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Abstract

-

The objective of the study aims to isolate various bacteria to use as an indicator for
the contamination of heavy metals by using antibiotic resistance characteristics in
conjunction with the chemical analysis method and its application for the bioremediation of
heavy metals in various contaminated areas. Water samples were collected from 4 sites of
domestic wastewater, hospital wastewater, aquaculture and old tin mine during September
2005 and April 2006. Among 652 bacterial isolated from domestic wastewater, hospital
wastewater, aquacuiture ponds and old tin mine, they were found high resistance of
Streptomycin, Kanamycin, Fe, Zn and Cu (8.2-100%), but low resistance of Tetracycline,
| Chloramphenicol and Hg (0-75.5%). The high antibiotics resistance (domestic and hospital
wastewaters) was found in a positive relationship with the heavy metals contamination when
analysed by Inductively Coupled Plasma Optical Emission Spectrometry method (ICP-OES).
It was also found the multiple resistances were found in antibiotics ranged 1-75.5% and
heavy metals ranged from 1-98%. The percentage of antibiotic resistance were significantly
correlated with metals resistance, namely Streptomycin and Zn, Streptomycin and Cu,
Tetracycline and Hg, Chloramphenicol and Zn, and Chloramphenicol and Cu (P<0.05).
Bacteria isolated from heavy metal contaminated sites were found to be able to remove Cu,
Fe and Zn at 29.1- 72.7%, 0-25.8%, and 0%, respectively. Therefore, this method can be

used to select some useful bacteria for treating heavy metals contamination in the

environment.
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tiia wardanz® Tiud Traeuin e Toeamuuumme? ussTeeaungamdn Wusu luindaann
lranugaavnssuatanulanzuaTanewinléte 30 18 lnefinusnninedlustvedleasy
1IN uazanaeglugteesanstunitaw lnenwudillanzuneeiln iy mdn nesuas uaznesas
fimandeudreviegouiegluainsssumidosnan (He, Yanga and Stoffella. 2005; Nies.
v )
2003)  dnwunvstuiteusesansuy lanflanuazdsenluFuaniigeluiuifunaann
. , , &
gRaMNesNYin 1l (Turpeinen, Kairesalo and Haggblom. 2004) aannisinmasinistuitleuses
1 4 ¥
asuy wAaleN nesuns Usen Fadlen uazdanzd doulusruutindmindefwufiuudenses
= = o Ho a
arsuy uaniay Tasifian neaauns Usen mzia uazdens® uananiidanudndnlunsruaunis
a a0 Y o ‘3‘/ < = a %’
ntiamduiialiiianstuteuses wandon nasuns Usen uszeinflonlufuuasin Tag
awauanlunsulewreslaveminluiiaqiunuduinainTsanugaamnssuuazguauiy
. o
AN (MNT79N 1)
Tanewindaulug)idusigmauidunitidnasausewanaiifin (d orbital) n1921m
v
aidnmseui Wilaveunfidszquan v ldlifiaauaunsalunsiididnmseu saiulansmiin
g a 2/ d' ° o o) Qan al < as
AaimhgAgylunslunaiiiugng Trace elements unszuaudidumedaedl siuaniy
udugelaeauraslaveminasinuiluivgesarnad ity Hg®', Co® uaz As™ (Nies. 1999

Nies. 2003; Silver and Phung. 1996) lanzminiuaniiidnluduununsiumisduaaslansd

o

{184 iWassnTanemindulddfusumia Thiol-containing groups uaraandaulaandnlans
dl [ 3| Y 3 n‘ [ -l ° o ] ° 1 . alca
i sglanzunselaflusinisniuiiaoudrdysanisinauesszusine Wwdedldin
vin uuniiden unadon Taueas uaaidan Tifa wan dantd uazvasuss (Bruins, Kapil
and Oehme. 2000) lueiddananlusaiilanldlandfion wnaniia wéan laueas nesuns ans
ol ol [~ o’ 9/ - v [ % ld % d;
wy uazgalsdui Wuarfudidnaraulunssuaunisaieandenureasss  laueminidle

WfuluSnamnnifullasdemannduaniiudunmeasenysiuacdnd



' o d Y & .
msni 1 uanaFunosestavewininuludisannguau Tranugaaunssn milesus uas

v
LI
- Traau
‘nuﬂ < ] %’ a a 3 o
5 AAIVNITN | MBS UNHIAY #1989
Tavzutin
WATTNTY

- Stepanauskas et al. 2006
WARLNEIN 0.01-1 mM 0.01-1 mM nd

Barkay. 1987

Usan 0-5 mg/L nd 0-0.1 mg/L
Yamamura et al. 2003

ATNY 10 mM nd nd

0.1-16.8 Cheevaporn et al. 1995
NAIUAN » nd nd

pg/cm “/year

| 0.1-16.8 Cheevaporn et al. 1995

fane@ " nd nd

pg/cm “fyear ‘

- nd 4 1 Py
NNIENG : nd AB LNNTBHA

2.1.2 pNANNUssEudnlansuinAuRaNTIsluRauInaan

| - (-1 4 L4 o o . = 1 o/
widnTavzurarladusignandudmiudedidan uadrmnlisululBunuay

|
-

dndugeaziduiwrieReldinld anseenddenuduuaiiGeiiandaluaninuandaniinig
j o ¥ (% v P <l & o L 9 ' al o &
thuleulanzmingrnnsasuniulavewin Iy essniinsdfusialinusiaansialidunsad
. : ' o & g y .
Udeaasg@euandeniidininufinaunnd luanmiiuininslwtauloneninasiinnny
WAINUAIE 299 RATLMUANFEAINGIUTIOEUN (Moffett et al. 2002; Teitzel and Parsek.
2003) wananganasiaaNiaInuatIEndanInuds lansudinunaiiadianisnazanly
. = : - i z J L]
&liTiafeAuuTinnntuteuldd wu arsuy Toymninutleuarsuylamguiainninii
< 1< ° 1 a o o o < d’ [~ ell 2‘/ < 1
willaausayn Ineanizlusneseuiyat SamdauasAisssusa feefluifseaniiaus
el 1 tooo ol o a PR .z ,?,’ (4
AynvatEwiILarIWiEEinsliunisey Aslansuyluleuasguiintinwiliuazeang

] ¥ v J
gnhnmls Faduwsamnz@esdndiizneih SseauSuianisansresaisylude 0.1-



12.8 Nadnfusianlaniy uazvesunasg 0.3-25.2 Jadniuseilaniu (Boonchalermkit and
Fukuda. 2545) Tanzminfiand1eludnduanainaziiuansznusagninuandenaesdelidinly
svuutinAudadiazanluseninresdelifiauasszaruntdinadnduin luidnudanaiy

Y
2MFRNFE
L3 o o < a 1 74 o a o
damFuqaunsdiagdnfiiimnaiusdainislaneninlunisasyiiuinuasnalnnig

IWUNUBATN Lwif-ﬂauw?ﬁmwﬁmﬁna”Lnlumsﬂmﬁumnwmiwwﬁnﬁsxﬁum’mvﬁ’wﬁu@mn
3qttomﬁﬂu15 \1Y4 Pseudomonas aeroginosa, Thiobacillus ferrooxidants, Escherichia coli,
Staphylococcus sp. bag Bacillus sp. (Bruins, Kapil and Oehme. 2000) iflasanniinsdiusa
VisansanusearsiafisunsefilsesasgiomadeniinSunaniiniuldannistudiouses

o

Taneminludiuashiu wanannilavewinanisadrenenlldanssuiunisniedanin uay
dranealugvacidaisludeReldinieg luiruaziu lansminfinuduiauluGauandan
< o o'« 0% ﬂi © o’ o [l e’l’
unziRuadnuzia) Ieedtaveminid Ay fisesialyil
1) (AN (Fe)
o , i
waniusigneluny 8 AR 4 209619198577 HNnezReN  55.847
IRIDTABN 26 ANRBNINAT 1,535 BIANLIAITUS qaRan 2,750 avALTATLa 1a19endindu O,
+2 uaz +3 fpuantFiianieu daounflusesudefiguugides mdniusinlevzmin
- Y o [ 24 ] , a A 1
1ilafganiinoudAysed l3iauaniiqe sUuuuaesansdsznavindn &un
Dicyclopentadienyl iron C,H,)2Fe , Ferbem [(CH,)2NCS,]3Fe , Ferrovanadium dust (FeV),
Iron Oxide (Fe,0,), Iron Oxide (FeO) , lIron Pentacarbonyl (FeCO), uae Potassium
Ferrocyanide (4Fe(CN).3H,0) waniwulusssuanmnnegluglmdneanles (Fe,0,.xH,0) 14
nsynfausaamdniwuesWiinussinduliun wanduaiiu (Fe,0,) Ananufitenszning
-3 o’ ’ 73 ‘J -3 A a v o o Y = (=]
waniudsuandan nsieznenresmdnigneand indudasansaiueendiaulueniaiiadly

< -3 a o o’ A CE| + o i
eanlafresman laawdn (Fe') gyidedifinmsau 2 i waswiu Fe*’ faunisi 1

Feo + 2H2O -------------- Fe *

luBeNT3mnon Eukaryote 114 Saccharomyces cerevisiae #wmanifly
[ < e‘u 1 %3 A 173 [v4 asg dl' } 3 a o 3/
’ﬂQﬂﬂTxﬂ@U'LutﬂTmuvwmuuqLﬂﬂ')ﬂ@\?ﬂUﬂT:U')uﬂ']?lulLﬂU@ﬂ'ﬁN ﬂq?tﬂ@@uﬂqﬂﬂlﬂﬂﬂ?@umqé

1adlag Fe'' WaTNITudmI8anI898iu (Gerbel and Lill. 2002; Nies. 1999) uiageialainu



amsiisazaursananidanuluay winaudsunadnfonnivuadunasgulidudaany
Tanzau 1 wadunisiasiulinen ]

2) NBILLAN (Cu)

] 1
[ '

nasuatidusiniegluny 1B AUl 4 28901919570 Anosezmnan 63.57

Y

i
=

ATBTABN 29 AINTNAUNIT 8.94 (V120 asAgaiiua) qanaanmas 1,083 avdngaliue
qaimen 2,310 avAgaidoa aveandiadu +1 uay +2 JauauiTRdeu dndte hhanauieu
eI 17 uwantauzdewin iy nuluunaninsssuaniazeglugilansisznevsantad
(Nies.  1999) luirsssugad Taesinludnanainnisynsauaasndnsuaindnesunaifly
23Mszney 1Ty nasuasanideredlsanugaamnssn neauwasiinulusssngfazag lugl
189UsA19 1Hun pedilefdalus (Cu,S) medulefaentad (Cu,0) uszaatilefarfuaium
(3 § i ng } o i
lamsanlas (CuCo,.Cu(OH),) unasiinunistuitlounasuas tHun Ireauiuunmes uay
Taaaugulans (Cooksey. 1994)
A 3 Yo 4 o g o ei a
WasenenyedliiunasunsluBniugeasinliideaudesiaga saiiia
Vo @ G ' . \ . I 1% j a o 9
anmslifunesuasnniinly Fandy wison's disease flannasndnaiiiainte Anusus
UNARH WAT Menkes syndrome (Silver and Phung. 1996) wuABaRAmuIN1slun1s8unY
o Q’ : o/ A i t i (-]
lanswinfininanmsianduiianuaimisalunisuldeuginesuns e lug il
dunseld iy £, coli, Pseudomonas spp., Xanthomonas campestris Wae Enterococcus
. . , ' o
hirae (Nies. 1999) uazuwuAfIFy T. ferrooxicants ausaulatugLnena (Cu,S) waeug

dhu cu™ Wgpfiaansatdiniadrauazandunsmelaenisfiadiifenls 3 wuu Ae fanntsi

2-4
CuS+120,+2H _, CuS+Cu” +H,0...... (2)

