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Evaluation of the Potential Human Health Risk Associated with the Microcystin Bioaccumula-
tion in the Freshwater Fish from Lake Yeongcheon and Lake Daecheong. Lee, Kyung-Lai’,
Weon-Hwa Jheong®, Young-Hoon Kang and Han-Soon Kim* (Department of Biology, Kyung-
pook National Universtiy, Daegu 702-701, Korea;  Department of Forenscic Medicine, Natioanl
Institute of Scientific Investigation, Seoul 158-707, Korea; Dringking Water Research Divi-
sion, Incheon 404-170, Korea)

This study evaluated the potential human health risk on the basis of the level of bio-
accumulation and EDI (Estimated Daily Intake) of microcystin-LR, one of hepatotoxic,
in organs, including liver, muscle, viscera and gill, of fish from Lake Yeongcheon and
Lake Daecheong when the cyanobacterial water-blooms broke out. The result has
confirmed that Carassius cuvieri from Lake Yeongcheon contains higher level of
microcystin-LR in its organs including liver. In Lake Daecheong, omnivorous Hemi-
barbus labeo and phytoplanktivorous Carassius cuvieri have shown high microcystin-
LR level on average, especially higher for viscera, and Carassius cuvieri has appeared
to contain higher level of microcystin-LR in the liver and the gill compared with other
species. As a result of comparison between EDI of microcystin-LR from each organs
and TDI (Tolerable Daily Intake) of WHO (Chorus and Bartram, 1999) to evaluate
human health risk, the EDI levels from Carassius cuvieri’s organs except muscles have
exceeded TDI level at the both lakes. Consequently, the study has proved that micro-
cystin was bioaccumulated in the various parts of fish, and it can be ingested by
human resulting in risking human health. Continuous monitoring and reducing con-
sumption of fish, especially Carassius cuvieri, during the cyanobacterial water-bloom-
ing period will be needed to protect human health.
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o
& =08 25 9 olF $9 2 puEe 4AE
£ 4 9lo}(Falconer, 1999). 33 F2% 9 Jz=4
}EAstd Az FslE Hasgler) s slel=ztal
Aol 27dn. 53], A4edXY A% vid 43
B= A fEE F4 4 34 H9E b= AY
ZaAde] gleh WHO (1998)= 2449 IAAS Fu
3}7] #138] microcystin-LR9] 249l Hd L5 ws
lug L2 A)Astolom, o]t A (ifetime) 5t E&
S&steizts A $slAd el vIHA| g WHE )
gt} o] slol=z}el Zh-e 0.04 ug (kg of body weight) ™
day™'9] TDI (tolerable daily intake)Z}koll 7]z}, 133
Z<¢t microcystin-LR& mouseol| A] 28A]7] Fawell et
al. (1994)9] AFATNE =2 A=

TDI 32 o9} 22 $41E8<] 223 microcystin o]
A == AAA YA HoE A8 de AeH
o] $tt}(Ibelings and Chorus, 2007). A Z7}] &-8-2-2
A} A3l microcystin®] Fx= W3le] 93 B
A7Eo] AP=E gl or} (Fastner et al., 1999; Watzin et
al., 2006), 2o+ microcystino] 4% o]F9} 7+
FAES AFTORA Qo] UL 4 U= A Y
Al N AF-Eo] Hx} Fr}sta Qlrh (Magalhies et
al., 2003; Mohamed et al., 2003).

Yidee qzbel HARE o4 microcysting 42
T 7R 3L 45 H R 59 AFE B 2
A 717k <t microcystinell =&€ 79 9 S4ET}
2 Qg Rzbg o) WY 4 i} (Magalhies et al., 2003).

AFE 244 Doz /b Yol AR, microcys.
tine] AA W2 FHEE F9 A=F9) shto|t}(Diet-
rich and Hoeger, 2005). = el Ao A] o] H-5-2 =5,
7 H & 293 o8 23 S|4 microcysting 7L
HESAE 45 Hez ¥¥A gIoH(Gkelis et al.,
2006; Zhang et al., 2008). WA, o] 72] A3 e o2 gl
A2} B APAL 4 AR 5], microcystin
< ¥ GB00ANE FHitgoz e ksl 3
2ollA 22E FejEls 2 T2 44 A 9=
EA¢ XY gvh(Harada et al., 1996). ¢l 3+ o)
A B olF AFFS 100g - daylez odEH
3.7 (WHO, 1998; Dietrich and Hoeger, 2005), o] 4|
£ 71Eo® ofol %A= microcysting] A s
Aol %74 4 o

