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A potent bacterial consortium STK, capable of degrading and utilizing pyrene as a carbsn 

and energy source was preserved in sterile mixed leaves (Samanea saman (Jacq.)Merr., Terminalia 

catappa L., Ficus religiosa L. and Pterocarpus macrocarpus Kurz.) as an inoculum for bioremediatisn 

of pyrene contaminated soil. The STK consortium was cultivated in the sterile mixed leaves, with and 

without 100 ppm pyrene, with the moisture content adjusted to 70% of water holding capacity and 

incubated at 3 0 ' ~  in the dark for 14 days. This inoculum was then divided into 2 parts, the first part was 

put into aluminium bag, packed under vacuum condition. The second part had the moisture contents 

reduced to 40% or 30% of water holding capacity by freezing-dryer was then packed in aluminium bag 

under vacuum condition. Tthe bags were stored at 4 ' ~  or at room temperature. Lyophilization, using 

10% (w / w) sucrose as a cryoprotectant, was set up to store the STK culture in order to use as 

standard control. After 4, 8 and 12 months of storage, the sample stored at 4 ' ~  were found to survival 

better than at room temperature, whilst lyophilization was also better at preserving STK viability than 

freeze-dried in mixed leaves since only 13.3% and 17.6% of cell number respectively decreased after 8 

and 12 months of storage while the best survival of the later technique using 30% moisture content and 

kept at 4 ' ~  resulted 29.3% and 36.8% decrease. The pyrene degrading ability of STK stored by the two 

stated techniques was investigated in non-sterile soil slurry (sotwater = 1:8) contaminated with pyrene. 

The concentration of remaining pyrene in the soil slurry was observed by HPLC analysis. In contrast to 

the viability results, the pyrene degradation efficiency was higher in the freeze-dried STK in mixed 

leaves than in the lyophilized sample. At 12 months of storage, inoculum prepared at 30% moisture 

content with and without pyrene and stored at 4 ' ~  had remaining pyrene levels of 6.8% and 10.5%, 

respectively, whereas that of the lyophilized inoculum was 11%. DGGE profile analysis confirmed 

degradation of pyrene in the slurry was achieved by the STK activity. 
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U ' l a ? ~ ~ ~ d ~ ~ ~ U ~ ? ~ ~ ~ 7 ~ l d U b ~ ~ ~ b L W ~ 6 ~ 9 A d ~ ~ l ~ ~ l ~ l T ~ ~ f i L 9 9 ~ ~ 9 d L ~ ~ d t ~ ~ l i .  l s n l ?  
4 ~ 4 4  I 

b ~ U ~ ~ W l ~ ~ ~ ~ ' E f i ~ ~ L b ~ n d l d n " ~ ~ 9 b b d ~ I ~ 1 ~ ~ d ~ 5 ~ ~ ~ 1  6 ~ d ~ ~ b ~ ~ ~ d ~ ~ 9 l ~ l b b ~ d  t?bi$d 
P, P, 

3 u ~ d ~ a ~ F ; i l ~ ~ i u ~ ~ f i z ~ ~ s ~ ~ i u  drzidm'sniwues~~nis~n"u~tum?d~~nndi~n'u~d KdGunisff 
P, 

rl 6 W  q z ~ e n l a ' i ~ l n l u n i ~ ~ n " u T n w i ~ t u w r u p d u n a r ~ i ~ s ~ ~ ~ ~ ~ u d i ~  1 %~auizfiuaaoln6a~n"u 
rl 6 94 

?ndrzadnlunir l$~tumru asn is~n 'uTnrn i i - r~  ii w n d a n i r i i ~  nua~?tum?u%a~zi;Tan7~ 

miuld"buszs4h~nszuauni~~n"u (preservation process) ~ ~ e A u i a s n i r ~ R u  (storage) 4snas 
-44 0 rl b.44 Li;anasimi'lfi?tun?e~"ii;!:n (viable cell) bui;aa~iiuauuin~n&bdudn'u~iuau~tu~runu 

rlm 

.nam~unaudu~u LiaYim~QVinirbd~uubbdR9~n~61dz (characteristics) uidadiduad 

?8um"~luszrapt.Miidnszuauni~Lw"andnaiua~ron.aaa?tu'vI~~LmiIa" (auuod cuiqninr J, 
2539) 



d 

(subculture) ~dd~an~adudau~~n?~uwsuau16d~u  ijnisLd~ou~~dnq~nwmtu7qaeiiddi 

~q'iuw?kiu 1 I r i n i u l m n a g n a m t i ~ u I ~ i  1aniadiiinqzi;uinBurn7una7ui~un~s~7u 
44 rl 

a (auysd sulpinTwQ , 2539) i~dil i i i i i iq~~uu~ianbb5d (lyophilization) ia~fluas; 

<n9inis"ji?iibb$d (freezing rate) abntnisbiiuv~dnszuaunis bflun"u (Asa bbnz~mt, 2006) 

n a ~ u a ~ u ~ u $ ~ v u i t a u u a ~ ~ ~ n C ~ u n " u i i v ? u d i l i a ~ i ~ ~ ~ u u b ~ a n a ~ 4 ~  nasulnndi I o8 

brnd da un. ~ ~ ~ ~ ~ i n ~ . n ~ d ~ i u a u u ~ n n i u s z v a i ~ n i ~ ~ n " u  costa wcm-uz (2000) wuai 

naiuL%u%uuasban6iun"u ~~~us"n"uaisfia~n~pdnaiu~iiu$%~un~sdi%i~~i~~~uu~Gan~~5~ 

~dal$T~nsarflualofiaqKunaluiu naiui%u~uuadLsnCiun"u$~vuizaui;a I 0'' n s C  da 
9, 99, 
Ol 44 

un. wsuasda$Kur%m"~aq?Euw'%7 Miyamoto-Shinohara Lbntnmt (2000) wudl bbun$Gu 

Costa Lisznm: (2002) ~ ~ F h ~ u ~ T i u ~ s t v d i - ~  glass vial Q ~ W A I ~ ~ I ~ I L U U U I J  LLnt 

Bozoglu bbnznmt (1 987) b~~uLw"uunaiuaiu1sbl~unis~~~muad Lactobacillus 

bulgaricus LLnt Strepiococcus therrnophilus ~ ~ n " u ~ u b b % ~ r ~ n s b u  ~bntn lu~f iqn jy in l~ l  

wuilnislifulu glass vial i n n ~ n w i ; n ~ h l u ' l u ~ ~ u 4 ~ y ? n ~ f l  v;a I u ~ ~ i i a I u ~ n s ~ l l d  ZQNR 
rl 

mniiLn"prluniat~ijeiniw 



P, 

danis~nszuza?ninisLn"u Trivedi bbnznmz (2005) ~ n w l n i ~ 0 $ 1 d n ~ l ~ a " 1 1 d b b u n ! ~ u ~ a d  

n ;a Bacillus subti1;s LLnz Pseudomonas corrugata d Fl~d~~uu?fi u ? w l ~ z  Lb8:bn"u 

niul6qmagri 4 ad~liraniijuul LLnzdqmvr?i$aaduL?ni 6 iReu wuiii iu?uuaaian&d 
4 C i  A 

~ n " u ~ q m v ~ ~ r " l a d ~ n n ~ ~ d a ~ f i u u ~ ~ u u n " u d ~ n u w  4 aapllran~qus rdamindqmai?i 4-10 
P, 

aa~iiran~;ua 1tCuujnirudaK~~~a:5anssudi~~sliulu~"11n&~~un!Zu r8uwnldnnnisl% 

0lTFl1451S (Van Shrevan, 1970) 

P, 

h$ ;a Zoogloea sp. Stenotrophomonas sp. rbn~esorhizobium sp. &dGpd n i ~ b ~ u m s  

arjsan~~a:n~s~iiu~nwin4u~~unt;isu STK L d a ~ ~ u n i s i i ~ m n i r ~ l s z n a u  PAHS lu  

~d~Lqn6au4 . r~ i i u~ddnq tdnu ida~  
9 w 

?sryryi q?~&-p$iud (2549) finwinwa tian61~8a~bun!Zu STK lu?fiqw~vzdqz 
'4 9 0  

r iuna lu5u~de i i l~b~un!~u~u~nu Lmzipiuisni;~ nsanumzmlauifinlu'luddu~au 
P, 

1wTu W U ~ I ~ P I U I ~ ~ L ~ U ~ R W ~ A & I L ~ ~ - F ~ ~ ~ ~ L L ~ ~ ~ ~ ~  STK i q u i i ~ ~ ~ ~ w l u l U Y X ~ ~ n i r P j u ~ f l u ~ a n ~  

6 bg8l.d Tnu~~n~d~~~m';niw%unis~auaniu'bwTu1R 
4 0/ 24 

1u.riu~1uu~~n~~vu~uw"1:~n"u?nwin6i~~a~~un!Zu STK l u ~ ~ ~ w l u l U I  T n ~ v i j Z  

i6uszuzi~ni'lunir~n"uFnwi'lduiuuin$u Tnoriiinaini~i~mznnn?iu8ut:vildnis~n"u 

LLnzl%n"uyulunirLn"u?nwini ~nuLfiuui!uun"unismn"u?nu1n"qu9'$laTo9haGaLflu?'$~ 

~~aiiniu~snin"u?nwir~un~'Zu1hflus:ucr~aiuiu 



aisws~'ban~nscCsui in1a~ms~i~usu (Polycyclic Aromatic Hydrocarbons, 

r8uuwGu une4s~. r ia i . r i i%n ~~ncui~airnrf luaisr isuc~?~ (carcinogens) risnitnniu 
I, 

fiu$ (mutagens) (Wilson abnc Jones , 1993) a1bv~Yednisdu~su"IIadaisdsznsu PAHs 

I, 

gnaianssu n i uq inv i sb t l usnuun '  n i s d ~ ~ s i ~ i o C m u n i r ~ n  nsn 7 ldr i ia  Tmula"n?w5eu 
I, 

f jd  duiu ~1nauu7naiuafluGwKdndiaCSj;ilfi The United States Environmental 

Protection Agency (USEPA) mYfi~vum'lfiaisdscnsu PAHs e ~ ~ u n ~ u " I I s d a i s d s u ~ ~ w  
u -4 8inirn"u (priority pollutants) ~is~riliszi~rrwmivuni~w"~a~n~~n~un~ n i s ~ n i i  Lmcwia 

4 - 4 A 
.aaawuiawsn~cii4mssn~d~inidaaam6su 

~ ~ . J P ~ T w I ~ ~ A ~ ~ L ~ ~ P ~ I ~ ~ I ~ ~ I w ~ ~ ~ ~ I ~ ~ ~ ~ ~ ~ P I  PAHS 
4 ,A4 

~flu~isd~cnmu~uwsunu~i~usubbnz~a~msblu~ua~a bflU9d b ~ l ~ i 9 d ~ l  b~8Ui8n"U 

~flurdunta yuse d s ~ f l u n 4 u i q r b i  2 aa4u'bd aisdozneu PAHS i;auu3n:s1u&uin une 
4 " nisnewiu6i~znna~iueJivGnTum~nr~u~u i i%~~naiuwuwiuianise isuaniu 

(Trzesicka-Mlynarz brnc Ward , 1996) f i i rdsznau PAHs 2 wan ~ l s d 4 c n s u  PAHs 4 

i i6ivr in~uLn~nhi (low rnoecuar weight PAHs) ~:dsensubaua;rruu"jU 2-3 .I-J ~ f l u s i s d  
$4 l 

PtLM(I n-nlu d ~ ~ ~ ~ l i l ' b ~ ~ l ~ l ~ ~ l ~ ~ ~ ~ ~ ~ l d l ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ d  L ~ U  LLU~YII~U. WLLUUV~U. 8: 
4 

arruvi4u. vigsdu rrnc 

b b ~ ~ ~ ~ i k !  (Wade, 1999) 
4 

I " 
44 0 

snwanffs a i r d s c n s u  PAHs ~uraivcn~urnQn!a (high molecular weight PAHs) 
" 

l~dscnsubauadbuu$u 4 ad?hld biu !w;u, buuTbd(bs)Iw;u, Imr~~uCaIw 'k  (Wade, 1999) 



Naphthalene Acenaphthylene A cenephthene 
A 

Fluorene 

& Flourenthene 

d 
Bemo(a)anthracene 

Phenanthrene Amhracene 

0enzcib)Huoranthene Ben+k)nuoranthene 

- 
Semo(a)pyrene Indenaf7,2.3-cd)pyrene Benzo(#hl)peryiene 

@ /' @ / \  

/ 
D~benzo(eh)emhracene Coronene 

IW?U (pyrene) 



w a 1 ~ ~ 9 u ~ w " u ~ ~ ~ w ~ p d  

vdsu~iu~unraa~a~~?nn"auua~fiv?a~u?ni!ri~tql~u?u~fluai~riauz~7~luu~w~ 

LLdniNitodi~L~nnirrtniui'7ad8?vlidu?nNd~uifi i iufi iT~numTd (skin irritant) i 
riu.riui;a ~ v K j ~ ~ d n ~ ~ 6 d ~ u q ~ <  v~a~6?uniu~v<Lfluraaiuiu q:dawaie~6nnimTnu 

~ i u n i d n i o ' l h u  ii1~L6nL~nnirLd~uubbdnd"VI?dw"u~nTTu (mutation) (Zanieri ~ ~ n t ~ a : ,  

2007) dau%u$mab Kochevar bLa:nm: (1982) ~ ~ ~ i l b w ? u d i % ~ , ; i n a i n i ~ b ~ ~ b b a d " ~ a 9 ~ a ~ l i d  

a d i s ~ u ~ ~ ~ d u v y m : m i  iui~riu~iuwuiinis~mu~w~ulfivy mice di l f i r ' inn~iuirndni  

uaaBan 6 i v ~ n h w n  6 i v ~ n ~ u ~ d u  LLa:vimnrau!mr?dauaniw (Randerath imrna:, 
'L, 

I 997) uanqinii  Faust rretnmt (I 998) ~uiilwIEu~iu~~[~n~:~u~uu~r(~a)ia~?ul~Tia 

uzL?dl6 

n ~ ~ d u ~ ~ m u ~ m s a ~ ~ d ~ z n m u  PAHS %uSu 

aiivqnisdudeuairdT:nau PAHS ~udqo9n6au L~mqinnr:u?unis~uni~i~li 

fiu;r6~iu.iip&laju~$s~w~~ bufi indrtnsu PAHS n ~ t ~ ~ u m i a ~ l u s l n i n  ~.IBIU~S[IS?U& 

i i u ~ u n t s a d  ~ v r i i n i u  ~ ~ a c a t f i u a ~ l u s y n i n Z l u  ~ n u r ~ w i t u ? ~ ? m d i n i s q ~ ~ q r v u i ~ ~ d u  L L ~ :  

uiu:maivnrsu 

fluLguLrvi;ldayumd$di4?M LLatdudtma?uuadGh $adaqaoii~7qin$~i!?m flu% 

inaiu.a"~]Qau 
a 4 

a ~ a : v a i n ~ a i u w i ~ 6 i u ~ ~ ~ u v l i ~ ~ ~ ~ ~ ~ a t n i u n i w  m~wadan isGi  
d 69; 

fiirdr:neuiunIEe~"diauu~la~ms~dfin~la"d~cTuvu~mu~f l a ~ T ~ l n 8 1 6 ~ e ~ ' l U f l U  (Straube 



v v 

Zuqzaiulsnnm%uaitduLfiaufu'ba" Tnun~s~nfnu~~ncunsn~~s:.v4~~.a"uG1n1u~a~i1~ 
v v 

niuluargninSiu viili;"fiisduJau~n~:nzniuaanuil66au ~ m t r ; l i n a i r d u ~ a u ~ u K u  

ayninZuIniioairTuW"ucznid~~S qzv9ili;"fiisr?nq:.aanu716uinid$u L d a m i n a i q ~ ~ n n i o  

L d ~ u . u L L d n ~ h w m z k s ~ a $ i d  a u ~ ~ n i d ~ n ~ r a ~ & ~ o ~ o a i r .  d i l f i a i s a ~ l u f d  bound 

residue ~ ~ a a i ~ ~ ~ ~ ~ i n a i ~ d s z n a u v ~ ~ f i l s d ~ 6 ~ i n n ~ ~ u a u n 1 ~ d a u f i n 1 u ~ ? u ~ a ~ u f i 1 ~ ~ ~ i i ~  

~ i n n s z u a u n i t n l u l u ~ u  ~ n u n s z u a u n i o n i d m ~ n i u n i w n i u ~ u ~ u  4.1 bound residue d 
~ii n%u% iili;"? tun?~v;ad~i!: nluZuGi~l%dr:Iu.au~6~aun~1lu~d~~uu~~~ 

v 

(Verstraete !,La: Devliegher, 1996) b b f i ~ d ~ i ; " b ~ ~ ~ l f d b b ~ ~ n l 5 d ~ ~ ~ ~ " 1 1 d f i l ~ d ~ ~ ~ ~  PAHs 

S~n6anis~ifirnfiisds:.nau PAHS T~~lu?"sidgaanw 
v 

* w  4 

Kastner Lbn"n~ldz (1999) ~ ~ d f l i b v ; n i f l ? ~ ~  bound residue 'bandu 
bA 4 

I ~ ~ I T L N L L M u B I B ~ M L ~ ~ ~ T I ~ ~ I E ~ B u ~ ~ I u ~ : Q ~ ~ ~ ~ ~ ~ P ~ ( ~ ~ ~  ~~n :~%isauKwb  

a i sd r tnau f fua tn  LiiniflunisdSTulrinqnuulnlv~nn"iu<unsn2a~nlu^nu 
0-A 9 

2. ni5uaulnaanlann~nn~innisdauan~ufiisdsznau PAHS a ~ i i d f i u y s ~ r  i d a m i n  
9 nqnssuuad~tun?uTuZuai~~n~~~a~luayninZu 

v v 

3. a lsdrznau PAHs ddudeuK~~~ i~u6u iu l zm iz i ne~ lua~n inZu  
4 hw f ;  

~ I ? ~ T : . ~ ~ ~ P A H S  n j a u ~ v ~ n i u i s n g n % u < ~ ~ ~ u ~ s u a m q n a ~ ~ u ~ u  dil i inrisdsznau 

PAHs l r i~ndauan iuTnuuuaun i swi~~an iw niogn~us:.viiaaisds:nau PAHs un:. 
9 4 hW 

0 P, 

aumtu~nqqz~~u?u~daa~a:.~ou~inus~~u~n~nfi~s~sznau PAHS S i i uauu in<u  $716 
4 %  

PuieqnK~n$ia~euWlnTdTdfin~fiu?u uanqin%naiuaiuimlun~sqndauaniuun:.aKn 
P/ 

aisds-nau PAHS aanqiniu~?ij jmqluGu~iinuin~u a i rdsznau PAHS ~a i ibn iau j r r f ia  
v 

4 hW 

K u a y n i n t u l 6 u i d u  Tnuei rdtznau PAHS q z ~ r w i ~ B i ~ i u n t u a m q e d i ~ . a " i ~  us:viiliiqn 

r 3 n % u ~ u a y n i n ' n u ~ ~ b b ~ u ~ u  a lqr i in  bound residue LLn:.L~nnlom~d~isdsznau PAHs 
2 niulu;w~uuuin~n'nuadayninSiu v?a~um?uinqlm" aa~0uLm~wndill1aisdot.nau 

PAHs r?nataue~'luidLnn~au~6bflubaniuiu (Wiessenfels LLnmm:., 1992 ; Lundstedt, 



2003) Ldalw?u~mzal tdszm PAHs ~ ~ i ~ ~ d ~ ~ a m 6 a ~ a ~ ~ ~ i j n n ~ s b d ~ u u ~ ~ d n a ~ m u  
v, 

nrzuaun1rdid7 n jn ia61u~n i~mzn iun lw  !bud nisrz~aunniuJu1a n 1 t i R m d ~ 3 u i  

aanPin%uir9aa~iaa nio~iindg%uiaon?~n%unid~nii nlsazauaioadniuluidiq5m vIEa 

nitqn%u~nuar;mi nuadfub~ufiu (Cernigia. 1992) ~ d ~ u u ~ s i a a f u ~ o n n ~ i d < u b f l u ~ ~ < u  

d l6~Zun ln j iGmais  wisdtznau PAHS d d u d n u l u f u n ~ a u ~ ~ n i ~ ~ a n ~ w  ~uuT6dnr i l?  
rl 60, A rl 

16ar-i e~nilsznauaa~iunsuamqlufu Tnsdafid~~ezaymnuaafu .nduwndenit 

d&uudnaniodsznou PAHS lu~; lmnn"auanz~ws~nise iaua~iu~nu~~u~?eJ"  (Wilson 

bbnz Jones, 1993) 
4 sol 

Bolag bbnznmz (1 998) nd ia i i n i~dauan iua i s i un ruad~n~ iz '~1~mu~~um?~qz  
6 4  c i w  rl s v  ~6aisbumlTu!sn .daunnum~nhu<unsn~afin (hurnic acid) b m z a ~ u i ~ n < u ~ u ~ u n s u a m q  

d sol ida~luflul6lniiaisX~fiubfu n~r~m~~szai~aais~un?eJ"&~moiz6<u;u8unru~mqlu'iu 

~ i % f i b b u ~ ~ ~ u ~ ~ a 1 u i s n ~ i a i s 6 d n r i i a ~ d ~ ~ 6  (Ressler bbnznmz, 1999) 

Nieman bbnznmz (1 998) ~ i ~ d l u ~ l 1 W ? ~ ~ b ~ 1 ~ ~ 1 ~ ~ m ~ d ~ 6 ~ l n n l ~ L d ~ u u ~ d P ' I I d  

lw% ~zsauKa~uayninir9a~ais~um?C~~mnsz~1aunisa~i~a1sZafinluflu Gil18w?uqnqm 
r l d l  %ulTLufu unz4i;unEuuauasiu16uin$u uanqin~z6id; l i ; ; l r~n~~nzn?iuaiu~tn~e; l  

