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The impact of rainfall events on the sanitary indicator bacteria density of the shellfish-growing waters
in Geoje Bay and Jaran Bay in Korea was investigated. The shellfish-growing area in Geoje Bay, which
is a nearly closed basin, was not affected significantly, except near the stream mouth after 11.5 mm of
rainfall in 1 day. However, most of the shellfish-growing water in the bay was polluted by fecal coliform
bacteria after rain as heavy as 43.0 mm, and the levels of fecal indicator bacteria in some of the sea
near the coast did not recover completely until 24 hours after the rainfall. By contrast, in Jaran Bay, which
has no significant pollution source in the drainage area, although 9.3-490 MPN/100 mL of fecal coliform
bacteria were detected near the stream mouth after rainfall of 33.5 and 81.0 mm, a very low level of
the indicator bacteria was detected in the designated shellfish-growing area. During the investigation, the
correlations between the sanitary indicator bacteria density and physical parameters, such as salinity and
turbidity, were evaluated. Both the total coliform and fecal coliform densities were inversely correlated
with salinity. Turbidity was positively correlated with the indicator bacteria density. The survey results
suggest that for more efficient management of the shellfish-growing areas located in coastal areas, such
as shellfish harvesting after rainfall, a detailed investigation of the effects of rainfall on the bacterial water

quality in each growing area is needed.
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. Sampling stations in the Geoje Bay (left) and the Jaran Bay (right).
@, Water sampling station; [, Oyster sampling station.
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Table 1. Total and fecal coliform bacteria (MPN/100 mL) found in stream-water and seawater that located any distance
from each stream mouth after rainfall events in the Geoje Bay, Korea

11.5 mm of rainfall

43.0 mm of rainfall

Distance from

Stream Station  pollution Total coliform

(MPN/100 mL)

Fecal coliform
(MPN/100 mL)

Total coliform
(MPN/100 mL)

Fecal coliform
(MPN/100 mL)

source (km)

Ohr 5hr 24 hr Ohr 5hr 24 hr 0 hr 18 hr 24 hr 0 hr 18 hr 24 hr

Gandeuk ), 0 (Stream o4, - 1,700 1,300 - 170 17,000 13,000 2,400 3,300 1,700 1,300
stream water)

A-2 0.5 27 78 20 17 45 <18 3300 3500 79 1,300 490 33

A-3 1.0 78 26 45 20 22 20 1,700 2400 2,400 790 490 79

A4 15 68 45 68 40 20 <18 4600 1,300 330 330 490 49

A5 2.0 22 20 <18 78 <18 6.8 1700 330 170 210 130 49

A6 25 40 40 <18 18 40 <18 1,100 26 280 490 78 79

A7 35 78 <18 <18 78 <18 <138 240 79 110 240 93 70

A-8 45 18 20 <18 <18 <18 <18 17 14 <18 40 40 <18

A-9 5.0 <18 <18 <18 <18 <18 <18 79 14 6.8 49 20 45

Sanyang g, 0 (Steam 45, - 1,00 4,900 - 68 2200 3300 790 1700 170 240
stream water)

B-2 0.5 20 <18 45 20 <18 45 4900 240 18 1700 79 1.8

B-3 1.0 17 18 40 11 18 20 7,000 330 20 790 79 2.0

B-4 15 17 <18 7.8 17 <18 78 4,900 49 45 330 17 2.0

B-5 2.0 20 <18 <18 20 <18 <18 1,100 18 20 700 <18 <18

B-6 3.0 <18 <18 <18 <18 <18 <18 240 13 20 79 <18 2.0

A9 4.0 <18 <18 <18 <18 <18 <18 79 14 6.8 49 20 4.5

Osu = g7 O(Steam a5500 . 230 950 - 20 13,000 17,000 2,400 7,900 1,800 240
stream water)

c-6 0.5 <18 <18 <18 <18 <18 <18 32 79 93 11 14 4.0

c5 1.0 <18 20 <18 <18 <18 <18 1,300 27 45 790 22 2.0

C-4 15 40 <18 <18 20 <18 <18 1,300 33 540 330 17 79

c-3 2.0 20 <18 <18 <18 <18 <138 170 79 240 79 23 79

c-2 25 20 <18 <18 <18 <18 <138 220 79 27 110 49 22

c-1 3.0 18 17 <18 18 13 <18 170 33 17 170 13 7.8

The 0 hr, 5 hr (or 18 hr) and 24 hr mean samples collection time after rainfall events.
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Table 2. Concentration of sanitary indicator bacteria found in oysters collected in the Geoje Bay, Korea after rainfall events
Total coliform (MPN/100 g) Fecal coliform (MPN/100 g)

