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ABSTRACT

This study assessed the impact of inland pollution sources on the sanitary status of seawater and shellfish
(Abalone) in the Bogil-Nohwa Area after rainfall events of 16.0 and 55.7 mm rainfall events. We analyzed sanitary
indicator microorganisms including coliform group, fecal coliform and Escherichia coli (E. coli) in the discharge
water from major inland pollution sources, seawater and shellfish for 4 days after rainfall events. After the 16.0 mm
rainfall, coliform group and fecal coliform concentrations in the discharge water from 5 domestic wastewater
sources increased, reaching a range from 49,000 to 230,000,000 MPN/100 ml and from 4,600 to 130,000,000
MPN/100 ml, respectively. The radius of the impacted area ranged from 173.6 to 2,208.7 m. After the 55.7 mm
rainfall, coliform group and fecal coliform concentrations ranged from 11,000 to 24,000,000 MPN/100 ml and from
78 to 3,300,000 MPN/100 ml, with the radius of the impacted area ranging from 97.8 to 1,079.8 m. The fecal
coliform levels in seawaters at 33 stations ranged from < 1.8 to 79 MPN/100 ml and the E. coli levels in shellfish at
4 stations ranged from < 18 to 130 MPN/100 g. Salmonella spp. was not detected in any shellfish samples.
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Fig. 1. Sampling station in the Bogil—Nohwa Area; @, Seawaters;
[, Shellfish(Abalone); A, Major inland pollution sources.
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Table 1. Medium and culture conditionsfor Microbiological analysis

Item Procedure Medium and Temp. Reference
Presumptive Lauryl Tryptose Broth (BD, USA)
Coliform test (35 + 0.5)C,(24 + 2) hr and (48 + 3) hr
Group Brilliant Green Bile Lactose Broth (Merk, USA)

Confirmed test

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

APHA, 1970

Presumptive Lauryl Tryptose Broth (BD, USA)
Fecal coliform test (35 + 05 T, (24 + 2) and (48 + 3) hr
Confirmed test EC broth (BD, USA)
(44.5 £ 0.2) C, (24 + 2) hr
Presumptive Mineral modified glutamate medium (Oxoid, UK)
E coli test (871 C, (24 2 hr ISO
- oon Confirmed test Tryptone bile glucuronide agar (Oxoid, UK) 16649-3:2015
nHrmed tes (44 = 1) C, (22 + 2) hr
Non selective Buffered peptone water (BD, USA),
pre-enrichment (36+ 2) C, (18+ 2) hr
Rappaport Vassiliadis medium (Merck, USA)
Selecti (41.5+ 1) C, (24« 3) hr
elective Muller Kauffmann tetrathionate novobiocin broth
enrichment . .
Sal 1 (Biomerieux, France) SO
armonetia (37+ 1) T, (24+ 3) hr 6570 19017
SPp- Xylose Lysine Deoxycholate and Hektoen Enteric agar ’
Plating out (Merck and BD, USA)
387+ 1) C, (24+ 3) hr
Triple sugar/iron agar (Merck, USA),
Confirmed test (837+ 1) C, (24+ 3) hr
Vitek 2 compact system (Biomerieux, France)
Table 2. Calculation formulas to determinethe impact range of pollutants
Item Calculation
Determine loading Concentration of fecal coliform (MPN/100 mL) x Conversion (Liter to milliliter;
(MPN/day) 1,000 mIL/L) x Conversion (Min per day; 1,440 min/day) X Flow (I/min)
Dilution water required Determine loading (MPN/day) / [Standard (14 MPN/100 mL) x Conversion
(m®/day) (Milliliter to m® 100,000mL/m?)]
Area required o . 3
(m%day) Dilution water required (m°/day) / Averagedepth (m)
Radius o(f;n})lalf-mrcle Area required (m*day) x 2 / 3.14
uhe} 24549051, 5 (Most Probable Number, MPN) 3. 78§42 do] F v2= FFH7}t
o et Ee, oI Anel 3 (Bscherchia  wA-icsh 3o 8 Fo Saedde] 04 e
colp) 2 2w e} (Salmonella spp.) ¥4 Most probable 27 el A= G Hrrsh] Q& o S Y
number technique using 5—bromo—4—chlro—3—indolyl— WETe 9 54 2 dFHAE NS S5
—D—glucuronide (ISO 16649—3: 2015) % Microbiology of 44l (Hach FH950; Hach, Loveland, Co, USA) & A&
the food chain—Horizontal method for the detection, sl f45S 4% T f5-d1A4W  (Velocity—Area
enumeration and serotyping of Salmonella - Part 1: Method) & ©]-&3}o] f35 A&t RA-x3} 39
Detection of Salmonella spp. (ISO 6579—1:2017) ] " W F8 FAedde] dFHeE v= Food and Drug
& ek BAla, A e AR w2 ek 23S Administration (FDA) o] 4 AA & 2. 7ol #3}

