Korean J. Malacol. 41(3): 159—-171 2025
https://doi.org/10.9710/kjm.2025.41.3.159

Sl e f40 5l glo] H2E oo 34 5
v A& (Ruditapes p/ﬂ/]ppmafum)ﬂ] 1] x| & o BFELAY

AHE, oA, AT, 24, 327, F54

SYFATG Y A FAATE, FPRAIY P DT

Evaluation of the Impact of Inland Pollution Source on Seawater
and Short neck clam (Ruditapes philippinarum) after Rainfall in the
Narodo Area, Korea
Deok Hoon Kim, Ji hee Lee, Woo seok Choi', Sung Rae Cho, Yeon Gyeom Jeong
and Hong Sik Yu

South Sea Fisheries Research Institute, National Institute of Fisheries Science, Yeosu 59780, Korea
ISoutheast Sea Fisheries Research Institute, National Institute of Fisheries Science, Tongyeong 53085, Korea

ABSTRACT

In this study, we evaluated the impact of inland pollution sources on the sanitary status of seawater and shellfish
(Short neck Clam) in the Narodo Area after 33.0 mm and 116.1 mm rainfall events. We analyzed the sanitary
indicator microorganism such as coliform group, fecal coliform, Escherichia coli (E. coli) and Male-specific
coliphage (MSC) in the discharge waters from the waste water treatment plants (WWTPs) and major inland
pollution sources and also in seawater and shellfish for 3 or 4 days after 33.0 mm and 116.1mm rainfall events to
determine how rainfall events increase the adverse impact of inland pollution sources on shellfish growing area . In
the discharges from WWTPs, the range of coliform group and fecal coliform was 13-17,000 and 11-1,300 MPN/100
mL after 33.0 mm rainfall and was 490-35,000 and 330-13,000 MPN/100 mL after 116.1 mm rainfall events. Also,
the range of fecal coliform and the radius of calculated impacted area of 5 major inland pollution sources
contaminants was from 7.8 to 130,000 MPN/100 mL and from 4 to 960 m after 33.0mm rainfall and was from 79 to
540,000 MPN/100 mL and from 10 to 1,100 m after 116.1 mm rainfall events. The fecal coliform of seawaters from
16 stations in the designated area and 15 stations in the adjacent area ranged from < 1.8 to 17 and from < 1.8 to
14 MPN/100 mL, respectively. The E. coli level of shellfish at 4 stations in the designated area ranged from < 18 to
230 MPN/100 g.
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Fig. 1. Sampling stations in the Narodo Area; @; Sea waters, @;
Short neck clams, A;Waste water treatment plants, W
Major inland pollution sources.
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Table 1. Dilution, medium and culture conditions for microbiological analysis

Items Procedure Dilution Medium and Culture Reference
Standard Pour vlatin 2 plate, Plate count Agar (Merk, USA)
plate count P & 2 dilution (35 = 0.5)C , (48 £ 3) hr
Presumptive 5 tube Lauryl Tryptose Broth(BD, USA)
Coliform test 3 dilution (85 + 0.5)C ,(24 £ 2) hr and (48 £ 3) hr
Group Confirmed test Brilliant Green Bile Lactose Broth (Merk, USA) APHA,
(835 £ 0.5)C (24 £ 2) hr and (48 + 3) hr 1970
Presumptive 5 tube Lauryl Tryptose Broth(BD, USA)
Fecal test 3 dilution (85 + 0.5)C ,(24 + 2) hr and (48 + 3) hr
Coliform Confirmed test EC broth (BD, USA)
! (44.5 + 0.2)C (24 + 2) hr
Presumptive 5 tube Mlngral modified glutamate medium
test 3 dilution (Oxoid, USA) 1SO
FEscherichia (37 £ 1.0C, (24 £ 2) hr 16649"3
coli Tryptone bile glucuronide agar 29015
Confirmed test (Oxo0id, USA/Medion,Korea)
(44 £ 1.0)C, (22 £ 2) hr
Mixed tryptone agar [tryptone agar with yeast
extract(Merk, USA), Glucose(Sigma, USA),
MSC - - Nacl(Merk, USA), CaCl2(Sigma, USA), APHA, 2015

Agar (BD, USA)]
(36.5 £ 2.00C, (24 + 2) hr

Table 2. Calculation formulas to determine the impact range of pollutants

Items

Calculation

Determine loading
(MPN/day)