Distance from

. . ) Rainfall

Station  Stream region pollution source
(km) (mm) 1st 2nd 3rd 1st 2nd 3rd
GO-1 Gandeuk 2.0 11.5 170 490 130 45 130 20
stream 43.0 490 16,000 1,300 40 3,500 330
GO.2 Gandeuk 3.0 11.5 20 110 <18 <18 <18 <18
stream 43.0 78 1,700 790 <18 220 230
2.0 11.5 61 130 <18 <18 <18 <18

GO-3 Sanyang

stream 43.0 130 330 78 <18 20 <18

The Ist samples were taken immediately after 11.5 or 43.0 mm rainfall event. The 2nd samples were taken at 5 hrs after
11.5 mm rainfall event and were taken at 18 hrs after 43.0 mm rainfall event. The 3rd samples were taken at 24 hrs
after 11.5 or 43.0 mm rainfall event.
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Table 3. Total and fecal coliform bacteria (MPN/100 mL) found in stream-water and seawater that located any distance

from each stream mouth after rainfall events in the Jaran Bay, Korea

33.5 mm of rainfall

81.0 mm of rainfall

Distance from

Stream  Station pollution Total coliform Fecal coliform

(MPN/100 mL) (MPN/100 mL)

Total coliform Fecal coliform
(MPN/100 mL) (MPN/100 mL)

source (km)
Ohr 6hr 24 hr Ohr 6 hr 24 hr

Ohr 18 hr 24 hr 0hr 18 hr 24 hr

Hakrim H-0 Oévittfr"’;m 5,400 1,300 5,400 1,100 130 110 4,900 35,000 4,900 1,300 460 490
H-1 0.5 130 <1.8 13 27 <18 <18 33 6.8 <18 93 <18 <138
H-2 1.0 20 <18 <18 93 <18 <18 240 <1.8 <18 6.8 <18 <18
H-3 1.5 40 <18 <18 20 <18 <18 79 14 <18 9.3 20 <18
H-4 2.0 <18 <18 <18 <18 <18 <18 21 11 <18 21 20 <18
H-5 2.5 <18 <18 <138 <18 <18 <18 <1.8 20 <18 <1.8 20 <18
H-6 3.0 <18 <18 <18 <18 <18 <18 4.0 20 <18 4.0 20 <18
H-7 3.5 <18 <18 <18 <18 <18 <18 <1.8 <1.8 <18 <1.8 <18 <18

Sambong  S-0 O&S;ttr:ra)lm 2,800 3,500 1,300 490 490 170 11,000 790 1,300 1,700 46 130
S-1 0.7 79 <18 22 13 <1.8 93 490 18 <18 490 1.8 <18
S-2 1.2 22 <18 2.0 <18 <18 20 34 45 <18 17 20 <18
S-3 1.7 45 <18 <18 <18 <18 <1.8 26 78 <18 21 45 <18
S-4 2.2 45 <18 <18 20 <18 <18 47 3.7 <18 14 1.8 <18
S-5 2.7 <18 <18 <18 <18 <18 <18 4.0 <1.8 <18 20 <18 <18
S-6 3.2 <18 <18 <18 <18 <18 <18 45 <1.8 <1.8 45 <18 <18
S-7 3.7 <18 <18 <18 <18 <18 <18 4.5 <1.8 <18 45 <18 <18
D-1 Boundary 20 <18 <18 <18 <18 <18 <1.8 <1.8 <18 <1.8 <18 <18
D-2 78 <18 <18 20 <18 <138 1.8 <1.8 <1.8 18 <18 <18
D-3 <18 <18 <18 <18 <18 <18 <1.8 <1.8 <18 <1.8 <18 <18
D-4 <18 <18 <18 <18 <18 <1.8 <1.8 6.8 <1.8 <1.8 20 <138
D-5 93 <18 <18 20 <18 <138 4.0 1.8 <18 <1.8 1.8 <18