SEuvete] A4, 24 2[99 $3 23 Ay
AFE5e 8= 9] o} (Oh et al., 2001; o] =, 2008), o]
Foll =% microcystine]l H3 A7 AFI AA o)}

bl

N

e

ol ATl AAEL FA FER2F FIEAY7IZ
o}f9 7t A6l F5% microcystin ¥ EE EAH3}

ole] 71&3le] QUzbe] ol F-E AT =N LAY 4~ 3l
= A A7 A (health risk) S H7}8t322} 81¢c}

Mz W Y

1. ZAA Y
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St dAZ(F5E ez Fx2fF E oFE AA

SHIEH (39 87 414, 2005)

2. A 5243

"R dx2F ARES EHIE VE(KC, 25 um
mesh size, Denmark)3 o| 83} ZZ4H(05ME &
3le] A G2F7E =T AEESHIEY A$
E 4% A|2.(1L)= Lugol’s solution® @ A el A] =4]
AP e, AgAde g4l & 50~100mLE 33
Zoj Sedgwick-Rafter counting chamber& o]4-5}e] &
n] 7 (Zeiss Axioskop 2, Germany) 400~ 1,000l 5}ol| A]
Asstd et

o] 72l 7 X9 (7}, ol7hu], WA, T8)ell A= )
+ microcystin 248 93] A 39 YASA 437
10%9] |73 A=l cH(Table 1). o] 72} A3-2 A
ol Bl Wl zpg o] 23519 0, MicrocystisE A0
2 dxF7F HAE 89 22U (A5 8Y 23U (A
el AAIsHAT AFL HAl TS o HollA ¢
ale] AAslglom, o] Fo] R JH 5o HBo
@ADL del CAAE AlYsta dd A7 AR =AY
o} o] 79 AL F 5199008 =R 7)xsigid)

3. Microcystin 4]

Y252 microcystin ¥4-2 9]3) high-pressure liquid
chromatography (HPLC, Waters, USA)%} enzyme-linked
immunosorbent assay (ELISA, EnviroLogix Inc., USA)
2 AE-3leie) HPLC 248 £13] &AdA] plankton net
2 223 2IA2E5L E=Z7327] (Labconco, USA)o]|
Al AzAFHS. 52 225 Al8E(2F 100 mg DW)-2 50
mL®] 5% acetic acid®. 243} 22 (Fisher Scientific,
UsA)¢t 37 33)e] AA FEs1et FEYL 158 F
ot 4,000g2 U4 ¥ Qo A5dLe FAE
Sep-Pak C,4 cartridge (Waters, USA)¢l| &ZA]Zc}. o]



Table 1. Scientific name, sampling site and feeding type of each fish collected in this study.
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Scientific name Sampling site Feeding type

Cyprinidae

Cyprinus carpio Yeongcheon, Daecheong Omnivorous

Carassius cuvieri Yeongcheon, Daecheong Phytoplanktivorous

Hemibarbus labeo Daecheong Omnivorous

Pseudogobio esocinus Daecheong Omnivorous

Opsarichthys uncirostris amurensis Daecheong Carnivorous
Bagridae

Leiocassis ussuriensis Daecheong Carnivorous
Siluridae )

Silurus asotus Yeongcheon, Daecheong Carnivorous
Centropomidae

Coreoperca herzi Yeongcheon Carnivorous
Centrachidae

Lepomis macrochirus Daecheong Carnivorous

Micropterus salmoides Daecheong Carnivorous

& cartridgeZ 20% methanol 2. cleaningd} 3 =] &l-g-o]
L33 0.1% TFAZ microcystind §-&3}9c} £&5E2
547 %7] (Labeonco, USA)Z 9+ 724|711 metha-
nolz o FAMe A4-3tGHh 1mL min 9] fellA
methanol: 0.05 M phosphate buffer (pH 3.0; 52:48)2. -
A" mobile phaseZ Al8-319] om, Xterra-Cyy 4.6 X 15
cm, 5 um column (Waters, USA)2- o] &8l 210~420
nmef| 4] PDA detector (Waters 960, USA)Z 7 &3t}

%ol 453 microcysting £A317] 938 A
1LE o34 (Whatman GF/C, UK)ZE. o338 & o 7}
2 ¥7272z7] (Labeonco, USA)| A AxA|Z] %, HPLC
o FdT ez & 9 £E2HE A A2
2222 methanold] %¢l & Microcystin ELISA Plate
Kit (EnviroLogix Inc., Portland, USA)el ¥F2-A]A micro-
cystin-LR =& EX3lgc)