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

Dilution water required
(m%day)

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

Area required
(m*day)

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

Radius of half-circle

: 2
(m) Area required (m*day) x 2 / 3.14

Most probable number technique using
5—bromo—4—chloro-3—indolyl—B—D—glucuronide (ISO/TS
16649-3:2015) = 4S5 Fds3lem, HF+3 (Most
Probable Number, MPN) & o]&3}o] A& At=3}5it)

Male—specific coliphage (MSC) ¢ #2418 Standard
methods for the examination of water and
wastewater (APHA, 2015) o w2} Double—agar—layer
method® #Aat3om, MSCY %FAHER Escherichia
coli HS(pFamp)R (ATCC 700891) & A-g3}c}t Au=
Plaque Forming Unit (PFU) o2& YeRNAT} (Table 1).
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Table 3. Bacteriological water quality of the final discharges from the WWTPs around the Narodo Area by lapse of time after

rainfall events

Results
Station Rainfall Day after Coliform group Fecal coliform E. coli MSC
(mm) Rainfall (MPNV/100 mL) (MPN/100 mL) (MPN/100 mL) (PFU?/100 mL)
1 (16 hr) =
2 (38 hr) 1,300 240 240 < 10
33.0
3 (62 hr) 790 790 790 < 10
W1 Total 790-1,300 240-790 240-790 < 10-< 10
1 (21 hr) 700 460 460 < 10
116.1 2 (45 hr) 22,000 11,000 11,000 < 10
’ 4 (95 hr) 4,900 3,300 3,300 < 10
Total 700-22,000 460-11,000 460-11,000 < 10-< 10
1 (16 hr)
33.0 2 (38 hr) 1,300 1,300 1,300 < 10
’ 3 (62 hr) 17,000 790 790 < 10
W2 Total 1,300-17,000 790-1,300 790-1,300 < 10-< 10
1 (21 hr) 2,400 330 330 < 10
116.1 2 (45 hr) 22,000 13,000 13,000 < 10
’ 4 (95 hr) 14,000 4,900 4,900 < 10
Total 2,400-22,000 330-13,000 330-13,000 < 10-< 10
1 (16 hr)
33.0 2 (38 hr) 490 79 49 <10
’ 3 (62 hr) 4,900 330 330 < 10
W3 Total 490-4,900 79-330 49-330 < 10-< 10
1 (21 hr) 3,300 1,700 790 < 10
116.1 2 (45 hr) 7,900 7,900 7,900 < 10
’ 4 (95 hr) 7,900 7,900 7,900 <10
Total 3,300-7,900 1,700-7,900 790-7,900 < 10-< 10
1 (16 hr)
2 (38 hr) 700 330 330 < 10
33.0
3 (62 hr) 4,900 330 330 < 10
W4 Total 700-4,900 330-330 330-330 < 10-< 10
1 (21 hr) 4,900 1,300 1,300 < 10
116.1 2 (45 hr) 35,000 4,900 4,900 < 10
’ 4 (95 hr) 7,900 3,300 3,300 < 10
Total 4,900-35,000 1,300-4,900 1,300-4,900 < 10-< 10
1 (16 hr)
33.0 2 (38 hr) 49 11 11 <10
' 3 (62 hr) 13 13 13 < 10
W5 Total 13-49 11-13 11-13 < 10-< 10
1 (21 hr) 790 790 490 < 10
116.1 2 (45 hr) 490 490 490 <10
4 (95 hr) 1,300 1,300 790 < 10
Total 490-1,300 490-1,300 490-790 < 10-< 10
DUMPN, Most probable number, PR, Plaque forming unit, 9~ No sample
& Feiste] AN 5ol P& L Fool WA (Area A3t 9wz
required(m?/day)) @ 9374 (Radius of half—circle) <
wESglon AEH 0w 0gele] Ao WAL 9 F 17 B BE Fe $40 A9 9% B}

7ValA Tt (Lee et al, 2024) (Table 2).
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Table 4. Calculated impacted areas of the final discharges from the WWTPs around the Narodo Area by lapse of the time after
rainfall events

