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Assessment of the Impact of Wastewater Treatment Plant Effluents on
Shellfish Harvesting Areas in the Dosan-Poonghwa Sea Area of Tongyeong

Hyeyoung Shin, Sung Rae Jo, Jang Won Lee, Ji Hoon Kim, Kunbawui Park and Minchul Yoon'*

Southeast Sea Fisheries Research Institute, National Institute of Fisheries Science, Tongyeong 53085, Republic of Korea
"Food Safety and Processing Research Division, National Institute of Fisheries Science, Busan 46083, Republic of Korea

Tongyeong is an important shellfish harvesting area, that hosts the largest designated sea area for shellfish exports
in South Korea. In particular, the Dosan-Poonghwa Sea Area in Tongyeong is a semi-enclosed bay with poor water
circulation and significant pollution due to its proximity to urban areas. This study examined the distribution of fecal
pollution indicators (total coliforms, fecal coliforms, male-specific coliphages, and norovirus G1/G2) in the influ-
ent and effluent of wastewater treatment plants (WWTP). This study assessed the impact of the effluent discharge
on shellfish harvesting areas in the Dosan-Poonghwa Sea Area to better safeguard shellfish farms and guarantee the
safety of harvested shellfish. A strong positive correlation was observed between total and fecal coliforms in both in-
fluent (r=0.974, P<0.01) and effluent (r=0.779, P<0.05), with no other significant correlations observed. The impacts
of the effluent was evaluated according to NSSP guidelines. The volume of seawater required to dilute the effluent
discharged per day was calculated. This evaluation indicated that surrounding aquaculture areas were not impacted,
and no viruses were detected in oysters collected from the Dosan-Pungwha Sea Area.
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Gkl PAHES tharh| sk A AR A = LFH PARE

o] ¥ = 22 WA ¢a)7} |3 9JrHJambeck et al., 2020;

T S H2 AR AHIt A 0SS, 2021). T2 4R HUHE ojfjsf s A4 A] 0|
WA= AL 9l o LK (Choi etal., 2015), 3f HAE FFtL Ao R Wi Z7F ot Alt, HiolH &,
Rt 29 9] 4FiBtel mA|S} 7hEE o] TR QIFE Az ok P == Y Auf v 7RA| 7 =] o] =148 H AlFaiA 2
3 9 o] oj A3 8P al )tk Hong, 1991; Sunlu, 2003; e o] Yol EA & 285131 Qlth(Rippey, 1994; Graczyk and
Burak et al., 2004; Gedik and Mugan-Ertugral, 2019; Xu and Schwab, 2000). &3], ¢17F A vfo|g| A= BH-A L 74 4
Zhang, 2022). o3t s F 2+ 2 A 2] 70-80%+= S/l Al 22 o]ufjajFol ofsf M= 7P URbA ] HeA 2 U
71015E 2 o] F=¢19lo] Et(Hildering et al., 2009; Alam 7] Q1th(Lees, 2000). Wb @ F ¥ afj ol A o] w7 ~Zh- 1)
etal, 2018), 71 & St HItZ viEE = 7P B2 4o @ A|517] 218l sheA 2l e Bl RS S e dd o= QI
HH o 2 (Islam and Tanaka, 2004), %1 A|A| 2422 3%F 2 A9 AR @ Yol gk F3F H7FE a5k, gk 29kt
o] 7P £ HES 2}kl 9l Wear and Thurber, 2015). n] 2, 63 olet = zhato] Fha] o B 0 of | 1 u] Y=o

Al v & sl s EHAIE 2FAIA Bt A7k 9

AES 2YEHYSH= QR RARS AlA51 9ltH(Thompson et
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al., 2005; WHO, 2010).

T, 9 S5 OPALS NS 712 0.2 oF T0%7) AR
oA o] Fof x| T1 5 =& 80% o]0l A H ol A AYAE
Fl oK Statistics Korea, 2022). ©]#]3h =2 AYaleko g Adx]
of 552 Ayakafelol Tk SRARE 5 QHAA B S Bt
=730 Fg 7 o= ol & FFS vRIt B
A2 5 3.2 Ao A9 o 34% A ) 7 oFAo]d
o] s7kEjo] ol o) WH 0w woke uf M) of 35%
£ AAJ8h= R E (Statistics Korea, 2020, 2021), =] Z[dj
TE& AT A B S o] A7 T ajE FAYAF TR o] Tt
(MOF, 2023). 53], =AE-3-3} 3| o2 5 PA| =AM E F e
H, HAE, = W AR Sk Lol el Sl R
A4 ko 85 5to] Yakatr) ot ajele] BEmal
FEL A ARG} A E AN kol sl 9lo]
99 BajEko] ATKNIFS, 2022). E3H A A 9] oF 24%
of shahs 5 Q4loleio] sl7hElo] FaAl AA] kA
A 9] oF 19%5 #}A| 3121 (Statistics Korea, 2020, 2021), =11 2]
HEA Q] = FAHFAR T sh7E 5D AR A5k o]
Fol A wHelg A7 F4 thREo] B9 1o ) 27} A g0
2 AME-E A7 QItk(Kim et al., 2022).

