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Inactivation of various bacteriophages in wastewater by chlorination;

Development of more reliable bacteriophage indicator systems for
water reuse
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ABSTRACT

There has been an accelerating increase in water reuse due to growing world population, rapid urbanization, and increasing
scarcity of water resources. However, it is well recognized that water reuse practice is associated with many human
health and ecological risks due to numerous chemicals and pathogenic microorganisms. Especially, the potential transmission
of infectious disease by hundreds of pathogenic viruses in wastewater is one of the most serious human health risks
associated with water reuse. In this study, we determined the response of different bacteriophages representing various
bacteriophage groups to chlorination in real wastewater in order to identify a more reliable bacteriophage indicator
system for chlorination in wastewater. Different bacteriophages were spiked into secondary effluents from wastewater
plants from three different geographic areas, and then subjected to various doses of free chlorine and contact time
at 5°C in a bench-scale batch disinfection system. The inactivation of $X174 was relatively rapid and reached ~4 log10
with a CT value of 5 mg/L*min. On the other hand, the inactivation of bacteriophage PRD1 and MS2 were much
slower than the one for X174 and only ~1 log10 inactivation was achieved by a CT value of 10 mg/L*min. Overall,
the results of this study suggest that bacteriophage both MS2 and PRD1 could be a reliable indicator for human pathogenic
viruses for chlorination in wastewater treatment processes and water reuse practice.
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2] @ 2] ¢l PRDIS A FHAPER & AZ Abstct
(Sigmon et al., 2015)

o] A toAl= F|Tof HiolH A A Fu|PEE A2
o] TAlS Wil ¢l vhe| 2] @ u}x] PRDIZ EZ3ts}o]
o|F Aol A A Hiolg A9 2 & n|YEE At
H v g Lo X|F9] sk e B O] YA A=
gl dadEo gt APAYS AYHes g
& Aol A A3k 22 A 2lo A A Z7F 55Tt
o] A= AF7HA WA vholg| A9 X3 nAERE
ARbE dAQl vhe 2| oA 5E FUT 2 olA
214 vlash= A HA AqtolH, o] dAtoA =&
Ait= & Aol g9 7P ARt A F shuel
WA vrolg o] ik X AH 9] x| yES RSt
=dl F8&3HA 2d 5= JS Aew AYZETh

£

2. M=o} &

2.1 HE2|utx|e| £

Table 1> o] Atof] A% vhe]| 2] euhx] o] E4
UERdTE o] 5& 11 A7), 4R 4, 1Al &Y
AR FollA zto]d-E Hlrh o] AqtolA] A&H
HRe} ZFo|(Shin et al, 2005) o]2|gt HiE| 2] 2ubA] 52
A3t <3x(Table NollA] vl ¥ 22X &
sto] F=E5kict. 7hers] Arshd, 4 Z12te] v e
LuAE olF AT Egk=27|%(double agar layer
plaque technique) (Adams, 1959)C. 2 z}7}+o] #2435t <=
Fo A vieFeteict oo = vbH 2 e utx] o o) &
F7F 100% =371 dojd 8715S Agste 1 87]
of AgFo] hF-8HS HTtsto] 4Fo THTUE &
o it} thFoll MR- vhE 2] a2 7} Fo19)+= o]
Shdgollof o Hepo] 222 x2S H7lsle] wE
SIoof| A & A2 o3, Ao A f4lE2(4000 g, 30
) T O AASANe BEEeteith Eed dEEe
A= S AR AlZHA] -80°Cell Hpkshith

[e]
A

.OJ
5

286
Jole=ael| X303 A 3= 20164 68



o—

Table 1. Characteristics of bacteriophages used in this study

e E R 7] (nm) A} (kb) ST
0X174 25 Single-stranded DNA (5.3) E. coli CN13
PRD1 63 Double-stranded DNA (14.7) S. typhi LT2
MS2 27 Single-stranded RNA (3.6) E. coli Famp
Table 2. Characteristics of wastewater used in this study
SlA] 2 pH (mg/L) BOD (mg/L) COD (ppm) SS (mg/L) T-N (mg/L) T-P (mg/L)
o 6.8 2.4 10.8 8.5 12.892 1.895
el 7.03 1.0 6.5 0.5 6.255 0.31
o= 7.1 12.7 12.3 8.0 4.584 0.727
2.2 5k Table 3. Chlorine concentration used in this study

Table 2:= o] A--ofl AHS-H 3ho] =24, shel4]
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&5 B4 ZAzke] sA e gelA AT &
gatoln ol= steAE| el Al pH, BOD, COD, SS&
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A o HIE A5Gl

ﬁ g 12 11 3t 9
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sk 4= Tk &, Fig. 194 =&A17F 1829 o2 CT
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Fig. 1. Change of residual free chlorine concentration over
time (in an experiment with 5 mg/L of initial free chlorine
concentration and 30 minute contact time in a
secondary effluent from Uiwang WWT)
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Fig. 2. Inactivation of bacteriophages in secondary effluent
of a wastewater (from Uiwang WWT) by chlorine at
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Fig. 3. Inactivation of bacteriophages in secondary effluent
of a wastewater (from Dangjin WWT) by chlorine at

5°C
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Fig. 4. Inactivation of bacteriophages in secondary effluent
of a wastewater (from Wonjoo WWT) by chlorine at
5°C.
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al, 2015). HEEThY o] olMATEL 77} ThE
pH, 12, o] &30 x| o] 2ojH Alzzbe] A7 H]iL
7} ofele AAolch AR ol ol d AT T3t
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29 AEIGollA £5A Y] FEL HEAS
o & o] gho] Zow FYUFE njgEo| tsfA
3 AEEE 7HITha AYE ek ol AR
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Aol HolE oF e Aoz AAeoA=
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euAE9 B FZAIHpak: 04485 (MS2),

0.0218 (PRDI), 0.0001 (PXI174)HETi= = (pgk
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2 o] AitoM= FREdo] sk da
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& A% o et AaAE Skt of Ao
A A e e 5L B A B da
A% o)A uhE ol AEn|PEe] Hls) At
HeAE HEon], 1 FolA= uhe e estx PRDI
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