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Sanitary evaluation of seawater and Pyropia sp. laver collected from the five major laver growing areas in Korea
was performed four times over the course of a year. The seawater quality in four of these five areas was regarded as
the clean area according to Korean criteria, but the seawater at one investigation site in Seoheon area was found to
exceed the standard for fecal coliform. In the bacteriological safety analysis of laver (raw source), the percentages of
samples not conforming to Chinese criteria at the five sites were 55.6% (Seocheon), 70.0% (Shinan), 81.8% [Jindo
(Haenam)], 63.6% (Wando), and 28.6% [Goheung (Jangheung)]. Pathogenic bacteria were not detected in all laver
samples. The food safety of laver (raw source) based on heavy metal concentration was confirmed using Korean
criteria; the concentrations of heavy metals in laver samples collected from the major laver growing areas were
0.008-0.632 mg/kg wet weight (ww) lead, 0.024-0.137 mg/kg ww cadmium, 0.908-2.892 mg/kg ww total arsenic,
and 0.003-0.013 mg/kg ww total mercury. Therefore, pollution source management and periodic monitoring of heavy
metals may be required to improve the food safety of laver produced in these laver growing areas.
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S AFORA 7% o= oo, A, MR 5o
2 s o] 8511 gl e (Cardozo et al., 2007; Kim et al.,
2013), Z|oll= Hho] & o 2] Bl A ARt of et g 2]
= 55 B 7R AAEE IEE el =
of 511 910} ) HoFE ¥] 3k theret 571 Al ol
A 1 g% 7} g =) a2 9Ick(Choi et al., 2014; Bae et al., 2015;
Kim et al., 2015; Ra et al., 2016). £3] |27 A= =
ehpshE Tt T o] Zk7) oF 40%¢2} 30-40% =85 Hh-et
3L Q)AL o] BhpdhE o] iR ool &t AEA A
FAolg} tho]o] B AlE o 7 & ZFgky @It (Jimenez-Escrig
and Sanchez-Muniz, 2000; Lee and Lee, 2014). 3 2<%, o}
I, .25, HHE, ofd W U S 22 U1 E °F 10%

HER ot 39 A ThElo] glol T R vl
SO A= 71 o w52 A8l Qlti(Kim et al., 2014). 7
Rrepol ol E SI2F & AARE oF 1209HE F o 4051
o 7 AAFFO.E, Y EHO 2L OF 32%E 25 P
o A AR A 2 52 XI5 YIEHEFAO, 2015). o]
of wlet 7} T AFL] SEwo] 20164 71 oF INRVEC
2 Wi Z7bsHe FAlolm, £ Bl 2L 3ei5H gej2
AR THE AE FOIAE el 1919) b Q) BROR
FRA3LT ICHMOF, 2016). SHA1E 71 A B 718
AIAE BARES Sed] WES shch 5y 4 A4 2 7k
S Aol A SANE = G 24 o] 3kt W A=A 913
228 71kste] BAA S Abel7L NS wAgska gl
3 AN e i AR e dn|w o] S
Q1 R bo] GlofA] £ THS 24 Qpolgtel o] QA e
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Q402 HAYUL. T2 3 WA 28 P SEFOE v, A
B8, 33 So] YA, 7 AFS] eb el it gERo=
28 22 a7 Bl A7) ko] Hi A7k wHshA LAt
31 9lo] ZAIH AL A A ootk thao] A} £
aglomg oz o YA S 2 pEFHet =Y
A 7HA 5 A=t el o ed=ol A akskaL Q)
= - HA ]l e A A T g o] iAol e
gk A7 o]tH(Ock, 2010). E3F 7 A o] o] R A|= Atel = 3
Ap A5 9 AFA S} 73w of YA AR B FEE 2
ol Aotz e dH A AFHPS A Aol A=
Aene, 7 Apiksl ool tiet 712l flsi/d B7HF Zast
tH(Mallin et al., 2000; Glasoe et al., 2004; Walters et al., 2011;
Qiao et al., 2013; Delbecque and Verdoodt, 2016).