Jeiv o] a7 T s U= 8kl wet =
& 5 52 olRolA S AT Usg 5o e
733} I @ Ao] thEEHA(MFDS, 2017), LA E318] o2} 2
o] U8 37 ABAtshetel ehet SAEAF Bk A ole]
Histo] wAk-Fataf ol $Jx|et 25704 vk F 974 vhEo]
A MR AR 6l SR el Je F el
o WREo] EARZI e 7t o Hiv] SheA e
46.8%0°]H, Q154> tH] sl=A] 2] &-2 47.7%°]t} &, T 704
7HH(1,3337)oll A vl = A E sk shpAl 2ol Al A1
A Frekal st 52 Foto] gz FdEar ok
(NIFS, 2022).
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S il EAb Aibe], e, wde], E=
2], B4, EAE H AN SEE7E o v
L=

[e]

S, A= 20)9] A shpA el Foke] A= ¢l
Ouf 71 9 mh MO Aert HA| ¢l Qlek =ARESt
o= & 26271(1,350.9 ha)2] ekAlo]¢jHo] 3|7 =] )
on, Zo| 1057(455.6 ha) 0.2 714 wokal, S-&4o] 877
(206.1 ha), =27 1771(58.3 ha), 1] <] 871(26.0 ha), &3] 5
771(13.8 ha), ¥ 27 671(52.1 ha), o157 571(11.7 ha), 7}2] 8] 3
Z1(7.1 ha), vFA] ek 271(6.4ha) S0 QITHNIFS, 2022).

ZAAZ

0] A 719 1095 Theal 4871 32 A2 3
B = 4B]E] AL §lo], & Atoll A= = o] 2A A o' A%

L= 991 20239 1099) AIRE 2Apo] STk EAFE
safe] jsolol A2, B2 44, Ue 2 Aekg o
9l stA g FAA S-SR e, FHAl E A A
o] 91xlskar glom 2t AlHe] §9I4 R uEE AH/ste]
AR 2 2 o 7 AR s oo it FFEIE AA
steich T kAl A4 wEdol BUe QAR B )
Froll M2l ke dotir] sl mAk-F3ks o W 471 A A
of|A] =& A58k th(Fig. 1).

LAPA AAbe] o] A& 2 EERRS Y] @4 247 A 2(KIST
sewage septic tank, KSST &-§; UV &%, A28 36 m¥/
day) ¥ -5<=(anaerobic-anoxic equalized bio contactor pro-
cess, A2EBC &5; UV &%, 228 30 m¥/day) 5F%]2]
Aol A A e]E]o] npg oF Ako 2 HEREch EAMA =29
S, A 3 ShAIokE 0] 94 SR 2 A ferrous
nutrient removal, FNR3H; UV &5, *2]85F 95 m’/day)
oflA A= o] EHEHE Bl Atew Rk =AM
W& o] HEAAHA W e HESA 24 (modified
anaerobic-anoxic oxic, MA2035; UV 4%, *2]-83F 490
m’/day)ol| 4] Al Eo] A Fof Ate R BREh ¥
T 8089 §onE0 eae ST e 2H(FNR 5,
UV 2255, A 2]-8-5F 70 m/day)ol A A 2f o] ke oF gto s
WEITh AkS AFelelel e ool walehs o4 4
-3 3k=A B (biomecca sewage and wastewater treatment
system-II, BSTS-II3H, UV &%, & 2]-8-5F 500 m’/day)ol| Al
Al Elo] Ak Fofl RErh BHe UG E g2 uke
9] o= FTYA F5-3kA B (de nitrogen and phospho-
rus, Step €717 |, UV &%, 4 2]-85F 54,000 m3/day)ol|
A A Elo] Ae)a oF Ako = HRE T T1e|al EARF-3} 5]
o vl golollis FoA] A2 A AARAY, UV 45,
A 2]-8-% 103 m¥/day)o] 1AL Qlaz, Al oF HAQHEAIR
o2 Huj22 w251 Qr(Table 1),
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Fig. 1. Sampling locations of the study area in Tongyeong-si. Red dots represent land-based pollution sources, while blue asterisks indicate
oyster Crassostrea gigas sampling locations.

EHOAX|HE EA broth (LTB; Difco, Franklin Lakes, NJ, USA) 10 mLe]| T
SR A& E 22t ST Al el 3d A 2 FESHTh A= 7}

AR A 2 CHAtR EA
ez % 2t =4 AEH AFEHL 354+0.5°CY] incubatorof A 24+2 4 48+3
ot E A At w412 Laboratory Procedures for NZWHA] WloFsl T, 7hA7) WA AJRIEe opg o Tt

the Examination of Seawater and Shellfish 5th Ed. (APHA =z o]‘O:] Dj— ]5]_% /Kl}\] O}_oqq, 32]—7(4 A]?SLQ. 0]:/(4 oz _L}-X-]E]
1984)S whep AAISFIt. WA F4AH0 2 lauryl tryptose LTB Hf%Fel %brﬂhant green bile broth (BGLB; Difco) 2! EC

Table 1. Summary of WWTP and HTP in the drainage basin of Dosan-poonghwa sea area

Treatment Treated-wastewater

Name technology Disinfection discharge (m? day") Effluent outfall Feature

Seochon WWTP KSST uv 36 Coast in front of WWTP

Dongchon WWTP A2EBC uv 30 Coast in front of WWTP

Suwol WWTP FNR uv 95 Suwolbakgolcheon (stream) Small-scale
treatment plant,

Beopsong WWTP MA20 uv 490 Jibeopcheon (stream) village level

Yongho WWTP FNR uv 70 Coast in front of WWTP

Sanyang-eup WWTP BSTS-Il and Others uv 500 Sanyangcheon (stream)

Tongyeong-si public  DeNiPho, Anaerobic-aerobic UV 54 000 Coast in front of WWTP Large-scale

