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_. CfiS~ l;:qi'i'Xllt!Ci5iCl{'i'Xl1%51d €I
~~o~d~l~

~~~ Cl'"lfqdT'"l1 3iIClIl4Cfl 31:rfT

~<il\Jj'"l~<td~ aj'"lfcldld. "4T~
~l:Jft~ ~?1\Jjoi~ ~ 3ffi

SOoOldld. <h m~mi"tl5l1:f l11O'm
S1lilolld"3i\J1f~ ~ ~ eft en
~cnu( ~T 3{~l:fT-;f Cfis ~

Cl'"lfqdlCfl("i'Cl~. ~ ajq~ld
Cfis~R cH~1:fm~ -::m<{,m~

~lqIOLCfl~"i~?1\Jj'"l~<td~2f f"qCi5dld.

% 'Elo~')q'"l fcRft ~ ~ ~

~ ~ ~ ~;lIllq~hSlI~'i'Xl1 "'EICf

q'"lfqdT'"ll ~ .~?l\Jj'"l~qd lSRf~,
1:fUf Cfis ~ 1•.4 1-.-4 1 ~ -qn:r

~?l\Jj'"l~<tdlSRf~~~. ~
~cil;;ij'"l~qd-W~ f"qi1."1i:l<nT.f ll2ld~1

~3ilq~I~I~~m~,

soool;5l'Cl~ ~~1\Jj'"l~<td~2f~.
~1~1~lqI4 ~ q'"lfqcttall t!Ciffiiq{

-014:$'IRl4li ~"Iq10L-&l1~~

~ (f\ ~ q'"lfqdT:cfl ~ ~

~<il\Jj'"l~<td@di~lqI4~~~,

~ ~ldCfl'"'4i'ClI~.n~ lftoT ~
it{~, "41 ~ .Cfl{04Id ~m .
"fim~n:r ~ ~oo"'~ ~ qff
Cfis m~T >TC'~Cfi ~m\
--o14:$lRl4l{ 4)qIOL-&l1~ ajq~dld.
~ 3{~T '31:fmlfT"~ 3{~T

-014:$1 Rl4li'i'Xl I ~ ~ ~.

('4l 4)Cl10L"1I~ ~ ~
'3q041'E1161 "4T ll21dcr41 q'"lfqct'h41

~~ ~-gmm ~CftR ll2ldi?n
fcl-fui ~ m:rm. -01l($1 Rl4li

'3f)qIOL-&l1~~mrTTCR ;;}f'El0II'"'41

CfiTtt ~ {'El14'"li'iOll"4T €Ifcf2:'"lliO

~ ~ mn 3i"TfUr% ~~
\if"@s~ \ifHfn:r. Cfis ~R m ~
€Il~f"q~B)~~, ('4l~Ci5ld~1
~ q'ifqdT-'-41 ~ooi-q~~m ~Ufq1f



~. ~ CI"'IfI'l(ff~1 ~ lffi{

~~T~W1 ~crroi-;rr 3lTcnfffo
Ch{U41:;;ftmfUT ~ ~ ~
Cf!luldloq ~ ~ ;ott, ~
~ t!05iCh~ -(:Il(il~41i ~
~~,

f.rwTfo ~ \11~;ffIi~ 4lT~2:;;ft

ChIi(H(11~, CI"'IfI'ldl~1 ~
aiIG05UIIi) Ii 1\Cf11-t.\1l($i I ~ ~

~ ~ CI"'IfI'ldlCh'{"l 3m ~
("41,.41 ~ ~ ("~ Ict 3lTtJ<Y<n 4 \11Ii H

cHfI'ldl(11 ~ ~ ~ ~.

~~ ~M imm \111<fT~1
Cfi~ m-;:cri-;rr fcrml! ~T
-t.\Il($Ilfcil4J{ift lJ<\11"~, flI1il5llii0l

~~~~~~
\111d'l~oqlill(Cf?I-=t:Il($i1t1fJlctlct, ~
~ ~~ (1111 CI'S ~ r<ri-=arr 51oq p~ct
~8JT~~~, 3iTfUrfa~
~ \11~ ••1ct <n ~ ~~
Ii Il(chl-=t:Il($1I ~ ~, m ~
~ ~ ClTG -;rcxn (11' ICIil'all ~

~mo~,
~ 4lCl~iloq 'i4i'alICl{ ~.



