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Assessment of Bacteriological Sanitary Safety of the Seawater and Abalone
Haliotis discus hannai, in the Jindo Uisin Area, Korea
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This study evaluated the bacteriological safety of seawater and abalone produced in Uisin-myeon, Jindo-gun from
September 2020 to December 2022 and calculated the effect of inland pollution sources on seawater and abalone. We
surveyed 33 stations for seawater, 4 stations for abalone, and 7 stations for discharge water of major inland pollutants.
We analyzed the coliform group, fecal coliform and Escherichia coli (E. coli) as bacteria indicators. In 924 seawater
samples, the geometric mean of the coliform group and fecal coliform were <1.8-5.6 MPN/100 mL and <1.8-2.7
MPN/100 mL, respectively. The estimated 90™ percentile range for the coliform group and fecal coliform were <1.8—
42 MPN/100 mL and <1.8-8.4 MPN/100 mL, respectively. The fecal coliform and E. coli levels for 107 abalone
were <18-460 MPN/100 g and <18-78 MPN/100 g respectively. Moreover, the analyzed standard plate count was
<30-7,700 CFU/g. The fecal coliform level and diffusion area in 7 inland pollutants were <1.8-3,300,000 MPN/100
mL and 2-2,500 m, respectively. The bacteriological safety of seawater and abalone in Uisin-myeon, Jindo-gun, was
demonstrated to be a designated area according to Korean standards, a conditionally approved area per US standards,
and Class A according to EU standards.
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Fig. 1. Sampling stations of seawater, shellfish (abalone Haliotis discus hannai) and major inland pollution source in Uisin-myeon, Jindo-

gun. e, Seawater; m, Abalone; 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
Standard plate . 2 plate, Plate count agar (Merk, USA)
count Pour plating 2diluion  (35+0.5)°C, (48+3) h
. 5 tube Lauryl tryptose broth (Merk, USA)
, Presumptive test 3 ition  (35£0.5)°C, (24+2) h and (483) h
Coliform group - )
Confirmed test Brilliant green bile lactose broth (Merk, USA) APHA
(35£0.5)°C, (244+2) h and (48+3) h (1970)
. 5 tube Lauryl tryptose broth (Merk, USA)
, Presumptive test 3 qiution  (35£0.5)°C, (242) h and (483) h
Fecal coliform EC broth (BD, USA)
i ro ,
Confirmed test (44.5:0.2)°C, (242) h
. 5 tube Mineral modified glutamate medium (Oxoid, USA)
Presumptive test 3 ition  (37+1.0)°C, (24+2) h
Escherichia coli Tryptone bile glucuronide agar ISO (2015)
Confirmed test (Oxoid, USA/Medion, Korea)
(44+1.0)°C, (2242) h
Non selective Buffered peptone water (Biomerieux, France)
pre-enrichment (36£2.0)°C, (18+2) h
Rappaport vassiliadis medium (Biomerieux, France)
selective (41.5£1.0)°C, (2443) h
. Muller kauffmann tetrathionate novobiocin broth (Biomerieux,
pre-enrichment France)
Salmonella spp. (37+1.0)°C, (24£3) h ISO (2017)

Plating out

Xylose lysine deoxycholate and hektoen enteric agar (BD, USA),
(37£1.0)°C, (244£3) h

Triple sugar/iron agar (Merck, USA)

Confirmed test

(37+1.0)°C, (2443) h

Vitek 2 compact system (Biomerieux, France)
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Fig. 2. Changes in monthly fecal coliform levels of seawater for all sampling stations and average rainfall in Uisin-myeon, Jindo-gun. A, the
standard line (<14 MPN/100 mL) of Geometric mean from the fecal coliform levels for the sanitary survey at total 28 times; B, the standard
line (<43 MPN/100 mL) of estimated 90th percentile from the fecal coliform levels for the sanitary survey at total 28 times.