WWTP alternating process ’ treatment plant

Tongyeong-si public  Liquid phase . Large-scale

HTP Corrosion method w 103 Coastin front of HTP treatment plant

WWTP, Wastewater treatment plant; HTP, Human excreta treatment plant.
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medium (Difco)ol| ©]A]5}Fe] 712} 35 +0.5°C2] incubatoro]| A]
244248 +3A17F U 44.5+0.2°C2] water bathof|A] 24 +24]
7Sy - 7k7H A AR TS o o= skl o
ot H R At 5= BGLB 9 EC brotho] /3 A d ¢
2 ZgH (most probable number method, MPN)ef| w2}
MPN/100 mL == MPN/100 g&] @2 3A|81$ Tt
H&T(E. col) &M

At (Escherichia coli)y 42 ISO/TS 16649-3:2015
(IS0, 2015)0]| whe} AA|3}SIT}. HA] A A8 0 2 Minerals
Modified Glutamate medium (MMGM; Oxoid, Basingstock,
Hampshire, UK) 10 mLof| G4 343+ A|R2E 22} 57 A9
Fhof] 3A| 2 FFotoch Al w7k HEH AF B2 37+1°CY
incubatoro| 4] 24+ 2A|17F HlQFSIIAL, A AL AR
= o r WAt SPAIES BT SHAIES &
Ao 2 A E MMGM Hj| %S Tryptone bile x-glucuronide
agar (TBX agar; Merck, Darmstadt, Land Hessen, Germany)
of A =sle] 44.0 +£2°C2] incubatorof| A 21 +3A]7F vjoF
3 P24 2207 GAET oo RS i 5
L 2 Aol 4 99l MMGMS] A3 25 MPN o] o}
2} MPN/100 mL = MPN/100 g9 G-9|2 A5 T
Male specific coliphage (MSC) £4

MSC (male specific coliphage) 412 Method to determine
the presence of Male Specific Coliphage in shellfish meats
and the microbiology, ISSC Proposal 05-114 (ISSC, 2009)°]
uf2} ARSI B o AR-H 4543 E. coli strain HS
(pFamp) R (ATCC 700891)Z growth brothol] 4-6A]7F vjF
5 Ag-sFgITh HHE 2.5 mL soft agaro]] <524 3 ljokel 0.2
mLe} A& 2.5 mLE 37t & 2AAHA #4358 bottom
agarol S5 A17] 3L, 35°CollA] 24413t vl ot Git. v ok < A4
) AF 19l plaque Al%ako] 7L Z7H2 100 mL E= 100 g
3 plaque forming unit (PFU)S.2 YeR Tt

L2HIO|HA BAM
NESE

Sl Al A 0] 9914 W W E4 A 2.0] 520 Jiang et al.
(2021)2] S Fste] AlRe] B4 L wujolel s A
off el Wysto] skt WA, e R4 AAS

3 AR F3 o L 441

2ol H4HE21(8,000 g, 15 min)3te] 45-ARE ARE-5HA o,
A zALe] Ao whet Stirred Ultrafiltration Unit (Amicon®
stirred cell; Merck Millipore, Burlington, MA, USA)2} mem-
brane (Ultrafiltration disc, 30 kDa NMWL; Merck Millipore)
o 2% 5 B AR 52 A, stimed cello] 33 ZE% 50
mLE Y1 7}8}5}o(2 bar) S E U™ membranes 24t}
I % E A]= 400 mLE 400 mL stirred cell (UFSC40001)
o ¥ 24 R 2 WHKH200 rpm)dl™71H(2-3 bar)s}to]
stirred cellQFe] A| RS ==A)F T, Stirred cell QF2] A| =7} 50
mLo] =25t 7hesto] AR5 2l8taL thA| 50 mL stirred
cell (UFSC05001)e] A wyE 2 7ketste] (200 rpm, 2-3
bar) 10 mLof| =2 wj7}4] 553kl 3]4513i
RNA &

=5 Ag2E WA FE7](Extractor MagPurix 12A;
Zinexts Life Science Corp., New Taipei City, Taiwan)e} ==
7] E(MagPurix Viral Nucleic Acid Extraction Kit, ZP02003;
Zinexts Life Science Corp.)S ©]-&5}0d A 2] 2] 2o w2}
RNAE $%73}9] PCR template > & 3}$iT}.
Real time RT-PCROf| 2J3t =2 Hio[2{A FH&EA

Real time RT-PCR ®H2-& ¢]5lo] PowerChek Foodborne
Norovirus GI/GII Real-time PCR Kit (Kogenebiotech, Seoul,
Korea)E AME-31%1.0. 1, strip tube]] B Q)= premix 15 pLof|
template RNA 5 pLE g o] Wh3-H& Al 2stqich. 2t
© =2 kito]] 9| A8 ezHtolH 2 GUGH F-4AHS, &/ H
Z -0 2= RNase free waterS AF&-3lo] Ag o] 24 &
B3R AR 522 913l Thermal cycler dice TP950 (Ta-
kara, Tokyo, Japan) 2. & 45°Coj|A] 3047} reverse transcrip-
tionS 434 3}aL 95°CollA] 1027 DNAS HAl & 95°Cof| 4]
152, 56°Col| A 15-© 2 45 cyclesS RH2-519 T}

THEAMASHHO it SHHEIAY BE40 Hary

o
L2ulo|HA GlI/G27F A&H A A w2 o
o= i YAl ool m A= dFS Bkt FaFE7
SHRE e & E = HlEe] = 1,000:12 34412 = 9
S5 2ot o o o] HAS W o2 4SSk Hrts)
w(Hassard et al., 2017; US FDA, 2019), S&FH 7= ¢
212 Table 29} Zct. S Al LA Z3}a] oo A AYAFE]

d
-

F—?‘-': 2
R To 1 i o

Table 2. Estimation of the radius of influence for the effluent from WWTP

Equation name Parameter
Daily load (MPN /day)

Dilution water required (m? /day)

Equation
FC concentration (MPN/100 mL)xflow (L/min)
DL/standard level
DWR/average depth (m)

Radius of half-circle (m/day) Square root (1Ax2/3.14)
WWTP, Wastewater treatment plant; FC, Fecal coliform; DL, Daily load; DWR, Dilution water required; IA, Impact area.

