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Investigation of Terrestrial Fecal Bacteria Affecting the Sanitary
Status of Ark shell (Scapharca subcrenata) Farm in Yeoja Bay,
Korea

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

ABSTRACT

The influences of inland pollution sources on shellfish production area of Yeoja bay were investigated. According
to survey results, I-4 of inland pollution sources had high fecal contamination level and exceeded 6km of radius of
influence during the survey period. Other pollutants have low flow rates, but fecal contamination levels were high
and require management. And from January 2018 to June 2020, the range of Fecal coliform, geometric mean and
90th percentile for 21 seawaters were < 1.8-79.0 MPN/100mL, < 1.8-2.7 and < 1.8-9.1 MPN/100mL respectively.
Also the range of Fecal coliform, E. coli and viable cell counts for 4 ark shell (Scapharca subcrenata) were <
18-490, < 18-490 MPN/100g and 30-4,500 CFU/100g respectively. As the results of the bacteriological evaluation,
the sanitary state of Yeoja bay is level of designated area according to Korea criteria and conditionally approved
area according to US criteria and Class A area according to EU criteria. For safe shellfish production in Yeoja bay,
a semi-enclosed bay, it is necessary to expand the sewage treatment plant facilities and manage the pollutant.
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A#wwt Scapharca subcrenatas= ©]vsl|7}; (Bivalvia) &
%70 E (Arcoida), =577} (Arcidae) ol £3l= o|ujs|F=
A 4] 4-6 mo] AF AHel A5t} (Min, 2004). 7+
50 AL Untell MAlslH oAl e HolE Fa
= 540] glo] F1 e dEAe IS WS IS5l 2]
ul ol sfjFAAks e gk )7} D _3lc} (Potasman et
al., 2002; Iwamoto et al., 2010). #|=, EU SolA+< &
A ] F55 AT AAFeR Hesin glvh =
2 #5o4 AEEE Fecal coliform®] ol wet 571
ZA7sks Wk, EUv sifelA AEse dd
(Escherichia coli) %0l we} 3719 S8 AAsI gt}
53], nla2 2999 Aol wel 275 side e
Bk Qlof, shloly shkeAlEl A 5o 2. do] el 97

12 75 B AV)de e sa& AR

gict. o]2jgh o] ol Wt 4] £33 s e &
3 = Ash AdAE He=E 3=AE AAg (US
FDA, 2016; European Commission, 2015). -$-g|ye}= ok
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Ag H{FE AEHoz F, =53] Y5l wAEEA
Heiet 9] A48 (Korea Shellfish Sanitation
Program) = A% 3l sFAAEGS Al ‘ilotq

nl5 9 EU 5 =9 Al vt 749 AAs oS 2e
ska 9lth (MOF, 2018).

o] A BRE A sl FA7 sliFel
gt H7REaE ofde} s e s wA £ Qe & - s
251%l dA3dlel 1 sjool| WA= o et 74k 247} v

A& 9% H7} 5o] 2 7H} (Lee et al., 2018; Park et
al., 2012; Shin et al., 2019; Todd and Campbell., 2002;
US FDA, 2016). oJ#put siFAabe e AabchAl el 94
Al #HE|E E3f ZulSoA eHAdt SAMES Fgsla __—,11_11]

Ak 716l g3l SRt A AAE
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stz sekAS wel A4 o] F3lHA 25149 5
T2 2715 Flssith w3k o] A=
sl YSI 556 multiprobe system (Yellow Springs,
YSI Life Science, OH, USA) ¥ <7 (Marsh-McBirney
portable flowmeter, Flo-Mate Model 2000) & A}&3}o]
T, 93, pH 59 3704 2 g5 5481521, Fecal
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Fig. 1. Sampling stations in Yeoja Bay. m; inland pollution
source, e; Seawater sampling point, ©; Seawater and
shellfish sampling point.

