
.... 
tJ't1't1 2 

'"' ... .il ., .... t .... ..l.1 .k t .. " • ... ,¥ ..I o .... .1 '11U 1~ m 1El·\lnTlu11J91 a111::111UTI'YluUL1J EIU U91U911E.Jl'f1f1J'l'L1tlU'fU flTI1~912JaHEI E.J ,. 
1f2J1fU : TI'l'mflmflL flfl1J1at11ua t ud:iEJ'1 ~1L11EIW-iE.J i'1Wl91El911fl91TI iiLEITIWl1'11U1iE.J~ • • 
LrlE.11iE1'1LLti'1LUU 8 ,,,....1-iEI U'l'::TIEJ1Ji1E.J 

2.1 ta111::wun (Heavy Metals) 

2.2 n11lluLdE1uta111::111unfftiu ,. 
2.a ~aun1E.Jiu~-u. • 
2.4 TI11U1U91fl1'1if1111r. (Bioremediation) 

2.5 m1iJ1u91wi111awH191E.J'li'Viit (Phytoremediation) 
. l "" ,K ..I o "' .I o 'I • o .- .... 2.6 «111l'fu~~lJWllEl'1l'f'U.flTI1~912JaHEI E.11.IEl'1L flfl1J1a9111Ja L UL2JEl'1 El1L11Ell'f1fE.I . ,. 

..., ..., - I' 
~'1111191 Elil'l'titm • 

2. 7 ~11~tii'l-u.n11flnH1 

2.1 Ta'M::'M\l'n 
t ~ \'1 0 1 .. t ..1... I 0 :: I ,K ..... 1'1 I 91E.lfl1 Lu~::1112J1E.Jt1'11i191 a111::f12Jfl112Jt11'1~1L vn::91'1LL91 5.0 1.IU Lu LLa::EJE.J LUTia2J . ,. . 

....... • .. :: t ..l!'I ..I!'! .It .f'•.. .. ..l!'I fl11U«itU (Transition) '11''12Jf1'11i191 a111::n Luu~ ali191fl LuUu'l':: E.1111"91 Ell'fitua::li1 ill'f Hfl Luu • • • • 
.. 'I ..: " t 'I ..i ..r I ... I ... .... A ... _, 'I.!' «112J ft l'f H L 'U.LH LL 191aEl2J 91 E.J Lu fl 'U. ~ ::n a11 t1'1U911i191 l'f HEI UL 'U. El'12J1~1n2J TI11-...12J1 L ll • 

tl1:: tE.JitUL ti. 1U «11tl1::n EllJ tl1'1 ') LLa1iin11tluLfl EJUa'1 ffi'1LL1tia El 2J lB'1LL111 a'1~2J1'tl E1'1 «11 ,. ,. 
2JaWHiili111a1E.ILL111 a'1 L °li'U. a'11Lflii~1TITI11LTIH911 h'1tla'1 LL'f TI11Un l 111~ii1iJu h'1'11U • 
El91 «1111 TI112J i'11l El'1L111 ~El t 'i~1TI1f2J1fU 'Yi1 t ~iin11«::«2J1l El'1a'11WHfi1'1 Cl L "Jiu Ufl91LiiE.J2J • • J 

i'1n::i 91::rf1 flEJ'1LL91'1 L111an J'1tui'1LL19laE111ua:: tui'1iiii191 t9!E.J!in11ti1E.JflE19lnufiE1 'J lulu 

'Vi1'1 t 'liEl111111LLa:: LU'U WHrllJ i'1 iiii1 ii tl1'1 'J L 111 a1if u J'12JUHU i91f f;itLLa::~ au n1u ff'lwi'u • • 
~a TI'l'::fl 1J ~ L fi 91if'u 'l ui '1iiif191iful'flJ11 t a111 ::111 UTI a'12J11tl fi1 tJ ~ fi~ E.11rl1Jn12J::TI'U lifi 

~'1 a'12J11tl rJlJ ff'1TI11fi1'11'u.1.I El'1 LEl'U l'D'if i1E.JTI11«f1'1vr'u.1i::rl1JTIa2J'tl El'1n12J::TIU ~El r.i'l U . ,. 
LE1t1.l'D'2f uE1n~1ndna11f11fuE1n.Uin (-cooH) ua::na11EJ::iitu (-NH2) tutt119iunwi1111tl • • " .... ... ... t .... ,.., ...... 1" ... ... ........... ..i. 
«TI'1l'f'u.1i::fl1'1 Lfl2JTI1J a111::111un L91 91aEl91~'UTI11L111 LlJ «11'1l'fU1i::fl1'1 Lfl2JTilJWl'l'El'U fl'lE.Jfl LE.I El 

~JJL'D'aa ff'1 ~at ~n1::u1-u.m1Lfl~E1utl'1 E.1111awi1fi1'1 Cl ~1uL~E1~11L'11'aaiitl1::inn111r.atia'1 • J • 



5 

... 
2.1.1 LLAilUUlal (Cadmium) 

LL fl fl LiitiiJLilu ta111::111umL9i L dmi BU iii11 a11il1 L~U iiil1111i!n 

a::flB11 112.4 La'!JB::flB11 48 ';)flL~Bfl 765 B~fl1LIJl'aL6iiEJft' ';)fl'VlaB11L'V1a1 320.9 
1 1 

a~fl1LIJl'aL6iiEJw f!1111rl1~-;11Lrn:: 8.65 rfam11111ii 20 a~fl1LIJl'aL'iiEJw ii11Lawif 2 ta111::l1i 
1 'II 

-;11Liluua::lliiitJ1:: tEJ"1fu9iai1~n1 EJ LLflflLiiEJ11iifiurhL itf1111-;i1n h~~1u itf!11Bflft'1'Vln1111 
1 

9i1~".J L'!iU h~~1Utl~~w-~n::i 91::Jt1 flB~LLfl~ n11U1LLflf!LiiEJ11111litJ1::tEJ"lfillun1~nfl11 
Bflft1'VI n1111Li1Uft1 L 'Vlfl l ~LLflfl Lii EJ11 L "li1m L~ atJu l ui~ LL 1flaB11 (ft'fl1W1 w~,;1!'1W{]n,;, 2550) 
1 1 1 

LL fl fl Lii EJ11ft11111tl L i1 rn~m EJfl1~n11'Vl1 EJ l-;i LLa::-;i1nn1~ L~UB1'Vl11 lfl EJn11t'lt'l4J11 l u fl1~ L~U 
'II 'II 

1111EJl-;ilu1tJla1117a ~uirn~ LL fl fl Lii EJ11 LLa::iin11flt'l4i11rf tJ Bf! litJ1::111m i'a EJ a:: 25 n11flfl4i11d' 
'II 1 'II 'II .f...... ......... .... .I'! ... ... ~tJ -;i::111niiun111n11w11 ~ ft'1111nun11m..1u1111 Lu n1~ Lfli.t.a111111LLflfl Lll EJ 11-;i::nnflfl"Dll 1::111 m 

'II 1 'II 'II 
... ~ ~ .f 'I ... ..i... ~ d 'I I ... 'I 1BEJa:: 5 LLa::-;i::nnflfl•nll L Wll'!IU L U~fl111l11::'!11fl LLflaL·n EJ11LLa::L 'Vian L un~n1 EJ LL fl fl L1JEJ11 L" 

'II 'II 'II 

n1::LLft'La af!-;i°"u a £inu Lajfl La afl LLfl~ ua::n11n1::-;i1 EJ L i1 Ltiu LLa::-;i°"unu ttJ19iuaauiiu ua:: 
'II 'II 'II 

Metallothionein l u i1~n1 EJ LL fl fl LiiEJ11-;i::nnri1ifl a an-;i1ni1~n1 EJfl1~tJ .... ft'w11::LLa::nnflfl 
'II 'II 'II 

n Lf ultJ ft'::ft'11rtlfl'Yi1 l ~LTlflfl11::Vh~9i B lfl n11'Vl1 EJl-;i LB1 LL fl fl Lii EJ 11l uu11EJ1n1 flL i1 ltJl U 

tJ1mni.Lnu 1 iiaanf111anu1flnL11fl1 lu 8 ii1t11~iia~n11'Yh~1u -;i::nal~LnflhfltJaflamm..i 
'II 

-;i1nITT1Lflii LLa::n1mrf1uLL1~-;i::Lnfl1111::tJaflu111il1 tt'IEJtf1 ltJ-;i::Lnfl111 EJl" 1-8 -i1 t11~ 
1 

111a~-;i1n lifulafl1u n111111 EJl-;i LB1fl1'ULLflflLiiEJ11 a an l8D'lrf ii1::iu w~ Lnun-i1 5 iiafinf111 
'II 

anu1flnL11fl1 Lilu1::EJ::na1 8 -i1t11~ m-;ifhl~LiEJif1flli111EJlu 4-7 1u n1~n11nu n11 
'II 
,........ ... ... .Iii .. .. .. .. ... ... ... ' .......... 
Lfl1tJLLflflL11EJ11fl1~m1nua111111nL un1f!1111mfl1B~fl11 &JJ~llLLflfl Lll EJ11 mun11 15 11aan111/ 

fifl1 fial~Lfi~B1n11LL1JUB1'Vl11Lil'U.W~ L°!iU fl~ultf B1L~EJU tl1flfiB~fiB~LiEJ ua::B1';1 

LiEJif191lfi-;i1nn11~Bfl-;J1nn11LiEJii1LLa::maaLLilui1~n1EJ'Vl7Blfl11EJ n11TlULLflflLiiEJ11Li1 
ltJLnun11 300 iiaanf11-;i::n1l~LiEJif1flli a1n11Lfa1~ ~uLLflflLiiEJ11aanllJl',n1l~Lnfl 

1 

vr~t'.lfl l uL datJafl Lnfl hfln~all tiJ~wa~ LLa::m-;iLtJ§EJULLtJa~Lilu W~LLflfl LiiEJ11Lf af~Ltl.W1::rf 
1 

li L'!iu lun1~L~u1111EJl-;i LLa::n11'Yha1EJlfl wuiittJ19iulutJ ... wITT1:: 'iifl Lilufiu uan-;i1nd'~rf 
'II 

lfifu LL fl fl Lii EJ11Lilu1::EJ::L 1a1u1u-;i::wuan~m::t°lfltJnilii a~n1::fln lfiLLri 1111::n1::flmi au 
'II 'II 

n1::flnW1U n1 l ~n1::fln,_rn~1 EJ ~iJ1 EJ-;J::ii B1n11tl1fln1::fln'tl1 L~Ua1u1n LLa::Lnfln1::fln 
'II 1 'II 'II 'II 'II 

tfi~ LLa::,_rn"1fitfl Pseudofracture L1a1 L~'U.';J::tl1fl LLa::f a~ L~U (Blfl alfl) ...r~'Vlllfli'l'Lilu~a 
t" EJ911~'!1B~ LL fl fl Lii EJ119i BL11fl11J afi4'11ii a~n1::fln (w~-;i1n LL fl fl Lii EJ11, 11.tJ. tJ.) 

'II 
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..: 
2.1.2 tt::n-i (Lead) 

~ .!'I t ""!'!'I A i1 t ..i ...... A .=r f1::n1Lu'U. avi::n11 L'U.1n711"1f1flL '\.L avi::fl11ft'L..:l'U.LLn11n1 EJr.ili.L"l-Ui 
'II 'II 

"" ~ '4 " .t 'I "·' T .. I I .. !'I ..i.t J fl IV 11El..:lfl1TI..:11rlfl fl::n1 Lfltln-i..1111 L1hJ'l:aE.J"lf'\.LEIE.11..:ILLYn\lla1E.J L '\.LEJ..:l';J1nLu'\.LWl'lfl-i..1111111 
. • 'II 

llttJ1wfli'i~1 E.J LLa::iiflmw11tJ1ii1~EJ'\.L fli.Lfi EJn11~miEJi.L lfl'ti fl::rr1iin11n1::-;i1 E.JEJ r.i..r1 ltll i.L 
• • • 'II 

n111"1f19l rfLtlaEJn laniifl::rr1 lflm~~E.11.h::111m 10-15 iiaani'111nlani'11 fl::rr1rft1TinLJLi'.li.L 

1i1fl a ft''l:: l i.L1i'l'l11"1f1fiiiuEJ E.1111n fl::rr1rf vml '\.LL ti a fin 1anrT..:i\ll11fl";J::EJ r.il '\.L'ltl11 El..:! LL i LL \llS..:ILL i 
• 'II 'II 
..,:, &Ill ... ... .... .... I I A LI ... ... .., ., 

fl::n111nW1.J1.J'lL 1nLLflE.J1n'\.LnlJLL\lla..:ILL 'lflEl..:ILLfl..:I L..:l'\.L w..:in::ft' wa1..:i LLa::1.Jft'11ft' (ft'1l1W'l W..:lli'ln • 
wqn,;', 2550) fl::rr1wi1111m"li1tfi1..:in1E.Jlfl' 3 f11..:1 lfl'LLrl fl1..:itl1n 1flE.Jn11i'ut11::fl1'\.LE11vi11 

'II 
A A • ..i... ~ ti A' I 'I ... A 'I II • I ""ti A' ~ Lfl'lEl..:lfl11 \ll'lEI E.11fl11fl::n1 '\.LLU El'\.LEI~ n1'l L "lfLfl'lEl..:I L "lf\ll'lEl1l1"1f'U.::fl1..:I ') fl '\.LL1.JEl'\.Lf1::n1 LLa:: 

A 'I II I ..i... ~ti A' A .... .... A 'l..Y...i... ~ti A' '4 I II n1'lEl11Lfl'lEl..:I L"lffl1..:I ') fl1lfl::n1 '\.LLUEl'\.L 'l111fl..:ln1'lft'11~ft'Lfl'lEl..:I L11fl1lfl::n1 'U.LUEl'U.LLa:: L11S1..:I 

ii EJrl EJ'\.L i'utl1::fl1"U.E11vi11 f11..:i-;i 11n 1trnn11vi1 E.J l-;i LE11fl1i.L lE11::L vi E.J ~i.La::EJ EJ..:1t1::rr1rf ii mjl i.L 
'II • 'II 

EJ1n1flL "li1 MJ Elfl LLa::fl1..:I ~1\lllt'..:I 1fl E.Jn11i'11 ~ wnuii.Lfi1 EJt1111flu1111flrf ii wi1tl1::n El1.J B'\.L fl1Ef 
'II • 

11 El..:1 fl::rr1 L ~ EJtl'\.LL 'Yhif 'U. L °li'U. n11a1..:iii Elfl1 E.JJ1JJ'\.LLU'U.eif'\.L vi7mrl ml1 JJ'U.LU'\.Leif'\.L \ll n lw~1\llU..:I 
-;i::n1 l ltf1::rr1GJ111 ~1'\.L631WU..:I LLa::L °1i1tf'l::UUl\llaL1 E.J'\.LLaEJfl11 EJ..:li1..:in1 E.I fl::rr1rf L °1i1WTI..:ln1 E.J 

'II 'II 

11'\.Lli'Ef riEJ lltLnflfl1111LU'U.Wli'lfl' 2 anli'tu.:: fl1111Lil'\.LWli'LflE.Juwa'\.L ~ti'i'ufl::rr1-;i::fantlf!f1El 
• 'II 'II 

iinfii.Llavi::li.L1hn n1::vi1E.Jii1 flmLlt..:i tl1flLLft'1.J\llu1nEJ..:1 fl~i.Lli EJ1L~E.J'U. E11L~E.Ji.LE11-;iii 
anli'tu.::11111ii.L-;i1n Laflfl a El' 'l~ ~ii'u f1::rr1 tf1'\.L111n-;i::ii E11n11n EJ..:li1..:i LLa::tf1'\.L UEJ E.Jn El..:! ~n 