FC; standard level: 14 MPN/100 mL
Impact area (m? /day)
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Sl 2o nlAE Y dotr At A4 47 AH(Fig. 1)
of| 4] Hj2at 2Hol] T3l T, B A gl MSC 2 -2
Hho] g A G1/G2E B8t

£

@ AR EE 7+ A (pearson correlation)= The R
Project for Statistical Computing (version 4.3.2)& ©]-8-5}¢]
=

7 2 D3

ot 7 H HESS 2HRHX|E 22

SHRA A el E ufE ol A digdwtt, At
MSC % -ZHlo]# A G1/G22] K32 Table 37+ 2t} thd
T F904ellA 13,000,000-240,000,000 MPN/100 mL
oz AEE o &AL <1.8-13,000 MPN/100
mL H 912 AEE o] sheAe]ayd 5k Bt 5.73 log,, A4
=] Qleh ERA did=tS fd4eellAl 2,400,000-130,000,000
MPN/100 mL (6.38-8.11 log,, MPN/100 mL) H$]| & A&
O} HjZ 40l A= <1.8-330 MPN/100 mL ¥ 9|2 2]
of sl 234 ¢ Bt 6.05 log,, THAE STk 715 W,
Abekg st A B 9 S Al B A 24 v Sl Al E A
thghsto] BE <1 8 MPN/100 mLE H&E| Qo 52, A&,
4, 83, FIA] skrA A &Sl Al 17-330 MPN/100
mLO 8 HEE o] st wi&4o] BRlAN A A
el 270l thgt #el7k AHghA] gelo] Hagh Ao R
Azt MSCE= 54142014 19-86,000 PFU/100 mL% 9=
AZE 9 o HjZ4mol A= BE <10 PFU/100 mL ©]8}2 7
=aabieg

gufo]g A0 AL fYfollA HEE U &l Al
HEEA 2 252 +4(G), §2(G2), AF4(G1), TFA]
%, TAA A A A A L

(G2) skrA 2o, Ak

2 olpAgfoo] e XYol® ekl viEpolA gH)
o|H A7} HEZEA] &2 A2 Fwe A=(UV) S 53l v
ZEQ7] ti2el Ao = HetEnh vt 2 f-apollA HEE
A oo viEpol A HEE X2 AE(G2), 5&(Gl), &
A(G2) strA 2dolSl). o] ZHlolg A7 A% viEE
A|gk o9 7hH A o] a1 7FE 2 0 2 wjE o] shpA] gl
YE= emHpo| YA Fof MFo] 9l 4= Aal(Wang et al,
2020), o] A3t Mz o2 MEY Ao dEd o e 5=
2 ZARE AR AR E3L ob Alm AfF] W A
Al 2 A2 F(grab sample)2} =3 Al 23 F(composite
sample)7} At} =7F Al &A= 158 2064 e ATt
e A E o] A FA Y A EAS UERH, &3 A=A
e ARE Ao et dAEH o7 A RE HH AU Ee= Y
AAESE A o2 YRRt Alm o] T3S Fol R E o
3 717t Eete] it A el 4 545 UEH=HI(US EPA,
2013), & AtolA= w2t AR WO & slE A
sko] A& A 3] W o] SHA o A Bl RE AE A7 kR
HolHA(G)7F F-Uet vl &4 oA AEE L& AE,
HE, &2 shrA et SRA A efoln shA 2]t
e ARSI E Fdret Sl A S YotA 2Htolz &
7HHEE A2 ofe] A3 dAtollA BHe %l th = sl 2]k
I} o] gt e 2Hpo]H A0 A g izl Ao g Kl
(Goettert, 2014; US FDA, 2019; Wang et al., 2020). I3}, 4]
&, 85 sleAlel Tt A BieA el wnd sl
ol AFol e okl v Eoll A lmmuto|H A7t HEE S
=, HE sk 2 @ 25AE(UV)FTHE 55 58 e
ZHpol 2 x7o] I a5t -8 2] 5o M= sk s
HEdol o Ao AR H

orXElY RYUs R HIESS EHQEXIES 7t
dEE 24
s

Table 3. Distribution of fecal pollution indicators in influent and effluent of WWTP and HTP

Name TC' (MPN/100 mL) FC? (MPN/100 mL)  MSC?® (PFU/100mL) NoV G1 (+/-)  NoV G2 (+/-)
IFs EF® IF EF IF EF IF  EF IF EF
Seochon WWTP 13,000,000 790 4,900,000 220 19 <10 + + - +
Dongchon WWTP 79,000,000 350 49,000,000 170 22,000 <10 - + - -
Suwol WWTP 33,000,000 26 33,000,000 17 8,000 <10 + - - +
Beopsong WWTP 22,000,000 <1.8 2,400,000 <18 40,000 <10 + + - -
Yongho WWTP 240,000,000 130 130,000,000 49 12,000 <10 + + + -
Sanyang-eup WWTP 70,000,000 <1.8 23,000,000 <1.8 86,000 <10 + - - -
Tongyeong WWTP 17,000,000 13,000 7,900,000 330 37,000 <10 - - + -
Tongyeong HTP 33,000,000 41 24,000,000 <1.8 198 <10 + + - -