~~ : m. ~. d, ~m~ m-r
lCf"lTct;sfl ~f.kq6t31t<JPd."5Ifu~~,
fcI~I'1~(gq;.

~, mrrfucxnCl'"lflldT:;:fl3&1id)~0&1 ClI(gdld. ~~ ~"CI"ffi ~

~t$;jj1C1~~ mm. lfRil:f~ 3&1id\"C41 ~ ~ ~ eft

3i1(g05011{ t$fi,dCflOI~ ~ >f"Cfiro ~~~.~~
mlfOT ~ IIlCflOII{, mfUy m;f -S~~l:ft..~ ;:ft(?lt$~dltl"Cffi'i ~

~ ~ ~ m. lIDf -ij t$ft:d~ClI(?Ii"C4l~ilCflCf~. ~

-t$Il($IRI~~5141U) ~ ~ ~ ~ld@I','H(d lffif ~"Cffi'i

~ ~ CI'"IfqdT"C4l~t..~ t$ft:d~ClI(?IiCl("4ld ~ ltlCfldld. "llf"i

~ "'"I' Cfi(ffi CI'"Iflld)~ ~ ~ ~ CfiRUT;ml ~ ~ idi?lCflI:cl)~ qf(g

"Cfl~'q CI'"Ifq<ff.••~1 -q~o ~ m"{~ 3ffil "Cflm "(mcr.i
~. t$ft:dCfloI ~ worn ~ ~ ;fl(?lt$ft:d~ClI(?IillR~ld@:t'.RI"C4I~

-m~.~~. t$ft:dCfloli-.:fl m-sm~. r~i .••~I~~ motft"Cfl

~ m;f ~~ 3lmfTIf. ~ ~ ~ ~ 11f'"Ii;ft \1cf "@fq(

t$ft:dCfloI ~ ~ 3lT~ ~ 3i~oll'"4l ~ ~ ~ t$f{dl(lC1I(?1i'"ll~

t$ft:dCfloIi"C4I fcJ~I'11'"111:'l~~ ~ >r"Cfl~~~OII~ltt ~hfl >r"Cflro
ltlCfldld, t$ft:dCflOli"C4l(J1tl;ji-ql ~ flI06'"1I~1 irffi 3TIfUTeft ~ ~.

"3'tq CI'"Iflldl\34I ('I~i~l(@l ~ eft tfRi;ft ~ ~ICfl~C'41 itfq;rn ~ OUT

4)ClloL~' ('1~1~1(~13Rffi, 31rlUr~ qf(gO~. ~"Cfl11ftm mtt m
CI'"Ifll(llCl(t{ci)41l(Bl'"l m $lfM\ClCflI~1 ~. ~ ;:f\(?I6ft:d:ilClIi?ilID{ ~
m~ 0"( Rt"C4ld~ 6ft:d CfloI "'"11! $lCfllltlfiffi~oll~IJl -q;"[(:r.:Cfll~I~I;ft"l

itom. "'"IT4"Cfl (IIS::~I~I ~ Cfifuf ~

~ ~ ~ ~ ~ ~ldfqCflI .••~1 "lfRill'q.,"'"I'~"'"I'~

q(fq(iltA ~6Cfl14 Cfl(OIl(l "3'tq -~ ~ $lCfllltlld~O&Ieft >rcfim e~~~ol

CR~ "3m\Oi -q;l"(T.f !i1fi:m. ~ WCfl(ffif.

3i1(g05dld, ~ ~ ~ ~ ~
~ 31rlUr~ @~(Id ClI(gOIl{)

;f)(?I6ft:d ~. f.l~llfd ~ 1JTUft

mcfImom<~, ~~~

I
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cnraf;r oi'1I ••R-tCflI (nanotubes)

• ~,~~~ChliiR~l~

• ~. ~<:Ji;fi ~~~~~m~.
• ~.'t oi'ilJfl2{ ~ I~ I~ 1oR=txrr ~ IChI{ldh.'1~ ~
• ~~dcnH, 5lChI:tICl15'1I~~~ ~ 3WfiR, ~, CXffi1q q:sJlC"'<l1

fqii5lj~R *~(.1dld.