s 7o) QR4 AES giat ojsletd 2 ulgEate o9

2 BQI5He AT o] SaElo] ok, AR ATHE Ao
o] 4 Aks ot g Al EEoll ofet A7 2ol 91Ok
etal., 2007; Son et al., 2012; Kim and Yoon, 2013; Kim et al.,
2016; Yang et al., 2016), -%-2|ute} H8E 1 7] AYAka < of of
S AR AL AYEA 2AL7} o] F X A7) oF2] wl g stieh

wheba] Aol A= o] AEPAAS EjIsk] figt A
AL A AAbs ol Thgt fA8sHA] g 7ke] Ha o] ti
of whet, S-efubet s W A FAAIEY oF 75%E AFA[staL
A Aol 71 EsA Q El= A sl 4704 [AlRE,
i, A=), L)) A= A AR oF 8%E
ApABEAL M= 2ot 7] 7H SRS SRS Qe F
oA S 1714(KML 2015)0] 3= 3 =4 A= A
goto] A2 Sl a4 EA A TS B2 7] iAol A o] 9
FEE B7EskaL ofof) tiet TAXE S vhAskaLA} 5T
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Hakgom, 20164 19,29, 39 9 11(ES 12)2 % 43
U et 2 Aol A Al 7S A FIskSATh.(Fig. 1).
Bl Al E5-8 A7)0l BatE 250 mL 3E=(Duran,
Germany)& 218t &, 350 25 oF 10-30 cm Zlo]ol|A]
Astion, 53 AR B9, FiA Ee AFA 3 44
oA 213 A FIsho] ot A @ Q1 Whirl-pak (Nasco, USA)

L 9.7 - xule - g0 - o8y

- 7

of §& %, 10T oJot= A& FAIAA HAL7IA] 4613
o, Ao A|Z A A7 ZHE 2447 o]0 BE S8
fe=]
AA

ol 9 =7 AR i, EHANE T 2 ARkl
4 548 Laboratory procedures for the examination of sea-
water and shellfish (APHA, 1985) ®WlHH o] &3}o] A X315 S
, Escherichia coli -4} Bacteriological Analytic Manual
(FDA, 1998) 9 A]3%9] 7]3& 2 74 (415%-5-4) (KFDA, 2016)
of| Fato] Attt 2A1E 5 A E sl 2 =4 Al &=
717} ofgfjof Zro] A8l o, Z71 9] 749 5 Y Al&=ol| gt

38] W 4E ATHE w2 ato] e ek,

34~ 1 mL, =7 1/10 84 (=4 1:Sterile Phosphate Buffer
9) 1 mL ¥ 1/100 3|4 | mLE 212} 27%+9] Petri dishol]
ZF51al v]g] Htsko] 44-46CE A X171 Plate Count Agar
(PCA) (Difco, USA) B} X2 Petri disho] 15-20 mL4] B3
o] &3l F, 35+£0.5Col|A 24-48A17F vl FatGiet. A=t Al
+ 30-3007119] o] P4 H ol ks Adsto] 2t
TE Al FatgkS ol 23 g ksl e, 254
= I mLg Ee= 1 g AEE AT (Colony Forming Unit,
CFU)= YER i
e, 2HANET & E coli

34~ 10 mL 2 =7 3|4 N (&4 1:Sterile Phosphate Buffer
9) 10 mL-& 2vfl -5-%=2] Lauryl tryptose broth (Difco, USA)7}k
e SN Aol Z42F FFSEAL 1.0 % 0.1 mLE A
= W7} B8 S ARl 212 Held 35 +05ColA
244817k WISt o] 71 A o EhE) BHelE A
32 Brilliant Green Bile (2%) broth (Difco, USA) 2! EC
broth (Difco, USA)ol| ¥3]-8 Hut¥ Loop (Kartell, Ttaly)S
ARE5)o] A7 E 84T}, o] 3 Brilliant Green Bile (2%) broth
4 EC brothi= 212} 35+£0.5C of| A 24-48A17F 4 44.5+£0.2°C
ol A 24417 Rt 3 7R A B B TE SRRIE A EE o
it W EAA A Y] o= sk

