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ENVIRONIVIENTAL POLLUTION & ARCHITECTURE
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Un iversity of Baghdad
College of Engineering

ABSTRACT
To render the environment amenable, is the great challenge to the man in general & to the architect
in particular, since the beginning cf the creation up to this date, with a view to reaching physical,
physiological, & psychological environment, as to ensure certain immunity from the problems of
cross intenral & extemal environmental pollution in "Clean Buildings ", expressing his successful

attempts at arriving at the results of the environment influences in the of the man's needs & desires

and construing his relationship with the given environment to an actual existence features &
components , on the ground that the planning of the building , designing its spaces & landmarks ,
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distributing its openings , & nature of the building materials used with the engineering services &
technologies utilized in each wor\ , resembles the function of the lenses which gathers the various

environmental input & release the output & impacts which are " the Clean Buildings "
The specif;c problem of the research is therefor, the absence of clear & specialized knowledge, of
the basic relationship between architecture & environmental pollution influences through the

technical, technological & environmental constraints with the object of creating clean buildings of
high performances.
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3 ! f ,-ir-;L,i!l , ir!-i 3o f cjlLill iri lnri' .(t c.r+-,,;91 )4lS elill ,JtSt*-9 aSt+-xSJl JilJJl dl:
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.#.: Jlill -rA$AJI r-#l 6.rerl.,;,! 33t,3:)l &:r!-!t & e cJ:l+4ij 1.S r i-rLii,.*ll
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3 s,,$-,.S3.: ;E-egJl -tti^ll -l g-rl-'-Jt .Jp .l (Et<istics) -li ,tt 1.J-.,1 * ,$dU ;1<lr ;t.i, i,ir.
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(WHO) l+^llJl a.a,.-ll a^.El^,',1:,, [a:a. fe.r. Ua$, Yt .t'-tu r 95] el3o , irj(i li 6 SliL^iJ

: . oJiluJl eljall &yS itS. dJ^.,/tn Llr:..*ll J qg dt,l^jl sAo/oY. 43r..rr 1- l lAl flc i
i+Jl iJ-r- rJb+:-,L ( .rrrto ; ;t;-,!t &t--,!l rS-r pG ('\ 11Y-1141 ) rb .x 1-;;ill ;
, A;(;J c.!Y: i.rs :l(itlr : blu+l -r l*,:-.1o -rl+lJi J 6J3ilii- r IJiISJ q,s Ll*ll dla.tl;..rlihll
L--eJ O+-il(^ll dLe}J pj$l i+ O'b rrjriii,H,"Jt4^ll ,rJ;t*i r-r (%rA) et# U O1* e+6iJl &ilS *r

, i i-.r t*:-" pbi ir.-bri:."J;-ltrlridt Oi+ lj,r-r.o (o/oY\)4|- r, .iliii ,.+i i+ #,.l",sr,-i
3 J*iJt ed.t ulS^l qJifJl elCl ekJl ,=Jt l5ifil, (7oVY) 4+^,.r Li . Lz,JJ^ll i.,1:,.!l 4A*\ A
,;"t.,;,_o!l 1.rl-r"i+ r:!L-)l ..,.,... A"i.lul ars.-ll ,j$l i.^Lt cr;cri etts jr;ilt le ,r ,3pl

J ;r3 ,-+ll JJ €lliJ 3 , o!;Lijl r l+Jis+Jl : d.L_r u"lL a.JJilJl 4!+Jl &rE JJ .rt+^l] Lj).^lt

JJ :'oJl-ill E-*j-y,r- JJ ail.'l , tu-,;|:i^Jl -r;i 4+.1rt-,Jl r 4"6lCl crl-,;l,rJ1 ,i isl;Jl e-,;|-,pJl

k$_r-r.t&,rcilel-aitl lt}ists.sJ&l_p3ri-stsr,cll *g.tl_r-ll ,,ol;l;iaYl :,cl.:y:Jl
,(o ,", r;3:l) ,tt tSt olj,;!l ,-J+il 

"Jr 
u-tiilt a+lJt!d):iY i;.--.:,ll c.l+iJlt ,r_rti l-u-i ,

a-++Jg-uolt ,,.aly!l & : JyYl a+!! qjlilJl &Jill sLu..* } j$-Fll [o .,,1L',. t'lJl JrVl

,,r-l#tl ,5r,BII -,il .J+-, dllEa . (f o+;ut ) ,1.s>!t !+Jrs,*Jl ur"lJ,ell C a!L.l k:t 4".;l
ot.r-;;^ll JLrS-l clJS: , tt-.-!l F+s a.-.-J^ll 4SaJl t[-!t+ rJIJA+ll crleta-,J j* .J:.|:ll

.(tt.+Jgl ) o+-lt .+l!t+G^..,JLdq.3^ll 3, i_,plJ.iall 4+Jl-i<ll drl$JJl J4+Jpi,.ll

I (- ,_,...( )*t ui+ C. t * Aig!,.: llill .i# & J",.-.ll;,l:r!t r Lrr.g q,s #Jl-,-ll _23.: dl_,pr _ri

C ^o-* 4+$ qr+.-'Jt g;JS;l.ll 'jk+ . il', ..,r..,., '\ lAA eL,r d -,,):. ( 'lo. . . . ) elr. 4.:9ie:9

: g-;L-"'^ll U*rl6^ll ir LJS a.S.-Jl ,'," 1! .3 J , &ll+ o-;l -i-l f.rr Jj .irl isS^ oi LL r13,.

i lltJl L*'lJJl ,-ilJi3.(tt.+;pl )qrlihlt ,lJCl &J,EaJS..i.rd+Jt-ed,ai.-U^,rj+^ll dlJL

+t*i J,! .jn3 ( c++Jjj;d ) 4,|r^:-ll gr.al;elt 60/o19 A+-,, Oi .e;,:i ')ci o!.Ei:-Yl sG, )4li
r r '. rl.

."dL4';,! qe""d Jb':t3 U 6_j.llt d e+ dl#Ue r_n_r cry )3^i slihll &JiJl+ U a.6)- y 11;.J 6i-,

l\ I : . aJ-.'ii crYL C .+t+-,i ab,- l3r,: g:Jl gl''. rl ,r:l_;c.i -,1 
-eJ. fe cj*l+ ,ri+.ll olrl-i "Jt

c.rlel.-aill tJ 6:tll J dlilJl .l# .# cJ.-l-i d*iJI 1pq,.,."ilt a3l3ri . lL1r. .t' cf;L'^Jl -.llr S3,J

6JiJl al:,, i+lilr 4ir+ 6lr -: A<+ o" qr-t++ll OjlCl db\is] & -r q-d+Jl (JtsiIl ,Jlc J * i=3ii.ll

,uL--.-yl +$ I ss.u3.ll Ol.,iyl d.l+L qF$ aJ+iJsJ-, -r a;+rl:ljs ,l-ni -p-f e la;Jl i";lJl ric
rl3Jl ot;. rl3,o-e u,-l .r+ ruryl r.-"Jl ,Je #r+.'llS . .r-*i 4{+ rJ. d!-ll Lr[3.]l 612.!!
J,,, JiL ) Lg)+ Li,r$# cJtlltr [i:Y :t -:!Yl,] : Yri UUt a-"-ll,] taJ$''J "l +Sk )l
I rl3 U--t-=I .i O:$ a.-.-i3.ll a+tu d.L. 1i 

e r-=Jt-l c.Lllr rlrc) , q## r qCl+=i _l ,f,:l-S
. " +i+Lr:t 1*!l 6-rLr " ..#j ?ls s d)r JSil !rl+;p
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el-liill +1aYt e-*J.

