c!o1!.1 rhat '>Va:; af:.Q pre.-wttlghed, ThC.$C covc:rnlb Wt'.;\; th1~;1 p!a-· 

ccd int,.> another pn'.:·Wt:ig!x:d pfastic b,lg. The ,;\e,m0d ;;'.ovcrnl1.s/bu.g and the post brat­
tice c.Jotb ,verc then re -weighed w at:cnarH for any producr th.:.! fell wh.i!e removing th::: 



, .. ,.··JV!'\>':'!!~ •:,nd ·r1Lt:'·11··, ,,:, 1•··1 ;., ,, , ; 11 t.'1·''" r··,·,o ;-,i--,c> ;, .. , 'r·,,1,·, •1···1···1,.f)· 1·•u '1··, ,.,,; ,. ·,.>.!''" ··' '1 '! ·r• .,, ··1 ,. ,., ;,,:,.,1·1·• ,• 
...... ... ... -~ i • ""'"" , .. >·J. W f :_~,' ~.1 ,.., ._ ., A . 1 _. .i/ ··,.,;_1·k ::·,,.J .. , ,."J1,~ V' d, ., ,.:,~I'. A •. ,\:,,•. f JJ. l $_ , ) l - (,,1, $, , .lt, )~ . ':!:", ,,.,~;u , ~'"~ 

pn,-;..:edur\: th: ;;imour: i. o f pn.dH-:-t nddcd m tbs: ,;-ov,;•nd! \'/:1~ de t,:nnincd ,rnd the mnmin: 

o f prrn:luci. f¢ 11'W '•i¢d during !:11 t· ck';rnint ptnc<:ss 1,v;i:n·d::;o <:ak:11 b ted. This l.d k•.ved hir ;i 

t .. :<k~:trling >,..· ffe. ;_·fi '/(~nc~:--~ r.o f .. ;t:.~ t:~deubJ.(:d rnr e(,H;h cd' rh~,, thi"~e cle·rining rn:::lhod~ ... 
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