e, AFA o7 9 wlefge] o4
g 2AAA 219 At =AM 4hE
= 9] 7ol web 20189 1948 20204 64714 303
FARE AABIGIT (Fig 1). sl 5715 ARS-8ke] Edell
A F 10 em Zol9] 234E HBE 2 (250 mL) o A
F3tglon, Amake ofael AR AHAAANAM IS
o] &3] AFA L sl FeA £ o F 4 U|e} FAE
= AABIL AFe] A F 715 $lol "= whirl-pak
(Nasco, USA) o &it). §42.94 AEe sia7t +4

A ke ZFEATE 147 Zd?f—oﬂ 27 F2¥ (250 mL)
A8l BE AlmE ofo|2#E o] 83}e] 10T °]3t= ¢
Aste] APz SNkt A £45 AABI

o= s
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1=

2. Fecal coliform, Q¥kA| F4= 2 E. coli ¥4
WA
Procedures for the Examination of Sea water and
Shellfish (APHA, 1970) el we} A&3l%c) Fecal
coliforme ©AIZAE §3 3¢, 57 Al@@Hel e} A=
£ AEsIgiern] FAAYE Lauryl tryptose broth
(Difco, US), &AL EC broth (Difco, US) & ARg-3}
35+ 0.5 % 44.5 + 0.2 A 27 wjeFssich

L Recommended

Fecal coliform
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1. Determined loading (MPN/day)
Concentration of fecal coliform (MPN/100 mL)x Conversion factor (Liter to
milliliter; 1,000 mL/L)xConversion factor (Min per day; 1,440 min/day)xFlow (L/min)

2. Dilution water required (m3/day)
Determined loading (MPN/day) / [Standard (14 MPN/100 mL)xConversion factor
(Milliliter to m3; 100,000 mL/m?)]

3. Area required (m?/day)
Dilution water required (m*/day) /Average depth (m)

Fig. 2. Evaluation of influence pollutants.

E. coli= Most probable number technique using
5-bromo-4-chloro-3-indolyl- 3 -D-glucuronide (ISO/TS 16649-
3:2015) el wiet Alsile). DAL F3 39, 570
Algabgel wet A 8E AEskalen] 44 Pl Mineral-
modified glutamate medium (Oxoid, US), A=
Tryptone bile glucuronide agar (Oxoid, US) & A}8-3}¢
37+ 1% 44 = 1T oA 44 wlofslith Fecal coliform
9 E. coli®] 5 100 mL% E+ 100 g9 #H24 (Most
Probable Number, MPN) & EA|3}3it}

3. 78§24 24 ¥o] el v A% F7}

ozt ez f9ld 4 9 19709 F23 §4 29
A &7t sigell vl QS 78] S8 vl= FD
A AAEE 24 Hrpel vt AAskglch WA 24
&4 539 5% Fecal coliform®] 555 #4]3}]
A7k #Yge 2 #4915 Fecal coliform®] 55 AAtsls
n) o] Push= 8)7kelde] 71%x]9l 14 MPN/100 mLo %
sk gt sl 84S Akl en, FH 4]
£ 13l e9le] e nHE GIuAE A=t
> IS AEIL At At G Agste] 2
Ao #igel wjAE= G FetElsict (Fig. 2).
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7 71Fel £3%t%] Fecal coliform®] 7]8}sta x|
(Geometric Mean) % Axk=El wiRejol  goHA  F
(Estimated 90th percentile) 2] 2|& AAksle] F7}3197
°om 90th percentile?] AXFPE-S gz Zth (MOF,
2018; US FDA, 2016).