• fClii5i~ci; tuLl:f~ ~~ tim ~ q ~ 'q I«Y I~"l
~qClI15Chld ~ ~ •

• ~6if)~1 ~a:rr~fCl~d51ClI6~~~.
• ~ <;:1KlRO{~ ""hm CfK<\ ~.

-;ft~ tJTfunNCli (ilffi~ $)
ClWfi ~ SCi1~Chi'1l J06 0l;jj 'Cl ch:S fcfjII
qTr~q«"ffi~. ~c3 ~~
~ "1C1"iftCl'1~ ~ ~. ~

~ ql~dl~CflI~ ~ ~, m
q ~~ ~ ~~~Ch"1 ~'qcfi q

~TCll ~ ~ ffW'qcfi. <ri~
m~ 5\CXJ ~ (lflft~ WR1)
~m '1Cl'1c:ft'1~ ~ ~
mft;mm~.

CfiTurrmtt 1lGT~f~ 'qlfuCfi q

{1~1'Qf.tCh~tn:f ~ ~ q

~ ti{'Cl~CI{ ~ 3Hl"dlO. m
~~ Chlol("Q1~ .~ ~, ~

~ ~Jl<t<;;T'1~ Cflrl ~, ~
'(fCffi ~ ~ ~ Chlol("Q1'5lCflI{~1

~~ ((Cfl~Chi:tn~~ ~~, ~

~ l(Ch~Cfli:tnCfiW ~ ~~ ~

~, "tft ~ ~1«1~Q& ~ cfiT "'1Ttt
J0601~'Cl m w~ ~RCfi ~, <tt

~Rqft ~, 3ffiT 31-lCfi ~
'l(Cfift<r:roT 1lGT~f~ ~ UJt:p:f "o\Cf(f

~.~~~~~
~;rT1RI ~. ~. 1:fTUft(H

2
0)



wnHlrr (NH3), 31f~, (02)'

'"l14?l-:iH (N
2
H. omitr Cij~qlf{Ch 3f~

q rfC?! ~H:f~q11t ICfll4 3f2lfu mt(ff

~~U~~~m3
3ffi(ffif. %~~~ ~ ~

~ fliO(15i'tXll I1I~CflI ~ CfCm:

~.~~~CRmm~
~ 1J;CflllUftm)mCR Cij~cllf{Cfl

~<n~~mcr.1104i'tXll

SlCflRlq{, ~~, ~~

~ "TTwf ~ ~ •. 3fTfUT

it 3'tlq~I<:'11 ~ em CijG<:'1dl~n~.