? t u n ? C ~ i i u i l % u n ~ s ~ i G m  ~~ii~si i ib"nszuz~aaid~w?uadlubbvd~dudau~u6au 
P d! sl sol 

rwsi~u~nddeuliu~uR~z~ilfin~siiGmuinuu ~ua~qin~w?u~ziu<uayniniunsuam~lu 

f u6~u~ust~n?ibnu"11~6bbdu~d$um~u~ani ~i~f ia<meanul~6uinbbnz~ndauaaiu~mu 

~ t u G u " l C a u n ~  ~ w s i z ~ a n i a ~ ? t u d C & u ~ a < u l w ? u a m n ~ m u n  U~EQU~;~RIPUISGUK~ 

biimqinnitdaufin1~~~?~6au~du<u (Gothrie bbaz Pfeaender, 1998) 

Bol 4 %  

nuduua41<ma~mwiudtznis (Samanta aaznmz, 2002) 



dudau~ i l uuu iaa i v i s  n i f ueu  LLRVWKWIU ~ i u ~ u l ~ u n i t ~ ~ ? ~ ~ G u F m ~ ~ n z i i s d $ ? ~  

(Maria, 1999 ; Dua LbfiZnmz, 2002) 
9, 

44 v 
n n P u h ~ l u n i s d i u ' m 6 a u i " s m i d $ a n i w ~  (Trejo b~nz 

Quintero, 2000) 
4 4 A 4  4 brl 

Bioaugmentation Lilu?finuni?L~u?iiu"VI?~9/;9/1mfiaP]bb~?aiidszap1"~61iW19dnlsdau 

aniufiisfiwna~dluu?~amdinirdu~fiau 

Biostimulation ~ f l u i l ~ i n i s ~ ~ u a i ~ a i v i ~ v ~ a f l ~ 4 u i i ~ ~ d i i ~ ~ u i a n i ~ u ~ . a o ~  

~ t u d , ' , ~ I d l u u ? ~ a m d i n i s d u ~ f i a u  i d e n s z d u ~ f i ~ i i u ~ ~ d s z i i i u i n i r d u  

i i uau~~sz i i i ~n r ru lun isdau f i~ iu f i i s f iw 'b~~$u  

Biofilters b d u ? " 6 i n i s l $ n e ~ u d u i a d i ~  i i u w ? ~ a ~ n i ~ ~ u b ~ a i i f i ~ f i i ~ d u b d a u ~  

n s z ~ i u a a n ~ u s s u i n i  w 

Bioreactor ~flu~"snisdaufiniulu5~vGn 

Bioventing ~ ~ u i " s i s ~ i u ' n ~ ~ v d ~ d d u d a u ~ m ~ ~ n i s ~ f i a i n i ~ ~ ~ n z ~ f i f i ~ s a ~ v ~ t  

~~~nsz~unis~~~~~mzii~n~runis~~ufiniu~a~~iium?~~szii6u 

Composting ~ i l u ~ ~ n i s ~ i u ' m P l i l u l % a ' i i n ~ ~ ~ u ~ ~ n z ~ m v ~ ~ ~ ~ 4 ~ u ~ u n i r ~ W ~ ~ u v G n  

d s i f i ? m i ~ n i ~ m w m o ~ d a  b~ua"a9ki~unisb" i?~"uad7~um?~ 
N 9, 

Landfarming ii lrdj~nislji l jmLLvd~dini~dudau~munis~mguv?a~uGi$uui 

r~n"addsu2~nisdauf i~io"ua~~5um?C~~uu~.a"ainipl  (aerobic) 
-4 4 
~snis i i~mi~ ian iwaiq . j ;16mu?"s Biostimulation ad~flu?;ntz(uni~~9?~.aad 

4 s - 9  ~Zum?Cdtzii 'nu (indigenous microorganism) v~amdua~i? i iunruus~am~ulss" i  

d~zijm~ni~~~n~~~~Pn~ntt~1~nisdaufiniufiirdudauv~annnaiu~ilufiwluu?~~m~uI6 

rj;I$u ~munit~iu~fi~Lv~a~dni~nisLnwmr y~Lajl j  a ~ t a i v i s n ~ ~ ~ u ~ u  ~ i u  1 u ~ m s ~ ~ u  
9, 

d a n d s h  Wtamf i~ iuu ~fluiu n i t ~ G u i f i q r v ~ a ~ ~ m i ~ n i ~ ~ n w m s  v?ayntYmi~fluniEIQu 

f i u im f i i sa i v i r~~nz f i u imaan3~~u  9jiilfi~Pnmnissiiu~~ainiw E15~1niaz%i?~vuizfiuia 

niEdiT+E muaq~;liFimu?~amIu ~nkd~qnmma~uniuisn"ua~fi i re]sznau PAHS 1unio~u"i 

i u6uayn inZu  d i l f i f i i ~ ~ s z n ~ u  PAHS L R $ B U ~ L L ~ ~ ~ L Q I ~ B ~ ~ I ~ ' ~ ~ ~ ~ . ~ " I Q J  ~Bun?uY.~ 

G11E1lBdszPu~uT6aeiidsam~?a (Kaster LLnz Mahro, 1996) 

Charoenchang LLAznMz (2003) WU~I  n l t l i i ~ i f i ~ ~ 1 . l n l ~ ~ n w m T  16LLfi L ~ % I ~ ~ L ? G Q . J  

l uq iu@ f i i a r i m ~ a u a i a n i ~ r i a ~ f i n i ~ ~ i ~ d ~ z n a ~ ~  PAHS luZuItiorii~Zdsz3mPSniw Inunm 



Gu~mlw'Euqw~aqlriw~ln~ulu~aai 42 i u ~ o d n l ~ n w a o d  ~ d n i m i i ~ f l n q ~ n n i t d ~ i l ~ u u a d  
I 

d d  d 
~ ~ u n ~ ~ s u n a ~ u u a ' W ~ n i d n i ~  bnWm~6dndia 

I I 

qWuni E a t i f l a i l  (2545) l~ulfi~m.riJrn:~a~aw"sa~~du ( luq iu$ luu:u iu  LIRE 

'Luuun;) LRu'luAudgndudou6aulw?u ~ u i i ~ u u n ~ i u ~ i u ~ ~ n ~ m ~ w ~ u ~ & ~ u m  n i u l u  56 

i u  ta.raauiza ~u? iu$ ~ ~ a : l u u u G  ~La:~ded~uan~a:lfiL~ui:auimniTeiouaaiu w u i i  

n isdsuaaiulw;uL~uI ln 75% 13u 93% a i ~ a ~ d l X i 1 n i m m a m ~ l w 3 u  im:a~sdr:nou 
4 64 d 4 -  

PAHs ddudau~u~uiflm~inni~~~diu"~ad~~un~udm~uu~uw"dw'bnuad~d 
4 4 4 . 4 4  on~srru.indquda~Wu Lm:dau~~udT:h'snlwIun7sdauaaiuaiTqwddudmu1u 

4 4 6 ,  

t&iL?mku ;a n i rL~u?tunrumia i ;u  (exogenous microorganism) d i n a i u a i u i T n ~ u n i T  

d ~ f l f l a i ~ ~ ~ m  L ~ ~ O U C A T ~ ~ ~ ~ I ~ ~ ~ I T G W  adluu'r ~ a r n i i n ~ ~ d u b d a u ~ ~ a ~ i l n i i  

Bioaugmentation i Z n i o j i ~ ~ i u q o i i t m d n a T i i C ~ ~ d  K L L ~  ~Emnla:rrd.r%'u~-Miw 
d 6 1 ?~unruoli~~utu?tun%ui~:ii6u n a : ? ~ u ~ ~ 6 d ~ ' i ~ n d 1 d 6 ~ ~ d ~ u ~ a l f i ~ ~ ~ ~ ~ n " ~  

d 6 l anlwLLan6muluAuu?bamddubdou nj&?tunounl.r6w:6mdaiuionL6uiiu?uaezad 
-4 

~ a m ! ~ u i d ~ , ~ a m & m u t u ~  (Vidali. 2001) ?snlTlj7fimnid+?n1w~bflunT:uaunirwid 

sssuaiidlri~fim.juns~uimi~LLam6ou i i l ~ ~ u d n j n d i a ~ E m ~ a i u ~ 8 u ~ i u ~ m u d q m  a i u i m  
3-44 B d  rii4'mfiu~&odidn1ar b ~ n : r i i ~ % d i u ~ i i i i ~ n i s i i f i m ~ u ~  (Korda bbarnm:. 1997) on?sldna. 

~ a ~ i n " m d a 1 ~ ~ : d ~ w a i a d ~ : 3 ~ " s n i w ~ a ~ n i ~ d ~ u f i a 1 u ~ m u ~ ~ ~ ~ i m ~ u  % 6 n ~ A i C ~ i i ~ i l l i u  

~ ~ a n 6 a u r r r 1 u d ~ : n l ~  i iu aian~~a:auu~ue~aiT~]uLdau p m ~ G  n ? i u ~ f l u n r n i i a  LEUIN 

oan9Lquda lu i t n~ i1d l%& nmu$u  f i i t a i m l s  ~3uKu 

ni~eieer~aiulw~pdf nubbl~ln?ib%~ 

rru&i~?uu'sqn$ 
, w  A 9, ,"$, 

~ i n r ~ u a i u n i s ? q u n l i ~ u u i  iinisKmirun~~au'rq'~1snuaufia1uai~d~:nau PAHS q i n  

h a d i d f l u  : iden :nmuf lu lu i~~r i~~id~ni~du$auaisd~:naulun~u6 T n u w u i ~  
4 4  A w  

~iun~rrunnnbbun16dau1~~ii~dn~udb~ubbnsuun biu Mycobacferium sp. Norcardia 

sp. bkT:n$Uib~~LLflfuau bdu Buikholdeiia cepacia. Pseudomonas sp.. Sphingomonas 

sp. 13uhu iamd~.i~~un~~uu?~n~daiuiTneimuan~olw~u~~al~bflubbMd~n14uau Ira: 

w&mu (mineralization) Liand'lunindi 2.1 



4 A 
w e d ~ i i l i n n i s d e u f i w i u ~ w r u m f i u ~ r ~ ~ n ~ i ~ u n d ~ u u ? ~ n ~  Ihnri u?n4?niw $1 un: 

nifuauLbnannI"d6 (Cerniglia, 1992 ; Wilson bbn:Jones, 1993) ~ i ? d ~ u f i ~ i ~ f i i ? f l 9 : n ~ ~ l  

PAHS d a ~ f l u f i i ~ ~ n z n i u & i l X ~ a u  ~ ~ u ~ d ~ ~ u M ? ~ d ~ z f i i u i r n d a u f i n i u ~ i ~ ~ ~ X u ~ n  LLURZPTU 
bcl fl 

uidntjueiuitn wt n~~ul~un~nua%a~5unirdaufi~iufiirdr:nau PAHS ~ d a i i i ~ ~ ~ ~ u  

nrnd.rni fuau~~n:~bvd~w~~~iu i ~ u l m ~ w u i i ~ ~ u n ~ ~ u a i u w i r $ ~ ? ~ m ~ f i i u i t n d a ~ ~ a i ~  
i d :  

a i n i r z n a u  PAHS m u u i a ~ n ~ u b a y h i ~  n n ~ r i i f i i s ~ r : a u  PAHS b i indu~nunio i$ i~v i i  

d~Ru15ufiirPnunis~ublnunr~riuw~nairdr:neu PAHS ~iundGuui.raGmaiui~n 

LLUR!ZU 

Rhodococcus sp. fllflw"u$ UW1 

Mycobacterium sp. f l l f l $ ~ $  BBI  

Mycobacterium sp. filflw"u$ VFI 

Gordona sp. filfl$u$ BP9 

Rhodococcus sp. fi~fl$u$~ Pyr Na 1 

Rhodococcus sp. fllfl$u$ s Flt Na 1 

Aureobacterium filU$u$ S Ant Mu 3 

Mycobacterium flavescens 

Burkholderia cepacia ~~IU$U$VUNI 0,001 

Mycobacterium sp. fllflw"u$ KR2 

Mycobacterium sp. f l l ~ $ u $  CHI 

Mycobacterium sp. filflw"u$ MR-1 

Mycobacterium sp. fllu$u$ LB208 

Stenotrophomanas maltophilia fllfl$u$ vu N 1 0,001 

Stenotrophomanas maltophilia filfl$u$ VUN I 0,003 

Mycobacterium sp. f l l f l $ u $ ~ ~ l  

Mycobacterium gilvum filflW"u$ B1 

Mycobacterium esteraromaticum filfl$u$ B21 

Genus Porphyrobacter filu$u$ B51 

~anfiis61-.Gd 

Walter bbazmmz (1 991) 

Boldrin bbazmbldz (1 993) 

Kastner bbazmmz (1 994) 

Kastner bbWzmNz (1 994) 

Bouchez bbazmmz (1 995) 

Bouchez bbaznbldz (1 995) 

Bouchez bbazmbldz (1 995) 

Dean-Ross bbaz Cerniglia(1996) 

Juhasz bbazmmz (1 997) 

Rehmann bbWzWbMz (1 998) 

Churchill bbazmbldz (1 999) 

Molina bbazmmz (1 999) 

Bastiaens bbazmmz (2000) 

Boonchan bbamtuz (2000) 

Juhasz bbazmmz (2000) 

Vila bbazmmz (2001) 

Gauthier bbazmbldz (2003) 

Gauthier bbazmbldz (2003) 

Gauthier bbazmbldz (2003) 



4 s d 

fi3"1daitnn~tdmd~a"IIaniw (biosurfactant) ~ d ~ ~ n ~ a n i o ~ i ~ n i ~ n z n i u t i ~ a d f i i o d ~ z n a u  

PAHS ~ ~ i i l ~ ~ ~ u n i P r ~ ~ ~ i & u ~ a ~ u f i i r d o z n m u  PAHS 1641~ ~ ~ u n ~ P r u a i u i ~ n d a ~ f i n i u  

aisdoznau PAHS 1 6 1 ~ n i u a ~ n  idoaqinaan~i~uaiqu~auIadaiuimiaufiniu~ufibmom 

l6vniuaGn (broad specificity enzyme) dai;aii~iluni7amzdd~wrizlu~~b~andauGnir 
Y 

d u ~ a u a i r d o m a u  PAHs 94nlfl'1l% (Baver LbWz Capone, 1998; Stringfellow L L R "  Aitken, 

1995) 

l u u i ~ n ~ ~ w u i i n i o i i ~ i u u a ~ ~ ~ u n i ~ ~ ~ ~ ~ n ~ l r i f i ~ u ~ ~ n l . a " b w ~ u ~ ~ ? a f i ~ o d ~ z n a u  PAHS 
I Y Y 

WiihaCnTu~sqnqdlRnumod oiqtiodail(u8uabmom4au (co-substrate) ~ilufiirK~6ul7.Y 

~~nnisdeunniu~mz/v?mlf l rmio~ku4iuau~~~]nW~u v~a4aun i r d i~ i uum iau1aC~ l f i  

dgz~roirimu b~a~ir"~iinni~dmufiniubbuu~n~ubb~um~~u (co-metabolism) ~ n u ~ ~ n n i r b d $ u u  

T~rsf ihdua~aiodoznou PAHS uwrdau d~uunWPru~riaiuiool%aioKdndiaLqubLvdd 

n i fueuunzwkaiu  i d e l u o z u u i i ~ u f i ~ m o m h u ~ ~ ~ n i r ~ d ~ u u ~ n o ~ ~ ~ i d u a d a i r d ~ ~ n m u  

PAHs i a l d  (Cerniglia, 1992) 
A d  : 

aisdoznou PAHs ~ ~ ~ 1 l ~ ~ & ~ ~ T J ~ ~ d 1 : ~ ~ ~ 1 ~ ~ f i ~ ~ ~ ~ d ~ i ~ ~ ~ i ~ d ~ ~ l ~ d ~ u ~ n i u  

k f iu~ iun~~uu ' r~n~ f i i uw ia f~~uadau lv~~d~ iu ion iauan iua ioK~n6 ia~6 f iuy rs ld "  n io  

Eisuaniuaindrznau PAHS drj~uLn~n~u~oufiuiadmi~unozuauniTdmuaniubLuu~nbu 

~ m u a A % ~ d a ~ i l i u n i ~ d a u ~ n i ~ ~ l p l u n ~ u ~ ~ u ~ ~ ~  (Wilson LLnt Jones. 1993) 

nixlt.bu&.?a (consortium) 

~ o l u k ~ a i r l i t z n e u  PAHS ddudaulu%aLrandauii6aun'uvniuqGn l u u i d n o ~ n i r  

dsoaniuaiodoznau PAHS ~ ~ i i ~ i l ~ i a ~ ~ i r i u n i ~ i i ~ i u ~ a u n " u ~ a ~ ~ ~ u n i G u v n i u ~ " ~ ~ G n  
P/ d d  Y 

~~uni~u~mdiCuqted6auiiu~~uu synergism ~ n u d n ? I i ~ d o z n e u  PAHs wuuiv lCnlu~n~n 

~~~t~ndauaniul6uinTnu~iuniGudu.raGntWua nitdauaniuTolun~uu~uniPruqz4au 
b d 9  4 r~udoztwdn iw~un i tdauan iua i~~ l~znau PAHS ivnJa;u d i 2 ~ m r i ~ " r l u n i r d e u s n i u  

I Y  , 
u i d i ~ ~ u j d i l M " ~ i i ~ n i o ~ a u a a i u l 6 a i i ~ a u y o s l d "  (mineralization) naiu5u$u<a;a 

A, Y Y 

nn; i2nw~n~vurzv i i~n isd i~1uiaun"uua~~~un~Guianiodeu~n~~a1odrzne~]  PAHS Cu 

&ddi~n.$a otuureulqu' L~unibuairlpl; 1 aiuiooa h~au;i2~uiiauwaiuaisX~iuI6 ~ r i  
4 

do~qinldi;~tuu~aulau'~fiiuisndaufiniulGauyosld" ~adilM"~flnnioazauuo.rairM's 

Cum5 dawnlGLilu~aiaLLuniPruaGn< I humzd~wn idua ibnd  2 GszuuraulaCdaiuion 



(Mueller bbn:nm:, 1989) 

Juhasz rbn-nm: (1 997) ~Lun~Lumii~u~inGuw"dudauaisds:nau PAHs !dn$u 
44 A 

brunmbsuw Js:nmun"?u 3 a i u f i $  !n"ufi Burkholderia cepacia ~iuflu$ VUNI 0,001 
Y 

VUN10.002 bin: VUN10.003 ~iisud~?unilwuii n ~ ~ ~ ~ u ~ ~ ~ u d a i u i f n ~ . d " b w ? u  dgmnh 

~~n:Ru,uum?u ~f luu~vd~n i iuauun :~~vd~wK~~ iu l6  u ja iu i rndouan iu i~aa~~su"su  ~ u u  

&[rm]!w?u ~inzln~uuC[~m, ~oa1~~aunsi"au ~~i;Tnwnhaddr:nmu6auadm:TsuiEn 5 aa 
44 Add 

~nuns:uaunio~uonuonaa.~mudbbuun?ubflu~uw m s n ~ ~ a n i r b ~ ? ~ t ~ p ~ ~ m u m d b b u m ~ ~ r u  

nisljiflnai~ds:nmu PAHS nwqan~w Tnonir~Ea.I~tun~~ii~6u$~maia.Iaia.I isnlu 
dm-, nisFimuawiuaio~w~u~uGu iadi i i r ; l i ; ; l~~vidi i~~b$uatunissmmq:m.lrm~~~umTumid 

$u~muw"a~diiuau~~umw"Guii~6u~:nmw~nFii~sam ~a~dn~Eulu~ufissu~iFi a<na?in~l%i 

% ~ b ~ u n ' e r f i n i w ~ ~ ~ ~ ~ ~ ~ ~ " I I l ~  b i ~  ~ n l ~ " ~ d b b ~ d d ~ l ~ f l ~ ~  ~~v i~ luCmt~~u bb%filq ?~I%A 
Y 

bfluiu u m n ~ i n ~ ~ q < u m i ~ ~ a n i w ~ ~ n : n i u n i ~ . l r m ~ G u n " ~ f l u d a u ~ i K ~ d m n i s n n n ~ ~ ~ ~ i u a u  

bb~lnw"Gu (Van Veen bbn:nm:, 1 995) 

iYqCawidniuniwv~d?pd 
9, 

rj,wm:~ad~iaGu u%si~Iu~uaduaq:dauilm~iiu~~u~w"PEuqinnisgniuiiu.am~ 

TdsTm6 
9, 9, Y 

naiui%iiauaddi (water tension) naiulaiiadiqd dilin"~7innir~indi 5~~sd6u 

aaafu'inqs 

ais~un?finifuau (organic carbon) nisuinfiisZun?d~i4uau"11GmG6a~nis~~.j;i 

l i inir~~7~umar~un~Guv1~mat~nnsaw:ii i i~nssunnna 



qmu~~ i j  i;wnians:uaunlorurbmuet~u im~fl~nrruue;launS;du 
G i r l  B Gi rd 

airbnunLdufiw (toxic waste) a iu i toGu~~~tumromIaiaf i i r~Gm~ aiu isn  
d C A d  

9, 

6minrBmnn~u?tun~ununaiuiiumiu~~n:~mufiaiuais~ni;~Gm5'b& 

iY~Guwid7aniwa~d?u 

~ ~ 1 9 : n i ~ i i  predation) d r :a lns l l ~d~~u~~~ lsunmnd~ded l i n~n iu f l u~mu~m~ 

sssu.aiii 

nisurisr~cia (competition) ~ ~ n n i ~ ~ ~ ~ i ~ a i v l i ~ n i d ~ : ~ 4 i ~ ~ ~ u ~ ~ ~ u d r : ~ i 6 u n " ~ 1  

b b ~ l ~ ~ ~ ~ d l d ~ ~  

n i s b ~ ~ y ~ m d s i n  (root growth) nird~mddouaisEum~Gui~~Gmqin~in~a du 

6u (Van Veen bba:nm:, 1 997) 

4 d l  r; .a n ~ ~ ~ d u ~ a ~ u a ~ u ~ s n ~ n ~ s ~ ~ ~ m r n ~ m ~ ~ ~ u w s u r n n u  rdm~~u~u'~Grn7u~udubdmu 

a isn js~nm PAHS 
d 6 1 , w Ad 

~ ~ ~ ~ i u a ~ ~ ~ ~ l n ~ i ~ ~ n i ~ ~ ~ u ~ a i u ~ i u i s n 1 u n i s a ~ ~ a m " ~ a ~ ~ ~ u m s u m i ~ 6 u  a; 
9, 