"E^!t at.i:-Vl J lCdti,l 4-ljl u9 sU-. J l++Lr: Sl.l ieriSll *iUl " .,A elJ^-bilt a;irlt

,r-J:JJlri-Yl I&i.1,:lt 3etill JeJ^^-.'Jt+fiL(jSi+++1"13*crlirra3:-llll 3illLll
e-llJall t ,i.rl'3 .}[---r.r" cjti.i)t J C..-iJl J*iJ &l-i er€s.!, +i , i$l d.Uii U.,J'-liijt

JJ AIUJ i_,)-Ai^Jl Jii 4!U"Jl dJJS3, ..sJiYl a--Ei!t r 6JUYI -r +J+]jl r 4iirilts i-,)j'L:^Jl lJ,n l,ilt

d+r+: \ 11{, eb 1*-/ i rJlLll fiil a*,l;r ,*s. "Ulr.ll ;:s ll-cJ 3 i;till druiJl i^ 'J-li:ll

g-il ,-Jl r-rt nS)l : ul.riill 0# Jjl-r:Jl Ji",lJ e,lpt -aill +-r" :i i:lsl -i '; Cl alttl e+J C'!

d^L-i ,.+I!iJ O1!.( \ Y d+JEl ) ,tr-,, *t-.,Y3rJl gr. ga}^ll &lJ;ire cj.rtH Lq j ' 'Lii slJ,il LJDi

. a^itUl JpC*:$l cl+t$-r sl-$ +$1 .JA -r

,j_L Y. JJi .r--rl-e dr+ e-\+s r, s-ilJl &rEJl i q/l+ll gtili^r't-..,J ,f r..a:l ,;f+I ac: r^,r.i;
cJ;l-,;!-:"I;,ill irl.oJ Cb,o+L.,(Murrills)+Ut,o'LI-''oe\irLcl:,ii*d.,EJLrr:tili'
3i ui. g-rL,.a.Jt &;Yl 3 r;t3Jl r 4igl ,+ 1!u- klaL iJ:l* : i+:ill ,L=Jt : gh.Jl all-j

-: $ t.S ,## elJ":ill 4rr.,. .!l riL-.,

. kllsi , rhi. cr a-{ull ,,l' }u.ll - i

. ii-' ^tJl 
a-llJ"ll dLill elsS-,Yl - ','

. 4*ilie Ly"a: oltJl plri3.*l - 6
illc)U +l-.1iJ1 -r aL':..*ll 'l-je'Jl j-r$ - r

,-i Jx-n ,' ill eil$-'^Jl eiL j , B.rsll +Ja.lJl 3 r Lbiiill #Jl!l &l.Jyl oli Jll -11$il - -oJW

.O:-r:!l

. dt+^Jl et i,:J olili. dl*li3 - J

. 411+Jl rr.; h to-xsll r e"i#ll ,u$ #l elr^ll dJE - -)

. !r!-r i.l"iill .tJ.ll :,+ll-. cJrL: #-9l - C

. ont+^ll Crt- .il, Lix Cl dih.Jls 4+J.-b.ll 4-clJjJl cJrL: #j - r'e

. *j$l 6eliS o*."siJ aJr.hJl H a++tul .:1e1" i[ e;.L-i iJ-lr. - d
. iiLt)l o!:fiJl : oEJl rll qL-lt r-;l3Jl alrr"'"'l - J

. ,.Jul \Jili J fir.-, qFi L\-1."J1 L.}Sl*lJ| _.23-ri slLel - p

tUJl a.olJi : lls' -t'oc' LlJ^i: - U"r

. ir-r.tl t:Ff d^- ,Jc ,#lsijl ,,irtt -*1Sl Orr,.i: - 1

,Jc, l11o eb dlii:lu: -r+..J.J+.1 A;S;-pU a.u:^ll c.,-r")rJl : l.iS,ri d-Jii .":li ..rLl3Jl Jlf,3

44 -r J--..aii *lir ol3o ;S-i,,,I.,j %1o ;lri^, O$lJl ii+lliJ 6rl+j J,! el-,p-ai a4i 4.c.^r-
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t i-.LLl S JLJI '"'t0J 6;L.orJl3 s+ll gJlill

e--- dl^,3 kj:st ,yjl -l-ry .rJ' -l qrl,r:c)l *r$]h tu-rLi. ,,ri+^]l L$ gln-j JJ : , .i!,ii ag'tr

. ( \ t 1o Lopez , Browning) tdlt !+ )-ls aii-- 15.'.' .rJ -r i..lr"ll tlrlJi+
(.Di dl.4ii++Jl J i!pt..-i$1l I a+rr-a-.)l .-il.u!l ,si.$ ,r,J pl rsill r+.!t 0i;4+Jt.lt e-,|-)Jl 6;i
i-.-U. J A,i#ll aSJLll J-5,"J1 s. .r.Jl -94$l.inll J3.ll os Jrdl +li3 , Lrii.'.Jl alltll 6eliS erl;;

qr1-1lalt -ls$hJl ,,5-I &Jilt+ail':.:t cJSl.rJ)Aty3-ll : l+blJr'...*Jl e..1. 1ll 65& crl;l-ill

.ir>b qrs 4-rrJ.r^, .,L*, .,*.# cry:- a+j ,tl,I.,:J,i.#-,1fl'tll
cr.+-oi! (o-lr*l - 6;1Jl ,itl:^ll) i.'',.-ll 4$Ul ui:-lL,.J &ls,Js.i+ ,l-f .9$-r dJJt Cut

cr:Je! Jt+. y d.-t- J+-.1 +:iS, Lul : L,.-lilt t"+j e dr.'ll Ji iiJ"^ll 6. o:,.l5^lt 4"1.pU

,;tl3 Jl ta;lc t"_el,: Cl 1+*-rll a.^^.,11 oJA sr J+.[ C LlJl #h:ll3 1_./3,i,ll_e *1^6;tJl ,rtr3 e a.l.o

. qrL-ll

gJihll g.t#Jl'r.J'llll
q!-rU crLl;rJl -lpil d.F . OdUii.S LlJl a-,.-ltJ a+n<^U .:.,bs asc *Jihll elJcll ,,:J3 dis+

.J+-l j,+/l+^ll LjillfleSl^E3l sao/ol. dr-isi rr.-iJi-,olr. ll Jill du-ti.-,i!l Ji C 4*-l:Yl -l

-!sj 6J+j JJ el.".)t, , aj"jJl ,;"t-,p!t g;:: -r ..pJr ;$ r Jutfu i|"rt+ i...,:ll rhi : ,k+-lLi

, t;n iJ-rr-lt 8EJJI+ it-iJl -1-p.iJl .^.arJl CL*tyl i:-.2 -;t: .lstul irc, iJ:hll el36Jl otijL
rl_;Jl + Jl &lJ$'liJt+ trl'o. JJ'+ r iJUyl e-,+ 6j3..j ,,! ',.r-i q* -t^ ,rl*1r_9;l 6.

.( \n.i$JEJ ) , 4J.-i-,+Jl r i1-JJ*lill J 4+J$Sill dJlr*ll gJ-+ll -Cl iiL'',,,1 dll.ls r ailul
lgJ^-e dJJS $ -l l:+ 4!I"-^ll 1S1-,+ll c.rl-.pJl" c,.* J " Airborne Particles "Jt elj6Jl nlSJL d.n
3. " sgJ-,.-l et-j:,$l; r:c.,L_r-;.sJl+J$S+r,"ill 4Ij1!J1i J r,li-L1!,4{},bc, _p _ri

JlJiiS*,Yl JJ ,JJ+lt eQJl g5[i.r Jl^ r , *t-,1i.3 S+ll *E J,! (. , . . \ pm) u. LItlJl e+- E:l-E
j+r+ diLir-ll i-i.L r el:ir*, J-ilLil Lii-r ,r dlli ,& iJB^s : d3l-EJl 13135 : F- & .r^i+ Jt$^r

-+ 
dl3Lir-ll .i'E Cp qt',Jit;l 4+E 1. dr LEi (f Y,t ) k'ti:rf As,c, # ( _r+-:AL o.)