. Day Flow . Determine Dilution water Area Radius of
. Rainfall Fecal coliform . . . .
Station (mm) after Rate (MPN"/100 ml) Loading Required Required half-circle
Rainfall (I/min) (MPN/day) (m?) (m? (m)
1 (16 hry -2 - - - - -
33.0 2 (38 hr) 144 240 5.0 x 10® 3,555 3,232 50
) 3 (62 hr) 144 790 1.6 x 10° 11,701 10,637 40
w1 Total  144-144 240-790 5.0 x 10%1.6 x 10°  3,555-11,701 3,232-10,637 40-50
1 (21 hr) 173 460 1.1 x 10° 8,176 81,759 230
6.1 2 (45 hr) 173 11,000 2.7 x 10" 195,511 488,777 560
" 4(95hr) 173 3,300 8.2 x 10° 58,663 293,266 440
Total  173-173 460-11,000 1.1 x 10%2.7 x 10'° 8,176-195,511 81,759-488,777 230-560
1 (16 hr) - - - - - -
33.0 2 (38 hr) 359 1,300 6.7 x 10° 47,945 26,636 130
’ 3 (62 hr) 359 790 4.1 x 10° 29,136 17,139 110
W2 Total  359-359 790-1,300 4.1 x 10%6.7 x 10° 29,136-47,945 17,139-26,636  110-130
1 (21 hr) 461 330 2.2 x 10° 15,641 17,379 110
1161 2 (45 hr) 461 13,000 8.6 x 10'° 616,155 684,617 660
" 4(95 hr) 461 4,900 3.3 x 10° 232,243 258,048 410
Total  461-461 330-13,000 2.2 x 10°-8.6 x 10'° 15,641-616,155 17,379-684,617 110-660
1 (16 hr) - - - - - -
33.0 2 (38 hr) 48 79 5.4 x 107 386 257 20
) 3 (62 hr) 48 330 2.3 x 10° 1,613 1,075 30
- Total 48-48 79-330 5.4 x 10™-2.3 x 10° 386-1,613 257-1,075 20-30
121 hr) 35 1,700 8.5 x 10° 6,043 10,072 80
6.1 2 (45 hr) 35 7,900 3.9 x 10° 28,082 46,804 180
" 405 hr) 35 7,900 3.9 x 10° 28,082 46,804 180
Total 35-35 1,700-7,900 8.5 x 10%3.9 x 10°  6,043-28,082  10,072-46,804  80-180
1 (16 hr) - - - - - -
330 2 (38 hr) 131 330 6.2 x 10° 4,448 44,479 170
’ 3 (62 hr) 131 330 6.2 x 10® 4,448 44,479 170
W4 Total  131-131 330-330 6.2 x 10%6.2 x 10® 4,448-4,448 44,479-44,479  170-170
1 (21 hr) 104 1,300 1.9 x 10° 8,176 81,759 230
1161 2 (45 hr) 104 4,900 7.3 x 10° 52,255 522,547 580
" 495 hr) 104 3,300 4.9 x 10° 35,192 35,1920 480
Total  104-104  1,300-4,900 1.9 x 10%7.3 x 10°  8,179-52,255  81,759-522,547 230-580
1 (16 hr) - - - - - -
33.0 2 (38 hr) 143 11 2.3 x 107 161 1,613 40
: 3 (62 hr) 143 13 2.7 x 107 191 1,906 40
- Total  143-143 11-13 2.3 x 10™2.7 x 107 161-191 1,613-1,906 40-40
1 (21 hr) 184 790 2.1 x 107 14,977 18,722 110
6.1 2 (45 hr) 184 490 1.3 x 10° 9,290 11,612 90
’ 4 (95 hr) 184 1,300 3.5 x 10° 24,646 30,808 140
Total  184-184 490-1,300 1.3 x 10%3.5 x 10°  9,290-24,646  11,612-30,808  90-140
”MPN, Most probable number, 2>—, No sample
T 4gE Bk 18te] 33.0 2 116,01 mme] A5 A Ao SFERY AFAGANE FRF FAE (P
T 3-4d T URE Y wiefel fA e sAE, £ o 3,000 CFU/mL) & =331t (Table 3). 3HA%k 33.0
S R AFep] tete] AR, BAAWEE, £ coli R 1161 mm 2 B F W1, W2 3 W4 852 el 4
9 MSC ®gtE 24310tk U2 & d|dol& a7 571 29zt ool A AEHATTE 3gAte| Aske 7
A7k $1AEa ek & Aol 33.0 B 1161 mme] A9 F B W3 R Wh s5AU AL 3, 40 ot
WA 3 3-44 71 sk E ] wjEgel dis) digiS 8 T TR =A AESHAG 13 BEAUATY veE
o1k A3} 13 — 17,000 2 490 — 35,000 MPN/100 mL=Z 33.0 ¥ 116.1 mm 25 A F AJzA 11-1,300 %
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Table 5. Bacteriological water quality of the discharges from major inland pollution sources around the Narodo Area by
lapse of time after 33.0 and 116.1 mm rainfall events

