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The influences of inland pollution sources because of rainfall events on the bacteriological water quality in Geoje
Bay, a major shellfish production area in Korea, were investigated. The sanitary status of sea water and shellfish after
rainfall events was also evaluated. The flow rates of 13 streams around Geoje Bay showed 6 to 7-fold increases after
15 to 21 mm of rainfall. Peak pollution was observed in the Naegan Stream, the Gandeok Stream and the Seojeong
Stream. The calculated impact area of inland pollution sources was 3.1 ki’ immediately after 15 mm of rainfall and
expanded to 3.5 ki after 24 hours. These calculations of impacted area matched results from fecal coliform analyses
with sea water. The distance between the major pollution source in the bay (the Gandeok Stream) and the station with
the worst bacteriological water quality immediately after 15 mm of rainfall, which was below the Korean standard,
was 0.8 km in a straight line; this distance increased to 2.0 km after a period of 24 hours. The area impacted by inland
pollution sources after a 15 mm rainfall event was wider than after a 21 mm rainfall. Although the flow rate from in-
land pollution sources was higher, the concentration of fecal coliform in the discharged water was lower after higher
rainfall events. These observations corresponded with the results of fecal coliform analyses with sea water samples.
According to the evaluation of the influences of inland pollution sources and fecal coliform analyses on sea water and
shellfish samples in Geoje Bay, pollutants from inland sources did not reach the boundary line of the shellfish growing
area after rainfall events of 15 or 22 mm. The bacteriological water quality of the shellfish growing area in Geoje Bay
met the Korean standard and US NSSP requirements for approved shellfish growing areas.
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Fig. 1. Sampling stations in the Geoje Bay.

@: Sea water sampling station, ll; Sea water and oyster sam-
pling station, (; Fresh water sampling station, —; Designated
area

US FDA, 2009; European Commission, 2004).
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Fig. 2. Concentration of fresh water from the drainage basin and the calculated impacted area of each pollution sources in the Geo-
je Bay during wet weather conditions (A; Just after 15 mm rainfall, B; 24 hours after 15 mm rainfall, C; Just after 21 mm rainfall, D;
24 hours after 21 mm rainfall).

@: Sca water sampling station, [ll; Sea water and oyster sampling station,

(O Fresh water sampling station, —; Designated area
B Calculated impacted area (>10,000 nr)
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Table 1. Result of sanitary survey on pollution sources in the drainage basin of Geoje Bay and the calculated impacted area in the

sea during dry weather condition

Station AD'(m) DV’(Umin)  FC°(MPN/100mL)  DL‘(MPN/day) DWR'm%)  AR'(m) RH'(m) MSB
D-1 1 11 49 7.6X10° 54 54 6 <10
D-2 1 12 54,000 9.6X10° 68318 68318 209 20
D-3 1 13 490 96X 107 655 655 20 20
D-4 1 121 2.0 3.0X10° 21 21 4 <10
D-5 1 10 17 24X10° 17 17 3 <10
D-6 1 20 28,000 8.1X10° 57600 57,600 192 60
D-7 1 No flow 790 - - - - 60
D-8 1 150 3,500 7.6X10° 54000 54,000 185 30
D-9 1 230 1,700 56X10° 40217 40217 160 2,550

D-8t09 1 - - 13X 10" 94217 94217 245 -
D-10 1 1,100 5.0 7.9X10° 566 566 19 <10
D-11 1 251 49 18X 10° 1,264 1,264 28 10
D-12 1 7 330 33X107 238 238 12 <10
D-13 1 21 3,300 9.7X10° 6,958 6,958 67 <10
Total - 1,946 2.0-54,000 - - - - <10-2,550

'AD; Average Depth, *DV; Discharge volume, *FC; Fecal Coliform, “DL; Determined Loading, DWR; Dilution Water Required, AR; Area Re-

quired, "RH; Residue of Half-circle.
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Table 2. Result of sanitary survey on pollution sources in the drainage basin of Geoje Bay and the calculated impacted area in the

sea during wet weather condition at 15 mm rainfall

AD' DV? FC®

pL*

DWR®

AR®

RH’

Station e (Umin) (MPN/100mL) (MPN/day) m) m) m) MSB
D-1 3 18 790  20X10° 1,463 488 18 <10
D-2 3 11 17,000  26X10° 18,885 6295 63 2,260
D-3 3 25 17,000  62X10° 44,064 14,688 97 150
D-4 3 8,230 1,700 2.0X10" 1,439,074 479691 553 <10
D-5 3 No flow 54,000 - - - - 510
D-6 3 60 790,000 68X 10" 4,875,429 1,625,143 1,017 24,000
D-7 3 360 79000  4.1X10" 2,925,257 975,086 788 <10

