Korean J. Malacol. 39(3): 89-101 2023
https://doi.org/10.9710/kjm.2023.39.3.89

e ER

Evaluation of the Effect of the Inland Pollution Source on Seawater
and Shellfish after Rainfall in the Goseong Bay, Korea

Ji Hoon Kim, Minchul Yoon, Sung Rae Cho, Jang Won Lee, Sang Hyeon Jung',
Ki Ho Nam?, Kwang Soo Ha® and Kunbawui Park

Southeast Sea Fisheries Research Institute, National Institute of Fisheries Science, Tongyeong 53085, Korea
'R&D Planning and Coordination Department, National Institute of Fisheries Science, Busan 46083, Korea
’Ocean Climate and Ecology Research Division, National Institute of Fisheries Science, Busan 46083, Korea
*Food Safety and Processing Research Division, National Institute of Fisheries Science, Busan 46083, Korea

ABSTRACT

In this study, we evaluated the effect of inland pollution sources on seawater and shellfish (Oyster and Scallop) in
Goseong bay after rainfall events. We analyzed the sanitary indicator microorganism such as total coliform, fecal
coliform and Escherichia coli (E. coli) in the discharge water of major inland pollutants, seawater and shellfish for 3
days after 25.5, 56.0 and 101.5 mm rainfall events. According to these results, the range of total coliform and fecal
coliform was < 1.8-2,400 and < 1.8-2,400 after 25.5 mm rainfall and was from < 1.8 to 110 and from < 1.8 to 13
MPN/100 mL after 56.0 mm rainfall and was from 79 to 11,000 and from 79 to 11,000 MPN/100 mL after 101.5 mm
rainfall in the discharge water of 2 waste water treatment plants. Also the range of fecal coliform and radius of
impacted area of 9 contaminants (stream) was from 13 to 35,000 MPN/100 mL and from 14 to 2,249 m,
respectively. The fecal coliform of seawater at 34 stations ranged from < 1.8 to 540 MPN/100 mL, respectively.
And The E. coli level of shellfish (Oyster and Scallop) at 6 station ranged from < 18 to 5,400 MPN/100 g.
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Fig. 1. Sampling stations in Goseong Bay; ®, Seawater: *,
Shellfish; o, Pollution source; A, Waste water treatment
plant,
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T pAAgt Fo S99 O FFS S5
(HACH portable Flowmeter, ModelFH950.1, USA) &

AHE-ste] S35

2. $] A=) A 2 Mail-specific coliphage (MSC) ¥4}

A&l gt oAd+ (Total coliform), ¥ A
(Fecal coliform) #42 Recommended Procedures for
the Sea Water and Shellfish (APHA, 1970), 3+
(Escherichia coli) ¥4 1S016649-3 (2015) 2] vl u}
g} BAsglch A, BaA A 2 a3
(Most Probable Number, MPN) 2.2 uveljfjglon MSC
+ Standard methods for the examination of water and
wastewater (APHA, 2015) & #u3le] ez #
Al en 2% AdE= PFU (plaque-forming unit) &2
e it (Table 1).

3.749%) BE 30 $4 2dKe] Aol wAE 9%
29 34

AT golel A% 2 Sa-2dele] sledel nlx)
= QRS 1% FDAGIA AT 2939 Bohel 3

_90_



Korean J. Malacol. 39(3): 89-101 2023

Table 1. Medium and culture condition for microbiological analysis

Ttems Procedure Medium and Temp. Reference
. Lauryl Tryptose Broth (Merck; Burlington, USA),
Presumptive test (35 + 0.5) C, (24 + 2) and (48 + 3) hr
Total coliform APHA, 1970

