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The author to eltp~$8S his a;pprec1ationtQ%, the oooper-

of who so willingly oontributed toward making s stud,. 

possible. of the Depart •• ts iigrie1lltural __ '~<"'b"'''''_''' 

Biology. al10 Husbandry contributed tx-eelyof thei:ralld 

services furihera.nce of projetot.':ro follQwlni 

men. special &oknowle4gment is made. 

In tll.8 of Agricultural :~nglneer1ng: 

Seltz, VGeav.r. and Potter. 

In the D&,artmeat ot ilo1og't ,,",~'''''1''"1lID11&!1l!!1'\_ Orcutt. 

In the {) t Dairy l1UillUiJfJlJUl:E"]n Prote.seer l1eaves 

.Ml"_ Ll$ous. 

Reference also _de to the Westinghouse Eleotrlc 

faCtu1"ing OOmpe.1i1 Qf Roanoke who leaned eqUipment essential to ihis 

study. 
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Ul1at"r11e .tlkuteMila ,$re the mejorooD:trtlnlt1a, sour,. of 

:mlero-oJ'pnt •• in normal m1lt (li.Z,6) 111 • pu1Jltehealth 

PJiOt.,tt". _.eve. IlO1 hea.lth require p~,et"%'1&atloill of 

t:re~'Mn't8 to S'Ctd1lco the nlmibeli' of Ot'ClUl1SU «ti.lt lit.n.11. ~ 

var lou $ pr.,~.ut·:101l,$ ".ad '0 1!ldaC8 "'a¥ll,tatloD<i 

tn1i.nned in. from an &eoa.oml0 $t~~a(l~1)01n1~. 

11udltr al1k, 11 low bao':e:r1.u. ccu\:rols 

p:tl0 •. ~ bu.' '~uab th~$e.le tb,$ 

, ... r~,.a:lf.<."L • ., e%pec' ·an 1n.cre.f.\ee4 O\Uf~)mer oonsn.unpt1on .. 

tu:m,iGhfu~t4e(l1 fo,. m:ul ttp11ctl tion 

raos' btictbJ2r16_ more 4$ed.rab.le be,etert~l\ t .. p oe;rtt\1~_4e$i.~bl. 

lu.'!". ftCm the! r b,-produets: warn the: CO'nSUV apillirt 

tu.. mtl!t uti t tor h~A «ltuJ~I1,tlon.~ Of' 

tn.. milt o'thers 

I:n. to keep the b~.'$~i. Oft .11k utauull.1. ~t 8 mini .... two 

u$$d lit praotloe. flu$'171 (1) u.tU~.'l#.c.l"~ 

8n4 (8) Ohenlc~lle 3reoftetl:llseii i,a "",_""",.;,c,. 

1»ltial,lnveeta'1el1t 1n $q.ulpment oa~ot b$ aftoNe'L. ~. 
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espeolall1 r t:CEuiJltfJnded for use oneom.plles:teltl equipment where 

beprlu~tlcally applied (26). SQme· eluitmiQals have 

a comparattvel, hlgh iermicidal power., :1 t is hard to prevent -.11 

disaareeable tastes. :Heat. f();t' treating dairy ltfH~ns11s.1s usually 

applle4 1n the tOD.ll of' hpt water" s team. hot try or htaJl1dified 

air. The h_t treatment 1s mu .. h preferred to chemical tree. tm&D:t 

because 1 t he.$ little eorro$1ve action on the utensils, muon more 

efteol1ve tor kl111ngaiero-o:rgantSms 1mbe44e4 1n particles of 

matter sad in the o~fiio.s of the u:t.nBil$,~ end leav$:! the nt.lud.let 

clean 6.11itree from flavors and odors that mlsht ba otJ:t;rrie:d the 

milt, 

For OTer 50 :years 1 t has be$ll g •• rell1 1<:00_ tn.at u1 t:ra-v101et 

possesses sge$leldal aetloll (31). Rays f'1"Om the sun contain 

a portfonot ultra-violet sp&01:rwn and have proved effect! •• ill 

cont.rolling va.rious spf$o1ee mloro-organl.s (50). (45) 

states that 111tra"Ti01et light rr"iYs an .... a toxio action Oll. baoteria 

tb,at the Il'Owth of an organ1_ be retarded or inhiD! ted 

ent1relT. depending upon the intensity and l$nsth of exposure to 

the rays. Hammer (26) statts that ultra-violet re:1s have ao $$l$e-

tiTS aotion on organisms bu.t there a greater effect on 

vegetative oelle than on spores. !ienrici (28) states that rays 

bet .. e •• 2.800 and 2.540an.setrom units stl()wtheareatt$t germi:eldal 

action. end Browning (18) shQ'lt that tnt lind t of baote!'icldal 

$,o.tlo. occurs at a Vrt"ave';leD.gth of 2,960 angstrom u:n:lts and exteD.A. 

to trom 2,400 to 2,150 angstl'Otn units. 