CusS + 20, — Cu” +80,% oo, (3)

CuS+8Fe” +8H,0 ___, Cu”"+8Fe” + SO, > +8H"...... (4)

3) Usan (Hg)

ﬂifamﬂuﬁm%zﬁwg 12 Aufl 6 VBIATI9675 HuaBRaN 200.59
\@IDTABN 80 ANNBNIMAY -37 BIAIAITEA AAen 357 auANTATS wTeenFiati H®,
Hg uar Hg®" fanantifinaanuian s lansminfiiuseanad luan1nessuaid tneay

g Iugannlseneulnaduiusinuiearsdssnaudug (i Acetylene, Ammonia, Chlorine



dioxide, Azides, Calcium, Sodium carbide, Lithium, Rubidium, Copper (Nies. 1999) u
sssngrRaNsanulsenislugvasisen (Hg") WiaInaareIUsan (Mercurous salts) 1%
Hg", Hg>", HgCl, Feanunsoazaneldin Usanluglaesansiszney Organometallic dn1sld
vf'ﬂﬂ’lu’imqufqmmum‘?mmzmqmsmwm 'Luﬁ?swmﬁwudﬂM?Lﬂ?{ﬂuuﬂmﬂ?mmuazgﬂ
geedsanlusssngndiil 2 dpdns ‘ﬂ"ﬂn'\ﬂﬂgﬂugﬂmmﬂsfawﬁLﬁmmnmﬂﬂ%ﬂuuﬂmmm
2atnm5®uuufanzﬁ%um¢mmm LLazm?Lﬂa"nugﬂﬂsfameu%w'%wﬂ'nmu.umﬁG"ﬂlun?:uqum?
Methylation 224@17Usznavefiunidysanuasnszuiunis Demethylation i lKRansuany
suilsanludeusnden wuAfiGouneriaaunsoduntuselansuinlasfinisiadeudne
TwwﬁnTmﬂn?xmumsmaLﬂﬁLﬂ?ﬂjﬂugﬂﬂs@wmn Hg®* \flu Hg® FatulnuuaiGounsuay
iy P. aeruginosa RiEwluNMsEumnusiatsen (men) Luwanafia definalnnistensant

1/san (Nascimento and Chartone-souza. 2003; Brunke et al. 2002) fadun19h 5-6

H,S+Hg® HgS ........ (5)
CH,Hg' , CH,+Hg’ .. (6)

N ala

pududuIes Hg *° way CHHG' HAdnwdluiwasefeldaings lu

adunTEa W naRsuudssiugnssuuasnalnlunisulasugisanldey uguladufie|s
. . & '

(Madigan, Martinko and Parker. 2003) nsuitlawsastsanunainlsasnugnaivnssy Tedsen

AelfiAadunseitunaasiganmsluunaein lunyetuinldfudsantFunugainliinalen

Jumae

4) Fanzd (zn)

fanz@idusrmiieglumy 12 AWfl 4 189197987 Sunaaznew 65.39
\@19zABN 30 9AVABNINAT 419.73 avATATd qaLRen 907 asAnraidua inreantiadu 2+
NanantiFiuiANFay 5\1n:ﬁmmsnwuﬂ.a’m‘lugﬂmmmsﬂnnau Sphalerite (ZnS), Calamine,
Franklinite, Smithsonite (ZnCQO,), Willemite ua¥ Zincite (ZnO) ﬁ'ﬂﬂ:mﬁu‘qmmwm‘i‘umi‘
wiraLmantiesiuaiin Tanzdand Wuesflsznaulueiasdransuazans@sine Wudu Ao
TuRwsieditanAedendldudassuunisuanideawdi@nasanlunisunela (Nies. 1999)

[-f

- = . [ %4 A o/
wuARBauNTIRag utsoanANiuR mreedancdluiaunaden s Ina i saantlasiu

]
<l

funsrganfencdnaanaulfunsmiuniudeansd du wuailFaunsuauLNTIRALGY
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Staphyloococcus aureus \HaagluRanfenfidaruiduduaecdanz@qe (Choudhury and
Srivastava. 2001; Spain. 2003; Nies. 1999) -
ngl’v Il o dl =l ] a a [~] ¥
wananiidafilansudndus viu ansvy unaniils Taslisn uszilifia sy
arunronuiiluin@efiddeasainlsenugaainnssn uasguay JellnasaszuuiiinAeas
dwniTludanndenlnadinantansaretfinnaduviidludauandaniinsildouulasnny
| -=l' 2 < o Y e d’ o - X4
wanuaneviensasunlaamedanmen Iifanisasuulaammieiignesnraaqa st
2.1.3 anusarsanaznalnmsaumulaneminluqdunie
nasAmaaninussruRve9RalTInludunsannilanzuiln inlKifianng
o v ] = o a‘l’d o o A 2 o
WUz ULNs N uAefreeslaneswdn ssuuiiianudrAginaadasiu TasTulan
) ; A . v
WaANA uazdaurasAduiena nnsaraeudneld (Transposon) (Bruins et al. 2000; Silver.
1996; Whright, Stepanauskas and McArthur. 2004) uazilaauanunsalunisiadaudinalaing
TunsdiffannulndiAssfueesanaiug dasuafsfinudinissruniulansutinuatasind
ANENRUsUUNATaRaRea T (Malik. 2004) warwudilANuANGNsTrdrEunsuniy
Taneuiinfieguulasiulauuaswanaia Asszuunisdruniulanzineguulaslulouuasd

a o =

o ' a L) 3 ell o
ANAUTENALNINNTNTLULNAEHA Tmﬁﬂuuuwmaummunainlunﬁwuiﬂ@@u PYEUSNNATANA

'
o/ a o el

anunsauaieudieisamdandnlasTulaaludqduviadaus aannisAneluwuaiiFawan E. coli
oy : o - = a aa O
War S. aureus MuMIusRANITVY WeWFELINEURIMIBIEULUNANEIATBIULATITEYY 2
a " v LAy aal o a aa Ay
ailn wudia E. coli ighuasyfituuulanlaseu 5 By a0ueh S. aureus HEUNFUNIUAIUY
vulaiesau 3 fu Favis 3 Huflaouifeadesiuiiulu £ coi (Silver. 1996) 1finaaalusAuid
audrdgylunisiadeutalanemin laenudrlanesnssfafiudoulngjasitdsfunidus
dll v ] o a - a a 14 ) d‘
wdsufhauansinaiuaantlyl uazqdurisdunaiiaanunsaialduinndiuilanalnlunisanainu
HhiRwaaalasemin Gaaransoutield 5 naln Aamened 2
2.1.4 msAnmnisaumulaveminuasqduyseluduinaan
Taavinlunasnagaunissiuniulanswindalifidsnsiuiueuw narwrealdidu
Bmnnargululagiu udaruansnsalunisiunulansminguisoinlélnedanaenis
faanauduiusaasnssinumneesdildie elauazsrivanududusineaadlansmin 3q

=l a

nsnadaude NN luR e TInauradnidy wuanFe nasAneinissinuniulanzudn § 333

oun

v o

1) Agar dilution method 38UAAIEARITLATNNTNAGBLNITNARALNNST
=

v ad o al -1 a g aa aal )
[?l’]u“/l’]uﬂ’lﬂﬂﬂ]?u::‘ﬂ@%mﬂﬂLﬁ‘ﬂtﬂﬂﬂﬁﬂﬂﬂ\‘iLL‘]JﬂVILi‘E[UH’t]’W')ﬁ‘LL‘INV]Nﬂ'\ﬁ‘NﬂNﬂ’]ﬁQ‘ﬁ’Jut LB
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nsAnInIsFulaneudninsnisAnmning Nieto, Ventosa and Ruiz-Berraquero (1989) 6@
o/ o/ i i 3 =\

masimulanzuinlaeiuiinAranndndugegandaarunsoaseyle

A1919% 2 uamenainlunisanmnuiiiuielansmingasq@unidludawnaden (Fautlasann:

Bruins et al. 2000; Nies. 1999; Silver. 1992; Choudhury and Srivastava, 2001)

naln Tangntin AUVITE
1) m?ﬁuiwzuﬁ’nu‘?wmt.'ix"'aﬁ:mmﬁ NBAUA E. coli , P. Putida,
- ASARDULITASTIBENTA Polysaccharide | WwAsNEN Pseudomonas sp.,
Felannsngadulessulanzuaziiniles S. aureus, Klebsiella,
IR Arthrobacter viscosus
2) neindnlanewininanislindanuuss | ansuy E. coli,
Tldwdeu dutanseananniaad (Efflux) S. aureus

- InefilsAuswiz LT e aanntuaas

wasdreluniaadeutalaneminidieen

NIAN

3) nsanmznawlaveminanaluged wAAiEN Synechococcus sp.,

- a¥9@ns Metallothionein LLﬂ:Tﬂ?ﬁuﬁﬁ NBILLAN Pseudomonas sp.,

1Bu0d Cysteine N Faned - Mycobacterium
scrofulaceum

4) nasugnlanzeananizadiaanisduiy | waallew S. cerevisiae,

WsAunteuenigad NBIUAN Citrobacter sp.