Est. 90th = Antilog [(Slog)1.28 + Xlog]
Slog = 7 A4 el4e] 2712) MPNe| dhg-qke] B3
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Hhlg o] AEsEE F7ekglt (MOF, 2018; European

Commission, 2015).
Az yans

1. 39§24 29 90] Gl vA &= %P7t
ARk A s o] wlj el A stekEl A - 7HA
HELE T 49074 glon, miEgr) fge® U=
& BF ATNEE FlE ek F4 e AR
oAl 18704 (&2hH 974, &EH 9l4), £AA 8A
e 274, Eehd 6714) Y BAT 34 (HEg 374)
A et EAlE e wierelA Her FilE=
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oA 7P W e dEhiglew, g SR
dhe] shs @ AR Seldsle. B sfede) 2}
HRE oA 10704 @ 10704), 187 8704 (&
, A DA, G 1) oA wiEgrt 2l
Hek wlerdedA dger filEe FOaNsES
6,794.2 L/minglom, o] AZsez Feleich
(Table 1).

A2 FEE WES 4TE F A VAT A
%3 Fecal coliform %7} Zo} a9 A|73ha 40 o
g uA e % ALY 199 2ARAEE AR
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Table 1. Summary of the pollution sources identified in the drainage area of Yeojaman area

Drainage area contlj ?I'lilc‘.)lints Type and discharge volume (L/min)
Flow No flow Total SW” DW? AW? RW? QW
Sora-myeon 9 63 775.5 33.5 4.1
Yﬁ?tsu' Yulchon-myeon 9 23 660.0 1482  54.6
Y Hwajung-myeon 18
Sunchon- Haereung-myeon 2 23 22.0
North-area city Byeollyang-myeon 44 21,015.6 21,007.2 6.4 2.0
Boseong:- Beolgyo-eup 3 55  12,005.4 12,000 5.4
gun
Goheung- Donggang-myeon 10
gun Namyang-myeon 32
Total 29 268  1,711.02 34,442.7 203.7 58.7 11.8 2.0
Yi?t?u' Hwayang-myeon 10 102 4,317.2 3,654.0 627.2  36.0
Namyang-myeon 2
South-area Goheung- Gwayeok-myeon 6 43 220.8  240.2
gun Jeomam-myeon 1 20 1,296.0
Yeongnam-myeon 1 8 720.0
Total 18 175 3,654 2,864 276.2
Stream water, ?Domestic waste water, ¥Aquaculture water, “Rainwater, ®Aquaculture facility waste water
Table 2. Results of sanitary survey on pollution sources in the drainage area of Yeoja Bay in 2019
Station Type Dxlzf)(iﬁifeg ¢ Fecal coliform Mj;ﬁ;ﬁs;flc I}ii;iclilfclc;f No. of
(L/min) (MPN/L00 mL) (CFU/100 mL) (m) Samples
I-1 DW? 21-30 < 1.8-32 < 10-< 10 <29 4
1-2 Sw? 13,650-26,400 220-4,900 < 10-20 393-2,059 4
1-3 SW 6,450-25,830 17-13,000 < 10-70 240-3,397 4
I-4 SW 12,000-42,000 220-23,000 < 10-410 930-6,179 4
I-5 DW 0.51-14.6 5,400-540,000 < 10-290 42-451 4
I-6 SW 15-224 8-700 < 10-20 6-143 4
I-7 SW 52.8-92.4 2,300-9,500 20-660 373-405 2
1-8 SW 1.8-142.8 950-14,000 < 10-4,630 128-593 4
1-9 DW 7.68-48 1,300-330,000 < 10-1,040 36-644 3
I-10 DW 3.6-58 13,000-790,000 < 10-10 317-881 4
I-11 DW 1.35-5 260-1,100,000 < 10-< 10 9-600 4
I-12 DW 21.6-223.2 2,700-280,000 < 10-6,760 128-813 4
I-13 DW 2.4-39.6 350-170,000 < 10-110 26-700 4
I-14 DW 1.8-79.2 < 1.8-33,000 < 10-7,160 < 2-116 4
I-15 DW 4.5-330 1,300-240,000 70-2,320 62-618 4
I-16 DW,AWS) 1.27-10.5 4,900-350,000 < 10-< 10 39-388 4
1-17 DW 1.5-1057.1 2,200-350,000 < 10-74,000 93-404 4
1-18 DW 1.12-9 110,000-5,400,000 < 10-< 10 110-483 3
I-19 DW,AW 0.096-18 70-110,000 < 10-560 2-85 3
Total 0.096-42,000 < 1.8-5,400,000 < 10-74,000 < 2-6,179 71