Eoonomteallleans ot producing artificial ttltra ... v101et rays 

been kllowa tor only fl tew years t but now there are types $t 

l!I!."" .. ...-.. "".JI;~"'c:A...L i_lis on market ere proving efteot! 11'8 1n oontroll .... 

ing m.1erol'l"org~nl_8 under various cond1t1011$ ( 1, 3. 4. 5, it '1. t. 

16, 1', 1'. 21, 22. 23, 25. 26 t t 30, 31. t 55, 44). Uost the 

gemi olial laps em! t the Jl!\3ori ty of 'their rays in 'the 2,$S'angsi.rom 

band ha$ proved tc) be the effective under prac'10~1 COD-

dit10ns (51). additional quality that the lap haa a low powGJr 

~AlIl'\i!!Ii1'lI'l7. and opera:t$s at O(,Hst .. Severe,l 1~lstltutlons have re-

cogrrizedthe po!u!~1bl11 ties of thl$ 

ot 

and are inv$st1,at1ng some 

the id.ea e>r fllrthtlring the a8-

$embly of :practleal lntomatlonon the posslbl1it!as of this lap 

an~ SOlleoont1'1butlon towe.rd a mere eoonomiCal f11.ct:rl~8.1 

mm.·""~ii!'1ln of reducing the nub.I" of erc-organisms on utensils 

this stlldy waf! .o:rla1nated. 



OBli;QTlftS 

~11tb tb$ tOlrego111g fact·~ in mad th1aproJect was pl~l\lM$d 

to ecoomplleh thti follow1t1g obJ.ct:1ves: 

1 III ~Q 4es1~!.;n €iliA constNot an a,pparatu$ sui tsbl~ foJ..'l 

applytntl a~d utl11~lDi.tl'l$ rays of Bemlcldill lampe 

t~er t:he ul t,~ .... "lo1et ge~leld:t}l treatm~nt 

utellI11$. 

3. ~r() determllfU'1 the erteetlvellEHsa of leraield$l l&mps 

forr"duolftg'thell_er or micro-Qr~;t%nlsm.flI on dr".,1ry 

utesl1e. 

5. oompare the pe,rf:Qr-mance ¢)! the le~1Qldal lep 

\\tl·thpretM~nt Pl"e-Ot.1t'H'!I:S to!" tr~~i!tt1ng d.$,l1.'7 u.tGn311s. 



GGl'mlcl\lal lam:plJ (and ae<ule$Orle.s) were a:9'8.116b1& in silveral 

and in euft1oien"t amabel'" to allow oOlls1derattonot several 

al'rans.ents and des1gne 0'1 equlpment. 

tor iAi this et~dl were supplied &8 a cooper-

6Sl'eeaent between tbeotAgrloultttral dd 

otthaU. Deparwu_rt AI~1eul'uf'. and the 

:men:t of Agncultural Ing1 •• rll1p.; of Vir,1nla Polyteebn1clnst1-

lute. 



of 

Tbe 

following description 

Ster11u,* consists of 811 evacuated tube some on8-
halfineh in diameter and fit varyin, le:oat!u~ lnto theot 
wbieh fat'e '$ale4 specialmetaUto electrode. oo~ted with suoh 
.lectron.em.i tt1q mllrtel"lalas b2l;rium aM strontium o)t:tdes, 
d$sl~ecl to miDimi.z$ voltage drop. tube inserted 
a small QlUUlt1 tf inert O~a mixture of • Gleb-
""""",'«"".'",,"'" 1~ni~at1ol1 at room. tem:per-s,iures thum ""' ....... _liIl' ... 

al"C dlaeharp to become established. 1nstaJl'ttilneously 
the eleet:r1e pOlNer 1$ appl1f1.'d to the tube terminals. and 

'I\\J'lia,i;?V~~J\;j'''''V voltage", $tart,lng vol tagetn ,~uteral also 
a tliinetiol1 of the tube lensth, l'*eln,glnr, in commereial 
duet fromaome400 telOO volts. 