Labare bbn: Alexander (1 995) ~maa~fiiflmZuP1u~~ufiisd~:nnu PAHs nla: 
9, 

bana?&auGl;ilsidauZudm61 I : I  (nF./ua.)  wu4iaiuisnds~f i?unir~~?y ~~a:nisejmuaniu 
d 

i i L u u ~ r i l ~ 8 u ~ i n  4.4% du  369% bdadlin;iaiuisniwL6u<u~~aguil~fis:Mdid 
2 d 9  

?i?um'&7 LL I :~LLUU~?~ n~sLiuwumna5uilWa~~ndiaLflmqinZubbmn~a d i lGa i~d~ :neu  
d hP/ 

PAHs in$au~f i~~nin&imdidsamb:a rauhi6uniobn$aui"uad~tuwsumau (Doick LLR: 

Semple, 2003) b ~ u b ~ u l u d ' l u d  Fu LLW: Alexander (1 995) idinitf i l f imaisd4zneu 
P, 

P A H ~  ania:~aaa?~au6msidauZpddm61 1 : I  0 (n?u iu~ . )  wuai fiiuisn~fiunisejauaaiu 
d i bbuum?ul& 

nisl%ds:TuaGqinQqwi~: (carrier materials) L$eL~un i r~~?n?L~nzn i rm~s~m~md 

~ ~ u n i ? ~ u ~ k q i n i i f i m a J A 4  ?aqwir: i6 iui la~ 'bti~~ri ?aqmiasr~uai i  (flu. ~~lwlu'bfiaidm 

d is l )  bq~mlml$ni.rnis~nwms ( ~ d l a n h a ,  i i . i i i a ,  i i i i a  ~rnau) ~~~:ais~um?GwmZ 
6 d  d w  

L U ~ P  & U R ~ W ~ Z L B U ~ W ~ U  ~ ~ e l h n i ~ l ; i l ~ ~ ~ a a 6 ~ ~ u n ! I l s u  ~ i u  ~~maPauu.iliW~un mmiPsa 

n15sl~Lbbuu 



n r r u ~ u s - l ~ f i ~ w i a : i ~ ~ u n i s ~ ~ ~ ~ ~ ~ ~ : n i s a ~ ~ ~ ~ u ~ ~ ~ ~ ~ l ~ ~ ~ u c d i i ~ i u ~ u ' i u  (Hupe LLntnnr: 

, I  996) Z6abr-i 

I .  daub$un?rajsejiuaan5bqulu'iu 

2 ~fluLLvddfi:fiueip9iTdii~~LLa:LLf6i?iii6~ 6nu~~wi : IuFm~~~u~m:.  

dmfidn?a 

3 d~ui la~i iu~~unBisuqinnir~niuZuFnuWrFmh 

4. ~ ~ ~ i l ' i l a n " u n ~ s ~ ~ r i ~ ~ ~ d a a i v i r s : ~ i ~ ~ ~ ~ u ~ ! i s u d a a ~ u n " u ~ ~ u n ~ G u r p i ~ ~ i u  

5. dauqn.a"uaisds:nau PAHS luZuVi 

4 4  ,, d  ~ ~ u s i u a i u ~ ~ u ~ A n w i n i s l . a " d s : F ~ ~ d ~ i n a " a ~ ~ i v :  (carrier materials) L iaLiunir  
LI 

~ ~ ? r y r r a : n i ~ a ~ ~ a r n u a ~ ~ ~ ~ ] n ~ ~ u 9 ~ ~ ~ q i n n i r ~ i f i m n ~ Z u  K G  

Van Dyke lm: Prosser (2000) ~~~nwlnlsf i f lan~lL~BLLuA!isu~ua"f i~wiM:dbflu 

Zudaaniia (carrier) iaudi~diljn'lu'iuddudauaisdszn8u PAHS Li$aL$rrnisaiTan 
Pi 

m d  Pseudomonas fluorescens %uZu iinirmnflad6nub~er9 Pseudomonas fluorescens 
LI 

~ ~ ~ l M l E L ~ ~ . l d 8 ~ d l ~ d ' i ~  WU~I  ~ l t l ~ ~ d ~ ~ ~ f i ~ ~ l ~ l ~ ~ ~ ~ ~ l l d ~ ~  fIlE~'Elfl%Fl418\1 
LI 

~ r u n ~ $ u ~ : ~ ~ n i i n i r ~ ~ ~ d ~ u m i ~ i s ~ ~ ~ ~  ~da~qinq:d~uil.ildn"unir~n4~lZuFnuFdr6rj;l.a"a 

nirb~riauddai9sis~:viidbbunw"~ud8d~un"u Pseudomonas fluorescens i ~ ~ u n a ~ r r a :  LOU 
P, LI 

LLrridaiaisiiiAQdmnirLq5ryu.il.iLLunB$u ~ i n ~ u ~ n ~ i ~ : u : ~ : ~ ~ ~ i l u n i ~ ~ ~ u . ~ i ~ a l u a " f i ~  
4 4  A 

wiv: ~a~wad.ilnira~s.ilnu8d!LunnLruwmnd~ubmuu ~ n u ~ i n i ~ n n a a a ~ f i u u d u u n i r  

riu.ruunB$u~uia~wiv:LauLaai 0, 7. 14 iu riaudinaZu wuii i d a i i u i i i ~ m n a ~ u  
4 4  d Y  

bbun~Lru~ifiud'lu?fi?~7'w:bfl~b9fll 14 TU It~f inlE8dEBnl l8. lLLElA!$U~9i~G"I L < f l d l l f l  
I Pi 

u s  4 s:u:i~ai~ui~uiuqciilfi~~un4$ud~umi~ia:nui.r?finiw~~o~nn"auhusuu 

~1nn~ri~uu"1~6uI~~n~in1sI.n"dr:6u"11~~in?~~~1~ (carrier materials) rd.ili6u 

n ~ ~ r q ? ~ r ~ n ~ n i s m ~ ~ m ~ u a d b b u ~ ~ ~ ~ s i l ~ a ~ i n ~ i f i " n n d ~ u  wudi~nr:u?unitnn"iun"unis 

ma7nlumivi t~d~ (solid state fermentation) (Krishna. 2005) i d a d q i n n i s v ~ n ~ u ~ i v i ~ b b i d  
i d Y  rflun?:u?unismrin~irnaudnr8u4?8um~iiuufiir~am"u (substrate) M ~ 8 a " ~ q ~ l M : d b f l l d  

d ,  4s- 

u m a t i ~  (solid material) dtinqin:i ~ n ~ n ? ~ u m r i l q : L q ~ ~ a d ~ u ~ w ~ u i ~ u ~ a u v T a r i r ~ i  



4 

&waua;liaqwiazibguuadbb~d iaqwiazCl~uuadLb~dM~aairk.rlfiu (substrate) lkb~ri i a q  

n w s r r u a i i  (fu, ~ ~ l w 1 u l a j a G ~ l d i ; l ~ )  i a l q w ~ a 1 a v l i ~ n i r ~ n w m r  (~lli;anoL?. vlid$ia. i i h a ,  
s 4 do/ 

I L ~ R U )  ~~nzaw$un~uiY'ii?i~uar ~ ~ u n n w r n z ~ f l u ~ ~ ~ u  L ~ o ~ % ~ ~ I o D ~ ~ L ~ ~ & L L ~ w ~ $ u  ~du 

~ m n ~ $ u u a i E i i u n  azniPsa n i k i 3 u r u u  dutiu nlraGnlueivlt~~!ddndlaui$ a l u i o n  

J iTdwtnwtnf imv7diq 'E ~ d u  ~aulaU'uidaGpl wtmfirnn'Mi.rkiuairr~t n i o i i q u  idui'u 

4 b.44 d ~5uns~~auwuine~i~uiniiaQ9~nir~Gn1uaiair~~i no S I L L ~ ~ L ~ A ~ G U  

~ p l u ~ , ~ w i z r i d i u l u  (filamentous fungi) iinaiudii'q$qm $e; lq ina iu~md?u~an'u 

a n i a z d d d i  4 (water activity) Ai7lXLLnzMudean7azdina~a~uaaa&inBdlk ~dadqqn 

n a i u d u G u ~ a ~ a i s a i a i r q ; l  rdauuunRProuilqziwndaniraGn~~uu~rruaii (Krishna, 

2005) b " d  n i t ~ i ~ k l w f i n  (compost) n i ~ ~ a h a ~ i ~ u ~ i d  (ensiling) n i r w ~ m f l i u i ?  n i 4~ l i iw  

~aulaGui;lailm ~flu6u 

u ~ n ~ i n ~ ~ i u ~ i d ~ ? n i w d ~ ~ p l ~ i n a % ~ u ~ u a ; l ~ i i u ~ ~ ~ b b ~ a  nitauil~ruuuadaidqz~iipl 
V 

I l r zBn ln iwgaqn (wtmf im l i~~wz4auanqq)  I k G u  qzKa.~e i~u i lq i~~ idn iun iw Ia~mY?U 

(Krishna, 2005) R h  ~ ~ n i a z d L a u i z a u i i a ~ u ~ i i u ~ ~ ~  L ~ U  n? iuQu a in lP i  naw~ f l un rp l  

d i d  a i r e l a i r  i~ufiu (~4miri;ld 2.2) 



d w du 
nisidw 2.2 ~ q q u w u u a ~ a n s z u a u n i s ~ ~ n b b ~ u ~ ~ ~ b b ~ d  (solid state fermentation 

process) (Krishna, 2005) 

wir~~bl i ; laQ 
pl 

na1u7u 

aan%qu 

d ina iu~f lunsnd iq  

f i ~ s ~ i v ~ s  

Y 

f i i s k i u  (substrate) 

T W I F ~ Q ~ ~ I A T B ~ ~ ~ I ?  

f i n iazdbvu iz~u  

~nu<ald naiu$u~aai~qwivzqzadlpdda~ 
9 

30-85% Iu~~u~flGunaiu7u~a~Tfi~~i11::  
Ir 

q:dd ig~n i i  70% 'Lus in? iu4u~asBq 

wivzqzad%udas 20-70% 

u i n n i ~  1% ~ a d ? u l a r l u 2 i u  n i r~ i3u i f i qd  

i j p ~ ~ u i n ~ B n  ~ ~ a ~ i u d o q i i s l u ' l u  di'L6i 
Y 

nrzuaun i~~zu i~Gi~~azn i rs i i u~~1a1n1~  

Iu~runf l i4u p~ B E ~ ~ U ~ ~ J  6-7.5 

h r i  pH a$u"d7.tl 3.8-6 

l u i a i  PH adludaq4-5 

drznaulau b ~ v r i ~ n i $ u a u  %dli;ls~qu ~ ~ t a i y  

bbaz?oliiru~a~nb~dnbwa$ Tnud~i5uaua~J 

' L ~ a q q  40-50% 1 u l m s ~ q u a ~ I u d a ~  3-1 2% 

k q m i ~ a r r u r i ' n  ( u  bfinlub?i~iaOnPiwl) 

if iqa8a'l%mi;ln~o~nam ( ~ d ~ a n t f a ,  d i d  

%ia i i%ia ,  m a u )  ~ ~ n z f i i s Z u ~ ~ G w a 5 ~ u a 4  

(~~nn~?!uuaiG~un aznilsfi n i $ r i $ ~ ~ u u )  

nirdanifiqwivzd~vulzfiu$uad~uva~u 

dqiu du r i n q n  dGuim~,F;utwaoism 

Gild%% b f l ~ 6 ~  
49 4 argn in iuu indn  u r o n l u n i r r i i u n n ~ i u  

5au LLazdnisLLan ~ d i u u a d ~ q u ~ m z  
9 

=4 - ni$uaulnaanlsb6~z'v1ii~aini w ~ ~ a z w u ~ l q  

i f i qw iaz  a y n ~ n i u u i n b d  qzii 

d~z3~~ni~Iunis~iul~v3ani~~&Quainifi 

l&i%i~ 



V V 

Krishna unrnmz (2005) !K$ini~dnrn Polu&~ b?s Pseudomonas s p  u u i a  ?nld 

l ~ d 1 - z b a r i ~ i n k q w i v z ~ ~ a z n i ~ v G n a ~ u u " u m ~ ~ ~ i ~  (solid state fermentation) r & ~ h w l  

?~udu"bfii;!?msanm"ui~uiu~a$u ~ o l u u j ~ n ~ i u u ? q n ~ ~ m z l i ~ d ~ u u ~ ~ d n ~ n i ~ w i r ~ n s o u  
cP 4 s . A  
~ ; l $ i n i ~ ~ R u ~ t u n ~ u  ~wavynv?mamni~b"~?~b'i~lFw Pnun?uquil~iud41~Ou'lunio~~?~ 

V 
Sd 9, bbdu n1~4 i~T 'na in i~ i  q r n v ~ G  f i i ~ a i v i s  GI ~Oufiu nis~~~l?nwi?G~n?6~~dnza~w~~iilfi 

,, A 
~$au j i ; ! ?na~~~nzn~~~u l i i u indqmanz l i~ i ;nn iT~d~uu~~de~n i~w"u~n~~u  16i;d~u.l~un 

d 64 
blnwli;dnitm~u?nw7b$fl3~un~u~fiiui9nb9~~bbazm~~mm~~ufi61i~z"umdbblu"d (solid state) 

Pesenti- Barili aanznmz (1991) ~ 6 ~ n w i n i s n $ s a n m  Agrobacterium radiobacter 

K84 ~ u ~ f i q v ~ ~ u a i d n i d a ~ i u i ~ . a " b u n ~ ~ n a u q u ~ ~ ~ ~ ~  ~ n b ~ a n ~ f i q w l v z ~ 9  8 airn ~ n u r i u d  

Agrobacterium radiobacter K84 ~ l d ~ f i ~ W l M ~ ~ 9  8 Tiidn ~ddTm'i lU69~ Agriperlite, 

Expanded clay, Kaolin, Celite, Diatom, Porosil MP, Micro-cel bbnfiermiculite usT?%dqd 

r t ~ a i i i n a i n i ~ m o n  i in&r~uu! iuunisr i iu~wi i3auui f iqwiuz$d 8 TiGn igmvr?2 4 

L L ~ :  21 adRlbanb~ufi W U ~ I  Agrobacterium radiobacter K84 f i i u i ~ n b ~ ? ~ ~ ~ a z a ~ s a 1 " 1 u u  

vermicuiite, ce i te ,  Porosil MP 1 6 ~ ~ q n ~ i a z ~ ~ u n ~ ~ u f i i ~ i ~ n a ~ ~ a n 1 6 d ~ z ~ i m  1-2 TI bmzi 

q r n v ~ g  21 adRimab?hfi wuii Agrobacterium radiobacter K84 f i i a ~ i ~ n ~ ~ ~ n ~ ~ b n z a $ ~ a n  

uu Kaolin, Expanded clay. Porosil MP ~ 6 ~ ~ L ~ ~ b ~ ~ ~ ~ ~ ~ f i l ~ l ~ 0 ~ ~ T a ~ ~ 6 d s z u l 6 1 d  3-5 

~ d a u  ~ i n ~ i d ~ u ~ ~ r M ' u i ~ a " a q w i v z ~ ~ d a ~ a ~ n ~ ~ ~ f i ~ u n i s ~ ~ ~ ~ ~ n z t s n ~ ? n " u m ~ ~ ~ u n ~ b u ~ n "  

nnniidcu dum~~uqmvr?ii~unirLnu?nwi~~uniGo 



Ruins uiadii (2547) l66mrrunnjuuunflGu STK q i n ~ u a f i n ~ u u z u i u  ~muWbb~u 

we2j~mmszdgaoL~anlzu (PTFE) d~n~aun"?ulw"su &ntjubiunRiru STK dszneu A u  
44 $ w  

iblln$&I STKl STK2 L L B ~  STK3 $ i n a l u  n6iEIni;d~uLbunn bsum9ma ~ l u t ~ a  Zoogloea 

sp., Stenotrophomonas sp, oaz Mesoihizobium s p  LLURL~GEI;~ 3 ( P I U ~ ~ ~ ~ L P U ~ ?  
Y 

1almrFrl~4&p LLunRl"~unjudaiuisnl.a"bwiubGuGu 100 un.12ins ~0u~rmdsni5uouunz 
" 1 

wKddiul6 Cmu~uiiaiuisndaufiaiu~w~uluaimis~~~~"1l~ma;la~6mumluszuz~aai 8 yu 

L L R Y ~ ~ ~ u I O ~ ~ ~ U ~ ~ I U ~ I ~ ~ ~ ~ ~ ~ ~  PAHs &d 1k~" R~uuum'h ~ L U U & ~ L L ~ U  B . ~ $ L L U W ? ~  8: 

4 

.n~~uw3$u a s c f l ~ a i u i s n d a u m  rraunoi4u~uvl~a.jPu16uAn$au r ~ u k d ~ u u ~ ~ ~ [ ~ a ] ~ w ? u  
$4 : lu~mzmuuiuir~~.nasaua~6au 

~11%1'1$ 2.3 L U ~ ' ~ & Y N % ~ R ~ ~ ~ V Q ' ~ ~ ~ N ~ ~ P ~ A ~ ~ ~ ~  STK 

STKl 



?luzassm ~w.asini (2549) "jinisiqnwidsz3m"sniwniseiauaaiu~w~ulu5u"11a~ 

niu~~un:Ea STK wuiiniub~unaisu STK l r iaiuirodeuaaiulw~ulu~uszuu~~aw4ina~ 
* ,  I. =i P a w  

LLYU solid state mnen~zuz~nimuub$ebflubaai 1 b ~ a u  w u i i f l u i m ~ w ? u ~ d d  \?lu1b 

~ a u e a u u ? s i u i i  e i l i n n l i n ~ ~ u n i G u  STK d~~~uoa~.~u5uiiauu?la~msFd~n~dLfluwn1fi 

L$alaiaiuionntzliui'a ~dsa~inluo:uumnnedlu~ub~uszuu6dldl6ini~L~eiim~an~an~ 
I . *  

KdriunirmnnadL~udL$elueivis~vnadinisqeiqnnanozuzLaniuaanismnne.r uanlln?! 

nisd~w?ua~~u~ubfluszuzLaaiuiudu ~fluwnlfiiinitiu?nedn'ueYninqad~uuin8w d l  
2 

% f i ~ b u n ~ ~ u ~ i 1 d ~ f l 6 u i n " ~ u  (low availability) (Johnsen Lbaznmz, 2005) 



a A v a  
n i ~ f i u Y n ~ u u n ;  i o u l u q n a v ~ i j ~ i i o n ~ ~ i ~  (freezing) qm~qijr!oniusn'La~nu 

44 A '%An, 
LLu&iounadin4i -20 o~niraniiiua r~n:rn%~lrunn~~u~aiydau aiuirriusLaanh natii 

alr8ed~~mnu~~:b?mn"ubaan"bu"1161d:bbdbb~d1~~ (Protective Agent) L ~ U  Glycerol ci4a 

Dirnethylsulphoxide i i n~ :u?un i~L?m~L~n~m~'ba?a~ i  on:'bs.inzniu n$uduaadbma?'b&4iu 

~~un~bud~ulu~wusianiplra~~ilr'b&Z adi?8un?Cuid"11Cm ~ d u  Neisseria S~.M??I 

Haernophilus sp. inudanitbLdoid'bw~ai ~ r ~ a i u i s n r ~ u ~ ~ a v ~ ~ ~ i u i n ~  (Super 
n, A -4.2 

Cooling) bunis~dtru'qadi~sam~iaIm ~~~suq:dilf i<mriru~~w~laG~u~~n:ni~~?mE]~%ui 

~niiaaa?Gun?Cn~~w 

Gelatin Discs L~u?c$d18unisrn"u?nwibbufl$~u Tnul%awnGnn~sdi%fi~~$~luFnbn"u 

n?iuPu ~7a.i%mldad~mein1n 

Deep Tube Stock Agar b~un7fnm<m~iburb~ua8~uaasbbu~~~u ~ m ~ % f i ~ ~ l E f I l ~ l E  

f i u l m h l 7  bds%fioun~~ru'L%r~urrvkwkdiub~n:bbvddni~uaufimud~ m 

s4 0 

asnl%fiLbfidLbuub!anbb$d (lyophilization) ~db~u~~du~u~uiiiids:~W"s61iw~unlE 

I R ~  EI G i q i  ~~unt iGu  a i u i r n ~ ~ u ? ~ i u n ~ u ~ ~ n F ~ n z u i n ~  aiuimn~naiui j~?m~a~~GunTC 
rl sol 

~i iu iauiu i ; l  so ~v:aulnniiS aiuisn~i;uIidgmvQi;fia~ rmz~fiwn~ui iain?aunsuCu 

r q u ? ~ u v ? d i m i i i ; ~ m i i u i n  v ? a ~ ~ d u b d ' ~ $ u ? n i ~ b b ~ n ~ i u ~ ~ u ~ ? u " b $ v d ? u d ~ u ~ u ~  d 
-44 , A 4 $4 

vi i~lnoaanld aaiafluasinau%ido?nrbnzl.a"ansasuawu~in~LLwd 
44- 

~ i l ~ i u ~ n i u a d i ~ ~ w a ~ " s w n ~ a n i s a ~ s a n a a ~ ~ ~ u ~ ~ ~ b u  a & d i . L $ ~ ~ f i d r ~ u u ~ ~ f ~ n ~ ~ i ~  

~ 4 u  aCmglaaiiunRdu airflodnirnaiu~u'u (cryoprotectants) n?iuL~u%uamaLan6~~6u 

~ ~ ~ l ~ l $ ~ l % f i b b ~ d  (freezing rate) ~~o:nis~Kus95qn~:uauni~ ~3ufiu (Asa banznna:, 2006) 

n ~ i u ~ ~ u u " u ~ ~ a ~ i z ~ ~ ~ ~ ' i l l r ~ ~ ~ 6 ~ u 6 u i l d ~ i ~ ~ ~ d i ~ f i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ a n ~ ~ ~ ~  ~ m s A i n 4 i  

