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ABSTRACT

In this study, by analyzing the shape, type, impact radius, and microbiological effect of terrestrial pollutants around
the Kamak Bay area, we tried to contribute to securing the microbiological safety of shellfish. The pollutants in the
sea area around Kamak Bay were investigated as 340 places, and the total number of pollutants with flow
generation was investigated as 49 places. Among them, nine points (P1-P9) where the concentration of fecal
coliform was high and the flow rate was continuously generated were selected as the main land pollution source.
As a result of the analysis, the concentration of fecal coliform was intermittently high at P1, P2, P4, P7, and P9,
and the impact radius was about 1.5 km or more. As a result of analyzing the microbial pollution level of seawater
and oysters in the Kamak Bay area, the fecal coliform pollution level of seawater was analyzed as < 1.8-49
MPN/100 mL, and the geometric mean and 90th percentile were analyzed as < 1.8-2.0 and < 1.8-4.0 MPN/100
mL, respectively. In addition, the fecal coliform, E. coli, and bacterial water pollution levels of oysters were
analyzed as < 18-330, < 18-230 MPN/100 g, and 10-3,600 CFU/g. Taken together, major land pollutants flowing
into the Kamak Bay area showed intermittently high levels of fecal coliform contamination. However, as a result of
experiments on the microbial contamination of Kamak Bay seawater and oysters, it was determined that
microbiological safety was secured by meeting all the hygiene standards of seawater and shellfish in Korea, the
US sea area management standards for seawater, and the EU safety standards for shellfish. However, points P1,
P3, P4, and P7 are considered to require periodic management as the affected radius is confirmed to be more
than about 1.5 km due to large flow rates such as rainy weather.
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AZzE Al A AAZCR BuE1 9t} (Potasman et
al., 2002; Twamoto et al., 2010). & 2 sj42] 0| Y28
A g gHstr] gl nl=, EU, w2HE SolA+= 9
A BATE BAE B3l s9S SFEE Wirol Test 9l
o\ sl Fo 29A dide] w20l w2t 57t Al
sh 2R Y So& EFsto] #Elsta ok (U.S. FDA,
2016). 3 EUOIM = s72] Escherichia coli ‘5=°) wzt
A, BY C 5328 o] HstH, wAMES; 22 o
7o sl A=E TR6k] side A dEiE Tt
(European Commission, 2015). $-2|ughe n|Za} Zbo|
Sfao] EHANGT 2= w2t sjYe BRokL Yo,
SAlol BRE &3] Al HE A=) 71Ee w2t S
92 st ot olof whet, fuehe iFAAA
2t £58& SRS AAsYe #Est ok (MOF,
2019).

S2juz} ojufjsFel ATF YAk
JAFH L oF 12YoF HIE
B ret depd =g 2ot
AR, F232 2 net

>

=] tiEAQl 2 s er BIET Qi) (Lee and
Cho et al., 1990; Cho et al., 1996). HHe|2/d WTto 2 o]
FolA Qe 7M. 2 FAlof| AedEt sfgo|A|Rt, oAl
22 o540l glof sl4 55| ¥EsHA S Ae, $42
ERE U ot 22800 =257] Ao (Lee et al,
2008). 7Hatete] = A2 =AEY] HigRA} TR A
Z, 7HEARSA|e QIS AQtollA] FAE ofat HAE F
3 dFEe HHsks 29 54 &t A= 29
d s AdHAToEN AT YsEE S Al FAY
(Hunter et al, 1999; Mallin et al, 2001).

et £28 HRYAAFHAL ol4 stupae T
gtstol 2 770 s o] Uk (MOF, 2019; US FDA, 2016). &
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ol shset iR s ezt destth ey @
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o] QI3 (Kwon et al, 2012) 222 2|91 7habak Z
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a7 2L BeuE Bistel Bued Y=g Blst
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N7t A=A LA TRAZ) AHFH Ao &
Z4S Bl AERIET. §F 2 497 /54 (FH
950.1, HACH COMPANY, US.) ¥ YSI 556 multiprobe
system (Yellow Springs, YSI Life Science, OH, USA) &
ARgSo] AHA oA viz SHslon, el Ead
1 L 2=l Fol 10°C olstZ |AIAA APAZ 24kt
4ol Agsteict.