~~, Cij~qlf{Cfli'tXlI~"Bmroft

''Bmo ~~ ~ ~ ~
lJlT~ ~~ ~ ~ ~.

~~~~~it~
'CfliTcrr ~21 fq4d~, til ((tl I{&II rn
dICfl~'tXl1 ~~ it ~ ~
, Cfli-slflR&l1 ~~, ~ <:'1qRilCfl

lfGT~it~~~~,
,~ ~ q'S0Il=41 ('YTdOO6'1011=41)

, ~~it 3tlOi d'Cl 1~'Y'ftuTm";f

6'1011=41~~, 3l141'tXl1dlololl=41
{Cij{lql*("l it 11lc\ 3f~ fcll1 HI"\';4 I

'CfliTcrr ~ tllqlq4d fc@Jq ~~ <n

Cij~qlf{Cfli~ ~~.

~Cij~qlf{Cfli'"lI'~m« ~

~B ~, CfiRUf en ~~i'C(t

qlt;Cfldl tt ~ qlt;CfldSlI1IU1'ClWRf

~€t%T'*I~ (free elecrons) 311%.~

~l

31Ul~~~,~~~

.~ ~€tq?T'"l' %~ V:CflCilI~ WRf

~,CRfIcf~~~.~

tf";f~ 3't14'"li'tXll ~1f<1CijQ&ti{'Cl~(("l

@C1501I{lWf<f ~<.Vlq?T'*I'Cl1m1R CfCm:

mm. (il1t!Ji'Cl ~~a);rra ~
3ffiOT ~ ~ 13;'«f ~~f";f

~o~~ tf";f ~Cfi~ ~

~~,~~fcl~dqt;'"l

mit. ~ Cij~cllf{Cflil1~ ~ %'if

~. til C(Sll1lul'Clemen QWI1«I1v¥t

WfO 31TfUT~ >rcmft ~m
>flTTUl ~ m. en ~~"GT

~ f{;qI;jfCij<:'1 ~t~ 61041:q')
~ 3fl%. <n~, ~ 3f~

crnrclCfi CfiUocn ~TTf'lJfr-<n Cffilo

~lf[(f ~cfu1.oi~ m ~ ~
~~dq It;Cfl 3fl% l:{Uf~ ~ 'Cfllft

3fl%CR'm'<n~~~

CR ~ q It;Cfld 1 'Cfllft ~. 'CIT6'Cfl

Cij~qlf{Cflld ~ 3fTfUTm <n ~

~"TT~ ill~ ~ ~
~ 'Cfllft 3'tfl041'ClI ~ ~ cIT
~11C151'Cl.tt Cij~qlf{Ch >ICflm 3ffiNfd

Cfi\UTT~l STcn~~ll'l;;~ (fc:r~-a-
3QCfl{0Ilcfl<:'1t:r2Cfl).m o61(Yl~CfliB
(SlCfllltllq{ 'Cl1(?10IR~ iB) 3fTfUT

f~ ftp~ s.TRrfc:"ff,
(~<.Vlq?TPtCfl3QCfl{0Ild1<:'1t:r2Cfl) mYit
crT%'ft ~.



J:l1'Qstil~Jl~TRCfR"'Q1 ~ ~ fcl~d~:Scrl Cilflqu'Qlq4d 3fTqUf ~

~crrftqji~ 3Hcnfcr~ ~1J m~ ~~, 'fUr ~ tnR ~ ~

~(ffif. ~~ff.rCfl ~~l1t~ mT~~;j:f~. m mcf~lftcn:

qlq(C'"'Q1 'ill1011""'-41~Q~2:S f1fcfl~.,.'Q1 ~~ ~~ ~ Cil8qlf~:qiiCflg

Rflfd1~ ~ fclCflmd Cfl(u'Qlflldl ~ ~ ~. % 'l:utwm ~
~~ ~um fim~ 3iICflI(I~ ~ -R Cil'iqiflt) wm-mq
J:l1'QSl1I~Jl~TRCffI~ I ~ ita. ~ 3lfIUr~ ~. fuqr<:f~ mer ~
<:ITa.r:mr -m-fucnf;i q ~f.r~ <:IT ~ Cil8q1f{CflI.,.'Q1~ucft<:r firncr

;j:fQqI6Cfli=t:fl ll"ffiGTtt~."fiTJUTCfl (molecular structure) ~ ~

~ Cfilfuf CfiIft~ ~ ~ CfKC\'i"~-R~JlCf~fRCflq S1Cflllin'Q~wf
fcl~d~:Scrl Cilflqu'Ql=cf)~ lfI1TUft ~c.oqdl ~ a:mm. ~ ~

3iT~. fm~f~ q ~f.r;j:f~ ~ Cil'iqu'QIl(cf1\:l~ qldC6"lq(

~~~ 4'QfGi~crltrlWTUft~ ~~ ~ -R~ CfKC\'i"~ l11J<n
"Cfl(11rRq~Rqfl 3if~ Cfi3luTira 1fGT2:ffl:ffil~ ~cxn "RIT 1J;Uf~f"ift

~."BcarT ~ -mm x ~.-mm a):4q;c.ol~1 fc.l~d~:Scrl ~ m. <:IT~
mklCflT'i ~ ~ 46Iqi(~ (billion) ~~. ;j:ff'q(fff;rcrft (molecular

~ ~~ql~q)iql'ti"1 ~~cn;IPlq) ;nq)

