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We evaluated the bacteriological content of seawater and shellfish in Gangjin Bay from January 2021-December
2023. We analyzed sanitary indicator microorganisms such as the coliform group, fecal coliforms, and Escherichia
coli in the discharge water of major inland pollutants, seawater and shellfish. In 1,692 seawater samples from des-
ignated and non-designated areas, the fecal coliform counts ranged from <1.8 to 1,600 MPN/100 mL and <1.8 to
3,500 MPN/100 mL, respectively. The geometric mean (GM) and estimated 90th percentile of fecal coliforms in the
designated and non-designated areas were 1.9-2.8 MPN/100 mL and 2.9-11.5 MPN/100 mL, and 1.9-2.8 MPN/100
mL and 3.9-17.4 MPN/100 mL, respectively. E. coli levels in 248 shellfish (oyster, shortenck clam, and ark shell
clam) were <18 to 490 MPN/100 g, and their standard plate count ranged from <30 to 9,200 CFU/g. Fecal coliform
levels and their radial spread in the impacted area of 10 contaminants were <1.8 to 790,000 MPN/100 mL and 5 to
5,153 m, respectively. Thus, the bacteriological levels of the in Gangjin Bay met the US water quality standards for
designated oyster cultivation area and was classified as Class A under EU regulations.
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Fig. 1. Sampling stations of seawater, shellfish and major inland pollution source in Gangjin bay. @, Seawater; m, Shellfish; A, Major inland

pollution source.
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Table 1. Dilution, medium and culture condition for microbiological analysis

Items Procedure Dilution Medium and culture Reference
. 2 plate, Plate count agar (Merk, USA)
Standard plate count  Pour plating 2 dilution (35 + 0.5)°C, (483) h
. 5 tube, Lauryl tryptose broth (Merk, USA) APHA
, Presumptive test 5 i fion  (35:0.5)°C, (24+2) h and (48+3) h (1970)
Fecal coliform EC broth (BD, USA)
i ro ,
Confirmed test (44.5£0.2)°C, (24+2) h
. 5 tube, Mineral modified glutamate medium (Oxoid, USA)
o Presumptive test 3 yiion  (37+1.0)°C, (24+2) h
Escherichia coli Trvotone bile dl d (Oxoid, USAMedion, K ) ISO (2015)
i ryptone bile glucuronide agar (Oxoid, edion, Korea
Confirmed test (44+1.0)°C, (22+2) h

Table 2. Method of calculating the impact range of pollutants

Items

Calculation

Determine loading

Concentration of fecal coliform (MPN/100 mL)xConversion (Liter to milliliter; 1,000 mL/L)xConversion

(MPN/day) (Min per day; 1,440 min/day)xFlow (L/min)
gﬂ;ﬂg;)water required  hetermine loading (MPN/day) / [Standard (14 MPN/00mL]xConversion (Milliiter to m®; 100,000 mL/m?)]

Area required (m?/day)

Dilution water required (m3/day)/Average depth (m)

Radius of half-circle (m) Area required (m?/day)x2/3.14
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Table 3. Summary of bacteriological examination of each seawater
sampling station in Gangjin Bay from January 2021 to December
2023

Fecal coliform (MPN/ 100 mL)

Station No of
ange GM  90th samples
()