Irl.tfHI<l1tioft, tube mereury vspor at a 
sure of tQur to ten millionths of! an atmosph.ere ..... a. 
sure :which results in the ud.s$·1on of a ne£lls1\lle dount of 
radiant eJuarv 1nthe 1'1s11>le IIptllctra but produces the well-
knownultravlGlet _reury lilt:~!utl chiefly 2.53'. 3.&50. 
Jhlistttom \1aV$ l.ng~bs. q'lltill ty of the speclal of 
t:ll e lamp is (u1t,ref1l11y s-elec't\J4 :mo as to ob~n tr&n •• 

of W~V$ lengths lQn,er some 2,000 (66 
eent a.t 2.637 MlstroJUa) to abl$o~b rather aetin1t~11 
shorier waV. 1.$ 1.850... 1.940<llll:Allger'rom ... """,.,,""";>. 

one of tbe p.roble11ls haa O$$n to 11m! t the ~Ullt of 
known to reaot on t~le mtmospl';lere (OXlf\~ .• n) to prO' ... , 

QU"$ osone. gas in react untayore.)31y on the 
maj~tH~Al"IiQ~ of or have tal, toxic efteott or 
_1 beabsorbe4 by oertal,n suehas 
ox1 da t lon ,01" d.evelopob jeot1 onable o4Qrs 
will prevent the traBsmi$sic.n of 1lli.~ll!'I'_.lJ_,,,. ... "",, __ 

8.1:e 'Wave me}t than :; ,000 Angstroms 
t bee~us(ilarenot 8$ ablotio aT would be required 

111mucht·oc gl?6at $. volUtn$ to 4osalt:e ki:udQt as 
r~d1atloJla of sborter W6ve •• 

Off. 



fiEn'lOf! 1 t has been to restrict the ult~av1Qlet 
to a'low power oonsl.UD.ptlQll, \UlHl8.11y about six 

tootot 'lubins_ MQreQver't the diameJte.;r 0'1 
arc stream relative to 1 ta length, and th$ c~rett1111 ohoaen 
BU;1~?Cury ... vapor p:ressure; restri ols to a. neslil1 ble mllount 
th.e Otlt:pu't having waVt longer than the ertroag, 2.53'. 
~;nditg1;POm b~d. The oOr.'sutrcl&l 1_p8 cOllsume 0.03 

Am'n~l'·. t or en ave~tj'. of: milll_p~re8. BO .... ineh 
a't vol ts thus may consume l1PPrGximetell 

• wi lIh the tempe)1&iure of ~o part more 
to ten d.egrees centigrade above the· .. bient '1Htmpertl tu.:re. 

en':rl' emitted lnthe vIsible s1;Wletrtml 1& 0f 8, 

blu$f}olor but ~.811g1bl$ for ~1 111llJli118:tioll puX'POstUih 

At s01ile inches from tl typioal tube the 111wne:i1on 1110 

more than oue foot,-e~ndle ••• 

volume ul trav101et fitltJ pal"tleu"!!" 
un! t or group of tubes be controlled by 1181'71nl 'the 

Qu:rre1J:t input tluroap ft eh~Ula:$ of trallAlfQrlfHI:t taps, or by 
titlmb$r Oftu.l:HiU~ ill on one transtonner. Aa ua-

eontrollabl$ influence ot very cold surrounding 
aine, a condensation ,Qf vapor prlu1su~.approx-
1.me.te11 0.4 micron at a.egr.es Fahr~uhelt) nonnally 
will reduce ultraviolet O\t~P'tlt.., The Vapor pres,sur$ is 0J)­
trlmUll. and th~ radiation is :t7¥)et abiotic when the wall 
tempe lrti iure the iJl:lgbtly in .~ce~s of 46 degrees 
Fahrenhel t. leamp desiped so that at :ref,~i,era:t.4. 

tempel'$.tur'$sof some 40 de'8reea FUl'enhtd. tor higher. 
the out~ut ,1$ $at1staltory. 