- ldveamalunisduiulanzmin

- Juifluanslsenauidedauszndne

Hydrogen sulfide Bgjuanisaa

5) nalnnisaaannniiiufivestansdoy Usan S. aureus,

wowlad Bacillus spp.,

_ Sufidmsen (men) s¥aiouloin E.coli,

wihfganelsen P. aeruginosa,

Serratia marcescene
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2) Continuous culture MsaENsEULTIAdMFUNTAGaLAINETT0
naEdiiuanseiuresdedidinluemeiilanzuaslainlans ﬁaﬁ%ﬁmﬁ'mmmw“w‘lmu
Fananiilndidneuaninuadonlusssuei Wy Feiidmlurh Warsemslunsiagessi
Unfmnzanfudaidanidnsuasldlonzasly naveslansi seduAadn A RLAn ety
ausdnlalasdunnainnisrauauesrainisiadoyiivin V?a“‘?vmumwwmumﬂmmu
eaa nan1snaseuanseenuglraninm 13ad0395n luntmmasesiarunsalddusy
ﬁ’mLﬁ@nmﬂﬁufﬁﬁmmufw:mnndu§Qﬁ%3mﬁ01 T

3) Agar diffusion method ma‘mmﬁ%’f‘:mm?ﬂwmm@um?s’humu‘iw:
TunuafiGananiildarsdunidlunisdisedan Fedauaeandanasnaaaunisdiuniy
mﬂ.ﬁ%uwmLLUﬂﬁGﬂimﬁl‘iudun?zmwn?@aﬁmtﬂuwnau’quﬁwmsﬂ:mwmmﬂﬁ%u:
hlnsuewnsudaifinisindedesuuafiGefigesnimadey UATNANITNARILARIRaN 1Y
quresnsairendlaresnisdudouundiGeseuusiunszaunses nmagauiulanclavinas
siaurlaslag Groves and Young (1975) wudnlfuanisifinaslazeenisdudonund (3501

nezaEnsantuiu mnwlaifiadawalnguansdiwuaiFainasduntulanclas

2.2 enpdaus
'memﬂsvmquuumumﬂmmsmummumnLW@mmum?mmLmuTm'sz@auw ]
Falutiu Feanmass nasimaz L@mﬁmmmﬂmamuiwmuﬂmmunﬁu v fuideedng
nsinemsnssnuaslsanenung usy zﬁqmlvmsmwma'numimaLfnwmmﬂg‘mu"mnmmg
Ttbiasing 7 iuuafiFei fuslomluiuariuunaiiame uwiuneringnsaliug
uazsumuRes U Tausld 'Nmml'nmﬂﬁmu:ﬁoﬂuwﬁﬂszaw%n1wqonfimamm:ﬁnmu:
ma"afanqvn%rﬁu{hu,UﬂﬁG‘ﬂmmmﬂﬁ%usﬁumnﬁiﬁaﬁuhl
221 gnl)diu (Antimicrobial substances) uuwﬁqn@umﬁﬁumﬁum?
Wyreaidera uuafide ¢ Ta¥e uazlisings "i?'el‘itﬁ@ﬁmuf';ﬂmﬂu@niwmw?@':”mq%wm
i aneinide vielifesnmnlsafindeluitanig vieldiduansisansiaioius (Growth
promoter) Tnuifnasluamsdnd foutadu 2 Usviny AeenufFousugnfidsznaudae
mmﬂﬁﬁﬁﬂmﬁuﬁmmnaf«ﬁ%m \iu 81U ous Streptomycin, Chloramphenicol  ua
81uUjTaurdansieaf (Synthetic antimicrobial chemotherapeutic agents) iflugnfitssnaudag
asailidauamuity el ilutaguusazsiafinasentsgudeunnsinat Seiinaln

neduealdl 5 wuy Aamsed 3
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o =4 v o ° a
AITNN 3 Waﬂ\'lﬂﬂlnﬂqi"ﬂ@ﬂqV]ﬁLLﬂ3ﬂ']'u~m']N']Tﬂlun'\?ﬂu&lﬁﬂ?"ﬂﬂq@qﬂﬂﬂuﬂ?‘ﬂrﬂ@ﬂ

mﬂﬁ%u: (Anutlasann Madigan, Martinko and Parker: 2003; Tenover. 2006)

nalnnseangna

1 aa
nquaeseUfTIuy

v
o o

1) FUINITRUATIZUHIAUTAR

B-Lactams: Penicillins, Cephalosporins,

Monobactams

&
Qo

4 g -
2) BANOVIABILBYNITRR

Polymycin, Gramicidins, Daptomycin

3) fudanisaFalulsfiu

o~ o

UMY 508 ribosomal subunit:

Chloramphenicol, Clindamycin, Linezolid

JuAY 50S ribosomal subunit: Tetracyclines,

Aminoglycosides

U Bacterial isoeucyl-tRNA synthetase:

mupirocin

v
o/ o/

4) fudansdaunszvinsaiinafan

v
o o/

vglansdaAs1ed DNA: Fluoroquinolones

o o

vEaN1989LATIEd RNA : Rifampin

5) flugarruueuliiay

NILUAUNITNINNATLDRT N

Sulfanilamide, folic acid analogues

v
o = <l o )

gnUfFucinansriialnnguusiuarannnainisolunisdudefuvisduansng

fiu dadunslenuiousluudazunasdaiaouuansieii Wonguguasinigldenyjioue
Streptomycin UaT Tetracycline N1awzidedasuninsdedFauzidu Chioramphenical
uay Oxytetracycline TsawanurafinisldunufFous 19u Vancomycin, Streptomycin  uax

. [~] @ e' ° o a o i
Kanamycin fusiu endBausiiddty 4 98a famnsed 4
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d' a aa ISl <
A 4 uaavtilagnujFaue Taseaframnaeiiuazniseangva

-

a 4
enufTauy TassaFramiaail N13aRNqYIE

Streptomycin Broad spectrum

gagiAl C,HyN,0,,

Wmintuiana e

581.574 niusialua

Kanamycin Broad spectrum
gRaAl C gHy6N, O, %

dwidnluiana 484.499

NH; " o
[ ¢ 3 NHZ
nfusialua °#

Tetracycline Broad spectrum

gaaAll C,H,,N,0, T R2 R Rey  NCHan

¥ DY CY 8 o

wuminliana 444.435 SN @

.. i CONHRS

niusalug OH O OH

Chloramphenical QH H Broad spectrum
He) L .CHOH P

gnaAl C,,H,,N,0,Cl, ” * NH

wwinluana 323.132 | o N 07 cHal,

niusielua

222 anndunussswiteeniTauziuadunidludauondas
nufTouzuasuuafiFefnmsofumusfiausmwuldme iU G wondes i
3o wdainanu dldAy nzneuAuuasiv e1fFauslinisacdrensgioundonld
wdaanifin1s 4l anrumeuna unaegNTL n1sUAdnd IRPITTBE ARY. PRy ua:tmmﬁ'uq
l‘i’\lﬁmﬂl?i‘ﬂﬂﬁi‘tﬁﬂd%u?!’mLLUﬂﬁﬁﬂ#ﬁ’l”lu‘/\’]uﬂ’]ﬂﬁ%’)u: (Ku'mmerer, 2004) wasfiffSanninas
UdetenlfTruziBunngeasgRauandas W
1) ﬁwﬁmmuuﬂximwmmﬂ
wdsguaufufifeses fhudeu Fudn Banenuna Bedeu aatnuas

sl

o < v - o a aa )
TT\?\?']u'ﬂqmﬂq“ﬂ?TN@uﬂ ‘INW'Uﬂ']?ﬁ]'\uﬂquﬂqﬂ{]‘ﬁ’lu:‘ﬂﬂ\‘lLLUFWILT?J LL@:H?Ug‘nQu:QnU@ﬂﬂ@‘ﬂﬂé
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)

ganafanintuneszinsldeuazasiail srdfdousinauwyaiFenfuniuediious
GR lgiun s. aureus, Streptococcus pneumoniae, Aeromonas- sp., Enterobacteriaceae,
Acenitobacter spp. W8z E. cofi ifhuiu FeunarfiaduuuaiiGurelsalunuuazanisadiumiy
Aoe1UTaus 11w Tetracycline, Co-trimoxazole, Amoxicillin, Oxytetracycline,
Chloramphenicol, Sulfamethoxazole, Ciprofloxacin, Gentamicin , Vancomycin, Penicillin G,
Trimethoprim, Lincomycin, Ofloxacin Was Vancomycin s (Goni-urriza et al. 2000;
BeoviC. 2006) lulssarugaarunssuuanmileannilywinistuleuarsialidunsatszinn
o’ o/ z - U ‘cl o
Tavzminuds falldywintstutensesendifousasguuasinfaituiy auaiuasalunig
v
FUVIUTBULATFE 99985 1ATEUATIET 2 atinafl A uANRUSTU (Pathak and Gopal. 2005:
McArthur and Tuckfield. 2000; Groves. and Young: 1975) nanmauuafidalndnasuuiinnd
v o ] a a -l Y aa
annsnsnuniulanewin iy idauarlasfisuuazarnisosuniueiufFoucidu nas
ﬁﬁumumﬂ,ﬁ%uz Gentamycine, Polymixin-B, Chloramphenicol, Kanamycin, Tetracycline,
Bacitracin ua¥ Streptomycin Iy (Verma et al. 2000; McArthur and Tuckfield. 2000) %4
uaaaliiudauueliuannduiussesnissiuniuendfiouzuazianeninaesuuai Foann
| a z a o ) o
waaidnsuitleusdficusuaslaveminlufaunaden Muszidaannuduiugnissiumig
enufTauzuacTanzsine seauuaiiBeluduasdenaznanasiall
X ¥
2) NTINHATNTTNUALNITINITIREN AR TN
nslfanlfTouzluntsinsmenssniitinongalunis@esdnd wu uy ln
o él' o o o & ) AI 1 ° ¥
wazdd Wwessnilaqiuiiseuniniialealudniuaznisunsssunmiingeu inlinumens
sieslfenuffuclunsinmuaciieaiulsa nanssnunusnfefinisydesin@eifenfdous
aa oy aa y 8 A P4 ) e s -
wazuuARFaRAun eI usasunainingsay Tuunasndnnsdesdndanunsanunig
v ad e ) , ) S o
mumumﬂg‘mu:mmumwL‘m vIU Enterococcus faecium, E. casseliflavus TIHANN
sunuse Vancomycin Iidlunnfuiaselnigeqn daulunyuazda wusesasnn (Bustamante
% a . . A o o

et al. 2003) maamaudaiinsAnA183eUiTuz 19U Lincomycin fiszdu 0.7- 6.6 lulAsniu
Fiaams (Brown et al. 2005) lutnfivandos

nsldenufTruclunisinizifesdndin iy nasiRedanansn fa119 @eetan

(3

lagiamzfanasniudafiuasgiasesingluniald nasdesedinisideomns anlfdauy
TuFnnmgeuazandelude lugaaunssunismnzidssdndtindnasdouazansiadifldm