2. 32 Aol digt 3% H7}

Zhakgt v gdol A Sl Y LHdY AEE T &
HA o] 1,000/MPN/100 mLE 235144 100 L/min
ol/de I A INAE Fo8FedUoRE AHsIA
o (Fig. 1), 20219 1¥%€ 2023 129744 27|¥ (A
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Fig. 1. Sampling stations in Kamak Bay.
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1. Determind loading (MPN/day)
Concentration of fecal coliform (MPN/100 mL)xConversion factor (Liter to milliliter:
1,000 mL/L}xConversion factor (Min per day: 1.440 min/day)xFlow (L/min}

A 4

2. Dilution water required (m%day)
Determind loading (MPN/dav) / [Standard (14 MPN/100 mL)
xConversion factor (Milliliter to m3: 100,000 mL/m3)

.

3. Area required (wm?day)
Dilution water reguired (m%day) / Average depth (m)

Fig. 2. Procedure for evaluating pollutant influence.
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42 gelEglon, 2gddols gz &3 %017}% 5
FUFE 16,296 L/mo2 Al g Fqet /4
e A shd 12704004 4,285, A&ots 117HA01|A1
314, 71€} 26704004 11,697 L/min7} sfgoz fA=qdch
(Table 1). AA1A fFo] &Ad 497 Y F EHANG
79 5=7F =1 fo] A&Fog WAsHE A I AE
MASt] F2GAIedY A Ao R MAFUC} sl spak
Tk siqollA =F F ABAAZ]I7F obd 6€ollA 9E S AHQlE
A7lol] B71E 13 ed=S 2AsIqith

Zhatek sfdo] & e A4t 15 URE Y (1797H)
of Hls) W2 HolH sjdez {ULL e 2HY (287H)
Al Y20l Hls] B Holoh, fUFS UrEE o] of

92,000 L/minZ 7bghat sjejuct me Az EAsgic
(Choi et al,, 2021). F28429¥ P1- P9 A ZAF A
;E /%, didd 9 ERANEE odx:, JINAEe

Fig. 3.0 Uetlila, A48 JgRH3 A =x Fig. 4.0 U
gt P1-P9 AHolA BRANEHe] ed=es 27
1,100-700,000, 79-4,900,000, 2-22,000, 1,400-920,000,
130-33,000, < 1.8-17,000, 46-540,000, 20-33,000 =
330-4,900,000 MPN/100 mLo.Z Uehgom §are 747t
18-360, 50-1,080, 0.8-441, 1.2-317, 30-2,268, 1.2-372,
9-324, 1.2-32.9 ¥ 9.6-360 L/min2Z ZAMEich, 123
o¢el  JIHFL  108-1949, 29-1,345, 1-1,783,
32-1,793, 33-1,312, 3-800, 20-1,528, 3-167 X 57-682 mZ
B4 =gich (Table 2). P2 ¥ P5 249 o] @oton

FFHE2 P6, P8, PIAHE AQgt RE AN oF
1.5-2.0 kmZ £4gict. P1, P2, P4, P7 & P90l EHA|
g 27t 7HEF 02 A Yelgon, JFgue of
1.5 km ooz uesth 7hegt i FH {42 do]
Aol mx]= FFNEE sl BotS wf A o2hTai o
FFHE (9F 6 km) of Hls) F2 Zg A T £ YA

AT AE J
(Lee et al, 2020). o]g{st 232 Ho} {/ifo P o] s

Table 1. Summary of the pollution sources identified in the drainage area of Kamak Bay

No. of pollution sources (Discharge volume, L/min)

Drainage area

Flow swv DW? Others
Hwayang-myeon 25 (1,964.2) 9 (1,469.4) 6 (212.4) 10 (282.4)
Hwajeong-myeon 7 (296.2) 7 (296.2)
Dolsan-eup 17 (14,035.6) 4 (2,816) 4 (101.4) 9 (11,118.2)
Total 49 (16,296) 13 (4,285.4) 10 (313.8) 26 (11,696.8)

UStream water, 2Domesticwastewater
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3. Evaluation of major pollution sources impact in Kamak Bay.
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Fig. 4. Evaluation of radius of influence of major pollution
sources impact in Kamak Bay.

of sl4-of mgol FRS v 4 Ik Ao ko] 7]
Aol njggehd muUEo] Bedt Zoz B,

2. Fhutgk sele] o4 1A

20219 1€5E 2023 12€717] 3d7t }‘% Tk 3ol ¢
25t A1l 287149 ERA NG APZ3t= Table 3]