As wi th anf ldP. tbese tubes l)OJi$EtSS 

,nega:tiv$ l"'esiaiance. $. c\lnent .... l.1miilng o.,v1ce to 
be uS$din se:r1es. Sinoe the 18Uflp requ.1x-es a trartato:rm.:i' 

,dlldel! ver ~ vol tase $110\);111 to $ttl~t the 411 e-
.... AJ;lI;~.4eii,W, the ourren.t-l1m.! ting t&a"ve oan be incorporated 

one unit. to four may be 
the "e~Ildtllrr suoh a tf'aJl$toftler. 

the cvrent eaoh tu'be wi 11 ve:1!1 wi th the 
tube.s. Since op.n .... cireui t 8$CQndary 'Vol taS8 

1na col.-cathode lamp be in excess Qf 1.OOO..,Qlts. 
1 t btu~nadvl$.ble to d •• poroelain tloek.ts to 
proteet the metal .nd~ of the ud to 8u.pp1y a power 
un! t wh1 eh 1 s1no.Qrpol'atttd an una.,rcurrent relay to 
dh~ .... enerllze th$ primary eircul t upon i.ttter:r~pt1QJl of 

lamp circuit. Fol" of operatiOn.. the "'altags 
drop the lamps J""pre$$nts approximately t~Q-'hlrd$ 
IOf the equivalent volt~tg •• 



s 

"" ..... !Iii!,,...,""~"& wi th enr~-short-way~ !l rttleet-
a'b·$orb.l,ng .ust beori t.toall" .. 

0%141 aed alumina 18 ;practlc~111 th~ only .,11. t-
ellle t'efl&otor.:~, Qf _. $0 J$r hni at 
-. ".ii''''''''' AruItS'Irt:mlS. Oh:roml um,1~ equallJ ItU~ .·ttl ei.a' .. 

.... z· ... ""A.£&<, .. ,A,-" ~;i.~,~Ulll:lI. are. of or 
be kl11f,ui th~ulla ~neral 1uohell of .1$~r -'_)II .. 

baltt~1~14al the pen.trtat1on. la 
."' ............ ,*-"" liquids' 1.~ ~x1i1!f8~.]L'I\# 



in thie 

1.t~ abl~11o~~ph1 

of ast •• bl.3lng atUl er!~~~ .. 

iIiili lr;.;ll!4 .... "';J:V~''"'' 811b j8Gt M<I!i.'''''I':.... or ,a •• 1cld$1 

"tal'lotle pro(lettatlt$ ot 'tot .. a,e.9.'~. utena11 •• 

\!fi!l.'IlAi".!w!\lllililli. f1:ft!!o:r'm:ent 4,t,f eJ:J~.!I.'n1:a.l \')\11,1_,1.8, textbooks. fU'l~~V,L~f'$ 

j()Ufl'I.U$. maButae'ul'era' 11teratBft_ 

~"'al1abl. the libh"'.'$l 0th~ .fl'~.:r:'U,U, 

1II!<<iv.JJhllr'liill'."'1I1iI'Ii1ii b1IUn;ll1teetu~s!J 

humM 

the 

!l!!!e 1! ~~o~14=,,a~1 _ t 

00.1.011". of project tr~s, that dedltalns_ 

t\I!ii,'IiliI'.Q.~iI""'¥~'''fi4 I8alP 

1n' ti~.1 aDd oJ~ntlD1, (106t 0 

to prov'ld$ ~J'.a_.t $,n« fo)? 

oonstr.uotloa. 

oonvei\1enoe Q;t "', ..... U'lfL'""W,' 

u11re.-ylo1et; ... ....,"" ......... ' ... "'" 

tn'~pe 

ur&4tr 

,"U;l.;Ili""iI;~,A~'il;;\!l; tn. 
p:roteotlon e 

provtle4ad"'q_wpl*otect1QJl 

tlf 411'ect expoeure '0 tb. 



to 

sw1tob W9S Ilb~t.d in tl , 



Ul tra-v101et rayscom111g <!ireetly from lamps arG more germi-

014a1 reflected thas it desirable tt';) the 

eo tbat a maximum amount of utensil aurf'eJl$ exPosed 

i' with a of alumlnturt toil bonded to on., side, was 

used to the inside s of ceb1net so that all emitted 

be reflected 'W1thin the • It was believed that cans t 

h""'·'I!Il4"> ... · • .".~ ef 8121$. snape. utl amallness of neck the moat 

difficult problem IJ)t uten$ils to be treated; oonsequently, it was 

to a sch~Ul1~ inserting Q into each can. 

ment. 