Results
Station - : - -
(Type) 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 (16 hr) 24,000 330 330 20
2 (38 hr) 330,000 130,000 79,000 1,500
33.0 o
3 (62 hr) -
P1 Total 24,000-330,000 330-130,000 330-79,000 20-1,500
(DW?) 1 (21 hr) 130,000 79,000 79,000 390
161 2 (45 hr) 540,000 540,000 350,000 390
' 4 (95 hr) 1,600,000 95,000 70,000 6,300
Total 130,000-1,600,000 79,000-540,000  70,000-350,000 390-6,300
1 (16 hr) 1,100 230 130 100
2 (38 hr) 1,300 49 49 < 10
33.0
3 (62 hr) 110 33 33 <10
P2 Total 110-1,300 33-230 33-130 < 10-100
(SW?) 1 (21 hr) 24,000 3,300 3,300 370
61 2 (45 hr) 11,000 13,000 790 70
‘ 4 (95 hr) 4,600 330 330 <10
Total 4,600-22,000 330-13,000 330-3,300 < 10-370
1 (16 hr) 790 330 330 <10
2 (38 hr) 1,300 49 49 <10
33.0
3 (62 hr) 1,300 7.8 7.8 < 10
P3 Total 790-1,300 7.8-330 7.8-330 < 10-< 10
(sW) 1 (21 hr) 9,500 4,900 1,400 < 10
61 2 (45 hr) 22,000 1,100 490 20
’ 4 (95 hr) 7,000 220 220 < 10
Total 7,000-22,000 220-4,900 220-1,400 < 10-20
1 (16 hr) 230,000 23,000 23,000 20
2 (38 hr) 170 79 79 <10
33.0
3 (62 hr) 170 79 79 <10
P4 Total 170-230,000 79-23,000 79-23,000 < 10-20
(LW9) 121 ho 79 79 79 20
116.1 2 (45 hr) 330 240 240 < 10
' 4 (95 hr) 14,000 170 68 <10
Total 79-14,000 79-240 79-240 < 10-20
1 (16 hr) -
2 (38 hr)
33.0
3 (62 hr)
P5 Total
(DW) 1 (21 hr) 6,400 490 490 10
1161 2 (45 hr) 33,000 1,300 1,300 <10
’ 4 (95 hr) 240,000 1,100 790 <10
Total 6,400-240,000 490-1,300 490-1,300 < 10-10

DUMPN, Most probable number, ¥PFU, Plaque forming unit, ®’—, There was no flow of inland pollution source,

YDW, Domestic waste water, ”’SW, Stream water, “LW, Live fish market water
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Table 6. Calculated impacted areas of the discharges from major inland pollution sources around the Narodo Area by lapse of time
after 33.0 mm rainfall events

Station Day after g;t‘: Fecal coliform DEZZI;;EHQ Dilution water Area }If:g-i(lzliic(ljj
(Type) Rainfall (L/min) (MPN"/100 mL) (MPN/ dagy) Required (m®) Required (m? (m)
1 (16 hr) 0.82 330 3.9 x 10° 28 28 4
p1 2 (38 hr) 0.6 130,000 1.1 x 107 8,023 8,023 80
OW") 3 (62 hr) -2
Total 0.82-0.60 330-130,000 1.1 x 10™3.9 x 10° 28-8,023 28-8,023 4-80
1 (16 hr) 13,020.0 230 4.3 x 10 308,016 616,032 630
p2 2 (38 hr) 137,760,0 49 9.7 x 10" 694,310 495,963 570
SW) 3 (62 hr) 107,520.0 33 5.1 x 10" 364,954 260,681 410
Total  13,320.0-137,760.0 33-230 4.3 x 10'-9.7 x 10'° 308,016-694,310 260,681-616,032  410-630
1 (16 hr) 67,200.0 330 3.2 x 10" 2,280,960 1,425,600 960
ps 2 (38 hr) 6,000.0 49 4.2 x 10° 30,240 30,240 140
BW) 3 (62 hr) 57,600.0 7.8 6.5 x 10° 46,212 46,212 180
Total  6000.0-67,200.0 7.8-330 4.2 x 10%-3.2 x 10" 30,240-2,280,960 30,240-1,425,600  140-960
1 (16 hr) 90 23,000 3.5 x 10'° 212,914 212,914 370
ps 2 (38 hr) 90 79 1.0 x 108 731 731 30
@W) 3 (62 hr) 120 79 1.4 x 10° 975 975 60
Total 90-120 79-23,000 1.0 x 10%3.5 x 10"  731-212,914 731-212,914 30-370
1 (16 hr)
P5 2 (38 hr)
OW) 3 (62 hr)
Total