379 2 w912, ophel, WA B T8l 24
microcystin ¥4-& 93] WA, Al elA YA Y2
kel Zt ol R FEL # Rl 2 oprfm], A F
SEAE 247 o3 & e s 4 3
€ -20°CollN 2427t T2 Zell £AAZR7) (Lab-
conco, USA)S E3) A8 AxA|Hoed, Azd 7t B
A8 FHE 2o 52 A2 4 3915 o
3 & 5% (v/v) acetic acidS A7} &, 2ol Ba)
(Fisher Scientific, USA)$} &7 33]d] A HE 5% (viv)
acetic acid 60 mL®] ®.3]Z microcysting F&3}¢t}
o] &9] microcystin®] £2Z A2 HPLCH| A43
S5t YA AN A7 4 BelolN §33
microcystin-2 ELISA Microcystin Plate Kit (Envirologix,
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Fig. 1. Seasonal variations of microcystin (MC)-LR in Lake
Yeongcheon and Lake Daecheong. Arrow; sampling
date.
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g o] FE& HALSZ microcystin (-LR type) E30FAFS
ZALskeH(Table 1). AHZA F 55004 EAE micro-
cystin-LR®] %+ AA¥A7)FTL(WHO, 1998)7} |t
3t microcystin-LR9] 45 =(ug L'HE 2% 243}
3o} (Fig. 1).

Az A AR ¢)o) (Cyprinus carpio), §E-o] (Ca-
rassius cuvieri), W 7] (Silurus asotus), A (Coreoperca
herzi)oll N3 B A3} A microcystin- LR %xi
Zhliver)oll A 71 ¥-& 3k (0.487 ug gt DW)E 1}
eiglon, 7 dgo= W#0.111 ug gt DW), of7}n)
(0.036 ug g ! DW), 25-(0.017 ug g ! DW) 40 2 micro-
cystin-LR®] H#5 =7} =gt} (Table 2; Fig. 2). ¢
FH2% %24 (phytoplanktivorous, #&#)Q] =30
7} 7l A 713} 3-8 microcystin-LRS] & <FAl-S B 4]
onf, WA AME S8 (REH)S A7) M 22 5
=E Yepigit o7l 28 M= 9] E =2 micro-
cystin-LRe] F=& £ o] Ho|x| ggtont Ax|e}
HHo)7} AA o 2 =2 microcystin-LR =52 ¥gc}

AAzA AT 959 oRE, ool (Cyprinus car-
pio), B--o] (Carassius cuvieri), X] (Hemibarbus labeo),
R 5] (Pseudogobio esocinus), T18) (Opsarichthys unci-
rostris amurensis), W%7Y o] (Leiocassis ussuriensis), )
7] (Silurus asotus), %7 (Lepomis macrochirus) 2 W
2= (Micropterus salmoides)Z A2 microcystin-LR
o] &4 oA EAMF A WA (3.627ug gl DW), of
71a] (0.969 ug g™t DW), 7H(0.580 ug g™ DW) @ =%

(0.013ug g ' DW) =o.2.0] A5 57} 1= v} (Table
3; Fig. 2). o] & AA=2L 7HA 7F &2 microcystin-
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Fig. 2. Microcystin-LR concentrations accumulated in the
muscle, liver, viscera, and gill of the fish samples
collected from Lake Yeongcheon (A) and Lake Dae-
cheong (B). Ms: Micropterus salmoides, Pe: Pseudo-
gobio esocinus, Hl: Hemibarbus labeo, Ou: Opsari-
chthys uncirostris amurensis, Cc: Cyprinus carpio,
Cac: Carassius cuvieri, Lu: Leiocassis ussuriensis,
Lm: Lepomis macrochirus, Sa: Silurus asotus.

Table 2. Microcystin-LR concentrations accumulated in the muscle, liver, viscera, and gill of fish samples collected from

Lake Yeongcheon.

Species Muscle Liver Viscera Gill
Coreoperca herzi 0.026 0.414 0.234 0.045
Carassius cuvieri 0.024 0.956+0.119 0.148 0.051+0.008
Cyprinus carpio 0.000 0.236 0.034+0.001 0.024+£0.011
Silurus asotus 0.018 0.344 0.028 0.025

Table 3. Microcystin-LR concentrations accumulated in the muscle, liver, viscera, and gill of fish samples collected from

Lake Daecheong.