I o8 L ~ W &  i a  un. L<a;lqinLan64iu?uuin WIW:H~I~~ITL~"EI costa imznm: (2000) w v i i  

n?iu~%uGuaa.rian6i&rXu 5uwir6Kuaioila.rn"umaiuL~uil%unisdilfifiiruuLiianL~u'a 

rda~a"~~nt iP i i lu .n i~~a~Kunaiub~u n?iut%u%uYadban66u~uibvuizau~a 10'' ban6 da 



Y Y Y  
w dd 

u a  nduauadKuairnuaa?Eu~;d Miyamoto-Shinohara ibaznmz (2000) wuil LLURZGV 

~ m ~ u n u f i i u i m a  Jsen~inaibbun~du~~nsuuan 

Costa aaznruz (2002) ~fiuubi%utzuiia glass vial qawaifi?nuuuuid naz 

q a w a i n i n ~ ~ u u v l u i i ~ ~ u n i r ~ ~ u ~ n w ~  Pantoea agglomerans ~U~I~~W~I~~?~LIUURUI~~ 

'ifinisLn"ud~niiqdwnifi~niiuuuid ~~aa~inq;lwaia?nauuui~~zi;s:6uaan~~~u~~az 
Y I 

naiu4un"ciiu~~ia.~i~~nii 

Bozoglu bbaznmz (1987) b f i ~ ~ i $ ~ ~ ~ a i ~ f i 1 ~ 1 ~ 6 1 ~ ~ n i t ~ ~ ~ ~ " ~ d  Lactobacillus 

bulgaricus LLRz Streptococcus thermophilus dbiiu~ubb~fi~u~mfllld bmznlulL%qtytyinlpl 

w u i i n i s ~ n " u ~ u  glass vial d n n ~ n w ~ n ~ f i n i u ~ u ~ q u 4 t y 6 & 1 i n i w  v ~ a  lu~~iifiIuTmoau iGua 
nl 

n n i i b f i u l u n i a z k i a i m  
Y P, 

n i m n n ? i u 4 u n l o  25%-30% radna iu?~dqn lun i~$uGi  i~azr i i ine in inean 
94 al A ,  4 s -  A ~ z r r i i ~ n i s r i i u  ~ 0 u ? s ~ u ~ n r a u n n < m s i n i s ~ ~ 3 ~ u a ~ ~ E u ~ ~ u  iua;lqint iruzainiwb3u~dd 

i idu io i i~noouraa<mr1~u~~nuaf luro~~8un~~ uan~in$qmvpiidl.a"bubn"uG~~waia 

n i o ~ n ? z f l ~ n n i h n i s i n ' ~  Trived imznm: (2005) ~nw in i sakdnr j i ~<ara~ i i unZ~u f iw  

aiin Be Bacillus subtilis isba: Pseudomonas coi-rugata ioirdeiuuifiqwiM:: bratiiiu 

n iu lL%qruqi i  4 a~n i ran~ i i ua  i ~ a z d q m M l ? i i ~ ~ ~ ~ u b a a i  6 Gau wui i i iuauusa~aa6d 
4.a A mn"uMjamrrnii~sanaa bda ~ f i u u  b!u~n"~l6nun mawiraa~4ufi i dwq~n iqmnn i i  4-1 0 

P, 

eaniiaadua qzGuujnitiiliani~mzAqnssuii~~niulu~~a6iiuntidu ~Buwalfiannirl 'd 

f i 1 5 ~ 1 9 9 1 ~  (Van Shrevan, 1970) 

9 w 

l f iQQl 77?~1?Q%6' (2549) ~ ~ W l ~ l E f i h d n ~ I L ~ ~ L b ~ ~ $ d ~  STK ~ l d ~ f i ~ ~ 1 1 1 1 ~ 1 ~  

d % l o  b?uaa'iu~ubda~i'ifibbunw"$u4uLnu imzfiiuim~~m?onu61dzw'~"IIuiflm1u~u~dub~au 

IGU w ~ i i f i i ~ i ~ n b n " u k B i n 6 i b 8 ~ n $ ~ b b ~ ~ ~ ~ ~  STK tauriu~wwluI~~aunis~ubqubaai 
9 w 2d 

6 ~ R o u  Pnuujn~dsztnZiniwluni~eiaufiaiu'bw~u'b6 ~udiu?quuu?n~auuiui~zbiiu 
94 9 

FnrnnXii<m~run~du STK Iu~piwIuIu" ~muMi?~~~u~ru:iaailuni~biiu?nwi'ifiu~uuin 
2 u u  P n u ~ ~ ~ a ~ n ~ w i m z n n n a ~ u ~ u ~ z r r i i ~ n ~ ~ ~ n " u  osz~&u~u lun ism"uFnwiC i  imz 

~Guu1Zuun"fJnis~iiu?nwi6au4"saTa~Is.a" 



q ~ n s d $ L ~ u n ~ s n n a ~ ~  

1. In$sainaluL~unsn-i19 (pH meter) f u  240 ~ l s d ~ ? h  Corning, du?&a.inu?nl 

2. ~n~'il.~$d ju L2200P LL~::  A200S VFI~U?~VI Sartorius. LPV?'BLU?~I 
A i 

3 insusudeudir$s (autoclave) an-ru?gvl Kakusan. dqu 
%,A 

4. ~L?IUL%.ILLUU "ISSCO" laminar flow fu BVT - 124 .UBJU?GYI International Scencetific 

~ u ~ ~ ~ ~ , f i s s ? ~ o ~ ~ ? n i .  

5. mn$eaLudl f u  lnnova 2300 U I ~ Y I  New Brunswick Scientific. f i v?&aB~~n i  

6 Lniadinui~nls~nn~ubbdd (spectrophotometer) f u  Genesys2O U ? ~ M  

Thermospectonic, 

7. L n < s d i u L ~ ~ U d a ~ m r " l a ~ ~ ~ ~ ~ ~ V ~ ~  (refrigerated centrifuge) f u  SorvallO Biofuge Stratos 

~ I & ' I  Heraeus., Lflasfiu 

8. ~n$asiuLv;uaaCnid~~z (bench-top centrifuge) f u  KM-15200 U ? ~ V I  Kubbota. Japan. 

9. @19Jbbfid U?GYI Contherm Scientific, ~aiLL8l.46 

l o .  L f l ~ . i l 9 ~ l L i h m L ~ f l 9 A 9 1 ~ ~ ~ 9  (soncator) aiamii9 fu FS400 1189U?& Decan Ultrasonics. 

g9nt-p 
9, 

I I. (dua$s $u Heraeus type B 5050 E Ys9U?gVI Heraeus, bflssfiu 

1 2  ' P m ~ ~ ~ s ~ d s ~ ~ ~ i l ~ w s 4 d s 4 u ~ u . a " ~ n ~ m T ~ s u i ~ ~ n s ~ ~  (High Performance Liquid 

Chromatography, HPLC) ~ l u ~ U m ~ 9 9 f i s p ~ f i u l ~ P l s d  PAHs 

tninTnsuiTnnsiR (liquid chromatography) $U LC-3A ~lmaGljYl Shimadzu. dqu 
fl~&.Pdb (column) : Inertsill ODs-3 mlm 4 6  x 150 fi8;bums aasu?gYI GL 

Science. t$qu 

L R < ' ~ ~ ~ ~ s ? ~ B B Y  (UV-visible detector) f u  SPD-2A P~~-Iu?& Shimadzu. 

mnisaijutin (recorder) Chromatography f u  C-RIA .UB\IIJ??&I Shimadzu, dqu 
~ P ~ U . i i n i n ~ l  (microsyringe) l iu in 100 IuPnff no Fu MS-R5O .U~~U^EI&I Exmire. 

au%eiu?ni 



13. b n j 8 d t : b v u b r f i d r b ~ l ~ l ~ ~ ~ i n i f l  (rotary vacuum evaporator) iu N uew?ljn Tokyo 

Rikakikai, f$$.i 

14. bn+m~nns8Juuin~u u u i n n ? i u n ~ i d u 8  0.84 aa: I .18 i j a l ~ n s  fu O.S.K.I 19 

Standard Sieve v'iiau?ljW Okawa Seiki, 

1 5  bn$edun (blender) iu MX-T31 GH u'ildu?& Matsushita Electric, !~v%! 

1 6  Ln~Bd~UWIu (vortex mixer) f u  G-560E usdu?ljm Scientific Industries, BH?~BLM?~I 

17. IuCn~7I~dl;il "11ln 100 200 bba: 1000 !~b~S;l;il? TFI~UE?GW Drumrnond Scientific, 

ass?p~u?ni 

18, G7nrnil.l r i rn  PTFE uuinn~iuni idu. i l . rr  0.20 ~m: 0.45 lulno~rrns f u  DISMIC-I~JP 

u8dU?Gn Tokyo Roshi Kaisha, 

19. ns:uen$nuiwaiBin v u l n  1 i i n 8 1 n ~  u'iidu?ljn Nissho Nipro, 

20. 3bdl;il (pipette) uulm 1 5 baa: 10 ~ a ~ ~ n ?  u'iidY4Slh1 ~ison,d?dbflfl 

21. uan~~Kadi~nzua (vial) uu i n  22 ml (Screw Cap with Teflon Liner) uadu%h Lab 

System , ~S:~WFI~ 'V IU 

22. an?ad vacuum seal 

23, qd8:tijbiiuu n j i d  8 u i ?  12 nu i runs  

24. 8:fjfibGfl%Jd86~ 

24. bn$8d~uqQndiniFI (lyophilize) 

25. vaanbbfia (ampule) 

26. ~n?an~m85 

2 7  ibbibL~d?nb~8nLb~d~i (Deep freezer) ?NVq?. -20 g Y B ~ u E ? ~ ~  Sanyo Electric, d(!u 

28. i i ~ i ~ ~ B . r ? n ~ G a n ~ ~ $ . r d i  (Deep freezer) y ~ ~ q i j  7 0 ° g  fu ULTI 786 u8du?f i  Forma 

Scientific, m?pru;ni 

2 9  L~~FIdn?U~UgmVniibba:S:bVObb$dbbUU~$~91~~FIu (Thermo-block) fu  l lab^* 
Therrno- Block SLTDB-120 ~ ' i i d ~ ? l ? f  SeouLin Bioscience, bnisir; 

3 0  LR$8db~UfiUlm~L&.4bFI (DNA Thermal Cycle) fld 2400 u8du?ljm Perkin Elmer. USA. 

Lba: fld MJ ~ i n i ~ ~  Personal Thermal Cycler u?GW Bio-Rad, ~ v ? p b u ? n l  

31. ' i j l d ~ l n 1 U q ~ g l l d v ~ ~ W ~ F I ~ ~ ~ ~ 8 9 ~ ~ ~ 1  (waterbath shaker) f u  WB 14 u a d u ~ ~ n  

Memmert, L U F I T ~ ~ U  



32. ~ ~ ~ ? ~ ~ I M ? ~ ~ ~ I u ~ I w  

Gel Documentation on:Tdr!,l.nru Quantity One b?o~&.d 4.4.1 uadu?gn 

Bio-Rad, fiM?$abu?nl 

aolmn~ad~s~io:ni~sfib~n~bnfl~ns~dbs~fi (agarose gel electrophoresis) 

Mini gel electrophoresis system ~ % d u ? ~ n  Mupid-2 Advance, c$du 

Mini Sub-Cell GT agarose gel electrophoresis systems "lldu?gw Bio-Rad, 

fies?'a~u?n7 
33. LndEad~a  o ode^^ system uedu?gw Bio-Rad Laboratories lnc., QM?$BLU?~I 

~ ~ i 5 . 4  
1. Iw'Eu (pyrene) P ' o ~ u ? ~ ~  Kanto Chemical. $ 4 ~  
2. wd f i~o lq in i f i i  (yeast extract) aadu?%%~ Difco Laboratories. f iM?$~b~?ni 

3. ddTnu  (tryptone) uadu?'njn Difco Laboratories, fi~?$a!,u?ni 

4. T.db~er~nnab6 ( N ~ C I )  %adu?gn Merck, b~asf iu  

5. rreuTu~ierulu~now (NH4N03) 11adu11%1 BDH Chemicals, a~f ib~?b& 

6. h&1~~~~JTol9~1~d~fibdli;l (Na2HP0,.12H20) uasu?lh Caro ERBA. dhbflB 

7. fw~awfideru~wla~nsb~udawbdn (KH2P04) uadu?l%" AJEX Chemicals, aafibmsbi&.I 

8. bwniibluu%nbdn (MgS0,.7H20) aadu?gn Carlo ERBA, didbflfi 

9. da?n'mnneltn' (FeC13.6H20) aeau?gn May & Baker. k n q w  

10, aawabluumaolsn' (CaC12.2H20) uasu?gn AJEX Chemicals, aafibmsb& 

11. Gaierulswsanlqn' (NaOH) uadu?~%~ Merck, rerasflu 

12. Lu81uan (CH30H) "~du?6?1  Merck, ruasflu 

I 3. a~3na:faamn (CH,COOC,H,) aosu?Gw Merck, ~uasf iu  

14. ZwnaaT~ibfiu (CH,C12) rndu?~?n Merck, berasflu 

15. a:faTnu (CH3COCH3) aadu?ljw Merck, berash 

16. b b u ? ~ % f i d . i l n ' l ~ 6 ( ~ ~ ~ ~ 0 ~ ~ ~ )  m d ~ ? ¶ i h -  Carlo ERBA, i n i z  

17. ~ ~ u n b a n i i  (Bacto agar) aadu?gvl Difco Laboratories. aa%abrjni 



18. f a ~ ~ u u % L L f l u m f i  (anhydrous Na,SO,) t l f l d ~ ? h  Merck. ~ ~ ~ f l ~ f i u  

19.l.a'lnnran.al~n (cyclohexamide) sadu?f i  Sigma Chemical. fiv?~aau?ni 

20. ~ f l a i u u e r ~ ~ n n  (CH,COONa) uadu?f i  Merck. i u a f h  

21, a iod j l m r G a ~ n R u  (nystatin) 11a.]u?i*YI Bio Basic INC.. rLnuini 

22. Triton 100 mdu?& Research organic. fia%aLu?ni 

23. %JBW (phenol) "11du?$%" Merck, b~asf iu 

24. orniPffir ln (agarose gel) ua.]u?Gn IUAl, dqu 
25. Buserrquanuq (bromphenolblue)  lad^%%^ Fluka, auasfiu 

26. Pdrffrufi~n (Proteinase K) aadu?fim sigma, auFjeiu?ni 

27. Ribonuclease A (RNase A) sl f Idu?lh Sigma, fia?$aiu?nl 

28. Taq DNA polymerase m ~ u ? G n  New England Biolabs, fia?zflL~?nl 

29. dATP, dCTP, dGTP LLnr dTTP "11du?l.h New England Biolabs, f i ~ ~ l " 1 1 1 6 1 d l ~ ~ P  

30. 100 base pair DNA ladder ~ l a d ~ ? l h  New England Biolabs. fiss?jaau?ni 

31. Ca5CnCam~faZwm~w5~uaQ "uadu?Gn Operon Biotechnologies GmbH, b ~ a ~ f i u  

32. Trizma base (tris [hydroxymethyl] aminornethane), (C4HllN03) mdU?fim Sigma, 

fissF'aau?n~ 
33. EDTA (ethylenediaminetetraacetic acid), (C,,H,4N20,Na2 .2H,O) "lldu?%l Sigma, 

fissFznau?ni 

34. SDS (sodium dodecyl sulfate). (Cl,H2,0S0,) Y D P U ? ~ ~  Nacalal tesque, 

35. CTAB (cetyltrimethylammonium bromide), [(C1,H3,N(CH3),)Br] mdu?fim TCI-EP, 

dqu. 
36. Geneclean II  Kit 11a~u?Gw Q-BlOgene. fi~%$ILaJ?nl 

37. Formamide (Deionized) mdu?GVI Bo-Rad Laboratories Inc.. fiss?p~u?ni 

38. 40% AcrylamideIBis solution, 37.5:1 (2.6% C) Yndu?Gw Bio-Rad Laboratories Inc., 

fiss?'a~u?ni 
39. Urea gla.]~?!&" Bio-Rad Laboratories lnc.. fia?p~,u?ni 

40. Ammonium persulfate il'ild~2GVI Bio-Rad Laboratories Inc.. ~~M?~BLu?~I 

41. TEMED (N,N,N',N'-~etra-methyl-ethylenediamine) ?~adu??&~ Bio-Rad Laboratories 

Inc., fia?$a~u?ni 



42. 50xTAE am-& Bio-Rad Laboratories Inc., d%lamUjki 

43. Dye solution aaw- f i  Bio-Rad Laboratories Inc., tl%l~ew%i. 

44. Ethidium bromide solution r#'u#u 10 Qn5nQutQn55mt Bio-Rad 

Laboratories Inc., I % ? ~ ~ w % I  

4 1  a s n i r ~ ~ a u 3 ~ t 1  
3.1 LFt?~u?'rrp%E (canier materials) U S Z ~ ~ U  

3.1 .A. n19~i ;uKa~h 

3.1 .I .i ~~ulll~1ur~dh.ntd~179inu~~a~iutu~~i~n~~1?ntliiu 

dtmsuh~u luq iy i  luynai4 lufwf un=:lurlag unurhc 

3.1 .i .2 ~uh+ilunimnnw tiiuwinuianraauuftrU' i4m43 n p m w ~  

1nu~u6a~"1tW?nnrdkilni0lluLiTmuqinni? PAHs u i h u  kyn i im in i i adau i r  2 

iauGruw? 41n1tuun~rr~lu'lu'un5u~sn 

3. 1 .2. m ~ ~ m ~ u n ' i e h r ~ ~ 1 ~ ~ n ~ ~ u a t I ~ u m ~ n  ~ A B U  

~ ~ ~ l u r U ' ~ i l m n l f i u f i ~ ~ ~ n r ~ ~ Q f i a ~ ~ ~ u L ~ n i  3 3ir r i l ~ i u  un=:nlnnm&ul3 

v % ~ ~ n m ~ ~ ~ u d i u ~ u G n n w  0.85 irn5wwt (pld 3.1) ul i~ualu' lu'~do~i ' l f i~~~,w'  
w6dznaun~tniuniwun::mil dau+~M~a~h' l~~nd%lqi j  4 M I I ILY I~L~~~  daldluni? 

nnne4 



42. 50xTAE WNll-fi Bio-Rad Laboratories Inc., a ~ f p W % l l  

43. Dye solution ra4ue& Bio-Rad Laboratories Inc.. A M ~ ~ U ~ I .  

44. Ethidium bromide solution L ~ % U  10 IjniinhllljnBiint r%4uhWn Bio-Rad 

Laboratories Inc., IH~~U.J%I I  

-u 
aamrQuau?<m 

3.1 r d a u 5 " q w w  (carrier materials) uaaZu 

3.1.1. nwri/urii?sdw 

3.1.1.1 UIULIIWIUM h ~ u n w i ~ i n ~ ' i ~ a r r r n i u ~ ~ ~ ~ i n ~ n ~ ~ i ~ n u i ~ u  

d~nauiiauIuqiu$ b y m i 4  hlwi unznlrzd unufiu 

3.1 .I .2 i i u h ~ u n i m n n w  ri iul .r inl i i~amnaun h a u v ~  n7~m.m 

k e i i u ~ a y ~ a m ~ ~ n i t l l u L ~ ~ u q i n ~ i t  PAHs uiriau kuqniiminiradrzuim 2 

LIUZWIS~ ~ i n i t u u n ~ ~ ~ I u ' l u ' u n f i u ~ a n  

3.1.2. n ~ r ~ ~ u K ~ ~ ~ ~ ? ~ n ~ ' u a a l ~ u m m n a a ~  

~ ~ . I L I I ~ I U ~ U ' ~ I I S I ~ W ~ H " ~ ~ ~ N H ~ Q ~ ; ~ % ~ L ~ ~ ~ ~ ~  3 .IU ir.i~d& unzCnnm4lnuI4 

v~~6nnmt~iluriiqufinni.r 0.85 PnZurnt (pld 3.1) uG.raa~u'lu'~da~i~fivn::ti 

a.m~~nami.mifutiwun::tn~ d a u d a ~ a ~ ~ u ~ ~ ~ m ~ ~ ~  4 awli~Ia&n L~BIRU~I? 

nnnw 



3.1.3. r n 8 r m d h h  

3.1 3.1 i i y ~ w ' h r u '  0.5 n n n h  d31)mz&in%idjw"?nui ntuzmm? 

uui3nuimumtrr i rmhi~~ '~~  ~ d a ? w n d  f i inr ' lubonu flmitulunr ~ l u u  

sifiuntniheu unz6mnd?uniheufla~u~?rqu 

3.1.3.2 u~rlUW 1 .O 71nnh 3 ~ n n d u i h n ~ i ~ ~ 4 ~ n ~ u n i ~ u d 7  (Water 

Holding Capacity) ( ~ W U U ? ~  1) 

3.1 3.3 ~ i f i a i w i i u  0.5 7&n% d ~ 3 ~ n n d d r l i u ' i ~ n n ~ u u ~ ~ i  
- 4 -  Y na4~nw~r~nGntU?qinio~nmt n m m t n m t u n z r u n m  r ~ a ? t n n d f i n m r u a i i u  

n 9 l u ~ l u l ? n ~ l ? u n n ~ d ~ t l \ d d ~ ~ ~ ~ ~ ~ ~ ~ u  (cation exchange capacity ) n?1uqp(lm 

rchmir+di r i i n ~ i u h t n - h i 4  f l m i t u l u h n ~ u  rlirnnr'9llunrrluu n i5wnXnihu 

~ a z i ~ s 7 d a ~ n i h a ~ ~ u b o ~ ~ u  

3.2 ~ h u n  juuudrl. STK ~ C ~ L ~ L ~ W ~ U L C I Y I Y ' ~ ~ '  
3.2.1 ~ L ~ W ~ ~ ( ~ Y U U R ~ L % I  S T K ~ U  Carbon Free Mineral Medium (CFMM) 

Jintjuuunih STK (Ruin? W~I. 2547) u i r~t l4~u~i~i?~un? CFMM 

(Komukai-Nakamura UmW. 1996) ~UIM?UL#UIU 100 un.l). Sm? I / U L ~ ~ ~ U M % ~ L Y I ~ I ~  



