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Evaluation of the Effect of the Inland Pollution Source on Seawater
and Oyster (Crassostrea gigas) after Rainfall in the Kamak Bay,
Korea

Soon Bum Shin, Woo Suk Choi, Ji Hee Lee and Chi Won Lim
South Sea Fisheries Research Institute, NIFS, Yeosu 59780, Republic of Korea

ABSTRACT

In this study, we evaluated the effect of inland pollution sources on seawater and oyster (Crassostrea gigas) in
Kamak bay after rainfall events. We analyzed the sanitary indicator microorganism such as coliform group, fecal
coliform and Escherichia coli (E. coli) in the discharge water of major inland pollutants, seawater and oyster for 3
days after 27.6 and 58.0 mm rainfall events. According to these results, the range of coliform group and fecal
coliform was 1.8-540 and <1.8-240 after 27.6 mm rainfall and was from <1.8 to 54,000 and from <1.8 to 9,500
MPN/100 mL after 58.0 mm rainfall in the discharge water of 5 waste water treatment plants. Also The range of
fecal coliform and radius of impacted area of 10 contaminants (stream and domestic waste water) was from 63 to
230,000 MPN/100 mL and from 10 to 2,044 m, respectively. The fecal coliform of seawater at 16 stations in the
designated area and 19 stations non-designated area ranged from <1.8 to 4.5 and from <1.8 to 540 MPN/100 mL,
respectively. And The E. coli level of oyster at 5 station in the designated area ranged from <18 to 330 MPN/100 g.
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oA 20184 7|F 46% % 7181 2030900+ 53%E &
718 7107 otE|e] $akE okAle] AR T E g =2
Ao By gt (FAO, 2020a, 2020b).

SEvEt 7S ok AN B aEE AR

<+ A2, oF % HFE o] Foll HeHE Al Aok
el A 77} A= v]5E 202049 7|Fo Bholshd A
Aol A= oF 41 wEC R 2R thEolA|nt AAlEdelA
T 1 2Ho® 195 A8k gk iR FREEs
=, %, ARl weo] A= glown Fo] 30 wkELE 7}
7 gl Al om, Aakgllel| A= AEo] oF 6,100 HL&
2 7P e e #elHa gl (MOF, 2021a).
ol Ut $AakdelA Fadt AAE AR
FA AL HE AAA 2T A8} v A 2 A AlEe] sl
2 255 Yol AE 5 sUR <lAsla glo] ofgel 2w
3 glom, 53] 22 Ao HE ATl 3 wjHeoy
LEujolg|re} k2 AP At} AEH0 R BRuFI gl
o} F& Tl dflFE F2 kel okdlEla glor,

o x

- 113 -



73
A=Al el =W FFEE F3] Sl ‘ﬂﬁr‘“]
HAA 29EAE Aol %34 =t} (Potasman et

al., 2002; Iwamoto et al., 2010)

oJHH 239 xEH7] 4 Wi AAA A e A
AA <l Bel7t Aashe wlsolu EU o AT EE &
gyl Az A7A RUHEE S8 fA%e] 22 a7o]
ulE o] gle}. mlzto|ul EUCA & sid 19 35 £+ o)
Folld AEsl= BHAINAFolY Escherichia coli (E.coli)
5 2 ARA R Al sxel wet ] 55 83t
of ZA F3F B Ashd 7heAE § E3F 55 sk glenH
ol A=o flAME] ZrIaeA FA4T AxAE 27
Z 3}x it} (U.S. FDA, 2016; European Commission,
2015). 53] v]=r2] 7§ sl GFE A 5 e 294
= ARl gletsle] olzjgl eddo] A o ARl wie

yalego] Z7bhAt slojoll L WAL AT AL AR
S AAE Ak BAAE Sstel oWsta gluk,

$eleht WIS BU ¥ velsh S84 Bstl i
& 5550 glow ¥RAREARY wet £50] b

ol At e e RN (o3 A
el ez AAste e $EE s8-8t Jlvh Ed, o

)

gt s slekpabtel SR A ol ZAske] e
Ha glem F Aol sg 2 shFel Hgk Fr1Al A
22 3 el digt we]rt A= ITHMOF, 2019;
MOF, 2021b).