The 0 hr, 6 hr (or 18 hr) and 24 hr mean samples collection time after rainfall events.
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Table 4. Concentration of sanitary indicator bacteria found in oysters collected in Jaran Bay, Korea after rainfall events

Distance from

Total coliform (MPN/100 g)

Fecal coliform (MPN/100 g)

. Stream ) Rainfall
Station . pollution source
region (km) (mm) 1st 2nd 3rd 1st ond ard
JO-1 Sambong 22 33.5 - - i _ } i
stream 81.0 78 78 230 45 <18 130
JO-2 Sambong 3.7 33.5 <18 <18 20 <18 <18 <18
stream 81.0 110 20 790 <18 <18 330
103 Hakrim 4.0 335 20 20 <18 <18 <18 <18
stream 81.0 <18 <18 130 <18 <18 78

The Ist samples were taken immediately after 33.5 or 81.0 mm rainfall event. The 2nd samples were taken at 6 hrs after
33.5 mm rainfall event and were taken at 18 hrs after 81.0 mm rainfall event. The 3rd samples were taken at 24 hrs

after 33.5 or 81.0 mm rainfall event.

km Wojzl 3ol J03X A A7 AR skl 49 F A2k A
o w2 AR FTA TS WslE 2AE T 1 AT = Table
40 YERHATH

ARG L7l A8 JO-1 A -Ho A= 33.5 mme] 735
Al MBS AF B E8HlaL, 81.0 mm 73 A =l A HEd
AAATATE S A9FR AT HTE 29 TR 2447
Foll ZAA3Se wuk ol A4 el AR e 2]
A 5 5 AN T i o S
g4e) WEe Aol BAglel 4% a@»} A F
B U= 24431 ?Oﬂ 7k &l
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Z 3844 Zokor) 81.0 mme 25 Alole A A ol
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2 71ES 295elth
s 5 AR EA
AA T Dz}t s
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Table 5. Results of correlation analyses between sanitary
indicator bacteria and physical parameters

Correlation of sanitary indicator

Sea area Iggéfg:g bacteria with:
Salinity Turbidity
Geoje Bay  Total coliform ((‘)0(-)%2) (006703041 )
Fecal coliform -0.769 0.674
(0.0001) (0.0001)
Jaran Bay  Total coliform ((-)0(53(;:(3)4;) (00.0502081)
Fecal coliform -0.374 0.374
(0.0001) (0.0001)

Values given are Pearson correlation coefficients (r) with
probability values (P) in parentheses.
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747} 5.1 9 3.0 MPN/100 mLo] 13z, X431 ulol] 9| ]&
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BUANRE 7h Bk, E AL AFIAT A5

T e ZARR|HAA 73 H5of 43 MPN/IOO mL
£ Z2FaIGlvh 18 al A9 T8 4AZE $9 de] A%

L A7) Fo A4 Bk fAlR Ekon, 539, @99
Bxo] 9123 AAE Qo] A-1~A-7 2 C-3, C4 A F ol A
v A7) T FEAEE BE ARG FAE 43
MPN/100 mL% &1 %3] iih‘s}ﬂ el &g F F49] 350
433 A A AT (Table 1). Pl A= o) F A4 3] 7be) A
o] FA7IEo R 54T A A tate] 303] o] o] xA}
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ANE BA Agste] slg F EHANETY] FUAA B
7183+ 2 7} 14 MPN/100 mL "] o] 31, 43 MPN/100 mL&
238k AlE7F 10% VR (d el d3s W= 90l
At} 90th percentile #k©] 43 MPN/100 mLO.2 Z3}3}A] k&
A AHLA Y JFS N FyS LSt o) (US
FDA, 2007). & A7 A& w59 3713 e] =2 7]E7
HL3EH AA TRe] F o] AAdE FE&& A FANAA NS
< 11 mm A5 AllE Ao 7)ol F3ske A H
YERIA S 43.0 mmo] 79~ Alell= 7kl 9] 7S
Hetune A7 AFAFH T FAHE A5 576
(US FDA, 2007yl &}3atsitt.