Brilliant Green Bile Lactose broth (Merck; Billerica, USA),

Confirmed test (35 + 0.5) C, (24 = 2) and (48 + 3) hr

Presumptive test Lauryl Tryptose Broth (Merck; Burlington, USA),
Focal esumptive tes (35 + 0.5) C, (24 + 2) and (48 = 3) hr
APHA, 1970

coliform Confi d test EC broth (Difco, Le pont de Claix, France),
onfirmed tes (445 £ 0.2) C, (24 + 2) hr
. Mineral modified glutamate medium (Oxoid; Basingstoke, UK),
Presumptive test (B87+1) C, (24 +2) hr
L ) ISO/TS,
Confi d test Tryptone bile glucuronide agar (Merck; Billerica, USA), 16649-3:2015
onfirmed tes (44 £ 1) C, (22 + 2) hr
MSC Mixed tryptone agar (with yeast extract, glucose, NaCl, CaCl,, agar), APHA, 2015

(365 £2) C, (24 £ 2) hr

Table 2, Method of calculating the impact range of pollutants

Items Calculation

Concentration of fecal coliform (MPN/100 mL) X Conversion (Liter to milliliter;

Determine loading
1,000 mL/L) x Conversion (Min per day; 1,440 min/day) X Flow (L/min)

(MPN/day)

Dilution water required Determine loading (MPN/day) / [Standard (14 MPN/100 mL) x Conversion

(m*/day) (Milliliter to m®* 100,000 mL/m3)]
Area required . .
(m?day) Dilution water required (m3/day) / Average depth (m)
Radius o(fm})lalf'cmcle Area required (m%day) x 2 / 3.14
o AAEAT} (Shim et al., 2012; Mok et al., 2016). FL 73S A w2 §4F e Glo] sjge w|A = JgE )
F4 28 gl AEEE BHANETY] = 2 & 3b7] $13ked 25.5, 56.0 B 101.56 mme] 7= WA F wAdwt
Fe 278 A Fel®F (Determine  loading wfreoll B3 skeAEAAd B F2 shs Yo

(MPN/day)) & At &, o] v]59] 3718 4 7]eal
14 MPN/100 mL o¢J3}2 AN = 9l 5] <
(Dilution water required) & AL} 3 A8 <]
FAE st o]Hdt d] ks EIele Fole] WA
(Area required) % ®H4 (Radius of half-circle) & AF&3}
gon zAAAZ] ABE Folsle] HFHoRE 914l
gl w)x]= JEFE H7I8ISleh (Table 2).

Zy 3 o

1.7 24 F §4 249l gl viA &= I¥F97)

[e}
o] SR ZATE] S EA s ARt wjgf ol
A g slpAPAA L 274 R ‘cﬂ~r£‘ﬂ *lf%*%i’ﬂ s
FA A ol gl e A A ® |
A 3,000 CFU/mL (300, 000/100 ml)e] 7]Ee] 44
Hr}, 2 A3z} 255, 56.0 D 101.5 mme] ¢ 4 F
A7 270 spAEAAE AR AEE AT <
1.8-2,400, < 1.8-110 % 79-11,000 MPN/100 mLZ 3}4%
Ho) 71ES 53 7o FolEgit) w3 101.5 mmY]
T HA 3 ABRCA AEE ﬁﬂﬁﬂﬂiﬂﬁﬂ FEE
79-11,000 MPN/100 mLE AZ&Egon, & ] 101 5 mm
9] 749 A Fol= 255 E 56.0 mm - A F o) =
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Table 3, Result of bacteriological analysis for waste water treatment plants (WWTPs) samples in the drainage basin of Goseong bay

under the wet weather condition

Station Rainfall Day after Coliform group Fecal coliform E. coli MSC
(mm) rainfall (MPN"/100 mL) ~ (MPN/100 mL) (MPN/100 mL) (PFU?/100 mL)
1 1,100 790 790 <10
25.5 2 1,100 1,100 1,100 190
3 33 2.0 2.0 30
Range 33-1,100 2.0-1,100 2.0-1,100 < 10-190
1 23 2.0 2.0 <10
56.0 2 33 2.0 2.0 <10
W1
3 110 13 4.5 < 10
Range 23-110 2.0-13 2.0-4.5 < 10-< 10
1 560 560 410 <10
101.5 2 350 350 280 <10
3 350 330 350 <10
Range 350-560 330-560 280-410 < 10-< 10
1 <18 <18 <138 <10
25.5 2 70 23 23 <10
3 2,400 2,400 2,400 40
Range < 1.8-2,400 < 1.8-2,400 < 1.8-2,400 < 10-40
1 <1.8 <1.8 <1.8 <10
56.0 2 <1.8 <1.8 <1.8 <10
w2 3 <1.8 <1.8 <1.8 <10
Range < 18< 138 < 18< 138 < 18< 138 < 10-< 10
1 11,000 11,000 2,300 <10
101.5 2 700 700 700 <10
3 79 79 49 < 10
Range 79-11,000 79-11,000 49-2,300 < 10< 10