£ 7o) dgel Ak slele  AA ohEA B 4
shol siste] AAele 452 AAE v} glem, Fersaet
o] Ar|Ael JAxA D 999 A} S}=HT ot
(MOF, 2019). o|Ae] 7oA & siele] s 2 o5 (
9 sz oA AEEE AAATATE Fr £2E AT
= - 9] Al Age Aoz sl wp glow, s 7
o A= 249l T A 25l eqdslkEol ot Bt
L7y Rusigde (Ha et al, 2017; Shin et al,

ez Felsle 9] WEFTL gl vHe dF
<+ o AR Al wet Sobeke ol gt R A4
ol gk AARE 2=, A s Fola Bus wup gld
(Ha et al., 2011; Park et al., 2012; Ha et al., 2013).

oJAF Tt Aol 2 e] el vA = A= T
7171 ol fEluet wEieke] AR L dvleE
el gheto] ol whe il AT 7)) A=
oglem, 7hamke] A9 15-22 mm 7= 297 (48417,
22 mm F3te] o= 747 (168417 ST (2) 9 A4
7b 52155 (MOF, 2019). 3HARE o]2] gt AR 7152

34" TN

3476'N

127=06'E 127°07°E

Fig. 1. Sampling stations in Kamak Bay; ##, Seawater: 'ﬁ'

Oyster; 4, Pollution source; ﬁ?‘.. Waste water treatment
plant; —, Designated area.

7o) e ARel] /)23 Aoz Ao 2AA)
o357 spgror] spuutel A% A2 A3 Fo 4 L AR
o] ) Wl AFAIRE ob71A

Wb 2 Aol 202045} 20219 7 A T 2.
o] shedel vAE GFE shebsta, a5 9 shFel A
OE Bste] Aol A Al o) AAAG 712 A
ARE T N2ARE Hustar sk

ERET

1. 223 2 A 24 H

7 Aol Fhehikel ) dEel e dEE sl
95t slig 3570, HF () 570 % F2 S 10704
9] 2AAAS ARk (Fig. 1).

sl L el gt 2AAA S Theutel] AR 214w
2] A7 ‘;‘ el EE3F 2 1S weste] Al
), F2 S Gl digt 2ARAHL 20194 AAgE 29
AL 24 A2 vpgog sfdes MEas Fasel 5

% UHEYE U LGRS Flske] ARl

A8+ 27.6 mm 3 58.09) 797 AR 20209 10
2202149 690l 7 LA F 397 (24417, 48417 B 72
Azh ARG, FEAE 710 naksle] AL A
QA Suslen] AR AR F 2002 olulel Al
ALk, 2R dgt 5% 9 AN (8, A,
pH ¥ £=4k4) = f44 (Marsh-McBirney portable
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flowmeter, Flo-Mate Model 2000) 2 2Z47] (Yellow
Springs, YSI Life Science, OH, USA) & Al&-3le =43}
st}
AT

2. 93 F(Total coliform), ¥ A ] 37 (Fecal coliform),
d)3F (Escherichia col) @ 2] 3}x](Mail-specific
coliphage, MSC) £

Algel oigh digd, AN 2 R e
Recommended Procedures for the Sea Water and Shellfish
(APHA, 1970) ¥ Most probable number technique using
5-bromo-4-chloro-3-indolyl- 5 -D-glucuronide (ISO/TS 16649
-3:2015) & Faspglon], FAAE 4 FAA S F3to] F

W (Most Probable Number, MPN) °.& ZA3E A&
sgiel.

F2] 9]+ Standard methods for the examination of
water and wastewater (APHA, 2015) & #13}o] 3k
=7 (agar overlay method) & #A43}9t) 48 93
ZFAN 2= Escherichia coli HS (pFamp)R (ATCC
700891) = A3l ow FEA¥= PFU (plaque-forming
unit) 22 YEeRHSIT} (Table 1).

.78 S o] Yol vA = dFEY &4
Skt Wlol] SAE F2 FAkedlo] sele] )
= AgH = UEFolA ﬂ%ﬂ{— AT v 2
S A% dd F31EF  (Determine loading
(MPN/day) & AR F, o]F n|=+9] &7so +4 7]&4l
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14 MPN/100mL o°]3l2 3]AA1Z o
(Dilution water required) = 74]’:} ]’ﬁ‘ﬂr B“:f?}, ZAs] A 9
FAE st o] dg] =
(Area required) ¥ ¥H4 (Radius of half-circle) &

gon zARATL] AE Feldle HFHoE 2]
3Gl mx= J¥FE H7IelGit) (Table 2).