E7 AR E. coli £-4-2 EC brothof| A A& HQl Al
FUES F712 EMB agar (Merk, Germany) Hlj 2] of] 53}
o] 35CollAl 24417t vl Fatar, M2l Fgto] Kol PCA
AF )R] of] v 9F3t &, VITEK system (bioMerieux, France)=
ARgsto] /4 S SHTh

oA, S AN A D E. coli B4 A= 100 mLY E
100 g3 #|&=(Most Probable Number, MPN)Z L}E}U]
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Fig 1. The sampling stations for seawater and laver Pyropia sp. in the major laver growing areas [Seocheon, Shinan, Wando, Jindo (Hae-

nam) and Goheung (Jangheung)].

o 4 A vjEe] )] Bal 9 FA4-2 Bacteriological Ana-

lytic Manual (FDA, 1998) @ 4]&9] 7| W 1 4(A&5-4)
(KFDA, 2016)0]] Z3}o] HAA &S 2=ahslglon], 27}z 8

MEEA T3 U A R0 49 MPNES B8
AR W7 SHEACHEDA, 1998). 52 Al 2t 2
@S Eal Bee Al VITEK system AM§3to] 3
AT WU Al A 2R 18l 4
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B9 $94% £ Hgt AR 527127 (Freeze dryer,
EYELA, FDU-2110, Dokyo, Japan)2 o] §-3}0] 327+ A7)
ZE 33, BAE A RE AMEelYoH, S5 £ Hg
A A gelS ¢l #ZE2(CRM; Certified Reference

Materials) 7405-a (Hijiki; AIST, Tsukuba, Japan)2} DORM-
4 (Fish protein; NRC-CNRC, Ottawa, Ontario, Canada) %
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1566b (Oyster tissue; National Institute of Standard Technol-
ogy, Gaithersburg, Maryland, USA)2 AR50, Sl+&
2 AFA Q= Y U R BE $E3 9 tHAOAC inter-
national, 2002). Z-24 H-40] AH§E BE ZAH= 10% (V)
Z4HK(Nitric acid, Merk, Germany)<= # 2]5}o] 25 554
AL AT BAS BE 18 MOm 29| 2852
AR,
=(Pb), 7I=&(Cd), SH|A(Total-As) &4

FAAZHE B AR 0.5 g7 65% AAFS5 mLE 10 mL -2
Al Bl ~EFE (Pyrex, USA)ol| ¥ i, nfo] AR go] B A 23]
)04 3757 B AT 7171248 27] 1287 1200
oA 120 bar= 125, 0]%-0) 2307C, 150 barZ 15+, npx|ufo
#2307, 150 barz 1057 THA| A 0 2 AA 519k, 2afjE Al
FE2% (viv) AAo 2 50 mLZ g3l on, 48H AR
+ 045 um BHE of§oto] EeES AAT &, F=28E
gfzol AZE A 7] (ICP-MS, Perkin Elmer, Waltham, USA)Z
7 AR 35) k5 EAslck e Aol AHgE EE gl
<2 1,000 mg/kg®] F8(Merck, Darmstadt, Germany)<
5]4jsto] Abgstelc.
Z4-2(Total-Hg) &AM

sAd2E 27 AR oF 01 g2 719718t B oz
(Combustion gold amalgamation method)& 0|83} A5
2B 7](Automatic Mercury analyzer, DMA-80, Milestone,
S&T, Italy)& z+ A2 @ 33] vkE BAs}gich. CRM 7405-a
=TT A A 9 AT el S8 ARSI
2 A4S gt 7171200 2 E 650TollA 90%, w-5i=
650ColA 180, L2]al opd33H Amalgamation)= 850T
ANA 1222 AA3tt. 7]7]84 A= Easy-DOC3 2271
2 (Easy-DOC3 for DMA, Ver. 3.30, Milestone, USA)S- ©]-&
sko] AF=stict.