Table 1o YERNSATE

o] Table 29 A& A3l Axslglt; (Park er al,

2012). &, 47t9] 2 S429 Y MlEFdA dad £d
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Table 3. Bacteriological water quality of the discharges from major inland pollution sources around the Bogil—Nohwa Area

by lapse of time after 16.0 mm rainfall events

Results
Station Hours after Coliform group Fecal coliform E. coli
Rainfall (MPN"/100mL) (MPN/100 mL) (MPN/100 mL)
36 130,000 14,000 11,000
P1 60 49,000 7,900 3,300
84 49,000 4,600 490
108 130,000 22,000 260
36 490,000 46,000 33,000
60 54,000,000 17,000,000 11,000,000
F2 84 3,300,000 3,300,000 3,300,000
108 4,900,000 3,300,000 1,100,000
36 3,300,000 3,300,000 3,300,000
P3 60 230,000,000 130,000,000 3,300,000
84 24,000,000 3,300,000 790,000
108 7,900,000 3,300,000 1,300,000
36 23,000,000 4,900,000 4,900,000
60 23,000,000 4,900,000 490,000
P4 84 7,000,000 790,000 220,000
108 35,000,000 4,600,000 3,100,000
36 3,300,000 3,300,000 3,300,000
P5 60 4,900,000 4,900,000 4,900,000
84 4,900,000 460,000 210,000
108 35,000,000 4,900,000 2,300,000
UMPN, Most probable number
AAFS] S5 Fote] Bad-ws) oz felue dd 16.0 mme] 7-$- 2 3 47k (36417, 60417, 84A17F
5312 (Determine loading, MPN/day) & AAHgE & wj=r 2 1082170 8 S A wlESe g, B A
9] 37 Y 4=4 7]591 14 MPN/100 mL ©|3t2 3|4 A]7] T 2 E coliz AT AT, 49,000-230,000,000,
=4 223k a4 & (Dilution water required) = A4t 4,600—130,000,000 % 260—11,000,000 MPN/100 mL=Z 7
atleh. 8o B -1es) a9 o) 4 arefste] 9] alao ¥ el mA= FFEL 173.6-2,208.7 m= 74]4

o]:g

s oo WA
(Radius of half—circle) <
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At lar, AT A
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1.7 3 T 38 40 d gl dgd ”]7‘]
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Fig. 2. The estimated diffusion range of the contaminants to the coastal area of theBogil—Nohwa Areaafter rainfall; A, After 16.0
mm rainfall in 2024; B, After 55.7 mm rainfall in 2025; Red circle, Day 1; Yellow circle, Day 2; Green circle, Day 3; Blue

circle, Day 4.

Table 4. Bacteriological water quality of the discharges from major inland pollution sources around the Bogil—Nohwa Area by

lapse of time after 55.7 mm rainfall events

Results
Station Hours after Coliform group Fecal coliform E. coli
Rainfall (MPN/100 mL) (MPN/100 mL) (MPN/100 mL)

24 11,000 490 490

p1 48 11,000 490 490
72 130,000 17,000 17,000
96 11,000 78 78
24 790,000 33,000 17,000
48 1,700,000 230,000 230,000

b2 72 16,000,000 1,700,000 700,000
96 640,000 170,000 170,000
24 24,000,000 170,000 130,000

P3 48 2,300,000 790,000 490,000
72 1,700,000 170,000 46,000
96 790,000 130,000 130,000
24 920,000 540,000 540,000
48 13,000,000 3,300,000 790,000

P4 72 13,000,000 430,000 170,000
96 3,300,000 490,000 130,000
24 D

P5 48 4,900,000 790,000 790,000
72
96

Y~ There was no flow of inland pollution source

- 177 -



S|

7¥ x]

S wAe) mhE 4 o@ddol nY-wd} Ao A W Axe] MAE JF

e

Table 5. Calculated impacted areas of the discharges from major inland pollution sources around the Bogil—NohwaArea by lapse
of time after 16.0 mm rainfall events