. ( ASHRAE HVAC ) +u C.t* ,,Jc .CL,:l a-cl- Y . -\ o cr (;p,;Ut ;

qrlihll ,/lJdl &3EJl ;Jtra.r
l-+te -r-.iJ 3 , el-.ai!l Llilr dJhr-ll J cJr.B.":,!l 4+Jl-i DIi i," Ll.,c a; *-+ sli.lJl diJlll JJii
i--+-i!l -r u-r-+-,,Sll -l egl*-l+lts :.J.-ll .rlll 3 L,:-:r ''1. ll crl-r,-a.:."^ll e[u,ts ,:Jil] '!raa e 

ls]l

1

rl



@ e,,r.ioll AI+. Y , , t lli! t . d+rJl \ .r.dl

,gl lj e-. . dit;Ll Jl alrri,rl J J r#-ll _r 3Lllts , gL.rill eilr,- dllls . .Stslt i;gtl",3^ll 4+rr-ll

t*- #l$ gt":Yl C-,+ U. -iULi C+- , oJil.rJl drJ'ti[ 4-,SJII jl.^- ll ,j^^: a{.-li ,-ti;!t , L',' t

J dilir-ll -iYi Ji a-cl-'ll ..C #llSt .tti. C ,j3ttu e-+ c.rlei6 gsl->u J ( JlJ.i*l+ iF -p J

e .sl-9ll gj;full .r;Q ,+-+ ,i31-0.1 iSr^;-,,*i.". : aili LSs,,^a+ rlrll .''"ii1.r c ,-r.ai*i, glS 4rrrt ',''"-

u5J-SJ^ll .-* rl-*1 dr# l.F+-l 7sl-tu LiJlJ,ll dr 6J#S *l;^S 
"Jt OUoYI +j el;ial ,,Jc ;p-

,..lFl._..,, Aru+ cltss.l J uxJS iJ4.:13 4+Jl-! JSi ,;"it+Jl 
"ntillt -eL Crr )"-bi . c.i3^;rc lJ

(EPA) , *.1-r!l : ,'...,..11 
i Jl-6Jl i-JtSl dJ '-i,i ,&, r- .,& o--Bll (P 1t3-:i d'-Jf3

I c.tyi -l qrJilJl el3r4Jl crlS-rL k+ :r.i d.rLl} : +,,1E ire (Environmental Protection Agency)

i+'l-.-^ll 'l ,ayll Ur"tJ,rll ,-F+-.ii J t-Fe al-ill eJs.-ll JI^:YIJ Ln.lj -l Lrr+l:, fu. lS.J -t

*t 
.,.l+ lJ ol33lJl c.u.ls. .'!- larJ+jl

.Iit-3.r rJ.- ,-iY'i 6.r--c A el] ,j3+ll ot++ll ..r +-p rJ31 dJJ aJi ,rlc -:L!.l-jl Cr+ 4+l3Slt -t
'1+. 

-" irt*a ,lS+ [p i"l+ Jj L e 'q 6. o++:,- d$'l"i iS-.p. -e, c!-l:ll *it J.i , O3a-,;Sll

.(asunar. HVAC ) "tCt ..+.i1+ i',r tu
-,pl-.a.o eni .1" kpl-r.,h ;rt.Jl gLr -: Environmental Tobacco smoke ( ETS ) qr!+ll 6nll gtir -Y

#l.irt t+ OrriiuJl J;e .rlr J_U gSt 3 crlel-:ill aJihll A+ll .d o_,;Llul L#tl , el36Jl &38

Of Jb-,ll uLir JJ lit J -: -ri3i-.*ll , glyll r #h^ll r $l/l d,,' AJ. E;;:i:" -,
4.11 -',i -.1+c cJilrll JJ ril g:ll o+;ul J , iFlilJl .5rill -,pt-.aa ;rtri rJ" 4+ljF-)l *tijJ.Jl

LL-94+6. u:S,;:t LFtiJl 6 +!S.f ,jlti #h^Jl J ril3 lLi . , iJ'r<'.ll : !:dll ,.lJa.rJ 
,,'-.'.ll

. (Samet )a+sJt tul1 ll ,i ;t-,:-Vt ,i qr*:lt e.Ii: JJ .ilfi Cl L-li : ti. iit.p,* 3

&Jrlll ;11-.--aa O,--c, i, \r.q3 a.,t-b^ ol-eli3;l ,rJc Air Intake 4+J6ill :iL 4,-3 gr S'till ,,,rJ

.U L+ .'. Llr, ,* : 8:L c.,15-r" & *-l* 6lJis)l -,pt.an ir qjUJi olS3Uls .rfl3+ll

;u-: jtii. ( Soz ) +r$ll +*si +B : ( Nor; q.p3.;i:Jt +rsi AB _r ( co; urpJSJt +l."si

rdill 3, c.p.ll & -i,gs4+rpOrS(SOz)d+JSJt +*Si Cts_r(NO,)C,+*:-"ll +|"Si

gsL-.-^ll 6.rl otu. -itl +k Jl qf u*4,f.ll ( SO2 )jli ,=-\Jt+ : , +JlCl i"!-ill _e a-p:-Jl

. 4JlJt 4i-t..-tl g:: : :+-,Jt+

Js *,s ti+Jr#ll otSj'IJl J+lr" -: .e5!t 4+>i1l;+Jl c.rLiSlSll j oEl qsll 6;i! y i3'Jl r Oill -t
-lqiJL-iJl elCl ,i-.-b:3&Jhll -,!\-.ani.( ... *riS. ri di.r- 3i ,-Ui..* 3i e-,-,p^ ri r:*) +
( crlll iJl 3 al-:,,i,=Jl I crl+lll ) oul-9g=Jl JJ alLa , ! ni,ll 3 c-rt-,3-r,+llj d.,*tLJl u-E.i!l
-l L+AII . ^i: ,", J- ot-+.ll ..il-il5 : +Jil.rlt a-U-!t dll.tS : . i.J*l-,sll l$ rlr. drill ,rill

V

D



t i-Lti s $*il ,',!0'i 6;LuJl3 si#ll &JIiJl

, elfl JJ ,jJtr F .1" : a++:J:+ll crl3-eJJl J4 e+ l-,+S &l:t :+-r. . ( Burgee ) cr!-Aitt

Jr-+,3 3r dli$"o 3 el3sJl c.,t+t-r. -l g+l.LJt J dit^l.^sll 4$tsll -,14n 
qJ€31 : qltJl 4+rtil k:^

_,pt-.-..-,.o!l dr- ( HVAC) , u(",11 a-gii .:,tjJS^ -,.n'j . (Brunekreef ) e=.t-; a;":;i .rlc rt--..J1

ctl;3_1fu11 JilSl ai^K a+lti _i J1.. ey cl3,6Jl,.,-., f5lE .r_r+j AlJl elll citS*eJJ l$-rl
ot-.;,--;!t Lr-..e >--L.ai 6J J.iJl *!i , crl-:l rpll dJr..:i J , ,g.^:. g=Ud ,i , C*i eL .r3q,jS

Li#r3,.1:{ 6> J l-o+i, t#(ill .r+Ei : .+;Sll drUL, , c.,lrt xlls , a."r.r ltrr-,ll fuiil i.flihll

( Berstein ) *1+.- ,
, fo "tjl *lq.r^ll 3 qla;JL_2jiJl ( Volatile organic compounds ) i-,,plJ.a,"ll {+-.^:'Jl c.rli<aJl -o

gr.--ol;taAiK+(VOCs)e-,;L.ti.ll i+-".:rjl &t$-t^ll ,r,..rri -: (,.tll-'r,ll r19.3 e ntgr^ll j
, r ;1a-rrlL-lr.ll -: ,Jl3^ ) irJl J<ll :l3r"Jl g* 4ilii^ a.eJ*+. ,.j"S qr# , iilr- A.J.= J i.-liL rl3^

