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ABSTRACT

The sanitary survey was evaluated for sanitary state of seawater and shellfish in Chilcheondo area from
September 2020 to February 2023. The stations of sanitary survey in Chilcheondo area were composed of 28
seawater station, 3 oyster (Crassostrea gigas) and 1 mussel (Mytilus galloprovinciallis). The samples were
collected monthly at each station. The range of Fecal coliform, geometric mean and 90th percentile for 840
seawater samples were < 1.8-35,000 MPN/100 mL, < 1.8-3.3 and 1.8-34 MPN/100 mL, respectively and in
addition to seawater in the Chilcheondo area satisfied as level of designated area according to Korea criteria and
approved area according to US criteria. Also the range of Fecal coliform and E. coli for 88 oyster samples and 30
mussel samples were <18-35,000 and <18-9,200 MPN/100 g, respectively. The bacteriological quallity of shellfish
collected from Chilcheondo area meets the standard value based on shellfish hygiene of the Food Sanitation Act
of Korea and the Grade B according to the classification of shellfish harvesting areas of European Union.
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(Legnani et al., 1998), $-=U=E v]33t AlA| o2 et
A 2ds AF A A5E A} A4Aew vy B
t} (Postasman et al., 2002; Shin et al.,2014).

53] 2 3 Aow A AR AL x2ile]
Plzol % AF% 4 Ex 7o ade] AT E)
27 93, g BlelA AFES don) 1994 Age

Eisol #el7} o] FolAaL glor (Lees, 2000), ™=,
EU, et 59 AAFelA = 7o S-S grs)
7] $1% s Akl SAde] Z2aE viRiste SR
ks FEE =¥E stz o
Commission, 2019; U.S. FDA, 2019).

Selehe %o s 58 BAsH: de] (o]3) A
o) o A 2 7o ATA kAL S AT} &
) A stosl, AR P e peiol ohd

oA wiEEE eqBAe] e A A Ao 4
1—44 5 5o AT 2 AEE SR 2 vt 3)
o} (Ha et al., 2018; Choi et al., 2021; Jeong et al.,
2021).
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Fig 1. Sampling stations for major inland pollutants, seawater and
shellfish in Chilcheondo area; ®, Seawater; ¢, Shellfish; o
Major inland pollution source,
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2. v EEA

A7 (Total coliform), ¥+ A3 (Fecal coliform)
9 dubAlF++ Recommended Procedures for the
Examination of Sea water and Shellfish (APHA, 1970)
of wpe} wAsgick. 4 2 FAA P2 Lauryl tryptose
broth(Merck; Burlington, USA), Brilliant Green Bile
Lactose Broth (Merck; Billerica, USA) %@ EC Broth (EC
medium; Difco, Le pont de Claix, France) & 283192
w, 27} 35 + 0.5CollA] 24-484)7F Y 44.5 + 0.2°CollA 24
A7t wloFsisict. oAt (B coli) ¥4 Most probable
number technique using 5-bromo-4chloro-3-indolyl- 3
-D-glucuronide®] we} 435t} (ISO, 2015). F4 2 &
AA¥L Mineral-modified glutamate medium (Oxoid;
Basingstoke, UK) %W Tryptone bile glucoronide agar
(Merck; Billerica, USA) & ARg-3slglon], 242 37 £ 1T
A 2427 9 44 £ 10N 24417 wedelict. 7t 3)4n
B 57 AREE AHEEI9l, 100 mL EE 100 g9
4% (Most Probable Number, MPN) © 2 ZA3ZS A&3}
Aot dubdldg £A42 SR ls 72 2700 2l H)
EZ Y49 1 mL#® #ZEslx Plate Count Agar (Merck;
Billerica, USA) & 18-20 mL #53 ¥ 35 + 0.5Cel|4] 48
A7t wjjokste] olEl AgE CFU (Colony Forming Unit)
2 FA8

Male-Specific Coliphage= Standard methods for the
examination of water and wastewater (APHA, 2015) &
Zu3te] S (Agar overlay method) & 36.5 + 2C
oA 24417F EAEGIEE EA4E 918 SFAEE E. coli HS
(qFamp) R (ATCC700891) = A}g3l3on, Az 100
mL% PFU (Plaque Forming Unit) & YEehfgic)

3. 34 2 7 1A AP}
sl] SAAEIE s Seldel 9 rj=y slY 5 )E
o F3lo] THANGFS] 7|51eHA Hd (Geometric mean,

Table 1, Method of calculating the impact range of pollutants
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GM) 2 Akl wEsle] 90wA| Zk (Estimated 90th
percentile, 90th percentile) © & 7)1} &, 7+ A4
A F 3039 HHANET EAZAAE EYE VeteA
T 14 MPN/100 mL2 Z3}s}x] ¢ka Axkel w3-¢)o] 9o
A Fko] 43 MPN/100 mLo]3}e] 7|Eol| H-38l=# H7}8h
o 90th percentile?] AAHPEE tl&3z Zt} (US
FDA, 2017; MOF, 2022).

