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The Antibiotic Resistant Gene Pollutant Controls using Chlorine or Ozone
disinfection

Sungpyo Kim** / Daewhan Rhu* / Junsik Oh** / Yunchul Cho**

Q0F ¢ B oo Exe thA A WAHEAS 7Fd pB10& -3¢ Escherichia coli DH 5 alpha,(Z.coli
DH5)E i HIBER 3lo] 4ot 2F9 Aass vluwsh= Aotk g thAl UlidEet2=m= pB10d bl
gk dael QF 93 AAES ZABIGIY. FYEE gy SEATe] it Hls)] oF 1.2~1.4 #] Hx &
Fo] = yekwt) T3 oAl dAdEek=r = pBl10ddl tigh AA AgelA e 9% AAEe] AR oF
2~4¥] =7 YERRTE eEAT 9% =2 pBI10 AAEES oF Al HAEHE OH - huZdol o3t Ao
AZHE WAT © FHAEES ayg oz Aojsly] $ste] 7| it oF
e FEuitstel e agAkshEs AAAE ] gk Havt s Ao dAvhEr)

SHAMRO| : AiAHt, Escherichia coli DH 5 alpha(E.coli DH5a), OH-2}t)Z, @ &2kt pB10

Abstract : The aim of this study was to examine ozonation disinfection efficiency for Escherichia coli DH5alpha
removal, containing the multi-resistance plasmid pB10 as well as chlorination disinfection efficiency. In addition,
plasmid pB10 removal rates were estimated by ozonation and chlorination. The removal efficiency of pB10 via
ozonation was about 2 to 4 times higher than chlorination. High removal efficiency of pB10 is likely due to OH-
radical produced during ozonation. These results suggest that integration of advanced oxidation process such as
ozonation (or photocatalytic oxidation) with conventional disinfection such as chlorination may be needed for
effective control of antibiotic resistant bacteria and genetic materials.

Keywords : Chlorination, Escherichia coli DH 5 alpha(E.coli DH5a), OH Radical, Ozonation, pB10
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RS A At HoltE (Macauley et al., 2006).
AT WA mAE sk gds AlA &
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It Zhao et al., 2008; Richardson et al.,
2007). ¥ eE2 AE3 AksiEs nigow,
AR ofel WA, B Ak fEES AA
st g5Ed a8 Holwe Aoz duA 3l
hvon Gunten, 2003; Anderson et al., 1982).
ole} Fo] Aty FEL AT FAEH ARl
T Etekal, At F3AA FAA AR EL T
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pB10S 3t Escherichia coli DH 5 alpha,
(Ecoli DHS@)E A7dd mA== dgalct
(Shluter et al., 2003). pB10%T 64kbp2] IncP-B
o FepaviEw xS el Ag
HATE o] A 4 Eekr = Amoxicillin,
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2 Age How gk
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7HA wFeet. A gk Sall Ecoli

RIRERA
DH5a®] #pghs FHujgh| 2 dAst=S gt
ek Sof+= 50 mLA® centrifuge tubeol] =71
s GAEEIIE o8& 0}04 15% =<F 5000
rpm .2 ALAEZ] A7 T Al ols S| A|A
3}al 2 )4l phosphate buffer solutions %—
FHB0mL) Folx uaiaz A pelletd} 4

ottt FHlE AR sEHE(EATIE 1,

45 8 10 mgL)= Aollzat FEHS %)

Table 1. Experimental condition for chlorination
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ZF %7] pHE 7.6°9%2 237 i GAHHC
1+500)& o438kt Table 1). zF Al&wieh A
FAE 458 0® Siglom HIEARFEl=
20C Incubatorol4] 150rpmez A|&AHow
shakings AIAFAUTE o] F LB+ Agar wj#]ol 4
79 A8Z spreadingslte] colony & wols}
a1, Alm2] 50 mLellA] DNAE F&3ke] PCR¥I}
qPCRE &l pB109] 2tol -5 glei3ith

Sample Volume 0.D value phosphate NaOCL Dose
P (mL) (Abs) buffer solution (mL) (mg/L)
DHb5a 35%
0 1. 0 1, 2, 4 10
(20C incubation) > 3 0 (Cly 14%) 2458,