4J#'# l-r. rl_i -'+,", r- crill +jt ri ,so!;L t+t o.ll , ( o+tSi:_lJS#, irj+ll
I llllj a-j!,.,1L",', #l , rlj'"ll o.ra 6Q cJ.l*.:4#tjl drll['.113 a.r-)rll drlJrni-]lJ ca!i,,i,t,.ll

J 19lul ,#."illll jk+lt J O+,Jl uiJs , q,+i .at$J^ll ora J) d";l'.llt el *1 Ui . iillijJl +lle

#: , U.ii:Jl p s 3,!i6ll J Oljiill :31r.-Jl : grl+lt eiul , 4+tl'r^$ l;"iitl r.-ii!l .+k ll

. ,-itJDjl r qla;JL_;jil alls

,J-;3t dyi. kl : tr-., 4J.-lL #l--_ll ,-93l!i -t ( ;t3jll : .rt*jl .!5t!: ) USit s.lL-ll -1

y . p:ll3 ii,"$,1 .,t' .JAJ J 4r-+:l otilt e,t-e^r 3 q-,,giJt eeil-l.i ,& -i_h JLUII *lr uU

. (Needleman ) 6j,'-ill iL-, .,3s -'4r,+ ri

L+g-e^..-fl u,-L-jl ,.,..,i +rj! i S, tr+!f :n Gf.,rl--rJl+ &Jill o"$jl ;:. Jt -xi+

.61 -l . .rl--il gl.$y dr qlli tt+.-i JL'i-,1 e+ e.9Jl-9 e l.6nl'r',..,1 i :.r..iill 3 e r.ir+.-rll ir.o

-* tl+.-l+ c)!Jl irl.,,rJ 3et ;ti -,p.-. l.,.-.-J.Jl t\F!t+ qrlt^Jl &EVl _r 4+.il1 ,;$l .,s.r

eL-,:)l 6-.*,;' €-! Jil*,Jl dd(-l,il e--. 1i.*i,iij a-iJl.c #L-s.t Jg tt+^-U ).l,iii . '4,aa)^

.( \11r /)^ c+JEl )

i,13ja;lLr *ti.-l-:,o+ s o+-rlJl Ot ),-bi qrlihll e)Lll ty -,rlgtl !-i *Jr +llJl 4*,lJJl .tSj3

ei,i.JlJ Lr-li.il,l *lc lxLl 1J:J3 4ls.i.+ .,,,,,ui11 u^ Uihll e.t-!l Cj-J 4+.Jt^ll a.il'lilJl c,l*_!

, irB:tl pl*irill i gSLl.Jl ,&,Jt'.tl 
c;Je 6Jbc-Jl

6:l-rll c.rl-,1:rS JL.i fil r:e c.rlr'^ll J u,-E.e!l dJ.l D\i dr el-:C aS-,;,= !Ll: 4+ c}S .,i ex
clsill On -b q6lj.te t;l*+ ,e cl-5all d 1S-!' 4!lJo iits;n:ll oia rE "l:ii , 4+U, l- J dJJJtlJl J

A



@ i..,riall it+. Y , , t Jll! \. rttdl \ J.u.!l

Jtiii)l li r -r , -.pil C OK" ," cjits 45l-d" sl_,rl++ 4ilul a-c.Hl JiliJl d ,+ La r rr- Jl

,J.rl 
""'Jl 

,3 JJI (t'r'J .LJ qutL Fl d plsill .,, ji- dr  Jl "irJl elCt 6l_lt* ;c, ol3_e,tJl

el":ill ,.+ 4+11-ilt C:. d &JBJI 6Ji-,,c +.l.5 ..,.t' LL6JI &lCl .r. _lo I ( Cross Contamination )

. , i-,Lill

JL!iL 63l-lr rJ iJni-... 4-JL d 4+t o3ss 0i C ct:iJl ,-,.; i.rJ3i^ll 6BJUI flj +
4i#ll qrr dF+)- 6r-c J ,-iYi grs dlFU rL,- -p la:lrei 6-rl-F -l -rSJ : ( u-rAL .,o 

)

;h. .Utl.,-itiiJ 5 el-riJl crtsL dD= 4}...L 6_;0.-a+ &JEJI 63:'a1+e; d.J- qrt4cyl AJ,+j--:Jl

diEJl ii.S J f+-+ a..-tj. 3-1:"a+ , :ul^ill el-..ai.ll3 - LL; 6_,1:.a+ -diJlll *te lA,ll crl.:r- _lt+*J

-: qJlSl sl_ltS')t cJ+r.+ J aiJlJl

f J tll llJlill r 4J.ll ditlJt+ 6:r^lt -ii+ ,to - I

. for-1" ;_.6,J oli J ,t*i:y: +!,1! :i L1.- rt-e,. Ais ,.JA , Ul*ilt E,o -y

. (ASHRAEHVAC),4r+blr i+rL,* j.r5;;;ffif I:;i -;
g1l-'ii"',lr'ri'rl : &:hll *tc lA-,ll d.rl'',o !r -J>l p..i 4+{r.-:ll &1.:''-Jl _l qlt ill f r +r.: .r+

qFll r 6;r. o.lt tj J|SJA r 6-itr^ J;c 4Jla.rj :13,o LJt -",..,t dlhs {i:.,.-ll g:L.rs.ll 3 a_,,b)l : . i#(',ll

slrl " il! J &B!l J oiLl,Jl o"J- 4+:-c^4;. J,! aiL:J ei-y d-..-i d loJsi ,+ dL
. Ldii^a3 c.,l+-! Gp 4iEi-ll

qtitst rlj4Jl stjJl"l 4Jjitll crt+Jtr-rll

,I ,"'llrJ rl-,pll r.i3t!Jl r+-= J a3Jrti c9r. -9 &Jill 
a-5,., "J" 

iiililJl elll r:133JJ drltlul r;,:
.r.,-3Si .r-*i 4#t+ irui .rrru d,l+ll-- i; ot*!' dr Ji6 u+ , k-.+ Cl qlt*ill , cr..:ijt 3:u
olcl-bill cll;JJ .J+!.rt33ul iJl;! crti,.-lft +'- ,,,*;:.ou- el36Jl qrs 4iJul crl33Ul g.6;J.i

: *r:YtS k+l-r.) dF^J ,Jl r aJJt^ll ciLJf,-ll ol>.J _r rilcEilt o)^i,J ri
Jl.i.rJ aJLs;'r.-r..o- crtS3JJt dr Jis u,",JroliJl d ee+ 

j^rc. ,+r:3 r 6rjill Lul 4+34ill -\
6sESll qJlc Ct-.iy _rte d-r^ r, ir'l-i ofr5

-j:Yl aJ;y OYt J.l .s-*1 4bt +i c+ C +- , o_,,1L:..o 3 gtirlt _ltjJ .,,. Ll.liill OJiriJl Cj^ -y
. 4l iJ:.-ll _2tl- J1 ,

d+r ,( ozone generating) Olj-9!l crl.Jr., ( Ionizers) +.i:ll a-ieJ ki. elCl crlil* d1r,",...l -r
.sdl 63L-lt , ci!.-a-,;!l 3 rJlJrrll .,.tl *\.l',1 et.aill .,s djEJl i.$ & ;aiitt e;,6si if^,:

I

J
I'l
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gJe 4.!l'i 3 .rLd; '''?0i 6-,1LmJl3 s+ll &JEJI

Lrl {r o-i;r-eq.ll ) 6-'Ji,.-ll dit-EJl 4llj,h d}3^ll r3i; l-,;1 . i3^ll LJilr aJl-= C .Jr+r:l ri

6-uSJl 651.!Jl JJ alLrj elj,6Jl ; +iilLc crl;lJl r ilrjl .,ii,6, &rLll ellt g. ( )L ylr..'ll

Ui . a:1 .+t+Jt+ 6-,-.1+^ J+i 6J c.4+ 4r.i j$l lu ll++l- A s , iJ-t..-ll cl;gL : -,rl+lLS

lr- i-lJl c.rlct*:ill cjilr alL,:-f+ g--+ )-r l-j a:-!l +t+Jj J* r# O:j:!l rl-rl ault.r