Species Muscle Liver Viscera Gill
Micropterus salmoides 0.017 0.261 0.280 0.136
Pseudogobio esocinus 0.009 0.212 0.427 0.277
Hemibarbus labeo 0.024 0.247 15.375 0.127
Opsarichthys uncirostris amurensis 0.000 0.155 0.019 0.062
Cyprinus carpio 0.000 1.126 2.906 0.183
Carassius cuvieri 0.018 2.558 11.307 7.843
Leiocassis ussuriensis 0.011 0.124 1.467 0.037
Lepomis macrochirus 0.015 0.511 0.837 0.037
Silurus asotus 0.027 0.030 0.028 0.023
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Fig. 3. EDI (estimated daily intake, ug kg™* day™) values
calculated from microcystin-LR concentrations in
each organ of four fishes in Lake Yeongcheon. TDI
(tolerable daily intak): 0.04 g kg™! day ! determin-
ed by WHO (1998).

LR 558 ¥ 9Ax) 24eAE ohE PHE
EPfigic) o]z dubd oz AA)A] (Omnivorous,
BaKS TH% 2 BEis) 2 AN ¥
microcystin-LR %57} 335 719 WAAL 33
8} H2ol7} wl-$ %2 microcystin-LR 358 Bejon,
Wgoli= e FE vlmaked Welslol = 15} obsh
ulo] A &2 microcystin-LR =& Vel o)

WHO (Chorus and Bartram, 1999)7} A<kt TDI (tol-
erable daily intake) 3k, 0.04 pg (kg of body weight)™!
day'she] HlmZ 98] o9 dT-E(WHO, 1998: Die-

trich and Hoeger, 2005; Ibelings and Chorus, 2007)¢]| A
At duk A (60kg 71 e oF AHHF 100
g)& 7|& o2 EDI(estimated daily intake) Zt-& A Als}
Ao} (Figs. 3, 4).

AAZ {59 74 2Hd =3 microcystin-LR =
EE 7|Fo= EDI #E AAst 2, 75 =
B3} oprjule A= TDI Zhg =48R o2 vl 7]-01]
A= TDI 3R} ¢oF 2~8ul =2 EDI g Jehdl 71-&
¥ ®5]9] 2| A 7 w2 Zho| ElEgH- 5‘-?1’,”*
A2} =5-0ie] Al A EDI 342 TDI k& 1~2v) =
FHalodom, oJoi9} wl7]e] EDI 3t TDI Zhxe ¥
A 9+ (Fig. 3).

A5 AFES ez 7t 24 $=FH micro-
cystin-LR®] EDI Z}& ¥A% AL Fig. 49 2o} o
B35 o] Fo AT 7Hel A 8] EDI 32 TDI g% %343}
Hor, £3], BBofs} w29 WAA TDI 3t& 247
94~128u 233 w$- &2 EDI ghe| 19t 7t
oA oJoie} HBoje] EDI 3te] TDI ZET 9~21+)
F2 oFAHE BYH. o]of ubE, BE o fe] T8
EDI 3te] TDI k& Z331] gshom, 132 o}rln
oA EDI g2 TDI 3t& ZH31A| gshov, H5e9
7% TDI k< 65uv} 233l ¥ EDI ke vehi
KAt

I £y

ol A7 I Fo UFI(FAE, WA I)NA
EA) F2F2 Microcystis®] 43PEA 7171 59 o] 7o
A &% microcystin-LRS] 24 A} W Fr]

oJFol| 9le] microcystine 3 AZZ Z3) 2=
& 2}‘:]- ¢]& |, microcysting A= Al EZe=

FEBE A, P S BT 3o §Ee
mlcrocystm-»] A3 a8z ‘1]0104&]]—‘1 =3} AJEatA
% 5% & 4 9lvh(Preussel et al., 2006; Ibelings and
Chorus, 2007). welA, sdH 59 JAsAA AZF o
2L9) microcysting®] F-EoFALS o2 WA oA A o)
SPsek, AA58 A AY A F2R A el
A= microcystin (intracellular microcystin-LR)o] 71&
Hx ¢k ubde], &A )Xo £Z3}E microcystin
(extracellular microcystin-LR)2te] & F¢lom, A5
= zA) B 2 &)X A microcystin-LR o)
=9l (Fig. 1).
o359 AitelA QA Aol 254 2] microcystin-

LE R
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Fig. 4. EDI (estimated daily intake, ug kg™' day™) values calculated from microcystin-LR concentrations in each organ of
nine fishes in Lake Daecheong. TDI (tolerable daily intak): 0.04 ug kg™ day ™! determined by WHO (1998). Ms: Micro-
pterus salmoides, Pe: Pseudogobio esocinus, Hi: Hemibarbus labeo, Ou: Opsarichthys uncirostris amurensis, Ce:
Cyprinus carpio, Cac: Carassius cuvieri, Lu: Leiocassis ussuriensis, Lm: Lepomis macrochirus, Sa: Silurus asotus.