Est. 90th = Antilog [(Slog)1.28 + Xlog]

Slog = 7t Ak& 54 Z17ke] MPN9| wi=3te] RE3A

Xlog = 7} A& 25l ZH2re] MPN2| df=3te] A+

Ao A EE e Elde vs 2 EU9 SA7E
o E3ke] AN, WA, AT 7E2E Hs)
St} (MOF, 2022; MOF, 2023; European Commision,
2019).

4. 58 523929499 9 4337}

Ax wiefreel fAd S99 wMiErt s el 7
A& FEFE H71s171918ke] W= FDACA AlAgE 2514
7Pl F3le] A Gt (Shim et al., 2012; Mok et
al., 2016). Zt 42999 e T AEF FHA
At Fxol A% dd F3%F (Determine loading,
MPN/day) & 4F&st5ioH, nl=re] &7kl +4 7154l &
WA Fe] 14 MPN/100 mLo)3lE 3Ash=d] 223t
2] oF (Dilution water required) = AAFs} ) SAF 2
Qe 2% PRPVE FTeNs A8eel A3dow o
o vlxj= FFHE7E 3Tk (Table 1).
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5. &A1E4

AAAAZAFZ 3 AAeLe] ARAd E4E $ste] RZE
22 (http://cran.r-project.org, version 4.3.1) 7oA
95% AlFFoR FAEASG AAAZATY =9}
AT, 2, 9% 5 3R k] Roj7k A Fals]

Items

Calculation

Determine loading
(MPN/day)

Dilution water required
(m3/day)

Area required
(m?%day)

Radius of half-circle
(m)

Concentration of fecal coliform (MPN/100 mL) X Conversion (Liter to milliliter;
1,000 mL/L) % Conversion (Min per day; 1,440 min/day) x Flow (L/min)

Determine loading (MPN/day) / [Standard (14 MPN/100mL) x Conversion
(Milliliter to m® 100,000 mL/m?)]

Dilution water required (m*day) / Average depth (m)

Area required (m%day) x 2 / 3.14
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Table 2, Results of the bacteriological examination of seawater in Chilcheondo area (2020.9-2023 2)

Fecal coliform (MPN"/100 mL)
Station > 14 > 13 s No. of
Range GM? 90th” No. % No. % No. % Samples
S-1 < 1.8-4.5 < 1.8 2.3 0 0.0 0 0.0 0 0.0 30
S-2 < 1.8-49 2.0 4.4 1 3.3 1 3.3 0 0.0 30
S-3 < 1.8-3,500 3.0 22 2 6.7 2 6.7 1 3.3 30
S-4 < 1.8-330 2.0 6.9 1 3.3 1 3.3 1 3.3 30
S-5 < 1.8-330 2.3 8.7 1 3.3 1 3.3 1 3.3 30
S-6 < 1.8-1,700 2.3 12 1 3.3 1 3.3 1 3.3 30
S-7 < 1.8-1,300 2.9 16 2 6.7 1 3.3 1 3.3 30
S-8 < 1.8-11,000 2.7 21 1 3.3 1 3.3 1 3.3 30
S-9 < 1.8-23,000 3.3 33 2 6.7 1 3.3 1 3.3 30
S-10 < 1.8-7,900 2.4 17 1 3.3 1 3.3 1 3.3 30
S-11 < 1.8-490 2.3 9.2 1 3.3 1 3.3 1 3.3 30
S-12 < 1.8-330 2.1 7.3 1 3.3 1 3.3 1 3.3 30
S-13 < 1.8-700 2.1 8.6 1 3.3 1 3.3 1 3.3 30
S-14 < 1.8-79 1.9 4.7 1 3.3 1 3.3 0 0.0 30
S-15 < 1.8-130 2.1 6.3 1 3.3 1 3.3 1 3.3 30
S-16 < 1.8-490 2.1 7.8 1 3.3 1 3.3 1 3.3 30
S-17 < 1.8-22 1.9 3.4 1 3.3 0 0.0 0 0.0 30
S-18 < 1.8-33 1.9 3.8 1 3.3 0 0.0 0 0.0 30
S-19 < 1.8-170 2.0 5.8 1 3.3 1 3.3 1 3.3 30
S-20 < 1.8-2.0 < 1.8 1.8 0 0.0 0 0.0 0 0.0 30
S-21 < 1.8-23,000 2.6 26 1 3.3 1 3.3 1 3.3 30
S-22 < 1.8-790 2.8 14 1 3.3 1 3.3 1 3.3 30
S-23 < 1.8-700 2.3 9.4 1 3.3 1 3.3 1 3.3 30
S-24 < 1.8-3,500 2.7 17 2 6.7 1 3.3 1 3.3 30
S-25 < 1.8-79 2.3 6.4 1 3.3 1 3.3 0 0.0 30
S-26 < 1.8-35,000 3.2 34 1 3.3 1 3.3 1 3.3 30
S-27 < 1.8-2,200 2.2 12 1 3.3 1 3.3 1 3.3 30
S-28 < 1.8-5,400 2.3 15 1 3.3 1 3.3 1 3.3 30
Total < 1.8-35,000 < 1.8-3.3 1.8-34 30 3.6 25 3.0 21 2.5 840
MPN, Most probable number, ?GM, Geometric mean, ¥90th, The estimated 90th percentile
S8led, “dplyr” package® ©o|&3] A#EA  (Pearson 202041 99%-€ 20234 2971A] HAAE s DA = 28
correlation) = 2s}3l}. e sl el 7 303], & 84070 slAlBClA AEH
HA NG| s 9]+ < 1.8-35,000 MPN/100 mLe] 2
A3 9 o o, AT 75K BT 2 90th percentile &