-

Zan % 3

170524 F 2 990] sl vx&= 9% 27}
73 A whe fAFe o] el wAl= GFE 7t
sb7] #13te] 27.6 mm % 58.0 mm2| - A F spgnt
wlfoel] F23 slA A, T2 3k 9 AsE o
*c}&i Fie] AR nAEe] WskE EAEld 7kt
ool A st 5L e Al
2 31 T A A A TholFEslr A A Y] RS
of whe} AT 3,000 CFU/mL (300,000/100 mL)
o] A4t £ A727, 27.6 U 580 mmo| 7HF-
397t 570 kA A el AEE WA
-540 ¥ < 1.8-54,000 MPN/100mLZ 3}5%12] 7]
ol o7 ]It w3, 23] - U F
ABNA ZAER FAAGAF] FEE < 1.8240 ¥ <
1. 8 9,500 MPN/100mLE 23] 2% 194 AgoA 7 =
T2 AEEYeH, 53] 58.0 mmo] - HA ol
27.6 mm ¥ Rt} 104 oA =2 o= 3el¥ i} (Table
3). | 58.0 mm 7 Al skeAEFe R FlEE

N
= rTN g

o
[0¢}

eromELmN:Ll

mo
O{NI

Table 1. Medium and culture condition for Microbiological analysis

Items Procedure Medium and Temp. Reference
. Lauryl Tryptose Broth (Difco, USA),
Presumptive test 5
Coliform (35 + 0.5) C, (24 + 2) and (48 + 3) hr APHA,
group Confirmed test Brilliant Green Bile Lactose broth (Difco, USA), 1970
(35 £ 0.5) C, (24 + 2) and (48 + 3) hr
. Lauryl Tryptose Broth (Difco, USA),
Presumptive test ;
Fecal (35 £ 0.5) C, (24 + 2) and (48 + 3) hr APHA.
oo test EC broth (Difco, USA), 1970
ontrmed tes (445 + 0.2) C, (24 + 2) hr
Presumptive test Mineral modified glutamate medium (Oxoid, US),
2 oo (87 +1) T, (24 +2) hr ISO/TS,
Confi d test Tryptone bile glucuronide agar (Oxoid, US), 16649-3:2015
ontirmed tes (44 + 1) C, (22 = 2) hr
MSC Mixed tryptone agar (with yeast extract, glucose, NaCl, CaCl2, agar), APHA,

(36,5 +2) T, (24 + 2) hr 2015
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P LMY 02 4 2HA0| Jtxoro] flia= L Z(Crassostrea gigas)ll 0lXle F& 24

Table 2. Method of calculating the impact range of pollutants

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

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

Area required

_— . 3
(m%day) Dilution water required (m*/day) / Average depth (m)

Radius of half-circle

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

Table 3. Result of bacteriological analysis for waste water treatment plants (WWTPs) samples in the drainage basin of
Kamak bay under the wet weather condition

Results (27.6 mm rainfall)

Station RZLIiE;H Day after Coliform group Fecal coliform E. coli MSC?
rainfall (MPN/100mL) (MPN/100mL) (MPN/100mL) (CFU/100mL)

1 4.5 4.5 4.5 < 10

27.6 2 49 22 22 < 10

Wi 3 1.8 1.8 < 1.8 <10

1 54,000 9,500 9,500 < 10

58.0 2 < 1.8 < 1.8 < 1.8 < 10

3 4.5 < 1.8 < 1.8 < 10

1 540.0 240.0 240 < 10

27.6 2 33 33 33 < 10

W2 3 17 2.0 2.0 < 10

1 13,000 7,900 7,900 < 10

58.0 2 2.0 < 1.8 < 1.8 <10

3 4.0 4.0 4.0 < 10

1 240.0 240.0 130 < 10

27.6 2 4.5 < 1.8 2 < 10

3 4.5 2.0 2.0 <10

w3 1 1.8 1.8 1.8 < 10

58.0 2 < 1.8 < 1.8 < 1.8 < 10

3 4.5 < 1.8 < 1.8 < 10

1 240.0 33.0 33 <10

27.6 2 4.5 4.5 4.5 < 10

W 3 7.8 < 1.8 < 1.8 < 10

4 1 24,000 2,300 2,300 40

58.0 2 2.0 2.0 2.0 < 10

3 4.5 < 1.8 < 1.8 < 10

1 350.0 240.0 49 < 10

27.6 2 6.8 6.8 6.8 < 10

W5 3 20 20 2.0 < 10

1 13,000 7,900 4,900 <10

58.0 2 < 1.8 < 1.8 < 1.8 < 10

3 4.0 1.8 1.8 < 10

" Mail-specific coliphage
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Table 4. Calculated impacted area in the Kamak bay after 27.6 mm rainfall event (2020).