LRIt 7t A1 3634, % 1,0087H S

Mgt Aap BEANAFE < 1.8-49 MPN/100 mLE 2Ag]
Q3L Geometric mean ¥ 90th percentile 7247 <
1.8-2.0 ¥ < 1.8-4.0 MPN/100 mL& AF&E|lct. 7hapgts
9] 4o tidt ERAUET 2 AEe 1T YEE
ool &4 A ZAIQ Geometric mean < 1.8-2.3
MPN/100 mL, 90th percentile < 1.8-5.3 MPN/100 mL
Ql B39} (Choi et al, 2021) A AHS UeRRICH

Table 2. Calculated impacted area in the Kamak Bay
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Sygh= sj4e] EHANE
ﬁﬂ"‘ AN 2 A er EF
=& RS Aty SRl A el ot
E} 303] o]/de] ZAtol|A BRAhETS] Geometric mean
Zrol 88 MPN/100 mL =3 9 27K, 14 ol 88
ok A4S, 14 njttd Be A der ERsHL
ot (MOF, 2021c). & 9] 7habgt s a4 287049 =
ANEA BHANEF9 Geometric mean Zto] < 1.8-2.0
MPN/100 mLZ gy}t AH3 7]&e] F5Fcte= A2
Urebg
u]=-2 National Shellfish Sanitation Program, NSSP
Aol 93l a4 F WA Geometric mean #f
2 90th percentile gtoll 93l 5j7FlY, AR 7Y, Al
g, 2ARARNS 9 Aoz FRIh 376

2ol Wet sl 27
she] pejsta gtk

2 EHANHFC Geometric mean % 90th percentile
V4

gkol Zt7k 14 MPN/100 mL ©]3} & 43 MPN/100 mL& %
IksHe AlE7F 10% Tlgte]ofok Bt (U.S. FDA, 2016). 7t
ok el S4~9] Geometric mean # % 90th
percentile Z+ < 1.8-2.0 ¥ < 1.8-4.0 MPN/100 mL&
NSSP 74l we} 5|7t oe EREU

3. 7hatgt s o] si| 7 1A=

2021 1¥%€ 202349 12€7bA] 7hatet o] o of
FQ 2ol s F363] YAYSEIE EAS Aot Table 40|
Uehgict. ERANEH, E coli ¥ °‘HH1F+¢94 Heles
77} < 18-330, < 18-230 MPN/100 g ¥ 10-3,600 CFU/g2
2 Uepgtth 7pEgt e miR7 (F) dA8EE A 2
AR Y ZFol AEI] EEANEE < 18-790
MPN/100 g, E. coli < 18-490 MPN/100 g, LHHAH|F4:

Flow rate Fecal coliform Determine loadin Dilution water Radius of
Station . (MPN/100 g . 3 Area required (m?»  half-circle
(L/min) (MPN/day) required (m?
mL) (m)
P1 18-360 1,100-700,000  1.27 x 10%4.17 x 10" 9.07 x 10>2.98 x 10° 1.81 x 10%5.96 x 10°  108-1,949
P2 50-1,080 79-4,900,000 1.21 x 10%38.53 x 102 8.66 x 10>2.52 x 10" 1.32 x 10>2.84 x 10®  29-1,345
P3 0.8-441 2-22,000 2.30 x 10%1.40 x 10" 1.65 x 107-9.98 x 10° 1.65 x 10°4.99 x 10° 1-1,783
P4 1.2-317 1,400-920,000 1.37 x 10%-2.12x10"  9.75 x 10*>1.51 x 10° 1.57 x 10>5.05 x 10° 32-1793
P5 30-2,268 130-33,000 3.09x10%-7.19x10" 2.21 x 10%5.13 x 10° 1.70 x 10*-2.70 x 10°  33-1,312
P6 1.2-372 1.7-17,000 3.80%x10%-2.82x10" 2.72 x 10°-2.01 x 10° 1.57 x 10%-1.01 x 10° 3-800
P7 9-324 46-540,000 8.74x10%1.03x10" 6.25 x 10-7.33 x 10° 6.25 x 10%-3.67 x 10°  20-1,528
P8 1.2-32.9 20-33,000 3.37x10%-4.28x10° 2.41 x 10'-3.05 x 10* 1.30 x 10™-4.39 x 10* 3-167
P9 9.6-360 330-4,900,000 7.13x10"-6.77x101 5.09 X 10*4.84 x 10° 5.09 x 10°-7.30 x 10° 57-682
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Table 3. Summary of bacteriological examination of each seawater sampling station in Kamak Bay from Jan. 2021 to

December. 2023

Fecal coliform (MPNY / 100 mL)