SAXE

B AR FH4 BAATH: 7 ol F54 w0l 1
FAolol] thak BAH 4o13e P0.05 SEoll 4 HEHS 4
Z(Duncan’s multiple test)ol] 2]a) AAL d19.0H, BA AT
+= SAS Version 9.2/Enterprise Guide 4.2 (SAS Institute Inc.,
Cary, NC, USA) &2 13- 0] &3} T

S0l 43 o 20| oKty B

5
&

A YA el e BEA AR AR YA
9] 7]2(MOF, 20130l gAIE A9lsaol alid
8= S 7IEL R, g f WAt 4271 43
MPN/100 mL& Z3}8h= A& =7} 10%u|9E1A] 37}k

t}, 223 A S-2uetels S ofl tigh 212 Ql | Ay
7] gloL, AFo R A AEF A A5

ot ol

2
é‘ 12 o

L
=]
Zé_

gl

N,
o AN i xR

2F7F8F] tallA it 30 MPN/100 g o3t UyHA]
4= 30,000 CFU/g o]st 9 B4 Al dett, ]
B Qqf, GRS, olddt §) EAEE AL o
c}. E3F 33 AZHEU)o A= Regulation (EC) No 8540
Aste] 372 E. coli w01 whet 92 37§ 5 (Class A,
B, O)2 E-73}i 9loH, o|F A 532 W72 E. colis=7t
230 MPN/100 g& Z3FsHA] o5 73-9-0l ald2ttH(European
Commission, 2004). wH2tA] 7] A84ksf ol A A 3 H =719 v
=M b 7= BUY s &7 71 2 e uhetet &
=9] 2] F 7|0 Fto] =eYstoict.

E19] Ta4 ol tigh P B7ke szl it of
2] 7H S5 710l Fste] estglon, d4 Tt=E
& 22t 0.3 mgkg, W2 S 1.0 mgkg, FH| 2= 2Alof
5.0 mg/kg, 2422 kA 0.1 mgkg O & 7k7} 71227 A

o] wef = glok

Table 1. Bacteriological quality of the seawater harvested from the major laver growing areas

MPN/100 mL CFU/mL No. of sampling
Sea area : tati No. of samples
Coliform group Fecal coliform  Plate count, at 35°C statons
Seocheon <1.8-240 <1.8-79 <30-540 10(1?)! 40
Shinan <1.8-7.8 <1.8-4.5 <30-30 11(0) 44
Jindo (Haenam) <1.8-17 <1.8-4.5 <30-36 16(0) 64
Wando <1.8-11 <1.8-4.5 <30-<30 12(0) 48
Goheung (Jangheung) <1.8-11 <1.8-2.0 <30-<30 14(0) 56
Total <1.8-240 <1.8-79 <30-540 63(1) 252

'The number in brackets is that the percentage of samples which exceed fecal coliform concentration, 43 MPN/100 mL for a five-tube test

exceeds 10% of total samples at each sampling station according to Korea Criteria for the clean area (MOF, 2013). The station No. 10 of

seawater sampling stations in laver growing area, Seochen was exceeded by the standard of Korea Criteria for the clean area.
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OISR QAN SOl O OFFY T}

PelURRE 40 QA EAIF 2A AT Hig o
ko] A2y SAHEAE AAIe) 5344 7] 3(MOF,
2013)°] wke} 352 454 :
W B3 )2 Faetstel HR st 9l
ok AN A9, e ) wAAT YR S B
713184 HFA|7} 14 MPN/100 mL& 2345}4) efolo} 3},
43 MPN/100 mL-& Z23H= Al& 47} 10%0] T 2 ZALE
ofof Fhch. SHAIY K Q1T 2} | 1 T 4BIT HA L A
Wsfo] Fagh L 7|51k BRA S A g ool RAwe
s0] o], 2} o] HATh g7t 43 MPN/L00 mL 2
2345H AR 57} 10%0]2eIA S 71205 7 Ak elo)
szl Thek vl A QAN S Wt