Station al?f:le}; li::g Fecal coliform Dlecfsg?;me Dilution water Area Radius of
(Type)? rainfall  (L/min) (MPN/100mL) (MPN/ dfy) required (m®) required (m?» half-circle (m)
1 90.0 54,000 7.0 x 10'° 5.0 x 10% 5.0 x 10% 564
(]f\}v) 2 384.0 49,000 2.7 x 101 1.9 x 10% 1.3 x 10% 907
3 43.2 170,000 1.1 x 10" 7.6 x 10% 7.6 x 10% 694
1 3,009.0 1,300 5.6 x 10" 4.0 x 10% 8.0 x 10% 716
P2 2 2,040.0 230 6.8 x 10% 4.8 x 10™ 9.7 x 10™ 248
(sW)
3 4,320.0 330 2.1 x 10% 1.5 x 10% 2.9 x 10% 432
1 720.0 1,300 1.3 x 10 9.6 x 10™ 1.9 x 10% 350
(g\?v) 2 180.0 330 8.6 x 10% 6.1 x 10% 1.2 x 10 88
3 72.0 33 3.4 x 10”7 2.4 x 102 4.9 x 10% 18
1 480.0 3,500 2.4 x 10% 1.7 x 10% 1.7 x 10% 332
P6 2 122.0 3,300 5.8 x 10% 4.1 x 10™ 4.1 x 10™ 162
(sW)
3 210.0 1,700 5.1 x 10% 3.7 x 10™ 3.7 x 10% 153
1 1,260.0 2,400 4.4 x 10" 3.1 x 10% 1.2 x 10% 890
(g\?v) 2 2,856.0 13,000 7.0 x 104 5.0 x 10% 1.7 x 10% 1,030
3 115.2 17,000 2.8 x 10% 2.0 x 10%® 2.0 x 10%® 358
1 8.8 1,700 2.2 x 10% 1.5 x 10% 3.1 x 10% 44
(S)\?V) 2 0.3 79 3.4 x 10% 2.4 x 10% 4.9 x 10% 2
3 0.7 790 8.0 x 10% 5.7 x 10% 1.1 x 10% 9
" DW, Domestic waste water; SW, Steam water
' 27.6 mm rainfall A ' 58.0 mm rainfall B

)(if.;a

~
(Sasmcmmm_m
T2hr (2020.10.24)

127=06'E 127°07°E

~
(Smmum.nnm

127=06'E 127°07'E

3M4"T'N

34"6'N

Fig. 2. The estimated diffusion range of the contaminants to coastal area in Kamak bay after rainfall; A, After 27.6 mm

rainfall in 2020; B, After 58.0 mm rainfall in 2021.

- 117 -



Fol F71ste AT Fgo] Fadke Zow
o 5 24 FREE RS pAo] gk Ao B}l
H3iek sFratr-o] gl R AR ol v 58 214
3 1591 k- AR e T sk A
= #ow slpAe H8xTld wE 20Y A2
o] Fyulo] glem oA AAMY 45 sl 7hut w3t
27.6 mm ©]Ae] 75 Foll= F7HHQl AL sl s
Ao #eE pabsle 24 sgAert AEE oo &
Aoz gekEltt (MOF, 2019).

o]A el W= spht v $x]g 29> oF
300704% it sk W ATt sger 2 49
Aok B w3glct (Shin et al., 2019). & A7lA o]t
AT AAE A%l Fo3 e HdE AAslow 14} 24
9l 27.6 mm 75 Foll= 6704 (314 2, A3l 4), 23 =
Akl 58.0 mm - Felle 4/l4 (BE31S 4) & F7181]
el = S Hrlelith 27.6 mm - F 347
T2 294 6740 WRgelA AEE FaANETY] s =
9} AakE 3372 33-170,000 MPN/100mL ¥ 2-1,030
m% e 670 A 5 Fpetel] AAE A4
ZAAA L QEFE mAA] = 2o E H71E i (Table 4,
Fig 2). 2AHAA F P17} P8 A A olA HHANLTS 55
7 A A ® woka BE ZARAAA S 19 B 24
732 Foll 2 o]l 7 2 Ao Yo PeAA
oA A 24 9 gl 1,030 mE TP Z AL
2 Fel=lglr)