51228 AR ol A A H S5 Y eH(Table 3).
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14 MPN/100 mL Z3}5}4] 9k& A2 A Q)] 4220 2 7
7FHEHMOF, 2021).
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EHAN Y] 715k et <1.8-2.7 MPN/100 mL=
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S, U]+ national shellfish sanitation programe] wh2} 3}
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7hl e, 28817 e, Algtel ], 2ARAR S, FA 5]
o2 Bkl Jlom, 3f7te|o o] - it 718t
&2 gkl 70 MPN/100 mL |5} 2 90th percentile %t
©] 230 MPN/100 mL o]s}o]m, E A chg+t2] -9 7]5}st
A @#7ko] 14 MPN/100 mLo|3} 9 90th percentile ZFo] 43
MPN/100 mL o]ste]ofof g}, thit, @ ¢ 19] Fafs & 7
= 25 s o2 ERE o lvhal 1A shaL QITHUS
FDA, 2017). o] 57l whet = oAl s 5ot 317t

Table 2. Method of calculating the impact range of pollutants

U2 A7) diH] =2

2021 549] A%
734eFo] 66.9 mm7F Y, 20216 798 497 HEEE A
7)1 2 ZA7Y A FA 7 4wk 270.7 mm BHAY, 2022 69, 7
HO| - 27 242U A 20.1 mm, 2AF4Y A 12 mm 7+
7R A 0 2 SRIE|GiTt. o] = 739 Ay of whet aff o ofl A
A Holdle LHHe] g r FolEo] iAo r JFe
W= A 02 2Rl & Ylrh(Fig. 3).

2 A} AR Eoll A s Y, 18 R s B o
7hatk S O] - A7 B A7 slj=o] A
Zho] smoprivhar Bt vl glom o] = thefo] 7he- W2 @
Y AT 57 =2 alojekal HuskgitKwon et al,
2012; Park etal., 2012; Ha et al., 2013). T3t vl 5 of] 2
Ho| th= 2T A, s ol S A = 9leng e 6
a7t B esiriar ¥y vl Qltk(Lee et al., 2020; Shin et al.,
2020; Choi et al., 2021).
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£ 236l Yol eelE gl on BHA L] H Tt
A
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Step Iltems

Calculation

1 Determine loading (MPN/day)

Concentration of fecal coliform (MPN/100 mL)xConversion (Liter to milliliter; 1,000
mL/L)xConversion (min per day; 1,440 min/day)xFlow (L/min)

2 Dilution water required (m3/day) 100,000 mL/m?)]

Determine loading (MPN/day)/[Standard (14 MPN/100 mL]xConversion (Milliliter to m3;

3 Area required (m?/day)

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

4 Radius of half-circle (m)

Area required (m?/day)x2/3.14
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Table 3. Bacteriological water quality in Uisin-myeon, Jindo-gun

Z‘ﬂ%j] _ﬂ/%l oFA A 3117]— 619

R 2 0] A1 3] of| A] ABAFE] HE 0] o)A oFA AL H)s17] 9
3f 2020 9HFE 2022 12€714] 47]45(5, 9, 19, 28)2] A
Bopalgo 2 RE 5285 1077) Al S 300 9147

Total Coliform (MPN')/ 100 mL

Fecal coliform (MPN/ 100 mL)