Domestic waste water, 2Stream water, Agricultural water
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Table 3. Results of the bacteriological examination of each seawater sampling station in Yeoja Bay from Jan. 2018 to Jun. 2020

Fecal coliform (MPN"/100g)

Station Range Geometric oo > 14 > 43 > 88 S?;pi’;
mean No. % No. % No. %
North-area
S-1 < 1.8-13.0 1.8 3.0 0 0.0 0 0.0 0 0.0 30
S-2 < 1.8-33.0 2.1 5.4 2 6.7 0 0.0 0 0.0 30
S-3 < 1.8-33.0 2.1 4.8 1 3.3 0 0.0 0 0.0 30
S-4 < 1.8-49.0 2.1 4.8 1 3.3 1 3.3 0 0.0 30
S-5 < 1.8-49.0 2.7 9.1 3 10.0 1 3.3 0 0.0 30
S-6 < 1.8-79.0 2.6 8.7 3 10.0 1 3.3 0 0.0 30
S-7 < 1.8-33.0 2.1 4.8 1 3.3 0 0.0 0 0.0 30
S-8 < 1.8-2.0 < 1.8 1.9 0 0.0 0 0.0 0 0.0 30
S-9 < 1.8-7.8 1.9 3.1 0 0.0 0 0.0 0 0.0 30
S-10 <1845 1.8 2.5 0 0.0 0 0.0 0 0.0 30
Range < 1.8-79.0 < 1.8-2.7 1.8-9.1 11 3.7 3 1.0 0 0.0 300
South-area

S-11 < 1.8-2.0 < 1.8 1.9 0 0.0 0 0.0 0 0.0 30
S-12 < 1.8-13.0 2.0 3.7 0 0.0 0 0.0 0 0.0 30
S-13 < 1.845 1.9 2.8 0 0.0 0 0.0 0 0.0 30
S-14 < 1.84.0 < 1.8 2.2 0 0.0 0 0.0 0 0.0 30
S-15 < 1.845 1.9 2.6 0 0.0 0 0.0 0 0.0 30
S-16 < 1.8-2.0 < 1.8 1.8 0 0.0 0 0.0 0 0.0 30
S-17 < 1.8-2.0 < 1.8 1.9 0 0.0 0 0.0 0 0.0 30
S-18 < 1.8-2.0 <18 < 1.8 0 0.0 0 0.0 0 0.0 30
S-19 < 1.8-2.0 < 1.8 1.8 0 0.0 0 0.0 0 0.0 30
S-20 < 1.84.0 < 1.8 2.2 0 0.0 0 0.0 0 0.0 30
S-21 < 1.8-2.0 < 1.8 1.8 0 0.0 0 0.0 0 0.0 30
Range < 1.8-13.0 < 1.8-2.0 < 1.8-3.7 0 0.0 0 0.0 0 0.0 330

YMPN, Most probable number, ? The estimated 90th percentile

WelE < 1.8-13.0 MPN/100mLe|Qen, 7|5}8ka x|
2} 90th percentile 79 M= 27 < 1.8-2.0 ¥ < 1.8-3.7
MPN/100mLe-2 vepge}, JH soe] & 24 oA
Fecal coliform®] 5%7} 14 MPN/100mL ©|2e g ZE=
o o] et Fagt Aoz FqlEgloh