• 'II 'II 
... • • .... 0 .., ... .., ll •. 1 ., ~ .,...,. ..,:, ... • 

EJ';J';J17::11 La Elfl\ll'lEI 11 ft'fl1 Eli.LL 'U.El..:1111';11nLSfl'lfa L nfl ~ Lfl'l1.Jfl::n11.J1..:ITI E.I EJ1";J Lnfl B1n1'l"lfElfl 
• 'II 

",,x I ... i1 •T ""::" .... na111 L 'U.E1n1::tin EJEJ'\.LL Y-la E.J L Ufl::fl'l1 Lfl m~y.i1::f1111fl..:iwa..:1111..:i vi1E111 E11n1111a..:11::uu • 
tl1::winw1"U.na1..:i L°li'U. tl191fi1H:: 'U.EJ'U.lijviatJ vi1aE11-;iiia1n11~fltlntiilli'wiLvifl L°li'U. iin 

• 'II 
_!! II A :: t I ... .f!IA 'I ..I "" '4tl '4 II I 11 A 0 'I II "lf1 "D11Lfl'l1 tl..:111'\.L fl111LLa::Lft'E.l"D1fl L'\.Lflft'fl £l1nTlfl'lEJ..:la..:1 L LflLLn1111:: Lt'1Lft'B11fl1 L\ll • 

.., II t A Alllict..11 A ... • If &ol flt '1 ,f All .... 

tlwwi1::'\.LEJE.Ja..:in11tlnfl 11aau11'U.LLa::11L11an Li.Ltlwwi1:: L-;iu Lti i.Lan-;i1ni.L-;i::11n11wa1E.Jfl1 
'II 

11£J..:1LiitlLaaf1,LLf1..:1 EJ1";Jn1 l ttLiE.J;i1fl li111 E.Jl 'U. 2-3 1'U. f111mi1i.L wHLfEJi'..:i ~iii'uti::rr1E11-;iii 
El1 n1'lfl1..:l'l::1.J1.J fl1..:I L ~'\.L £11\ll1 'l LL a::fl1..:17::1.J 1.J tl1:: Wl fl £11 n17fl1..:I 'l:: 1.J 1.J fl1..:I L ti 'U.B1\ll17 L 1ii.L 

.. ...-4 'lo II i1 ·"""" ti I L1.JEl£l1\ll1'l L\ll11'U.L~El'\.LL'U.S1fl£l flEl..:l~m 'U.fl::fl71fl\ll'U.1fl£l..:I B1n17fl1..:l'l::1.J1.J 'l::Wlfl L"lf'\.L 
'II 

,j EJii Elfin LU'U.B11W1 fl lijiiLL 'l..:I LLfi rJ..:lfl..:I iifl1111iin EJ1n1'lfl1..:I ft'11 B..:1\ll7EJL~ alt11 ft'11 El..:! amft'U 
'II • 

~., "n II ....... ,,x ....... t1T ..... .. ...... a1n11'\.LWU'\.LEJE.J L'\.L~ vityw1"U.111n11n-;i::mfl11i.Lnmfln ( 11 L11flE.J fl7tp11m LLa:: 7'\.Lfl1fi.l'\.L 

w11u1im, 11. ti. ti.> 

2.1.3 'YliHILL~h1 (Copper) ., 
fl El..:! LLfl..:I Li'.l'\.L 1avi::iLLfl..:lff11 El r.il 'U.\ll ij IB 11 El..:! fl1'l1..:11rlfl iL1vii.t'n 

'II 'II • 

B::flB11 63.54 fl1111tl1..:1~1LY-l1:: 8.9 ';)fl\lllil£l11L\lla1 1,083 £l..:lfl1L'lfaLeDE.Jft' ';)flL~Elfl 2,730 • • 
a..:ifl1 L'lfa LeDE.J ft' iifl1111L viilE.11 LU'U.JJ'U.111 iifl1111wi1111n l un11iL1 l ~~1LLa::f11111i'a"U. ltiti 
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n a.:i LLfl.:I t 1.1.m111-ir1 ii n a.:i LLfl.:I Lili.i.hu iflil111n t 1.1.n1111-ir1iiL '!ii.i.Lfi £J1nu i'.:in::im~::wu113Jm1:: 
adtl::tli.i.a dnuu ii'.:in::i (LL«i.i.«1u L4a1.:it11, 2552) 1J~'1u1.1.~.:iiin11'll1111t,rt 1.1.at1a'1~n1111 .. .. . . . 
~a1 r.J"lfUfl L '!ii.t. L -i'Nfiflft1fl «1 r.Jl y.j n ail1 1.1.an'11nif tl'.:11-i'Lili.t.«11Lflii'Y11.:ln11Lm~tfl1 
a'11rhit1fifl1W"lfLLa::Lf91{1un11.1.fi1.:i '.l n11f11 iua11 Lili.i.ii.i. ti'.:iNa t ~iin11u win1::'11£J'lla.:i .. 

• ..: ... ,k ... 'II ... -.. 'I ""' .t ·t 'YIEl.:ILLfl.:la'a'.:I LL 1t1aa11111n'lli.t. '.n.:I L 11 El1'1 Lfl11J'YI El.:ILLfl.:1'11nn11~1 £J L'1 n11fllli..1 n111J1 Ilfl .. 
a1~11ti.i.~191tl1::-;i111.1. 'YI a.:i LLt1.:iiifl1111-;i1 L ili.i.fi ai1.:in1 £J i.:iii~1 fln1lii'ut1.1.t1;111 ni. fl 

&.o I t ~ I ti ..I.e... &.o t ... ,k ... A ,k ol L ~111::a-11nu11.:in1 £J fl r.JLIJi.t.«11.1. 1::naun ~ 1flru 1.1.n1::t1n ua::na111L 1.1.a n11Lnt1WW11i.t.El u .. .. .. 
&.o ti'"' ..i,. .,_, ...... ti I ..i,. .,_, I I ~ nu 1111nL'YI Lfl11JL'll1 L "lfEl.:l'Y11.:l'YI Lfl11JLLft::a'111WTI.:ln1£J'llEl.:ILLflft::1Jflflft 'YIEl.:ILLfl.:lnnflfl"Dll . .. .. 

ltifit 1.1.n1::L w1::a1~11LLa::a1 litt11.1.u1.1. lt1 £JeiJ11 ~11.1.L i1 ~.nt'.:ia1 ltfltlfliu '11nif 1.1.'1::1111i1nu 
ii1fi LLa1nn~Lf.:iaan111u7nni.a1li iJuaanltlnua'1'111:: ~1aa1'1nnflt1nam'!i1rn.:in1£Jlti .. . .. .. .. 
30% lfl£Jltla-::a-11fln1::t1n na111Lifa tl1J a'11El.:I n11«::«11'1::111nfliuua::a'l1El.:I Lrlalfi'fu .. 
'YIEl.:I Ufl.:I L 1.1.t1;111 nL111n'1::fl1 L ~Lfiflf'l1111Ltl1.1. W~fiai1.:in1 £J fie f'lii.t.L-R£Ji.t.El1L~£J1.1. Lfit1n11 
Eima-u t 1.1.'!ta.:ifi a.:i LLa::na111 L if a fi a.:iLir.J n11fl1.:111.1."lla.:ii.f1 l'1i3t1tlnii nt11::uu11iifi11n1.1.'lla.:i .. . 
i1.:1n1 £J LLft::El1'1 tf.:I Na L ~Lfifl f'l1111 t'.Jt1tlnii'Yl1.:1~ fl tf1i.t.El1n11L f af.:1'11nn11lifufiflfi El01.1.Ltl1.1. 
na11.1.11.1. LLa::iufl1~ it1flunwia.:i lii a'11111niiun a.:i LLfl.:i a an'11ni1.:in1r.Jlti91111tlnii ~.:if11 
t~iin11a-::a-11adt 1.1.i1.:in1mil1.1.t17111ni.111n ti'.:iNa t ~Lnflfl1111~fltlnii'lla.:ii1.:in1 £J fia i1.:in1£J .. 
iuL'Y11EldflftElflL1ft1 na111LifmLij.:im1.:i iiii111m.i1a1£Jl~a fl11Jfl11n11Wfla1u1n (fli.t.U'1ia11a .. .. . .. .. .. 
v.~1nm. 11.t1.t1.> 

"' 2.1.4 L\tan (Iron) 

L~amilu1!'191adtu~1i vme "lla.:191111.:11!'191 ii1~il'na::fla11 55.85 . .. .. . 
'1fl~ftEl11L~ft1 1,536 El.:lfl1L'lrftLeU£J« '1flL~Elfl 3,000 El.:lfl1L'lrftLeU£J« fl1111~'U.1U\Li.t. 7.86 nf11 • • 
ti aanu1flnL'lf'U.iiL11fl1 L ~anflwut 1.1.a-1111::LL 1t1a a11iiLL ~a.:irh L ilt1111'11nm1111nii ua::n1.:i .. ' 

I I t t ... .. .JI t i] ... # i] ..i ... 
~fla'1~n1111fl1.:I ') L"lfi.t. 1.:1.:111.l.'lU a~:: « ~11n LLft::111 a~::N«11 L 1.1.911.1. L~am 'U.1!'1~'Ylll 

fl1111i1tirufi ai1.:in1 £J L w11::Lil1.1.«11.1.tl1::n au"ll a.:iut11 tnaOi.i. IA.:i a d111 r.Jt uLDt1Laat"1ut1.:i .. .. 
TI.:ln1£JflEl.:ln11tl;111ni.1ua:: 10.0-30.0 iiafinf11 n1i1.:in1£J'll1flL~ami1L~LU'U.hfl ta'Rfl'11.:I 
L ~an111£Jt ui1.:in1 £J111'11nn11a-a1 £Ji1'll a.:ifit11 tnaOuua::a-11tl1::nau5u '.l fliiL ~amilu 
El.:! ff tl1::n au1111 J.:in.:im £J «:: a-11l1 LL~ a.:1111£Ji.t.Elni1.:im£J111'11n m~11fli'utl1::n1 utl1::111 nL 
... " t ~ ..I t ... -- " ..i... ·t ... ti • ... 1a£Ja::10 'llEl.:IL~an ua1~11'1::nnflfl•n11'Ylfl at11.1.11 L~ann11a£J 1.1.a1~111121 f'IEl tJ11'11El.:I .. .. .. .. .. 
L~an (Heme Iron) LLa::l1il'!tu11'11a.:1L~an (Nonheme) L~anl1.1.1tl'lla.:1L~an (Ferrous State, .. 
Fe

2+) '1::nnt1flei111ltit11::111ni.i'a r.Ja:: 20-23 L ~ant u1t1fll1il'Dn11'lla.:1L ~an (Ferric, Fe 3+) .. .. .. 
i1.:in1£Jt1t14f11liua£Jtl1::111ni.i'a£Ja:: 3 LLa::nn1ii1rll~Lilu Fe 

2
+ Tieu lt1£Jn1::L w1::a1~11Lda .. .. 

L'li1ti'L1JraaL~auN'll'.:ia1 liLan'1::nn1ii1.ifnamilu Fe 3+ 5n lt1£J.if1 tawa1a-iiu (Cerulolasmin) .. . .. .. 
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• '4 .... J!j .... ..1... .. .. .... .. 
1111men.H1JUJL vrn1t1n"DLflff (Peroxides) El'Ufl11£J'Y1Lnfl~1m 'Vltm mn11L\l.t.11J'Viau 11ei1n11 

El1L~ll'U El1L~ll'ULtlULaElfl Lilua11 tl1flnE1'1 fit1'1Lit.1 \l.ULitt.11~1£.1 ei1~iiei1n11111"1l~LfiuL11 • 
LLa::1111 ul~ri eiu fl~::ieiflfl111111 liii'Sni1 ua:: ei1~fl1 ulfi n11t1fliuL~ei ~u11El'1L111an a-::a-11 .. . . 

... • Jl'l"".I ... il ..... ..1........ 'I "" 11 tl .. .r ..... Jl'I""• 111n ') L 111~::111 L 'VIJJ ElflLnflL 'U.~'1~fl fl'U 'Ylff2J~tlua::1111£.IL~L111 L ~::11ei1n11L1El1'1 111 L'VI Lnfl 

Liluit 11111flit1ei-Da- (Pneumoconiosis) -i'1l'i1l,.;'u;L1ni.rt'1a11Lnflii~uL 111anL1i1tlt1flLilu1::u:: • • 
L1a1u1u 6-1 o i] ~::iim1Ltl~t.1ULLtla'1'Yl1'1tlt1fl l ,.;L ~'" lfi1i'fl L~u1i1rl1t.1111ViLElnllfL1Ef hfltleifl 

.... ..I ... _I • ,¥.... .,. ' ~ 1 ~ .. -.. .JI ..I .... Elflfl'U. 'Yl Lnfl~1n~uL 'VI anu11n~::L 1un11 ·nLfl 'l·ntl (Sidarosis) LLa::~::Lnfl'Vla'1111'11ULn t.11nu • • 
L 111an111Lilu1::t.1::L1a1L\l.~t.1 1a.1 i] -i'1t'f1ul111qj~::iil1i i1Liit.11fli1lm..iei u 'J iu~nl'i1a1u 
1::uutl1::tl1nt'f1una1'1rtnflflua::m~f11t.1lfi (LLa-unEf L4ei1"11ti1, 2552) .. .. . . 

2.1.s ft\ln::i (Zinc) 
... 

i'1n::i iiiL n1aeiuun11iL1L~u Lilu11191u1n'!lt1'11113.i 118 iflLilu11191 . .. . 
1a111:: iiLa'!lei::91ei11 30 ti'1111i.t'n ei::91ei11 65.37 ~fl'Vla ei11L111a1 419.5 E1'1fl1L'lfaL4it.1a- ~flLtlElfl • • 
907 t1'1t111L'lfaL6ift.1a- La'!leiein-DLfl1i'uff1ii'ty +2 i'1n::iLilula111::rliifl1111thfl'tyLilua1iu 4 

•""' ..... A .., .... ~.., ... ••• 
'lE1'1~1m 111anna1 ei::a11 L ut.111 LLa::nt1'1LLfl'1 L 'U.E1'1~1na-'1n::a-11La'Uei ein"DLfl'U'U.L Vi £J'1fl1Lflt.11flEI .. 
+2 LLa::111flfl ni.a-11u11,t1 lt111 El'1111fl'YlTI'U.i-iu ~'1liiifl1a111::i'1n::iei tit una111a111::n11ui-iu . . .. . 
LLtiL1un11Lilu111~111i'1n11ui-iu (Post Transition Element) i'1n::iL~ein1tlfin;mriun1f1 
LiE1~1'1~::tl a El mi1'lfln 1fl1L ~'UEI ein111 i'1n::il 'Uli112J'U1~~::iirh L Ufl t 'U.ff111Vi LL 1fl a El 2J'Yl1'1 

li1di.1n t.11 L~ t.11 riu Ldfl::rf1 ei1~ iJ::iJ uei tiriu 1a111:: 5u ') L "ltu L~'U. n El'1 i'1n:: iflYiulfiuri .. 
uia-W1Laeihl (Sphalerite, ZnS) Llf!i11eif'Lwl Hermimorphite, [Zn4(Si20 7)(0H)2.H20] 

eD'1fl1fll (Zincite, ZnO) LLa::Lda-!in'lfeilul (Smithsonite, ZnC03) tt1uLL'Vla'1n1Litfl~1nn11 
n7::fi1'!1 El'111'U.1YEJ tf1'U L 'VI nj L nfl~1nm1 l "ll'I. 'U.El fl ff1'VI n'l12J L 'VI an'UlJ 1fl t.1n11 t ,r[a111::i'1n::iLilu . ., . . 
.., • flt "" I I ffl ..... .arll "" I I flt '-' ... fl1Lfla EllJ".D'lJL 111 anna1 L 'U'U. Elfl tl1'VI n7111LL~UL111 an1!'1Jtl'1n::a- '!!Elf! ein m 111 an1!'1Jff'1n::a- a1fl . , . . . 