”MPN, Most probableinumber, 2>—, There was no flow of inland pollution source, 3>DW, Domestic waste water,
YSW, Stream water, ¥LW, Live fish market water
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Table 7. Calculated impacted areas of the discharges from major inland pollution sources around the Narodo Area by lapse of time

after 116.1 mm rainfall events

Station Day after g;t‘z Fecal coliform Dﬁzzgﬁine Dilution water Area }If:l(i-iéliici
(Type) Rainfall (L/min) (MPNY/100 mL) (MPN/ dagy) Required (m®)  Required (m? (m)
1 (21 hr) 33.9 79,000 3.9 x 10" 217,543 275,543 420
P12 (45 ho 33.9 540,000 2.6 x 10" 1,883,458 750,382 700
DOW?) 4 (95 hr) 33.9 95,000 46 x 10'° 331,349 331,349 460
Total 33.9-33.9 79,000-540,000 3.9 x 10'°-2.6 x 10" 27,543-1,883,458 27,543-750,382  420-700
1 (21 hr) 1,200.0 11,000 5.7 x 10%° 407,314 714,586 660
p2 2 (45 hv) 2,160.0 13,000 4.0 x 10" 2,888,229 1,964,781 1,100
SW?) 4 (95 hr) 1,200.0 330 5.7 x 10° 40,731 135,771 300
Total  1,200.0-2,160.0 330-13,000 5.7 x 10%4.0 x 10" 40,731-2,888,229 135,771-1,964,781 300-1,100
1 (21 hr) 144.0 4,900 1.0 x 10" 72,576 72,576 220
ps 2 (5 hy) 168.0 1,100 2.7 x 10° 19,008 19,008 110
BW) 4 (95 hr) 90.0 220 2.9 x 10° 2,037 2,037 40
Total 90.0-168.0 220-4,900 2.9 x 10%1.0 x 10"  2,037-72,576 2,037-72,576 40-220
1 (21 hr) 36.0 79 4.1 x 107 293 154 10
pa 2 (45 hv) 27.0 240 9.3 x 10’ 667 351 20
@W) 4 (95 hr) 18.0 170 4.4 x 107 315 166 10
Total 18.0-36.0 79-240 4.1 x 10™9.3 x 107 293-667 154-351 10-20
1 (21 hr) 66.0 490 4.7 x 108 3,326 3,024 50
p5s 2 (45 hv) 66.0 1,300 1.2 x 10° 8,825 8,023 70
OW) 4 95 hr) 42.0 1,100 6.7 x 10° 4,752 4,320 60
Total 42.0-66.0 490-1,300 4.7 x 10%1.2 x 10° 3,326-8,825 3,024-8,023 50-70

”MPN, Most probable number, 2>DW, Domestic waste water, 3>SW, Stream water, '“LW, Live fish market water

116.1 mm 2% A o]F, 447k 5709 F8 440
M AZE WA, BRANEL, £ coli 2 MSCO F
T 79-1,600,000, 79-540,000 = 79—350,000 MPN/100
g gt
o]F nr}

mL, < 10-6,300 PFU/ 100 mL °]$lom,
10—1,100 m=z &=} 33.0 mme] 25 H“@
g, AN, £ coli 2 MSC ¢
% 2 AR dERE BF g w2 A
(Table 5, Table 7, Fig. 3). =
G-, 73S A 24AA el A 9l
7¥eleirt 4 Aol = 1 ié‘}E Aee Belom A4 3
A WFAA des
Ak 7;-g-gFo] Z71e
o A A
7} a3 o= gy