ITotal coliform. *Fecal coliform. *Male specific coliphage. *Norovirus (NoV) positive(+)/negative(-) confirmed by RT-PCR. *Influent. °Ef-
fluent. WWTP, Wastewater treatment plant; HTP, Human excreta treatment plant.
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A (pearson correlation)& w413 A3, fr ol A tidwt
Tt A A ol w9 =2 Y] A (=0.974,
P<0.01)7} 2HaE| gl o m, viEof| A T Aet o) Akt
Al(r=0.779, P<0.05)= UEtlct. sFA|RE, 0]2]9] A5 71
= Y mlE AAEA 7 A | A ¢EShTh(Table 4).

ot A 3Fe LAEE EH Ao thEA QI A FEZA] AR
E|o] LAk, 2ol gt /o] Al vlol e Aek= ek A
Hho| 2| A0 @ 3t 1= QIR 3% B 1S 4ge] 5T
= A7} th(Plummer et al., 2014). ¥4, Coliphage
2| vlolef Ao} H|SgE Lot HE S 7HA AL QLo
e A3 vfo]Y AR SB[ QLo Ae] EHo] &
A E AL o] whet APE SETFgebR= 540] 9lo]
(Lee and Sobsey, 2011), &5 Lol A= Hio] 2] A4 B YA
oF AAAAZ} fitk= A7E U] = FtHMcMinn et al.,
2017; Dias et al., 2018). o] 2|3t A} u]Fof Hol B &J-Loj
A At A ot o] @loll Ml A3kt vhol A
3 A3k 7Ho] A7 A E A] g A2 A3 v Y=o 7}
7] th2 AZAtel 3 A3 w2l A o= Tk

E3L AP ET 7]eo] dde uheh w2 WAl A&
o] 7hs A HA lgHlol2iAe FFaa A4 HH3(poly-
merase chain reaction, PCR)S 53| H&2 7FestAw 4 <
4 i g2utolg| At uiZhel A e 2ufol A0 L E7)55)
t}. ool eI A= et 54 784 52 o83 PCR AA 2|

=

A~
e
L
e

=
(¢}
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O

A8 % gt BAloll Qleh(Yang etal., 2022). ufeAl, 514 el
A 2ol 4 MSC7F <102.2 AEEeA)e A7} 5l
o] mutole] s Gl B G PHOE AZH SHH K
A, 52,59 W, STskeA A, B9A B ehe
RT-qPCR A% W10] G2 teutole] o] ZiAd of%
oh= T glo] A& E A0 oA olof et wake a4
2 gl mutolel o] 34 WAL Fol A Bkl
Shz el e 77t B s ow s,

otexzld HiEe7t WF At siHoll oxl=

O —

L2upo|YA GI/G27t HEH kA siEa(~
=, 7Y, HE, 82 sk A 9 S GA i A 2
o] g v &2=0] oFS 1,000:12 3| 48k=t] D23l 3
< WP o' 2| kof| e Gl om, shara] 2 s St 2l
AT T Aol 3EAISFITHFIg. 2). 3, EAH-FSe S
W 471 Aol A 5 R =9 tidt<t, A =, MSC
9w 2ulo| A G1/G22] B3 Table 59} 2t} 71 % 0-2¢}
O-4= 27| thakat, tha+t, MSC, NoV7|F 2 HEE A ¢
¥ O-18 EH A tfAFto] 20 MPN/100 g, O-3-& th4+#o]
20 MPN/100 g7} HE=%lem 4152 712 9 +4/(MFDS,
2023)0] w2 A A8 = gt 7] E(n=5, =1, m=230, M=700
MPN/100g)ell A3tgt A o & vepyict. o] gt Aub= 7
¥ty o) E44 shrA e v &4 o] QO ThE S e A

i

=

122

wo| 7ure] Q] ot o} A71x] B|ZFAA Hlo|HAS 93] A I e deo® Qs = Aol e9E 4 il 22 o
Table 4. Correlation analysis of fecal contamination indicators in influent and effluent of wastewater treatment plants
Wastewater Influent Effluent
Fecal indicator TC FC MSC NoV G1 NoV G2 TC FC NoV G1 NoV G2
r 1 0.946" 0.581 0.302 0.168 1 0.917* -0.071 0.468
TC! P-value - 0.000 0.131 0.467 0.691 - 0.001 0.867 0.242
n 8 8 8 8 8 8 8 8 8
r 1 0.667 0.410 0.417 1 -0.167 0.344
FC? P-value - 0.071 0.313 0.304 - 0.693 0.404
n 8 8 8 8 8 8 8 8
r 1 0.285 0.728*
MSC3? P-value - 0.494 0.040 MSC were not detected in the effluent
n 8 8 8
r 1 0.555 1 -0.121
NoV G14 P-value - 0.153 - 0.776
n 8 8 8 8 8 8
r 1 1
NoV G2 P-value - -
n 8 8 8 8 8

ITotal coliform. *Fecal coliform. *Male specific coliphage. “Norovirus (NoV), Norovirus was qualitatively assessed as either positive or

negative. For correlation analysis, positive cases were assigned a value of 1, and negative cases were assigned a value of 0.