ZV7F < 1.8-3.3 ¥ 1.8-3¢4 MPN/100 mLeE vl (
Table 2). WA $elvjele] slgAkslel e 147

- 106 -



Seawater

g

200
FC (Geometic Mean)

8
>

= = = Rainfall 160

N
=

120

-
Rainfall {(mm)

-
-

80

Fecal coliform (MPN/100 mL)

Jan. Feb. Mar. Apr. May. Jun. Jul Aug. Sep. Oct. Nov. Dec

Fig 2. Conparison of monthly rainfall and fecal coliform value for
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w2y oA AEEs THANEE TRl uel A
o $F, AANY Y 2ARNGeR FRIL e,
T20] AAHYG 30 ALHE BE FAA AN A
Aol 71818k o] 14 MPN/100 mL ®
o Zlslol} 5 OIOF, 2020, o) 275,
Ax #S g 28709 sFAAANA AER A ﬁ]‘ﬂﬂ‘i‘/]
7)518b4 He < 1.8-3.3 MPN/100 mLﬁi yepste

S AR F2e Axd) BRI Aoz BAAus
o %] A% v ohE sldwel 229 (National
Shellfish Sanitation Program) ¢l 3}o] 7} sjd2] $jAx
AHE 303] oA skl sellA AEE e AN F
9] 7)5}elA ¢, 90th percentile 3ol wel 718y, =
A3 SN, Alglel, 23 g, FAdden ¥
, wAEEe) Z1sketd o] 14 MPN/100
mLS Z73}#] %3 90th percentile o] 43 MPN/100
mL% EsjeA 7S sl e ot (US
FDA, 2019). £ 747, AAx s FAANGFS] 7]
3}k #¢ 9 90th percentile®] ZH2 7+ < 1.8-3.3 ¥

:(u)‘:'a Mr o ot
o N 1% B Ao S

slagle
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1.8-34 MPN/100 mL2 & m]Ze] &7}ele 7])%o) Hitse=
AR  HrlEQith A PHANETE sE7F 43
MPN/100 mL& Z3sh= A&7} 20219 7€ 2 999 2kl
Pow 53] 20219 749 A s 2AEA 28704 F
2470l 22315l o, o= AlaAlF A g 100 mm
ool Aol of3f QI el egile] dew 74l
Fo] gk e d% velle 2¥et & 5 gioh =3
9 234 297bA] 9] AA T # o] sgelA|

A A 747k 7&%%}011 w2 FHA NS 7)etEA 3
< ¥ j/_‘t:f_ Az} Sy} \AskA ExAL A 1 e E
L% QF o]frE Al B2 7999 vEUh vk w2
Hok (Fig.2). o+ telvete] siirt Aats+
ARz FA9k 1AgsHA fAst glow FH
9 71E AREAA 5o ool 2 E]e] glo] o
Fo ol wol A|&A oz | stofof Hrka B
5‘4_ vloltl Jung et al., 2017; Jeong et al., 2020; Shin