Cr ( r.e .,o )4+-,i drrr-s, .,rJl (FDA) !_rJ!l J r+iill ;JhJ LJ+ 0. k+ C_r".,*tt ;j<+. !t
J+e drlel.' ill d etrrtl3 crl33Lll u. ,J,-lsU U<=Jt alrri-L fi J +tll slr,-ll O_lj:!l

. clE_eJJJ l.4; 6 j^.".t1 ol;;..*ll J] cJ_r:X alJi*i.il

p)L-il 't-:rrl dEiS .=3Jl a,-.-ii. ct6-' cJ+ cl. !-l-lr L-ss,a+ tdJ!.- j elll ftl+-, irl-'i, -t
. 1.6iHx-Y r<;J*.,aJ^ i u,.ti"S!l .,-Ic -il ;$i: olr !:L$ rl3. 1aJ1-,:-Y d.rleL:ill

d ol-r-,.3Uriyl iJ$i.ll rle.ll cfli 6''Jrll 3ly! -r$:l , ii$r i;:*a+ rrr..,ll cij c.,Urr': tt+l -o
3 el_r+ll a--p;3 rLJl Cli+ sl-Ji:ll qj,.-Jii, i.i-:ll gJltilll ,i al;Jt rlll 3i .t..Jl

Ll +! Ji l(rl.[-.:, gr t6$tsJ r'+ a+-Jt^ll alet:ill d 4*.;s d e.+ 4+jd drll a-Ui. ,rs 4+!;:

e ,adJt : iLll 3 o!3;S;^II a-1y 14\ A+JtJll :-9;.3s , ,,,i1+ l(Jl. aliils,Jl r 6,iiil l-el$l

.( \ 111 I \A d+JEl ) 4+lJl crlel.-aill 6;.; d rli.'ll ,rJc. rL;gYl 4+15.,! rt s-l
" i--r'-utll el:,-dl , L ,l'i', LjSl- . i -i,r-rll ,:,-;Iilr c.,,1 1t+ alrl'' *l -1
LjJi dr$+llli , gr.-l*-ill lr{J d+-Fl gl.i jJ l*,tj;JlrJ d;s ..r ( Nutu.e's clean air Machine)

i .,1.[i C d^-3 Y l-gjsl 3 , (elJl ir t9]t oE:L:) elyall rr (co) orJsll +l."si g:l-'i -,)t,i

:l-Jf-+ )-t-e , ir .''' cJ+, a.iLLnll qllJl r':trtU"'Jl sli c.rleL:ill .,-i elJdl s!r.n aYr,-

. LlJl a-,J.lJl drlet*:ill i i,..1= (Nlsa ) ,ojlx^ll serJ L^a- u+Jrs;,

ii.;Li!l i;igJ th..Il rJdiJl
Y* yg : iil:i^ll sl+ll*i]l asll ol_11.". 3 clleL:i 3 crLt^". aLl+ .;r+ 6Jrll fS-- r..i)li dls

-:J+r irrl'ill eljdl ej6i.Li , ", t.,l'il1 
"U+l!":.r-o*.,ro;-,rut 

LJ-Jl 6c,-iDl;Jl cJilr. lJi,*t
:-illJl ;.;9--ll dFtlr-ll ,ris eij;otiStl qlb c.rl-.i;* -:+c 

'o3l.!ijJl ir qll.o 4+;q olya _*_r,

C* yi -.,>-,i e! J , t rtr k*-r : ( o+;**lf CHJI f^lJi Oi .l 6J'. CrJpi+ .Jri k-.- Cl )

.+lix : iiEi-ll 6l-iill J ,-,l+^:JVl J .-i.il1 : ..,1-,+ll cl)r ,JFSJ! 3i 6;lJl d Ahll clCl

Heating ,Ventilation & Air-) ;-2r-l:^ , i.r(i -l iii.i -l a+-x. i^!6i a1''i''..'1+ elJdl IUJS^ I G:>L
. i ,,(', ..- i ,^lLJl a-iUiijl 4+-,lr .+ llj.ll JIJ^i*,L a:+l-r^ -l (Conditioning systems ,HVACL.r

a:ili-ll .:l.=tJl 1.6iL:.+Lil e:lpl-:ilI r-i;*; dr dlEA . (t.c++l ) JihII +li,fi en L:.'lt



@ e.,,l-iall aJ;.. Y , , t tll! 'l . J+4Jl I JJTJI

r rr_.ill aiEll ol;.--a,ll r 6JHl "kll+ .-ll'! t4$ 1*.U a;.,$f i-:t+Jl egY i ,. - ;'t t lt ,
p1-:.^:ll .r!.,&J *l;l_,;irYl 3 . 43SJ,= : +:!_> lLii _l cljgJl !i; : lrt-rll 3 i./;Jl cil+_lr

-:qJl:Jl 4^ilul dil-6Jl *tc ; 't +,tl an -bi: 3 s 6;tjll c.1c ),'hi

Particulate & Microbial Contamination g;;r4+.ll ,,-rU. !t &rill e;rr 
*

Particulate Concentration & Dispersion 1c'''''i''' -l ,-il1*lrJl -,1;Sli 
*

OtJ Ua+ .jllJ'll u a+lill -lslJill g-r cl3al! Lf-.,-. f ,USyl + d.J- a, JLll a.iUiill L:. .u.: ry' -r

l-i .(1,', l,tEl ).+r-,,ltiJl JfJins+ll eJ:ll J"JEJI -r$l ol3elt+cs-,-l 
'tt^.',,k--r.

4+1--l t{$ a;3t_rll ,;_,11!l l:l+-rr ,Je -tJ".*ll JlJl crl-s.L". :3a.s a.i;L:Jl a+iU ,r+Li ll f*g"tt
d;+ g;Jl d)lill :JA 3i. 4+JJSlyl c.,Lclr. ll ijl- i q5lilJl .tljdl &JI:ll g^ a*,l-"=Jt aja;lt

fj rLl,iyt 6Jli eE:i crl-=.i.;^ ;.le ,.,j"a ,l-x+ k+:e, .t:S -l , io-,llJl a+Jl .lr +L:lt glcl--aiJl

J a-.iJ.ll r--l-r^ll plJ*r rL',.L 6:;lt A 6:ls3,.+ .r-,1,.'l 'o-flsr 
-er ct'ilt &Jill gU,JU;yt

. 4+lLe \s-t^ Cr*'E -l t ir.rr'ill c$lill qlih olsll elJdl f+-- ct (%tl ; *:rnlArlcJ i.6.

ej , cJ+.i:tl J JlXll 3 et tll 6Jli et-ii r;j a1c 4+!l-*Jl j i-A+Jl , .,ll ",1 li;-Lll ,-:let :illi
. ( t .+rlt )td^c 6ctsS gl-o;J ful+.-ll crlcl;r;l C*"'E_r,JL,i,l,:ll ,lJi .9;3. AF: .:l-,;li,rl el-,,;,....1

i'irliXl cilet :dll crYtid-,,l -q r-ilui

.r-ii r dL-,U -,r_lr L-+l rJLS olla.t1..,Jl ,j l-i;; r drLctj.-ll ..+.g'll a:;s +$LJl crlcl*:ill 6JAt.t

c.ll>.^ ll Ji J--j,e rl"lXl O_dl ol+i,ii..,^l o+.^-,tt f_*iJt O! ( t Aol ) ,J!++U .t--,,rlr cS_2ri

-: ta:. r;"t;rtrl,# JJ frji drlJll.., 6rs d-i-oi.i j,r,,a2,"ll ol.!.-i.l,,'."t . Jts 4]r3ul

o 
- 

. rI.r6JI u,sl i "+-)^,ll 6*+ aJ.J- ,rb d..rU:^ ll ;-2rE de -
t<J ,Jixll C:ljll) Oi+ rt"-F qi'3ll ,',r- r &l r^ ll : .i-"ll .pc iJrlJ^lt J 4-,,U^ll q3ill 