L 111an".D'u i'1n::i Lilufiu ef u9111 u~1ni'1n::irieifl11111::m mfiei'1~ ein1'1L~u 1111 ul~ n11i11~a-• 
riu 6l1111i.t''1Lili.LL1a1u1utl11111nn1 l ,.;'Lnfl6l1111 U'1 ef ma-u ei ti1"111ULL 1'14'1L7un--h 11fleiein l'lfl • w ein'lf (Oxide Pox) l'i1l,.;'Lfiflm1i'1J1ff1a111:: n'l::'Vl1 uti'1 El U1'11i'fl L ~'" lei a El'ULLEI tl1flna111 L dei 

..... '4 ...... '4... ... '4 ....... ,¥' .Jl'I ..... ua::11n11f!au Lff fl12Jf11£J L1lLLa::mn11111u11a-::n1u n11 Lfl1ua-11ueit.11'1111nei1~111 L'VILnfl 
.... • • I 1 '"' .... • I.I tl "'·~ '"' '4 .,.... ,¥ tl ei1n11111at1f1a2JE1nLfflJ 'Vl1EIJJElfllJ12J flt.1~1'Vl'U'1LJJa£.IUL 'U.ffi..1L'1'U n11 Lfl11Jff1'l'UL '" 

L 1a1U1'U.ff1111'lrtri El t ,.;'Lfiflfl112J tlflun~'!I El'1LEl'U. l'lf111 'U.tllJ U1JlJ,r1flTI1 El1~ Lfifl ei1n11fi El'1i1'1 

LL~a t un1::L Vi1::El1'V111LLa::LaElflEIEln t 'U.'Yl1'1L~'UEl1'Vl11fi1£J (1111Vi1 l"ll'llff'U.111 LLa::flflli'l rit1'1 

'Yl El'1'VI a1'1, 2552) 
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2.2 n1,.t.liutio,..f aM::'tntnii" 
n11Lfl~auJ1 tJ ua::nTHhHJ rl11 a.:i la'Vl::'Vlirn l ui.:iu 1flamJ lfl m\l.vn::a rl1.:i fi.:i .. 

a-111wLnflaa11lu~uif w;i::ifuarlnutJ;it1fi1.:i 'J L'rlu n11C1n-u1ltJl,f[flt1?t'lf lflt1~iun1d' ua:: .. .. . 
n11Lfl~auJ1 t1l ua-111wa::a1 tJ ua::tf11LL111uaa tJ lfalf lfl t1iitJ;it1ff fl1Ufl11n11fl.:ia-111w11 a.:i • 
la'Vl::'VI irn l ,.;'fl.:i a rll ua-111w "11a::a1 tJ'Vl1a "11LL 111ua a tJ liurl fl1111L"Ji111iu11 a.:in1 fl if uua:: .. . 
1nfl 5u l U"11a::a1 tJ fl1111L1i111iu11 a.:1"11aLmutf (Lligand) lfl tJL\l. w1::a rl1.:i ri.:1tf11t11::nau • 
6wn1Jff iia-11u~Lilutf11nafiLafl (Chelating Agent) a-1111::11a.:ifiuua::atu.'Vl11iifiu Liluiu . .. 
ff1UtJ;it1ff fl11J fl 11n11fi.:1 la'Vl::'Vlirn El an~1n "11a::a1 tl~U lfi'LLfi n11fl am fl a1 L "Ji1 ff1::1J1J . . .. 
ii1111w L'rlu n11C1m\1ltJl,f[flt1?t'lfLLa::~iun1d' n11irniluriau (Coagulation) nua-11 .. . 
u111uaat15u n11C1nflfl-iu lflt1au111fl~u Liluiu ~.;itJ;imhf1n1fi1.:i si L 'Vlthd'~::ii~afia .. .. • "&I J 

1::i1Jfl1111 LUU vhrna.:i ta'V\::'Vlirnff a rll ufiuLilua rl1.:i ri.:i n1::1J1Un11fl.:I a rl'Vl1an11'V\ tlfln11 .. .. . 
Lfl~au ff (Immobilization) 11 a.:i la'Vl::wunff a::a1 t1'Vl1mL111ua a t1l u 1::t1::LL 1nfi a n11flt1eiul u .. 

ol 1!!J ... ,,f a # ..i..... .... .., I 1u L 'll.:llJf au (Ionic Complex) uu wu~111a.:iu11.:l'Yl11 u1::~ LLa::n11~unu "11LL 111ua a tJ n11tl a tJ .. . 
a-a1 t111 a.:i "116u n1t11fl t1~au n1d'~u~::1i1 tJ l ,.;'iin11tJ afltJa a tJnlfl la'Vl::'VI irn a an111 LLa1 a1~ • • 

..... W ... .. n A I t .._, t ,k 4.ol A l CJnflfl'lftJfl1 t1au111fl au u n1t1 UflU ua::fl a111n191 a'Vl::'Vlum 'VI a1ua1~C1nflfl'lfU ua::911.;i u 
.. .. • • 'II 'II 

ll .. • ... ... "" l ... .., . ..i... ... ... aan L'lffl11 a.:i L 'VI an LL11.:in1ua-'V\1a "11au 'J u 1::t1::t111a1~1111L111nuu 1n11fl1111La-Cl t11'V\1a 

flnfl::naulu1tJtiau"Ji1.:1La-nt11 L'Tiu LflflLilu1tJ-iiLnfl 
'II .. 

M - flut11i:tu"l I 
~ 

M gn~c;aciufc;auoonl'iftl' 

110\J Fe, Al 

M - ihal'w 

111w 2.1 tf1lflt:1LLa::n11fl.:iarl11a.:i la'Vl::'Vlirn lu~u (M = Metal) 
• 'II 

..I ..... - .. 'Yl111 : fll1W11nL "11U'Yl1, 2550 
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n11tl1.1.Lrl'a1.1.11a'1wn11a~1Yw1n lavi::viit'na-tu11wLL1t1aa11-;i1.1.Lfit1Lm11::aJa~~if 1.1. 
'II 

Lf1ll11nLLti..1£J£lnliLili.i. 2 LLlJlJ fla 
... ..i ... ti... .. ,.., . ... .I ..... !1 2.2.1 Lf11llaW~flLIJ1.I. tuV\1L1.1.1::£1::£111 LflUn Lf11llaW~fl£)£1L1.l.fli.l.LIJ1.l.L1a11.1.11.1. 

v 'II 

LLa::r;"Jr'11nt11l1ltlLif L'ii.1. fl£l..1LLfl'1 t1::rf1 LLa::tl1£lfl ~..1la111::V1UnLVlthif n..1uJ-;i::miL1.1.fi1.1.LU1.I. 
'II 

tl1111 tuaJ1n r;"lfiflii m-;ii11lt1t1fiivi7a w::waJl 1'i LLfi a1-;i-;i::fl1 t ~Lfit1tl ... qJV11fl1111 Lili.i. ~~ 
fiar;1fLnt1if 1.1. lt1 mt\ w1:: a ~1'1 fi..,,, £1'1 LLfl..1 ~.., Lili.i. lavi::viit'nrlr;"Jrl 1fi a~H111n t}..,if i.i.t i.i. 

.. .1111 .,.... ... • .r.. 'Ill • " ti... 'Ill ".... 1 .... 1::£J::LL1n ') fli.l.fl Lfl1lJLf11llSW~LVla11.l.';1'1£l1';1ll£l..1 LaJLV\1.1. 'lJVl1 Lfl"JfflL';li.I. LW11:: avi::vii.i.n 

L vichduwin1::-;i1t1mii1'1 l'1imvi11lt1i1.1.t11111mitat1 'l 
'II 

.. .I .. .r 1 l: 'Ill " • .. .I -~ 'Ill ". • 2.2.2 Lf11aJaW~flLnfl11U u1::t1::wi.i. LflUn Lf11aJSW~fla::a1t1-...1 Lfl..11£1 W"JfLf1ll11n 

111 ltlL ,r'Lif1WnLLa::t11ll1 t\Lll1 n ~'1 Lfit1tl ... qjV11fi El Wfl1W LL 1fl a £lllli11flL71 L 'iu 1lJ1£lU 

. .. .... 
ua::fl£laJU~£Jfl..1911TI..1 2.1 • 

.,.; .5 !1• 1 .... fl1TI..1 2.1 VIU1flfl1'1111fl1WLLa::fl11llLlJUW~£l..1 avi::viun 

.. 
Ulh1TI1'\4ff Pyruvate Oxidase 

" LY\an Xanthine Oxidase, Cytockrome c, 

Ferridoxin 

lflrn1atf Vitamin B12, Coenzyme 

'YIB\IUfl\I Phenoloxidase,Cytochrome Oxidase 
.... .. 
ff\ln::a- Alkaline Phosphatase, 

Carboxypeptidase, Carbonic 

Anhydrase, Aldolase, Alcohol 

Dehydrogenase 

111i11~i.t'11 Xanthine Oxidase 
.I ~ .... .. flll1 : '11W11nL Lf11'1.Lfl1, 2550 

l,D 

C,I 

C,D,I 

0,1,M 

C,I 

l,B 

Vlll1£1LV\fl C = Lf11Tl£lll::L;..1, B = "l1t1,,11'1n11fi1'11U11£l..1L£lUl'Jfa.f, I = 1lJfi1'1.L1::lJlJ 
• -~ .JI ti........ ... ... fl1lJflllV11£ln1::lJ1'1.Ln11LllLLfllJ£la"JJll, D = 111 !Jfi1£11filJ DNA, RNA Polymerase ua::ElU'), 

.JI "' " .. M = 1lJn11.1.n11111'11U11£l..1L£1£lVlllL'Jfaa (Cell Membrane) • 



11 

ft11"'" 01 Liv" ~~ti oiuLLa::l91 ll::L1..ttl 091 fl..t1tll"~"· LU"~Htio?1"Jf911:natf1 .. .. .. .. 
tllJ '11L"'aO..tLLa::611"'"" 

LLflflLiiEJll tl1t1..r1 01Li[J" hfl..r1h L~lJOTI ffm1llLill"Ji"~1Lil"~Htiotla1 
fl11lltl"LaOflLH m::t1n~ hfl..r1l11 .. .. . 

I d ~ ' 
ft11noll::L1..tLLa::na1vvm~ 

~ t ... " ti .!'I ... I .... .. z ti 91::n1 a"'91111..t L9lLLa::1::uu 1::a-1n Lu"r.~Off911LaEJ..t "nLLa:: a1 
"1"na1..trinfha1v(CNS) 1::urniov .. 
01"'116lt1tlnii 

t11an Lfio..t9l1 hfltl1::w1n eia"Lr.av mn.1v1v~wfallL"'a1ua::t11vl"tla1 • 
tl1::ft'ln"'ao" '" tllJ LLa:: CNS CITI .. 

flB..tLLfl..t 
.I - ..... 'YUJ1 : ft1Vi11tl.I. ff11Ufl1, 2550 

- •_fll -2.3 ;nnn1~e nHt1" • 
"lfUfl'!I Eh111au n1tf f'lwul "~" l.;'LLrl LLlJfln L1u LLann1 u l114it1 (Actinomycetes) • 

11 ftl~nu LLa::lTi'« 1t1ui'.i-;i1u1uua::1fi111ni.'!leh1~aun7u1uiiuut1nfi1..tnuliJ ~..tifuminu . .. 
iJ;it1~a1umh'1 L"li'U "lfUflLLa::tl1111ni.'!1El..tff11El1~11 "lfUflLLa::ft'1l1ViLL1fla£l2J'!IEl'1tlU 

2.3.1 LL1JRth~!t 
... ... .!'I A ... .. I l t ..I .I ::. ... .1-LLlJ fl 't1L1m lJ "~au 't11vna2J ~ n1n Vi u 111 n 't1 «fl 'Yl..t"lfUfl LLa:: u1111 ni. • • "ti • 

1t1u'ri1liJwuluih'1 108-109 L'lfatftiaiiuii'1~umL~" 1 n-111 ii~..tw1n~iiLfl§auf'ILLa::w1nfl 
Lfl§ au f'llt1Lfl v a1fi'v LL~ an L~ a a1(Flagella) iifl1111~ a1n~ a1ulu11Juuu'!la..tn11fi11..tif1fl .. 
L"li'u w1nf'lfi11..tif1flLL1JlJ Photoautotroph ~..tff12J11ni''1LflTI::i(LL«..tlti w1nChemoautotroph 
.I ................. "" .. l.!' ...... .!'!. 't1ft'12J11fl ft'..t Lfl11::~ ft'11El'U 't11t1~1nn1'1ffl111J El'U Lfl El El n L'Jf fl LLa:: ll ft'11ElU WYl1tlL1JULL ~ a..t 

Via..t..t1U LL1JflnL1EJ1J1..1Vi1nfi ft'12J11flfi11..tif1fl l Uft'1l1ViLL 1t1aa2Jf'11J11t11~1n aaneif L~U lfi 
(Anaerobic) u1..tw1niifl112Jff12J11n l un11t17..tn1'1fl u 1fl1L~u~1n a1n1t11l.;' (Nitrogen-Fixing 

Bacteria) ufi1fl u111w1111LLa1LL1JflnL7£Jl uiiuthu l ~qj~::Lflu w1n Heterotroph f'lfi11..tif1t1 

uuu Saprophyte 1flmia£Jft'a1mt11~1n~"lf'lf1ni't1f~7aff116un1£f1flnluiiuLflua1~11 • • .. .. .. ,,¥, • • • • ..I .... 
~1ElL1£JnLL1Jfl't1L1£1Vi1nu11 Autochthonous ~1El Indigenous Species flElVi1n't1El1ft£1El1~11 
..i.. • ... l .. " . ... ..i..i .. ""' .1• .. .. • ,,¥ " ' .. 'Yl2JEl mLa1 """ L2Jfl a..tn11a1~11~1nn au an 'JJ..tu1111ni.'!I a..tLLl.Jfl'YI L 1una11u~:: L2J2Jn11 .. . 
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,,¥. • • ... ... ... ,,¥. .. vnn'"m1::afla..:iern1..:111flL 11 L 1£JnLL1JfltlL1£JVnn'"11 Zymogenous 'Vl1£1 Fermentation-

Producing Bacteria 

2.3.2 LLDnnT1411Jit1 

LfluLmflnL1£Janvnn'Vli1..:i~wu111nt'"fi'" m.itw1h..:ith::1nni. 10
1
-10

8 
CFU 

\I 

(Colony Forming Unit) 9iafi'"ii1'VlumL~..:1 1 nii1 ihtlti..:iam~ttu.::Ufl£111LfluLii.i.tE.Jfla1£111 
\I 

L rt E.J-:1 u9i ih1'"1fl La nLLa:: lun112.11 n ua::iiL'lfa SL~ £11 4-:i iif111 iin-l'1..:itl1::111 ni. 0.05-2 

tii 1fl1LiJ9l1 'JI m E.Jvr'"f191 E.Jn11rn..:1«tl af i a..:in11a an'BL -;i'" t '"n11'V11 £J t-;i tf1'" t 'VI qi L -;i1qi a tjt'" 
fi'"arl1..:16«1::uuu Saprophyte LL9iu1..:111it91«13J11rt'Yh t~Lfifl hfl t'"fl'" i'91{'Vl;af;"Jfti ua:: 
111..:i"Jfitfl ITTii11n 917..:in1'1ft '"1911L -;i'"-;i1n a1mflti L '!'" Frankia LLUflnL 1mLanfi1 '"tiieii91~wu 
t'"fi'" tiLLri Nocardia, Streptomyces, Micromonospora Lfl'"i'" 