Y, ofd

N

=

et al., 2021). web AAE 1993} o] F2)sh QL o]
) %A@ F9 2.q90] T EAE glomw sheAlelA)
A A 53 e AAAR 2519 Ber) AAolol 51,

2 59 i% zwwz o32] #1409 shelsh 25

Froll g S A=A °W"a’i§7}
ié;‘ﬂ}_ o 8 AAEES] F o o] Fol st YAyEt
kAR S Hrslr] ske 2020u1 943 20234 247}
Ax s W A
M-1) °ﬂ*1 A 11870 7o EHANGTE T
W)= 77t < 18-35,000 % < 18-9,200 MPN/100 go] %2
t=1 JukAlF4E < 30-2,700 CFU/ge 2 &E2l= gt} (Table
). FElvet A ?M oFEPAA o] Akl et AletA ¥
71% 2 kAt ] AHREE T A =

A5 xAAA 4714 (0-1, 0-2, 0-3,

ot &

Table 3. Results of the bacteriological examination of shellfish in Chilcheondo area (2020,9-2023 2)

Fecal coliform FE.coli Plate count
(MPNY/100 g) (MPN/100 g) (CFU?/g) _—
Station > 230 > 230 > 700 > 4,600 > 100,000 samples
Range — Range Range ———
No. % No. % No. % No. % No. %
0-1 < 18-110 0 0.0 < 18-130 0O 00 O 00 O 00 <30-1,100 0 0.0 30
0-2 < 18-11,000 2 6.7 < 189,200 1 33 1 33 1 3.3 < 301,200 0 0.0 30
0-3 < 18-35,000 1 3.6 < 18-9,200 1 36 1 36 1 36 40-2,700 0 0.0 28
M-1 < 18-790 2 6.7 < 18-790 2 67 1 33 0 00 < 30-1,400 0 0.0 30
Total < 18-35,000 5 4.2 <189200 4 34 3 25 2 1.7 < 302,700 0 0.0 118

"MPN, Most probable number, CFU, Colony forming unit
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Fig 3. Conparison of monthly rainfall and fecal coliform value for
shellfish in Chilcheondo area,

71l wh=d HF avjat YR AHE 5 e S
g FAow fAAeste §7] - Al 9 TEA
FakEel gFste] dRbAlda 100,000 CFU/gel3}, o2
10 MPN/gel3tz w+A3kaL glow, Eat A2lE Fo g3l
A& 230 MPN/100 gol3t= 43k glth (MFDS, 2023).
R A5= vﬂ%ﬂl*ﬁ AEHE W7 sxol we
AL ) 52 ek 2AHE ST AlEe
80%°]4o] 230 MPN/lOO go|slo]ojo} & A 2ol A]
700 MPN/100 gol3td w A 55, 5§ A=52 90%7}t
4,600 MPN/100 go|stad ol B S35 8| 46,000
MPN/100 go]3ld w] C 5322 E73l19ltl (European
Commission, 2019). ¥ 723} AAH T dfFol|A FHA )
A 2 e e 18-35,000, < 18-9,200
MPN/100 go]glom, g ¥%7} 230 MPN/100 g& %
JJrs}ﬁ A=7) 1887 & 4702 3.4%°] 3 700 MPN/100 g
Z3psl= A BE 1887 5 3= 2.5%2 % Yelit) uel
H SEvele] AAE = 71EY R WF SEER
F F A suolle FEEA dsted, B 5 IeedlE 55
3 Ao FelEgle) o] 20204 10€ % 20214 790

S
!

o oft &

>

] A

3, RE

<

$2 218 47he] AFAEAA 280
3 ol whE 2.gle] Ho s &

=l 100 mme]Ae] 7
MPN/100 g& % JJrzs}

Q5o sifol 55T Aoz Bk A el o5l
A 2 A 77k Ageel e BaA e )5

l

Ape wae Av, 49] e 7090 BaAdAT 2
) Esh ke gl wls) tha & Ao Heluo
W, BANAE 9 BRI A5 Ao gee & 4
oIk (Fig.d). mebd A= i) shfold s-euker 2 5
dedgel 15 2o Sl Fa o5 A
A7) (109-59) s WARA] (69-99) 2 vl Hga,
AR} ol AR el 2l Al fEE
33 2R 5o sledxelsto] AHes

=
T

oFo] wlaA A1 o

7] wjiol] Ak 7)o wlel $js=s) AjHe g s Flow
A& =},
3. Y1 AR BA EF 37 QA e} AR #4

AAE #92] 20209 994-¥ 20239 297} &l 2 )

oA EHANET 5 HAARATY s} A, &5,
= 5 <A S AR 2, e dle
FaANE 2 T F AN, B skl
FAl 2 0.38 W 0.53, 0.62F 23t oFe] AHAS Hge
obe] AL 7k - 0.62 % - 0.30, - 0.59F &9
Bk 1 ko] e 3¢l (%, pH, DO) <}
A3k s yebgA] skt (p > 0.05) (Table 4).