Hours Flow . Determine Dilution . Radius of
. Fecal coliform . water Area required .
Station a.fter ratfz (MPN/100 mL) loading required (m?) half-circle
Rainfall  (I/min) (MPN/day) (m?) (m)
36 120 14,000 2.42 x 10'° 1.73 x 10° 5.96 x 10° 616.1
p1 60 84 7,900 9.56 x 10° 6.83 x 10* 4.27 x 10° 521.3
84 18 4,600 1.19 x 10° 8.52 x 10° 8.52 x 10* 232.9
108 120 22,000 3.80 x 10'° 2.72 x 10° 7.54 x 10° 693.1
36 21 46,000 1.39 x 10% 9.94 x 10* 7.10 x 10° 672.3
- 60 10.5 17,000,000 2.57 x 10" 1.84 x 107 7.59 x 10° 2,198.3
84 10.5 1,700,000 2.57 x 10" 1.84 x 10° 1.53 x 10° 987.2
108 10 3,300,000 4.75 x 10" 3.39 x 10° 2.16 x 10° 1,173.5
36 1.2 3,300,000 5.70 x 10'° 4.07 x 10° 2.70 x 10° 414.5
P3 60 2.4 130,000,000 4.49 x 102 3.21 x 107 7.66 x 10° 2,208.7
84 0.5 3,300,000 2.14 x 10'° 1.53 x 10° 1.48 x 10° 307.3
108 0.8 3,300,000 3.80 x 10'° 2.72 x 10° 2.04 x 10° 360.6
36 0.1 4,900,000 7.06 x 10° 5.04 x 10* 1.36 x 10° 294.6
- 60 0.6 4,900,000 4.23 x 10'° 3.02 x 10° 3.56 x 10° 476.0
84 0.1 790,000 1.14 x 10° 8.13 x 10° 8.13 x 10* 227.5
108 0.8 4,600,000 5.30 x 10%° 3.79 x 10° 4.07 x 10° 509.2
36 0.1 3,300,000 4.75 x 10° 3.39 x 10! 3.39 x 10° 465.0
s 60 3.6 4,900,000 2.54 x 10" 1.81 x 10° 1.87 x 10° 1,091.5
84 0.1 460,000 6.62 x 10° 4.73 x 10° 4.73 x 10* 173.6
108 18 4,900,000 1.27 x 10" 9.07 x 10° 6.34 x 10° 2,010.2

Table 6. Calculated impacted areas of the discharges from major inland pollution sources around the Bogil—NohwaArea by
lapse of time after 55.7 mm rainfall events

Hours Flow . Determine Dilution . Radius of
. Fecal coliform . water Area required .
Station after rate (MPN/100 mL) loading required (m?) half-circle
Rainfall (L/min) (MPN/day) ((lmS) (m)
24 440 490 3.10 x 10° 2.22 x 10* 2.22 x 10° 375.7
p1 48 388.8 490 2.74 x 10° 1.96 x 10* 1.96 x 10° 353.3
72 1,026 17,000 2.51 x 10" 1.79 x 10 1.83 x 10° 1,079.8
96 187.2 78 2.10 x 10° 1.50 x 10° 1.50 x 10* 97.8
24 17 33,000 8.13 x 10° 5.80 x 10* 5.80 x 10° 608.0
o 48 20 230,000 6.62 x 10'° 4.73 x 10° 9.28 x 10° 768.7
72 12 1,700,000 2.94 x 10" 2.10 x 10° 1.64 x 10° 1,021.8
96 0.6 170,000 1.47 x 10° 1.05 x 10* 1.05 x 10° 258.5
24 1.5 170,000 3.67 x 10° 2.62 x 10* 5.83 x 10* 192.7
P3 48 1.5 790,000 1.71 x 10%° 1.22 x 10° 1.31 x 10° 288.9
72 1.5 170,000 3.67 x 10° 2.62 x 10* 5.83 x 10* 192.7
96 8.4 130,000 1.57 x 10%° 1.12 x 10° 1.25 x 10° 281.9
24 1.5 540,000 1.17 x 10% 8.33 x 10* 1.60 x 10° 319.5
- 48 2.7 3,300,000 1.28 x 10" 9.16 x 10° 7.57 x 10° 694.6
72 2.7 430,000 1.67 x 10 1.19 x 10° 1.99 x 10° 356.1
96 2.7 490,000 1.91 x 10 1.36 x 10° 2.13 x 10° 368.0
24 - - - -
P5 48 18 790,000 2.05 x 10" 1.46 x 108 1.64 x 10° 1,023.1
72 - - - - - -
96
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Table. 7. Levels of fecal coliform in seawaters collected in the Bogil—NohwaArea under the wet weather conditions

Fecal coliform (MPN/100 mL)