unlungu lun Tetracycline, Chloramphenicol nguene3tula uaz Sulfanamides 1Tsiy

(Tendencia and Pena. 2001: Karunasagar et al. 1994; McEwen and Fedorka-Cray. 2002)
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raanauasiAlaw]  efnwlsaszuiaainuuaiiGe 1du lsadesuas uazlsanieifiou
LLUﬂﬁG“Uﬁwum?ﬁﬁumumﬂﬁ%uﬂﬁud Vibrio spp., V. harveyi- V. splendidus, Aeromonas
spp., Pseudomonas sp. (Tendencia and Pena. 2001; Baticodos et al. 1990; Karunasagar et
al. 1994) FiaumusesUdaus 1w Erythromycin, Kanamycin, Penicillin G &z Streptomycin
s dawaliifadeyuisiaeg v doywerljiausanda nisheseandfioucussiiguise
dawndeninadeszuufivavasqgduidludeuaruTnadndiRes easannludeasfiansduvisd
ludFunnige anawuadamimnizanlunisiadgifivlowssunsauraugiaaiduiy
AMNANIsa TN e AU U Fusaenduvitiiiduanunaelsa SufluifadudrAn lunng
1 1 4
AruANTsAluNITNNZIRLNdR N (Kerry et al. 1994)
2.2.3 nalnmssumuendfdsussasiuaiieluiwanaan
] v
TaqiugnljTousianunsaldlunsdudauaiiGeldifen ndndruauendjioue
d‘d 173 :’z dl' v ad o =1 E; ] [
Wldianua WesannisdyuinisduniuenUffouzeecuuaf Fullutlgywidrdyuay
' & o . a v ad aa oy o
wiaula inasianunIInteslszans mssuniueUjfauzaecuuaiiGadunuaiausn
usall e 1930 Aann1ssunIw Sulfanamides wax Penicillin V8UUATGY S. aureus WAy
saNlull A.A. 1940 WuNI9EUNIY Penicilin 994 Neisseria influenzae  NM361UNAY B-
lactamase 183 Haemophilus influenzae Wt A.A. 1970s UAENT9FIUNIY Methicillin-resistant
Staphylococcus  aureus (MRSA) uarnssinuniugndidauzunnndn 1 148a (Multi-drug
resistant: (MDA)) 283 Mycobacterium tuberculosis 1l A.A. 1970s wax 1980s slanlull
o _a d = é‘ 1 o L4
1980s Uaz 1990s NMsrenamgeIntsnandndineTinA T ugeTy 11w nsvinlAdng uas
d‘l a g’ 3| v ° 9 e & 1 a
nsmnziaedadin sy MldifTuuuuaiiGaunsuaunanendoeg luniaduenis
(Enteric bacteria) \I% Shigella sp., Salmonella sp.. V. cholerae, P. aeruginosa @1H190
- z . ] ]
srnmuenUiaucléiganu (Alanis. 2005; Marquez. 2005) Fan1silatuulasnnuaiunsoes
& al 1% ad ’:1 < 1 o ] v
wuafiGalunissiuniuejiousiuiinsfnmesnuiunsuanglutaaulasaiunsausials
dunaln 3 nalnwdng ladun
1) manlfsundasiassafrannainilaesenfious
i ' A [~ { o ] o Y
nsildeuutaslieglugUiliidudunsadeinad Taantsilfaug
Tasearamaiaiizesentjtous nalniiilemafiatuiiauuafiGeldndneulaioanun 1 vie
¥nn91 1 1l ezl lienjiundenanmmanaiviewfauulasgiifiunainfivuiinld

a

¥ aq L4 ' I} aa ] [ [
Wwnsumuenlfioue ewladusiazafiadnaianizsesdjouzudavafaiguiu

]
aa ay

enljFouengn  flactamam  uuaiFeisiuniuldazndnieulad flactamases  uaz
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Staphylococcus spp. @1unsaa¥1aaulasd Erythromycin ribosomal methylase nnl%aunsn
AunusenUiToue Erythromycin 1 (Tenover. 2006) luuuaWi3s P. aeruginosa &IN50
afrenleddiudinisinauaeseniious Streptomycin, Kanamycin uaz Neomycin tituriu
2) nalnmafeugdendidous
| naasugendjiuslaantsulasugdiuanaenddous Wl auialug
A’ al o o o a ¢¥ o b ellv o ao d' 3
1 Wnelnisduduansnieluaad HlanaiiniuluadeeuuaiBeisifusdous Teasin
wiinlUsuivendjiousneuierdiousarlddudvaumdadiuneluniseangnd vinld
g1fTuzdanannlianisneangns e iy nalnnissiuniusesdidoaus Penicilin Afnng
a¥19lUsfiusnnng Fundn Penicillin-binding proteins (PBPs) luuuai3awan Pneumococci
(Alanis.  2005) uwaznisanaznaunalugasvieiinalnnisiueanannigadunsansog
(Marquez. 2005)
3) nalnnisduendfTauzeananiass
L3 k% aa el‘ .2 a tg dl'
AdmurnisnasauniueUjiausiiuansnteluiraduaziinduiiia
& al <8 Vo v d‘ ¥ b el
wuanFeunsnuanvraunsuauldfunisnssfuainnisildsuudasannuidudusesansiadl
sunseludanndan InunisWmuinalnnisaudednsenuidteenataluiaed tnanisdusn
Udaureenuenizad aunssivanudndursejfauenelugsdilifudunmeasasad
' o/ [ o :J -1 ' ] ° 17 oxg
winganudtnalnnisduaiseananiaadiinisineuiiudausandn nalnnsiansdnguaadas
«l o al a =’!’ vy 1 &l d‘ o Y
Nlsr@ninings luwuanFaunsuuanifiadulsirandiuuaiGounsuauilesananududeu
racidieduiraduansineiy nalnafiainuafousnlull a.a. 1970s s89811iFaue Tetracycline
witlaqiiunudrflentjdaurdnuanseiiafiinalndanaradiaeduiu 19y Fluoroquinolones 1u
WuARFanWaN S. aureus (Marquez. 2005; Alanis. 2005)
2.2.4 n1smunuendjfausainndt 1 glinaaswuaiivie (Multiple
antibiotic resistance: MAR)
JaqiiuilyuinassiruniuerdidauzresuuaiiFoludsnsuiléifunnuanla
uarinnsAnmatnaunsuanefedunsia nalnnissiuniu aliantsdiuniunaeaautlywinig

puniueiANuaEua INIaIENINNgY 1 tHatesuuaiiFe Tnaenizilyuinisdiuni

ad . < ' = =
gnlfiuslulsaneruna antuneiuiariaiug wasguey TuduunassaneuwuaiiGune

' 174 ada o ' ! :’/ a o o 14
Tzasine avnnasldendTausiuaticunivany veluntsudlnatesan aawsdndviale

da ada ‘ v ad % -
wuahGFenfuninzaesleadieqauisafiuniuetdjiausls lueurananiunisainig

[y X o .o v ad [y ) a
m’mmu%ﬁ:uui\i‘uu LW?’]:LLUﬂV]L?FJLﬂﬂ’]u@qN'\?ﬂmqquuﬂqﬂﬂmquziﬂu']ﬂﬂ’)’] 1 TUA ND
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« = o o ac ‘J ] o = ° ad v 28 o
wanFadudaiueTousiunnseiy uaziidhuunenisinatevesendjiousadnunaiu
vsauansineiu nesiuniuelfTauzaannds 1 olla uaaslidiutniaulunszuaunissituniu

ad o e v o '3  a . .
glfBaushiinalnnisfuniuuuudueanainiasd luuuaiiEy U Listeria monocytogenes,
P. aeruginosa WANITAIUNIU Methicillin - 989uUARGEY S.  aureus  (Meticillin-resistant
Staphylococcus  aureus: MRSA) lulsaneunanmesld Vancomycin (Beovié. 2006) lu
wuATiSualia Acinetobacter sp.  BeliflusamsaaaaunissituniugaUfdausaininids
Taanenunadinassiuniuenyfousaanndt 1 9lla (Multiple-antibiotic resistance: MAR) 11

i ﬁl g . [ % [ o a
unnuiiguinawyn (Guardabassi et al. 1998) anilyyuisananatirlignisdaassingn

aa a ' aa o ad o ] ] .
g1UTouralialua #dnalnnisiiuaeserdjiausiunnsiseanty iy Daptomycin,
Ketolides, Telithromycin, Cethromycin uaz Tigecycline {WBAILANNNIAATALATNITHIUNIY

a a 1 ] ac a 1) ] L] o
raauuAnFenelsAsieg erddouratinlusidiuluguiainnisdanssvdenidunselunig
WFnwuazsAngeautuii (Hancock. 2005)

wanannisuileuresdsialfunseuazeuiourluiiuds nasduieuds
a &’ o o ! < 17 ad e’ll ' ]
netuluAuainaszdunsusie sanldfanisldendjdausluntsmizidesdndun i uy
] v v
uwarlnninanndaluingeuarilaniaasguuaainlalnanisazdnrasindu 3aaasiinsdnm
v ¥
nsueUfiouzuararsiaiidunsesesuuaiiFeielutiuasAiuacug i Aaenaunis

UsegnaldmafiaiviuadonnldlunissnuunaiisaeswuaiGusiealy

}74 ] o -4 o

2.3 mamunusinaasendjisusuaslaveninlunuainise
v ] ac o a o ! v ) o o
n1ssunusesUfrauzuariaveninvesuuanFeluguwrndanlyTuauduius

[] v

furiausvszdumnuidndureseUjdausuaslaneminfivwowduiu lunanldsanslend
neruauNIssiumwisenUdsucussioneuin  (Co-selection process) 2 Wuu A8 Co-
resistance WAY Cross resistance 1mtl Co-resistance Hlan1aiinluiilatuiilaiusninizse
AUMINTBaN TR NEN s e IR BodasAuniedruniueg lusrunisifea iy 114 wanalia

Transposon %98 Integron (ﬁl’l?'Nﬁ 5)
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] v
191901 5 faedenalnnissiuniuislansminuazenljiauzvesdedidiawanlusailen

(Austin, Kristinsson and Anderson. 1999) .

nalnnissinumiy Tane 1UfTaus

1) nalnipdeuf i wdieduisad As, Cu, Zn, Ciprofloxacin
Mn, Co, Ag Tetracycline
Chloramphenicol

B-Lactams

2) nalnnaiaeug As, Hg B-Lactams

Chloramphenicol

3) na"l,nmiﬁu'a'anmmenmﬁ' Cu, Co, Zn, Tetracycline
Cd, Ni, As B-Lactams

Chloramphenicol

4) nalnnsanaduiiudunsie Hg, Zn, Cu Ciprofloxacin
B-Lactams
Trimethoprim
Rifampicin

5) nalnnsanmznaunielurags Zn, Cd, Cu Coumermycin A

P Vo v aa P o ‘ o a

fAnsAnsmudiBulunsimmlanzuazanlfisuciinisdentuefununanadin 1
U AA.1960s n1sAnminissiumlanzuazetfTauslneddnasdreTausiu (Transformation)
msinmlsalaenisdaleunaaladngdilon (Plasmid curing) waznisAnwianduiazes
nwaalln (Plasmid sequencing) 1y nssunudseniuenyUfFous tnantssugiuszwing

al - . . Yo - o al , Y a

wuAiiFelungu Enterobacteriaceae Uav3U AeuuaflFuluRiuandonunesiia Wy n1g
& o'/ o @ al .
arununznanuedjiousluiuaniFawan Pseudomonas  spp.,  Bacillus  spp.,
Corynebacterium WA Enterobacter NITATUNIULAALTENLAS Streptomycin Tuuuaf e
Salmonella sp. N136NUNTUTENUAY Tetracycline 189UuAT Failiainisosauunaneiug L
a1numzia nssiunulavzadnazia Taueas LiRs nesuauas Penicilin - lunuafice

Klebslella pneumoniae N135M1uN1U Vanadium wazsuniuenUfiougldunnds 1 48in lu
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WUARIZE Enterobacter cloacae WAXNITHIUNIULAALNENUALNNTFUNIY Erythromycin Tu
wuAfiSe Stenotrophomonas maltophilia (Stepanananuskas et at. 2005; Baker-Austin et al.