3.3 rns~$mnGirlauu STK IUL CIYIU'~U' 
3.3.1 huiuqnrjuuunitia STK h CFMM wn+a 3.2.1 r i i u i i uuunsa~~ lu  

mhiu~~du.r in91u~h 8,000 m u r i s ~ i i d ~ r u t q ~  4 wfiina~Iua uiu l o  uqi l i l d ~ u  

L Y ~ ~ U ~ ~ ~ ~ ~ I & ~ ~ ' L U ~ I ~ ~ ~ ~ ~ ~ ' I ~ ~ ~ ~ ~ ~ \ Y ~ '  0.85 % iqni&Ldw'Lunni9z~u hrr 
3 z 

iimq&umeuu2 'I? ri?c(~u~~nniriur~u~~ulu~imzniul~duuna~Zon' 0.85 % ~ ~ a r l h  

nqiu~+u4utm lot2 CFU I rnl u~jri~uiL~u~luvlw1uru' 

3.3.2 i j u ~ w ~ u ~  1 .S niir 'Lmuranutji9~imiiu9 40 r9n ria i qnnqmnnaq (12 qn 

nimnnaq) riiuidkn9irAu (moisture content) ~fi~viqfiu 70% rwn91 yqsqn~uniqu 

:I ~ n = l j ~ n ~ ~ u ~ i ] ~ n . c n - ~ i ~ ' L ~ f i u  7-7.5 1nunio~u~inkudnenLiadwaufiuhriluub 

nmnkn' 1 u a f i  n j l f i ~ ~ ~ ~ u n m ~ s f i u r i i d ~ i u ~ ~ ~ q i n n ~ i u ~ ~ ~ q 1 1 ' 1 u n ~ ~ u ~ i n 4 v ; q ~ n  

n i f i~nnnd u~~unuriuawlu~?4~iiifiulnum~;a\rwnu uisninnnat~dui2 qnnitnnnaq 





qin~udrm~uuun$iiu STK d'kin#a 3.1.1 kuinaiu~~~~~u&~~udt=:u im io12 CFu 

ria n8.waaIu'lij ns~uaa'iu'lij~s 12 qnnimnnw ~ ( ~ ~ I f i ~ ~ i f i u  rii'~an'ldiUCf@~~ia 

qmuqij 30 asfiqnnrlun ~l lw~ani 14 Tu figqqi w -~q -~~ i i~s f ,  2549) ku3nimfiuCj-1 

miua~dalfiainifi uazTnnaiduVln7 7 Tu un~luyJF/ 3.4 



3.3.3 LdanTu 14 iu  ~7 I ~ a ~ l ~ a ~ ~ ~ S i . : ~ n n ~ ~ m ~ l n a ~ Z ~ m ~ a ~ ~ ~ f i u i m n ~ u  

bbfln$!% STK %ubfl99Pbu?6 ~ n ~ ~ l u l ~ a 9 7 d 6 a u ~ 1 ~ ~ : ~ i u ~ s l l b ~ u u ~ n a ~ ~ ~  0.85% %fi;nalu 

riuiudmui:nu ~lulmiduuuaivlrLdd Luria Bertani (LB) ~ j u ~ ~ a d ? m v ~ G  30 adfii 
4-4 9 Y 

~ p d n ~ i ~ f i  ~ f l u ~ a n i  3 i u  Gu41uauCnCnuw~nm"uu 

- QintjuaundGu STK d~iotylu~flw~u~u~~flu~ani  I 4 iu  ul~Euldqda:~G~iiuu 
I, P, I, 

v i a 8  nnnaiu4ulS;r~iiad~:uim 40% unc 30°/~ ra.rnairr~q~qnluni~<uGi6auJu~in 

~ n ~ a ~ 2 n C a ~ l a . a "  

- iuraeld~~unlP~nnaiuPu~~~"Lvi ia~ls:uim 40% LLn: 30% radnalu?qdqn~u 
I, 

nis$wii 

- wuill%raal 4 Lm:10 $aCua %unwnnnalu$ul%a~a 40% ur?: 30% uaanalu? 
r; B 

q.rqnlunls~umiui~Ku (10 ai~uaLiluLaaidulniqnMrnoadfilulsnvi~~luZ~) 

3.4.1 Ifu~nwin&~L$aLLun$~u!mniTwmaad$ I 2 7 LLac 8 1uia 3.3.2 7dq-l 

a:@~duu ~~6a~nn~l~n~ulu~flugryry~ni~6au~n~a.il.rwi;ne!ryruin~n (vacuum seal) Lbun 

L~u~nnlsvnaedd I ~ m z 7  d g m u i ? ~  4 e.rfiiraar4ua Liat.pmnimno.iidi 2 L L ~ - 8  



K~uuii~qcVcVini.  (vacuum seal) uunlnynnimnamd 3 u n ~  dpncvqir 4 MAI 

anllua ilaqnnimmaad 4 ULI 0 h+cutq~m W M I U ~ ~ ~  3.5 ~1:: 3.6 

3.4.3 ~ u ~ n ~ i i ~ 4 a ~ l n i ~ ~ m n i r n n a a 4 d  5 6 11 unr 12 Iuh 3.3.2 

dujiuqnir l m u n m n ~ i d w 1 4 ~ u ~ t r m  30% r e ~ m i u ~ ~ ~ ~ n ' l u n i ~ u ~ i l i ? & ~ i n  

t n % . ~ b l a ~ i ~ ~ I u f l d 3 . 7  ~ i k u z d W q 5 ~ ~ u  &~~mc).1hiu1u~ifuqqryin~~ 

K ~ u & r q ~ ~ i n i f i  (vacuum seal) uunduqnnimnwd 5 uazll S/gncvq5 4 MAI 

~m~gua unqmimnned 6 w 1 2  ~ h d p n c ~ i r *  uun~~ufid 3.5 unz 3.6 

3.4.4 ~miv11&10~)~uuuniljiU STK r ] n n ~ ~ z n i r ~ u ~ ~ i ~ A j d i u n m a u n i ~  

lfiYJfiilm&?~~ viable plate cant (h 3.9) 



3.5 ~i iuinmn~~uun%% STK i;rm%'lmTs%'Lmd 

3.5.1 nit~01"tuu arnpoule 

Ampoule Q u ~ n a n d ~ d n l  rirn neutral H%I soft glass unrbirflu alkaline Wir(lu 
Y H pyrex rvtnzruafinuldni7 vil'Lfi+u?nrrnu'Lfidnu~~n~nan (sealing)Hnan ampoule 

~ ~ ~ u u i ~ u ~ n n ~ w i u ~ ~ d ~ u i [ ~  6 irnswnt a i l  100 Zn$wmt d a ~ ~ i u ~ f ~ . r u n a n q r ~ ~ ~ u u  

unan ampoule r l n ~ n a n d q s l i l l f f l ~ h a . r i ~ 4 ~ ~ ~ r ~ ~ n  lnuurll4lu 2% HCL 1 iiuui9h.r 

~~1u;idm1? 2 nQ; &niuin 2-3 n i . r ~ ~ j ~ q ~ r n u ~ i i ~ i  60 e4n?~qcn~ilun 

3.5.2 n juuunirju STK 
C 

aiyn i t~q3~n~~4a~8un%qAunsiaa iy '1a~ni t~AuQn &eii~nnna.rui~vtu.ii 

a iydna~Mulzl iatwr late logarithmic phase H%Iz~:: eariy stationary phase (1 k n j u  
I; I; 

uunirju STK q i n h  3.2.1 uiiuuunon~fi~ev%~iuL~~u4nn~~u~~ 8.000 musiaui; 

d q ~ ~ r J a  4 a ~ n m ~ i l u n  uqu i o uid ~ ~ d a u c ~ n 6 u u n ~ h u i d ~ ~ ' L u n ~ ~ z n ~ u ~ r ~ u u n n a  
3 * 

Ln'0.85 K r i i n ~ & u ~ d w ' L u n ~ ~ r l u  hui iniu~umauu 2 il lild~ut~n6uiun~u~p1u'Lu 

0lUitLM89 carbon free mineral medium (CFMM) un~aql.r'L~il~nlluL~u#unfI.rL'1n6~.~ 

~uLviifiun~iLhuun~~dLiu.r~u~v~u'tiLfiL~ni 14 ~u 

3.5.3 ~waunitLm"tuu cell suspension 

3.5.3.1 'L* Pasteur pipette qnuli4 20% sucrose sterile (nlnuuln 1) UI lu  

rTirntjuuunirju STK qinh13.5.2 (naiu~Suhqnf iuraqhw~f lu IOK(V/V)) 



3.5.3.2 1% pasture pipette wnui7u gCntnIfidir7u 

3.5.3.3 t m  cell suspension ~~1h1d'luanern ampoule vnena: 0.2 un. 

3.5.3.4 ~ d i u u l i n l n d i i ; ~ r ~ q n t ?  (sterile technique) 

3.5.3.5 ~ildw°imiuns:~]aunisln6e3l~.a" 

PI 

3.5.4 $umeunissji72nFe';Jln.a" 

nisvh primary dry 

b~scu: primary dry Lm+BdL'dU~$?iiu4j;idiM cell suspension d l d a d ~ l u  

anen ampoule w-pLaiud~iiu slant LarmioLiuiudalii~n~fiLQe ~~n:tlodnirnioriiu, 
Y Y  

d. i ld~inif l  ~~?:fl:%ll~?n~dfl.nnlln cell suspension L L ~ : ~ N M ~ ~ ~ : R ~ B ~ ~ u L ' ~ R & L ! P ~ ~  

Ln<ea vacuum ~ :d id iu lu~?nan iwqyv in i f l  I i '~uL.mnrP~tuf l~T:~n$deanui~uLa~a 

tree water LIOLUIN 5-looh t u? tu :d~m? in i fm iu~ iau~ i9~dLwt i : l i d~n~qe ' i l nu i~ in  
PI 

~ ~ a & q : n n i u ~ f l u $ i ~ ~ ~ ~ ~ n ~ n i ~ ~ i ~ i u m ~  refrigeration system 
Y Y 

3.5.4.1 ~auWRqi 16 uiB v k l i n G u G ~ M  3 $9Fua~iol:lbii;nio freeze 

ndisw"ai% 

3.5.4.2 Ld~uul in?nf i i !ddu?ndi~  (sterile technique) 

3.5.4.3 Kndn~udi$1iiwoffn'~1LIinane~ ampoule i iwn??h?d sterile L L B ~  

3.5.4.4 l%~~Yid~~ f i9 .1~Ku~nd i$ad ln l~u~de ln io  slant 

35.4.5 riltrsan ampoule ~ u b e u ~ i e m m n v n ~ n  (constrict) ~m:rflunionn 
2 
w u ~ v ~ i k . u a ~ d n i u v n e m  ampoule r i ~ u d l t r i ~ ~ w ° i & - ~  secondary dry 

nis-vh secondary dry 

dironendri lnan~~roun~d b?uElb"IIln'3J~n"Ued manifold ~ d e 6 u ~ n ~ a d  Freeze 

dryerILyophiliier L ~ B d l ~ f i L L f i d L L ~ ~ ~ l ~ f i ~ l ~ ~ ~ ~ ~ ~ ~ L ~ ~ ~ ~ ~ l ~ l ~ ~ d ~ ? ~  2 k26.3.N 1u 
2 %  

hedidu&!u?:u: secondary dry nniwgQQiniflqdTu $ i ' l ~ n n & l ' l - ~ ~ ~ e L & d  1-2 

% ~aii~~~~~een~uvun~:~fluGum~~uie?~unlu';i~lfi~tuw~~m~ulbi 

Seal vamn ampoule wm:doiuu?nued manifold dda6U~R&14 Lyophilizer 

Jivnen ampoule d seal o ~ ? i ? U w n n e ~ n ? ~ ~ ~ f l u q ~ ~ i n i w  fnul% Spark 

Tester ~dLLrn"dniuvaen 



3.5.5 ii 1 W I B ~  s i n k  3.5.4 Irlslnquqlrtuirun juuundrh STK n'udulrjwn 

i i l n T ~ ~ n ~ n u i i u i ~ ~ e s i ; r A ~ u n i m m i u b r ~ u u n n e l ~ h '  0.85% l ~ ~ n ~ i u r 4 u # u  

n'aui-flu l i l u~mbeuue iw i ru~  Luria Bertani (LB) ~ . h & d ~ f u ~ ~ ~  30 a ~ f i i  
4; Y 

~qtr~lun ~ilurmi 3 3YU ~ u ~ ~ u ~ u ~ ~ ~ u ~ L ~ ~ Y u  

@?i 3.9 nazwcandary dry 



cs w 
3.6 nmaaunlssanftnaodnri~r$en~~bbu~iisu STK ynnl~znqsmusnw vl$r 
baaclei~ule) 0 4 8 bbaz 12 Giau 

~ ~ ? l ~ i f i u i ~ n ~ ~ L L u n e ; b u  STK bdodiuld 0 4 8 Lmz 12 ~ f l ou  k ~ u ? ?  viable 

plate count ($8 3.9) 

LL&? JIUIMVI~BU~IS~~P~~?R ~ ~ ~ z n i r d a u a n i u ~ ~ ~ u u a ~ n ~ u ~ ~ u n $ ~ u  STK IURL~@%UM~ 

ti ~ v i i h  1 oie 8 (nFu / un.) (pi ai rqm,  2548) ~ m u a j ~ u i l d ~ i i u n i r d 1 R D  7.5 n ~ u  IAIU 

uam~dauvjuuim 250 un. ~WulwTulueziiiTnu 100 un.du Bnr l u f l u d ~ d u u l i  w ~ a ~ W ~ % ~ n i r  
9, 9, 

Tmu~n<e;liuwau nj8dl?"dlmar?~firod$iu~u ~da l6z i i Tmuoznu luuu~  ~ i n ~ k t k t h  

nkudnomRaodld 72 u n  o&awauIfi~$inir LWun&ir:aLLun$iou~uLfiwluld 1.5 n 5 ~  ((li 
9, 

3.4) m3aqinniodilrrTaRlnG (Co 3.5) weu l f i~h r iu  ~6uu;mnirnmaodw"~mum 12 aqntd 

r u t  i i m ~ u L i i u n i o r i i ~ ~ u i u d  o 5 Lm-10 i u  dub<auuLn$odrudidnaiu~a 200 pauk 

uiff dqmmnfi 30 Q ~ R I L ~ I ~ L ? ~ . J ~ P  bdsnruiinumudnzLanibn"um"aodid 4 uam aqn$ 1 h q n  

nauqu%d ld~n i r~un& i~$o~~un~ iou  STK uami 2 3 LLnz 4 LWunrildouun~iSs STK Iu 

~~99Pbuld 1.5 nFu (Go 3.4) v~oqinnir . j i i2 f iTo~laG ($8 3.5) Cmuiiuam$i 2 un:: 3 u i  

a < m m i f i u i m ~ w ~ u d b v ~ o o ~  uand 4 J i l d ~ i f i ~ ~ m ~ w n W Z u  STK n lu i i luCo 3.9 unt. 
9 

nmniun4uLLunn^~u STK Tmunirdi Denaturing Gradient Gel Electrophoresis (DGGE) 

n i u ? l ~ o s  lwarnoto b~nznm:: (2000) 

3.8 ~ I ~ ? L R ~ I ~ G ~ ? N I ~ I w ~ ~  
3.8.1 J i u a n i  i 2 as: 3 wnGo 3.7 ivilnirnlrdouaniulw?uuo~n~uLLum!~l'su 

$ $ 
STK ~ u a ~ n o ~ A u ~ i ~ u ~ m a u ~ ~ m a ~ u ~ ~ a  8.000 roudou~S  ~ i l u ~ a n i  10 uiCi ~d@~~und?uj l )  

P/ 9, 

n i m f l u n i i i ~ n i n r i i  a5mnisd i~~~undauign in~un '~ l~gnin i i  

3.8.2 d a u r a a i g n i ~ ~ u a ~ m ~ a u ~ m n n o ~ r ~ ~ ~ u m i u ? ~ u e d  Juhasz LLnrnmt. (1 997) 
9, 

Tmu~AukrZ;uub~vln ~~oulsmFa 1 diaad6aadi.r naluramufiauss?Au iinriunt7m6quln 

nnabiirsufi 'ruinr I ~ ~ i l u o d ~ a o i i d  uau1fiLGi~u~auLniodiuwauLguLan7 2 ui t  41 

m"a i?e i i ~ f l ude jhuam~~ f i a ' bd~u~ud~~~ iL~mb~u~ma iu~~~  ~i3uraai 15 uiff i i n h L ~ u n d q u  



6unnu6au6aubusiumnfiuimr 1 ijnstinr nsa~Fjiuqnnsad411?q;d"llm PTFE wim 0.2 

umnfiuins 1 u n  n a ~ n t n l u i p l t  PAHs ~ujuaamiiunnui~r:Lau n r e a c i ~ u ~ n n r o a ~ i ~ ~ ~ d  

qQm PTFE vu i  n 0.2 1uCn~~u m~ ldnsIuunan~~Kamin~6n ~ ~ & a i i I d ?  ~ n r i ~ G f i u i a l w ~ u ~  

ai;sad Pnui3 HPLC dald ~ ~ m ~ n a ~ ~ a i u i ~ n l u n i s ~ m u ~ n i u ! ~ ~ u v m ~ n & i ~ $ m ~ ~ ~ l n ~ G u  

3.8.4 diKameji~d16qin$m 3.8.2 LLn: 3.8.3 U79?rmsi:M'gRifiui~~dIw~wF~u~~ HPLC 

(;di 3.1 0) ~a~d~udrxnmui~n:an~a:did~ 1ut:uu 6'4; 

nm6'upd" (column) : inertsill@ ODs " U l m  

6dia"d:~ls (Mobile phase) : b;MBIPdflfi 80% 

Kmsiibvn (Flow rate) : i ~n.daui:  

!nauqCna&uG : 40 ""II 

n ~ i u u i a n ~ u u ~ d ~ n m r l ~ a ~ ~ b n n ~ ~ % m ~ a 9 ~ b n r i : ~  : 275 u ihwnr .  

f iu ins81sd~n : I 0 luCns5ms 

3.9 n19m9a7111~~1~n~8 .1bbun~b?u  STK ;a~% viable plate count 

Gmand 4 wn$m 37 diinirmnnmunlrram~m ~ m r n ~ r r i m u a a i u l w ~ u " ~ a ~ n ~ u  

~runGiGu STK luipmmff'lu u insaqa in~u i i un~du  STK ~m:~~unLlbulu~u PnuriiAuui 

~ i m ~ i d ~ ~ u a i ~ n t n i u T ~ ~ ~ u u n n a I r c d i  0.85% ~fi i inaluriu~u$iaul:au riiulLniuuu 

olrrisrr$.r Luria Bertani (LB) $~u!a~nnLanaiin r%u$u 200 un.dm8mr iu$a$$naar?~ 3 



Ad, Y 
e.rniraniqufi riiu~mi 3 i u  CuPiu7uT~Tauminnru Znniuniti l?~uedn$uounQGu STK 

bbn:biun~~u%u~u Tnu?c$ Denaturing Gradient Gel Electrophoresis 

3.10 ~ n ~ i N ~ ~ ~ ~ T d T ~ % i n T n ~ N b b Y ~ ~ b ~ U  STK 2 u S I a ~ ~ a a i ~ ' i l ~ n i ~ ~ i ~ m K a a ? ~  

Denaturing Gradient Gel Electrophoresis 

3.10.1 n & ~ u j i n ~ ~ ~ u ~ e v ' i l ~ n ~ 0 ~ ~ ~ ~ 1 ~ ~ ~ ~  STK 

aflniTuijnZ~du~auadn$ub~~lnw"Gu STK niu?~ueq Ausubel im:nnr:. (1999) Tnu 
P, P, 9, 'I, 

~Zu~ i4e 'Lua iv is iZu~~4a~vna  LB f iu ims s iinBGn4 a&?~i~irrnrii$?rnvq599"md%iu~pd 
2 ' "  P, P, 

(1 6-1 8 h1u.l) (iiirnu-ri~aluairri~bGuq~"ireivna CFMM fiuqolr. 5 ijntanr. ~:l+ii?ni 

dt:uinr 3 iu) t i iu i&f iu int  5 ija55ns IdnaluvnenluPnr7l?4 diIdvyuw:uqr$oilun 
P, P, 

irnniiluiqni 2 uiG dnaiui79 10,000 s.iiuieuiG md?udilrRa din-neuian6dl&ui 

~GufidiPnJaQ~~ (ninwuan u) f i u i m ~  567 luTns5ns n s z q i u ~ : n e u ~ q n n T l ~ 1 u n i ~ % ~ u T ~ ~ 9  
'I, P, 

~dnqnlunq iinCuiPnu SDS (ninwuqn u) f iu io l r  30 IuTnrfnr i i n t ~ d ~ a i u f i i ~  

(Prote~nase K) (ninwuan n~aiui%u$u 20 fia5ni7uiaiin55 ws f i u i n s  3 IuTm4Gm~ 

(nqiui$uo"uqn$iu loo luTnsni7uiafin68n, .ooqTdo"nufi~n'Lu 0.5% SDS) wfiul99"iu"iEu 

m"~union~uiuanonIdui di'ldiud?nrunij 37 O r  i i i u i ~ n i  1 $ 9 ~ ~ 9  ~~nYq;a~Wufii~~:.~iu 

~ " ~ ~ ~ u ~ . J A ~ ~ ' F I I T ~ I ~ $ ~ J $ u  5 ~ ~ f l l % f i ~ l W S  100 1 ~ b l S ~ W s  ~ ~ ~ ~ % f i L $ l ~ ~ f i l a l ~ n l ~ n ~ E l 9 1 1 ~ ~ f l  