2.3 2Z batch test

AT o HYE A 2ol 4749

A A|(Tetracycline, Amoxicillin, Streptomycin,

Sulfamethoxazole)oll Wjgr WA= o| Q= Ecoli

DH5a& 20CollAl #iFAIX A=(0.D % = 1.3)
& AHgskeich uﬂok FoE= 50 mLA
tubeell &7 F, YR VE o] &ste] 158 &
oF 5000 rpmo.2 nAFEE ISk YR
H Az AFAe s AAT ¥ 50 mL

phosphate buffer solution (1: 1, v/v) Fo] ¢

centrifuge

A2 AAE pelletS A -7 AlAE Ada
S5 vlashr] 918 A4 At AP AREEIE
Ah FYF B3 oFE FUFoE AFS ¢
sJataict. 322 A AREE 2802 LAB
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=g AR witae] A
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4z

Ak %
Geo 4~5 L/min ©&, 10psi 7FEHIE 605
T 2E=S MAAFloH oju oF FEE 10

_>|’1_'4

. ==H]E 10 mg/Le] & £98 3
A 2

& B0 UFP 9= FUBLE

off

1, 2, 4, 5, 8, 10 mg/L)S o] A% 3%
7t A Enh HEAMS 45502 S, A
FAREE el ALH O shakingE AT
o] LBt+Agar WIXo]l tE AEE
spreadingdte] 2Ht¥ colony -5 vlolslar, Al
%l 50 mLelX) DNA® $&sie] PCR3} oPCR

E3] pB102 AHoHs olsidn). 714
2 0E9 A9 e WA A 9@ &

£ 3

=42 Indigo Method9] WS

tHBader and Higne, 1981). ¢ltjxz &
0.77g Potassium Indlgotrlsulfonateoﬂ 1 mL
AHHPOOS 9 F 32 /5 F718to]
F F397F 1000 mLE =% FH[SFSATE FH]
A 589 100mLell AL AAHFEF(Sodium
Phosphate, monobasic, NaH:PO,) 10g ¥} <lAk
(HsPOy) "TmLe F7F %, 32k /T2 HAF
23] 1000 mL7b 9% S9lth FHw EAL
A8l Qltjar A4S 5 mL 2 50 mlL Conical
tubedll 7tz €tk F¥= 7|7 DR2010
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(HACH)E o]&3l9] 600nmolA] 3% #e = TRTE = T Qo] oFET o
Aslgic). # 32F FREVOR 50 mL HEE 3} o] ANt
Conical tubeE AL A EE blank2 ARSI

e &= (mg/L)= )

[Sample (Abs) — Blank(Abs)]
M=ol Zo](1em) x AAL NHZH(10mL) X LE EFA5(0.42em™ 1)

50m LX<

3. Zdat 3 n& ol b o R QEE et AbshAlolm thekst

T vAEd dal] Atase] Erka dEA

31 & 58 A3l(Driedger et al., 2000), @ol Hls] €53

Z2}z} 2bto] Bt cultureE LB plateo] 164 AAasS Yeldota oz AFelx HiuEz

7Hs¢k wjok slo] Aol colonyE AlHEFATH QITHWHO, 2008; Hunt and Marinas, 1997). &}

(Fig 1. PAES] APEAES Huws] HY o0& X]‘?} ATl A ARRSE A W Ecoli

o Yzl Hlal] dtEgo] Ak UL, FIE Hoaell tieir Aol mls| A3t Aaasds
=] 99 Arago] oF 120~140% FESA HolxE Faqlr.
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O Chlorine Disinfection Efficiency B Ozone Disinfection Efficiency
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Fig. 1 Comparison of chlorination and ozonation colony removal efficiency

pB10e| 3k PCRE & & 23 6714 T &
oA pB109] 24 AoJ(PCR product’} AFFA|
2t T 67 e FRY] ARE o] &35} = dHE 1T = QUATKFig 2).