*P<0.05; **P<0.01.
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Fig. 2. Radius of influence of WWTP effluent where norovirus was detected. The red circles describe the radius of influence of WWTP ef-
fluent, and the blue rectangles represent the shellfish farm near the discharge outlet. WWTP, Wastewater treatment plant.
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Table 5. Distribution of fecal pollution indicators in shellfish

FC! Escher/:chia MSC NoV NoV
Shellfish \ipn/100 g) (Mph?/a/oo o (PFUM00Q) (3_1)2 (f‘f)
O-1 20 <18 ND? -
0-2 <18 <18 ND -
0-3 <18 20 ND -
0-4 <18 <18 ND -

"Fecal coliform. *Norovirus (NoV) positive (+)/negative (-) con-
firmed by RT-PCR. 3ND, Not detected.
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of v &2 R Q1 AR 2] A el 242911 m, 1,500
mE Q15 FAA] S v A ek, v R ol 5
S5 24 W2} AR A 7 7He O-1,0-2 FA = Hlol
27k A &) etehFig. 2).
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2020; MOE and KECO, 2018). u}2}A] =AH-E3}s[ ol 4] Al
4t i 2 AR PSS S| QA 719 ¥
slol of-3-stof st 2] Al G A7 58S sk,
715 Wstol] gt sk 2] 23 nho] P asf Helrt
E3F, A714 2 HUE P 91F Tl Algs ol Wstele 2
73 20| g st ] A e AEH o2 Hrskal
7 sfiof g H a7} Qlrkal of AXIe)

3, $h=9] |7 YA E] 2 13 (Korean Shellfish Sani-
tation Program, KSSP)-2 v]=r2] ujj 7 A ¢e] 22 13 (Na-
tional Shellfish Sanitation Program, NSSP)S XA 2 3}o] <
=50tk NSSP= 1925 5H @ A oA 77} =2
== AS BRI flel] A% Al HES 58 714 8
4 a7 HUEHY 5 ABRAE AAIFFC 2 A, g F= QI Al
g AHS Alofsh oA AlE P e 22|24 1L adt
7} GAA o2 S EITHUS FDA, 2018, 2019). 134, &
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o] Qlof shpA et 2F wiEollA A HEEH, &
= H slerETt 1008 7HA] viol 2] AE Ao 412
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ot Aol A E4 vlelH A E B e Histe T 719 Alet
4 A3e7} Hiol| 4] AR A AlISso T25HAl &
S ofn] W2 FHE Fall Y5 EUTHUS FDA, 2019). 19|
w2} NSSP= sk 2] 7F H e A g mlol 2] 25 £ 5] A1 A
BlA] BEFE R Fl4ul S Y (sewage source) 2} T 57 A AR ] AL
olol A Fiat 4 S Faf B o) vlolal s Wk ool
Az Qg 19 AT AS BHAR) Ao A A
SEaL S}, o] et Ak sk e vl Eie T
T3 oE A LAY s Al Sl e S A
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MPN/100 mL)o]| 558 = e 5-25] 3] A ojof gh& ¢
%Skl QITHUS FDA, 2019). o] o]l i -0l A = 5F7-5-<t Hl
5= A A &) 2 1,000:12 3]45k=d] 8+

{0

[¢]

= 0] &= oo W o= Froto] e o] 3l A4t
sl ml x| = FaFe BrFsHATh

oo Auts FEEEH, 2 Ao = i) £ 4
O 2 AJZLE= 1090 59 =ARF3L sl Wf kA 2] &
U= E i Eol et £H QAR E HAEE RAREL, HjE4
7halfg s el mA|= S BIIsHA) st 2ol A 9
EH e HR|EE 7H] A (pearson correlation)E £49 5
A3}, FU D Sl A ot A A Tl =
& O] A8, 1=0.974, P<0.01; ¥iE<, 1=0.779,
P<0.05)5 YeERHAINE o] @]of] A E Uetll = 3= ¢l
Ak steA A e FFE 7 eRmutolY A HE
H vjESe] tiste] shRadth viEE = 2 34kt 8+t

= 0] &= s oo W o= Foto] viEet 9l i A4t
sl M x| = Y B7lekleh L A, 2ol A7F
SH AE, & 7Y H1E, §5, AN, 34 A e
I FFA A ] viEa Qe Al Gk A
Al Fom A& AR} 3o Wf 47 Aol A ARt =
o] g, ERA i+, MSC ¥ lm2ufo]# 2 G1/G22)
TS HOLS o) &40 ko] mAA] 92 A2 UrEt
t}. o] 2fgt At sk A P A AA] 7] zo whE A e 8 W
oA A Ql A agstel] U 4= Qs A=A BAREIE
Bl S of| A] AYAtE] = sl ol gt Qb SHE S Qlsf = A+ A
NS vigo R 714 9 7|15 s} 5 $H HIlo| w2 o ¢ #
sk 71 Alell gk et nhe o] B @ shrhal AbmE T

Al AL

of HEE 2004¥E FPfAROI AP ATA
(R2024057)°] AU0.2 a8 AU eh.

References

Alam MW, Qayum S, Hasan MM and Xiangmin X. 2018. Land-
based marine pollution control in Bangladesh: A suggested
framework with a critical analysis of national legal issues.
Indian J GeoMar Sci 47, 1909-1917.