2.3.3 ,., 

11-;i::wuii1n~u1L 1ni.el1V1i.t1fi'"'11"ii a1n1fl ii1tli1..:1 LuuLi'" tE.J «1ii11n 
\I 

... ~· !111 "'ti'"' ..I t - ,. ~ 11 1.1""'--1 ,,¥ t ,,¥ ,f .... «TI-:1 '1lJ £11 Lil 13J1nl.TitlW1J '"fl'" L91 E.ltl1 L tl'"1J fl E.ln11L Y-11:: Lft £1..:1 'U£11'Vl11Lft £1..:1 L '11'£1 W1J113J 
~,'" 1'" 1a..:ia..:iii1-;i1n LLUflfiL1£J LLa::LLanfi1 '"tiiaii91 LL9itl1ii1ni.ibii1a (Biomass) 'Jla..:111-;i::111n 
..I -- i] - ... .. ..... ... - ..... i] ... tlH91 11';J91L u-;iaut11£Jw1n Aerobic Heterotrophy ti L"Jf«11£1'"t11m '"£11'Vl11LLa::91a..:1n11 1 1 

aan'BL-;iu t un11'V11 E.Jt-;i tf1'" t 'VI qi rla mfl~1n au n1£J191CJ t '"fi'"Lfl'"a1V111 ~..:iiiunu1t1Ltlfiqi 
t '"n11U£1£1Hft1 £1 B'" t11£J-f 91rt'f13Jrl1JLL1JflfiL1£1 1flm\l. W1::U£1 £1Hft1 £1«11~ U£1 £1£11n L '!u fin it'" 

~ 

ua::ITT1fi1iin uan-;i1nd'n E1..:1'!1E.Jtlfmh..:i1fl1..:1 ri1..:111 a..:i~u 191E.Jn11~Liu1£Jiin11ITT'"n'"Lfl'" . 1 

911"Ji1 £J Ufl a'"111fl'JJ a..:itiu t 1Lflunaiin a'" 11~ £11fl£J a rlt '"~'"iiii1nii1 E.J'VI a1 E.J"Jfit91 111..:i"Jfitfl 
1 ~ \I 

«1ii11nri a hflnufl'"LLa::i9111i u1..:i"Jfit9ln a1f1£1arlt'"11nfi1fLLU1J Symbiosis L '!'" 
\I 

Mycorrhiza Lflufiu 11rf wu...i1 ttlt '"~'" tfi'LLri Aspergillus, Rhizopus, Pythium, Penicillium, 
. fl ... ... .. ·u ......... ""'fl ..... Mucor, Fusanum L 't.1.91'" £1«91 (Yeast) m '"nan"Jf'"fl'Vl'"..:ltlL '"W1nL'1fftftL91£11 ua::ITT3J11rt 

wut91't'"fi'" tiuri Candida, Crvptococus, Saccharomyces Luuiu 

2.4.4 ft1M;1 El 
I .It ...... ::. ""'fl ..... ... .. _,i] H1'Vl11 E.ltlW1J '"9l'U3Jtl..:IW1ntl L '"L'll'ftftLfl £11 LLft::iJ'VI ft1 E.IL'll'ftft113Jn'"L '" 

Li'"H1£JE.111 ') tf1Ul'VlqjLU'UH1'Vli1£JiLii£11 L'!'" Chlamydomonas, Chlorococcum ua:: 
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'II .!"I ... • ~- t .... ~ .. ... ... t 'II ... .I ... ... ... .i .. LflEl::flmJ LlJUfl'U. fl11-\l"D1fl fl£ln11a'-\1Lfl11::111Uft'-\I ';l-\IL';l11l!Lfl1J fl LflL\lW1::'Yl1J1L 1nL~1flU'Ylll 
Uft'-\IW m w £1'1 LL a:: l u~u rliifl113.1.f ua" 1Jf11J1'Yl'!I a-\la1111i1 £J tt1 t.1rt1 'J ltl ltiuri n11L ~ll .. 
au n7t.11fln l inu~u '1i1 £J Lft'1ll a-i'1'1n11L nfl Liifl~u tfl t.1n11ai'1'1 a11w1n Polysaccharides • 
aanll1uam1Jfaa 1J1'11rUflft'1ll11tlfl;'1lutfl1L-;iu-;i1nmn1fllti L'1iu Anabeana, Gloeothece 

Lflutiu ei1'1Lflun11'1i1 m ~llfl11l1Elflllft'll1J1m1iLLri~u . .. 
2.4.5 l1i'• 

l 1f arlwu t u~uii111 a1 t.1irilt1 LLtifi11'1ii1fl a dlt11t1 £J a1ff£1i'1iiif1flirilt15u .. 
L'1iu l 1f~a-\l-;iaun1Efirilt1ti1'1 ') L'1iu Bacteriophages 1J'Yl1J1'YI tt1£111ll'!!El'1l1fatu~uff'1l1i • 
i't1L-;iu3.11n L ila-\l-;i1nl1iii~an1::nutian1::u1un11ti1'1 'J t u~utfl£Jfl1'1 LW£J-\ILLtil1iii~atia 
.,-::uuilL 1fl'!I a" i" iiif1flrll1fa-L "Ji1 ltl a1it.1 ad t., m\l 't'n:: a d1'1unu1n t un11n1 £J'YI afla-11 .. 
~u1m113.11::wh'1-;ifiu n1Ef ti1'1 ') t u~u L '1iu n1::u1un11 Transduction ei1'1a1nh t iLnfln11 • • 
na1t.1~utf'Lti (mw11m ITT1unf. 2550) • 

2.4 n111huttn1'1i1n1~ (Bloremediatlon) 

n11U1Ufl'Yl1'1if11l1W Lflun111.l1uf1ft'1l1WLL1 fl a allfltluLd E1Uft'11ll aw~ tfl t.1n11 ti 
... -~..i ..... .¥ ...... ...... • ..:: .!"I .I I ...... 

~aU't'l1[J 'lJ'11trU';I:: Lfl~aflnfl ElLll Elft'11Lfl3JU UL1JUft'11'Ylft'13J11Cl£1 a £Jft'a1 [J Lfl (Biodegradable 
t .... .¥.. • .... ... ... ... .. ~""-• t... ... .... _f'...I Pollution) fl£11tr'Ullfl11ll';l1L w1::nuirut1LLa::n-;in113J'!I EJ'1-;Jau 'Yl1£J'Yl~1ll1 1r ua::~aflllnL"fl'YI • 

Lflfl';)1 n n11'Yh Bioremediation ti El-\! LUUft'11rlt1 a a flrl£JLLa::l3.i ff '1 ~ an1::'Y11J ti a i" u 1fl a a 3J 
uan-;i1 n dt1""-;ii't.1 ft'1l11:: LL 1flaEl3J ti1-\I ') ti El '1L1113.11:: a'll ti El n11L -;i1ty Lfi1J t fl'!! El-\!~ fiu n1Ef 
tfl £1 L\l W1:: a £i1'1 fl'1n11U1Ufl m LL 111 ~'1fliin11tluLd au tt1 £Jf11'11117Eln11ft'rlfl LL£Jn LEl1 ft'11ll aw~ 
aan-;i1ni'1LL 1fla all LLa1u13.111.l1ufl t uc1'1tlfin1n!if1111w t utl;-;iuuL 'Ylfl tu ta fin11"4'uwn1" 

;.i • .. 

if11l1WLU'U.L 'Y)fl t '"ta firlltif1Jfl113JU[J3J a £i1'1ffl1-\1'!111'1 L ila-\1';11nLUUL fl flt u ta firlt i 
n1::u1un11d a t.1aa1 £Jf11'1tr113.1ir19i'!la-\li'1iiif1fl ltiLLri -;i§u n1Ef ~ir 1117a1aflif1111wt un11 • • 
U1Uflft'11tluLdaut ui'1 LL1flaEJ3J LLa::ti1 £Jfl11llflLu'U.L 'Ylfl t U tafiflLuUiifl1rl1Ji'1u 1flaEJ3J 
t i'1utl1::3.11m t un11fi1 L ilun11i.t'a £J 'Yh t iLflu rl £J a 3.1fu,, a-\1 a1ir11miru t un1tii.rl-;i:: 
tl1::t.1nfl1iL fl flt u ta fif1°''1n~11 t uvf url-;i1'1L fl flt uta fin11i(uwn1'1if1111wLLti'1 aan ltiLuu . .. 
2 tl1::L1l'Yll111qj ') fl El 

2.4.1 Ex Situ Technology LUUL'Ylfltutafin11"4'uwtflt.1n11Lfl~aud'1t.1i1na1'1rl .. 
ti .r "'ti·' .... A O .... I t ..1.4 UL1JElU L LJ11Jfl1111Eln1';Jflf1El Uft'Cl1U'YIEJU 
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2.4.2 In Situ Technology LUUL fl fl l ulaum1~u ~l.-i E.Jn111.l1uftwi1Lfliiff tJuLrl'au 
t z ..11 'II ''"' ..! "' .... '11. r ..l..e ,¥ l l ., ,,f •• r ~ uwun f!E.J L1l11n11Lf!aauE.11E.19l1na1-3 Lunau uamnnULflfl u aE.Jn11wunfl1-3111111w .. 

..: z ... L W 11'll'U.9l1 E.J 

... • _, .., ' .., .a n1n 91::n aw;i1nn1::u1un11i:rn 9lfl1-3 a 9l Wl'VI n1111V11a~1 n1::uu u11Jfl9l1-3 ') 911n a1-3fl • 
tJuLrl'au~::rim.\1111 twt ut1-3t1nnrnt 'i1-3m~iim1Lfi11aaneiL~u wi1a1V111ti1-3 'J ~au n7!f 'Vl1a .. w • 
a1~iin11t1i'utl1111::ti1-3 ') Liiu ElnL'Vlllii fl1111LU'U.TI19lLU'U.~1-3 hfL'Vl111::w11Lrfat~ . .. 
TI1::1J1UTI11U El E.Jffa1 E.Jt 'U.tl-3U~TI1tULfiflif ua U1-3iitJ1::ifl~l11W L fl fl l u la UTI11~U ~fl-3Tifi11 
"'"' !'I ll'"'""t"' · - .... .,. ... zt ...i .. 'll1-39lU LlJ'U.Lflfl u aE.Jn "lfn1::u1um1E.JaE.Jtla1E.J'lla-3~aun1E.J lfl'-3EJ1~Ln9l'll'U. uw1111::n11 • 
aaneiL~u 'Vl1ahiiiaaneiL~urfL~ i-3if u 11;i'E.Jti1-3 ') rliii:.iatian11L~1Il!Lfiu 191 'Vl1aiii:.iatia 
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UJfl1tJ ei§ai12.11.1E1~-;i§u. n7Ef tiei2.1ft~~a9iE1th::il'IR111w1.1E1~ L 'Ylfl t u.laiinTl~u.~i.f u.ti1EJ (ei'-;i~n • • 
w11l1 la-111, 2552) 

111w 2.2 n'l::u1u.m1tl1ufln1~il1111w 

ff 2.11 : http://www.colinmayfield.com /biol447/ modoles/ module5 

/bioremediationoverview .html, 2.1. tl. tl. 
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fiau1:irlfin1~~a.:in11rlaa«a1a 

2. «n1wu1flam.1 liuri ITT1a1..,11 ani...,nri fl1111dhm1flLilufi1.:i f11111L"Ji11~a.:i . .. 
Uff\I u1111ni.aaneiiL-;iur!ii1:.rnfian11L-;i1tyLiilJtfl~B\l~atL'Yl1EftiallW\l~afiau1::i'Ylfin1w~a\I 

I ., 

n1:111un11aaa«a1af11a 
.... ~.I ,x " ., I • I • ,... .. .... ., ., 3. anM"nL:~B\1«11'YlutLLlJBtL LflLLn u1:Ln'YI u1ll1nL ..,1B1::fllJfl1111L~11~tL~B\1«11 

- ... :: ... 1 ~ I T ... ... !11 ., ... flnLff111Jfl'Yl1\ln1 an1wLLa::n1.:1Lfl1l~a.:1ITT1uu '1J\lff11 fl'Ylnn aaa«a1a Lfla-;iaun1a Lflfl . .. . 
I :: ... A illll ~ afl ~ ., I .. ... LLfffl\111«111.LtLll Bioavailability ff\I -;iaun1aITT1111n-..1ITT1tLtLL~1«L1J1aaua:mfln1::111un11 .. . .. 

rlaa«a1ali~1a 

fi.:i LL~i1 L 'Ylfl t tL ta fin11~1U~'Yl1\1~1n1W';J::Lf\l~afifi ai.:i LL1fl aa11 LLfinii"Jimhnfl .. 
..,a1au1::n11 -i.:1«11111n«1ULu1arn fiau'!iafiLLa::'!imhnfl~ a.:iL 'Ylfl tu ta fin11~uwn1.:i . .. 
~1n1wli tl\lfl1TI\I 2.3 

- ... ' «11BtLtL'Yl1V 
I ... .r"., 3. n1:111un11aaa«a1a«1a.111nLnfl~ULfl 

a rl1.:i«11111ni.'hi L ii fl~ an 1::n u fl n fi1.:i1 u .. , 
I ... ., 

ff\ILL1flam.1 
4. ITT1111nrhn11~U wl U 'Vf u rl-;i7.:i lfi .. 
5. l-Kfi1l"Jt~hmtaa 

·~ 

6. Lilunaa11iu~a.:iITTrn1ni."J1u 

rl111 : a-;i~11w1 "111 t«n1, 2552 

daa«a1aa1-;iLiluw~a-;iaun1a1i • 
., ~ I ... 3. fl a.:i n11«n11: 'YI L.., 111: «11 fl a n11 L n fl 

I ... .... .... ~ n1::1J 1u n11 a a a trn1 V'D' \IL uua n M"nL::'YI 
fi au"Ji1.:iiifl1111-;i1 L w1::L-;i1:-;i.:i«.:1 .. 
4. l-Kna1u1u 
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2.5 n11u1utu'f1·u1nwi.Tt1E11tiw21 (Phytoremediation) 

Phytoremediatlon Luun11l-lw"Jrl un11t11ufl ft'111U'IWH l uu1L 1 m rliJuLd au 
• ... ... I .. ..: " ,. ,. ... .r o I !'I~ LWElftflEIUflTitl"l.IEl'1ITT111ftWHflEl11UHtlLLft::ft''1LL 1flft El11 L 'Ylfl LU Lft t1UITT1111t1 u1::tlTifl L'II L UTI11 • • 

t11uflITT111aw1YJ.;irlmil u1iJITT16u ni'tf ua::ITT1enu n1tf rlmil ui1na1.;i tiu i\1 'Vl1e e1n1ff .. .. .. 
L'liu ln1luln1lnaau (2,4,6-Trinitrotoluene) ln1flaahLaflau (Trichloroethylene} Luwuu .. 
(Benzene) lnaau (Toluene) LBflaLuueiiu (Ethylbenzene} l'Jfau (Xylene) La'Vl::'V\1.t'n .. 
(Heavy Metals) t11lflaffn112.Ju91f.;ii (Radionuclides) 

n11t11UflITT111awHL~rnl-lL 'Ylfl l ulali Phytoremediation i.;irlwul''l! fie n11LftEm l-1 
•'I o"" '"''I "" .1,,.. .I .f ,¥..,.,""' "l '"' W"Jr L UTI111J11Jflft'11118WHL U1J1L 1 nL 'Yl11TI11uUL1J BU uam11nut1.;i fl B'111fl1111 L "l.11 ~WflflTI1111 