70 AN S 2l Tk al40] S A A 2AL AT, %
7T 8l ZAA oA AFE % 25270 sl Aol ot o
it L HuA g ¥ 9l 242 <1.8-240 % <1.8-79
MPN/100 mL, YWHAw4=9] W9+ <30-540 CFU/mL=Z &+
Q1= SIk(Table 1) 01 % A #oJo] 443t 107} 34: =
AN AAE % 407] 34 A2l Thak chabaiat 2
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HA =0 Mol 747k <1.8-240 2 <1.8-79 MPN/100
mL, QukA|#4=9] H 9= <30-540 CFU/MLE H1 =gl on,
1081 AR O] 79, 19 RF Almol A EAHNE 5
%7F79 MPN/100 mL2 9-2]uete] FAsfo] =4 7| =
Il AR YeRTh T Y0102 108 RARH L] 2l
TSRS 9 AR 15071 U] 9))2] Al B
A AU 3ol 71913 Ao &2 FETth(Todd and
Campbell, 2002). o], A 474 sl A5t F 6770
(AR 23 sl 2ARAIANA AFE F 21270 sl Al
Fof| gt h Aotk W HHA N Y42 M= 242 <1.8-17
4l <1.8-4.5 MPN/100 mL, ¢¥HAF4=2] ¥ $1=<30-36 CFU/
mL= Il on, o]zjst Ayl S-Eyete] FAs o 4
2 7|20 Fitohs 420 F5g AT R HrkE Sl
S A 9 A Al ol A F 1678 21 A
Ao AFHE F 4871 B4 AR st gt wRA
A2 2 E, coli®] WMo 7}z} <18-490, <18-110 L <18-
20 MPN/100 g, YRkAaF4=2] ¥ ¢]:= <30-5,700 CFU/g= 2}
Q1= ItH(Table 2). 7+ s ol A A3 E =3 A= %%, EU
g egjutet b 7]l Raeta o, Sare) 8- gyt
Alats= 7] e AlmollA S53F BH Z A %(55.6%,
5/9), A A19K70.0%, 7/10), A=(EHE) (81.8%, 9/11), L=
(63.6%, 7/11), TLB(AZ) (28.6%, 2/7)°) 4] AF3H Al 5= o)

Table 2. Bacteriological quality of the laver Pyropia sp. (raw source) harvested from the major laver growing areas

MPN/100 g CFU/g
Coliform group Escherichia coli Plate count, at 35°C No. of
Sea area
>30° >2302 >30,000' samples
Range Range Range ——7—
No. % No. % No. %

Seocheon <18-490 5 55.6 <18-<18 0 0.0 70-3,000 0 0.0 9
Shinan <18-490 7 70.0 <18-<18 0 0.0 <30-2,400 0 0.0 10
Jindo (Haenam) <18-230 9 81.8 <18-18 0 0.0 50-5,700 0 0.0 11
Wando <18-230 7 63.6 <18-<18 0 0.0 <30-1,300 0 0.0 11
Goheung (Jangheung)  <18-230 2 28.8 <18-<18 0 0.0 80-1,300 0 0.0 7
Total <18-490 30 625 <18-18 0 0.0 <30-5,700 0 0.0 48

!China Criteria for the bacteriological safety of seaweeds. >EU Criteria for the classification of sea area (European Commission, 2004).

Table 3. Monitoring for pathogenic bacteria in the laver Pyropia sp. (raw source) harvested from the major laver growing areas in February,

2017
Sea area Pathogenic bacteria No. of
Salmonellasp.  Shigella spp. Staphylococcus aureus Vibrio parahaemolyticus ~ samples

Seocheon ND' ND ND(<30)? ND(<30)? 1
Shinan ND ND ND(<30) ND(<30) 3
Jindo (Haenam) ND ND ND(<30) ND(<30) 3
Wando ND ND ND(<30) ND(<30) 3
Goheung (Jangheung) ND ND ND(<30) ND(<30) 3

'Not detected. >The number in brackets is the result for quantitative analysis (Unit : MPN/100 g).
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gt 712 21(30 MPN/100 g o]shE 233t Aoz 37ty
k. ol2jgt Aul= 7 Aakel e T 9| QInkE-o] sl
oF 3hd S} 22 S AY T HAA At A YA}
Sl 7118t Aoz HehE| ] ©v(Glasoe et al., 2004), E3F
A AAbsl o 2] aljd=of] gt = H7h= S A1 sl <& A9
glale R SEjuEr sl 7ES SR TRA
& oahd A 75 2L 9lA
T 7|2 A7F 217 o] fi= 9] wIAIRE -t Afo| = AR
AletEo] g5 4= A, A FHo|| o]& &0 biofilmE
FAdsto] tiFa7E okl 2 & =] QI k(Singh and

Reddy, 2014).