-.,1e3,l 3rc -
.!r:^ll J;c Jisll +4 4+-till q3dl els] _r 

"+b-)"ll 
*:c g S -;'ti

sr;+ll l3ill ,Jc J-..--ll agi+lJo dr JE! otlJl prc, a r 'or;sr,o.if ,.t' .,,.a-Fll J;* Lyl; -
. ,J!."".i,11 a;i -l

,j r.Jt+t9n;a g-r3-+-9 &t:- #-.1,:-,,. q# ,r+ll &lS (HEPA )Ji c.r1-.i_.,1ro ,lri',..J i l^+
I - . i t- ttF d+- U. ts):.(t c+Jijl )4.c.ti.ll ,# "+-*tl 

sc ql_.,p rrrr,.il:r . (t lf v ) ,ttS*/;rrrtt
: 6+t; rll -1l .'..",1 tr-: 6_er--Jl A ,Ilfil : a+U,! +t+! ,1.= 4iJl slct -ai 'l+ C i+Lll

-: a;lEll -ilral_ellS 3 ot,3;fuIl

ot.-.r-y,:s.AlL--1r ,r-lc J_.---ll .-!+l3 ASJIJI jJlJFll rr+-f , iii.,!r 4+Jp;i.s.o e15 .,Jc JJ"--ll- \

i.+=..o qJ.rii,.

\\



t 4.!Li S .rlJt '"'t(J 6;lx,Jl3 s+Jl &jlill

. a^il- J i.iJ-U,l A.r+ ,lC -tJE C L 63r.-! 4;;ti,lj 
"Jt 

,J:--.:l ,ifu ) 'o'r' , 4J+hyt e.rl;-,; - Y

,f.l-Jl ,JL,-ll cl-:i el-en .5J3 J,! 19rj,; 4-r:r5 J e+ gi ,.]Uit e &lsi.r.oll 
"r"t-,ll =t*J r!$: - Y

. 41+lt - d 1..r" j o_2Je-a.o O-+f.lr:

. iils : e_r #-i Jtlt+ r 4r6lrill cr$::^Il 1$.- _.,;rc irl;_.! - t

. ( t . d+Jijl ) . 1-4-1^ll arir. .!l dSLL u," ,,-Lill - o

,rr-ll J e.#i:F-ll 1SE-lt J 15+--ill c.l;:iall J J+ rtr;i la:J-i +L:lt d.rlpl-:ill c.,Llrs..,l Li

-: .,A dJLl$,:-Yl ora iLo.s. U J. ,rF-.-ll J sirrJl

cilcl-:ill oJA $ri 3 r +;^a-aiill alrl;rJl 3 d.rlji.L',..,J1S.S:d qJUl crYl-oi=Yt gli crlel-:3jl -
. +JLll l(1i.,+ .*J : 6115,ll tJ+ ,31,3J l-"iG:,iJ!'l

.dl+^Jl l- ,.+ 1+llJl 4J,-J.-ill crli oL;l-i.-ll cr rr3 J dD[.-ll ol-ii a.eE.- -
J- I J nSJl .-":6r-"..Jc.'lJ- (ii*ul ,::l ':.S..*lt ,a;rrU )+.,:)q.-tl crLsll i-ctt. -

. +tll ol r.r:i-ll

, I! 4-l,i'-l , i rjljl 4,'lJJislyl Ji.+cE.-ll Jt lYl C# -rC# OIS-: r5t'itt &t--,.\tl -g.g

. air,i-r ., r rfrl:ff:;.,; JJII
. L S*,rll J;*J"-+ll : q-,;_,,*Ul crlgli ll -

. ( q a+rEl ) r crtel^tJl _e r:L:=Jl 4ctj.- J4"6lriJl allelr. Il -
d"'i aJ-ri- ll u,.lJ,[Yl ,] -,1+ll 8l.1r r-er;.-ei - eiLuul i-cli. d drL-J,-ll rlr-li-l glJ$i- -

.(t .+rtt) crt-3,tJl gl.rii .,o A;rIl ,-l-r$:..rl-1!!l C.L,! ,tLJs

,# i.--+>JE _l iJilr 4+ dlr+l crLlri:-)l +'- .!.-tq Jt^,-ll 6t{ a_;31: ,o,--'ll j(g

eL4Jl*ill J$n c.6l-i +J!r fu-r-r" olr ul;^ d kJ-;\; J aJ+J-S+Jl : i.,..-ll r aJ+LJl crl-rL!':^ll

.qrl*;!Yl J ql$l crls.-ll -r 6l-i+ll rlJ;JU LD-rll u3r drt+,iii:ll _;J.i,,,i.",,

iijExl olet dl d*La:

1+-,1tll ,ra ., Jl-,:-,Yl J f$X 4iJJt.J<*i -, l.e+ 
"lJdl 

iilJo: i.;,-;r,.,,,- fui1f,1tl 4.lol" ill r Li. 'r

,fr-Jl (federalstandard20g)qjsJ.ll JlJrill u,,l+Lll(atoO)es*tl ol;lr.-Yl j4-:Jii.ll

dJ- drll 3i g3lJl ditlJl rre Jjft.rbLll l- ,f , u-J.-ill lr,6p,',-,r,Jl.,,i uLL,Jri -.,1*':a

,.J-+i+'i (ZOe E ) -,=rU u,,l-iii.Jl Li , ,l.:ill &1J- a+-,,J is...r,S^ll erill i.l-rAL ( .,o )

-:ol-oi i 1*"^i 6-pr iil3.^ 1.rt+ .gJt 3 cil.rs.3 r&n qJ3r c.1,JJtL'D& o)3 i. qy.lt u+Jli.Jl

\Y



@ irgr: ll 4l+,o Y , , t JIJ! 1 . $+^ll \ JJT.JI

( Federal standard ZOe I JIJ$ll u",l+Ljl - '\

( nritistr Standard 5295 ) gjJSYt u,l-'i.ll - Y

(tSO ) (lntemational standards organization ) +l-dl u*JJtLll a-Li. crt+- - f
.(fna ) .J+ *'o.;rlJl 4+Llt .iJut+ a-i, ll 4rGlJJl c.L:r.ll qrt.i.;,r-,Yl lJLill - t

r i.ri i ,.-! 6 r o:n-Jl t:rh-jJl : k+ Lsi,.^*ll crt-lt - ll *:-,rlri ,ltr) i ")ci U"JJlill dlJi^i,]

t+l--J : .ill_rll :r,l 1.61 6_r.".ll rjr-Jl -l drt+::ll , i.ri. ill 4!;"t ,rs , il',.:.', : iiLi^ll c.rlel*:ill

r:rlirr:-;ll ,J L<+6-e^.".t1 6JlJFll rl:ri 3 el*l J,! (\)*-,,c):+ll JJ-,J dr;-, ( tf d+iEl ),

:(O:-AU ',o )l+-+o+.(\"' )rj+je^.,,J(\"' )';i' ll Oi drj-i!l!^rll c'l+-daifa-ll

et -aill ,rs ,.J,S^ll f$l ,,s ( ,-r-AU V ; p-+ tfLn: ( v 
)

A,iUlll crl+-,;r otir':-; 
"t' 

l-6J6_l^^"^ll ,jll3,ll rlrci3 et..l (\) *r,J:+11

MEASURED
(MICROMETERS)