Jf:fn?gfr D-to7 3 - - 13X107 9304171 3101390 1,05 ;
D-8 3 60 330  29X10° 2,037 679 21 130
D-9 3 300 78000  3.4X10" 2,406,857 802,286 715 6,860
D-10 3 2,400 33 11X10° 8,146 2715 42 <10
D-11 3 36 2,400  12X10° 8,887 2062 43 1,010
D-12 3 8 2,400 29X10° 2,074 691 21 20
D-8t0 12 3 - - 34X10" 2,428,000 809,333 718 -

D-13 1 5 7,800 6.1X10° 4,332 4332 53 540
Total - 11,513 33-790,000 - - - - <10-24,000
D-1 3 15 130 28X10 198 66 6 <10
D-2 3 9 79000  1.0X10° 72,319 24106 124 16,000
D-3 3 19 13,000  35X10° 25,138 8379 73 290
D-4 3 6,630 130 1.2X10° 88,657 29552 137 <10
D-5 3 No flow 1,300 - - - - 270
D-6 3 21 4900000  1.4X10? 10,332,000 3,444,000 1,481 43,000
D-7 3 240 700 2.4X10° 17,280 5760 61 <10
24a*f‘t<;lr”s D-1t07 3 - - 15X10% 10,535,592 3,511,864 1,496 -
ainfall D-8 1 58 130 1.1X10° 776 776 22 80
D-9 1 200 2,400  69X10° 49,371 49371 177 3,360
D-10 1 480 33 23X10° 1,629 1629 32 <10
D-11 1 24 3300 1.1X10° 7,977 7977 71 170
D-12 1 5 49000 35X 10° 24,696 24696 125 <10
D-8t0 12 1 - - 12X10" 84,449 84,449 232 -
D-13 1 3 790  32X107 208 28 12 7,710
Total - 7,704 33-4,900,000 - - - - <10-43,000

'AD; Average Depth, *DV; Discharge volume, *FC; Fecal Coliform, ‘DL; Determined Loading, "DWR; Dilution Water Required, *AR; Area Re-

quired, "RH; Residue of Half-circle.
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Table 3. Result of sanitary survey on pollution sources in the drainage basin of Geoje Bay and the calculated impacted area in the

sea during wet weather condition at 21 mm rainfall

saton AD DV? FC° DL* DWR’ AR® RH’ VISB
(m) (L/min) (MPN/100 mL) (MPN/day) (m°) (m?) (m)
D-1 3 22 330  1.0X10° 737 246 13 <10
D-2 3 25 95000  3.4X10° 239,400 79800 225 290
D-3 3 2 7000  2.9X10° 21,046 7015 67 <10
D-4 3 8,438 11,000  1.3X10% 9547221 3,182,407 1424 110
D-5 3 Noflow 240 - - - - 380
D-6 3 4 35000  2.0X10° 14,040 4680 55 620
D-7 3 No flow 330 560
Jf:fn?:fr DAto7 3 ; - 14X 10" 0822443 3274148 1444 ;
D-8 1 1 79 16X10° 11 11 3 <10
D-9 1 5 17,000 1.1X10° 8,043 8043 72 2,550
D-10 1 6,453 490  46X10° 325,206 305206 455 <10
D-11 1 2 1400  44X107 317 317 14 10
D-12 1 1 1,300 1.9X107 134 134 9 <10
D8to12 1 - - 47X10" 333,711 333,711 461 -
D-13 1 1 200 4.0X10° 29 29 4 10
Total - 14,978 79-95,000 - - - - <10-2,250
D-1 3 24 130 44X10° 314 105 8 <10
D-2 3 29 1,600,000 52X 10" 3,686,400 1228800 885 10,770
D-3 3 18 490 1.3X10° 917 306 14 <10
D-4 3 6,944 49 49X10° 34,997 11,666 86 <10
D-5 3 No flow 70 - - - - 10
D-6 3 4 35000 1.8X10° 12,960 4,320 52 540
D-7 3 No flow 330 - - - - 90
24 Pfltours D-1to7 3 - - 52X10" 3735274 1245091 891 -
r;nf;” D-8 1 1 20  29X10° 0 0 0 <10
D-9 1 1 1,300 2.4X107 174 174 11 420
D-10 1 4,982 110 7.9X10° 56,369 56,369 189 <10
D-11 1 1 1,800  1.6X107 111 111 8 <10
D-12 1 0 240 1.0X10° 7 7 2 <10
D8to12 1 - - 79X10° 56,661 56,661 190 -
D-13 1 1 790 9.1 X10° 65 65 6 <10
Total - 11,998 2.0-1,600,000 - - - - <10-10,770

'AD; Average Depth, *DV; Discharge volume, *FC; Fecal Coliform, ‘DL; Determined Loading, DWR; Dilution Water Required, AR; Area Re-

quired, "RH; Residue of Half-circle.
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Table 4. Result of microbiological analysis for sea water samples in the Geoje Bay under the wet weather condition