MPN, Most probable number, 2PFU,

!
fau
Lot
o
i,
32

15 4] ool

Plaque forming unit

t} (Table 3). ©]+= 101.5 mm 7% A 3}

Z71s1] sA A4

] Ao] k53t Ao 7 FFl=]gle} (Shin et al., 2021).
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& 7}5}5’3‘4 25.5 mm 7 F 397t

A pAR e S
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me zhﬂﬂa}gtq P4 % P9ollA sll5 A AR A3FE

o

14 4 9= Ao HrkE Qi) (Table 4, Fig 2). A4
P4s}t P9 Aol A A gFe] FEt Addoz =

5

XA o] ZARAIA A ZR- 1 Fof] L o dAe] 7}
A 2 Aoz Jetor P4 XA 7 32 o] gt
7o) 606 mZ 7PF 2 Aoz =)

56.0 mm 7 F¢] A}, Fo 291 9749 el
Azd AN st At G 17-4,900
MPN/100 mL % 70-783 m% 3l=glon] BE 2AXA
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Table 4, Calculated impacted area in the Goseong bay after 25.5 mm rainfall event (2021)

Day Flow Determine

Station after rate Fecal coliform loadin Dilut%on water Area Radius of
rainfall (L/min) (MPN"/100 mL) (MPN/ dagy) required (m® required (m?» half-circle (m)
1 179.6 790 2.0 x 10° 1.5 x 10* 1.5 x 10* 96
P1 2 251.2 35,000 1.3 x 10" 9.0 x 10° 2.1 x 10° 362
3 62.2 1,300 1.2 x 10° 8.3 x 10° 8.3 x 10° 73
1 456.5 110 7.2 x 108 5.2 x 10° 6.5 x 10° 64
P2 2 399.4 13 7.5 x 10" 5.3 x 10* 6.7 x 10 21
3 481.1 23 1.6 x 10° 1.1 x 10° 1.4 x 10° 30
1 725.0 1,700 1.8 x 10" 1.3 x 10° 1.8 x 10° 340
P3 2 479.7 330 2.3 x 10° 1.6 x 10* 2.3 x 10* 122
3 450.5 230 1.5 x 10° 1.1 x 10* 1.5 x 10" 98
1 460.5 1,300 8.6 x 10° 6.2 x 10* 8.8x 10* 237
P4 2 341.9 4,900 2.4 x 10" 1.7 x 10° 2.5 x 10° 396
3 482.0 13,000 9.0 x 10" 6.4 x 10° 5.8 x 10° 606
1 410.0 790 4.7 x 10° 3.3 x 10* 2.4 x 10 123
P5 2 201.6 2,400 7.0 x 10° 5.0 x 10* 3.6 x 10 150
3 143.7 3,300 6.8 x 10° 4.9 x 10 3.5 x 10 149
1 2,244.0 140 4.5 x 10° 3.2 x 10° 2.5 x 10 126
P6 2 462.0 49 3.3 x 10° 2.3 x 10° 1.8 x 10° 34
3 495.0 33 2.4 x 10° 1.7 x 10° 1.3 x 10° 29
1 1,110.7 240 3.8 x 10° 2.7 x 10* 2.1 x 10 116
P7 2 362.8 110 5.7 x 108 4.1 x 10° 3.2 x 10° 45
3 288.8 13 5.4 x 107 3.9 x 10? 3.0 x 10° 14
1 750.1 220 2.4 x 10° 1.7 x 10* 1.3 x 10 91
P8 2 475.2 170 1.2 x 10° 8.3 x 10° 6.4 x 10° 64
3 291.6 33 1.4 x 10° 9.9 x 107 7.6 x 10° 22
1 491.6 7,900 5.6 x 10% 4.0 x 10° 3.1 x 10° 442
P9 2 131.4 1,300 2.5 x 10° 1.8 x 10* 1.4 x 10* 93
3 74.4 4,900 5.2 x 10° 3.7 x 10* 2.9 x 10* 136
Range abmo wmow SEXID NN Gaiie s