APHA (American Public Health Association). 1984. Laboratory
Procedures for the Examination of Seawater and Shellfish
(5th Ed). APHA, Washington D.C., U.S.A., 1-47.

Burak S, Dogan E and Gazioglu C. 2004. Impact of urbanization
and tourism on coastal environment. Ocean Coast Manag 47,
515-527. https://doi.org/10.1016/j.ocecoaman.2004.07.007.

Choi J, Hearne R, Lee K and Roberts D. 2015. The relation be-
tween water pollution and economic growth using the en-
vironmental Kuznets curve: A case study in South Korea.
Water Int 40, 499-512. https://doi.org/10.1080/02508060.2
015.1036387.

Dias E, Ebdon J and Taylor H. 2018. The application of bacte-
riophages as novel indicators of viral pathogens in wastewa-



446 AEERES R TR

ter treatment systems. Water Res 129, 172-179. https://doi.
org/10.1016/j.watres.2017.11.022.

Gedik S and Mugan-Ertugral S. 2019. The effects of marine
tourism on water pollution. Fresenius Environ Bull 28, 863-
866.

Goettert D. 2014. The Detection of the Norovirus in a Wastewa-
ter Treatment Plant as a Potential Source of Environmental
Contamination. Honors Theses, Louisiana State University,
Baton Rouge, LA, U.S.A.

Graczyk TK and Schwab KJ. 2000. Foodborne infections vec-
tored by molluscan shellfish. Curr Gastroenterol Rep 2, 305-
3009. https://doi.org/10.1007/s11894-000-0023-y.

Hassard F, Sharp JH, Taft H, LeVay L, Harris JP, McDonald JE,
Tuson K, Wilson J, Jones DL and Malham SK. 2017. Criti-
cal review on the Public health impact of norovirus contami-
nation in shellfish and the environment: A UK perspective.
Food Environ Virol 9, 123-141. https://doi.org/10.1007/
s12560-017-9279-3.

Hildering A, Keessen AM and Van Rijswick HFMW. 2009.
Tackling pollution of the Mediterranean Sea from land-
based sources by an integrated ecosystem approach and
the use of the combined international and European legal
regimes. Utrecht L Rev 5, 80-100. https://doi.org/10.18352/
ulr.96.

Hong SY. 1991. Assessment of coastal zone issues in the Re-
public of Korea. Coast Manag 19, 391-415. https://doi.
org/10.1080/08920759109362151.

Islam MS and Tanaka M. 2004. Impacts of pollution on coastal
and marine ecosystems including coastal and marine fisher-
ies and approach for management: A review and synthesis.
Mar Pollut Bull 48, 624-649. https://doi.org/10.1016/j.mar-
polbul.2003.12.004.

ISO (International Organization for Standardization). 2015.
Microbiology of the food chain — Horizontal method for
the enumeration of beta-glucuronidase-positive Escherichia
coli. Part 3: Detection and most probable number technique
using  5-bromo-4-chloro-3-indolyl-B-D-glucuronide. In:
International Standard. ISO 16649-3:2015. ISO, Geneva,
Switzerland.

ISSC (Interstate Shellfish Sanitation Conference). 2009. Meth-
od to Determine the Presence of Male Specific Coliphage
in Shellfish Meats and the Microbiology. Retrieved from
https://www.issc.org/sites/default/files/uploads/2009 _sum-
maryofactions/05-114.pdf on Sep 24, 2023.

Jambeck J, Moss E, Dubey B, Arifin Z, Godfrey L, Hardesty
BD, Gede Hendrawan I, Hien T, Junguo L, Matlock M, Pahl
S, Raubenheimer K, Thiel M, Thompson R and Woodall L.
2020. Leveraging multi-target strategies to address plastic
pollution in the context of an already stressed ocean. In:
The Blue Compendium. Lubchenco J and Haugan PM, eds.
Springer Nature, Berlin, Germany, 141-184.

Jiang Z, Le Y, Chen M, Yang Y, Xu X, Li C, Zhang K, Zhao

R e R i

S and Zhou R. 2021. A modified protocol for the high
yield production of a recombinant adeno-associated virus
vector. Gene Rep 24, 101227. https://doi.org/https://doi.
org/10.1016/j.genrep.2021.101227.

JWSDH (Jeju Special Self-Governing Province Water Supply
and Drainage Headquarters). 2020. Development of Climate
Change Adaptation Measures for Public Wastewater Treat-
ment Facilities in Jeju Special Self-Governing Province.
Jeju Special Self-Governing Province, Jeju, Korea, 1-256.

Kim CH, Ha HJ, Heo SJ, Ha HS and Lee NS. 2022. A Study on
the Construction of a Mid- to Long-term Supply and De-
mand Forecasting Model for Cultured Seafood: Focusing on
Oysters. Korea Maritime Institute Research Report, Busan,
Korea, 1-134.

Lee HS and Sobsey MD. 2011. Survival of prototype strains
of somatic coliphage families in environmental waters and
when exposed to UV low-pressure monochromatic radiation
or heat. Water Res 45, 3723-3734. https://doi.org/10.1016/].
watres.2011.04.024.

Lees D. 2000. Viruses and bivalve shellfish. Int J Food Microbiol
59, 81-116. https://doi.org/10.1016/s0168-1605(00)00248-
8.

McMinn BR, Ashbolt NJ and Korajkic A. 2017. Bacteriophages
as indicators of faecal pollution and enteric virus removal.
Lett Appl Microbiol 65, 11-26. https://doi.org/10.1111/
lam.12736.