Dry season Just after 15 mmrainfall 24 hours after 15 mmrainfall ~ Just after 21 mmrainfall 24 hours after 21 mm rainfall
Station i i i i i
O e o oo Feh e Gl T e gl T e oo T v
S-1 7.8 <1.8 <10 4.0 4.0 <10 1,300 1,300 40 75 1.8 20 2.0 <1.8 <10
S-2 540 23 <10 79 33 <10 490 240 10 1.8 <1.8 <10 45 45 <10
S-3 2.0 2.0 <10 540 170 <10 330 240 20 <1.8 <1.8 <10 <1.8 <1.8 <10
S-4 <1.8 <1.8 <10 17 11 <10 79 33 <10 <1.8 <1.8 <10 <1.8 <1.8 <10
S-5 <1.8 <1.8 <10 <1.8 <1.8 <10 49 33 <10 <1.8 <1.8 <10 <1.8 <1.8 <10
S-6 11 <1.8 <10 2.0 2.0 <10 13 13 <10 <1.8 <1.8 <10 2.0 2.0 <10
S-7 23 <1.8 <10 2.0 2.0 <10 1.8 1.8 <10 <1.8 <1.8 <10 9.3 <1.8 <10
S-8 <1.8 <1.8 <10 <1.8 <1.8 <10 45 4.5 <10 <1.8 <1.8 <10 <1.8 <1.8 <10
S-9 13 <1.8 <10 <1.8 <1.8 <10 350 79 <10 2.0 <1.8 <10 <1.8 <1.8 <10
S-10 2.0 <1.8 <10 2.0 2.0 <10 2.0 2.0 <10 <1.8 <1.8 <10 <1.8 <18 <10
S-11 <1.8 <1.8 <10 <1.8 <1.8 <10 6.8 6.8 <10 <1.8 <1.8 <10 <1.8 <1.8 <10
S-12 7.8 2.0 <10 <1.8 <1.8 <10 1.8 <1.8 <10 <1.8 <1.8 <10 <1.8 <1.8 <10
S-13 17 2.0 <10 45 <1.8 <10 1.8 1.8 <10 <1.8 <1.8 <10 2.0 <1.8 <10
S-14 45 <1.8 <10 2.0 2.0 <10 <1.8 <1.8 <10 <1.8 <1.8 <10 <1.8 <1.8 <10
S-15 33 2.0 <10 <1.8 <1.8 <10 <1.8 <1.8 <10 <1.8 <1.8 <10 <1.8 <1.8 <10
S-16 <18 <1.8 <10 <1.8 <1.8 <10 <1.8 <1.8 <10 <1.8 <1.8 <10 <1.8 <1.8 <10
S-17 <18 <1.8 <10 45 2.0 <10 6.1 2.0 <10 <18 <18 <10 <1.8 <1.8 <10
S-18 <18 <1.8 <10 <1.8 <1.8 <10 <1.8 <1.8 <10 <1.8 <1.8 <10 <1.8 <1.8 <10
S-19 <18 <1.8 <10 2.0 2.0 <10 <1.8 <1.8 <10 <1.8 <1.8 <10 <1.8 <1.8 <10
S-20 <18 <1.8 <10 <1.8 <1.8 <10 <1.8 <1.8 <10 <1.8 <1.8 <10 <1.8 <1.8 <10
S-21 <1.8 <1.8 <10 <1.8 <1.8 <10 2.0 <1.8 <10 <1.8 <1.8 <10 <1.8 <1.8 <10

'MPN/100 mL, >PFU/100 mL.
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Table 5. Result of microbiological analysis for oyster samples in the Geoje Bay under the wet weather condition

Dry season Just after 15 mmrainfall 24 hours after 15 mmrainfall  Just after 21 mmrainfall 24 hours after 21 mm rainfall
Station Coliform  Fecal > Coliform  Fecal > Coliform  Fecal > Coliform  Fecal > Coliform  Fecal >
Group'  Coliform’ M5B Group'  Coliform' MSB Group'  Coliform' MSB Group'  Coliform' MSB Group'  Coliform' M5B
Oo-11 - - - 20 <18 <10 <18 <18 <10 - - - - - -
0-12 45 20 <10 <18 <18 <10 490 45 <10 - - - - - -
0-13 <18 <18 <10 20 20 <10 78 <18 <10 - - - - - -

O-14 <18 <18 <10 <18 <18 <10 220
O-15 140 140 <10 130 20 <10 <18
0O-16 45 <18 <10 170 <18 <10 45
o-17 <18 <18 <10 20 <18 <10 45
0-18 - - - 45 20 <10 40

<18 <10 45 <18 <10 <18 <18 <10
<18 <10 <18 <18 <10 <18 <18 <10
<18 <10 <18 <18 <10 <18 <18 <10
<18 <10 <18 <18 <10 <18 <18 <10
<18 <10 - - - - - -

'MPN/100 mL, *PFU/100 mL.
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