MPN, Most probable number

S v|AE AR JERen o] diFE e W 2 79-33,000 MPN/100 mL % 127-2,249 m=E &l=]gl o
A9 RS 5 B Fe AU Ao S mE A AelA 9 2 Bl diat 9 Brhit o
(Table 5, Fig 3). U7 Skl RE £ el 2N 29 2

A F7kA] Qe sig 2 SR 2AAATA] GEgE m|A=
o Zeog FalEglon P3, P7 ¥ P9E 75 34 FA|E



Table 5, Calculated impacted area in the Goseong bay after 56,0 mm rainfall event (2021)

Day Flow . Determine

Station after rate Fecal coliform loadin Dilution Wat}er Area Radius of
rainfall (L/min) (MPN"/100 mL) (MPN/ dfy) required (m? required (m?» half-circle (m)
1 1,426.8 2170 5.5 x 10° 4.0 x 10* 7.8 x 10° 70
P1 2 35,020.8 70 8.7 x 10% 6.2 x 10° 1.8 x 10° 336
3 5,019.3 2,400 7.2 x 10° 5.1 x 10* 5.1 x 10* 181
1 24,949.6 110 3.5 x 10" 2.5 x 10° 1.7 x 10° 325
P2 2 2,803.5 2,400 1.3 x 10" 9.2 x 10* 1.1 x 10° 270
3 23,584.0 170 9.8 x 10° 7.0 x 10* 8.7 x 10* 236
1 12,474.8 79 1.7 x 10" 1.2 x 10° 9.6 x 10° 783
P3 2 8,723.9 79 2.6 x 10" 1.9 x 10° 2.7 x 10° 411
3 4,488.8 130 6.8 x 10° 4.9 x 10 6.9 x 10* 210
1 1,231.2 4,900 1.0 x 10" 2.8 x 10° 4.0 x 10° 507
P4 2 18,214.2 49 8.1 x 10% 5.8 x 10° 5.4 x 10° 586
3 2,287.5 790 2.8 x 10" 2.0 x 10° 2.8 x 10° 425
1 11,521.1 490 9.7 x 10" 6.9 x 10° 4.2 x 10° 514
P5 2 1,316.7 2,400 4.6 x 10% 3.3 x 10° 1.9 x 10° 351
3 14,219.7 330 1.1 x 10 7.9 x 10* 5.7 x 10* 190
1 8,424.9 240 5.8 x 10% 4.1 x 10° 2.9 x 10° 427
P6 2 6,285.8 110 6.8 x 10" 4.8 x 10° 3.5 x 10° 474
3 2,848.5 1,300 1.7 x 10° 1.2 x 10* 9.5 x 10° 78
1 1,017.6 490 1.4 x 10" 1.0 x 10° 7.8 x 10 223
P7 2 8,595.9 79 2.9 x 10" 2.1 x 10° 1.6 x 10° 319
3 1,965.6 240 2.5 x 10" 1.8 x 10° 1.3 x 10° 293
1 5,835.4 330 9.9 x 10° 7.1 x 10* 3.9 x 10 157
P8 2 592.2 1,300 1.0 x 10%° 7.1 x 10* 3.9 x 10* 157
3 7,048.8 17 1.2 x 10%° 8.6 x 10* 4.2 x 10* 164
1 5,168.0 330 8.4 x 10° 6.0 x 10* 2.5 x 10* 127
P9 2 1,701.0 490 5.3 x 10" 3.8 x 10° 9.6 x 10* 247
3 1,267.2 220 4.0 x 10° 2.9 x 10* 2.2 x 10* 119
Range smos  esw TR TN G 0T
1)MPN, Most probable number
T AR S vAE Aex yeyth ol it 7 e mAE  9len g ATy ) 9 sl
ZEgel v 299 e Y BHAGT s i7}7} Aoy 7)E A AREE hAdsks 5o diAle] &
elel e #elEglt} (Table 6, Fig 4). Tt}