Soueidan et al. (2021) ©f &Jspd o] =2 7)o 31+
oF B2 ARt AN s=E vladigled W AR
oA FHAdEE At Ao E9kor, Seo et al.
(2019) + Uzt 49 sfr=elA o7 3HAIARel Wi
7, THANEE ARAIE EAg A d3ET W R
HAA NS e AulE 4, pH, DORE e
BA 7} ek 3193, Solic and Krstulovic (1992) oA+

o> of\ nf
mg ©
(o} }‘r‘ (o5

ooy £
do T
Lo ot

Table 4, Pearson correlation coefficients for the relationships between the bacteriological concentrations and seawater and shellfish in

Chilcheondo
Pearson correlation coefficents
Variable Element - —
Rainfall Temp. Salinity pH DO
Fecal .
Seawater . 0.38 0.07 - 0.62 - 0.01 - 0.05
coliform
Fecal 0.53* 0.10 - 0.30 0.02 - 0.10
coliform
Shellfish
E. coli 0.62* 0.11 - 0.59 0.02 - 0.10

*Level of significance (p ¢ 0.05)
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ol A, L5 Y 5o} BAANETE A
Ael e vk wrekc o] Ase 7
FE W, SR EAFH 2o, ARate] g
A% YepA, & o

AR eI skt webA A4 g
A 5 AABATA AV 2 9L v)AE

PN

LT FAGY WESTL A Qe v X 9397}
AR wiefrgel £23 sl A, P W Al
<+ o2 wiEse] 75, THANETY Fxel uet F
A A AAsIGleH o] F 2/ke A=
Frell §2g A Ao, f-2lve} s A%
s e R Ee A S I e P R T R S s
o wig} A7 3,000 CFU/mL (300,000 MPN/100 mL)
o] 7)ol A&t £ A7, 20209 99E 20234 2
A7bA] F 113] 2ARRIG o, 2AP|TE 5 T2 AL A
&5l A SAH RS 45.1-22,942.5 Limine]$lx o3
T 2 BHAgAFe S5 2.0-490,000 2 2.0-110,000
MPN/100 mLE &= on, o]& Ediz Ak 2 &
2 4.7-558.2 m% l= gt} (Table 5).
sleol $1x18 slpAEAA 2704 (L2, L) 9 wiEs
N AEE AT 2 FHANEEY sEE 47
0

N

=39l on L1, L3 AR AEH 4
R &3Pe) 1, 14,6-8 AP s 914
sl Qe Asldolth 20204 9URE 202349 29471A] 9] A
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Fig 4, Evaluation of radius of influence of major pollution sources
impact in Chilcheondo area,
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Table 5. Results of the major pollution sources identified in the drainage area of Chilcheondo area

v e T mrcton  pe o VT R

(L/min) 00 mL) (MPN/100 mL) (PFU?/100 mL) (m) Samples
L1 Sw? 72.5-1,5659.3 40-490,000 4.5-92,000 < 10-1,340 16.7-498.7 11
L2 WWTP? 168.7-256.3 2.0-4,900 2.0-2,300 < 10-< 10 4.7-88.6 11
L3 SW 45.1-2,547.5 330-17,000 79-4,900 < 10-1,100 20.8-178.3 11
L4 SW 148.2-651.5 17-28,000 17-4,600 < 10-3,050 14.6-187.9 11
L5 WWTP 256.3-391.7 79-13,000 33-4,900 < 10-< 10 61.1-309.6 11
L6 SW 82.0-1,369.9 200-24,000 33-3,300 < 10-420 21.7-291.9 11
L7 SW 453.7-22,942.5 23-7,000 4.5-330 < 10-80 19.6-291.8 11
L8 SW 142.4-605.4 2,800-110,000 700-110,000 80-1,500 94.6-558.2 7
Total 45.1-22,942.5 2.0-490,000 2.0-110,000 < 10-3,050 4.7-558.2 84

MPN, Most probable number, ?PFU, Plaque forming units, SW, Stream water, “WWTP, Waste water treatment plant
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