Station >230 >43 No of
Range GM? 90th* ————————— Range GM 90th Samples
No % No %
1 <1.8-350 4.2 27 1 36 <1817 2.3 5.3 0 0.0 28
2 <1.8-240 3.0 15 1 36  <1.8-33 2.1 45 0 0.0 28
3 <1.8-95 3.1 12 0 00 <1.8-23 2.2 4.9 0 0.0 28
4 <1.8-49 2.2 56 0 00 <1.8-13 1.9 3.0 0 0.0 28
5 <1.8-70 2.0 48 0 00  <1.8-11 1.8 2.9 0 0.0 28
6 <1.8-4.0 <18 2.2 0 00 <1.8-20 <18 <1.8 0 0.0 28
7 <1.8-23 2.2 46 0 00  <1.8-17 2.0 3.7 0 0.0 28
8 <1.8-79 2.9 10.0 0 00  <1.8-17 2.1 4.3 0 0.0 28
9 <1.8-49 2.2 56 0 00 <1.8-20 <18 <18 0 0.0 28
10 <1.8-14 1.9 3.1 0 00 <18-78 1.8 26 0 0.0 28
11 <1.8-7.8 1.9 2.8 0 00 <1878 <1.8 26 0 0.0 28
12 <1.8-7.8 1.8 26 0 00 <1820 <1.8 1.8 0 0.0 28
13 <1.8-4.0 <1.8 2.2 0 00 <1820 <1.8 1.9 0 0.0 28
14 <1.8-33 2.7 9.3 0 00 <1823 2.2 5.2 0 0.0 28
15 <1.8-2.0 <1.8 1.8 0 00 <1820 <1.8 1.8 0 0.0 28
16 <1.8-2.0 <18 1.8 0 00 <1820 <1.8 <1.8 0 0.0 28
17 <1.8-13 1.9 3.0 0 00 <1820 <1.8 <18 0 0.0 28
18 <1.8-45 <1.8 2.3 0 00 <18-18 <18 <18 0 0.0 28
19 <1.8-110 4.1 22 0 00  <1.8-110 2.6 8.4 1 3.6 28
20 <1.8-49 3.1 10 0 00  <1.8-17 2.1 45 0 0.0 28
21 <1.8-79 4.1 18 0 00 <1.8-33 2.5 6.7 0 0.0 28
22 <1.8-920 5.6 42 2 72 <1833 2.7 7.1 0 0.0 28
23 <1.8-14 2.1 46 0 00 <1840 <18 2.2 0 0.0 28
24 <1.8-22 1.9 3.7 0 00 <1820 <18 <18 0 0.0 28
25 <1.8-17 2.2 5.1 0 00 <1845 1.9 2.8 0 0.0 28
26 <1.8-79 2.9 9.9 0 00  <1.8-79 24 7.0 1 3.6 28
27 <1.8-170 25 9.1 0 00 <1878 2.1 4.2 0 0.0 28
28 <1.8-49 2.0 48 0 00 <1845 <1.8 22 0 0.0 28
29 <1.8-13 1.9 3.3 0 00 <1813 1.9 3.0 0 0.0 28
30 <1.8-70 2.3 6.6 0 00 <1849 2.0 46 1 36 28
31 <1.8-95 2.7 8.4 0 00 <1849 2.0 4.7 1 36 28
32 <1.8-180 2.3 85 0 00 <1849 2.0 4.4 1 36 28
33 <1.8-2.0 <1.8 1.8 0 00 <18<18 <18 <1.8 0 0.0 28
Total <1.8-920 <1.8-56 1.8-42 4 04 <1.8-110 <1827 <1884 5 0.5 924

'Most probable number. 2Geometric mean. *The estimated 90th percentile.
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Fig. 3. Horizontal distribution of fecal coliform for seawater in Uisin-myeon, Jindo-gun. A, 2020.9.-2022.12. 90th percentile, range from 0
to 10; B, March 2021, range from 0 to 50; C, July 2021, range from 0 to 80; D, June 2022, range from 0 to 110.

T HA

A $-4] ZA7H= Table 401 Ureb i Sict.

WA A7l et AT E et AE 9 <18
460 MPN/100 g 2! <1878 MPN/100 go]¢}.0.1] ubAt4
L <30-7,700 CFU/g 0. & E-A %] 9]t}

sto] §7] ZAFsto] =L Q= FEA YerabEe] gnt
Al 7122 100,000 CFU/g |3}, tha-a-2 10 MPN/ g ©]

SF= A5kl QIT(MFDS, 2022).
n]=3-0] 79~ 7 3= mpeh sk Qlom, A A Aol whet &

S uEhe] AlEel Rt A oA 14 5‘}% b Altst AN e o] 5271230 MPN/100 g2 750 =
A 7]EE axHA7E 22 glo] viE A3 = A AA3EAL ITHNFL, 1998). -8 2132l EUS| 73-9- 7ol A 4
Table 4. Results of the bacterological examination of abalone Haliotis discus hannaiin Uisin-myeon, Jindo-gun

Fecal coliform (MPN'/100 g) E. coli (MPN/100 g) Plate count (CFU/ g) No of
Station Range >230 Range >230 Range >50,000 Sarﬁ;l'es
No. % No. % No %
5 <18-20 0 0.0 <18-20 0 0.0 <30-5,000 0 0.0 26
9 <18-460 1 4.0 <18-78 0 0.0 <30-7,700 0 0.0 25
19 <18-20 0 0.0 <18-78 0 0.0 <30-4,000 0 0.0 28
28 <18 0 0.0 <18 0 0.0 <30-940 0 0.0 28
total <18-460 1 1.0 <18-78 0 0.0 <30-7,700 0 0.0 107
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