2006)
Cross-resistance 1funalnfi 2 989017 Co-selection InuansWugnessuimtaiul

L} b o/ ] a 3 o a
nanauduessenUfdouzuasiavewin eiilaniaifinauiunissiuniuendjdausuazlany

1
o

o aal g v L o A o & a o v
winiifinalnuazniseengniadnumdeiuieiidhwineniseanguidaniu iu nasfuniuen
UjFauzaeuuaiiGusinndt 1 4iin 9esuuniiy Listeria monocytogenes Uar@1Nnsady

1
Tangwineananniadasugivenddousls (Baker-Austin et al. 2006) n1sFMuUNIUILN

o & Y Y

a o/ 1 ) A 1]
UftouzusrlavzuinaesuuafiFatuluey fuaninwindentesundsnagade (Exposure

74

condition)  AABAAUAINNANNITABEYNBIALLTUAN (Host  susceptibility)  (Calomiris,

Armstrong and Seidler. 1984)

< v o o o y v
2.4 nalnnisipdauengasnugnssnaadnuAiiFeluisuanaay
o v a é( d‘ o a a
nawaKInalnnissunueniinzuiaenisiasuilasresansiugnesnaesuuniie
Tnevialaguudiuaasiifueuararnnsaindendaliing Fennisudeuudasiugnesulunis

sFaumuenUfiausuaznisindsudaansiugnesn i@ lidingus 41 “Horizontal evolution”

£

' ¥ U t
deillentaifinduldreninadeiiFinaliddiiaatuidesvaldvieans wiu nalnnisiafeudne

asRugnasussnannuafiGuiduidninuiund 50 T awnsaudslfidu 3 nezuunis 1dun

1) Conjugation flunsruauntsinuldvaldlusssuaifuiarnuuaiFendy
e o = o o a P [y o Py
winzaeslsalu au dnd vie UstuasiinanudrAgyngalunisipdeutdraaiswugnesuisuniuy

fesnUfTourlunuaiiGe u wuafiGewan £, coli  FailuuuaiGudelsaluauaiuisn

a

4 [ - L1 o8 A 1
\nAeuENEANIWUENIT (R plasmids) AeedBll (Kruse and Sorum. 1994) ldesuuaiiFaiinelsa

<

Wvanfe Aeromonas salmonicida nalniliiatulsefinaraindusanareifiansiugnssulng
gk unedaufiGunda Pilus sesuuaiiFeiaiuisodendaiusyudauuaiiGeiuuaiFadl
anrziiuvesuiadnlddniudaiouansWugnesnsendiaead 2 1ad 13U N19LAA
Conjugation luuuaiGaunsuuaniaeialFusiuannnisu@n Sex pheromones nialwiAnng
Jug (Mating pair) T89uuAT T liuaziuaisiugnasu (Tenover. 2006; Alanis. 2005)
. a < [y o dad a & 4 aa

2) Transformation ({lun1sARBUENEAIINUENITHIBILLATNTE ITATWIHAALOWLS

Basy indeufhuaduilildBnioad lnudifiuiedase (Naked DNA) wanliunannuuAfiGud

a al v

& & ° 1 o Y 1% = 1 4 (3
aeviasaduan inlkansiugnssunseagludaandeuuaziilontaidrgirasuuanGumidy
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asfugnesuimuneniuaadidglalananada (Cytoplasm) uazidnlisniudidwerensad

o

HTU (Alanis. 2005) .

o

] { o/ = ; o/
3) Transduction naln# 3 9aan srdaudruasiugnssuiilaniaiagulng 146

o

1 (Vector) 2U9uN15isesanAe Bacteriophage Aa lafaidnldende (Infect) agluiiium
o & a S A o & o o al P o H) a
YN TudiuaesfiauiereiuafFeandonilsldduuanFeiraaau a9 INluazLin

. . 1 =  al a < o < o :
Recombination s¥#ifieuesasuuaiice 2 1iia wieeragn daawitedaiisinanalnaes
wuATiFa AFndn Abortive Transduction UaTaNEAATUALBUEL84 Phage Aazunsnidnlulu
- o ° v o .-!’ .‘/ L2 a &
AouaresuuaiGe R lRldanauflmitunn aunssivgaduuafiSunuuazazeanannaad
Waliduaadausiely (Alanis. 2005) Tenalnidaadesiuninndeudaansiugnesusanis
v ac [ :’/ . . a o s ot
FrunueUfousuaslaneminidy nalnnns Conjugation  flAdnudnAyuaziisneanunis

¥ <
AUNLNINNGR

o @ o P v (Y]
2.5 AIndNNusaaInalnnisilfeugllaveuiniunisdnnng

y [7)
AWINRAN
ﬂQ’)Nﬂ’WJ’1?D’Luﬂq?ﬁﬁﬂﬂ')%i:ﬂ'ﬁ”ﬂﬁﬂ‘ﬂ@ﬁ@@%ﬂ? Wug’\uu’m’mmmﬁ’\m?nme

)
o

Wugnssu aqtuqdunigiinissuniulavendnluFuug fiRunntuludouanden nag

WannmaiiafiaziiguantFnisfruniulanzminun 143140 Antulatniseufiiaafunaln
Asgiumnulansminuasiandszgnaididudlsstanila it

2.5.1 nsthdalaneuin

nsananstszneuiifunafis 1ty asauvituazansetuidiudienluide
walumunldvanes un nstitiain@eniaedl nstitt@enenaninuaznistina
dndemidann mﬁ‘ﬁﬁﬁm'ﬁwL%ﬂmﬁ'omw‘lﬁ?ummauhmﬁwmnluﬂwﬂu dlasannd
mwﬂa@mﬁﬂ@m@?ﬁﬁ%ﬁmluﬁwLﬁﬂﬁ'ﬁmﬁﬂs:nﬂmmﬁﬁm%}auwmnLﬁu v lfuuaiiFey
anunsaislEuannareriauazBunns madszyndlduuaiiFuferialavsudn Fonds
Bioremediation §1a7n31NANY183A191 Bio (Wad1T3m) uae Remediate (wiladansuAtloymn)
gt masanisendelaamaliladTenmuiensiudaanan fednilunis\dfedidin
i wuaiiFe Tslada 91 uazive sy dendeuulasglansuafinludanadenuiy 58
WAz1EY

Tmﬂﬁ'ﬂﬂmiﬁ'}ﬂmiawuﬁmmu Bioremediation wiusliiu 2 Usziny A 35 Ex-

ada

situ bioremediation ABNTIN muummm nng ﬂuLﬂfauTamw fiasn1suninaanaINwunninIg
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tudlon uaztinlusnsalusniuimunzan FadmndedrsduuasiniBunoanniidedede
Al 1N IuEe WA In-sitv bioremediation  fuAREINastTalaveminluunasd
Uudloulanmss F3wmmnzdnuiunininialuunseiinnsdudiewfuBuonusideduie
Fedldanuuuariinsrusunisdanisfigaenn uazaAnldansgaiduiu (Madigan, Martinko and
Parker. 2003) @Eh@”l,sﬁmunﬂsﬁﬂﬂﬂs:qn&ﬂ%ﬂgjﬁuﬂszmmmszuuﬁ'\ﬁmﬁﬁLZﬂﬁi‘iﬁsquﬁq
ansusznavlwin@edanituiu ,
nﬁ?ﬂﬁﬁm‘iwvuﬁnimmﬁuw?ﬁﬁﬁna"[nmiéﬁumuiwwﬁn Tnuqduvistaunsn
wasulanzmineananntn@elagnislidisadlunisiinnalnfeildnanadnediuy nsldaed
wwAfidelumstintiatansmindls 2 wuu Ae nmsldisadfindauazns 1 fisadinng wumw
fenlflunistintmnlaveminléun o1 wuafiFe waziias (Bitton, 1994) vnwg@uwwmmummn

< a alaa n‘

ﬂ"]‘i‘@’lﬁﬂﬂ@ﬂﬂ’\ﬁ‘ﬂﬂLﬂ@ﬂﬂ\iﬂ‘ﬁ’)ﬁm mauummsmumu (Resistance) u?‘awumu

(Tolerance) felaveutinidanisintretudoannuasiinisuideulansuin $1luuaiiGy

UG

annnsnisryuastnalanzuidnls (Zouboulis, Loukidou and Matis. 2004)

252 melduuaiiGadudnsaainnmaluiieusesmsniidunse

nstluitlonsesansinaiidunsudenanenuniiGefideadinnsuUfusalianuase
snseTamluanindilaivans vy msaiadienvieduiad nsazanarsialidunsonielusad
mmlﬁlﬂugﬂmsmﬁﬁummalﬁ@glugﬂﬁLﬂuﬂ?:‘[wﬁu‘é@ammqmﬂuﬁwi@vnm{ﬁ@ﬂm
(Madigan, Martinko and Parker. 2003) AABAANTNAN LN TR WL AINE3TAINe NeEiy
nAzAMANTTREY pauuaT Foanfudeiisaiumunisduieuresarsiafidunsely
Aeuwanden 1 Usan WaTA191UY (Bontidean et al. 2004; Turpeinen, Kairesalo and
Haggblom. 2004) uazaInANRIynsmumatiansdaluanauazn1sfiausaiugnessy
faqriufinassdausaiiu 19y nslduuaiiFaGasuasman Photorhadbus luminescens Tan134
Sufisnunsodmnlansudin efinnuuasmsaasey (Biosensor) nisthutiauraslauzwiin

Wi 7188w merR an Transposon Tn21 fivnlf@nmnsasnuniulsenun £. coli 1iva

Asaaaun1sUuiauUsanlutinuazAu (Hansen and Sorsensen. 2000; Purohit. 2003)

aov o & v
2.6 9NUIRLANLNLIVRY
nsiusamnadunnseyinFRwndanuarlywinnn ndinedszantu dana il
“a o ﬂl‘ d' 17 o ) 9 b2 ada o dld =
mqummmmmnuauwmmmmmumﬂgmu:ua:‘[wwunwuﬂimmua:mm

1 dl L) A ac o/ 5
umnumwmwmwﬁnm FUATBINLANLTE 1’.1’1‘1.]{]‘11’)145 uazlaveninuinau
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2.6.1 msAnwnsAumMuendjiiusrasuuafieluduanaan
13 ad a a aac aa A d"
nsAnwnsFunIueUfiouraeuuaiFaiiasnisinm 2 38 Aenndesly
Y d o a Y e , R {
amnideadefiiinisnanendfFuzuaznisldinaiia Antibiotic  diffusion assay 973
Antibiotic  diffusion assay (HuARENNINNGT H1BIRINEINNTOATIRADUNANTAIUNULH
¥
aziduauariarngnaesudugruinndinisianisinuniuendjiauzainnisiaeslueinis
a’i’ g Ad ao a:l’ e’l’ él’ o aa o a o d'y
WeagenflenUfdour nsdesluemsdenteinanenUjiousimunsiveuidanesnis
AnminnsoneeanisinunueUfTous luunsarine udaantudsldis Antiviotic diffusion
aa o v ad 3 o & a
assay WazuUATIGEMdINMaaaunissiuniuendfdousacldlu 2 dnwor AeuuaiiGuwan
a :'/ -~ v k9 ad :I/ o

winelsinsinyianua netlsiasnisAnmninsannissiuniueldausianus uazuinAniaen
nnzuuaiiseiinelsavsaidusnseadanisUwitlendalgasnee wiu Staphylococcus spp.,
Streptococcus spp. Wax E. coli iusiu lunisAnwanisiumiueldausiisneanuniside
wisaiusateainunasinge Wun aniuneuns guau seugnavngss iafuimisiae

v v 1 1
dnfin vrfuidsednduazludaanday FaRNSI9T 6

Py o , v ad Al o
AITNN 6 LmONmﬂﬂﬂﬁdﬁ"}ﬂmuﬂﬁi‘ﬁﬂw’ln’iﬁ‘lﬂﬁuﬂ’mﬁnﬂg‘mu:‘nmLL‘UFWILi‘imutln@’m

Wnasie
una LX) #1fjTue §1989
ANTUNWEILNG Acinetobacter sp. Vancomycin Guardabassi et al.
1998

S. aureus Vancomycin BeoviC. 2006
Aeromonas sp. Oxytetracycline Rhodes et al. 2000
Acinetobacter spp., Vancomycin Ku'mmerer. 2004
Pseudomonas spp.,
S. aureus ‘

UMAIgHTU Enterococci, Vancomycin Schwartz et al. 2002
Staphy/ococc/,
Enterobacteriaceac

TTN']wqmﬂ’mni?n Heterotrophic Streptomycin, McArthur and
bacteria Kanamycin Tuckfield, 2000
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v v

Wfumnziaeedmniun

Heterotrophic

bacteria

Oxitetracycline

Oxolinic acid

Spangaard et al.
1993

Heterotrophic

Erytromycin,

Hameed and

bacteria Nitrofurazone , Balasubramanian.
Oxytetracycline, 1999
Chloramphenicol, Hameed et al. 2002
Tetracycline

V. harveyi, Erythromycin, Baticodos et al. 1990

V. splendidus

Kanamycin, Penicillin

G, Streptomycin

Karunasagar et al.