PARTICLE STZE

CLASS 0.1 0.2 0.3 0.5 5.0

I 35 7.5
.)
J I NA*

l0 3s0 75 30 l0 NA
100 NA 750 300 100 NA
1,000 NA NA NA 1,000 7

10,000 NA NA NA 10,000 70

100,000 NA NA NA 100,000 700

NA *14r3'r3.r 
CJ^.r,. -Ue

&li. lJ. c;;J.+ c}Jl er_,; : rre;l^r-ll *ri+Jl cJ+..1. iitl^rll crt+_,rJ c5J.+ c.rleL;ill , tJl. i +
, il-.ldl , i.,3Ll<ll e :.n) r;. ll , irrtll ) ^$-t'-ll 

d-f.ll &K c. 6*"xlL ej+ d,l-e+ cJ+ cr 6r,-

/L.lr'.ill o,i-r-,iljl
\ iJrJ. J

ii.rE.ilt li,Iult c otpUill J.ai: 6.rb!

aLJ-,.t' c1,;_l rcl_9!,,'ij,o,r J i,^l;3i^ 4+j d.,ly Jc, 4i$ill 6lcL'ill a^.L,:i ;ro'U 6r1-c1 ,,,1L',,

-: asYl a:-,r!*^tt cl_,;l-,:iYl ot-=.,! r+k*,Li .,Jc.:(lSO 14644-2) i.+ll c.rlct--aiJl ,.rl+iiil:-p)l

. a+^.-ill ++ e...r eL:ill i-itlii ,-i'-i,- ..,p .!ii-:ll ,i oG)l -l, ..r.

. adinJl ,.ileL^:sJl rJ# LL' ll drt!:J u. rgiJjl -
. g:taeYl ctjraJl gl-,5 .J* :i , ( 4-=ljyl ,l:n ) elll ..1t .1* '4ej-,-1^ .9i-:ll -

.t4-_';: ,i brtr;Y ii..,rlL (UeeaA ULpA) clfl ril-.'" y Je _.rl+il -

\r



gJ" i-LLi 3 rl.t.; ,',1(i 6-1trrJl3 s+Jl &jEJl

. -r-4.-a,.ll elCl ,-,'1+-,+ crli c.rlcLill 4+-,!q rlr_ti-Yl Jl+il -
J J"ill j .:L .^::Jl ,-* l",li dJF silt : iiEi^ll cjlct*:ill crtp_,fft _r ul-!+ll J Li Eill u'-=i -
J*ii ( 1 ).r" +J Y drlJE *1" *p tc+ 6-e^^".11 651!Jl l+ J sc -,;Lni-! a*.,lll+ Ui. ,irrs.tt ,
19J-+.3C1 ,.,Jci ,(lSO6 ), ir. c.lp[^:i]lir*(r\ ):, &i ,(rSo5) , ir. c.,le1*:.d1

3 c.rlr-,-Jt j e;,6,$ 6J,.3.4. c+J-rr 4Sl-rJ etL3 Cl crlcL' ;tt Ui. '>."i 6:1t3Jl crl_2lsiYl 14.;i

J JLiiYt ol-r-. J # liEi-lt ailiYl g;r !i.-all j crl.iDii)l crli , dil-6Jl j$l-i J tuli.hll 45j.lt

(r o q$,ll ) ,el.:ill di,it ,l-i:i ( ^+. 
r . ; dS 4$l-r^ll

iiBjlt gJJ.J (!.tLii

;l r Jl d-+tx I c# rlc 6-,11-,-ll .l+ ,-* t{J't& ol_11_!t ii.! a.$n Jl .raliJl c.r +r,ll r+g

-: .,^ J i.+LJl

. arii,,Jl Crl-rLl":^ , C.rt;. l_9,o - i

. aihi..ll d,l+lLilj ii+Ljll J ;+$ill ol.i^-lll - .-r

. 4+ll-ill tC a+U.ll , eSl-:Jl u*#li.ll 3 c-Jri:.,*Jl J dilSJl - e
. ip.jll .u^Jl 3 alUll 3 eilSJl - .:

crt l<yll J a+iill , q:Sl &t- r srji.l.i,..,Jl iJl..d ) +ir!l r a+rrYl a-lil. d.l..,E=l - --a

. (+.:)q.-tt

. ,.r+Xc.iDlill : 
"rhll 

dfull - r
. ''ri;ill J 4:1"iil _l a;lt^+Jl Ol_;Llc,yl J /gJL""-ll ,Jil-l-iiJl - j

J i-Jra,Yl _9 i.-;3r!t cJ-t-- .,ii( aiEi.il c.rlcl--aill LJ,-31. r i-,1_;r ai , Lul crl-rlL^ll _ll>J r+

-,( to +JEl ),,,Yt 4Hr..,* e d.rL;rr. tl .r log JJ 4iJrJ"-tl c.lr<-r.ll

. full. ll..l , irL',',ll r.I-ri -l el;lldt iilSl crlr*JlJ u-ls,i!J Aslll dlJ.i J drt+F=l -

\{,



@ i*,rjall i'l+i Y r . t Jll! \ . J+4Jl \ JJTJI

'|.. cL:i

rLrg

. lrl-i _;..

4+L* *rurff,3, *'dts^trr

,.,rhLanJl rt ag
. a r1t' e-ir-ll

1..

6 .,J.+tsi -,J (Y) d.-r 
jis^tll

4+LXl crleLxjl ,j*tx
;-rt;

, (t) ds.tll i l-S ail:i-]l a-i-l,iYl .t+;r-dl rro i.-t-, i.,l ,l .', lJi+LJll crtil,ll .+]-
. c.rlcL:ill .t*,j ,.t' 6-i-!-ll L$-ll cir,-ll

,J--Jlfil d-Dl+.-Cl , .*t-i!t -e e;h-,ll a-hi , ol-,.i.2"11 alrii'rl , si#(3ll ,;r= a;rfill oL3J'^ll -
. i+ll .ilsL-aill J+c d$l r.J Jj loiyj

:,k-, , Ot-,-,:nl e-bli i+Wl rl3 r 3 oErIJl ilil (Jixl (Jj+.Jl (-j)li, J jL^l,iYl dfull rgl -
g3r L: .' ll G>l3i.l .,s dJlJ*$nll J.,iii , crl-6l5Yl J dl.-.ti.ll :io i-S-- J ful+.-ll , . l.,L'i,ll

. C.rL.^:: &-9r-

r, 4$l-rll , i-:"h+Jl ot-3lLi. e 6-)ti)l 6 , l.l(',ll ) o*"ott dJl+e.,,ill ,-rl,:6-,Y qslS cJeL' i 
-r,eJ,J -

( O-tt , ili'3ll
,-Dl-jil 3 Exll ,l*jl F crtr-Jl ,;;a;!t jEry ogJ,rJ3yl aL-*ll ,$i c.,L.rt jJ 

Cl-...11 -
.( 1o +JEl ) 

'tOV &r.i.i Cl cJSl.r.J t,!DE rlS=,1+ crlcl.6-:)l e "i+.Il
63r-'Jl 1.Jliii:l Ci d+- ll ait.'l tl+ryt ;ti ir't; .9Il :o 'lrll d^.;ll Uti olii,$*.[ a-,;tt* Ui

'.+ll ,.r 
tdl&l -e crl3-rUl JLi',',1 ,!Ii3 a- ( LJ-<JL J ,r+ll -2:tSl 3 u/:-*ll d ,J.i3^,*Jt ,t-r,.J ;,^

d-+t$ s d-*s a-DU !J# -,;,,sjll C iil..a],!lrl-i;_;-r"o+ : lstlJl ilill J,! ,.,j,i,3.,, 11 a+l=hll

-: c+-, o-+-il 
"/j,-*Jl 

oYt- r L.ri' '",''"- gllo['3i]!

. a-l.3.,,^ll JP UlJll .r! "+-r.ll 3i eqr^i.!l ..g-rdl sYL - \

. ;-r+till iJ-l-,+ll r i'#ul 6Ytll - Y

dir-Jl

Interlock

.!.S {!Ji

\....

u!-a
;..:-:tt cL.bi

\ . . . . . .' ii.

JJ9

THRU

sii..o aidll pL:i

J+r."