SEvet 2 u)ge] 7 422 Fecal coliform AT}
o we} s ER3kL Sk fEvEle slkAk-el s
Aarele =212 $1A7]1% (MOF, 2018) < wle} 2| A&H S 4=
FAARHNS 7 U 2Tz A HAGE
TEste] sk glow, oAkt siRAAElSg o] $AF
ZA 7 9] Fecal coliform 7|3}8H4 27} 14
MPN/100 mL ®|ite] 22, A A 55 fidshes 274E

vehf it

"= National Shellfish Sanitation Program (US
FDA, 2016) °ll W=} SiFAx=l9E 37, 271457130
o, A, 2AFAES, S48 57 SEoE Rk
Atk 7kl e 2R G A, sl90] Fecal
coliform 7|5}ekd HFx]7} 14 MPN/100mL ®]7+]3 90th
percentile #to] 43 MPN/100mL ©]3} £+ 43 MPN/100mL
+ 233l A87F 10% mlubelojof givh Algtely ®& £
AN A o] A, 7|8keHA H1+2]7F 88 MPN/100mL ¥
"ko]1 90th percentile Zke] 260 MPN/100mL ©]3} E+=
260 MPN/100mL=e Z7sh= A 27} 10% mute]ojof sh,

2 ol A9 T e 2R gk oAt 15
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Table 4. Results of the bacteriological examination of Arkshell in Yeoja Bay from Jan. 2018 to Jun. 2020

Fecal coliform E. coli Plate count
. (MPN"/100g) (MPN/100g) (CFU/g) No of
Station > 930 > 930 > 700 > 50,000 samples
Range Range Range ———F—
No. % No. % No. % No. %
North-area
A-1 < 18-330 1 3.3 < 18330 1 3.3 0 0.0 30-4,500 0 0.0 30
A-2 < 18-490 1 3.3 < 18-490 1 3.3 0 0.0 30-4,000 0 0.0 30
Total < 18-490 2 3.3 < 18-490 2 3.3 0 0.0 30-4,500 0 0.0 60
South-area
A-3 < 18-490 1 3.3 < 18-490 1 3.3 0 0.0 50-1,400 0 0.0 30
A-4 < 18-330 1 3.3 < 18-490 1 3.3 0 0.0 30-2,500 0 0.0 30
Total < 18-490 2 3.3 < 18-490 2 3.3 0 0.0 30-2,500 0 0.0 60

“MPN, Most probable number

Al sl 217040 A &% Fecal coliform®] 7]3}814
Hdx 2 90th percentile’} < 1.82.7 ¥ 1.89.1
MPN/100mLe] 1, 43 MPN/100mLS %33 A&7} 0.5%
otz &7}l S5 71l s AAE Yehgich 2
U v)FoME 299 ks wEste] AR e
U =AY A 53z E53k glt}d (Chigbu et al.,
2005; US FDA, 2016). JAH} 5499 4 o =3
9] F8 HFe Y AR A, AL FeY Tl F-
bt s T 2.d<lo] AR Aol whe 2qd4lo]
el JFgFe v 5 oz v HARR JE T =
A% #rlf e st
AL F oAl A AatEls Azl dfgh ¢ ATE]
£ A7) S 54 2704, - 274 F e 2=ARA
oA Al EA45 33la, 2= Table 4¢] velislch
20184 193¢ 20204 64714 £ 303] A2, Fecal
coliform, E. coli & AutAlTF+<] M= 44 < 18-490, <
18-490 MPN/100g % 30-4,500 CFU/g® 7AZH ok
EUA+= 5ol HAE=+E E. coli =00 v}, sjds
3718 &5 (A, B, C) 27 EiFdth AR 80% °]4e]
E. coli 230 MPN/100gS X¥}3}x] ¢fomA, =& A &57}
700 MPN/100gs 27317 942 A% ASFoE E5En
SA EZ3P7F 7hs el 2By AlRe] 90%9] E. coli =7}
4,600 MPN/100g ©J3ke]l B3 39 E+= 46,000
MPN/100g °oJslel Cow #ellA Ak die =]
Aol wl=A]  ¢l¥A3}  (Depuration) Ex AiA3}
(Relaying) Arste] shFe] FAo] A Sell i o
e, F7F ik G 7R pE Al FEE

3l e= FA3L it} (European Commission, 2015).