1994

Bacillus sp., Norfloxacin, Oxolinic | Le, Munekage and
Vibrio sp. Acid, Trimethoprim Kato, 2005
Sulfamethoxazole
WASRedn S Enterococcus Vancomycin Bustamante et al.
faecium, 2003
E. casseliflavus
PRI Heterotrophic Ampicillin, Baya et al. 1986

v
WIRs NI

bacteria

Chloramphenicol,
Kanamycin,
Tetracycline

Streptomycin

2.6.2 msAnENITAUnulaneunuaswuaniseluRauInaas

k2 ac <l d'd + -3 o 1 e‘ ] o/
msmumumﬂgmum@um ﬂV\LTEIVINﬂ’l‘.\‘ﬁmﬂ”)'LuLLMﬂ\'i LNUAIBEINNUANFINNY

a4 [y & A1 o a o A e
Iﬂﬂ“']ﬁﬂ@ﬂ'\?mﬂﬂ@uﬂq?mqquutmﬂL@ﬂﬁlu'ﬂ']ﬁqﬁ'tﬂﬂﬁmi@LLUULL‘INV]Nﬂ“TﬂW:uuﬂW?meﬂqqu

Y ell 1 [ o 173 ¢ v o A L 74
CINTUNUANRIINY 'Vl’]ﬂ”ﬁ?“ﬂﬁ]ﬂ’ﬂ‘utﬂﬁlﬂﬁ?'L‘ﬁLLN%ﬂ?tﬂ’]Hﬂi"EN‘QUWJEJT@MZ‘V]NHV]ﬂ']']llLTN‘IIu

sine] (Benyehuda et al. 2003) \IuAgARRALLUAINAINNTMAseLEMTauE WL Antibiotic

diffusion assay ¢lafiald esanifhidsiliinansgruresaslaannisfiununiiaa

Humddainadnainssarunis@nedszunndl a.e. 1987-1999 uarilaqiiussusl a.A 2000

5| o ] é’ { X o/ i 13
sl aerudndulanzndnfildgeau Wawiainnisduwiteulanzuiniigeauly
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Rwandendwad Tnelserunisidaunaaufivainunasiie un guau lrasugaaiunssu

] ] , [ 3 Ad.
NMINEAINITN INaLTuarludIARaN AIANT19N 7 -

AN 7 WAAIFNBLN91ERIBNNSANINISAN UL A NS WIN I UAT U LENAINULNAY

AN
LN 1A AUNTY Tavzutin LRGN
AENDULAY WuAT FauwNINaL sayn Reyes, Frischer and
Sobecky. 1999
ATNAUAUWNNN | Arthrobacter spp Vsan pei Benyehuda et al. 2003
Tasien
'li’meﬂ Pseudomonas sp. Uran De and Ramaiah. 2006
AENBULAUY Alcaligenes sp.,
Brevibacterium sp.
Bacillus sp.
e Actinobacteria, 1R Branco et al. 2005
Firmicutes,
Bacteroidetes
Aunndeialy | Bacilus sp. Usaw Narita et al. 2004

P. aeruginosa

NaIUAY FInLA

Teitzel and Parsek.

2003

vduasiAn | Bacillus sp. Usan Barkay. 1987
Heterotrophic
bacteria

PARIUNTIN Bacillus sp. A1TUY Yamamura et al. 2003
Heterotrophic Tm*tflf.m Branco et al. 2005
bacteria

I Bacillus spp., E. coli, | Usam Sadhukhan, Gu and

dndvin Salmonella sercina, Wong. 1997

Staphylococcus spp.

Streptococcus spp
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o
ANTNY 7 (F1D)

BTG Heterotrophic danzd neund _ | Piotrowska-Seget et al.
bacteria wpaleN Ru 2004

n1swazlgnivg | Heterotrophic fanzd Moffett et al. 2002
bacteria

13’15‘1‘!4 B. cereus, E.coli unenafla ATUY Kanwal et al. 2004

o

<l ° o 174 = e‘
TaqiuinisunmAlAn19A uE N aNIATIRaa uNISIUALBILAI18941S
al

'
=

o al ¥ ] o ad ° 9/ ¥ aa o
wuﬁn?ﬁ‘u’luuuﬂ‘wL?tmmm?nm’1umum‘a‘[wwunua:mﬂg“mu: ﬂﬁlﬂﬂ?ﬂniﬂQﬁLLUﬂﬂL?ﬂN

13 aay <& o’ < t < [ o
mﬁ:4ﬂ'm'1?n'lun'1a‘muw'1umﬂgmuzwaiwzuunm@iu WATATNNTREUTUANNHANN USRS

v [

“© o a‘ ° 1
nssunuenUfauzuariaveminfiiluedned lugduuvgsenisulfauuyastiy frumdaes

< “@ + a < &Yy ° o 4' o Y | o -~
guuaznandile wimallanndaluianaiifedrinluFasudszuiuuasinainre Ui R nedl
d‘d o 1 dy o &K o 3| k% < aa dv v & d’l
st lelnandesuaunin adniiusiasinisAnm InedsidassiuAenininesly
& o L=y TPY) . . ! '

anwnshiilanzwinirelunsdlzesundiousarsmaaeusiag Antibiotic diffusion assay feuile
Talelaiasinaula Asinnmaaeudiedindaluiana

2.6.3 nisAnwnisaruniuedjiusuarlaneuinueqdunidly
Awanaau

ANarNrsnlunissiunusialanzudnduasanuainisnlunseuaunissing

ad - | & 4 9 o dy as o ad _a
g1 Taue WasannisdvanresduvranisiadeuiaguisiueUjiaurlldunaiiFueia
o , v a dao v & oo y o . .
au Wawanden Insdunidneneadruadaiuinisdeiiutiulaanszuaunis Conjugation
liiAanisduniusesUdsuretaien 2 93a (Spain, 2003) TnunisdtanandneuzNIg
o o = a a N lala . 1 [~1 a 1 4
RUGNTIN ANHIUTNNETIINEN uazTinAing 109l Tinluan wsuandesduiwls (Verma
et al. 2000) A NANRuSTTudantssuetUfTousuazlanentdinassuuaiify see1u
nsAnEINsAnE1lne Timony warAne (1978) lmMnnasAnwndnuanuuaiiidy Bacilus sp. #

o o

arnnrafuedfiouzuazlanzuinfitiunnigelunzneuduain New York Bight niisen

Yuieuge 20 lulasniusefiadans) wudnlsvaansseswunsiiFe Bacilus sp. Aviigand

] v

<8 =i

a d'el o o' ) . o r‘;‘/ v Y o
vdnauiftTnnlanswingn JsuuaiiFunan Bacilus sp.  aneRugiatunsasunuléi
enUfjTauz Ampicilin wazlanzutindsen danzduazuanlion anamuantRdinaiauanedn
«l 9 o W = o & 1 5/ ad v o
tudwmiudiruniudseaniianuduiugsenisiuniuendjious aenadesiunsAnwaes

Novick WAL Roth (1968) $19 uINWaIaNa (Penicillinase plasmids) 284 S. aureus "1
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runusienyjiaus Erythromycin uazlanzuin Usan &inzd neiauszuanilen asnades
fun1sAn®19e9 Calomiris, Armstrong WAy  Seidler (1984). $189uduuARITENIN
a dl a ’o’ s‘l' v ] ac .
winalslnsniuenainszuunisudminanainisnstuniusesUdus Kanamycin,
Chloramphenicol, Streptomycin, Tetracycline warlanemiin nasuns deanzBuaznein uay
al ol 3 aa o ¥ 1 o
wuafiFaansosuniuendidaususslavewinlaninndt 1 ofia lneasuainisalunis
Fruniusies1UTous Kanamycin - Hadauduiusiunissituniunesune danzduazysen
uiu
AINTILINUNITIAEILDI Timony WATANLY (1978) Novick WAy Roth (1968) WAL
Calomiris, Armstrong Wae Seidler (1984) BaiiludaausnaaanisAneAudnwusnissiuniu
ac o’ t < ] } % o «f o o
g1fdauzuaclavewin deniinisAnmatandrsaaninlutlaqiuuarinisimuunaiia
o v ' o é‘ A’ 17 a =l dl' X
aupdanAnmsaniunismazideade iy nisldnatianisdaluiana ivednmnisuaing
1eanaafaluuuaiFefsiuniuerudoucuarlanemin vnldarnnsoesulsuaztiudy

[ :’1 ' wd-al Ag [ c]
ANNANNUTIDINN 2 'BEJ’NiﬂﬂEJ\‘I’IJ‘L& PRI WY 8

ﬂl o/ ] v aa
ATV 8 LA mmgmammwmsﬁnmmmmmm'l.um?mumumﬂgmuumziau:

1% A U 1
winTeeuuARFENLENAINUNALFNT

-g 1RAAUNTE eufdous Tavewin fiu GRNGR
Bacillus sp. Ampicillin Usan nd Timony et al.
1978
Coliform Gentamycin, RN mer Verma et al.
Polymixin-B, Usan ccz 2000
qg Chloramphenicaol, cnr
:fg: Kanamycin,
& Tetracycline,
Bacitracin,
Streptomycin
Wslndn nd dan:d i p- Callahan and
Leishmania major wAnew glycoproteins Beverley. 1991
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Heterotrophic Kanamycin nasumd meia | nd - Calomiris,
~E bacteria Chloramphenicol | Usan Armstrong and
aog .