~, wt~~~,~ CllClflIII Id \3C'4IG'iIUlI G\ilfcR~ dClolll'HId1

CITflT'EficfiSl" ~ 31'<1011==<:1I ~ ~ lfI1lUft ~, qur 3ITffi ~

~ ~~CfS::IPl4l \3Q4l'{OI 6l'iCloliid 3lTR 3$, m ~~CfS::IPl4l ~ul

"CfffiCl) 61SClIR4ljQI'<t1 61'iCl~~ 9~ ~ (sensor)~, CITflT'Efi~

f.1l:rfur~~~m'<"i~G4li'il Rl4lcdld, ~'<"i~G4li=cl) Cl164ldl
~, ~ Cllfllflld1 '<"i~G4lIUlI ClI64l~+iul ~ ~ 6Tcm=rq.g
~ ~ ~ CITflT'Efi'~' WRff mf. 31~TT~, 3ITffi crrgcp
61SClIR4ljjas <IT ~ +iIOI'<1iill +i=d1GI~ ~ 3ffiYft 3$,



engineering) "60Idld. ~ ~

~~~-mma.~
~ ~~d1isCi5l:;;ft ~~ ~

3ffiUr ~ ~ q ~ 3qCfl(011:;;ft

"CflFfl\1l«IT~.

41~il~JlCf~ff.li:m.t:xH ~ 46~1~

3ffi 1J.Cfi~ <il~qIf{Cfl ~ ~

.-;f~q~.Cfi~;r -;f~q~ ~
m<fi-ahl GI@q~~1514IJt ~~T

dlolJl("'ll1 3l2<ilT~eR€fj ~. ~l?,l?,~

~~. ~l{Pl1 ~~ Cfl14'"l4'l

~~~~.
CfllaR4'I~ ~SJn~ICflR;raft m'm(UT

~-~.~.~
~ ~~ (~I'4<tfcl'lWT~.

fcI~l"Icl(g"l~.

~.'t -;f;r'htR,( c~ Ie l:q'f 3f~

( ~ -;f;rr1lt2'( ~~ ~ 0 - ~ l:(T)
-om ~~, ~, exm:r ~
~~lfuo~(fT~~~
~. (fT ~ qf{410Ii4~ ~'q;{qi

~, ott ;f;i)2~~ql~Oj ~,

t:l11.~R@:q~, ~ ~1f%lf2(eR@

31~ ~JlCf~TRCfl3qCfl(0)~ ~

~. ~ 'BCf 5lCflI(:;;ft~ ~

~ oi-1lliI2( 3"tICflRI=t:fl~. 3ffiUr

~ 31iCfl\ul ~ 3"tTOl.;r ~
. q fcfi"" ~eJIOICflI a:rr(jjd~j ~ 31m '1'11

Wrcrren~~.

~ : Wfurr ~. ~lOi15lfc1\UI(.1'4

~ iM ~cl~1f.li.ffi ~ICfiCldld.
~ : fSI'4G~f;il cn<l

QIHCfiR4IHI ~~

. ~ RlCfllx11d fuarurr=tll ~ fu~ l1Tor CflCT

~. ~ ~ ~ fuafCfl G)tl i=r;q I
~reCf))'111'1 fcr'qR ~ 'QI(YlCfl;:f1cft'dxq11I(YlIwfi.

(fT Rlillxitlldl Cllltlcftd - QI(Yl(~);:f1&

t 111fucp \iRiR ClTilT. ~ crfofi ~. 9 ~ 0/-

qj(>jq;41tft ~, 3P2ffi fcffiPlCfl, ~ ~ Cflltm, ~ Nt'""li!SlI'1I, guT '1J.



rqC6iq~ ~ fclftT@' ~ \ifiq, ~~fi, ~, cIireq;, i11~u41t11~

3ITtlUT. c1ilcC6"1I~W CfTtffiIT. -g CJijif ~Iq(i'lllcli -gcj RtdC6li1 -ijoo ~
~ 3l~fi~~. ~am=r -g CJijif ~ ;mft ffi mm ~
~. 31l1Ur i1lT tft ~ '&lulI=4iq~ ~ 916q~UIli1 ~ cll4ldld.