£ x24T, ARt 9o Aade|d AEE E. colix
20194 5%011 2 25 A BolA 230 MPN/100g < 23
sto] 7AZE 9oy 700 MPN/100g & 233l= Algs ¢
t}. E. coh =7} 230 MPN/100g = Z#slo] AE= x4}
AR 79 ALY 2A4A] 70 69.5-89.83 mme] ol W2 &
Asle] Joz Mo 2 Ax|o] FFe] FgFE A Ao
sk ojake] Axt, ojApnte] Ameke {3 A3 30
F71E0 w2t ATHEo® H7hE ek

SeElvels A5G 555 31429 Fecal coliform
TE Ve Foj3la gle # % shje] Aol 4
FoJekEetAA e AEe] JE 9 FAe] % F|ojokgt ghch
(MFDS, 2019). ZH]#7} w2 NH% T2 ¥AE Y=
AR 790l dubAF47} 100,000 CFU/g iﬁrﬁ‘}x]
kotof abn, & 2AAT RE ARl ZAEH ikt
4,500 CFU/g °J3lz $-Euete] A 7es 353 2L
= Fel=lglrk

e

um A4 o 5] ABIAE Aled $eldet A4 5
AE 5F1E HE AR F © ARARAAL A 2As)
of 28 AT AsIPe FeAS BstuA sl

oAt wfelelA] shel A - A e dAe HY- 9
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2974, A Y 19374 £ 4907147 =elE Y} H)
EZ97} S92 g, FFo] @AY Fecal coliform %
27l =& X 19704 E JF%}O% 2019# 3,4,10 % 11%J =3

2 I-

=7} 10,000 MPN/100mL o] Jog 30357} =aolor] 7
= R Ad 6 km_i =gk 1 &8 FAAA

A=, o] Ao e o mx)%] o= Ao et

o1} Fecal coliform %7} E{— T2 Azge] 7 =
—4 Aol ule} sfjgel FE mA slgAe] gl o=
] ol

2018 1448 20204 647k ofApk s H4- 1074
&, 95 117& £ 21049 dlgRAxAe digt Fecal
coliform =FAA¥} 7E%  Fecal coliforme H¥ <
1.8-79.0, ¥4 < 1.8-13.0 MPN/100mL2] 5 5= #4=[3]
o AXk= J)Eekd JF W 90th percentiles 27 <
1.8-2.7, < 1.8-2.0 MPN/100mL % 1.8-9.1, < 1.8-3.7
MPN/100mL ©.% 2l=|gley. E3F, ofaptel APibs=
Azzete] SJ A e S #7138 23} Fecal coliform, E. coli 2
AukA| o] W= 722 < 18490 MPN/100g 9
30-4,500 CFU/gZ A& 3}

FE8 HFAL AR e AT SJEiA, mlSolu
FHdE T VIEE FFspolok g B zAEd,
National Shellfish Sanitation Program (US FDA, 2016)
ol wieh 3l4-9) 422 17 71500l Fakspt ool 7ol
294%00] AbAlelE el W FFE P 5 Qove, =
A8 s stk ®d 9% Regulation
(EC) No 854 (European Commision, 2015) °l| w2} =5
(e o) $4 23, AFFo R B75,

AAEE iR Y] AR SR AL I H aEE
AiAe ez &5 4 23S 53 skedeA e
o) AelEE wolAd skeAEA o] Algdid, &5 A
7kA] Azzake] 14 FAAS dEshr] S 7R Askx

2

B Q3= 2020dx FESAmpEke] byl Al
(R2020052) 9] A9o 2 485 &)
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