... ""·" t1 ""l... ~ .r .... "" .i ... .r" .... "l.IEl'1ITT111awH'Yl~::111n11 11Jfl Ufl1na1.;iuu ".I ua::u~~t11111E1U"J 'YILnfl"l.IULU1f1111"Jr1flLWEI 
~ l " t1 ... ""•I A A .r '11 " I .~... .. d. ..!!!! ... 111t1 'Vln11 11Jf111u1::«ntr111w111n"l.lu LflLLTI n1::u1un11n1'1n«TI« Lfl11 ua:: 1111nt11 

n11U1Utl ft11&1ftYtitf n,.::~n• n r .. EJ12'L YI flt" Tn ii Phytoremediation ft11111n,j1LL14n 1.t 
Li11442f\6tt 

1. Phytoextraction Luum1l-lw"JrLr1e:it11uflITT111awHrlmilu tiu fl::ne:iutiu Lfltl .. 
l "•'l.1 ~ A'f I "'l.1<1 l .r ... I""·"' .JI" l "JrW"Jr Luflfl"D11L'fl111ftWHLfltl~1U11TI LL81 LuLn1Jft'::ft'11 ULUEILtlEIW"Jrft'1U'YILuU Et1flU LLa:: 1J .. 
(111w 2.3) iiiJ;it1V1a1t1iJ1::n11rl~1nflm1t11uflITT1La'Vl::V11.t'n (Metal Phytoextraction} L'liu 

Eifl11n11flfl-i111ITT1 laV1::V11.t'n Lflt111n n11t.hliJl-liJ1:: Lt1"Jru"l.le.;i laV1::V11.t'n Lflt1w"Jr (Metal .. 
... I 'f ... .i ~,. '11" 8'A I Bioavailability) «fl ft'1U"l.I a.;i ITT1 Lft'Vl::'VI unnnnfl fl•n11 Lfl t111 n fl1111'YIU Lfl"l.I e:i.;i L'Jfa aw"Jrft El ITT1 .... 

laV1::V11.t'nrlLuu WlY i.;iJ u w'Ur!l -Kl um1t11uf1~'1fl11iifl1111ITT1111n l un11«::«11 ITT1la'Vl::'VI1.t'n 

Lfl t1~1u11nli111n ua::ITT 1111mfl ~ e:iud'1 t1 «11La'Vl::'VI1.t'n liJ ft'ft'1u"l.I e:i.;i iu w"Jrlti'Lflue:i th.;iti .. .r.. ... '11. l !'I .. 1 ... ... 
UEITI~1TIUW"Jrfl1111na Ln UTI11ftflfl1111LuUWH"l.IEl'1ITT1 a'V\::'V\UTI (Detoxify) LL8::11fl1111'YIU 

I .1• 1 ... """"' " " 1 ... ..I t1 ... '11 !'!" ...... .r ~ ... flElu1111nLITT1 ft'V\::'V\Un'Yl11fl1111L"l.111"l.1Uft''1 "'11 a'V\::'V\UTI'YIITT1111t1 11Jfl Lfl Lfltl11f'U L11U L'1U .. 
LLflflLiit111 LfllJElaff Lfl1Liit111 'YIEl'1LLfl'1 U1El'YI LL11'1n1Uft' l11auti1.t'11 nmna fl::Jt1 i.;in::i "'11 
... ... ... d."" t1 ... ,. ..... .r I ..!!!! 90 ..!!!! ..!!!! 137 

TI1111Ufl1'1ft''Ylft'11111t1 11Jfl Lfltl11i'U L'UU ft'fl1BUL11t111-90 ( Sr) "1JL•ntl11-137 ( Cs) 

wa L'Y1Litt111-239 (
39

Pu) m1Litt111-2aa ( 38U) .. .. 
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... ·n .. 111W 2.3 n11ff::ff1J'l1Eh'IEJWU'Yl1E.J \LW'D' 
' ... .... ... ' ·' ·' 'Yl111 : ~\L'Yl\L U~1JLLff'1'YIEl'1, 11.u.u. 

Phytoextraction EJ'1LLt.i'1aanli 2 'D'itfl ~a Natural Phytoextraction LLa:: Induced 

Phytoextraction fl'1111W 2.4 

!'I _, .... ... t .. l "· ..a ... Induced Phytoextraction Lu\Ln11u11Jflff1111aw~ flE.Jn11Laan 'D'W'D''Yl1ln11 

L ~1nr Lilu t~ia ~1'111fl L 11 fl a afl a1 E.Jn11L ~1w Lilu lfl i111nun11Lfi11 ff11tli'm..l1'1~\L ~1aff11-ln "II • ., • 
_, ""' 0 l " ... ""' ... - ' .. ,¥ .... l " .:. ... ... 1 (lnducingagent) LWEl'Y11 ~Lnfln11Ltrnt1\LE.11E.l'llEl'1ff1111aw~\lW'D'111n'll\L E.J'1~·rn ~LWll'llfl 

tt1111tf11111ri l i.Ln111hufltf1111aw~ 
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111W 2.4 Natural And Induced Phytoextraction 
..I ........ ' tltl 'YUJ1 : ~wnu LL~11LLft''1'YIB'1, 11. . . 

i] 1 ........... ~ • .. ..I ... 'I 2. Phytostabllization L Un1'111'W11'LWBtl1Jtl'1M'1Bafln1'1LflaBU'Y1'11B'1ft'1711aW~LU 
• • • t 1"' • .. A ""' .. ..I ""' • flU fl::n BUflU M'lB fill fl t1n11 11'71nW11'L WB,,1nfln1'1Lfla BU 'YILLa::n1'1flfl~1J'DB'1ft'1711aW~ .. 
1 UtlU fl::n BUtlU M1Bfl11 W"Jl''ftt 1ffl1'1iifl111lft'1111'1t'l t un11af1tl1111ni.n114J11 ~1U'11 B'1ii'1 t U 

1fl1'1rn'1'1I B'1t1u L v1 B Lflun11afltl1111 mft'1111aw~tluLrl' Bu lt1ctii'1 tfit1u ,j B'1nun11inniBu .. ... ... ... "ti ..... ... .. _, ..... t ...... .r ... ,k '11B'1MU1flULLa::n11n1::~1 tl'11 B'1 ft'1'111aW1Y L tl'11J'1L1 nLBU '.) n1'1lJ11Jfl fl tl1ll"Uft'11117mnfl'DU 

1fl tJ ~1un1::111un11flfl'lf11 (Sorption) n17flnfl::n BU (Precipition) n11Lnfl ft'17L i'1-1Bu .. 
(Complexation) n111t11-lnLawfiaM:: (Metal Valence Reduction) ft'171aM::Mit'n~ft'1111'1t'l 
_, ..... " !'!" ...... .r ~ ~ ... t ... ..... ... 
u11Jfl Lfl Lfltl1ll"U L"IIU 9l::n1 ft'1'1MU LLflflLlltlll fl'lLlltlll 'YIB'1LLfl'1 ua::ft''1n::w .. 

4. Rizoflltration Lflun11t1f~11'L f1 BU1Ufl w1111aw1Y 1fl vn11t 1f11nw11t un11ln 

n1B'1ft'1111aw1Y M1Bflfl4'11ft'1111aw~tu ii'1 L -Du ii'1tl1~u ii'1 tfit1u LLa::ii'1Lifo~iifl1111L "Ji11'!iu .. 
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... ... .... .. t .. 0 .... .... .... .... .. .I • • .... t ..... .: ~ 137 'YIEh'ILLfh1 umns a-.:in::a- fl1UJt111 L'f1\111lJar1n1111ufl1\IW'Ylar1111nu1Ufl flt11tru L"IJU Cs 
238 ....... I tltl LLS:: U (';11.L'YIU LL';J2JLLa'.:J'YIEl.:J, 11. . .) 

.'r. .... "' ... 0 .... •• 0 , ... 0 ... .... .... .... 2.6 iftl1Y11J;J;JU1411il'1Yl1U1n1;Jfl&lfttdl!l11ih1Lflfll'U1ft911Uft 141&10'1 il1LtlilY12UI ;J'1M1tl . ~ ... .. 
f!911'tl911l 

n11ifln11"11 t1::11s ~El tl"l12J"lf1'"11 El.:J L 'YlfllJ1Sfi1lJS t UL ii El.:J t -11~n11n1if1 LLlJlJL 'Yin El.:J .. . 
o; t ,k .I 0 .... ol ti 111 t .. t o; I nS1.:JLL';).:J UWU'Yln1';lf1"1Jtl::2JSHEltl"11El.:JL'YlfllJ1S~ "111'19'1 1::111m 5 L111El1t1n11 "lf.:J1un11 .. . 

20 i] lfltl'UElnL \llUEl';J1nn11n1ifl"11t1:: t UL "llfli'lJ 6lfl"lfEllJ"11El.:JflULEl.:J LLa1 L 'YlfllJ1Sfi1lJS t ULiiei.:i 

tl'.:ii'un1ifl"11t1:: h;nu ei'1ff n1tlnfl1ei" ft1u fi ei"fl" tnaLfit1.:ian 1 u 11" ti ei ei'1ff n11u1V111ft1u 
..,! o; o; J t "'iJ"" ol .I ... 111 1.1~ .... t ,k .I I .... -1 .... • 11usu1uV111ei 111 \II 1111m"11t1::11s'""eit1'YIL"111 L ri1';Jfl uwunn111us:: 3,ooo n sn111 .. 
n11rl1iflfllainna'"llan~nL::iiLL 'U 1 t u11ft-;i::fi El t lfLfifln11tluLrl° ElU~ El\IL'f112JSW~S\I wi\ILL 1fla Elli .. . .. 
LLS::\11\1 l'liEl1\1111 

"1\llfu,, ti::,, El\IL nt11u1s9hus t uLiiei" ei1L11 eiw"lft1 i'1V11'fleif11tifln ff 111111n1if1 t" • .I~ .... o I t I .... :: I ·1.1- A .. C' .I .... 
a''11U'Ylrr1';)fl"1Jtl::2JsHEltl ULLfls::1uuu WlJ11 2J 12J1nL"lltl::ElU'Yl1tl LuStl1US:: 1,277.98 .. 
fllsnf11 flflLi1WfElt1S:: 54.03 tl1::LT1'Y1"11 t1::~1ltliitl12J1nLLu;tlL thnlJ 104.87 fllsnf11t-fu 

flflLUUfElt1S:: 4.42 tl1::L1l'Y1"11t1::fiflL4eiiitl1111mLuimrhnu 141.84 fllsnf11t-fu flflLilU 

feit1s:: 6 tl1::LT1'Y1"11El\1"1lt1::1l'1fLflSiit11111mLtl.im thnlJ 832.12 fllsnf11t-fu flflLi1UfElt1S:: 

35.27 LLS::tl1::L1l'Y1"11t1::auf111t1iitl1:.11nLLuimrhnlJ 8.68 filsnf:.it-fu flflLi1UfElt1S:: 0.36 

fl12J ~1 fl°"u tl1:.11 t\L"ll t1:::.i s ~El ti LLfi s ::tl1:: Lll 'YI LL tin fl12J"lfilfl"11 El\1"11 ti:: LLa'fl\111tis::L5 tlfl t" .. 
fl1TI\I 2.4 



inln1ttuu1ni1un::mft lu laSin1irn111n 1.1nnr. 
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t.l1:::Lnn21 s::: tR ... I -., 1&11ti.LQil Elflil1\6 

nfilni'ai 
., 
1DElil::: 

1. 21 s:::1lTILRil 832.13 35.27 
- nft£h11UI 11.44 0.48 
- n'l::f11~1111 7.63 0.32 
- Lfl~n'l::fl1~ 0.00 0.00 .. 

35.94 1.52 - 'll1flLLn1 

.. ti ""' 47.88 2.02 - Lfl~LLn1 'l::L1l't1EltL') 
... 

- '1l1flit1"li'U 21.19 1.00 1 
+ 

- n'l::tle:i..1 7.63 0.32 
- 1a'Vl::LLa::a la'VI:: 0.00 0.00 
- 4uthurrn1a-fin 0.00 0.00 .. 

700.42 29.61 - fl..1Vrn1«fln 
1 

2.21s:::fi1 lt.1 104.87 4.42 
..I 

11.44 0.48 - IJ1£l..11J::'V111 'Jf£l..1'lltL11 
..I 

1.27 0.05 - IJ1£1..11J'Vl'l 
1 

- 11111u::~nn 1w11 19.92 0.84 .. 
- Lfl~i:.11 47.88 2.02 

I 

0.00 0.00 - 'Vl11£ltLLn1 
... 

0.00 0.00 - L'JfTI11fl 

""' I .. w J 24.36 1.03 - £11.L ') L 1J'U Lfl~'l£l..1L 't11 El..1 1 
- .. tf 

1,277.98 54.03 3. 21El:::D\6Yl1EI . .... ' 
1,277.98 54.03 - Lfl~El1'V11'l 1J11nw11 1J11na-f11 

4.21s:::itu€0 141.84 6.00 "' ... 
0.00 0.00 - L'll11t\fl£.11 .. .. .. .... 

141.84 6.00 - i:.11£1£111LLa::i:.11E1'U111£.I 

""' 1i .... 0.00 0.00 - £11.L ') L " Wa1a'Lfl£l'lflflLLm~ 
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fl1T1'1 2.4 {fiEl) 

ntanf11 " 1'D!Jftt 

5.11!Jt01Hl1'1!1 8.68 0.36 

- ~a£lf'lv.Ja£1m1ft'L'.lf'UI 1.27 0.05 
'II 

- ti1"Ulv.Ju1u 3.17 0.13 . . 
- n1::U£l-\IU1'111LU.Ja-\I 0.00 0.00 . ... 
- n1::1l El-\lft' 0.00 0.00 . .. 
- l.l1::1l£1-\lft'LU1U 0.00 0.00 

- "111f'IU1 4.24 0.18 .. .. 
- "111f'lil1U1ft1-\1~£l-\lil1 0.00 0.00 

., 
1'111fh1Mlltl 2,365.50 100 

.I ... t flll1 : W!Jft'3J1'U ft'-\! Ufl:: LLa::flnL::, 2552 , 

2.7 wtiftl..ul,..n11'ATIW1 
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2.7.1 flTU~D'1 

fl11L;ei..,ii~awi1''1Ji1 Marigold ~a1'YIFJ1f11«flf Tagetes film. atjt-u1..1fl 
!'I ,. " z • .( &.< - W Jf!jt I ,. " Asteraceae (Compositae) Lu'UL11flElnW'UL11El..1"lla..1u1::L'YlflLm1JaUJ1n1LLa::u..rn"D n fla111 Lfl 

LLwin1::·;11 FJltlu..1LL ~1:i..1tl~nff1 tan Lil-u W'J1Lf11~Jfi";J.yf Lhfi'll"ll ei..1tl1::L 'Ylflafitlff m111n1 ti 

i..1n11 ~f..1Lflt'f a'LU'U ua::LFJEl11i'U W1FJW'Uifl11L;a..,.yfwut-utl;';JU'Uii~a1n~a1FJW"JFJW'Uf • • • ... :: ... ... • ... ...., ::.:!'! &.<. &.< ·'&.<·' &.< .. 1l'Yl..1flan«"1111 «L ~ aa..1 «'YI a..1 ua::a-a-11 'Yl..1'ULu-ui:.ia111";11nn11flflLa anua::Wfil'U1 u11Ju1..1W'U1r 
• • Lv1at~itiw-uiffL~111::a-11fiam1\i.1ltlt-Etl1::lFJ'J1i! (fl11-u11ni.111, 2551) • • 