BN Al BA 23k 7 A
27 A 2ollA] A e, o] W, 34
29t HEE gok, 37

o
=

o
A

AR - Al

o O

A A=A L5 At

o Szl H AHY BE
SRR R
7% Bt SoR w

L 927 - Zulet -

=7}

32

=0 71O

T = A=

=

4 ols)d - £

HAmzie HEd

Ch(Table 3). i), o] dat Bl A e At ©]
f= 2l Alto] obd w84 2] B He o= Qlsh 2y
© ol B2 s oA A3 ol dEEHA &
2 AR, oA v H e = s e Al R
T Ao, =4 A7 2ol W
2(15°C vRh) 114 e 32702 Zy =7 e v Ee]
L= HE HA o2 o= weE ]It

orebA 1 AAkel e B S o) R BHEE Sl =
A FAE FH SAAY(e Ak, s, 7t A e
& 5)ol tiet ARt Bej ot AR S o RE o] &
sk, 7k e 2-3212
AsH sie= AlAste @AV 2ad o= At
gt T A2 pEi =] @4 HEiA pEvete] s

AARES] nA=71E AT ol E AAH SR A 3

AR 2 gust

Table 4. The concentrations of four heavy metals in the laver Pyropia sp. (raw source) harvested from the major laver growing areas

Sea area Sampling Heavy metals (mg/kg, wet wt) No. of
station Pb cd Total-As Total-Hg samples
A 0.013-0.210 0.081-0.137 1.469-2.331 0.004-0.008 4
Seocheon B 0.009-0.139 0.089-0.120 1.197-1.616 0.003-0.011 3
C 0.010-0.024 0.095-0.103 0.908-1.698 0.004-0.007 2
Total 0.050+0.073ab’ 0.107+0.018c 1.529+0.385a 0.006+0.003ab 9
A 0.010 0.134 1.316 0.006 1
Shinan B 0.039-0.632 0.024-0.062 1.395-2.892 0.004-0.013 3
C 0.018-0.126 0.041-0.071 1.470-1.926 0.004-0.009 4
Total 0.125+0.208b 0.061+0.033a 1.796+0.496a 0.007+0.003b 8
A 0.015-0.025 0.027-0.101 1.099-2.216 0.005-0.011 3
Jindo B 0.008-0.019 0.054-0.096 0.910-2.087 0.005-0.006 3
(Haenam) C 0.008-0.061 0.042-0.086 0.920-1.809 0.004-0.005 4
Total 0.019£0.016a 0.068+0.024ab 1.480+0.464a 0.006+0.002ab 10
A 0.012-0.022 0.110-0.137 1.081-1.578 0.003-0.006 3
B 0.013-0.023 0.058-0.110 1.060-2.023 0.004-0.005 4
Wando C 0.009-0.025 0.031-0.094 1.279-2.065 0.004-0.006 3
Total 0.016+0.006a 0.092+0.031bc 1.462 + 0.353a 0.005+0.001a 10
A 0.036-0.043 0.029-0.114 1.027-1.882 0.003-0.006 3
Goheung B 0.019-0.085 0.097-0.129 1.334-1.874 0.003-0.004 2
(Jangheung) C 0.028-0.058 0.053-0.111 1.518-1.753 0.005-0.007 2
Total 0.044+0.022ab 0.092+0.037bc 1.51410.337a 0.004+0.002a 7
Total 0.048+0.099 0.084+0.032 1.54910.411 0.005+0.002 44
(Range) (0.008-0.632) (0.024-0.137) (0.908-2.892) (0.003-0.013)

The same column with different small letters indicate significant difference (P<0.05). 2 The one of three laver samples was harvested from

the laver growing area in Jangheung.
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