Station Range Median aM? 90th” N0.> 43% SI\; (1)1.1};)12
Designated area
S1 <1878 <18 1.8 2.5 0 0.0 36
S2 < 1.813 <18 1.9 3.2 0 0.0 36
S3 < 1.87.8 < 1.8 1.9 2.9 0 00 36
S4 < 1.8-46 <18 1.9 4.0 1 28 36
S5 < 1.813 <18 1.9 3.3 0 0.0 36
S6 < 1.8-17 <18 2.0 4.0 0 00 36
S7 < 1.82.0 <18 <18 1.8 0 00 36
S8 < 1.8-13 <18 1.9 3.0 0 00 36
S9 <1.878 <18 1.8 2.5 0 00 36
S10 < 1.8-13 <18 1.9 3.0 0 00 36
S11 < 1.8-11 <18 1.9 3.1 0 00 36
S12 < 1.811 <18 1.9 3.1 0 0.0 36
S13 <1878 <18 1.8 2.5 0 0.0 36
S14 < 1.8-1.8 < 1.8 < 1.8 < 1.8 0 0.0 36
S15 < 1.8-49 <18 1.9 3.9 1 28 36
S16 < 1.8-2.0 <18 < 1.8 1.8 0 0.0 36
S17 < 1.845 <18 1.8 2.4 0 0.0 36
S18 < 1.84.5 <18 1.8 2.2 0 0.0 36
S19 < 1.82.0 <18 <18 1.8 0 0.0 36
S20 < 1.845 <18 1.8 2.2 0 0.0 36
S21 < 1.813 <18 1.8 2.8 0 0.0 36
S22 < 1.86.1 <18 1.8 2.4 0 0.0 36
S23 < 1.845 <18 1.8 2.2 0 0.0 36
S24 < 1.87.8 <18 1.9 2.9 0 0.0 36
825 <1.8< 1.8 <18 < 1.8 < 1.8 0 00 36
S26 < 1.8-17 <18 1.9 3.2 0 0.0 36
S27 < 1.8-2.0 <18 <18 1.9 0 0.0 36
S28 < 1.8-4.5 <18 1.8 2.4 0 00 36
Range < 1.8-49 <18 < 1.8-2.0 < 1.8-4.0 2 02 1008

YMPN, Most probable number, 2Geometric mean, The estimated 90th percentile

40-9,700 CFU/gol

(Park et al, 2024).

SEERCETRS: R

230 MPN/100 g<

Hgj 2f=rt W2

Aoz gRI=Itt

EUQ| 7%, 7ol E. coli 3fol met Alg4
303 o]} XA 80% olite] AlE7t
Z3}stA] grotokst, RE Alg F 700
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Table 4. Results of the bacteriological examination of Oyster in Kamak Bay from 2021 to 2023

Results
Station Fecal coliform (MPN"/100g) E. coli (MPN/100 g) Total aerobic bacteria (CFU/g)
> 230 > 230 > 700 > 50,000 No. of
Range ———— Range Range —————
No. % No. % No. % No. % Sample
0-3 < 18-45 0 0.0 < 18-45 0 0 0 0 20-2,000 0 0.0 36
0-4 < 18-68 0 0.0 < 18-78 0 0 0 0 20-2,000 0 0.0 36
0-5 < 18-170 0 0.0 < 18-170 0 0 0 0 10-2,100 0 0.0 36
0-6 < 18-170 0 0.0 < 18-170 0 0 0 0 25-3,600 0 0.0 36
0-7 < 18-330 1 2.8 < 18-230 0 0 0 0 20-3,400 0 0.0 36
Total < 18-330 1 0.6 < 18-230 0 0 0 0 10-3,600 0 0.0 180

UMPN, Most probable number

E573t}h (European Commission, 2015). & A5 A3
tabok sjodo] 2 & 18070 % E. coli 3ol 230 MPN/100
gg 2I5HA] gkgtom mE A]lg7F 700MPN/100 g w|gHoe
EU 7|& A 53l sidst= As sttt ool 2
Soto] HH 7pank s o2 folEl= 3o |44 Y
AE BF HEH0 R =2 ERAUET Y= YEN
ouf 7hatet sj4 F 29] HYE L= LU S5
g o 7o) A7IE, gl Tt nl=9] iqwe] 7]& H of
Foll tigt EU9l ek 71&g 25 SF5th 124 P,
P3, P4 B P7ARL AN W2 fFez JFAFol
1.5 km o[/do2 FRlEo] F7|AHQl w7t Fod 7oz
woE QlTt

N
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8 o
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