Streptomycin Seidler. 1984
Tetracycline
Tndafuuuafity Kanamycin Usan Plasmids Lasar et al.
o Chloramphenicol | N8I PUR 3.8-50 kbp | 2002
T o
“gf Gentamycin NI
Tetracycline fand
Ampicillin
wl ai aJI v . o«
WUARGENFAIUNIY | Kanamycin TAuaas nd Allen, Austin
Tanzwin Chloramphenicol | Usan and Colwell.
g Gentamycin AU 1977
=
D Tetracycline
Ampicillin
Streptomycin
Bacterioplankton Ampicillin Hina nd Stepanauskas
pud
§ Streptomycin uAALTEN et al. 2005
% Tetracycline Usan
g o
2 mena
7 o
«= | Bacterioplankton Ampicillin WARLNEIN nd Stepanauskas
&
a‘g Tetracycline UINg et al. 2006
Bacterioplankton Colistin Ampicillin | NBILAN nd Pathak and
Tetracyline Ru wannila Gopal. 2005
Streptomycin wanlew
25 Tandlen
Al
»e | Salmonella Ampicillin AIVY wanaiin Ghosh,
abortusequi TAgilan Mahapatra and
thsan 1997
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o \
M1T147 8 (F1])

Aeromonas spp. Carbenicillin wARLTEN nd ° Miranda and
vg Erythromycin Zemelman.
s Streptomycin 2001
Cephradine

2,6.4 NuIKEAUNsILalany
nstntatausudnluiaqiulionldasnimsdaniwnanaulaeiinisdnuen
= = ¢ 1 dld d’l o/ ] < ! a
aauvisganuraaninisUwtleutansmin 1iu Tsasugnatunssn guau uazgmwiedus s
- rd ° o o ala ° o’ ' o i

gaeqduvdEn I lunsintalanewinilenldlunisindnlavewinge Bacilus sp. 1148a1N
[ al el ] v + vl a <
DuwuaiBuunsuuanainisanuseaniwiandensne 165 iy gruugil a1siell uazainis

1
~ < et

a¥veulaalesld uenanlidaliqqunsdans ldun S.  cerevisiae, Pseudomonas  sp.

. . , , , . < a ae
Rhizopus arrhizus Wae Aspergillus niger (Dursun, Cuci, and Ekiz. 2003) 14843IN9QUNTEl

| il

mananadauaiuisalunissiunulansudnifiiningendnunalin Tuglasaadnidin
o Faly 1 alaa - da daca ° o o W yal caly 1 alda
vieasn s ToeaduuafFeniTdnaunsatindalaneminlddndasan idin an
k4
ANaNnsasenaatiungnisldussTamflunisdndalaveudn Tugtuuusina wu nasides
luemnswmasiilavewin oy Sequencing batch reactor (SBR) (Sirianuntapiboon and
Hongsrisuwan. 2006) uaznisnaaadnisiitaluaeduinu iflusi Hs1a91un1534anig
v ' ]
nagaunistinlunanedseinasmuiadsenalng (15199 9 ) Wesannisaseutindatigm
z o d ] < [ ]
nsthatlaulansmin Gedenasiadinaanuivetvestsronu
< =4 e . g J < Q/
265 mslduuaneaiiuaingiainmsduileusasasiaiiaunsie
Tuednnismsaadeunsutiesuanniaiidunsiesiia wu Tavewin aamnsainléd
Tnansmsaadnsaediniaedl Aenisldintesiotinssiiiunalanymin iy 1Ases Atomic
i 4 1] 1 U 1] o/
Absorption Spectrometer (AAS) WiresenAufiTuagnny geennuaziBuanldauge usitdaqiiu
anauamnalunssumulangiauisauasseani luglaanisiatoiaideluaiwisi
a o« a = A o o
filangmdn viranmmaseulnamatian It luanaiiaAnEInslasuLlasIeasiugnesy

= ° i o/ él’ o
iy nsaFrananadin sinldannsolduuaiiFuidiusnssseunsuidleulfiduiu
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e 9 agunsldqRunigvisunulaneminlunisindalanzwin

RN qauvist Tialavenin F7989
= Zooglea ramigera, Trichoderma viride,
- & naue Usan | Bitton. 1994
E & Chlorella vulgaris, Aspergillus niger
7 C
S s -
& Pecicillium spinulosum Fanz@ uamflen | Bitton. 1994
2 3
g &= B. licheniformis nadUAd a17ny | Clausen. 2000
&S g
- Bacillus sp. ATS-2 Renn Cabuk et al. 2005
«
B. circulans EB1 naume Aned | Yilmaz. 2003
Malik. 2004,
2 P. aeruginosa (PU21) ,P. putide Usan Canstein et al.
= 1999
S. cerevisiae NBIUAY Malik. 2004
E. coli Usan Bae et al. 2003
E. coli, P. aeruginosa, B. subtilis, NAIUAY UAALHEN
- Mullen et al. 1989
B. cereus WU
o
= B.subtilis WD 90, B. subtilis SM 29, . - Kaewchai and
5 Uina uanay
gga Enterobacter agglomerans SM 38 Prasertsan. 2002
5
8 Costa and Duta.
Bacillus sp. Fan® nasuns
2001
HNNIR WAL
S. cerevisiae &ane?d L.
NTTOUNNT. 2542

Bontidean WarAde (2004) AnwanistuiteusssdsanlaenislduuaiGauas
TUsAunsvlavewinlunuaiidauasdafusmnmadnliuracruidudureslsenlunu
Wisuidsusunisimseiingld Atomic Absorption Spectrophotometer (AAS) WUAWIAR

= ol o o =l ] = val ! n‘/
LmﬂwL?ﬂtmzmrﬂum?mummummmﬁ‘mmilsﬂw'lumu'lmmmm
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Turpeinen, Kairesalo wa Haggblom (2004) AnsnisiduuaiiFedusansadn
o k73 1 o ei = dl v
seiupNdnturslaveninuarnanssvuminaannsddsuntaslaseafieguauaes
wumiiFy Taeldinalla t-RFLP (Terminal restriction fragment length polymorphisms) lunng
AiAszitiudau 16S rRNA uae Phospholipid fatty acid (PLFA) Wu9N19 1 PLFA @18190
[uunuuanFenFuniuatsuy Llun Acinetobacter, ~ Edwardsiella,  Enterobacter,
Pseudomonas, Sallmonella Way Serratia #2135 t-RFLP la@u19088UNegNIu19uuAnGe
.‘/ L A o J = 1] U A 5
wazlaeviallinUsnguuaiGanidnuosiuein vl luunasniinsduitlan
:’1 e‘ll v v + aa o S a
lun1sAnwiaiailsiasnisAneinissusesnddsusuariaveutinaesuuaiFy
wanizmalsnein Tuneannguanuaslsasiugaamnss Tsananuna usznismnziaesdng
g A 1 t:’l’ dl o o & 1l | o [
61 Mlasuagnriaaiuadrarluiuiaundnasraruasguiniequsayniii 4audn
B v
unseFsssnee e lduuaiiFananiawmalslvsinidudanssadnFurunisdwtanianzwin

warenUdouy ieiluntsszudnnauazenldanalunisnsaasaugnininin luunaasing

:’/ e O L. i ] o d“ o
annefiainnasAnidenuwuaiiFafifiaauaisnsogelunisduntudelanzwin ivelnnld
v

-] [ 4 o/ o [~{ €3 k3 o/ [ % ) A
dslumilunistndataneuinluingde (Juisnisiidngnsipidunsa lnedsniedanin 9

IFFuanaulalutiaqiy Wesainiinudaenduge nasnaunisdinssignnIwiouey

o A o 3| o/ o/
Burnlanzuin eideyanfauiauanninnisiduuaiiGadudanseadniuitnig
Aaszimiaail Uselundildannnisideniell Asasnsufunaennivesarsduiaulans

1% ac dl' [ o ¥ ( dl
winuazenUfFaue eduuwaninistiesiuuazanuansznulaeuftymainunaeiniges

ansuuteulnamnse uazitunininuuea T lunistnialanewinselu
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3.1 gunsnluazingasiie

o ¥
3.1.1 ﬂ‘]‘a"]Lﬂ‘i”]%‘ﬁﬁ]WJ'HWN'WI'NI’I"IEIJT’]WLLQSLWﬁ

L o ' ' o d‘
3.1.1.1 gunsndmeaadn Multi Parameter Probe 71 600 QS 7auNULATEY

Multi Parameter Display System §14 650 MDS (YSI, USA)

3.1.1.2 1afiufetawaainaNg 2 ang
3.1.1.3 AadnA1aNiiunsasng (pH meter)
3.1.1.4 wafludimes

-ﬁ' o ! <3| ' 1 @
3.1.1.5 wrrasdmAnANLtiunsasng ATTNTYU AITNLAN LRT

AN15UWHA (Sartorius, PP50, Germany)

3.1.2 MeANMINNeRaTITINEN

3.1.2.1 Ultrasonicator (Kubota, Insonator 201M, Japan)
3.1.2.2 dwmuAngu)i (Water bath) (Optima, WB-710M, USA)
3.1.2.3 Lifu'm% (Incubator) (WTB binder, Germany)

3.1.2.4 ndeqanssa (Olympus BX51, Japan)wianndasdneaniniuy

CCD (Olympus DP70, Japan)

Spectro 22, USA)

Switzerland)

3.1.2.6 [ifﬂﬂ'am%@ (Laminar air flow) (Faster, BHA48, Italy)

3.1.2.7 Lﬂdsm"fmmmﬁ‘@ﬁmﬁuum (Spectrophotometer) (LaboMed,

3.1.2.8 1#3Ba1ath (Shaker) (IKA-VIBRAX-VXR, Germany)
3.1.2.9 unualan udunszantlaalas

3.1.2.10 Lﬂ?:’t'lsi‘fi"d 2 AN (OHAUS, ARB120, USA)
3.1.2.11 Lﬂ#@d‘l‘i”\ﬂ 4 AUNU (METTLER TOLEDO, AB304-S,

3.1.2.12 wsailadarurniduntududngns (Vernia caliper)
R U

3.1.2.13 Lﬂ?@dugumﬁm (Centrifuge) (Jouan, B4i, Germany)
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3.2 4R
321 awnsiasada .
3.2.1.1 mmﬂgmﬁ@ Tryptic soy agar (TSA)
Usznausiag Peptone 17 niu Soya peptone or Phytone 3 nfu K,HPO,
2.5 NN NaCl 5 n¥u D-Glucose 2.5 N §u 15 3 uastinnéu 1 ans
3.21.2 @11&’1?%&1«%@ Mueller — Hinton Agar (MHA)
sznausing Beef Extract 2 n¥N Acid Hydrolysate of Casein 17.5 Ny
Starch 1.5 n¥u 44 17 nFu waztindw 1 ans
3.2.1.3 emnsdpaiearsazarsihiimgena 1
Usenaumae Peptone 10 nfu (Merck, Germany) LLaxﬁﬁnﬁ"u 1 ams
3.2.2 wiuhanenUfirusnnsgiu 4 1iia An léud Streptomycin 10 ug,
Kanamycin 30 pg, Tetracycline 30 ug Waz Chloramphenicol 30 ug (OXOID, England)

3.2.3 @19.Ad

3.2.3.1 nealusinidndufesas 65

3.2.3.2 a1susznaulanemin ldun cuso,.7H,0, FeSO,7H,0,
ZnS0,.7H,0 uay HgCl, (Merck, Germany)