&.< ~ 2.7.1.1 nnitmtrt1'1ftqnHff1ftt11' 

•"" ... ,..,z, A":: ~" 2.7.1.1.1 R191\6 L1J'UL11L'Uaaai.L 1111fl'Ufl..1fl1..1 LLflnn..1n1'UW1"111 

LU'Uvi11uu-uiitua-1FJ..1111 'Yl1..1ti'Uii~a1FJ"ll'U1fl lfiurl a1ti'Ut'f..1 a1ti-uLiFJ iifl1111t'f..1,..1LLfi • v v 
30-100 L'lf'UfiL11fl1 LLft1LLfi'J1Ufl 

2.7.1.1.2 1u Ltl-ututl1::neiuuuu"11-u-untla1FJ~ (Odd-Pinnate) 

L1FJ..1tl1LL1J1Jf11..11i'111 (Opposite) iiturleiFJ 11-17 tu tu1h..11J'UL1FJ..1LL1JU«a11 (Alternate) 

turleiFJ1tl1 (Elliptic) ~;a1tl~an(Lanceolate) tla1mL~a11 (Acute) Lfl'U«aULLfltJ (Attenuate) v v 
liiii~tu v 

2. 7.1.1.3 tt on LU'UflElnLL1J111ian1::";JnLL u -u (Head) "lieiflan'Yl1..1 • 
na11 \'l;eitla1FJ"limLu-utl1::naufi1FJflanrlaFJ (Floret) "ll'U1f1Lan~iiiiri1-uflamh-u1-u111n 
1111n-uei rlu-uLm-un a,..,.yf Bfl ~";J-uu~n1'1..1 f11..1na1..1-u -uLnmt'a FJfl tf1FJ:f1'U1a..1fl an fi1 hf "Jtei v v ~ 

... &.< " ..I ~ • I &.< .. &.< !'I • I &.< ·' &.< •• I "" I fl an11an~tu.::fla1 FJfl am fl FJ1 11u1::fltJL -ira11n-uLu'U 1u1::11J..1 ua1 FJ";Jnn-uLaa FJ fl an FJ a FJ 
v 

Uti..1LU'U 2 '11Ufl fiei flanrlaFJ/utu (Disc Floret) LUUtrnna-11u1mLWfl (Hermaphrodite) 
v 

an~tu.::flft1FJn1::~..1 (Bell-Like Collora) ~;afiei {Tubular) L1FJ..1tl1111FJtU"lla..1"Jiaflein iinau 

flan 5 nam~a11fiflnU Ln«'l'LWfl~iiB1JL1tu.fiflnU (Synantherous) 5 BU LUU1..1tfa111auri1u v v 

Ln«'l'LWflLiiFJ ~a::iifleirlnunauflein LflFJeirla-lfununauflan BuL1ni.ii 2 "liei..1fl111FJ11 ri1u v v v 
Ln«7LWflLiiFJiitla1mLFJmtlu 2 LL~n i'..1l"liuuutti1..1nau(lnferior Ovary) l,; (Ovule) fiti.yfj1U 

"lla..1i'..1l"li(Basal) t'1ut1anrlaFJ/uuein (Ray Floret) nauflamtlu1tl11..1i.i'1 LflULUU~aaflLan 
v 

tla1 FJLL~1tll "linau LUUfl anff iim w1::m «'l'L WflLii FJ n1u1ei..1fl am ~a11fiflnunaut1 an"Ifu uan v 

41..,Ltl§FJ-u1tli1..1 ~;aaf11tla..1LUULiu (Thread-like) ~;BLfflflLan ') (Scale-Like) L1FJni1 v v 

Pappus iitl1::111ni. 5-6 BU fleinii~a1FJS L"liu Si11 L~Ra..1 L~Ra..1'Yla..1 fl111 ~;aiia-a..1tlu 
flamfi FJ1rlU L "Jiu iLLfl..1rl1JL ~ft El..1 LLfl..1rl1JW11 {jfi~1LL1J1Jfl ein"IfuLfi FJ1 Ua::ti ein'ff au fl an ii~ a1 FJ 

"!IU1fl flel ii"llU1flLftnt11::111ni. 2.5 L'Jl'UfiL2Jf11 fl..1"11U1flt~qjtl1::111tu. 10 L'lfUtlL11fl1 
fit ... I "t '"" ... &.< .,.., 2. 7.1.1.4 Lllfttl 11"11U1flflaU"!l1..1 ~IDL11BL 'YIFJ1JntJL11at1 L11flan .. 

- "" ti' ... ti " "ll'UflelU 1 TI..1FJ11L1FJ1 ( 1::'Yl11W1 "11ElflLLn1, 2551) v • 
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2.1.2 &1:.aiion.'1'1:: 

3J::Liimtl11::ii~awuiqii1 Yellow Berried Nightshade ~a1nti1f'l1a'flf 
Solanum Melongena Linn. 1\lfl Solanaceae LiluliiW3Ja'\I 0.2-0.6 L3Jf11 a1fi'Uua::fl\I01U 

- • v 

W1J"JJU1tlf111tl1::tl11t1 W1JVIU13Ja::LBtlfl lu 911\1 vi1al1iwtJ ltJL~tJ1 L1tJ\lffatJ ri1ulut111 v 

1- 4 L8J1U9iL3Jfl1 W1J"JIU1tlfl11tl1::tl11t1 LL~ulun11\I 4-10 L8J1UfiUJf11 tl11 9-15 L8J1UfiL3Jfl1 v 

1tll1ivi1a1tlvian lflultJLfiti\I "llauluvitl'n '!i1\la:: 2-3 vitl'n utia::vitl'nan o.5-1.5 L1J1ufiu.1f11 v v 

ti t .1 ... t ... ... . ti ti ti .I ... a1tJ lJLLVla3J flN1 1Jf11U1JULLa::911ua1\IW1J"JIU1 fl11 1:: 11tl flElnLfltJ1 n1UflElnt111 v 
... ti tit.I ........... .rt.I 1.5-3 L'l1UflL3Jf11 wu"11u1 9111 1:: TitJ flana-3J1\lvi1aa-"JJ11 1\lnatJLat1\I a1t1LLt1n 5 utm v 

LLtia::LLunantl1::3J1tu. 1-2 L'lrU~L3Jfl11tlVIEJm1ti1LLVla3J W1J"JJU1tlfl11tl1::tl11t1 1\JnftlJtlEln v v 

L~El3JnU tla1mLtJn 5 LLun LLfia::1mnantl1::3J1nl. 0.2-0.5 L'l1UfiL3Jfl1 Lna'1LWf'I~ 5 au Lna-7 
v 

LWf'ILiitJ 1 au ElULVIUEl1\JnftlJ Naii1tli1\lna3-1 Naaaui1iit11V11EJi"JJ11fl11iluiJu Nauri v v 

i1V1§EJ\I Ln~1Uf'IUVna1\I 1-15 L'J1U9iL3Jfl1 n11\I 2-3 L'11UfiL3Jfl1 tl11 10-30 L'l1UfiL3Jfl1 v 

ri1uNat111 0.5-1.8 L'11U~L3Jfl1 LJj'flfiau1i1\lna3J ii"JJU1fltl1::3J1nL 0.3 L8J1U9iL3Jfl1 n11l-l 

tl1:: lt11n! l-!Naaautl1\IE11V111 ~fl fi3-1 LLn\I V11al-1Naa-91fut11::n1u (1it'ti a-3Jtl1::a-\lfi, 2550) • 

.... ~ 2. 7.3.1 anJtm::n1"wqn1Hf1ftt11 
0 

.. ... ·' ii ... .1.r ii ...... 2.7.3.1.1 a1t1'4 (Culm) Vlqj1LLHnL uviqi1n"11UL una3Jam~tm:: 
ii . t ... .r ... .r 'ii . t ... ~ .r ... .r 'ii . L uwii 1JlJ1\I fl\.Lfl1\l"JJUff\I iin11"JJuam uwii lJlJ1\JflUfl\Jfl1\l"llU«\13Jn11"JJuam unaii • v v. v v. 

t vi qjvi1an1::·;11 tin\.La tjliiln a 3J1nit'n n a u~nii"JJu1t"1fi a\.L'!i1\I t VI qi lfl un mu tiflnuu \l u1ilu 
... ... .. .I • ... .. • ... ... • t . ... ... am~tnL::Lu w1::au VI \.L\lfl LLflnfl1\1~1nVI '1!1 El\.L '] fl EIU"JJ1\l"ll'tl L ~u ff1U flU"JJ El\la1t1\.L~::LLlJULntl 

~1n WlU"JJ El\! lflU lu~itl L ltJ\JWlJSJiEJ\.LnU a1 fl\.LLL n~::ii"JJU1tl Lan'ltEJUEJ tjl Un11J luu1L 1 tu.fl El~U 
n111~1mL9itJ lflua::LLflnn EJ"JJEJ\IVI ru1LL~n~::iin11utmV1\la t Vlliflt'ILL nufiuLri1arlL«3J a lfl ti~:: -~ u v 

• ... ... .. .JI t ... ... t . .r .. t ti ... ... ... ·' LLflnVl\.LEIEJElnfl1\ltl1U"ll1\11EllJnEJflU 111 VlnEl2J"JJU1fl Vl'l!"JJUL 1Eltl '] flt! nflLLa1Vlqj1LLHn 
•..e ... ~ ... ti"' ... ..... ... ..!l ... .r .r • .r ... 3Ji,,1f1Ua'U "llEl LLa:: aEJ\I L3J"lrf1L~\.L n11LLflnfl::Lnt1\ILLa::n11t1ni,,1flU"JJULfltJ 'JLVIUEJWUflU 
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lllvminn t 'Utff111Wn-112J1f1iirliifl112J Elfl2Jff2JU1m uti LU'UtanHm::rlwulirt1 ltlt "~ nl"1 u~nrl . .. . ., 
'Ill ., .... ti 'I 'I ti ... I A ti 'I .r .la A Lfl';Jfl an L'Utth1 L'UtLL a..1fl'UtLLn2J1n~1El an L'UtW'Utfl1ntjfl .. . .. 

2. 7.3.1.2 1u (Leaf) tu11EJ..1~qj1 LL~n";J::LLfln El EJn";J1n lfl'Utn El 

iianHnt.::Uflu r.n1"ll EJU tu11"Ut1"Uttla1 t1«EJU LL~ a11 u~" tunTI'Utfl1 t1 lfl mn w1:: tu url"ll EJU tu LLa:: 
... 'I.. .. 'I ..11 ,. I ..... I .. 

L«"Utna1..1 LU2J~'Ut12Ja::LEJ tlfl (Spinulose) ~" 12JU'Ut LU'YI ff1'Ut Lfl'UtLLa::na1..1 UNU';J::2J'u.El ti Ufl';J::2J 

a.nnrlu1L1mtla1t1tu iianHm::/..,nut1..1tla1t1~'Ut1114if"ltln1..1tla1t1tu n1::i..,~1mdEJn'Ut 
ii1 ~"rltfl" tu (Ligule) ";J::afl1tliianHm::Lu'UtL wt1..1ft1'Ut l~..1"11EJ..111'Uti"Uta::Lat1fl u1..1flf..,i..,Lnfl .. 
lfl,ii-iflL';J'Ut 

2. 7.3.1.3 "i1n (Roots) 11nLU'Utff1'UtWlflqJUa::LU'UtanHm::~LflH 

11 El..1~ qj1 LL~nrl~nU12J1 t -itl1:: lt111i!LU'Ut~ an ~ qj1ff1'Ut t ~ qjlfl t1rt1 ltl';J::ii11nrlLU'UtanHm:: 
.I 1 ,.!1 °' 'I ..... 1 ... .. A ,f a 1::uuTinHElt1(Fibrous Roots) LLfln";J1nff1'Ut"'1fl'UtLflfl'Utn1::';11tlEJEJnuNn11..1LWEltlflW'Utfl'Utfl12J 

u 'Ut1'UtEJ'Ut (Horizontal) ii1::uu11n t 'UtLL 'u.1~..1 (Vertical) lllan111n uti1::uu11n~qj1u~n";J:: 
uflnfi1'1';11nnn~qj1ft1"Utt~qjrt1lt1 fiEiiinnrlwiun'UtLLilu~ri..,anu"u.1~..1a..1t"Utfi'Ut lllLL~"ll'Ut1'Ut 
!inn un'Ut TimL 11'Ut..1 lfl mn w1::iinn ~El mL" 1~..1-;i1"Ut1u111n 

2. 7. 3 .1 . 4 !Iott on (Inflorescence) LL a:: tt o n ( Spikelets) 
... 

~qj1 LL~nii"liEJfl Eln 91.., anHm:: LU'Ut 71..1 riTu."liEJfl Eln t111na11 n1'Ut"liEJfl EJnua::11'1\f '1tl1::2J1 m 
100 - 150 L'lf'UtiiL2Jf11 L'1.W1::ft1u"liEJf1ElnLLa::11..1R..1tl1::111m 20 - 40 L'lf'Ut9iL2Jfl1 LL~n'l1..1 .. 

Iii ~ A II al ... .., I W .... fill I .. .,.- .. A 
Lfl2J'YI 10 - 15 L'lf'UtflL2Jfl1 flEJn~qJ1LLHn';J::L1t1..1fl1EJ~fl1t1n'UtLu'Ut~'J a.tanHm::fla1t1fla..1ua:: 

11"Ut1fl tnaLfi t1..1u9ia::fitl1::n Eiui1 t1flEJn11itflrlliiiin1'Ut LLa::.-i EJn11it.-iiin1" t1m 1"Utft1"Uttla1 t1 .. 
11EJ..1nTu. "lim.iEJt1iin';J::i.-iL1t1'1Lil'Ut a .-iEJnmii1t1n'Ut .-iEJnllliin1"Ut";J::miti1"Utna1..1 ft"l"UtflEJnrlii .. .. 
n1'Ut";J::1fEJ r.ifi'1'UtU'Ut flEln~ nl"1u~niianHm::fla1t1n1::w1 ti 11EJU"ll'Ut1'Ut1tll1i tla1 ti ffEIU "ll'Ut1fl .. .. . ., .. 
"llEJ..1flEJnn11'1 1.5 - 2.5 iia§L11fl1 t111 2.5 - a.5 iia~L11fl1 t:l1u"Utti1"Ut~a..,"111111::ii~"1a.t • 
LL~ a2J"ll'Ut1f1Lan t.-i £JL'1. w1::ff u1L 1 nL11El1JL ~" li-ifl L ';JULrlElffEl..1fli1tiLL1'Ut"ll tl1 t1ti1'Uta1..1 t:i1L1t1u .. 

" ... ... .... 1 2.7.3.1.5 La.JftttLLatt1\6na1 (Seed and Seeding) flEJn~qi1LLHn 
• 111 ....... ... ..1111 ... ... ... .!'I ... .. • • ..... r L2J El Lfl1un11N w11 LLa1 fl EJn'YI L2J 11n1'Utfl EJnlJJ..1 Lu'Utfl EJn Rllu1mn";J::flfl L2Jafl L2Jafl2JR-...1f11a .. 