[e)
2
f

7 2. 7% A0 wE YR % 99 Figol ot
= 33.0 2@ 116.1 mm Z-$ & & 3—-4A7 Y2 % 3
9 o ¢x%F 31704

|
4 Ed URR &%

r

N

2 57} 7t 3l AAA WE7A &S
o= Bud vk ddk (Lee ef al, 2023). o] ¢} o], %
o= Qlste] 99 Q¢ FatFe] YAH o w F3t
G A7 el S v A 5 gon Fx
do|u} 71 A g A &S s 5o O

o] gt}

oN

“4
N
20 @ Hoor

ZF Al

B Moo U N of
oZ,

AR A HEE
Table 8 UEFAATE WA 33.0 mme] 7§ 24 o] F,
A7 o] AAM el AR s
o] BRA AT vE] ¥ < 1.8—4.5 MPN/100 mL ©]

ozt &) 739 A A Ron, Qg FHel A3 49 WHE < 1.8-11.0
Qe et Jekg W= Hog Hudlgdon (Lee ef MPN/100 mL2 A& ¢ 24 393 2= 39
al, 2024) Tk Ao M= 79 DA Al 29U WE Gl YA G AP AA 57 ZARA AlA 11.0
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Table 8. Levels of fecal coliform in seawaters collected in the Narodo Area after rainfall events

Fecal coliform (MPN/100 mL)

Station Day after 33.0 mm rainfall event Day after 116.1 mm rainfall event
1 (16 hr) 2 (38 hr) 3 (62 hr) 1 (21 hr) 2 (45 hr) 4 (95 hr)
12 < 1.8 < 1.8 2.0 2.0 < 1.8 < 1.8
15 < 1.8 < 1.8 2.0 < 1.8 < 1.8 < 1.8
16 < 1.8 2.0 < 1.8 < 1.8 < 1.8 < 1.8
17 < 1.8 < 1.8 < 1.8 < 1.8 < 1.8 < 1.8
19 < 1.8 < 1.8 < 1.8 < 1.8 < 1.8 < 1.8
33 < 1.8 < 1.8 < 1.8 < 1.8 < 1.8 < 1.8
51 < 1.8 < 1.8 < 1.8 < 1.8 < 1.8 < 1.8
Designat 55 < 1.8 4.5 < 1.8 4.5 < 1.8 < 1.8
ed area 61 < 1.8 < 1.8 < 1.8 4.5 < 1.8 < 1.8
A-1 < 1.8 < 1.8 < 1.8 2.0 < 1.8 < 1.8
A-5 < 1.8 < 1.8 < 1.8 2.0 < 1.8 < 1.8
A-6 2.0 < 1.8 < 1.8 < 1.8 < 1.8 < 1.8
A-7 < 1.8 < 1.8 2.0 4.0 < 1.8 < 1.8
A-8 < 1.8 < 1.8 < 1.8 2.0 < 1.8 < 1.8
A-9 2.0 < 1.8 < 1.8 17.0 < 1.8 < 1.8
A-10 < 1.8 < 1.8 < 1.8 2.0 < 1.8 < 1.8
Total < 1.8-2.0 < 1.84.5 < 1.8-2.0 < 1.8-17.0 < 1.8< 1.8 < 1.8< 1.8
8 < 1.8 < 1.8 < 1.8 2.0 < 1.8 < 1.8
10 2.0 < 1.8 < 1.8 4.0 < 1.8 < 1.8
21 < 1.8 < 1.8 < 1.8 < 1.8 < 1.8 < 1.8
25 < 1.8 < 1.8 < 1.8 4.0 < 1.8 < 1.8
28 < 1.8 < 1.8 2.0 2.0 < 1.8 < 1.8
30 < 1.8 2.0 < 1.8 1.8 < 1.8 < 1.8
. 38 < 1.8 < 1.8 < 1.8 11.0 < 1.8 < 1.8
Ad;j;’znt 41 <18 <18 2.0 <18 <18 <18
42 < 1.8 < 1.8 < 1.8 14.0 < 1.8 < 1.8
57 2.0 < 1.8 11.0 < 1.8 4.5 < 1.8
59 < 1.8 < 1.8 < 1.8 2.0 3.7 < 1.8
66 < 1.8 4.5 2.0 < 1.8 < 1.8 < 1.8
68 < 1.8 < 1.8 2.0 < 1.8 < 1.8 < 1.8
A-3 < 1.8 < 1.8 < 1.8 < 1.8 < 1.8 < 1.8
A-4 2.0 2.0 < 1.8 7.8 < 1.8 < 1.8
Total < 1.8-2.0 < 1.84.5 <1.8-11.0 <1.8-14.0 < 1.8-4.5 < 1.8< 1.8