58.0 mm 75 o] A7, F2 -l
A AEE PEAETe R AKXk e
68-230,000 MPN/100mL % 10-2,044 m® 2Rl=|glor
e A NA 27.6 mme] 71 FEo 1 g9} S
7hgE Aoz yepyitt 53] A4 P1elA 29§, P3 (P4
o} b oA 397F % P8ellA 24 F&= AR A <l
7] e m|Ale AoE UEyten o difit kel
w2 o Y] 1 Y AN s SUPE 4
ol 2oz ElE g} (Table 5, Fig 2). |4 72 2017
AR}l w2 P19} P8 <o) 2] g, dAF
AN T2 =3 3N w3k AR 1,000
o2 2l u} 9lck (Shin et al., 2019). webA o]4Fe]
AF-Azte}l 7o) 74 who] 999l RIS ST
A 2GS ARG AAPeR e v S glem
2 A AA 5oy 71E A AAES AMAse
59 o] a=Ic)

dot

M Lo

8

2. 745 2A F bt 8 5] S48 A s}

27.6 4 58.0 mm 7§ 2 7Ptk A vl AA=

P LMY 02 4 2HA0| Jtxoro] flia= L Z(Crassostrea gigas)ll 0lXle F& 24

16709] 8l 2ARAAANA AERH 2EANTTY] FEE <
1.8-4.5 MPN/100mLe] 3l oH, 2|73l 2o A= 197)
A Ao ME < 1.8-540 MPN/100mLE 71&=] 31t} (Table 6).
a2 A=) dF e ZEa (National
Shellfish Sanitation Program, NSSP) i we} 303] o]A
9 RUEHE 38t sigelr] AEEe A
718kekd 7 14 MPN/100mL  ®|wke]i  90th
percentile 7] 43 MPN/100mL ©]3} (£+ 435 Z3}3}+=
AlE7F 10% =9 <l AGE HoRel Rt dgAes
== siRrb ke felvels 718k Hde] 14
MPN/100mL "3kl 755 A4l 5oz Hrig
(U.S. FDA, 2016; MOF, 2021c). W&t & d1+Az} 7pet
gk e g 2ARAAEL vl 2 fElvete] sAES T
g ket fAdEE vekdslen, 27.6 ¢ 58.0 mm 7
5 A2 7hke] AAs el dFS vAA U AL
H7kE ek & A7 oY Jgrt A oA ki
2 B2k 9999 P1, P3 (P4g} 3h 9 P4o] 75 58.0
mm 75 F ARG A A7 dFE A 5 e
Zoz HrlElglon, o g AT AANY AAE
25 o] 2AAH BF FHANGES] =) kg A
o7 3=k o) 29A ER ARG A Fe
o )™= o]2fgt st FEEHA AR 2] vy
B} 2A81e] JFo] FolE AR it
d

g 7} 74 A Tk B3e) AAE AR o)yl
AARNA BRAN ] A ASH, et %2

oFe] 2% % 9l $32-835 AAeA 27.6 mme] S 1
= 2| gAde] 95-240 MPN/100 mLE & $3&
iy} 2 o]F AEFHA olslw FHAsigc) w3t sl
BEEZ Ax Q2 826 9 827 AAeA 3947 13-54
MPN/100mLE =2 %2 $x3l5on 826 AL 7o
39 F 7MY 2 55 JERIch 58.0 mm - Aol
27.6 mm 79} SA% $32-S33 ¥ S26-S27 A Al #
WA =7t o2 ARl vs) AdAeE =gy
23]%] 27.6 mm R} =4 ST 27.6 mm FS9) 2
2] 7hht B35 8508 <3| S29 AAHAAM - 3L ¥
240 MPN/100mLZE 7P & 555 Yt (Table 6,
Fig. 3, 4).