web olape] AAstsh o] 7 Bl 9d9ls] 9
BelRhs 7 1 GG QAR S D o AT 2729 18 F 2w A5 940 A3
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Table 6, Calculated impacted area in the Goseong bay after 101.5 mm rainfall event (2022)

Day

Flow

Determine

Station  after rate Fecall)coliform loading Dilut%on Watser Area , Radius of
rainfall (L/min) (MPN"/100 mL) (MPN/day) required (m®) required (m® half-circle (m)
1 6,323.2 2,400 2.2 x 10" 1.6 x 10° 4.3 x 10° 526
P1 2 3,838.1 490 2.7 x 10%° 1.9 x 10° 9.7 x 10* 248
3 1,791.7 110 2.8 x 10° 2.0 x 10* 2.5 x 10* 127
1 45,144.0 790 5.1 x 10" 3.7 x 10° 1.5 x 10° 967
P2 2 38,667.4 490 2.7 x 10" 1.9 x 10° 9.3 x 10° 769
3 14,560.4 79 1.7 x 10" 1.2 x 10° 1.3 x 10° 289
1 9,246.3 7,900 1.1 x 10* 7.5 x 10° 3.6 x 10° 1,510
P3 2 3,907.1 33,000 1.9 x 10% 1.3 x 107 5.1 x 10° 1,802
3 2,608.2 24,000 9.0 x 10" 6.4 x 10° 3.2 x 10° 1,432
1 17,523.0 4,900 1.2 x 102 8.8 x 10° 4.0 x 10° 1,599
P4 2 10,787.4 230 3.6 x 10" 2.6 x 10° 4.3 x 10° 520
3 2,246.1 1,700 5.5 x 10" 3.9 x 10° 5.6 x 10° 598
1 14,183 11,000 2.2 x 10" 1.6 x 107 5.2 x 108 1,816
P5 2 3,560 24,000 1.2 x 10% 8.8 x 10° 3.3 x 10° 1,440
3 1,444 4,900 1.0 x 10" 7.3 x 10° 5.2 x 10° 575
1 13,068.0 7,900 1.5 x 10% 1.1 x 107 4.1 x 10° 1,613
P6 2 7,291.2 2,400 2.5 x 10" 1.8 x 10° 1.2 x 10° 874
3 2,142.0 230 7.1 x 10° 5.1 x 10* 1.0 x 10° 254
1 20,357.6 11,000 3.2 x 10" 2.3 x 107 7.9 x 10° 2,249
P7 2 13,479.9 11,000 2.1 x 10" 1.5 x 107 5.6 x 10° 1,897
3 4,572.6 13,000 8.6 x 10" 6.1 x 10° 2.8 x 10° 1,330
1 47,801.6 4,900 3.4 x 10" 2.4 x 10’ 5.1 x 108 1,807
Ps 2 7,781.4 2,400 2.7 x 101 1.9 x 10° 5.6 x 10° 600
3 4,176.0 490 2.9 x 10%° 2.1 x 10° 1.1 x 10° 259
1 30,966.2 13,000 5.8 x 10" 4.1 x 107 7.7 x 10° 2,210
P9 2 6,840.0 4,600 4.5 x 10" 3.2 x 10° 6.7 x 10° 655
3 2,217.6 13,000 4.2 x 10" 3.0 x 10° 6.3 x 10° 634
Range 1,443.8-47,801.6  79-33,000 2:2 ;‘ 18?; 2:1 ’; 11?; 27% " 11%46' 127-2,249
MPN, Most probable number
25.5, 56.0 3! 101.5 mm?| 7 Aol wE Akl o AT 7S A 19 F, 29 F 9 34 Fof 747