ghH, Zpent sl ol di sk 31d7E (2006-200811)2] ] A=A}
oA ZAM A s 5 BRANGTY Vs EFES A
A el 9x1e s-1 E s2x "ol ZHz 3.9 2 3.0
MPN/100 mLo] %l 3L, A4 H ] A $1X]¢ D-1, D-3,
D-4 2 D-5 Ao A+ 1.9-2.1 MPN/100 mL& E 1% ¢t}
(Shim et al., 2009). ©|& st A& At A 1753t 3l
o] AANHE FHFstal . ZAPA Y9} vjushH 2kt §Y
oA 19 33.5 mm®] - Al g FPAHANA 1
km o] 9] aFell = g A EHA WG] 9.3~27
MPN/100 mLZ fZE=o] 717] A9 AN By Fzh
Fokou} 71 o] Wolzl X el A= 2.0 MPN/100 mL ©] 31
Uehfo] 2 gao] gidtk & 81 mme] i 57t F59
ZF AEA o] 913k s-1 2 s2 A dF F A
gt 32 247 490 2 17 MPN/100 mL-S LFEFU|©] (Table
3) W7 F 7 AR FHANGAT F 3.9 E 3.0 MPN/100
mL)E T R Fokoyt x4 s A A $14g D-1, D-3,
D4 % D-5 XA A= <1.8 MPN/100 mLS YERHo] #A7)%
QF 3l=e] 91 EeF 2T (Table 3). 18] 7+5-
18A1F ol = A7) &<t sl =2 3 e o AL A
35 F ATt kA At o] AgE X gede 7
§- 81 mmoll = &F7F Ao AFE AL whA| ke v=
7 FES FASHAAL, 18AIXF Foll = TR G =
719] A E e FSshe FEoR 3 E A

o gol A BH, Ak Fe-sol A vl A AuE of
YA g AARE 8o zpghek s oo vt -0 dFS
FEHA e Ao s Yelgt) Asta]dol A Y AX BT
Dee FY5E sk wjefool AFes A7 DA
FAAZL o, AT 75 o oddowmA g
S} (Mallin et al, 2000). whebA] AATE S5-9f w42
A& B HA FAHAL Y, AF ATE Fol
2o Frrt Zagd Aoz FgH
ShA, B el Al Ao WSk A A R A EA T <]
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ofN Lo X
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3 % AT 223 AT Sl 335 mme] 2
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A ZF 3o <1.8 MPN/100 mLo] ] o1} 2447k Fof = Q3]
9.3 MPN/100 mLS Y ERO] 2A]9] Jaks AN 2ldt 4=
AT (Table 3). whebA] 25 5 ALks Aol A
o] e SAA e 2dde] AL, @
22 5 o2l 7 8914wt xpely :
A, e AR el s B A
A Fot AAs el b Alts o B F st
A @t WA (B coli)o] LFE Eol G=AF T4 (zebra
mussel, Dreissena polymorpha)s =Z31d I =
8541l A S W HiAE YeERH, o] & v o
o] §li Bl Fol& dF F w5 o Al AARA
=1} (Selegean et al., 2001). = (Crassostrea commercialis)
WS 590~600 CFU/100 g2 A F o2 QAN F &
AEHo] gl EollA Asletol® 29 $oll 8~18 CFU/100
gl = #4d Zlo® Ward ¥k Ut (Son and Fleet, 1980).
I ZAP A S Aol A AshE Zoll A BEANELY T
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H5F JO-DIAM = 75 244 7F Foll 330 MPN/100 g& HER
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A2l FA o) Aol A9 7] wjitolet AR Elt) EUClA
= EAeE AT § U dF AR VR U
(E. coli) 230 MPN/100 g ©]3l% 7+A43ta o, A=
EAA NG 300 MPN/100 g& 283t o4 HZole %
#o 7 A3} T (European Commission, 1991; 2004). ©]
A9l AgARE EUY P59 sjFALe S wR7ET
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