Directly milk cans a 

waa provided tor treati dtd.r, utensils. !'cur VV'-,LJ;,l''''''U .... ~',.lV"'" 

were 111st~11.(l for this purpose. tbe lamps we!'. mounted 

cabinet. 

the 

Two 

hinged 

the tray and one In(fh :t'rCn1l the bottom 

the 

were built 

the baclt.sl de 

the 

th.e eablnet. 

wn! ch PNV 1dea a lneans for IJl-

:milk cans into the .... ""' ... "' .... , ...... The other ple.eed on 

front 

for 

near bottom 

utensils 

the cabinet. 

c~billet. 

entran.ee 
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Fig. 1. Cabinet, enclosing six germicidal 
lamps, for treating dairy utensils. 

Fig. 2. Cabinet with lid and bottom door raised to 
show openings for inserting dairy utensils. 
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- """""'..... - --- ----- ... ..=-----.. ....... --------

Fig. 3. Front of cabinet removed to show location 
and arrangement of germicidal lamps. 

l" ig. 4. Front removed to show arrangement of utensils. 
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TABLE .II 

RESULTS OF PERFORMANCE TESTu ON IO-GALLON MILK CANS 

Kwnr MeTer Reading 
Begin 0_0 

cnd 0.9 

No#of Treatment Length of Room Electrical 8Jandard 
Date Test No. Urensi/s prIor TO Exposure Cond itions2 Readings Plate REMARKS 

ia reST IExDO'SU re 1 (M inu -tet5) TemJ:J. Hum. Volls Am~ . Watts Counf-!J . 
4-/21/40 I ± !-l s ~.Q.-.. -- .. J() IL1,.Q __ . 2.7~ .._/J'Z __ ~ 2 200, 000 _ .. // Tl tL.kJ! f$;d~!l!n ~Ld_ff-r(} ~_~ ________ 0 __ ' _ ••• ____ ._~ .... L. _.__ .~ __ . . __ . __ ~. 

4-/27/40 2. 4 f1 /0 __ .. 1L __ 21 111.~_ 2." /21 4' a 000 _1la.d_AlLtIUIC r a.g~v.rdY-pjai~ 
4/27/40 

1-. ' ..• -- .. --~-.--- .. _-._. t----.... -._- \-------_.- ...... _-'_. __ .- -_ .... __ .. 

..3 q. A /5 . __ '1 ll ___ ... 33 /IB.o :2.J(j __ .'-.J Q_. ___ 443 000 .. _Q dJ tt at-¢2f-fJ~-/-£J(J(J~-(X)?J_P-eL-..... -,-- -- ._.- ._._._. _____ ._ .. -'.1-. .. " .... ... 

4-/27/4-0 4 _4 A 20 __ 1''-- __ .. 131 {~3.Q. ;}. "10 13.~ _ .. ll-qS{),Qoo Ga.n ... I. .... .. __ ._-- t-- .. 

4/27/40 .0 4- 11 30 ._ 7.4 ___ 2q //8.0 ;).·30 /30 6 5"-L()_c!.t:) __ 
5/10/4-0 ~ / B /0 [10 (;,0 111·0 :J..7S 121 22.', (j 00_ --X~J1~~ tf1~r:a;~ _~!dr;/fka -

S/lo/40 '1 I B /s 8~ 6:>0 /1/'.0 ~.70 /30 ..36: O()O 
.. ~-~-" -

0-/10/40 ~ I 8 20 Sl 6,0 119.0 ;2·?3 /.3() 94/~()o couni()f 33, ootJ1 O{}t2~C_ c---

£'0/40 q I ---.. ~.-,.-~,~~~ :20 8h 1>0 //S·IJ :1·10 1..1() /~ (JOO Call. . - .-. 

S/I.3/~o 10 I ___ ~._8 /0 $~. &>0 lIlt) ;;l.?S" /22,. 32", aD 0 -- -- - - .,. .... -

5/13/40 II I B /s SS 10O /1'7.0 ;;1.. a 0 /22.. ~~L,?'_t}~9_ - -"_. 