T
Well $1x18F 347 ZAAA A AEd FiANETe] 5=

= 47k < 1.8-13, < 1.8-23 ¥ < 1.8-540 MPN/100 mL=

yelytt} (Table 7).
WA 25.5 mmo 75 &,

ke el A AF g a2

1.8-4.5, < 1.8-13 ¥ < 1.8-13 MPN/100 mL2. 3 ®E A&
oA} EHA ATl 14 MPN/100 mLS %738}#] kste).

!

ARt 25

o

2

ol &
2 7T

S5 2 S6°14 13 MPN/100 mLe] ¥

Advizol AEHo] 24 29 Aol T FEe) Ak
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Fig. 2. The estimated diffusion range of the contaminants to coastal area in Goseong bay after 25,5 mm rainfall; A, After 24hr; B, After
48hr; G, After 72hr,
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Fig. 3. The estimated diffusion range of the contaminants to coastal area in Goseong bay after 56.0 mm rainfall; A, After 24hr; B, After
48hr; C, After 72hr

H e FEve W npPErREellA wiEEE vAEE At e AL v W feEluete] 2SS FESE 4
F 50 AFE e 2o R #E (Table 7). V=2 A5 33 AAEE Uehdigich

o] |57 $)4#e] 2239 (National Shellfish Sanitation 56.0 mm®] 7 F, AT el A A3 sfo] A
Program, NSSP) ol w}e} 303] o|4he] RUE S 33}, PAFe] A 7He 19 & 290 & w 39 Fof 77k <

1.8-23, < 1.8-4.5 ¥ < 1.8-< 1.8 MPN/100 mL°& -
A 19 F Akl 4 AN Al

=A AEFH YT} (Table 7). 2RI FEo] £4b 7}9 ]

spollA AEEE BaANZT JEEE HoAr 14
MPN/100 mL w|9te]3x 90th percentile Zto] 43
MPN/100 mL ©]3} (£ 438 ZIsh= A&7} 10% %

ol s 7kl ERste] Ao E shijEE siRoE A
AbE]e] ejdels 7188 o] 14 MPN/100 mL w]qt
d A+E AR #EoR Frkit (US. FDA, 2019;
MOF, 2021c). webA 25.5 mme] 7Sl wAdwks]e] o

u}-‘?— _?r%u}-c’— = /ﬂiﬂ]—-c—’—_ﬂ Oﬂ%‘tﬁ_ I S2, S3 1:1_1 SZ2°ﬂ
A AN o] 17-23 MPN/100 mL &= 9l o), 745
290 39} 39 Foj= FwA g AFo] 14 MPN/100 mLe %
H3}A] ko AT} AR i AdE HEgIth
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B 101.5 mm Rainfall (72hr)

Tongyeong-city

Tongyeong-city

Tongyeong-city

Fig. 4. The estimated diffusion range of the contaminants to coastal area in Goseong bay after 1015 mm rainfall; A, After 24hr; B, After

48hr; C, After 72hr,

101.5 mm?| 75 F, nAwselA AF et sl E
Aol A5 A5 19 F, 29 F 9 39 Fo 747
1.8-540, < 1.8-240 @ < 1.8-4.5 MPN/100 mL2.& 7%+
A 19 F3E 5 DA 29 3713 vkl A K ellA
AN e] vl =4 AESUT (Table 7). 4% 14 &
ol FWANAFe] 14 MPN/100 mLS _@Jrs} 5= 2|4
o] 2474 (70.6%)% Yelgown, 7 29 FolE= 3074
(88.2%) 7HA S7Fstgl o Ahg- 3 z}°ﬂt A ol
14 MPN/100 mL= 233 35 Ao A& A oo} 3Y
abol| = # o] 3EHE= ZoE vyt