I d u i  b~ufiisn:niu CTABINaCl (dlinwuan "II f i u i n s  80 IuTns5ns w~u%fib%i<pd 

n"aunim6uvnanIdui r i n Y ? d i l d i u d r n v q  65 O r  d u ~ ~ n i  10 ui; 9 i n h i l r - i  

ai~n:niufluan/nne~~de4u/IaTqia~aiiannaaa6 (nincruan u) ' luf iuinsddii i l l fsaimT 

ua.ifi~oa:niuqnfiiu (l~~:.uinr 0.7-0.8 fiatGns) wau~nunis~uriilunr:w"qnniub~u 

grjn%u d i ~ v y u i v ~ u a d n a i u ~ ?  io,ooo saudouiG dui?wi 5 uiG dlubewltd?u:i 

l a ~ a ~ i v i r a n : n ~ u u n ~ ~ u f l u a n / n n e ~ v l ~ ~ ~ ~ l a T ~ i a i j n n ~ n n a a e n ~ l l ' l d % u ~ n a n ~ u ~ n r ~ ~ i  
P, 

vnan%vad (s:a"sa41%6Wndaun:nauId6au) ~inGuiGu~isn~niunnaTsvla5~1lnFr ia~n 

r~.iiwnasaW (ninwuan u) % u f i u i n s d ~ v i ~ ~ u f i u i ~ s u a ~ a i ~ n ~ n i u ~ n w " ~ u  wnuTnunir~u41 

~unr:M.rnniuiilu~rjn%u ~ i ~ a ~ u l v < u q d n ? i ~ l i ?  IO.OOO teuiauiw" igur?ni 5 u i ~  

~ i d ~ u ~ i % a ~ ~ ~ m ~ a ~ u n ~ n a u i ~ n : ~ u ~ a a ~ s ~ a ~ u / ~ a ~ r i ~ ~ n a a n n a ~ a f i d % d ~ u v n a n ~ u ~ n r  
'I, 

?hivnan%vd iinYaaGuIaTrTdswiuanfiuims 0.6 ~ W ' i " ~ d d a u G i % f i  n6 "U~naml l I~ i  

lunTz&~rn:nauula~ad;b;uiadTin~ vyuiv~uqdn?iui?? 13,000 ~ a u i u u i G  i i iuan i  
d 9 9  

15 u i ~  ~ n d ? u u ~ ~ ~ a ~ . n ~ s w i u a a i d b b ~ a & i d m " , n a u ~ ~ d u b a " ~ ~ ~ n n a u ~ a ~ i u a n  70% d i i u i n  



w a s  
3.10.2 ~nnnbaubaqln~amej19~u 

a ~ m  DNA qin~mnisnmnad miuj+~ad Sei rmtnnrt (2000) ~mu&au loo i jnanru 

%d%uwaanIuFns?la.j r'iu High extraction buffer 440 IuPnsgns (ninwuan ?I) riuCds~uruW 

rn (proteinase K) 20 ijngn?ulija?igrns (n imwan u) ~ ~ U I W S  10 IuPnsGrns r iu 10% SDs 

(ninuuan u) f i u i n s  so IuPnstns waulGri'iinr r i i ~ i u i  37"a uiu 2 $aPw Pmuwau1G 
'LI 

r%iKu Tn 20 uiB vnj~in~u~~m&s~nis~:a1u~uan/n~aPsda5u/laF~raQaoa~n~~an' 

(ninuuan ?I) 2 n!d ~mu~urr~atn!dwau~munisr"Udi~unstw"dnaiubflu~~a%u r r n t ~ i ~ d d u  

lu&d&aunQiu~as.ilu 13,ooo s ~ u i s u i ;  uiu 5 UIC; ~ : u d a u $ l % a ~ ~ t L i u a i ~ ~ : ~ l u  
'LI 

naaFsda5u/IaPra5arraanaaan' (ninwuan u) rvi in"EIf iuinr~a~iauGi%a wauFmunis 

r u d l ~ u n s t k d n a i u ~ ~ u ~ f i n % u  i in isiurviu~&aunaiur5asau 13.000 sauiauiW uiu 5 

961; 

I, i 44  a 
~ n " E l d ~ ~ ~ i % ~ " d ~ ~ L ~ ~ b ~ ~ d % ~ ~ ~ ~ R ~ N ~ ~ T ? l ~ ~ ~ ~ ~  b i ~  3 h-l'l% FsdrZ~ua:;~nn 

(nimwuan u ) f i u i n s  0.1 r v i i u a ~ ~ u ~ n s d s u i  L~ULDGIUBB IOOO/O d ~ ~ u i m f i u i m s  2 
a 4~ 

rvi iuadfiuims~dvum ~ i ~ r r d r r " U d ~ ~ k d b b ~ 9 ~ R b ~ a n b b ~ d ~ i  (deep freezer) ? n r v q ~  -70°sd 

uiu I5 ui; qiniuiurv$ud&aflnaiur~asau 12.000 ~ 8 u d a u i d  uiu I5 uid 6iqntneufl  

duran"auraaiuaa 70% d r ~ u i n f i u i m s  I i j a t l n r .  ~nuniPiu6i.rr:untnaudnaTubSasau 

12,000 sauiaui; ri juraai 5 uid ~~vura~ iuaaaan~inn:nauZr ' iqura%Gr~G B~WIU 

mznaug~du~a2u f l d r d a i r ~  (nimwusn u) 50 hPnsgms Lr?ufllm:siu~r~ur.iId 4 'a 

qund?a:%.a" 

IU4 G 

3.10.3 GI% hurnic acid b b a ~ d i ~ ~ n b s u ~ s ~ t ~ n ~  

rm'ruua~niPsn~~nbi'ui'u 19/0 (nimuuan u) drnssu%ufidrda5rA~ (ninwuan 91) 

S-A 4 d d  

naiu  dui'u I rvii rmadluuuuQuwaauvarauua4 ~t5'\ladi%Gi;d'ildainifi dd'ilulGatni 



Fta~i idmidrzuina 20 uid a i d P u a z n i ~ t a n a d ~ l a d ~ u r b ~ u r u a i  rn l j r i~dmi  TAE ~f iv isu  

~ d a s z n i ~ t a c q n  2-3 uu. w a u a ? r n z a i u ~ ~ ~ u ~ s ~ u 8 ? n m i u v u a n a d ~ u . d a ~ < d  qin&.rii 
4 

arnnPwtFd~s%a Fnul.a"naiudid?Tnu" 100 Fan6u1u 30 uid fiaua:n~Ftfi~qnlauaisnzaiu 

~m"sAuuFu~lu&~GuGu 10 !u~ntn?udaijni%imt (ninwuan 1) l u l j d b r i a i ~ ~ ~  uiu 1 ui; 

GiW nniuIn"riaa~nmsi1aFm~am (UV) 

vcl 6 ~ f l d ? u 4 ~ U ~ n f f b ~ ~ b . i l ~ l n n n  Geneclean II  Kit (Q- 

-4 d 

BlOgene, USA) n i u a ~ n t : ~ ~ m u r ; ~ w ~ m  Fmu4i~Iad~n!~de~Iurnnan!uFnt3ai imz& 
P, Y P, P, 

~iv.ld"n%ua:niFsa~qnTmups"naanqin~ivGn~aam~ddi b?u Nal f i u i m s  3 ~vf-v~.~ad~ivGn 
P 

.buazni~taLqa I iu ignavr2i j  55"a qun rz i ?  azn l~oaunnza iuc rum r;u glass milk 
P, P, 

f i u i m s  5 !u~ns:m~da I luFnrn?uff~Gu~a ~au%fl~GiKu~~a:K~G~!~dtzu~m 5 MI$ Fmu 
A v 4  rT $ 4 

n d i y n  1 u i $  rwabniau~aiuKu glass milk ~ubvaudnnaiuI?a 13.000 taudauid  uiu 5 

?u i$  i q n a s n i i t d  ardau$i~aaen bbhtWu washing buffer f i u ims  500 !uhtf ns ~ a u I f l  

~dirT'un"au!uTnrO~dn r i i ~ d i u b v i u d i n a i u ~ ; a  13.000 t a ~ d a u i d  u?u 5 ? u i i  d 
~ p m 4 i j 6 9  nmdsu$ilaaanquvun F n u d i i i  2 t au  G i ~ r z ~ v u a f i ~ F m u i u ~ g n a v ~ i j  55". 

uiu 5 uid biu$idnamdtz?ddlb~abb&a (nlRWU?n ?I) ~ulnsrviliiull.sulni.tbiuuim glass milk 

i I ~ u  i u i g m v r ? i j  ssOa 5 uid 14uLviuadnaiui'~a 13.000 teudeu~;  uiu 30 i u i i  i 
$44 6 

?mvqijfiad gm~au$illpnun~aubaa~bn"u!a"buvnam!uFns~a~"bvi ~~ua imzn iudbBurad  

4 = 
n ~ a u ~ a a i u  j (!uPntnTudaiinl~mt) - - A,,, X 50 X dilution factor 

n i u ? ~ m d  Sarnbrook bbnz Russell (2001) 
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3.10.5 ~ ~ ~ ~ ~ u ? u ~ u A ? ~ ~ ~ ~ u ~ B & ~ ~ ~ ~ ~ ~ ~ I ~ ~ T ~ w ~ G L ~ ~ L T B  (Polymerase Chain 

Reaction, PCR) 



b ~ ~ ~ i u a u ~ u d a u ~ b ~ u b m ~ ~ b a m  16s rDNA "~lmdbb~ A;I,?U 

'tnul%msLu.il? EUB f933 4.1; GC clamp daudau;~am 5' LLnt EUB r1387 (Kawai 

anznmt ,  2002) L&&uaudtduLa <; lwtmrinr .n '  PCR i i n a i u u i a d s z u i m  500 bp ~ n u d  

n a i u ~ $ u $ u q n f l i u ~ a ~ f i i s ~ ~ d a t ~ S n l u d ~ Z u i  r i l u ~ d  

-1 OX PCR buffer 5 "bTns5ms 

(m?iu~$u$uqmfliu I X buffer) 

- f i ismzniu EUB f933 primer naiubGu$u 20 luTnsTuniQ 1 luTns$ns 

(~a iu~$u$uqnw" io  0.4 luTnsTuni5) 

- f i i s8za iu  EUB r1387 naiub$u$u 20 ~uT rns~un i5  1 lufnsgms 

(n~iua$u$uqmw"iu 0.4 luTmsTuni5) 

- f i i snzn io  ~ N T P  naiub$u$u 10 GnGTuni5~asSanZTalm6 1 luTns?ims 

r~dnz"6n (naiu~$u%uqnfliu 200 luFnrTuni5) 

- b89dlaG Taq DNA polymerase 0.25 IuTnsGms 

(naiub$u$uqn6iu 1.25 U) 
4 's 

- n ~ . i l u ~ a ~ ~ a i ~ ~ u u q i n $ a  3.3.4.3 ( d ~ z u i m  100 uiTun?u) 

-&dnandst?dnanL$a qun rzw"d~ f i u ims~m% 

1. Initial denaturation step qmwqfi 94O.6 rani 5 961; 

2. Touchdown program {luau 20 SaEl 

2.1 Denaturation step ? m ~ q f i  94"a i?n i  1 U I ~  

2.2 Annealing step ?mMqfi 65"9 b9wl 1 ~1; 

(?mwqGsmn6int 0.5'q ~ U L L ~ L L S B U )  

2.3 Extension step ?nr~qG 72'q n n i  2 ui! 

3. Denaturation step ?WMQG 94Oq baa1 1 U I ~  

4. Annealing step ?mv@ 60'a a n i  1 uiW 

5. Extension step ?tXMqG 72'a b1R1 2 ~ l b  



u 

6. f i ~ p d ~ f l ~ d  3-5 { l ' l d ? ~  30 f a l l  

7. Final extension gmu@ 72"a n n i  I 0 uid 

iiri iud ji%nignTiwa$buouta n " ? u b n ~ a d L ~ u ~ u l m ~ ~ ~ u ~ a  (DNA Thermal Cycler) 

n o ? q a o u w $ n ~ m ~ i n d ~ ~ u i ~ n ~ ~ w e $ ~ u o r o f i n " ? u a z n i ~ o a ~ ~ n ~ ~ ~ n ~ ~ t ~ d ~ ~ ~ f i  
a 
.adiiPnubn?ou azniTsfi~u"u$u 1% &vlnauluf ldrdaf  TAE 1 b v i i  (n inwu?"  u) bna;l'lu 

~ $ 4  4 
~ ~ u u 3 u w n u w a ~ B u u a d  t z i ~ e r i i l f i ~ d o ~ a i n i f i  d d a u l $ a z n i ~ ~ a ~ q a ~ ~ ~ ; l ~ a E ] t : u i m  20 

u i i  ?id$uazni~tabqn$~~nd~ubb"IIubuaf b w f l d b d a i ~ ~ ~  (ninwu?n u) l $ i ?u$dn< iaz  

n iT r f i~qnb5n6au waufi i~~:aiu~Gu~aKulEmniu uuanZ~Gu~da~~nzuuamZr4u~a 

uinrYviu I 0 0  bp DNA ladder n d ~ u i a d i a  ~ i n z u d i ~  bnnfnr~dbt3fi~mu1%!mii$bnn~wr 

Tdas3fi Mupid I + n ? i u d i d 8 n ~  100 T?ni ulu 30 u i i  ~ a u a ~ i ~ ~ ~ b ~ n n " w ~ a ~ b i ; u u ~ u t  

'luk?iu~u"ubu 10 luTnon?udaiin$$nr ( n i n w u ~ n  u) ~ f l u ~ ? n i  I u i i  m o ? q g ~ ~ n u Z d u ~ a  

n"au Gel Documentation ~drbbntu Quantity One version 4.4.1 (Bio-Rad, USA.) 

3.10.6 ?b~"rs l~G Denaturing Gradient Gel Electrophoresis (DGGE) 

I4 '~dntnius.r   o ode^^ system (Bio-Rad Laboratories Inc., USA) I u n i r ? L n t i z ~  

DGGE Tnu~n?uuwa$sz~?nl!u6b1a ~ ~ L n r b ~ u ~ $ ~ ~ d f i l ~ ~ ~ ~ i U  denaturant 40 - 70% 

(nlnWU?n a) (100Y0 denaturant d t z n a ~ 6 9 u  7 M urea Lrnz 40% formamide) ~ d i l ~ n t  

s r l  rl 

~ Z u u h s d f i i m c a i u  denaturant T n u l + t z u ~ i i u ~ n r ~ ~ u u ~ n i u ~ ~ ~ r r ~ P n ~ ~ w $ n  bdai i rno 

b~uu$uadf i i rnzn iu  denaturant adluqm~rau?qrn?uubqabb6a r l u u v l i n ~ l d r z r n i i ~ n m  

LLW% ~nusz%adi%ss"~da;lainiw dd~ulss"wa$a:n?ni!u6~rid~a ~ h ; n ~ q n ~ r a u ~ " d d n ~ l u  
srl rl 0, 

L L " I I ~ L U ~ ~ ~ ~ ~ L ~ . ~ ~ ~ T A E  ( n i n w u ~  u) f i u i n t  6.8 amr. i c i i u n q r l i i  n m u ~ a u ~ u g n r u ~ i r  

d ~ ~ . ~ l t l d  5S0?i W R U W Z ~ ~ ~ U ~  PCR < U B ~ ~ ~ I ~ M ~ ~ B R B ~ . L P ~ ~ B ; ~ ~ ~  ~ I ~ ~ U ~ I ~ L ~ R T W ~ P ~ ~ ~ ? W  

T n u l ~ n ~ i u i i - r 6 n u '  I 00 T ~ n i  d 60°.a uiu 10 q u .  i~nrdeuwa$azm?ni!u6~qa6au 

fiisozniura3rZuuT'~rIu6~$u%u 10 !uTntn?uiaira$$ms (n inwuan q) u i u 1 5  u i i  Gild 

9651~ Gel Documentation Tdrrbntu Quantity One version 4.4.1 (Bio-Rad, USA.) 



4.1 ~ a n 1 s ~ ~ w s i z ~ $ n w m z ~ i s n 1 s n i ~ ~ s a z m s A d ~ z n a ~ w 1 ~ ~ ~ ~ a m s ~ u ~ ~ a z ~ a w 7 ~ I C  

4 ~i~i%%?unisnmams 

1 n w ~ u l r j d l ~ u n i ~ ~ m a m ~ ~ n ' u u i ~ i n ~ r a m n i u % u ~ ~ i a ~ n ~ 6 u v l i ~ ~ ~ i K u  mwluld 

drtnmutiau IUIIU?; ~ u y n a i d  IUTWB ~ ~ n t l ~ d t t d  WIMT~U ~ ~ a i ~ n ~ i z ~ i n i d n ~ ~ n i w ~ ~ a z  

m~&dsznmuni~rnivesa~wlu'bdd~iui%.n" b b a m - ~ ~ u m i s i ~ ~  4.1 ~ i n ~ a n i s ~ ~ ~ 9 i t $ w u d i ~ n w  

%u!fi.%nwmz~flunsm ~ i ~ n s i d a u n i ~ u m ~ d d m ~ ~ ~ ~ s ~ ~ w d m d a f i d n ~ f i  (C:N:P) bvii6u 

100:4:0.6 ~n&LiudfuhidLvlui-au (1 00:15:3) simnioriauaaiufiirlaFmsni5~mu (Zitrides, 

1983; Riser-Robert, 1998) 

nisisi  4.1 ~ n ~ m z n i s n i e r n i w s ~ a z m ~ A ~ s ~ n m ~ p 1 1 i s ~ w ~ ~ m s ~ a w ~ ~ I C  

~iu5uflud~flunirnmfimunirm~ram~~nt~aiuaiuisn%~dnir~auaniu1w~u"um~ 

STK d L ~ u ~ ~ b ~ w ~ ~ ~ u " L b ~ : ~ " s ~ ~ ~ ~ ~ ~ ~ . a " b n " ~ ~ i I ? n f i a ~ ~ ~ ~ u "  dmuy; nnfdrnwr r i l u ~ n w m r ~ u  

din?iugnuauy r 6  Lde~uiXnwm:i?u ~ i<~? id?un15~mud~ l~dFm~b~~dd~d~ f i d~? f l  

(C:N:P) ~ i i f u  100:14.4:0.3 %nn~b~u~fudid~vluitaa.!  100:10:1 dmni~dauflniuair 

laTmsni5ueu (Sang-Hwan LeeLLntnm:. 2006) ~ n u d v v l d ~ Z u ~ ~ ~ i n i s d u d a u ~ i n f l ~ s  



uuiuny *?~noi:vTnu n in '?~ i$ f tnu i  nm:maolo uviinuiljurnunrninni 
9, 

** 7~nri:P9%nueljiu'?rn~i:G~u~~a:Gi nas rnwols~ni no:wras~nwmorrn:avnsni 

WITI~ bola4 

Gnum:2u 

naiur~unsndiq 
P, 

n?iu?gaqnlunis(u61 (%) 

~ i i n ~ i u a i u i s n l u n i s ~ ~ ~ n ~ d ~ u u d r z ~  

v?azaau (cmol,kg") 

f i u i m f i i ? z ~ ~ ? d  (%) 

f iu imni~uau(%) 

f i ~ i m l ~ d f ~ ? ~ q ~ ( % )  

fiuimdaado?a(%) 

GuimCwr~nar4uu(%) 

~msidauni5uaudaluFolr~qu(%) 

wanis?~nsizPs" 

'iuiauduw siu 

7.4** 

53.46** 

25.6** 

6.1 0* 

3.54* 

0.51 * 

o.30* 

I .I o* 

6.94* 



qqnn?tnnnwdukmn17Lhuun#r3u STK ~ u u I M z Y ~ ~ ~ : ~ ~  unzduYna? 

iiwmlaitlri f i ? w k f i m 4 n ~ u u u n ~ ~  STK tiaunrru~un?rfiu~n~dn~~zri?~ 
Ad 8 nun? CFUl n M u w u l r i  i l m q m  14 wu4~~finm~unmrLfiuiqu~unEilW 

uun;b STK n n n ~ y m n m ? t ~ u u c l ~ ~ ~ ~ $  4.1 k m u i ~ u k n ~ t d u h m n 6 ? b q a  

uunii b STK h u f i u u a l u b i i n r n ~ ~ d u  40% unz 30% m n w  aqq.rqnhnq~u& 

i?u~u~~anna~urnnd~dn~3zn~7du 70% radnw l ~ l n ~ u n ? ~ u  unzkumunqt 

t?'iuX~umCm%$ r i ~ Z 4 i ~ u ~ u n ~ u u u n i i h  STK anaqu?n$qn 



4.4 w a a r a n i s r d s r ~ u a a n j ~ ~ p i a ~ b ? ~  STK iriius~nw?ubHM?u~ol"b~ubaai 0 4 8 

rraz 12 r3ru 

q i n n i t i s d  4.3 ~ ~ f l m s % ~ ~ u i i ~ k q i n b n " u ? n w n $ u ~ ~ u ~ ~ ~ u  STK ~f lu~ani  4 8 ILP~:. 