3.2.3.3 ansararalavewiinuimeg T Fe®, zn® cu® uaz Hg™ 7
seaumANdndi 10 Nadnfusedns (Merck, Germany)

3.2.3.4 asaRdwmiunisdanduuuunsuuasieulaatas téud Crystal

violet, Safanin O, Gram iodine Wa¥ Malachite green

3.3 38n15ANMY
3.3.1 mauMatauasiiameiamunniviaadl
3.3.1.1 $12aBRAqALNUA9IRENRTIN 4 LAY Aa

1) wnaegugu fuAset1e o Aaeedalse (upaasutiviamunw
TRAUNALIAUATAIIATURIANNTLTMIEURA LA (BUA.) 1w1gUdne arnaiiles Sandnasaan
Huasesiidonnziaaiuassaniusnsing ftudeudszunn 700 udearFouuasisuny
gagmnssNszaing 10 Taq 'w"nmﬂﬁuﬁq@ﬂ'wﬁuua:ﬁmudmwnumnmmﬁ’ﬁm GRIRGIRGR
{aninaeas Wiondiiufedie 5 qn Ae quruiings  AsesuTioniuendnlse Tseau

v f
AWigef Taass i uninAaeId lsUALNNBBNGNLATLANTAN (NN 1)
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2) Tsaneuna usedne i Tsane1uiaasaan duneiiies
Fandaaeran scuutnvsudsaeslsaneruraidunuunsnauifatiin Extended  aeration
. J ° o l‘; a‘ - ° (% g

activated sludge system dafluszunimindefiiyss@ninmlunistindags Inotnd@enn

v v v

a0 3 unaenile A wduandauaesataisreslsaneiung w1deainavistiuin uazin
v

doanarasdufinanmanimsunnd aeszuuidniiacuaiisalunisindaindelsige
v ) v

Uszunns 1,200 gnundfiumsdadu Tassa¥eszuuindaindeGusudannismusmudidean

] ) ﬁ‘ o ' v o o dl' o g o ‘0’

daurna veneanuiainafavdaesliluadndednladu heuanianladuussindueen i

.o ; =t H P o 8 oo X v ) .

@eanvievanuaarivatiiuaniiguinds eunseduuni@edu udaluanu Aerated  grit

chamber WAY Pre-aeration tank LWeusnvnsuesnaInuduuazindnasauyiduazans

wirusetesn Wigsruuindmidauundeniwdsenaudaadasnennis (Aeration tank) uaz

o v pr o :I/ v Y o a al d‘ o o A’ ! :’4 '
famnmzneu (Clarifier) nasaintiuazlvaduididusinaseiuineiidnitalsn Aaanduazilden
sguiafninitelrasiuaanosa uarlnangnrassarsisauzsialyl (nnd 2) lunisdneass

LY ] -3 :’1 ”a a}v

¥ v v 1 4
dudenasifusinatrafuianun 3 qa deaie wiieaundelsdiunisdnga diieludusa

L
o °

DINA Lta:ﬁw\mmumsmﬁmm:’tdmm‘?’u (ﬂ’]Wﬁ 3)

v v
3) vz EndnTun

e

Vusaege ol TARSWATN wiN 5 Anuadinumse anaseiua

L]
£

o o’ A’ i 1/’ ! )
Favfnasaan Silefiianuadszana 30 16 Iasfinsmizidesdeuuumnumuiuuiuge (Super
intensive) §1AMAMILLLIEIAITM7 1.8 - 2.0 Aruasiedie (Uetuia 3 19) Snismnzineerds
[} [ 1 J L o < -
Tuve 2 wuu Ae Uedu uazdeyudaewarasindan nasldenujdouzluntsdeeldlutes 1-2
urneeIn19des 14un e11fTaus Norfloxacin  uaz Oxytetracyclin - delaeianizanujious
Norfloxacin uaz Oxytetracyclin finnsllunnstiesiuuasFnulsnFeasinfasres 1 biauusn
' a‘l‘ o :’/ rat 173 ada = ] [°4 o 1 %’ [l e’l’ 1 4
289M7Iaee wazndeaniulifinisldenujdousdn uwisqafiusatnauinaintedes 4 90
. | o - 1 ) dv | - n‘d A:l’ o/ 1 Ji a‘d a‘li
A UeAuludrasfantanaunisides Ueauniinisidesfesn adg 100 W dayiubiinngipes
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n1sAnRangaiusiatng ﬁwﬁoﬂﬁwﬁwwatgmlummﬂémLfgfaqms
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wansAnEmUdInIsiuusnfiauzuelansuinaecuuafi Guaantaie annns
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AN9I9N 13 usasdnuauuuAfiGuwoniamalsinginieunalufietnaifisannunasguu

Tranenuns Wrfumsdesdnduavgumilaqustyniinludasggeluuasggieu

e {MUUULATIGY ulalaian
qaifiusnagng q9n1a 4
(CFU/mI) hquAn@dan
. Faaggeii 25x10° 100
WA NTY —— -
199ng¥eu 2.6x10 102
' 5
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12909 U 1.2x10 61
. . 190U nd nd
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W1Ewe : nd e tulemManasiusietng

433 nsAnwinisaunueljiuzusslaneuinludasgaiuuazng
fau

[nnrAnRenqaiumetuazinnsgusaetauuARFuanuAsLq ALy
ateluggieuuazggiu naaaunissiumuenUfTousdaeds Antibiotic diffusion assay
uazmsmageunissiumulanzuin wmdn &aned neswatuazisan fssduaaudadu 100

a a o 1 e; o« 1% ac o el'
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4.3.3.1 msAnEnsauUEl)dusuaswuafitseds Antibiotic

diffusion assay Tudaengeuuszngsau

] ' 1%

1 ad ay

wudurasgurunIsatunIuenlfiousludaeggfeuifesazans
dTnnuuaiGandnissinuniueujdous 4 98a Ae Streptomycin, Tetracycline Ua Y

) ) o A& Sy aa aa y aa
Chloramphenicol ~ uanseiy AelfauaraeslfuuuuAnFeRin1sfunIueUfious
Streptomycin, Tetracycline wat Chloramphenicol  §andnqqeu §feeaz 79.4, 98 uar 99

0 o nl. v ] , v d‘ ] al v
AANAIAL TUEANTIINUNIUAR Kanamycin A Fauaz 4.9 sourilutaggruitiunndenas
aa oo v ad o . % ad o
reffnnuuARFa RN unue 3ausiindiggieulueeue Teanauiaggiull

o . .
FunfesazeeafuruuafiFaifin1ssinuniy Streptomycin Wa Kanamycin Satay 57
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uay 40 Husiu gandnggFen daunnssinuniu Tetracycline waz Chioramphenicol HA1IN&LAeN

M A agludaeionar 20-30 way 22-36 ANATAY WATwIzReedaduInssiunIuse

. &y aa oo v ] v o -
Streptomycin NFauaraesdTunuuuanFaniinissuniugeuazAt lndifeaium 2 qg e
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(n=100) | (n=102) | (n=100) | (n=101) | (n=100) | (n =61) (n=88)
St 32 79.4 57 14 41 59 12.5
Ka 30 4.9 40 17 28 1.5 4.6
Te 29 08 20 |22 2 13.1 0
Ch 15 99 30 36 14 55.7 10.2

=5 o dl
wnewg : n Ae awsulalnaniiga

St Aa Streptomycin, Ka Ag Kanamycin, Te g Tetracycline WAy

Ch A8 Chloramphenicol
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4.5.1 AMNEINITO FUAITAIUNIUTAUSUNN
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Wan §9nzd neasun uazUsen Naududu 100 Sadnfudedns WU LLAT FEd N0

]
v

Frunu mdnuasdenzdlége nesunssasasnuazsensingn wwallFofiduniu wén dansd
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! k3 3 !
e Faiusnynlelnanamnsasyliflueunsdeutegns TSB gasiildlu
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fn1swdsuudasuszuupiiFaaiunsantyld Aldansazariddinufenar 1 lunmagey
° o’ o :’/ e‘l’ 1 =l :I/ o v ] o
nstndatanewinaiail wudruuaiieianun 28 lalnansaunsatoyldunnseiu aannis
IEMIINIRATYTTLEZIINT O, 6, 9, 12 Uay 24 Falue TnedaAntsganAuuasFtiATasTAA
o d .
NIgANANUANNIAIINEIIARY 600 W Twms aunsadmdenuuanFals 4 lelnanie leldian
LS75(1) way LS26(1) %\1Lﬂmmﬂﬁﬁﬂmnmﬂﬁuﬁq'aammmﬁﬂiwwq@cJu LR102(1) /1N
@ o ] oo ) B ) o o/ ]
nsiiudaetsunuAiTuangumieusAynian uaz LH10(1)  aannasufiusiaetngann
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wansgUiwialall & nsfindunsy uazaniRunsdsznisresuuafiGendniden

auFutindalavewin wdn e wasdensad .

| funu }
. nsAM 5 nM7a5
L X , . L | guie Tanzmin
iaie | guiulelatt | Alaladl . a auln
VIR 100 pg/L .
UNsu ales
Fe | Zn | Cu | Hg
Talatluuu
B.subtilis | 18UEY A1y | viau + + 0+ L+ |- |+
Tilysauaa
Taladiuuy
LS75(1) | asudey R10qu | viau + + |+ |+ (- |+
Tuilusauaq
Talailuyuy
LS21(1) | 28uiay d1199u | viou + + |+ [+ |- |+
(EHRIENITR
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LR102(1) | 28uiFey A1197u | viau + TR I
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Talatiuuy
LH10(1) | 20uFey A91974 | vieu + R
Tailusauaq

WANEIMA : + AB Positive, - Aa Negative

4.5.3 N9NAFaLNITLIUAlaNEHNN
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a al
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4.6.2 MmenuunginranuaniFanamaianstandiaulngias
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9Tl 17 uameLFianu U (Antiviotic diffusion zones) H1R7g1TeenUfTurdwmiu

wuaisenalsaluau (mibaduladuns) (Madigan, Martinko and Parker. 2003)

Antimicrobial Concentration | Resistant | Intermediate | Susceptible
agent ug (R) ) (S)
Chloramphenicol 30 <12 13-17 >18
Streptomycin 10 <11 12-14 >15
Tetracycline 30 <14 15-18 >19
Kanamycin 30 <13 14-17 >18
Vancomycin 30 <9 10-11 >12
Ampicillin 30 <12 12-13 >13
Oxytetracycline 30 <15 15-18 >18
Erythromycin 15 <13 14-22 >23
Gentamicin 10 <12 13-14 >15
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Parameter Unit Standard value
0.01
Arsenic (As) mg/l
0.005
Cadmium mg/l
0.05
Chromium (Cr-Hexavalent) mg/l
0.1
Copper (Cu) mg/!
0.005
Cyanide mg/I
0.05
Lead (Pb) mgl/l
1.0
Manganese (Mn) mg/l
0.1
Nicke! (Ni) mg/
0.002
Total mercury (Hg) mg/l
‘ 1.0
Zinc (Zn) mg/|
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