£i EJ'Ut Lu" 1tln1::ff1t1t:l1L1t1u~1'Yl1 t12J'Ut iiL dEJ t 'UtanHm::fla1 t1 LL1l..1L ~ ilt11~.., wn• Lit1w111wf111a.t .. .. . ., 
'Ill .... .. .... • .. ... .r t1" ti.I .!'I ......... ...t 'I " ..1Eln Lfl..11tl L2JEJ~na2JLL1..1 LLflfl';)fl ~1Elff111WEJ1n1fl1ntjflL 'UtEJU ..1L at1'UtL1J'UtLL11..11flfl1T11 L~ 

11t11t1i1 lllli L itEJ..1';J1n Llla.-i~qj1LL~niifl1111«i1111n t "Utn11..1EJnEJ~t "Ut"li1..11::t1::L 1a1-;i1nfl 

Lwt1..1"li1'1'"'J LLa::';J::LL~..1~EJltlLEJ..1 LL9iEJr.i1..,l1nf11a.tm1ifltunn'J a - 4 LfiEJ" ";J::"li1t1n1it1 • 
trnnua::liit~LfiflL2Jaflli (WUfl'u.111 i'Ut'YITI'Ut111W ua:: th::1fl1 i'Ut'YITIM1W, 2550) w • • 
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........ ... ... ~ 
2.8 LO flif11''11WJ;J !lfl Ln !11!10'1 

Iqbal et al., (2012) lin1n11f1m~•1~rn'll£1.:11a'Vl::'Vli.t'n l-un11tl1::un911,f EDTA • 
fi £1n11flfl-ii111a'Vl::'VI i.t'n ua::n11LLRfl.:I El £Jn'll £1.:1 fi-u ff LL fin th.:in-u l-u~n fl7::n an::'VI d1 ~a'll £1.:1 .. .. 
n11f1m~n'Viu11fl1111L1i111i-uffu91nfi1.:in-u'll£1.:11a'Vl::'Vli.t'nuflf1Liiu11 (Cd) Lfl7Liiu11(Cr) 91::rf1 

(Pb) ua:: EDTA ffl-Kl-u~nfl1::nan::'Vld1a-£1.:ia-1uw-ul (Brassica Carinata ua::Brassica .. . 
Juncea) lA.:i EDTA ii~afiml1'Vli.t'na-fl ii1'Vli.t'nu~.:i fl1111m1Tin ii1'Vli.t'n11na-fl ii1'Vli.t'nTin 

u~.:i ua::n11a-::a-11'11£1.:11a'Vl::'Vli.t'n l-u w1f~.:ia-£1.:iff1 uwwf El r.h.:iiii.t'ui1t1'l! um 1-ufl1111 m1'11£1.:1 

UElflW"lf ~a'll£J.:I 1a'Vl::'Vli.t'nfi£1ii1'Vli.t'na-fl ii1'Vli.t'n11na-fl LLa::n11a-::a-11'11£1.:11a'Vl::'Vli.t'n m.h.:iii 

i.t'ui1t1'l! (P < o.o5) n11n1.:11wi111n-u1::'Vl11.:i 1a'Vl::'Vli.t'n x Riuw-uf ii~amh.:iiii.t'ui1t1'll 

(p < 0.05) Ld£1ii1'Vli.t'na-fl ii1'Vli.t'nu~.:i fl1111m111mLa::n11a-::a-11'11£1.:I 1a'Vl::'Vli.t'n~.:il-uRiu 
w-ulf Brassica LLfffl.:IL ~L ~-ui11::u::L 1a1ii~afi£1J1'Vli.t'n fffl J1'Vli.t'n71nLL ~.:! lA.:it17::ff1J • 

..i "' 'I • ..i-1 .... .. ...... -1 .... ' f!1111"'1L1~n'U'Vi1ffl11Jfl11 'Yl11 a'Vl::'Vl-una-.:ia-fl (142.88 11aan111/n an111) Vi1J11 B.juncea . .. . 
.at.I 'I ... .a.. ~ .. .. .... -1 .... .. -1 ... .. 'YI anL'UflU'Yl1lfl::n1 150 11aan111/n an111 ua:: o 11aa 11a EDTA ff1U'Vi'Utr Brassica .. . 
fflii'u 1a'Vl::'Vlil'n LLa:: EDTA ~a l-un11LLfffl.:I £1£1n'll £1.:1n11i.:i Lfl11::if Polypeptides ua::Ufffl.:I 

f11111£1f111a-11u1ntlA.:im-;iii~afi£1m1l-lw1fti1uf1 . .. 
Rizo et al., (2011) lin1n11f1m~1f!1111L1i111i-u'll£1'31fltJ£la9i' itmfia 'YIEl.:!Ufl.:I 

i.:in::i ua::fl::rf1 l ufiuifuuu (0-1 o 1J111.) -;i1num.J-:,nau'llu:: l uLii£1.:iu111-u1 ua::n1n11 

1Lfl71::'Vl1flu1n X-Ray Fluorescence 4.:it17111mla'Vl::l-uti1mh.:ifi-u (iiaani'111filani'11 : 

1fltJ£Ja9i' 8.4±2.7 itLfia 50±27 'YIEl.:ILLfl.:I 252±80 i.:in::i 489±230 ua::91::rf1 276±140) Ld£J 

\h~an111Lfl11::if 111Lt11uu L Yi uunufi1 L~~ u f!1111L1i111i-u'll£1.:11a'Vl::-;i1nfi-u l-uLii£1.:iu111-u1 

'il".l .. .a ... Sun et al., (2011) Lfl111n11flm~n~an1::'Y11J'YILnfl';l1n Benzo[a]pyrene (B[a]P) 

fi£1n11L-;i7'lJL9itJ1fl"ll£l.:lfl11L7El.:i n17~fl-ii11 a-::a-11 Benzo[a]pyrene (B[a]P) ua::1a'Vl::'Vli.t'n 

~an11f1m~n'Viui1 B[a]P (<10mgkg-1
) f!1111L1i111i-u~1 1bul-un11L-;i7'l!Lfi1J 1fl'll£l.:lfl11L7£J.:i 

LLa::tl'.:iw.:i~a l ~n11L V'J11;fu"ll£1.:1111ait1111a l ua9111 1 o.o- 49. 7% Ltl1um fiuunu"flfl1u~11 
lA.:ii11w-ul'Yl1.:iu1n mh.:iiii.t'ui1t1'111::'Vli1.:ifl1111L1i111iu Viui1 B[a]P a-::a-11 l-uL d'md £I'll £1.:IW"lf 

LLa::fiu B[a]P (p<0.001) 4.:1LLflflLiiu11 'YIEl.:ILLfl.:I ua::91::rf1 ii~aurnf.:1n11L-;i7'l!Lfiu 1flua:: 
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B[aJP ii~HHi einTl"flflei111 ua::n11a-::tu1l Ufl11L7eh'I LLfifl11L 7ei'1 U'1fh1iifl ni.an:iyni.::Lilu • • 
Hyperaccumulator 'llEl'1UflflLiiEJ11~:nnfiufft1uLdeiu 1flEJtl1::il1~1nvm11f1flei111uftnfi1'1~1n • 
'YIEl'1LLfl'1 ua::f1::«1 4'1flfl4i11l utl1111ni.~1 ~'Uff1ll11TI r.iei EJ B[a]P LL a:: 1a,_,::,.,it'n 79.2-92.4% • 

'I ... ..&ti .k ..t ... ... ~ • .... ti 1 .. ..a... ... ua:: 78.2-92.9% LUflU'Yl UL1JE!Ufl1ll'11ft1J fl'1UUfl11L1El'1El1~LlJU 1:: EJ'UU"' ,,.,1un11 

1.l1uf1 B[a]P ua::UflflLiiEJ11luvfufft1uLdeiu 

Ji et al., (201 O) lifl1n11fin:1Y1n11L ~11n11tl1UflLLflflLiiEJ11fft1uLdeiulufiwrn'1 
n11Ln:1Yfl11fl EJll::L iiei 4..,L ilun11nfla ei..1 l u ~ ei'1tl~u1in11L Yi eiwftlu1n111.l1uflff~::i.h ltll-1 

'Ylfl a El..1 l u111fl«U111 n11'Yl fl a El..1 l Ut11fl ft'U 111l-K11::L ii ei4'1 L ilu Hyperaccumulator 'II El..1 

LLflflLiiEJ11 ~1nfiuff t1uLdeiuLLflflLiiEJ11 1.91 iiaani'11tfilani'11 ~1nn11fin:1Y1LL«fl'1l~L ~ui1 
11::L iieiii111aii1111wfi eiu"li1'1 "" n11tl an ei r.i1'1,.,u1 LL i.l uii~rnn1::nufi ei 111aii1111w'll El'1~-uua:: • • 

... ... ..I ... • t1• ... ..I ~ ... ti • n11«::«11'll ei..1 LL fl fl Lll £111 n11mmn £1111~-rnft ei 1111ni.LLflflLll EJll'Ylflfl"Dll~1nflu n11 anw-u • • 
a-ei'11eiu-rl1 EJ L ~11tl1111 ni.n11fl flei111LLflflLiiEJ11~1nfiu'll ei..111::L ii ei ua::n11 lfi~ EJ lli ii ~rn 9i ein11 • • 

~ ... 1 ~ A """'" 1 • ... ~fl"JJllLLflfl Lll £111L"1::EJ::L 1a1 "" n11fln'.IY1 LLft'fl..1 L ,.,L """ 11ll::L'll Elff1ll11Tift'::ft'll LLflflLll EJll~1n 
... ..I ... ... ... • ... : ... ... ti !'I ... • _, ... ... ..&ti .k ... 'I 
flU 'Yl1::fl1Jfl11llL'llll'llUflelU'll1'1fl1 ~'111n11 1::£Jnft L'Ull::L 'll0u11JflflU'Yl ULlJElULLflftLll £Ill L" • 

Wei et al., (2009) lifl1n11fin:1Y1~a'llei'1~EJfiein111.l1uflfiufft1uLdeiuuflflLiiEJ11 • 
'II El'1ll::L iiei 4..,n111.l1ufli1 EJ~-uLiluL nfl itflff~1 EJ iit11::in~111w Lilut11:: 1EJ-ui1l un111.l1ufl 

... ..I ... i] ..... ..a.:.. 1 • i] ft't11WLL1flaelll'YILft'ElllflnLl11WUa::L U11r'YIEJ'1EJU flEJll::L'llElL u Hyperaccumulator 'l1El'1 • 
LL fl fl LiiEJll 4'1LLft'fl'1l ~L ~UTI'1flnLft'llU1il Un11U1Uflfiuff tluLd ElULLflflLiiEJll Lt11EJ1JL nEJU • 
n11finH1 ~an1::nu'll ei..1n11f1f1ei111 LL fl fl Lii EJll'll El'1ll::L ii ei 1fl EJ l-K11a lri LLa:: m 1EJ Lilu~ EJftl -KL u • • • • 
n11Ln:1Y9l1ff Lilµiift19i eii'1LL 1fla ei 11 ~an11fim~nwui1fl1111L "li11"1iu'll ei..1 LLflt1Liiu11l u lu'llei..1 

Alberto et al., (2007) lifl1n11fim~nm1tl1ut1fiufft1uLdeiuft::«1i1un11l-K,.,ij1 
LL~n ,., ij1fl1 LL a::,., ij1 a-ei..,,.,1.., wui1n11tluLd eiu l ui.., LL 1fla ei11it1i1Lilutl ... 'lJ,.,11::iu1an 

4..,Lilu~a111~1nfi~n1111fi1'1') 'llEl'1ll~:1YaffL~llifu 1t1EJi'1tluLdeiului..,Lnflaei11d fi1ul,.,qj 

111~1n ~afliini.'1~1n ff11LfliiLLa:: 1a,_,::,.,irn L-rlu t1::«1 4..,fl::«1Tintlafltla ei m "li1fii..,LL1fla ei11 • • 
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lti~a1 t1'Yl1~ li.ii1~::L il1unn1fl ~u LLa::ii1 91::rf1ri ei 'l ~Lnfl ~an1::'Y1utia ft'"ll1l1W~ a1 t1ti11.1. • 
• .. ..1111 ... _, 'l... ... ... ..: "'ti .t ''l ... • 

LLa::'Yl1~Laein~'U~'YI Lfl~1ll1 ,,.LHlfl11llL"llll"ll'U"ll£1~fl::n1'YI 'UL1J£1'U£1~ 'Ufl'Ufl£1 

l ~tfl L 1L11fiLei-iu ~~ L il-u 1nn11ff'l irv;,,-111fi1 f11111 a-::£11flfi ein11tl1.1.Ld ei-u 'l-u vf wrl n11f1m~nd 
L ff ei9111~a-auei'fl11n11eitj1£1flLLa::am~tm::n11L~1t11Lfiu lfl"ll£1~~tY'1 3 ,,-ilfl ltiLLri ~tY'1LL~n 

... ... ..I ... ... t 'l ... ..i.. ... ... ..: 'l .... ..I I .... 

~tll1fl1 LLa::~tll1ff£1~~1~ 'YIL~1tl!Lfl1J fl 'Ufl'U 'Ylllfl11llL "llll"ll'U"ll£1~fl::n1 'U1::fl1J'YI LLflnfn~n'U 

LLa::f111~a-eiuLLa::Lt11t1rnfit1uf11111ft'11111TI"ll£1~v;,,-J~ 3 ,,-ilfl \1.1.tf11.1.fl'nt1n1w"l1£1~n11Lil-uv;,,­
fltiru1tl'fln11a-::a-11"11£1~fl::rf1 

.... .. ... t • ""·· t... I ... .I il • ..i .. ~1nan1Ytu.::n11L~1tl!Lfl1J fl"ll£1~W,,.'Yl~1ll1 ,,.'Ylfla£1~ W1J11~tll1LLHnL 'UW,,.'Ylll 
... .... ... ..I ... ... .... .. ... .. ... .... ... I ..I • 
\\1~1.1.n LL~~ a-~'Ylft'fl (33.85-39.39 11aan111/LtlnLLfl1) ~ n11 a-ei~~1~llit1~1.1.n LL ~~fi1'Ylft'fl fl ei 

'II • "al • 
- - .., " - - .... "\ ... ..i.. ti .t ..: 4.12 11aan111/LtrnLLfl1 LLa:: 5.72 11aan111/LtmLLfl1 'Ufl'U'Yllln11 'UL1J£1'Ufl::n1 75 LLa:: 150 

... ... .... .. A .... ... .1 .!'I • ..i .. ti .. .. I ..I ... 
11aan1ll/Ltm LLfl1 fl1 ll '11fl1J ~ ru1 LLHnLlJ'U w,,-'Ylll L £11L 'Jf'Ufln11£1 tl1£1flft'~'YI ft'fl ·~~ ll1 tlfl11ll ., 'II 'II • 

I ... .I il • ..i .. ..I ..I I ..: "'ti .t 1 ... ... .I .. .... ~ ..: 
11~ tll1 LLHnL 'U w,,-'YI fl'YI 'ffl'Yl'YIU 'Yl1'Ufl £1 fl::n1'YI 'UL 1J £11.L L 'Ufl'U ~ tll1 LLHn ll £1flTin11~fl"JIll91::n1 

a-~rla-fl (10.16±2.81 fiaani'11tfltani'11) 1ei~a~111fiei~nr1fl1 (2.34±0.52fiaani'111ntani'11) 'II • ·ci 
.... ..1 .. ..., .., .:. .I ... - .., -1 .... ...e .., .... 