12 6 a u  i i u a u ~ s s n $ u ~ ~ u n f l d u  STK ~ ~ n " u ~ m ~ ~ ~ u s ~ u b f i w ~ u ~ ~ ~ n m n s ~ n n i a t . n i  tbn"u~nw1 
sdd a 

n $ u u u n $ h  STK dmh?n~aui?ci1nFa31n.a"inittam%m~sn4ia~~bnuQnwim"aunio~~us 
u 

n6iAolu~f iwlulUY ~ m u w u i i i i  log CFU / n?ubfiwluli.i nmnssin 8.62 bflu 7.67 7.47 bbn: 

7.1 0 ~ i~o f lmL f l u~daG iu idnmnd  11.02 %I 3.34% knt.1 7.63% miudi6u wudidba.1 4 
'3 

ant.8 ~AouIuni~t.nit~n"u?nwin61~~~ STK ~ u l u l ~ d n a ? u $ u  30% ~ o s d ~ n a i u ? q s q m l u  

nis$.j:i ilGu ~ ~ a t . ~ n " u M " ~ n r u ~ i j  4 O q  i;nirron%nln&~F;usn'u1aFo31n.a" Ao F i i  log CFU 

/ nQubfiwlulii q ~ n  I 2.95 bilu 10.51 ~ n t .  9.1 5 nnnsSn~flu 18.84% bbnt. 29.34% miudi!%~ 

a asniamitbn"u~bduafin~tbn"un&ido =4 SI ad STK hun'~1u1~~~~~olbd~b~~~lbf l~~ ln"3~611at .~pd~ W J ~ A  

4.4.1 wauo~nisu'rraz~u'u '~~?usz~~ianisb~udon~sa~sanuoanjuuu~d~v STK 

db~~?"Ml?~bd94%pi\G'ba~baal 0 4 8 bra: 12 b z 8 ~  

~ i n n i r ~ m n a s w u i i  nitm~u?nbinhi$on$ubbunw"~u STK ~ulnw~u~f i in iar  
9 I 

naiuPu 70% 40% LLnt. 30% ~ a s n a i u ~ ~ ~ q m ~ u n i t ~ u ~ i  ; ~ ;~ I~LZ~U~WTUSL~~ I~~ ITL~~E~  
dl d 

i i u a u ~ o u n i t s a m ~ n ~ s n i i n i a z d ~ ~ ~ n i t b ? u ~ w ~ u  i ~ a m s l u ~ d d 4 . 2  

3Z1afa~Iad~auraai o 4 8 braz-12 rzau 

li'illd 

0 

4 

8 

12 

61 log cfu / n ? ~  

70%-P 

RT 

14.41 

11.26 

7.64 

5.74 

4 ' " 6 ~  

14.41 

11.17 

9.37 

7.68 

70%+P 

14.38 

12.13 

8.38 

6.50 

4 O " d ~  

14.38 

11.46 

9.04 

7.17 

40%-P 

14.65 

6.95 

6.28 

6.70 

4 O f l  

14.65 

8.66 

8.84 

8.13 

40%+P 

RT 

14.23 

8.02 

8.90 

6.95 

4 O f l  

14.23 

8.83 

7.75 

8.09 

30%-P 

RT 

13.32 

8.13 

7.12 

6.05 

LYO 

4 O f l  

7.67 

7.47 

7.10 

4'"11~ 

13.32 

9.88 

8.25 

7.05 

30%+P 

12.95 

9.88 

7.42 

6.56 

4O@d 

12.95 

10.51 

9.15 

8.19 



mr m w  r x r  rx+r rrx+ 
llTw 

a 4 
a) rnvn 4 '1 

4.4.2 ~ a 1 ~ q ~ u ~ U 7 U m ~ i ; v r i s n m ~ ~ n j u u u n G ~ ~  STK d r ~ v ~ m I u  
rr r~ Iu ' lu i~ is~~~ai  o 4 8 uar 12 ~'iiau 

n~tf iuf imnhL~anquuunfkh STK haa1u'lu' L ~ % J $ ~ ~ ~ H J J C  4 '1 hlnmdran 

t ? ~ q d n d ~ $ g o r ~ ~ ~ h u f i ~ ~ ~ ~ d  4.3 & 1 f i 1 8 ~  Trivedi u8nnw 
4 

(2005) d i n m n w  hdn8'1 LPil'~w w n ~  i h f i a a k  na Baci//us subtilis un:: 





d & w d  
4.5 ~ ~ a u ~ ~ ~ a i ~ ~ l i ~ i s n % u n i ~ e i ~ ~ ~ a i ~ ~ a ~  STK lun~jiLRnra~a6aa1~wlu10~ n 

n i a z i i ~ ~  r 3 u n a i  0 4 8 rmrl2 rRsu 

~~a ' j ; i n i s~naau~a iua iu i sn lun i re i auaa~uZw~u  100 ppm luiu l.a"nia:~ana; 
Y Y  

r d a q q i n s t u u L a a a ? q : l f i w a q d q m l u n i o  nj i r~wsi~~w?uniu isndu~an"u~~a~"~~a~  

Liun~~u~n"eri i .m?i'n~ ~ l i lu la"nbi~nnt jubwn$~u STK 'Lu~nwlu!u" ~ ~ a - l i n ! n ~ a w h $  Idad 

l u a ~ n a ~ i u $ l d a a a  iuL$auuLn$adadiinaiuL?a 200 sauieuid  d ~ n r ~ q i j  30°r 

rgurani 10 iu wnni~msit~~u~nr~w?u$Lv~%a~~udaua"gnin$iL!uu~urd?ua"gn?n~u 

T n u i i n r ~ u u d a  l f i f i u i n r i u i u i u d  o d a u i g n i n i u l u ~ n n a u g u ~ ~ a : ~ m ' ~ ~ ~ n a d ~ g u  

100 9/, ~da~~inGuirulw?u6uiulu7nn~uquLLat~nnnaa~l~L~inid w u i i l w ? u ~ t Z i ~ i a ~  

~ u u d a u i ~ n i n f l u u i n n i i ~ g n i n ~ i  1000 ~ v i i  ~ d o a n a l u ~ d d  4.4 9 . i i in is?~n~ i :Gf iu im 

lw?ur~w i:rdauignimih 



uan imnaa~ inm~tud  4.4 w U j i  d a ~ ? ( l d l u ~  4 8 MI 12 Liitlu nfjuuunih 

STK dl~ykudu41~~~1~1u~11?u~~tiau11n7~'1w1'nr~n~?n?f~u);?u~fefi~ 

Ldamn a a l u ~ l u L ~ u n l t L ~ ~ w ~ z a d m n  u a = r i a l f i 5 n n ~ r n ~ ~ ~ u f i ~ ~ a 4 n ~ u u u n d i ' w  

STK d a ~ u a . r ~ u  ~fluunlfin juuunRk STK aiuqmkuri~fiu1whrl~u&ti~~3"M 

nju  STK dZu.ujluvlM~ur~dnnn91rilu 30% r a ~ r i ~ n ~ i n i i  dis~wh Lnud 
4 4 A  gorur~ir 4 0q Itln~rcMeaaqulwmnqn ~mqor~m%d~~'naad dlt-7~ 2.1 r ~l laf~4uh 

d a ~ ~ m u ~ ~ u u f i u n i t l i ~ u ~ 3 ~ ~ 1 n ~ a f l a ~  d ~ l ~ u i d w h n ~ ~ s a ~ ~ ? i i f i u  10.44 i d u f ~ h d  

u a ~ 4 ~ n ~ t ~ h u ' l e r l a ~ n ~ ~ ~ = ~ ~ ~ i l 4 ~ ~ u u n R ~ ~ m m n ~  ~ ~ 3 n 3 n ~ ~ I u  

n m i a u a n ~ u ~ n ~ ~ ~ u ~ r ~ n ~ t ~ ~ u ~ ~ u n ~ t Z w ~ u ~ ~ u ~ ~ ~ n n ~ ~ d u u a = : a ~ n ~ ~ r ~ ~  un:: 

ni~:nqtLiTufimnfju STK ddu.r1u~ahr~dnmu4u 30% d i j ~ ~ i u u ~ ~ ~ d  ifiud 

gorur~P4~14 nquqmciauanqul~iirn4z1.juwqnnitIAu~ 4 unAriqtn&$uafiunitliTu 







6 u 
4.5.2 ~ n ~ ~ ~ ~ z ~ l i l w ~ 1 ~ m ~ n w n w n i ~ ~ 4 a n ~ ~ u u n ~ ~ ~ m  STK lum 
Iu'lu' r i s r m u ~ l m l u ~ ' L *  

maznqtfiufnmntju STK d d d u u l ~ u n u u  70% umr 30% '1~h1na1u 

qqqqn~un~~dqfiudqTuqij 4 01 dfi1'0urniunqt~fiu nquqtniaennqul*ihiviwkIii 

i ini~~j3Iw"nrmi~.jn~t~~u~.j~annde.~fiuum~ra~n~mrjmn'1e.~n~uuun~liu STK UAn4 

1fi~4uiq nqt~u'1~1'0uw1dun~;1~ied~fiufiw ri71finir7LLiidziiln~nqw1unittieunnqu 

WiniiliGiuInd~~u~n~Iugd~ 4.7 





'I) L ~ U  8 



w d  w d  + aun o arm r o  uesqnnplaatdin7sbiunh~$a'nuuajlL7u STK irn"ulu 
Y a d 

n7ama7u$u 70% uo.raa7rr?i.rqm7un7s{~u7 iilduszvi7dn7s~n"u bnun 4 "a 
?-ud 10 uadqnnplamddin7sbiwna"7b$ab~ua$b7u STK d~n"u&uilbfaRlaa' 

sdd 4.9 ~ r ~ n ~ ~ ~ u u r j i u u ~ u ~ r n I w 7 u ~ ~ v 3 ~ ~ ~ 7 u a ~ a a 7 i u  ~ P I U ~ & L $ Q L L U A W ~ S V  

STK ib~u~un7az~a7u$u 70% u a d a a ~ ~ ~ ~ a q d u n ~ ~ ~ u 6 7  i lw~u~zv~7dn7slh 
a d 

bnun 4 "TI uaznn"?b$aibzu~au?~~afaq~aa' da~aa7~j7uId 0 4 8 bbaz 12 baau 

LLatqinwanirnmnu~~doamalfiL~uiinirLn"ufnulnn"~m$aiLun~bu STK l u ~ n w  

l u ~ i i d n a i d i u  70 % ~ a d n ~ i u q g a r p m l u n i r ~ u t i  i I w ~ u t t v i i . r n i r r ~ u  LLatiud 4 O a  lfi 

~mr in i rdauaaiuZXAni in i r~n"u~a~"a"sZaFa~Za.a"~~G~aai~t~ iuZd I 2 d a u  rLana~u;dd 

4.9 



4.6 u p l v e ~ n i ~ R n ~ ~ ~ ~ w n ? ~ ~ d % ~ i n ~ n i ~ ~ ~ ~ ~ ~ o  STK . ludaa~aniq~e~ni~U.iUYR 

6au?z Denaturing Gradient Gel Electrophoresis 

n i s i m m i u w n i m ~ d o z q i n ~ n ~ u ~ ~ ' ~ ~ $ G u  STK l u d ~ ~ a n i r a ~ n i s i i f i m  l l o e n ~ r u u  

ymniswnnas~~u 5 $~~ITMWW~S 

1. ~ R U L L U ~ G U  STK d L ~ f l d . ~ U O i M i ? L ~ L I d b P a b M W a  LB L?~II$LY~ V~FI?U(~UL~UE~L!UE~ 

d i ~ i ~ J ~ u a ~ ~ ~ u n ~ G u ~ ~ c 6 i a z ~ C m " u a ~ n ~ u 1 ~ u ~ G G u  STK ~uwaBa:n?nilu&~qn 

2, nisaniu~ira.rIw;u~unLna;iuIidnamRa 
Y d  

3 n i o a n i u p i ? ~ ~ d ~ w ' 4 u ~ u f i ~ n d ~ u ~ d ~ a ~ l ~ a ~ w f i u ~ ~ n ~ u ~ ~ ~ ~ ~ ~ u  STK d~ f f u?nw i~u~d ln~  

luld h d  0 ua~n i~G iY 'a l u f i  rna%iu 

4 nirfiniu~qaad~w~u~ufiLno;gu~idnapliiadwautunduuun~Gu STK dL:u~nailuLdlnw 

luld i u i  5 aa;lnisGifinlufi~na3Eu 

5 n i r a n i u ~ ~ u a ~ ~ w ' E u l u a ~ n a ~ ~ u ~ d n a m L ~ a d w f i u n i n ~ u L L u n ~ ~ ~ u  STK dLfiu?nwi~.uLdlnw 

lu18 Tud 1 o "uaanisiiGm2uw ~na;?u 

^nmmiuwn?mtdt ta intn~ubb~~~~~u STK LdagnirLd~uuudnd~nsdfi?iddsz~inT 

ua~uun$Guludqs~aniniTiiflmlufiLna?gu1idnamL$a wfiur7ulw'Eu IOO ppm i i1Ktnu 
4 6 1  

n i o f i K m A ~ ~ u ~ a a a . r ~ Z u ' ~ s u m i ~ ~ q ~ n K a o r i ~ . r R u  dFunqiu~bubuAr.juraui~~uuIiirviifiu 
c4 9 . d  4 

qin$uL$~$ud~u~tGuLa~~ud3~sui~nt4watLuaua riiwBmfimn~lma.iuuuindstuim 

500 b p  Ifirnstwb6auawn'b Denaturing Gradient Gel Electrophoresis (DGGE) Iuwa 

Zezn?ni~u&qndii 40% -7O%denaturant &~~wnn i snmnad& i  a ~ n u A a 6 u ~ ~ a a ~ n ~ u  

ounRl"ru STK dr:nauburLnud 1 2 an:. 3 d a ~ L 9 u ~ m n ~ u ~ u  'ludadnil-diflm.umTu$ o 

5 10 wuiiiianu~duaaLflm$umrsr7uanu~rGuLaua;lnduuun~Gu STK il%Lilymnauqu 

weuan ia i lnud I LLnt 2 l i n S d $  4.10 wuji ~ u ~ u d  o u a ~ n i ~ i i f i n  ~ ~ U L L U R W ~ S U  STK i; 

n~iuFmntdud~m~mzG~wu~$an~uda~Iu~un~amda~~aeiua~nisnnna~lua'ud 5 an:. 10 
I/ P, 

.?a ~ ~ n a n n ~ a . r f i u n i o ~ q ~ y . u a ~ ~ ~ u n ~ ~ u d ~ ~ ~ y u p d a i ~ i s ~ ~ u ~ ~ ~ a ~ u ~ ~ d  4.1 2 i a u j n d w u ~ n ~ ;  

4 4  w 

uaan j u ~ ~ u n $ G u  STK d ~ c n a u i q u  STKI STKZ LmtSTK3 Munnuw:.onniiainruuaiMil- 
P, P, 

~8usdaaginnamniswmnad ~m:.fi~nnn"aa~unil-aniuKa"ua~lw'Eulu~dd 4.11 i~'lu?ud 5 

sadnir i i f im i i u q u a u n $ ~ ~ u ~ ~ u d u l i n n i  10s ciu i nFu~~lwIu1d ~ v i i ~ u  10.94 iqu 13.57 

Lm:.nnws~u~ud 10 aqu 13.21 



1 : STKI 2 : STK2 3 : STK3 

p ~ d  4.1 o U ~ U ~ ~ U S I L ~ U L W ~ ~  18s ONA u a n u w a B ~ m n ? u u ~ i i ~ m m q n  
mm~msrnmnai i~w' Iw~1ua~a~~uUdaa11~#m dun un4uuun iih STK $ 
Lamlh Y ~ W %  DGGE ' L U W B S S E ~ ~ ~ ~ L W ~ ~ ?  40%-70% denaturant 



0 STKI STK2 A, 
pld 4.12 i ~ ~ ~ h ~ u u i n ~ u %  LB mn+~uun3rh ~TK'lurnnMna~ad 
iiu ( i ind=u~li .& rmriu i:a) kur~Yii?wn~uuudr3a STK hu6"vnIuW 

r 4 h l r r m d u  30 % % w m q d a p ~ ~ ~ u r h  fiIIh%whm?riiu uazrnun 
4 '1  MU^ 8 L ~ U  



i iu ins  rmd i i  (2547) lti<m~~unntjuuun?iGu STK q i n l uu tu i u  Imula"~~ciuwo5~mnt: 

dqaaG~aw9lu (PTFE) d~n~aunlau1w;u ~ L i j u ~ ~ l d n q u ~ ~ u ~ ? i G u  STK Z$"lw?u~flu~~~Eid 
La 

niFuau ~ ~ n : ~ ~ ~ E i - l ~ ~ ~ . 1 i u I I d n i s ~ ~ 4 s y ~ W u l ~  ~~n:i;fiuuTIaPmtldQnp mnduuunRGu 
d d  d u  

STK ~I:~BU~?ULLUF~$~U STKI STK2 LLn: STK3 diinaiun&~uni;aTuLLunwLsu~qma~lu 
do, 

9Ufi Zoogloea sp., Stenotrophomonas sp. rrn: Mesorhizobium sp. Lihaiun$uaauw;Gu 

S ~ ~ n ' L ~ ~ d ' l ~ ~ l M l S b ~ ~ ~ 1 ~ d ~ d d ~ ~ ~ n l ~ ~ d 1 ~ ~ ~ 5 4 T ~ " I I i ~  L ~ ~ G I ~ ~ ~ ~ , , I ~ ~ u ~ ~ u z w ? M  

Pmunsd n$u~~un;bu STK qtnniiuaun.rarii.r~am~$a ~i;nqinntjui~un;bu STK i;fiuuT 

~ e ~ m s ~ d ~ n ~ d d u w n ~ d b i a ~ i f i i ~ i s n n ~ : q i u ~ a  Ldadqinlus:uunmna.rZuSuLLijufinia:id 

n ' ~ ~ l u n n i a : n i s ~ f  u . ~ Z u u a . ~ ~ ~ i a ~ d u ~ u ~ r r u ~ j i i  ~ ~ a : ~ ~ n i s ~ ~ l ~ u u ~ ~ ~ w ~ ~ n w m : w i ~  

Physical Chemical LLW: Biological l u ? u  6adWn~8~L~mnifd~auw91fl'bW;~ %QQI "IIabq?~ 

gug(2549) l~~~fiqnianisrnwmsZunisnis4auwniufi isds:neu PAHS wuiiLdaL%udn$u 

LLunGbu STK IULP~WI~IG~LGUIW?ULGR%U I 0 0  ppn, ~FUPI?IU$UZ%~ 70 % 11adTil~aiu? 

q q m ~ u n i s ~ u ~ i  iudamuni; 30 'TI l ud i j n  ~ 8 u n n i  14 i u  wuii n4u~wn;isu STK 

f i i u i s n ~ ~ ~ ~ I t i a ~ i ~ s a m ~ ~ a ~ ~ a : ~ e u f i n i u I ~ ~ u I ~  50 "/ uao. r f iu im1w"~ i r r lu  LLn:Ldaii 

ngiLien4uuun:~~u STK ~~unislji~mnisdudau~w;udi; n a i u b ~ u ~ u  I 00 ppm zu 
P, 

n i a : n m ~ ? u d a i i  rviiTu I da 8 wuiin(uuun?ibu STK f i i u i sn i~un i sssn~man :  

ds:Zw"siww%unisdeuwn~u~w?u wiuisn4aufiniuIw;u~u:a 0.4% %unia:fi~na;iu L L ~ :  
I P ,  

b dd 

~Eia~luqntju~iunQSu STK Zu~nwTuIu MU~w;u 100 ppm un:Lfiu~nwi1jd?manj1 30 'a 
I I 

~i?u~awi 6 rzau wuii i i uaun$u~~un t ;$u  STK amnd~i i ;dn4~du iduea i luaud~iund~ 

neun"u ~~n:fiuim1w~u~ulae~lu~~wlulGi;Ai~viin"u 4.12% n$u~~un?iGu STK i; 

n a i u n i u i s n ~ u n i s ~ s u w n i u  PAHS ~ . r i j n a i u i i R ~ d a n i s i i f i m  PAHS diiei~udauamgeu 

nj6unisL!u~nwin$uLLun;~u STK lirn.rds:Zn3niwf;aflui~diiLflui~lutiiu~iu"a<u 

k 9 : ~ l u l j l ~ n n l ~ d u ~ B u 1 u i d L L ~ ~ 6 ~ ~  5 l d i l d ~ ~ h ~ ~ u u ~ Z e n ~ ~ i d  (lyophilization) ldni?u:i;d 



Ir 

ueu?uiii;ds:8ninlwlun1s~n"u3nwi +iuvl'Ed a1uisn~iiuq2ludu?XnQdn:u1n~ a iu isn  

n.rna1u~%mro~?Gum~u?6uiauiu~d 50 0v%ulnn i i6  a l u l t n i i i u ~ < ~ r u v q Q f i a d  (Asa 
Ir 

4 a-w 4 .,-.A w 

Lmznru:, 2006) ~~n:lfi~n~uPiiv1n~2lum~uuuiflu~Gumsumqmi1i;qruPiiuin 14% 

i i ~ ~ u 6 a ~ ~ 6 u ~ n i s i ~ ~ n ~ 1 u ~ ~ u n 3 u 1 6 v ~ d a u ~ i u ~ u  d d w h n o e n ~  o a i L ~ u i ~ d ~ i e u ~ i d u l n  
A 4 '44 

~~n:%.a"insasuewusin~~~w~ 
$ 0  

nio lc ldn j u~~un f f i sua1u i sn~a?no~som1~u iu~~m"m~ i ;n im~u~~ i l ~~un~1~Bu  
2 

%un~sbl?t-g adu nis41n"mm1nin gmvqfi n a ~ u ~ i u  a i s a i m s  r3u6u (Trived~ ~ ~ a t ~ l r u z  
e w  4 

,2005) ludlu?~u;dnwinlniiu?nwn6ii~auuniiGu STK ~ubnW~u!fi<ni?:di~ 
a ,  

~ G u u f  uu:unistRu6au?"s1nFe71n.a" adno i l~0un i t~ i iude?8udr i< i ;d r :~mln1~  

Pmula"~ani 12 ~;au Lnl.rlu~u"<iluil%uniswmne~ dr:nau6aulul iu$luqn~l-r luFw$ 

~io:ludsz~waunii iiiuinalu1bdi~avduu~wnu3~~mniulu~fl~n~nr6~v~"a~u~Gu L ~ B  

9 

? ~ n ~ i : ~ a u ~ m i d n ~ u n i w  bbnzad~ i l~ :neu~ l i d~n~aea~nw~u~u"d  ~ 1 ~ 1 %  w u i i ~ n w l u l 6 ~  

~nwmt~ f lunsm ~ms idaun i~ueuda~u~mtb~u~admada?a (C:N:P) 1vi1fk 100:4:0.6 

1nn"GhdTuriln'ivu7:fiu (1 00 : 15 :3 )  denirdeuaniuais!a6ms~liQueu (Zitrides. 1983; 

Riser-Robert. 1998) dia?uflu~ilul~~un1Tmmamunlsa~Tmmbbn~~aiualulTn~unlT 

dauaniu1duuo.r STK tuLfluflu<~riiinlTdu$aurada~s PAHs u i f ieu  L ~ ~ u l l l n ~ ? ~  

WRIG ~ . J S U ~ ~  npLmwy LJu~inwmtflu$i;naiu!muau~T6 P;~t?m~~ld~un~Queuda 

~ d r n s ~ ~ u d e d e a d o ?  (C:N:P) i h l k  100:14.4:0,3 ~nn"L~ud~u~i idLvui : f iu  100:10:1 de 

n i r ~ ~ u a n i u f i i s ~ ~ ~ m s ~ i ~ u a u  (Sang-Hwan LeeLLntnNt, 2006 ) 