& d7e o1 dFHE A9 101.5 mme] 7 A
Al i*}ﬂ = T8 S 294 (P1-P9) ©] <l g 24}
A Ao JgFe ujA 4 gl Ao 7 3lolx|g) or i}du]—gﬂoﬂ
9] F5 AAACANA Aid ez FaANETe]l =4 A
it} 2} 22 A= Lee et al, (2010) oA B 6]—5{1
o] 7o) SIS 294919 o] S8l s
of FHAWET =t A LA LE S Aew
AEA § sl AALAYE 7K Lee et al, (2016)
of wzH, 3| 24} 29 AFE A FU7A] 98.5 mm2
ZH57r g aguksf el Higt S| AzAL Ae FRANE
o] < 1.8-700 MPN/100 mL7}A] ZA&% Ao Ru=g)
th 7= el AAlgle die dAAE 3l sl
L2 9EAS 1009 ol FFE 4 glong Tyl ot ¥
H7E e 52 el gk dstE A 283
o} 3 Aot} (US FDA 2019).

;0

=

do, M

Lo

3724 4 ¥ 2R AT (2 % ) o 94
| 3

73 Al wE S o4
7Pt Si5e $1A8 e el A
Arteld U S4F 2999 J3s s
o 6709 w7 2AAAS AA s leEP vﬂvtﬂl ﬂlﬂ xﬂfr
A BAS 439515 25.5, 56.0 2 101.5 mme] 4¢3
HFolA AEE E. coli 55+ 27 < 18-78, < 18- 130 E\
< 18-5,400 MPN/100 g2 2 Yebgt) $2ve} A& s
bR 9] A2 7| 9 4 (MFDS, 2023) of w23 A2
| BZ2) A%, 230 MPN/100 g2 233}4] golo} 3}, ¢
glue} slFe] F23F #9154 EUSQ A0l w2 303] o]
el 2443}, RE A8 E. coli =7} 700 MPN/100 g
= 273 g A]EPJ 80% oWo] 230 MPN/100 g& %
A o= e A & Rkl AtEE S5 S
A &3} 7Fssket (European Comm1ss1on, 2019). & <
Tl e EUS 5 okdA S 44 303 2415 13] =
ALZ ZHEste] Aok

H# 25.5 mmo 7§ F
E. coli 5+ 7r% 14 % 29 F W 3d Fo 47 <
18-78, < 18-20 ¥ < 18-< 18 MPN/100 g% RE
FUo] S AE 7|F 9 EUY siF oA 5
el HANEE el (Fig 5). 4 24 5 o
o] A7 ok s} Hol| whet Aol wiet A E. coli F
57} Golzl= Aoz Fel=lgl)

56.0 mm®| 75 ¥, wAduks|elx xH3 7o E.
coli 352 78 1 % 290 5 9 39 o) 747} < 18-130,
<1868 % < 18-68 MPN/100 g7 2= A&7} Fuje] A
Ag AZ 7)1E 9 BUY dE oAy £528 % uEs)e
S el Fig 5). sHARE oA EAE 255

el g At 44 29
= ) 4

e el s A7 o 52
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Table 7. Result of Fecal coliform analysis for seawater samples in the Goseong bay under the wet weather condition

Fecal coliform (MPN/100 mL)

Station Day after 25.5 mm rainfall event Day after 56.0 mm rainfall event Day after 101.5 mm rainfall event