AAH o2 spet 550 2AAS AR o] 24}
AR R} AN Rt Eom EAlY HoAdpE
FANEY] FErb "A3] Fraske ¥ UERhSich
ol oA 7o F ool € RUH A7 (1998-2008,

(252 o B

)

O

of

2014-2016) ¢} -A3F A¥ g sl B2 o)) ol
=7 7w =AY R o, dids] sk e A

< 3l skt Alels|o] Fpento] opd glsf 2 At A
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Table 5. Calculated impacted area in the Kamak bay after 58.0 mm rainfall (2021)

Stati0r11> E?e}; E:;Z Fecal coliform Dieszgrirrlllgne Dilut@on Watsr Area , Rad.ius of
(Type) rainfall  (L/min) (MPN/100mL) (MPN/day) required (m®) required (m* half-circle (m)
1 384.0 7,900 4.4 x 10" 3.1 x 10% 6.2 x 10% 630
(]:I))\}v) 2 768.0 110,000 1.2 x 10" 8.7 x 10% 3.5 x 10% 1,488
3 162.0 3,300 7.7 x 10% 5.5 x 10% 1.1 x 10% 265
1 720.0 1,300 1.3 x 10 9.6 x 10™ 1.9 x 10% 350
(5\72&!) 2 4,416.0 1,100 7.0 x 10" 5.0 x 10% 1.0 x 10% 798
3 4,200.0 210 1.3 x 10 9.1 x 10™ 1.8 x 10% 340
1 475.2 49,000 3.4 x 10" 2.4 x 10% 2.4 x 10% 1,235
(S:‘;’V) 2 1,660.0 4,900 1.2 x 10" 8.4 x 10% 8.4 x 10% 730
3 1,396.0 22,000 4.4 x 10" 3.2 x 10% 3.2 x 10% 1,418
1 1,184.0 3,300 5.6 x 10 4.0 x 10% 4.0 x 10” 506
(gsv) 2 8,640.0 1,700 2.1 x 10" 1.5 x 10% 1.5 x 10% 981
3 2,120.0 780 2.4 x 10* 1.7 x 10% 1.7 x 10% 329
1 10.8 11,000 1.7 x 10% 1.2 x 10% 2.4 x 10™ 125
(]fgv) 2 3,150.0 11,000 5.0 x 101 3.6 x 10% 1.2 x 10% 870
3 54.0 22,000 1.7 x 10% 1.2 x 10% 2.4 x 10% 395
1 1,228.8 7,900 1.4 x 10" 1.0 x 10 1.0 x 10% 797
(SPV?]) 2 1,037.0 33,000 4.9 x 10" 3.5 x 10% 2.3 x 10% 1,222
3 173.0 7,900 2.0 x 10Y 1.4 x 10% 2.8 x 10% 423
1 86.5 11,000 1.4 x 10 9.8 x 10™ 2.0 x 10” 353
(lf\ZV) 2 2217.0 790 2.6 x 10% 1.8 x 10™ 3.7 x 10% 153
3 99.0 490 7.0 x 10% 5.0 x 10% 1.0 x 10™ 80
1 767.2 70,000 7.7 x 101 5.5 x 10% 1.4 x 10% 938
(g\?v) 2 2,496.0 230,000 8.3 x 10" 5.9 x 10”7 6.6 x 10% 2,044
3 72.0 23,000 2.4 x 10" 1.7 x 10% 3.4 x 10% 466
1 2.7 1,300 5.1 x 10 3.6 x 10% 7.2 x 10% 21
([I))\?V) 2 22.0 68 2.2 x 10”7 1.6 x 10% 3.1 x 10% 14
3 1.7 490 1.2 x 10" 8.6 x 10% 1.7 x 10 10
1 36.0 7,900 4.1 x 10% 2.9 x 10™ 5.9 x 10% 193
(Ebg) 2 45.0 2,300 1.5 x 10% 1.1 x 10* 2.1 x 10 116
3 36.0 140 7.3 x 10”7 5.2 x 10% 1.0 x 10% 26
" DW, Domestic waste water; SW, Stream water
g=]A] o= ) AR g felEE A A 5 A A AeFE HUE, 7t BE =AY ol
SHKwon et al., 2012; NIFS, 2018). E3F, 7}t 4229 = THANETEY] F50 Eol 29 ¥ e Ao
ol et o] A AFellA] Alo] e st BE52 w49 2 EalEglon, o) 7F9-0] o] ofd A 299 A
50| 483lA] kor, 53] AUkl B35 Foko £3F52 AA] #9, dle] 5 D AFAIZY w2 oJ¥ke g Wt
2] FaAFAT ] 7P ZAA AaEvky B usigl o et sA]RE 3o *%‘ff% 5= dHgAE 53l sl
(Kim et al., 2016), o|2j3t JFo 2 E AFZARNAH 7} 2Hd=AE 1007 o]} 55 5 glom g FRpof o3t g
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Table 6. Result of Fecal coliform analysis for seawater samples in the Kamak bay under the wet weather