3.2 PCR/qPCR
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L= 2FES 0|88 A Y RA2¥=SE Hof

(a) pB10 product after chlorination (b) pB10 product after ozonation
(1,11 lane: ladder, 2 lane: control, 3~8 lane: (1,11 lane: ladder, 2 lane: control, 3~8 lane:
samples, 9 lane: negative, 10 lane: positive) samples, 9 lane: negative, 10 lane: positive)

Fig. 2 PCR after chlorination(a) and PCR after ozonation(b)

olo] gPCR(quantative PCR)S AA|3}e, At H|&-2 Ao vls] 9 200~400%78% =9k
AAEA] g2 AE diH] pB10 AAEE A} tHFig 3).
Ak oo wEd, eEATS B3 pB10 AA

g 15 1 N \
: N
1 é;é;é;é \

Dose (mg/L)

Fig. 3 pB10 removal efficiency after chlorination and ozonation
B10 AAEL 9&9 EY% decomposition) 2 <18} /‘37‘451 OH- gtzo

sk p |
=7} %%#% Aol vlE) AAES] 27F 545 pB10 &afol && Hr} ¥ $483 93-S 3 A
A Aoz YeppArh o= &R (ozone oz FAdEY dv b, Zgan=E B33
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W WLyl Yo 0% WU} (Gehr et al =H(Cho et al, 2010), ¥ A&or+=
2003) Aofell B} felsirial wke et Ao E colig A&7 919 dRle] ]
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Jae c1e) A7) el wekE. gep,
33 faddn 2F qodla AN HRYES] A%olne] F o 24
Ao A WATF Aol GHAZA A ST A= AR kst HEARE
= oFo] AgHo] i AFERT =o w8 CT (product of concentration and

A
o Uehdtl E3], pB10 AR AAdE & contact time)gkoll wheh WahA v} dnkdow
A oH Ee AA EEHQ00~400%)S BPo, o5 faeh 2@ Aol efEA] ga dA

colony 4 7rdE o8 2 a2 58 w3l 2 7]l AEEE ARl WskeE
(120~140%)S Holx:= olslgith ol oat At Hls] AA tE 4 Utk wEkA, 2
S nhe s ook shpshY ARAGBLY) &3 Ahel ZREelAe] A suwse =
& AR Yi e BAR o]E A7 9 sl Bt olE SAS) 2 Ay 2F 4§
e 7B ow ngPE Aol Has]olof &} °F 102743 ¥ 27] A= o 70%7F 285
7] wjEolt} wEbd, ¢ &x1Elele] daalslE S & 5 AN, 208 AHFE A Hol Y= 2
o =700 Al WA Aleld S7F pB10 Al ] flae & ASITh ey dae] A
AgRY TAY & Aow JAEEY. BE A 40874 AS5EY °F 91%7) FAH+= HeR
dHe wE AEel Pu % 24, dacled  Hekd Fig 0.
1.20
== == Chlorine Disinfection | == Ozon e Disinfection
1.00 [
N \ _
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Fig. 4 The time series of chlorination and ozonation residues in batch reactors
mebd, 9Ee] s 208 Fole Ae @l b AWOR, 10 mgle] 2EL 043 HE A
S Aoz oAHdrt. o2 Hsly] Y&, F ZF W3l colony AHassS AHAEAY (Fig
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5). oA Bojx|& npel o] A5 203l A Nes A & 4 A oF 87%9 A& A
oAas (85%)F 40%2] AEaE&[B87%)7F A< = AP A & ddd (Fig 3).
100 +
90 o
BD +
-~ 70 o
£
g 60 A
.é 50 1
TEU 40 4
£
[ ETV R
20 A
10 A
0 T
o 10 20 30 40
Time(min)
Fig. 5 The colony removal efficiency as function of time at 10 mg/L of ozone.
pB10 AA &% AL 2089 AAEE 2 "BPHRE e AR e 4 5
(15.3%)3} 40%-2] AAZTE(18.4%)7} 18] = ANTHFig 3).

A ges € ASNALFig 6), F pB10 AIA

20 1

=
n
1

Removal Efficiency(%)
=
o

] 10 20 30 40
Time({min)

Fig. 6 The pB10 removal efficiency as function of time at 10 mg/L of ozone.
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