I

(ft~~ ~~~'ls' ~ Wi ~- ~IOI'8Ii:1I{R~1:!UnnqJOlfq(olli:11

qlmJOli'8ldf~CfilCiftmJ<m'ft. ~ ~ 31fRIT. err (l'8IJOlRch ~

Cfi~~ cf;~~ f1:f~ ~'affil ~ ~ (Im~I'8 ~,

3'lIJOlW'8IJOl"'lI~:g(MIG) err~~ GlIT, ~ fcrcflR, ~, 3'llfji'8l:il

l[Ci5(ft ~ $1~It!cil 3'lqf{flld ~ m, lQ5fi'ciiiifl ~ ~ % ~
m;ft~. 6!l1~tll()tll( ~ ~l)Cfiiq( ~~. m ~ tllli:1Cfiiq(

CilqCfiIci5;rm ~ tffturrq ~. ~ ~'~rm~rr~"4'fturr11moT. 'ilI151~IJl

WffiR1 ~ o5~JOlI ~ ~ ~IOI'8I"Oll1 ltRI(lq( ~ tffturrq fufT
5lCfiI(:cft~ ~. err ciA I'R."'Iit!cil W 6!l1~51~IJl ~ ~ q~;/Iq, -qaft,

0l1Tl:f m~ ~a:f et'lcCfi~~ 'ITCilq muft, ~ muft 3'l1<f1qUft
Cff1Rl11~ 3'I'801l'"JOl1mCflliCfi>%~ ~ W.
~ . <no -qf\UTTm~T fcrcm: CfiUfT

mien: -q:gurr(t ~ -;m Cfi~, cfi)2Cfi"'lIltlCfii"OllIqlq(lq( ~ ~

~ ~ ~ Cfi(1iT,"CJR~ ~, ;m.roT 3'llq ~JOlCfi m%, 6!l1'81a1 ~

~ 31Cfilffi ~ ~ 3'IlfUr ~ Cfi~ ~. ~ m%. mum=r
"ff"{a.:ruT~ <n ~"@ CfiTtUJim'l q~('"JOliGT etR:Cfi~i~ ~1J

ch12Cfi"'llltICfii~1 cntR mo=m 5l~IOlld" ~f):JOlI-.::JOlI ~rm~ ~mq Cfilft

.mol. err c€l2Cfi"'llltICfii~1 cntR ~ Cfi(OJOlI'8IJ1~"'"Olll fCl~qld ~

5l~lollqa:fT ~ ~ ~ mcn-r -J)~. ~m: ~ ~Wfd ~h<n



.•

R~;jOllftld) s"1~il:q1 31TfUT~~ (DDT, SHC, Chlorodane), Cfil'sfRCfi

cstll0l«!:q1 CWR~~. ~~, q:;Tf\h(ft ~~ 31TfUTCfiICllf~c~ .

lfCf1T,cftoo, ~ ~ <:ITim&n ~ mm. chlcCfiOj1~ICfii'all ~

<fiM3('qI~Oji'alI W:a.10IlftI61 ~11~IICCilI ~(~nOjI~ICfii:q1 CWR ~ mm. ~

~, q:;Tfq:;(ft~Cfd chlcCfiOjI~ICfii:q1 -31~~, ~li)CfiICllf~c

CWR Cfi(Ollld~. ~CWR~~.q-31\CfiR"lllCR

en mrTll"f.rCfi 'RT~h) ('~i~ mum lffiurm cl030lllftl61 ~~.
3q~lllljftl( chlcCfiOjI~ICfi,chl:SOjI~ICfi, . ~ ~ ~ q ~ ~

~(~nOjI~ICfi, dalOjI~ICfi en ~m w:a;rurCfi(OlllftI61<:IT(lftlllRCfi~~

cp ITCf1(OICii«fT~. ~ \iffiffif w.rfu ~ Cfl1:R"Cfi«mf.ft!CfiiCllUCll(~

~ chlcCfiOjI~ICf,i:q1Cfl1:RCfi(Ollld~. our~ Cfi(Oll1ft1&2-4 0,2- 4-5 T~

mien: c€r:s -qs~ fcflcn c€r:s lllftl(@ll dOHI~ICfii:q1CWR~~.

(:'1(l1~It!c3~ ~ Cfi1ft~~ ~l ~ cr:rfu llldh'lI(:'1 m~
~ mrr ~ m~ crm ~ omcft, ~ ~ C1103qdl"llIci, "lftcn
~. <mf CfC')l(lOj~cfd ~~ ~ ~ 31TfUT~ ~"llIci
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