I ud l u? iu6~x i i n i sL i u~ iu?un~uuun6 iGu  STK ~muii%dntjNLLUFi6it+u STK 
9 , I  

$?rr<u~nuluIu" ~mud?un?iu$uiw'in"u 70% radn?lu?gddm~unlr$u;l &iflufi?iutuff 

~vuitaudan1rb6t-g Lrunf f~~u~:~ .a" rnw~u~f ib~u<~~ei&u ur r :b f luuvdd~ed~ise iv~~ bra: 

r ~ u n ~ s n ~ i a n ~ i u ~ u ~ n u l 6 n " u n j u ~ ~ u ~ ! G u  STK r i s u < ~ z ~ ~ u n - r ~ u ~ s s u " ~ ~ i i  uncujr3unis 

i ? u i ~ u d s t ~ w % n i w l u n i s ~ ~ f i m m ~ - r 1 a n ~ w  qinniinmne.r~~u;ln$rrirun!~u STK h u f u  

~ n w ~ u ~ f i i ~ u i ? n i  14 ~u ( jgyy i  " I IQLGQW"~~,  2549) W U ~ I ~ ~ $ L L U R ~ &  STK i i u w n  lo1 '  

CFU I n?uu~d~nwIulUI i f ludszuiru l o q 4  CFU I n?ured~~1l . r lu l6 1~~ i lua ln ju~Lun6 iGu 

STK l l a i r e i v i s l i n i n w l u 1 ~ u n i r L i u i l u ? u  i in6udint juLrun$Gu STK dl6ui~iiu 

~rn~nia:s i i - r~ IXiid 

1) n ? l u i u  ~ ~ ~ / ~ r e - l n a l U ~ ~ d ~ n l ~ n l s $ u ~ ~  i j I w T u s t v ~ ~ ~ n i ~ ~ i i U  ~ i i u d ? r u v ~ Q d a ~  



2) nmu$u 70%ro~n~ iu?~~gmlun i t $u$ i  i lw?u tm i ian i t~ i i u  ~iiud 4 'a 

3)  n?iu$u 70%aadn?ix~~~gmluni t~u; i  l ~ i l w ; u t z v i i d n i t ~ i i ~  LiiudqmMl?ijfiad 
2 

4) nq iu lu  i ~ % ~ a a n ? i u ~ ~ s g m l u n i t $ u $ i  Iai i lw?utz~i idnir i i iU lnud 4 'a 

5) n?iu$u 40%~a~n~iu?~~gmlunit$u$i (nmn?iu$winiuuadLn$ad freeze-dryer) 2 

l d u r c u a i ~ n i ~ r i i u  r i iu iqmugi jbd 

6) wnuPu 40%YDdFI?1U?lqdqPI~Unl&l ~ ? ~ ? ~ 4 t M i l d f l l ~ l ~ ~  L!Ud 4 'Ti 

7) n?iu$u 4 0 % a a 9 n ? i u ? ~ ~ g m ~ u n i f ~ u d i  ld i lWSu~zvi idn i t~ i iu  iiiudsnrmni;fiaa 

8) n?iu$u 40%uaan?iu?~~gm1unis~uSi Li i ;Wutzuiianis~iiu iiiud 4 Oa 

9) n?iu$u 30%aoan~ iu?~~~mlun i~$u$1  (nmn?iu$uliniuuadIn$ad freeze-dryer) 2 

I w ? u r z v l i i a n i r ~ ~  Lnudom~r?afiad 
3 

10) nqiuau 30%uo~n? iu~~a~mlun i t$uS i  i?w~utzv i i~n i tm"Y ~iiud 4 'a 

1 I )  noiu$u 30%uaan?i~~~agrn1uni~$udi ~ ~ ! W ~ U T L U ~ I ~ ~ I P ~  ~ ~ u d ~ m ~ ~ i j f i a d  

12) nqiu$u 3 0 % r a ~ n ~ i u ~ ~ a g m l u n i ~ $ u ~ i  la i i lw~uszai ianis~i iu ~iiud 4 'a 

r ? n n i ~ z i n i t i i i & a i n i ~ a a n l f i ~ ~ u g s y ~ i n i n ~ ~ ~ m ~ ~ a a  vacuum seal Tmu~Ruaa 

lu~aazt@~iic lu~3u~ani 12 ~ l a u  ~fiuu~Gn'uuriunio~n'uKau?"slaFa~1a.a" $14 I o % !fnsa 

10uoisiaanirn?iu~iu v & ~ i n c i i u n t z u ~ u n i t ~ ~ u d n i a t d i ~ ~  nnaaukoinioa~oamu.oa 

n j u ~ ~ u n i b u  STK 6?$; viable plate count wuii dni?zn?iu$u 40% LLRL. 30%  ad 

n?il i?lqaqm~unit$u~i iiu?uL$anmaduinniidni?tn?iu%u 70°h uaan?iu?~dpmlu 

niT{u& L6adlinnitnmn?iu<ulunitliiu ~ m u d i u h ~ ~ ~ u d i ~ ~ ~ ~ ~ f i ~ ~ ~ u u $ ' i l n ~ ~ $ ~ F ~ ~ ~ ~ n ~ a ~  

freeze-dryer d a w n i ~ n i t ~ ~ ~ m u a d n j u ~ ~ u n ~ b u  STK LLnz~umaunitliiu~au?"sla~a71n.a" 
a 

i i l f i i i u q u n  juaunsPPU STK nnnduindgn a s a i l r ~ u ~ w t i z f i u i m i u u a a n j u  
4 w=i I 4 5El  

nuniGu STK n h u n i  log cFu / u n  lviiriu 14.82 ~ d ~ i i q a u i n  i i l f i  l o  % ;Tnrfivllrrdu 

a i t i l a a n i r n ~ i u ~ ~ u ~ r i a i u i ~ n i u ~ ~ a a f i ~ ~ v u m  Ldavlmsaql+n4ublung~u STK i d i u  
I, 

dicu 10' CFU I un. wuiiakciiubumounislnFa3?n.a" i i u ~ u n j u ~ ~ u n R G u  STK nnn4 
44 , a h  10' CFU / un. ddt~unit~uuiri i f iui6LdnjuLLund~usT~ nun1 log CFU / un. 

~ v i ~ i i u  14.82 p~?iuld ~~~unionnwae~9iu~u~~un6;duluniodilnbll~.a"ddin~twmn.a~ 

6 ~~~iim~innisla"fiuim~aa6duin~'iuld~umauiu ijl~iiim~in~u~1aulunit~i~l~Fa3ln.a" 
r9' r, 4 

l ~ ~ b ~ ~ ? ~ ~ d l ~ ~ ~ d  S C ~ O U ~  LLtTZRbldE (2006) W¶J<I A ? ? U ~ ~ U $ ~ ~ ~ L " ~ ~ ~ L ~ U W M W ~ ' V I U I ~ ~ ~ ~ ~ ~  

nitn'~ldad;.luuu~dan~~$a"~ad Lactobac~l l~s c o ~ ; f o r r n ; s  Si3 ;a I 0'-I 0'' CFU 1 UR. ~ ~ n z d  



pl?lub$u$ui-du6u 10" CFU I UR. dd~nBialfibiimnitamfl9aad water crystallization Costa 

Lraznnrz (2000) tludluil~?1~~g~$udLvulzl~u~aqm~Gi-du6uiiv~usiii~fibbfiqL~uubdan 

a154 Iajmashinii l o8  CFU I un. a6aqqinbaa~iiu?uuinwiutz~aiqnitbiiu ~ b ~ z w u d i  

n?iutba"uraqna5&u6u ~luvjus"n"unitilo~n"un~iu~8udlflunitsiiilfi~~fi~~~uu~~an~r4a 

~ial#~lntarflusit$aqn"umaiubeu m?iu~$u$uao.rranG~u6udbvui:wu~a I 0'' CFUI un. 
Z 23 nauuua4riuqiimuaq?Zuw?fi 

bdanai 0 4 8 LLRZ 12 bi%aur~dni~biiu n m d a u ~ m t i n i t a ~ t a n u a ~ n ~ u b b u n ~ ~ u  
v 

STK 69~:; viable plate count w u i i i i u ~ u n ~ u ~ ~ u n B ~ u  STK ~ i n n i t b ~ ~ ? ~ ~ i P n ~ L ~ ~ d l ~  

b n ~ ~ u ~ ~ ~ n i ? z ~ ~ d ~ b b a z ~ m u ' b ~ ~ a ~ ' b ~ . a " a ~ w ~ ~  nniaznitb; rmznit~iiu?nainuju~~unZGu 

STK lu~~1wlul~fi~wtinitt~m3?w~w"aunii?"s'bnFa~lw.a" v&~innis~i iuW~u~"s'b~Fa';J'ba~ 
S 6  S$ LOULQPII 4 8 12 ~ ~ a u ~ u i i i i u ~ u n ~ ~ ~ ~ u n B G u  STK Rm~Ou~dat~auwn~m~q~~in"u I 1.02 

2 
%13.34% ~ ~ ~ ~ 1 7 . 6 3 %  n i u i i K u  i u u n i s z n i t m ~ u ~ a i n g i d a  STK l u ~ u I G d n ? i u r u  30% 

aosriin?iu?8qn?m~unit~udi i t ~ u  rm:Liiudqruvr?ii 4 Oa i ini~samEim'Lng~Zu~<u~n 

~o9h.a"  4ani?znit~;u$~~u?"~nitb;ung~b4a STK i?unir~u~u"d~dqnbi~b&uub~uun"u 

ni?zdu7 ~ d a ~ ? ~ i C i i u ? d  12 L ~ B U  W U ~ I ~ I U ? ~ ~ ~ U L L U R : ~ ~  STK i~;u~uni?zn?ia.~~u 

40% oat. 30% raqn?iu?iqqqnlunit{u$i ;nirram~?sl9~niidniaznaiu~u 70% u a ~  

n?iu~n9~qmlunit{udi~bwm~luPdd 4.3 d a m i n d s ~ ? n i c i i u ~ d  4 GauwuilnisLiiud . 

n i?cn? iu4u 70% uaan?iu?edqmlunio$u:l ~ i i udgnrv~ i i f i aa  ?;la:r?iiri;uuii~nwmz 

hhwas ~ i b v ~ a i ~ b ~ n ~ i n i i n i ~ ~ ~ ? [ l l a a d n ~ u ~ ~ u ~ ~ ~ u  STK L ~ ~ u w R ~ ~ ~ ~ ~ I T w ~ ~ L L ~ ~ ~ I ~ ~ u ~ ~  
2 d 
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q z d i % ~ ~ u n ~ ~ u n i u l u q q i i n i s ~ q ? ~  ~~~rzszuzi~t l i 'Luni~~i iu?nwi8ua~ 

nisnmns~riiu?nwin~ub~u~BGu STK ZurriwluW 1fiuu~6;uunisIajiinaziIw?~ 
2 4 

100 ppm ~ z v i i q n i t ~ < u ? n w i  W U ~ I ~ I Q : ~ I ~ L G N ~ W ~ ~ ~ : ~ ~ I ~ ~ I T L ~ " ~  4 i u a u ~ ~ n u n i t t n n  
& sl .n~olnsaniini~zd~$~nitb?u'bw?u imznir~~u?nain4u~~un:Gu STK lu i r iw lu IJ  ~iiud 
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4'a ~6~molnl~~ana?nniq;1niinlsbn"ui~mv~ii6a9 8enn6san"ualura4 Trivedi IIR:RTU: 

(2005) ~nw?nisnhqn6ii$aua.ri~un~Guno.ra~n ;a BacNvs subiilis bbnz Pseudornonas 

corrupafa dd4.il4uU?fi?WlMr o R u n i v  4 a LLRldqN~Q~f iB; lL f lPdb?Ri  6 
h$ 6  $ 6  $ 0 4 

~ R a u  w u i i i i u ~ u r a ~ n n m ~ ~ g ~ ~ v ~ i i d a ~ a m n ~ ~ ~ a ~ & u u ~ ~ u u n " u ~ ~ n l i v l 4  a bunaqind 
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STK lu~nwlu'lu" Pnu~nni~:nio~~uTnwi~n.j;iZG~8ufin1wqq~1n1n i inweniswnem~ 

wuii an lwqq~in lnd- lwnian i r~~smnuman~u~run!Gu STK c e u n i l  nmu4u lm: 

qnrv~r jZunir~n'u Bozoglu LLntnnr: ( I  987) ~fiuu~Guun~iua~u~solunisi%?mvma 

Lactobacidus bulgaricus LLnt Streptococcus thermophdus dl~U~uLLn"fi~U~mr~lu LLn: 

niuZn"?cyqlnln w u i l n ~ t ~ i i u l u  glass v i a  d n n ~ n u ~ n l G n i u l u ~ f l u 4 Q y i n i n  vYa Zu 

LLiia'lu~nsLqu ' ~ ; iwn~ni l~ i iu '~unla :d imlnln  Nissen owcnnrt (1996) ~ f i u u ~ ~ u u n i s ~ i i u  

r$miq 1mu~fiuu~Buunla:nis~i iu niswmam~dl ~ i i u l u f i n i ~ t q q q i m  LLL: 100 % LLKR 

nl$u.iluLmmnIa& Liiud 2 vMm 6 o a f114~1BFiBil\ld2 ~ i i u l uan iq tqycy i n i n  L L O Z L L K ~  

waur:vii~ ni$umulnmsn'l.aA i~at luPmrnu iiiud I O a 2 O w u i i d n m u r i u $ u l P - i  

ue.1 i~n"nniFuauln.ilanla6 un:~iiud.ilnrvr?lj~i~:6u~~nirn'sy"umai~un~Gu 1mu~~wl:  
d 

Pseudomonads bba: Brochothrix thermosphacta. NAKAl bbfi:Afiid: f i ~ i n ~ l n i ~ b ? ~ I ? n w l  
d hP/ ? ~ u ~ r u n ~ u q d w n ~ a f l n  ider6w Pseudomonas fluorescens, Eschenchia cola 

Lactobac~llus case;, Streptococcus lactis, Saccharomyces cerevisiae Penicillium 

roqueforti, Leueonostoc citrovorum, Acetobaeter aceti, bbn: Clostridium sporogenes uu 

~ l u B l v l ~ ~ ~ $ d  lul lu vnBnnRaB4 L L ~ t ~ l a b l l f ? ~  LLL:liqulu q d w ~ l ~ f l f l  4.5-rail K202 

nlu'luqdianiwt8u~~n"fiZuF~sls~qu Lnud 7.2 'a wuiifiluitnnanaluil?n"u.il.rrcunGGulh 
d nd 24 ~ h u  u~nqindwiluo~ni~1~a"n~er55~~md~id"11la"n1~n1~1~1~n1u1~flfil1a:~qq1n1fl 

6 ~ i i w a i a r n ~ ~ n o i y 4 u n i ~ a ~ u ~ n ~ i  
d d  5 

L:miinlrnnaeun~iufiiu~rnZuniseieufiniulw?u 100 wwrmu luem&fludlri 

dwmnlie (~nrid~ui iui . i l : i  uii<u I 3) wuilntjurrunGGu STK d L f i u i i Q u i ~ h ~ m 3 ~ ~  i 
Pi Pi Pi 

d d  f; 5 

n a i u a i u i s n ~ n u f i n i u 1 w ? u l 6 ~ ~ u n 4 1 n ~ ~ ~ ~ u n w ~ s u w  ~nuPnu ~ ~ u ~ % u ~ n w l u l u "  <dGm?i ~i7u 
Pi Pi - 

~w~l:nt$uunGGu STK ~ a r ~ u a u i ~ ~ n e ~ v ~ s ~ ~ u ~ ~ ~ m l u G ~ ~ d ~ u m n i t ~ ~ u d ~ : ~ ~ u ~ " b a ~ ~ ~  
=id d ha' ~d'lri(urnukaniwfl9d~ssu"IIii (Johnsen oa:mm:. 2007) ~ a i i d ~ u n j u L Y n n L r &  

riiuZu~nwlulu%a~t~'imna~u~no~u<uan~w~sru"~~ifl Ldsaa~us:LRnnirno:w. Pnu 
I I 

~~unGl'Eu~n~:Rne~Ku~fiwZuZu" 1:ln"?udswiummn3~quZu~uG~Wuqinlulu" inw'lu'liidau 

ilm~niruun$Guqinnirqniu~uPnuWlmh d~ui laanirn isud.roei~e~misr:v i i ; l~run~~o 
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niuimn!Gu STK di~uqluinwlul f i  i lw?utz~ivnis in"UFnhi lf in~~daunniulw?UrA 
rl 

nniildilw?uszvi~qnisi:u i iaznlsin'u~nwin~ubbuni~u STK d L i u q ~ u i n w ~ u ~ f i i  

nQiu4u 70% 40% imz 3 0 % " u a a ~ ? i u ~ ~ ~ ~ n ~ u n i t ~ u ~ ~  wuii nltinu~n:nWdnmzn?lui;U 
cu A 

3o%"ua~n?lu?qaqpl~un7t~u$i 1finirriaufiaiu1~uZni7ma~u~uau i inwnnimnneqd 

agdlhiiil n l ? ~ n l t i ~ u F ~ ~ l n d ~ i b ~ ~ ! G ~  STK dduqlurnalul f idn?wiu 30% vaaFii 

n?iulq.rqnlunls~udl ilw?uwauai i inzin 'ul5dqmri  4 'a a iuimi iaoanloMul6A 

dqn ~ z f i i u i r n i ~ u I ~ ~ ~ l a i t ~ ~ ~ n ~ ~ u ~ u ~ ~ ~ i n i i  12  i;au i dad~ lnn l t snm~wdu iv l~a  
v 

25%-30% "uaqn?iu?qaqnluni~~uG~ ~inzRi<nainlneantzvi i~n~t in"u qz4aunnGmsi 
ere- A 

nltiq?tyroq?funsu iued~ln6lrinzaininidud;l~ilrduvioa~nsou"ueqGms7iu\inua8lu 

"ua.i~fun?u' iiPiariwltn'mlu wnnitnnnodtunlt1n'u STK diiuqluLnwlu1r~dnaiu4u 30% 

huilw"suwnued iiviin'udqcuur?rib~ nlul tnr iouf iniu~~taqnquiqinnis~n"udqmv~ri  

4 'a iinzidsz$n'snlwZnii STK d r i i u ~ n u b b a l n i  aailfi~moiPr~lun~triauaa~uIw?u.a"~ 
2 4 n i i ~ i i u d q m ~ ~ r i  4 'a ia~inunnisvlnnaq31fii~~"uil n ? ~ u r u u u n v i a n ~ t i ~ u ~ n a ~ % ~ ~ n n i ~  

4 w  3 
q m ~ n i r  ~ ~ ~ u ~ ~ n w n n ~ r ~ ~ u u f i ~ u ~ r n ~ ~ ' b d l . a " b u n ~ ~ l n u i d a i i u n f l ~ u l u q m a ~ r i S ; a ~  inu 

liJilfii~u~;~l.a"4~ulun~sin"ulu~nau~ud~ma~~ 4Oa 

i u "ev i i n~ r i nn iuwn im~~ tz r i n~n~u i~un !Gu  STK idaolnloidduuiidna 
I/ 

T~s~ f i ~ i ~dszmn~"uas~ iun~Gu ludas ian i n1sG1dn lun in~~Zu~dnan~3~  wnur?uIw'h 

i$u$u 100 un  1 f ns h?uinnfin Denaturing Gradient Gel Electrophoresis (DGGE) 

um:iZu~r?un"ii~nisi&uuiGuuKwmzFmFn~"ua~n$u~~u~iGu STK d i q ' ~ ~ u u o i v i r i 8 u q  

i i o  wuiit inuAiluia uaqntjuaun!l"Eu STK i 3 iinu Ba I 2 iin-3 lu iu i  o 5 irnz l o  

ra; ln~mnna~<~f i iu i tnwu~inuZi~ui~ua~n$ui iuniGu STK dd t i ngs i  u i w u i l l u i u d  5 

imz I o iinuliduieuaqn ju~un?iGu STK dmr?~wul i%niqu a i ~ i d a ~ u ~ ~ i n l u i ? ~ i ~ n i  

K W I ~ ~ ?  n+uuunGGuluniaa?~u'bd~lnani$adfiiuisnriauaniu1w?u~6 aiqriIuPlttrlnrd 

Fnnipiunii luumzdn j u i ~ u n f l ~ u  STK a l G u i ~ r i i n d i l u m n n R a  unzluiud I 0 saanlr 

nmnaawuiii~nuZiiuiera~i~un?i~uriinl'au~o~luZud~~n~ipiu~~~u e i l i i i n ~ i n n j u  

iiun?iGu STK ~ i a u n n i ~ ~ ~ ? u ~ ~ ~ i s ~ ~ ~ u n ~ ~ ~ ~ u z a s r m  Lwasinl (2549) ~ & i u . ~ ~ u i l i  
3 " n i s ~ f i h m f G n n h d f u ~ i n n i s d a u n n i u ~ w ~ u ~ ~ ~ u ' i u  antluoialr~au;li4a CFMM diau 
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fiqionnq7n$nwwdn~n~lua'ud.j;7niTmmam wui7TnTn~uoan$uaun$Gu STK $d 3 
4 u 

quafidnadringm~~u';da"uqlalw"iu~mdnir~ol oam~iintju~~uniGu STK ddudluinw 

lulu"fiiuirnnsnaiui$?mm~ unciumuinlunirdmufia7~lw~u~umamlalnirmmam~ 

qinniowanir~nwihdvumdl6n~7au7tu G i l f i ~ i i l n i s ~ i i u r n r n n ~ u ~ ~ u n $ G u  

STK d~n?7Ufliu?rn1un?sdBuaaiufiisdsznau PAHs ~ ~ ~ ~ i i ~ r ~ ~ ~ ~ ~ j ~ ~ B ~ ~ ~ ~ ~ i ~ ~  STK 
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d 4 O s  ~afiiuiTnlimmiqn7tLn"u?nml6u7u~d 12 ~Amu ~ $ u u ~ v i 7 < u n 7 r ~ n " u u 7 ~ ~ ~ 7 u a d 7 d  
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