\o

\...



t i.!l'l I JL&l '''t(i 6-1Ldl3.r#l ,JJlill

. ,rJl dJYL. j ariJl JP d.l+l--)l - f

. +J-.ll JP 41"-il1 g;.t-;.!l - t

"!.+, &r-+ j cJL -ti.-b ,',-", ,.r-:-,!l Ll-.;c C* 6,.oS 4SLiJl a-.-ll , a;t+Jl -fly ,fj
,:,- +.-j-: r+ : -,1;l$'o:Lcl grri l+lS -l l+-,,8 rlsJl 6>t * I , bU l6y \ f .-* -rSi e/l3a

a-+;.r1e-r. cl3o .+,.,ll^',.rs *,ff tB blssc..,l:-j Li . a++-.rLJl 4!+ll d+CJ irc>U c.lf:rUf

crliill ,J-n L.^-:,J,rr. flS=!+ crlcl.;iJl .!Ia :a-231.;^ll crl-r,. Jl J i+^,1 l;;J t L' j:, +ltt

ey +-n ,*il ,t--,lVt C1.o;.3 ell3 L^( , bU l'oy \ o dr ,rl"i ,.fl:a c!'i'i-,^.,: e. .,

.i-eE ll ,,i;,_^; djt .i-,;o 3,-rt .LJl f."s -, 4!ts)l f..s: U-irtll f-'s: d^le " q e,JJJI.,.
i-rg,lr. ll o*!t +,-,t' * .(t .+_,,;p1)a--L=ll elj,.6Jl *Y_el:. +'_r tgJJ crltJl etll ul-,Js d]ij:l
4+Js-,rll c-rLcli ll J dil-J,.ll ot.ii ielr. ( lilri-ll c.rLclr. Il aJ.-.^-il , JUI cJyX alXJt

a.,St i.6J-r.a+ OIi3 +l-rl'l+ J 6JJl f-. O3,S; d.F ( Airlock )-lt+.*$ dlra dJl.,l eL:i,lri',...1

el q-a + rJs !iLs:, ii.[ri-o *l;iii alrri..,l-r Ulfib 6:>ll e!,iJx.JF.]l .Jt+ C+ * gi

(f ) ds-.ill ,-- a-s--r:j. .r-o l-S J &J'ill er^ J .l;r'll arl;_.! 6J3t+^ll alct -aill .1e . LI''i o

.( tv d.,SJEl)

ai$i$ aJjJYl 6 ,L.e sle i ,3'0.11 & oE! ;..!..,LYl drl "ii.ll
. ,,.r$l ,rbLl,l 4J.t-,+Jl J 4-ljl aFJi +FS.. 45;1 Jr.C ;>n--Jl al5lJl k+ oj+ .,s 6JL'J| ,J"S,l

dFls Y 4-JA :rlr..ll -irrf,tl *lc I t+Jl 9 u"#il rLnaYl gA g-11-,- ot -ai 6i L:l .r ,rri

,i i-;,tt Jea3ill ,i ot '-.;ll yeyrall r'or3-,pJl 3i i-,/.!l -"rl+JSar:-',..,J1 

"Jr1#toljy
r+l JJ c;l.:n-e':il.Jl crl-,133J1 .H!3 r.l r*ri +Uglt A"lrJl i -.-^ll 4-<- OJS3. .iliill j a+Jtjt

t t2 

"..

r r,-', ..r,4 ^Jar. , a-os.-o 4fo -219-i ,,1 -^-^ll eira g+^al ,!,r- !etl(1 Jl"oll "h! t# Oy'E 1.1"

e_;l_,pJl 3 a_,;l-ill tL;i _, el:-!l , otr.-!U. l;;JS+Jl : a++:l:ljCl ,.,j+^lt ,ri.',.{.r L}L-ci :3rj
. (Joseph) , (Cotin ), ,,.ti:,!t GisJ i.lslrll a;cCt .,lo r"3': lC iJl+:-,Yl t-ru e qltjl _,

i.ir,ll crl-rlE^ll ,q rl-or-oJla.ilj.Jl JlSiYl -l a.i;=ll 4,6E+ll crt"'ii:ll r.,rl',,,',crll 4{+ u. -li<+ cr lu' v' r J 
q-!+'11 J :.J+J-s+Jl J a.5u^ll J aJi*LJl r

i.rtilsl .o i.. ,Lrll i;*,ll ol ,-du

&.s;r=!l ,i$l dr ln-,1;c a1c 4+*Lill ,*.i$l ,,Jc e-i-l^tl tpl+ls i , tl',:.i Y _e i-c._r6. r d '" SS

olll crt"'ii:., lerl.6Jt+Jl *(Ct+_!t :,a+3t-rll ,re_,11 Jt )it-r"tt ol_,;*:.ltdt+j+,rri,il',i''

\1



@ !g1 r: ll 4b. Y , . t Jli! t. $1-cJl \ JJTJI

6..r.1. 
',ll & J g* rilj,:Jl t> J r_*rl t-J i.;c,l; lt : ir-'J"lt ;-,11-ill r:l-,1;':. t-l ,-4$.ll , . iil^ill

e$+Jdll L-Jai^ll crl,'ii:1 lcl. 6rL*ll iJi ol:ihll uJ,..- ll J d$l .f!;ilt JIS,l,ll ,Jg:, ,Jlllt+ ,
-: ,rai.s-*!l ctllr'll Li '

tuiLiI aidl

,',..11 iililrll crl:L,ilLi , q,lilJl elJdl &JE ?J..,J. ttr-,l q;L os f-F i.-)*, qlihll oELrill r-lS,i,:

: e-Ji-il| ol;ul uol^ iol .,'s '.+t* t+t+ Ot-lU t.,U aISr c.lr;.-r t.S l+,! LI+ lii 4+-F d"l'rY
. i^4-*Jl as.,. .!f U9:. i.ls^i.l )- y-r., -e crl-ijUl rr. J.hll ,l C ii-Ll:.

tui clll ii'll
JCI -ll+=l sc f.- ll d!-1; lln , r-ti;!t i+j.l & q -i-F,jtl.," 6:i:.".,Jc Otlfyt t'-5i.j

-idl J G.,iill '.--lt I -rr!l fl "+..irll u"at-.p$ dr qJl.," i-,.: r.;q g-^ilJl ,.'Ll!i, .ih^il ii..U

irCl -.;l,i. 

't3 .Ji+ bA 3 r g'i Jl rA a+aJl aIJq eLna)l .J+ gJgll e).'Jl t{-- C+ Y elLJl o- -r

Oy)*..e).Jl ,i a-=trlt ,i ,jt^,:t OIS^I a++Lrl ;,+"a!l cg.el r i.i,-Erll .igl LrLr'';
. ..113fi.1 ail:i-ll 4;;rl S+Jlr i:'itlJl gUYl Lhi :3rJ .;;.aJ t{+ -ih J a.3iJ

i,otsll crlel*Jl q &.atiill cil rrli,c

+:$ilt ,jl+^ll ii td d^1. ''tl c.or c dt ;t*lt a.+Lr ,Jclt4Jtl+ll dij.-liill _.,1j : r;,,a^.: $e

gf-r rll y.;,,icrt=:iyI+Jll J.-li.r:ci-rEhll Cttrdtr6tut it.i;Yl dlsidl &elS-,! .+.-:

i+la.lyl dr-liill o-4 l- t-i . ,.t"^,,!l i Ji JSJdI ,rr E:$llr Jl,iJl &-rr= t'rti3: ajEi-ll

-: 4+Lilt .Cl+X olct4-iYl _,,I+il 3 6y;11 !.J^r ,t-ti is-Yl c.lrr- ll_e ptill .fl-.;,ls , i.JJ^S3llJ

ij c *Jl

Jl-J3i.l ,..1L-'.' hl i.iEi-ll ot"':i:ll JJl;+ a_;rJ;^ 3 6u& !.i+'ill i*!l d gF ct olruill ojSl
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