MFDS (Ministry of Food and Drug Safety). 2017. Improvement
Strategies for Safety Management in Fishery Product Grow-
ing Areas. MFDS, Cheongju, Korea, 1-199.

MFDS (Ministry of Food and Drug Safety). 2023. Food Code.
Retrieved from https://www.law.go.kr on Nov 28, 2023.
MOE and KECO (Ministry of Environment and Korea Envi-
ronment Corporation). 2018. Study on Efficient Wastewa-
ter Treatment Solutions During Rainfall. Retrieved from
https://www.codil.or.kr/viewDtIConRpt.do?gubun=rpt&p

MetaCode=OTKCRK200791 on Mar 11, 2024.

MOF (Ministry of Oceans and Fisheries). 2023. Sanitary Stan-
dard of Water Quality in Shellfish Growing Area. Retrieved
from https://www.law.go.kr on Aug 18, 2023.

NIFS (National Institute of Fisheries Science). 2022. Sanitary
Survey Report for Shellfish Growing Areas in the Dosan
and Pungwha Sea Areas of Gyeongnam Province. Southeast
Sea Fisheries Research Institute Report, Tongyeong, Korea,
1-112.

OSS (Our Shared Seas). 2021. How Wastewater Affects Near-
shore Fisheries. Retrieved from https://oursharedseas.com/
how-wastewater-affects-nearshore-fisheries/ on Feb 01,
2024.

Plummer JD, Long SC, Charest AJ and Roop DO. 2014. Bacte-
rial and viral indicators of fecal contamination in drinking
water. ] Am Water Works Assoc 106, E200-E201. https://
doi.org/10.5942/jawwa.2014.106.0023.



SieA el whE ol Slat mARF 3t o) gt 447

Rippey SR. 1994. Infectious diseases associated with mollus-
can shellfish consumption. Clin Microbiol Rev 7, 419-425.
https://doi.org/10.1128/CMR.7.4.419.

Statistics Korea. 2020. Mariculture Fishing Rights. Retrieved from
https://kosis k/statHtml/statHtml.do?orgld=795&tblld=DT 79501
E036&comn path=I3 on Aug 17,2023.

Statistics Korea. 2021. Offshore Aquaculture Rights. Statis-
tics Korea. Retrieved from https://kosis.kr/statHtml/statH-
tml.do?orgld=146&tblId=DT 114 2013 S0013&conn
path=I2 on Aug 17, 2023.

Statistics Korea. 2022. Fishery Production Survey. Retrieved
from https:/kosis kr/statHtml/statHtml.do?orgld=101&tbll
d=DT 1EWO0005&conn_path=I3 on Aug 17, 2023.

Sunlu U. 2003. Environmental impacts of tourism. In: Local Re-
sources and Global Trades: Environments and Agriculture
in the Mediterranean Region. Camarda D and Grassini L,
eds. Ciheam, Bari, Italy, 263-270.

Thompson JR, Marcelino LA and Polz MF. 2005. Diversity,
sources, and detection of human bacterial pathogens in the
marine environment. In: Oceans and Health: Pathogens in
the Marine Environment. Belkin S and Colwell RR, eds.
Springer Nature, Berlin, Germany, 29-68.

US EPA (U.S. Environmental Protection Agency). 2013. Op-
erating Procedure Wastewater Sampling. Retrieved from
https://www.epa.gov/sites/default/files/2015-06/documents/
Wastewater-Sampling.pdf on Feb 26, 2024.

US EPA (U.S. Food and Drug Administration). 2018. FDA-
Korea, MOU Regarding the Safety and Quality of Fresh and
Frozen Molluscan Shellfish. Retrieved from https:/www.
fda.gov/international-programs/cooperative-arrangements/
fda-korea-mou-regarding-safety-and-quality-fresh-and-fro-
zen-molluscan-shellfish on Feb 19, 2024.

US EPA (U.S. Food and Drug Administration). 2019. National
Shellfish Sanitation Program (NSSP). Guide for the Con-
trol of Molluscan Shellfish: 2019 Revision. Retrieved from
https://www.fda.gov/media/143238/download?attachment
on Feb 22, 2024.

Wang H, Neyvaldt J, Enache L, Sikora P, Mattsson A, Johans-
son, A, Lindh M, Bergstedt O and Norder H. 2020. Varia-
tions among viruses in influent water and effluent water at
a wastewater plant over one year as assessed by quantita-
tive PCR and metagenomics. Appl Environ Microbiol 86,
€02073-20. https://doi.org/10.1128/aem.02073-20.

Wear SL and Thurber RV. 2015. Sewage pollution: Mitigation
is key for coral reef stewardship. Ann NY Acad Sci 1355,
15-30. https://doi.org/10.1111/nyas.12785.

WHO (World Health Organization). 2010. Safe Management
of Shellfish and Harvest Waters. Rees G, Pond K, Kay D,
Bartram J and Domingo JS, eds. IWA Publishing, London,
UK., 1-360.

Xu W and Zhang Z. 2022. Impact of coastal urbanization on
marine pollution: Evidence from China. Int J Environ

Res Public Health 19, 10718. https://doi.org/10.3390/
ijerph191710718.

Yang M, Zhao F, Tong L, Wang S and Zhou D. 2022. Contami-
nation, bioaccumulation mechanism, detection, and control
of human norovirus in bivalve shellfish: A review. Crit Rev
Food Sci Nutr 62, 8972-8985. https://doi.org/10.1080/1040
8398.2021.1937510.