Designated area

8 <1.8-540 21 7.2 1 2.8 36
9 <1.8-1,600 23 108 1 2.8 36
10 <1.8-920 25 108 1 2.8 36
1 <1.8-1,600 24 11.5 1 2.8 36
12 <1.8-350 21 6.7 1 28 36
13 <1.8-350 23 8.0 1 28 36
15 <1.8-920 23 9.9 1 28 36
16 <1.8-540 22 8.0 1 2.8 36
17 <1.8-540 23 8.9 1 28 36
18 <1.8-70 2.1 6.2 2 5.6 36
19 <1.8-130 2.1 6.1 1 28 36
20 <1.8-34 23 6.8 0 0.0 36
21 <1.8-70 2.1 55 1 2.8 36
24 <1.8-79 27 9.4 2 5.6 36
25 <1.8-17 23 53 0 0.0 36
27 <1.8-9.3 20 3.5 0 0.0 36
30 <1.8-33 2.0 4.6 0 0.0 36
32 <1.8-13 21 4.2 0 0.0 36
33 <1.8-23 2.0 4.0 0 0.0 36
34 <1.8-22 20 4.3 0 0.0 36
35 <1.8-22 2.0 4.2 0 0.0 36
36 <1.8-7.8 1.9 29 0 0.0 36
37 <1.8-49 21 4.9 1 2.8 36
38 <1.8-170 22 6.8 1 28 36
39 <1.8-17 1.9 3.5 0 0.0 36
40 <1.8-240 20 59 1 28 36
41 <1.8-350 2.1 7.1 1 28 36
42 <1.8-23 1.9 3.6 0 0.0 36
44 <1.8-78 2.1 5.4 1 2.8 36
45 <1.8-350 2.1 6.9 1 28 36
46 <1.8-110 1.9 47 1 2.8 36
47 <1.8-130 2.0 5.1 1 2.8 36

shmo] Shyste Bk 533
Table 3. Continued
Fecal coliform (MPN/ 100 mL)
Station No of
ange GM  90th samples
(o]
Non designated are
1 <1.8-70 2.0 4.6 1 2.8 36
2 <1.8-110 2.1 5.4 1 2.8 36
3 <1.8-540 2.0 6.9 1 2.8 36
4 <1.8-130 2.1 5.5 1 2.8 36
5 <1.8-49 1.9 3.9 1 2.8 36
6 <1.8-23 23 4.9 0 0.0 36
7 <1.8-920 23 9.0 1 2.8 36
14 <1.8-350 23 8.2 1 2.8 36
22 <1.8-49 23 6.7 1 2.8 36
23 <1.8-3,500 28 174 1 2.8 36
26 <1.8-170 21 6.2 1 2.8 36
28 <1.8-240 23 7.4 1 2.8 36
29 <1.8-240 22 7.0 1 2.8 36
31 <1.8-22 2.0 4.1 0 0.0 36
43 <1.8-79 2.0 45 1 2.8 36

'MPN, Most probable number. 2’GM, Geometric mean. *90th, The
estimated 90" percentile.
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Table 4. Bacteriological quality of shellfish harvested from Gangjin bays (2021.01-2023.12)

Fecal coliform (MPN'/100 g) Escherichia coli (MPN/100 g) Plate count (CFU/ g)
Station >230 >230 >50,000 No of
Range Range Range samples
No. % No. % No %
A1 <18-220 0 0.0 <18-130 0 0.0 60-8,800 0 0.0 36
A2 <18-220 0 0.0 <18-220 0 0.0 40-7,500 0 0.0 36
A3 <18-78 0 0.0 <18-78 0 0.0 30-7,700 0 0.0 36
A4 <18-220 0 0.0 <18-220 0 0.0 <30-9,200 0 0.0 36
A5 <18-210 0 0.0 <18-170 0 0.0 40-2,000 0 0.0 34
(o) <18-790 4 1.4 <18-490 2 57 40-9,700 0 0.0 35
S1 <18-490 4 11.4 <18-490 1 29 30-56,000 0 0.0 35

MPN, Most probable number.
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Fig. 2 Evaluation of radius of influence of major pollution sources impact in namhae-gun. m, Flow rate;

Mar-22

May-22 Oct-22 Nov-22 Feb-23 Apr-23

Sep-23

, Total coliform; g, Fecal coli-

form; e, Radius of half-circle; P1, Stream water located in Seolcheon-myeon; P2, Stream water located in Seolcheon-myeon; P3, Domestic
waste water located in Seolcheon -myeon; P4, Stream water located in Seolcheon -myeon; P5, Stream water located in Gohyeon-myeon;
P6, Stream waste water located in Namhae-eup; P7, Stream waste water located in Namhae-eup; P8, Domestic waste water located in Idong-
myeon; P9, Agricultural water located in Idong -myeon; P10, Domestic waste water located in Changseon-myeon.
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Fig. 3. Evaluation of radius of influence of major pollution sources impact in Gangjin Bay, Namhae-gun. A, P1 evaluation of radius; B, P2
evaluation of radius; C, P3 pcevaluation of radius; D, P7 evaluation of radius.
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