MPN/100 mL A&¥ o] Y2% dojgtuj oA Es = A
el o8 H¥ AR PIgE W o ekt 1|
o] #F ATy Zz=aMel AL (NSSP, National
Shellfish Sanitation Program), 3§

ARZALE S=88to], AP AN HED BRANG TS 7]
H#A7F 14 MPN/100 mL  wwkelal  90%
percentile #to] 43 MPN/100 mL w9+ A4 3)7}s] < o
2 EF7F 99 (US. FDA, 2023). $@uds= KSSP
(Korean Shellfish Sanitation Program) ©| 2|3l 7]3}8H4]
ol 14 MPN/100 mL 7w+ 3¢, A Qs ez Frheh

SR

o} (MOF, 2024). w&hA 33.0 mm 4% 24 & 3 &< 1
= soel ds 2Age MavEoR ke S %
WEE A Frow Faw S4HE Ue,

Sl AAHY el AT &l <1
MPN/100 mLe]lem, A7 af o] AN el A1 s
oA < 1.8—4.5 MPN/100 mL2.
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33.0 mm rainfall

250 H16h 38h 62h
. 230 230 MPN/100 g
C
g 20
2
& 150
.
£ 100 -
2 45 45
& 18 <17 20 . 20 20 <18 MPN/100 g
o L ||
S-2-1 $-22 S-4-1 S-4-2
116.1 mm ramfall
m21h ash 9sh
250
230 230 5ag 230 MPN/I00 g
B 22
< 200
; 130
% 150 55
2
= 100
S 78
=
£ s 45
= 20 20 <18 <18 <18
0 <18 MPN/100 gf
§-2-1 §-2:2 S-4-1 $-42

Fig. 4. Change of £. coli levels in shellfish samples in the Narodo Area by lapse of time after
rainfall events (< 18 MPN/100 g, Detection limit; 230 MPN/100 g, EU regulation class A). Vx:

No sample.

Uz U2 o FAFe RS sl 2APEA 42 A9
ZAMA ol 14 MPN/100 mL o] 4] =27} HE5 o] 1

% a9 A5 matu ggukgel A WEE s A gE
AEsl5o] Qs W= Aoz Py} (Table. 8). E3H
4S04 2 9 39 Foll= BuAgEel HEEA Sl &

7t rashe A4S JeEgith 1161 mm - 24
AR R Ut FEoR I NEE=

e
o

F8akdth 33.0 © 116.1 mme] 22 3 3—4
5 ZAAAEANA AEE E cold F=v 47
18—230 MPN/100 g 2 < 18—230 MPN/100 go] H$l= 7
At} (Fig. 4). EUS] 4ol wh2™, sl A 523t of
of tall 303 o]/de] ZAMAT A E. coli =7} BE Al
oA 700 MPN/100 g o|3telaL, A8 80%7} 230
MPN/100 g o]3le 55 A, s19S AsH2
9t (EU Commission, 2019).

33.0 mm A% ¥, Y2 % oA AFHe A7 £ coli
FEE1 2 W 39 3 747t 1845, 20-230 @ < 18-45
MPN/100 go. & &% EU A 5+ 7|58 BF W53

o}, Sdeddst A e S—2-1 AN A

N
Mg e A oaS

A2d &

Ao R 52 0HEE HolFlon - A 3Y & 2.9

T7} 228k < 18 MPN/100 go & 3| & 5= 28 3913}

ek A9 29} B 29 EE YY), o) dRe

Az 3ol wel slarell EekE AldS FH 59 7] witelet
i=s

Atz ¥t} (Ha et al, 2013).
116.1 mm 2% 3, U225 sodox MAF 3 7o E
coli 5% 1,2 ¥ 4 9 % 747 130-230, 20-170 2 <

18—20 MPN/100 g 2.2 AZxHon &40 995 o143
= S-2-1 2 S-2-2+= E coli 557} B 230 MPN/100 g
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6} 7] ot dlg EU 7l S53he Ao HrhH 3l E}. =

el AFAAAR AEe] 7E 9 A ofstd A
9._%*1 2HEE AL B2 E coli 7IES 230
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7S WS Aoz FelEin)
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