LLa::~w1a-e:i~~1~'Yl11nu1::fl1J"ll£1~fl::n1L\Lat1 0.49±0.56 11aan1111n an111 fl1ll'11fl1J 1::.-iu ., 

"ll£1~fl::rf1rl ei tj\ -u~ tY'1 3 ,,-il.-i (ti ei.-i+11n) li.iltiLLtl1~1.1.mh~iii.t't1thfit11riutl7111m"ll£1~t1::rf1 
rlL ~11.f 1.1. t 1.1.fi-u (75 LLa:: 150 fiaani'111ntani'11) 

Wei et al., (2006) ltifi1n11finlY1in1Ym::n11a-::a-llLLflflLiit111LLa::111a~1n1w"ll£1~ 
• "'il .. 1 ... .. ll::L"ll£1'YIL -u Hyperaccumulator "11£1~LLflflLlltlll L'U1::t1::£1£1nf1£1nLLa::1::t1::flfl~a ~an11f1n1Y1 

W1Ji1fl11llL i11°1i'U"ll£1~LLflflLiit1llL 1.1.a1ti1.1.LLa:: L1J"ll£1~ll::Lii£1 \1.1.1::t1::£1£1nfl£1nL rhnu 83.1 % 
1 ... :- ....... -' ... 1 •1 •"" LLa:: 85.5% L'U1::t1::flf1~a ~a11ll'U1~'UnLL~~"ll£1~'11flULLa:: L1J"ll£1~ll::L "11£1L1.1.1::t1::Ln1JLn t11LLa:: 

\ u1::t1::eieinfl e:imil-u 93.4% ~1nLlli°fl"ll £1~ll::L iiei eJfl11w11.1."11£1~LLflflLiit111~1nti1.1.11::Liiei LLa:: 
1 .!'I ... ~.... ... ... t • L'U1::t1::e:iein.-ieimlJ'U 87.5% ~1n1::t1::flfl~rn ue:in~1n1.1.t1~wu1::t1::n11L~1tl!Lfl1J fl"ll£1~ll::L"ll£1 

111::t1::L 1a1rlt1~n 'l ULLtla~'Ylfla £1~U1'ULilUff£1~L fh t u"lt1~1::t1::L 1a1n11L~7t11Lfi1J lfl~1n1::t1:: 
ti1.1.na1 1::t1::eieinfl e:in i~if u11::L iiei e:i1~~::tlan 'l-ufi-u rlt1uL1iei1.1.a-ei~flf~ t -u~it~i] t.-i t1n11Lfl t11 

'II 

..I ,K ... ti .... ... ·t 'Yl1::t1::£1 £Intl £In 1JU WUj1U"ll £1~ft'1l1W LL 1fla£1ll"ll £1~ LL a~'Ylfla £1~ LLa::an1Ym::n11L~1'll Lfl1J fl 

lfl t1 L\L w1:: e:i Eh~ fi~t11::i'Ylin1wn11a-n.-i LLflfl Lii t111 t.-i t1 uiu Lff t1111::L ii ei1:: t1::ei einfl ana-ei~flf~ 
1 .. i] .: .. .... .. ....~ .. ..I ~il.: 
L'U~u~ ~::ff11111m w11 75.0o/o L 'Ylt11Jn1JLll£1f11ufi1~1.1.fl fl~1.1.un11mrnnt11~a1t1fl1~L 1.1.a-~ 

thfit11 ll1nrl~::ff1ll11TIL~11tl1::i'Yli1l1W t 1.1.n111.htl'f1 

Chen et al., (2004) ltifi1m1f1nlY1n11\if~tM1LL~n (Vetiveria Zizanioides) \1.1.n11 

tl1tl'91fi1.1.rlt11.1.Ldeiuti1t1 ta~::~irn n111i't1LL«fl~L~L~ui11nn11 Phytoextraction iln~::tiei~ 
Liillff11~UL'U~U L"ltu n111h::t1nf11if EDTA Lvtm~lln11flf1'11ll"ll£1~ ta~::~irnt-ufi-u m.h~l1n 

• 'II 
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91111 EDTA LLa:: EDTA-1a"'::i.ntm ii.:i'll'auwi111,.milu-A~9i a~"JfLLa::' ihi. n1ui ufiuLLa::a1' • 
tluLli auL ii1 Ltii1 tifiu f11 t ~L nfl 11an11::9i a i.:i LL 1t1tf a116ni1 tJ t utl;,uun1,.fin~1"' n'I, LL~n . . ·~ 

("" ci1 LL~n~11) L i1a.:i,1nn1,. t ifl'n t1n1w t um,.tl1u91fiu ff tluLliau la"'::"' in t un1,.n91a a.:in1,. 
.!! .:. " .1 .. ..I.. ti z .:. 1 " ..I.. ... 

~tl"1111 fl::n1"11 £1\1"' '111 LLHn,1nfl'U'YI11n1,. ULlJ £1Ufl::n1n1 tJ Lfl Wll11::'YI 11n1,.Lf11l EDTA 
~an1,.fin~1wu11"' ci1 LL~niifl1111nu n1u9i af11111L1i11iiu'll a.:i 91::rf1 t ufiutl1111 ru.\i'" n1,. 
ti !'l..Y .... I .:. " ol ..: ,,, .... .... ..I ,.::tJnfl L11 EDTA Elfl,.1«1Un1,.«::«1l'll£1\lfl::n1,1nnn"'fll1LLHn,::L W11W\1"11U "'a\l,1n1u 'YI . ·~ . 
14 'll£1\ln1,.Lfi11 EDTA f11111Lii111iu 5.o iiaa111a wui191::rf1iifl1111Lii11iiu 42 160 243 

iiafini'111nlani'11 LLa::f11111Lii111iu'lla\lfl::rf1tu,.1n"'ci1LL~milu 266 951 ua:: 2,280 

iiafini'111nlani'11 '1nfiufftluLliau91::rf1 500 2,500 LLa:: 5,ooo iiafini'111nlani'11 
9111Ja1fllJ '1nn1,.'Ylfli:l£1\ILU9iw#u"Jf::a1\I (LiU~1UfllUEfna1\I 9.0 LIJfUfiL1191,. fl1111W\I 20 • • 

- .!. .... ... ... ., l:.tl LIJf'UflL11fl,.) fl::n1 'YIEl\ILLfl\I W\ln::« LLa::LLflflL11 till nn"Jf::a1.:i,1n"JfUflU ,.::111ru. 3. 7% 15.6% • 
14.3% LLa:: 22% fiufft1uLliau"'a"'1mfi11 EDTA 5.o iiaa111a1nlani'11 '1nfiu 126 

iiafiL11fl,. tntfn1,."Jfatl,.::n1u,1nii1~u LLa:: tum,.n.-iaa.:im,."Jf::a1.:ifiu (Liu~1flluEf na1.:i 9.0 • 
LIJfU9iL1191,. fl1111 W\I 60 L'lfUfiL1191,.) nn el fl LL u '"lt1i1 tifiu ff t1uLi~ au 1aM::Min,1nii1"Jf::'ll tJ:: • • 
(~1aa.:ifiut11un1utifffiu.ffuuutluLliau) LLa::tlanMnr1LL~n '1nn1,.n.-iaa.:iffnml1ltltinu . ·~ . ,,, ~ ~ ~ 

wut41'll a.:ifiu \\1 ~UL ii t111l Ma ua::\\1"Jf::~1u \\1"Jf::'ll t1::LLa::u1ufiui1uih.:i ~an1,.fin~1wui1 
McY1LL~nw1111,.n~fllJ11191::rf1 'YIEl\ILLfl\I i.:in::iLLa::LLflflLiit111 98% 54% 41 % LLa:: 88% 

..t .... 1 .... ""ti z ..:..1 1 ~-91111 ~1fllJ "11£1\1 aM::MUn'YI ULlJEl'Ui'l\IEt""'1 Lflfl'U • 

fl1\ln11a f11wau ua:: "Jf11WU'YI l "Jftifn,; (2556) lif11n1,.fin~1n1,.w::w11 laM::'ll£1\I • • .... .... .. ti~~ ""ti 1 ... ""ti z .:. ... ... .... -1 .... .... .. n1u91::1uwi tJW'U.ll'LL "Jinn 77 'YI am UflU'YI uLuaufl::n1 550 11aan,.111n an,.11 w.:in::« • • 
140 iiafini'111nlani'11 LLa::na.:iLLfl\I 350 iiafini'111nlani'11 uan,1ndu.:ifin~1anfivia'lla.:i 

..i .. I 1 .... • ~ .. ti'"' I (NH4)2S04 , t:JH4N03 LLa:: EDTA n1191an1,.w::w11 aM::Mun'llB\IW"Jf 1JJ\lfln~1 ,.111ru. aM:: 
Mun tu,.1n tf1iu tu LLa::L11afl 'lla.:in1ufl::1uwit1viu1fot14iwn 11 ~an1,.1iuwui1Ldalii • 

A • _,,, ..,!.. ._, 111111 Lfl11maa ((NH4)2S04 , NH4N03 LLa:: EDTA) n1u91::1u,::w::w1191::n1 'YIB\ILLfl\I LLa::w.:in::« 
li 29.91 45.50 LLa:: 100.10 iiafini'111nlani'11 "11£1\l~"Jf 91111a1iu Ldmti11 NH4N03 LLa:: 

I 1 .,. 1 .... A 'Ill ~ ,,, 1 I I 

(NH4)2S04 W\l~a LMW"Jf«::«11 aM::"'Un'Yln"JfUfl Lfl111n'llU fltl NH4N03 '::W\l~i'lfl£1n1,.w::w11 • 
1 .... ..I ""A 1 f't I tlA .!.1 ... aM::M un111n'Yl«fl L11 ElW,1,.t\1.1 LQ w1:: L UL11i:lfl WlJ11 ,.m tu.9l::n1 L'" 'Yln"Jffln1,.'Ylfla £1\IW\I Ln'U • • • • 
fi111191,.j1U£11M1,.ff iiwi,.tluLliauLL9itl7mm'YIB\ILLfl\I LLa::i.:in::iliiLnUfi111191,.J1U 
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Lt11um fiuu~a'llo'1£ififiLo ua::lfl 1fl'lf1\L 9lon11a-::a-111a'Vl::'Vlit'n t Wn1\Lfl::1\L t \Ln11finYlii' 
tl1 L iL \Ln111fl un11tl a n~'lf t \L 'lf fln1::n1'1 'YI fl a £1'1 ti1 ufi\L~1 n'VI all~-:, n au'll u::'lf ll'lf\L 'll £1'1 L 'Ylfl1J1 a • • • • 
\Lfl1'll£1\LUfl\L 'V\a'1~1ntlan~'lflti 2 itlfl1~~'1Lfill£ififiLEI LLa::lfl 1fl'lf1\Lt \LiflW1\LYIUflTitl1'1 • 
n\L ~1nif wrhn11Ln1Jtl1El U1'1 nL L 1a1 8 itlfl1~'V\a'1~1ntlanvt'lfL rle:i1Lfl11::'Vl1a'Vl::'Vlit'n t \L • 
t1£1n tu tl\L ua::11n 'l1El'1'Y11\Lfl::1\L ~an11fin~1wu11fi\L~1n'V\a2.1~":inau'l1£J::iin11tl\LLd£1\L • 
91::rr1 1fl1Liiu2.1 LLa::i'1n::i L Yhnu 209.oo 228.00 LLa:: 963.oo iiafin-f2.11n1ani'2.1 Ldmnu 

"" • .. 'ti- ,. ., II • I ., .. ~ ., -:ii ., "" LTI £11W'lfll11 Lfl11::'V\ 12.11 nL La'Vl::\11\LTI L \L W'lf W1J11'Yl1\Lfl::1\LllTI11~fl·nllft''1TI::ft' Lfl ''1'Yl Lftl 
1e:i'1a'1111f1091::rr1 ua:: 1fl1Liiu2.1 9112.1a1iu i1'Vli'11n11a-::a-2.11a'Vl::'Vlit'n t \LW1\Ltl1'1 'J 'l1El'1Yi'lf 

T ..... ~ - ... Tll ..I II .. ..... • ... T .,,, n11a-::ffll'll El-3 La'V\::'V\\LTI'Yl-3 3 'lf\Lfl llLL \L1 L \Lll'Ylfla1 £Jfla'1TI\Lfl El llTI11ff::ft'll'll £1'1 La'V\::'V\\LTift'-3 • ..I II • II ~ ., ~ ., .. • .,.. ~ ,..a.,.. 'Ylft'fl L\LTITI 1El'1a'1ll1f1El LlJ L'f1fl\L ua::flEITI fl1llL'f1f11J Ll1El'Ylfla£1'1Lflllft'11f1La'Ylfl'1 LEIL~\L'Yl'Ylll • 
fl ma-2.1 u"lit \L n11iu 1a'VI ::'VI it'n wu 11 £i fifi L El ii~ a 91 on11fl fl-i12.11 a'V\ ::'VI it n'll El'1 'Yl1 \Lfl ::1\L • • 
L rte:i'1~1n£ififiLe:i ft'12.111na::a1u 1a'Vl::'Vlit'nu1'1'lfi'Lt1Yliui1n\Lt \L1tluum ii'1'1i'El\L fh t ~e:irlt \L1tl • • • 
Ylvt'lfa-12.111nflfl-i12.1lti LLa::LL9ilfl 1fl'lf1\L~'1 Lu\La-11Yliui1ltifinu1a'Vl::'Vlit'n li.iii~a9l e:in11 • 

~ T _. ..., ..... ..., «::ft'llfl::n1 Lfl1Lll£Jll ua::a-'1n::« L\L'Yl1\Lfl::1\L 

a-nn1ftlu umLfifl (2551 > ltiYi1n11fin~1n11tl1uflfi\Lfltl"Ld£1\LuflflLiiu2.1 i'1n::i 
1 • ·~ 

tl1 £Jtl\Lft'11J Lio ~1TITITl'Ylfl a £1'1tlanvt'lf t \L 1::uult11fl11 wunfl ~ ft'll Uflfl Lii £1 ll ua::i'1n:: ff LU\L • 
L 1a1 15 1\L wu11ti\La-1mie:iiin11L~1'll Lfiu 1flltifi iin11a-::a-2.1uflf1Liiu2.1ua::i'1n::i2.11n 
u1L1m11n (LLflflLiiu2.1 2,999.30 iiafini'111n1ani'11 LLa::i'1n::i 3,015.70 iiafini'111n1ani'11) ..... , ,. ., ,., ·u 
LllEIW~11nL1fl1llLnnL'YITI11ff::ft'll La'Vl::'Vl\LTI W1J11fl\Lft'11JLft'EIL \L Hyperaccumulator 'llEl-3 
LLflflLiimJ 

~1nn11fin~11fl utlantiua-1mie:i t \Lfi\L Yliin11tl\LLd El\LLLflfl Liiu2.1 LLa::i'1n::i 1fl u • 
u1L 1w.YIYi1n11'Y1flaE1'1 fie:i \L11i11 t \L'V11itl'1uw::Lfi:: B1L1l OLLi.ift'Elfl i'1'Vl1flfl1TI rhn11uti'1 

, . 
tlamil\L 3 nallfl12J1::tl1JTI11tl\LLdo\LUflflL£i£Jll\\Lfi\L (ff-3 tl1\LTia1'1LLa::~1) ua::Ln1Jtl1EIU1'1 • • • 
Yi'lffJTI 1 LflEIU LU\LL 1a1 3 Lf'lou ~an11fin~1wu11i\Lft'1tJLWE1iin11L~1'l!Lfiu 1fl ltifit \Lfi\L Ylii 
n11tluLd £1\LUflfl Liiu11t utl12.11ma-'1 Lrn::li.i Uft'fl'101n11Lil\L ~~~1n 1a'Vl::'Vlit'n Yi'lfa-::a-11 • 
UflflLiiu2.1ua::i'1n::i2.11n tuu1nma1tiu (LLflflLiiu2.1 14.1 iiafini'2.11fi1ani'2.1 LLa::i'1n::i 278.0 

iiafini'2.11n1ani'2.1) 1fl£Jiith Translocation Factor 2.11nn11 1 ~'1ti'11!.~L~\L11i\Lft'11JLWEI 
iifl11llft'1ll11tl t UTI11flfl.nlJLLa::'11\LW'1 Uflfl Lii £Ill LLa::i'1n::h1nfi\L ltltiu1L 1nLS1tl\L '~ • • 