condition
Fecal coliform (MPN/100mL)
Station Day after 27.6 mm rainfall event Day after 58.0 mm rainfall event
1 2 3 1 2 3
S1 2 7.8 < 1.8 11 2 < 1.8
S2 4.5 < 1.8 < 1.8 < 1.8 < 1.8 < 1.8
S3 < 1.8 <18 <18 < 1.8 2 <18
S4 < 1.8 <18 <18 < 1.8 2 <18
S5 < 1.8 <18 <18 < 1.8 < 1.8 < 1.8
S6 < 1.8 < 1.8 2 < 1.8 < 1.8 < 1.8
S7 < 1.8 < 1.8 < 1.8 27 < 1.8 < 1.8
Designated S8 < 1.8 < 1.8 < 1.8 < 1.8 < 1.8 < 1.8
area S9 4.5 < 1.8 < 1.8 < 1.8 < 1.8 < 1.8
S10 < 1.8 < 1.8 < 1.8 4.5 < 1.8 < 1.8
S11 2 < 1.8 4.5 < 1.8 < 1.8 2
S12 4 < 1.8 < 1.8 < 1.8 2 < 1.8
S13 < 1.8 2 < 1.8 2 < 1.8 < 1.8
S14 2 < 1.8 < 1.8 < 1.8 < 1.8 < 1.8
S15 < 1.8 <18 <18 < 1.8 < 1.8 <18
S16 2 < 1.8 <18 < 1.8 < 1.8 < 1.8
S17 2 < 1.8 <18 11 2 <18
S18 < 1.8 < 1.8 < 1.8 17 1.8 < 1.8
S19 < 1.8 < 1.8 2 < 1.8 < 1.8 < 1.8
S20 < 1.8 < 1.8 < 1.8 < 1.8 < 1.8 < 1.8
S21 < 1.8 < 1.8 < 1.8 4.5 < 1.8 < 1.8
S22 < 1.8 <18 <18 7.8 < 1.8 <18
S23 < 1.8 <18 <18 < 1.8 < 1.8 <18
S24 < 1.8 < 1.8 < 1.8 < 1.8 < 1.8 < 1.8
Non- S25 < 1.8 < 1.8 < 1.8 2.0 < 1.8 < 1.8
designated  S26 49 110 540 11 22 130
area S27 13 110 46 2.0 4.5 2
S28 4.5 <18 <18 < 1.8 < 1.8 <18
S29 2 4.5 < 1.8 2.0 7.8 240
S30 13 < 1.8 < 1.8 7.8 < 1.8 21
S31 2 < 1.8 < 1.8 4.5 6.8 7.8
S32 240 < 1.8 < 1.8 49 2 33
S33 95 < 1.8 < 1.8 2.0 < 1.8 49
S34 240 < 1.8 < 1.8 < 1.8 < 1.8 22
S35 2 < 1.8 < 1.8 < 1.8 2 < 1.8

5708 F AR AN AEHE E. coli®] 5= < 18110 ¥
< 18-330 MPN/100g2.3 &ql=]glc).

Seldel AFeloREAAS A% E 9 4

)
9] 7% kA Foll= BB 2] o)
oksko1} 58.0 mm 759 7%, 14
MPN/100g2-2 7|%& Z2F3l= 7127 Fal=gl) A7)

7 0-3& oJ5A] sfekde] ¢ JUEF} QlAsty glen
7o o949 =AML (Fig. 2), 2 d¥iH4el p2st P
S ARG S vAA] G P1 23U 2 F, Y
P39} P49] 299919 A% 397 &Aoo 7 AAsS AA
A7 G vHE Aoz BglEoe] P39} P49 234l
o g g rhsAlo]l 2 Ao ® gl E£3H 58.0 mm
782l A9 0-3, 0-4, 0-5 ZAAANA 19 & 78-330
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Fig. 3. Horizontal distribution of fecal coliform for seawater in Kamak bay after 27.6 mm rainfall in 2020; A, After 24 hr; B,

After 48 hr; C, After 72 hr
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