.0/1;3/40 1'2. I t3 20 8S- (pO _J.!'J~~ ;J.15 /~O a 'l_~Oo ...... t-··· ._-_ .......... - .. ~- r--- t"·- - ~- -----

5/13/4 0 13 I 8 .20- 3D ,0 //1·$' ;1..78 1030 /3J () tJ 0 

"/14/4 0 I"J 2- B /0 8' ~s- //7·5 d.1O /3CJ .:2 7.3L 00 0 

6/14/40 IS 2- B /s ;~ .as- /175 oZ.'7S /JA .33300 
--~-- -. -~----- .. , .. , r---

S/14/4O /,4 2. 13 20 81:, 3~ 117·S ;;Z.13 1~2. .a',tJOO 
S/I4/4 D 17 :l B ZS- _.3'_ 3S ._.117.s- I .. ~ .. 1S-._ /J~ 9,300 - -------------r-----,.-~ I-

6/.u;/40 IJ 2- ___ fl_ .. _,_,. ___ , .. ____ /0 _.37,.._,._ 6,4- /11: .. 0._ ~.&'!f .. /J7- S4tJ1 (}{){) 
.. ~---"----~--~ ...... -- I 

6/:JO/40 19 2 B IS &1 ,4- /1'7.S ;;1..'11 130 4~L 000 -

.s/.:lo/4-0 .20 2 J3. _____ ~_. 20 37 '4 /17·S 01·71 /,32 ._ _~. __ __ !i'l_o'f2l2_ 
,~ 

5/20/40 .:1/ 2 B 25 S1 ,4- 111·0 .2." /30 _. 3114J!J? ___ 
-----.-~ ... -

.~ 

--

1.SeB page /5 . 2. Temp. (F0) and Re I. Hum. (%) during perIod of exposure; 3. Eu-tl-mafed 
" number oT micro-oraanisms D(Jr IOOce. aT rinse waTer. 
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TAf3LE III 
COMPARISON OF ULTRA-VIOLET TREATMENT WITH OTHER METHODS 

Meth od Costs Effecfiveness SafeTy and Hot Water Adaptodio l1 To storage Power 
Initial Operating Convenience Producfion Average Farm Space Requiremenfs 

Humidified Hof 

Hi h Good No Yes 4irS-terilizer 1#/75 
Comb. Wa-rorHectf. 

- fl-- Hi h +._--g-_. --------- 1----- --> --- -.-----

Sferi lizer /25" Med. Med. Good 
---=----------~--------____+__-----.. - -- . ----- --- ----.--.---~--- -~------~-~~--.-----t__ 

Elec. St!!amBoiler I 75 Mea High __ ... _____ Q_C?ori 
steam Genera-for 18.50 Low Poor Fair 

---- >~ -_._--- -->-~--> _ .. -------

Humidified Hot 
AirSreri /izer 
(H 0 m~~m~t!~ t-.ll 5 ____ L _____ M ed.j-/ ig f? ____ ---l-_o9Q.rL 

Chlorine C0!'JE· __ L __ !V~(?~ ____ .J____ Low _Meq~. _______ L _E~lr 
Germicidal 

LE~ed ····I~-- ~~:-----~.--.>--
No 
No 

Yes 
- -.-.--.~. ------~.-------~ 

Yes 

--- ... -- .. -~ 

-~-------~t --f 

Yes I /·S tw. 
.-~ -.~ -~--.. ~~ .... ----I 

Yes 3 fo5 kw. 
Yes /,STD;B kw. 

---

No / kw. 
----~~ -- ~-~~ -. ~~----~-- -. -----t 

Yes 3 kw 
~---.~ --

No 
----, 

None 

Lam~· L /25_1 Ve,:y low L Meri. L_Jtlir No ____ L_,orobab/eJ Yes 1,50 WCl_~~ 







uUG~G~;sfI!~il(i~~ FOR filtilfm"R x.~ ........ ' .,., ..... "' .. ~,~ 

The~e • vel:1 definite .neet 

ths _ ......... _ ... _ .. '" the 

ero-organisms on~alt'1 

ott , 1 t _ ...... _""_ 

l~ of more 

farm caud.ltl OllS '" 

:reliability of 

utenetls. 

efteet "'u~;:)v ;i.\.\U'~L· ~'" $eams \I 

on re4uctlonp~o .. 

cess. 

4. :pnictlcab111ty of 

interior 
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