1 2 3 1 2 3 1 2 3
S1 < 1.8 < 1.8 < 1.8 2.0 < 1.8 <18 49 49 < 1.8
S2 < 1.8 < 1.8 < 1.8 17 4.5 < 1.8 2.0 79 2.0
S3 < 1.8 2.0 < 1.8 17 < 1.8 <18 240 130 < 1.8
S4 2.0 < 1.8 <18 2.0 < 1.8 < 1.8 110 49 2.0
S5 < 1.8 13 < 1.8 < 1.8 <18 < 1.8 17 79 < 1.8
S6 < 1.8 13 < 1.8 < 1.8 1.8 < 1.8 6.8 110 < 1.8
S7 < 1.8 < 1.8 < 1.8 < 1.8 < 1.8 < 1.8 240 79 < 1.8
S8 < 1.8 <138 < 1.8 < 1.8 4.5 < 1.8 540 < 1.8 < 1.8
S9 < 1.8 1.8 13 < 1.8 2.0 < 1.8 4.5 49 < 1.8
S10 4.5 2.0 < 1.8 < 1.8 4.5 < 1.8 350 33 < 1.8
S11 < 1.8 < 1.8 < 1.8 < 1.8 2.0 <18 49 33 2.0
S12 4.0 < 1.8 < 1.8 < 1.8 <18 < 1.8 49 33 2.0
S13 < 1.8 < 1.8 < 1.8 4.5 <18 < 1.8 140 11 <18
S14 < 1.8 < 1.8 < 1.8 < 1.8 4.5 < 1.8 17 33 2.0
S15 < 1.8 <138 < 1.8 2.0 1.8 <18 7.8 49 4.5
S16 < 1.8 < 1.8 < 1.8 2.0 <18 < 1.8 < 1.8 22 < 1.8
S17 < 1.8 < 1.8 < 1.8 2.0 <18 < 1.8 33 49 < 1.8
S18 < 1.8 < 1.8 < 1.8 4.5 <18 < 1.8 49 23 < 1.8
S19 < 1.8 < 1.8 < 1.8 7.8 <18 < 1.8 < 1.8 240 4.5
S20 < 1.8 <18 < 1.8 7.8 < 1.8 <18 4.0 110 < 1.8
S21 < 1.8 < 1.8 < 1.8 < 1.8 2.0 < 1.8 33 2.0 <18
S22 2.0 <18 < 1.8 23 <18 < 1.8 7.8 33 2.0
S23 < 1.8 < 1.8 < 1.8 4.5 <18 <18 45 33 < 1.8
S24 < 1.8 < 1.8 < 1.8 < 1.8 <18 < 1.8 240 49 < 1.8
S25 < 1.8 < 1.8 < 1.8 < 1.8 <18 < 1.8 350 49 <18
S26 < 1.8 < 1.8 < 1.8 < 1.8 < 1.8 < 1.8 23 23 2.0
S27 < 1.8 <18 <18 1.8 < 1.8 < 1.8 220 6.8 2.0
528 < 1.8 < 1.8 < 1.8 < 1.8 2.0 < 1.8 49 240 < 1.8
S29 < 1.8 < 1.8 2.0 < 1.8 <18 < 1.8 13 130 < 1.8
S30 < 1.8 < 1.8 < 1.8 < 1.8 <18 < 1.8 540 240 2.0
S31 < 1.8 < 1.8 < 1.8 < 1.8 < 1.8 < 1.8 49 22 2.0
S32 4.5 <18 <138 < 1.8 2.0 < 1.8 170 33 2.0
S33 < 1.8 < 1.8 < 1.8 4.5 < 1.8 <18 4.5 130 < 1.8
S34 < 1.8 <18 < 1.8 2.0 <18 < 1.8 23 110 < 1.8

Range <1845 <1813 < 1.8-13 < 1.823 <1845 <18<18 <18540 < 1.8240 < 1.84.5

mm?| 7} F 7] elx RHup AHes =2 Frl coli F5+ 747 14 F, 290 F 9 3% Fof 77} 78-2,400,
E. coli7} &= Sh 110-5,400 %! 18-230 MPN/100 g 2 7% A 1 %9} 2
101.5 mm®| 7 ¥, nAusdelA F g 52| E. o Fof|A] 7|EASE 2= L 259 K coli7} AEHSY
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Fig. 5. Result of £ coli analysis for oyster samples in the
Goseong bay under the wet weather condition; A, After 255
mm rainfall in 2021; B, After 56,0 mm rainfall in 2021; C, After
101.5 mm rainfall in 2022,
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