Station Hoursafter 16.0mm Hoursafter 55.7mm
36 60 84 108 24 48 72 96
S1 < 1.8 1.8 < 1.8 < 1.8 < 1.8 < 1.8 < 1.8 < 1.8
S2 2.0 < 1.8 < 1.8 < 1.8 <18 < 1.8 <18 <18
S3 < 1.8 2.0 < 1.8 < 1.8 <18 <18 < 1.8 <18
S4 < 1.8 < 1.8 < 1.8 < 1.8 < 1.8 < 1.8 < 1.8 < 1.8
S5 13 2.0 < 1.8 17.0 4.5 < 1.8 < 1.8 < 1.8
S6 7.8 7.8 <18 4.5 <138 <138 <18 <18
S7 <18 <18 <18 <18 <18 <18 <18 <18
S8 2.0 9.3 < 1.8 <18 <18 <18 <18 < 1.8
S9 6.8 < 1.8 < 1.8 < 1.8 < 1.8 < 1.8 < 1.8 2.0
S10 4.5 < 1.8 < 1.8 < 1.8 2.0 < 1.8 < 1.8 < 1.8
S11 79 < 1.8 < 1.8 7.8 < 1.8 < 1.8 < 1.8 < 1.8
S12 < 1.8 4.5 < 1.8 2.0 < 1.8 < 1.8 < 1.8 <18
S13 4.5 < 1.8 4.0 < 1.8 < 1.8 < 1.8 < 1.8 4.5
S14 4.5 < 1.8 < 1.8 < 1.8 4.5 < 1.8 < 1.8 < 1.8
S15 <18 11.0 <18 2.0 4.5 1.8 <18 2.0
S16 2.0 2.0 <18 2.0 6.8 <138 4.5 13.0
S17 < 1.8 6.8 <18 <18 11.0 <18 4.5 2.0
S18 2.0 49.0 < 1.8 4.0 1.8 2.0 2.0 < 1.8
S19 < 1.8 2.0 < 1.8 < 1.8 6.8 < 1.8 2.0 < 1.8
S20 < 1.8 < 1.8 < 1.8 4.5 < 1.8 < 1.8 < 1.8 < 1.8
S21 7.8 2.0 < 1.8 < 1.8 < 1.8 < 1.8 < 1.8 < 1.8
S22 < 1.8 2.0 < 1.8 < 1.8 < 1.8 < 1.8 < 1.8 2.0
S23 4.0 4.0 < 1.8 <18 <18 < 1.8 < 1.8 <18
S24 < 1.8 14.0 <18 <18 <18 2.0 <18 1.8
S25 22.0 1.8 <18 1.8 <18 <18 <18 <18
S26 33.0 2.0 <18 <18 <138 <138 <138 <18
S27 2.0 2.0 <18 <18 <138 <18 <18 <18
S28 2.0 < 1.8 <18 1.8 <18 <18 <18 <18
S29 < 1.8 < 1.8 < 1.8 < 1.8 < 1.8 < 1.8 < 1.8 < 1.8
S30 < 1.8 4.5 < 1.8 < 1.8 < 1.8 < 1.8 < 1.8 < 1.8
S31 7.8 < 1.8 < 1.8 < 1.8 < 1.8 < 1.8 < 1.8 < 1.8
S32 4.5 2.0 < 1.8 <18 < 1.8 < 1.8 < 1.8 <18
S33 31.0 4.5 < 1.8 7.8 4.5 2.0 < 1.8 <18
Range < 1.879 < 1.8-49 < 1.8-4.0 < 1.8-17 < 1.811 < 1.8-2.0 < 1.8-4.5 < 1.8-13
55.7 mme] 75 ¥ F 4907 (244138, 4841, 72413 b wEST) Shelsle] BAE A3k, e A=k ok selel 1
2961 F8& SR wiEFY T, AN km ©]/¢¢] F&FE v F e AoE UEwT (Table 4,
o+ 2D E coliE A3 A¥ 11,000—24,000,000, 6, Fig 2).

78-3,300,000 2 78—790,000 MPN/100 mL & A&l
G M X AeguEe 97.8-1,079.8 mE AXEE 2ITh Pl
9 P2 AR AL S A & 72N ERAOER 5
=7F AAF S7hskel diefel 1 km o]/de] &L v

S o S
= AR YEROL, 967k wlaA Uhe E0R e
sb Zlom AT P3 3 P4 AR 3¢ I &

WA B st 27807k 722070 0

48117 |
WA aE T2 gl Hou, P4 AHL 96417t St
sk Ao el PS5 ZAA S 74 T A 5 48471

2.7 4 ¥ e A8 Wt
16.0 % 55.7 mm?] Z-9- A 5 3= 3370 49] 914873
HstE gelebr] S8 SHAES EAeaL, 1 AdE
Table 7¢I WERSAT
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