LRY A2A9eds 275y ofe 2 24604
microcystin-LRe| BRI HZEH ) ol X359 o
F5o] ol43E §24 microcystin-LRS) 43 % o]
Ao 98 microcystin-LR®] 3 Ao =& o
2 microcystin-LRel| x2F 3 ¢l&-& HodFEr}(Magal-
hies et al., 2001). FHE JF-E52] 2+ ZA| A micro-
cystin-LR g2 A 7HE ¥2 v=8 Bylon, 2
Sl A 7 3 m=E el gleh o] microcystin
Tx7F o7 8 2AE B3 M H L v
£ vty Ryt AP dTES A8 o (Magal-
hées et al., 2001; Xie et al., 2005), FA]ol] microcystin©]
ol F2 Agee PARLAE 9 velRgn
(Wilson et al., 2008).

o}F-oll Al microcystin®] &2 Ho|gAel] we} 2)o)
£ Heloh(Xie et al., 2005; Zhang et al., 2008). Zhang et
.al. (2008)& 7+3} WAHe] microcystins (-RR, -LR, -YR) %
=5 A oARddA 7 B4 Jeide, B3], 2%
Y microcystins-LR == ZAA o]FHr) §44 o] &
AN B A AEIAoz: B usld. w3 Xie et al.
(2005)2] A7-Adfol] upaw, $AA o F 743 T8
A ©l ¥&-& microcystins (-RR, -LR) =2 Jehliglo

o, 2AA oJFE, WAA =2 microcystins =&
ook

AU A%, AIA 29 olgel Hyelrt A
2 microcystin-LR =& Jehlglen, 28X
qige) AR AR B FeE Yol o

Zhang et al. (2008)8] ZAze} fARSFAHE SFA|RE W
Aol HBe]7t AR He w2 microcystin-LR 5%
& vehiiglnd, ol s¥els] Holqel WaFe) 24
W microcystin-LR®] £7&3} A A]o] 9l Aoz A
Z-5 e} (Fig. 2). ¥hdell, #3013 WAe] microcystin-LR
b el E #7294 o ¥ e dep
o] Zhang et al. (2008)2] AFZA 9} T2 FiE B
g, oj= WA 7 o}rlu] =& E3)] Ao microcystin
o] 7t &A% Az A4,

Y sAAE Joia] ke FHHE wAG 24
4l gole] ¥ARAE 23 D25} ek oIF o
FL59 24 Zo4 WAL 714 =2 microcystin-LR2]
=5& 9y} o]t o]& &7} microcystin-LRE AJA
e FdE2FE 9 AN g AA=, ¥
7 A7NAM ol F o1F2] WA eA microcystin AJA
%29l M. aeruginosa’} Bfo 2 FAEG ow, 1 99

O I
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A4 AFEINE BRYA Qoo Hele et
AAE =2 microcystin-LR %8 Jellgl=1), o] &
e AL B G2 F NES A 4AT
o]—L]E]- ol7}u| & B3} $-E38= microcystin-LRE o}aF
FreS HodFgo) v, microcystin-LR 52
l"i_.tﬂ ™ 2olo| A= microcystin-LRo] & vz 7Z
ooy, LA AL AZHA shethn w15
o ol YRR 4AF B 45 go] Byl
microcystin 2] glo] 744 2 A 731 2 eE o
| g},
‘Hﬂiﬂ @34”";‘3‘ "4’3“°4:IL°1]’\1E =

L=
A ofEe o g mlcrocystl -% 4 5 Qg2 3
l'
0

et webr, olofFel] £3le 2AA ojF "Hoir}
WA-e Aesk 2t /] ZA A A R E o
B2 microcysting 28T 4 Ad Aoz YzEd.

ARZAA A D Aol 24 E £
Ao g =2 microcystin-LR ¥ =& 39l AL A3
Q7= §AHEF FAS B9 (Mohamed et al., 2003;
Zhang et al., 2008). Zhang et al. (2008)7} Mchamed et al.
(20099 SlapE, 2494 AFE B3 WA o o
microcystins-LR 3 =% B9lvty B 38t wiad), 7k W
A gl ol7}u] HolA 2 microcystin-LRe|] HZEgl-&
A $FHT THANE DolaAel AR micro-
cystin-LRo] A9 HAZEFA] skl webr], microcystin-
LRe 7} ol59) 2% o ok SA”ckn By
Magalhées et al. (2003)9] ZA3}9}= & SFAFS R}

FAz A5 FMAAES FPRd =24
Ygoliz ¥ 4o TEA02 WA o}l 8 B
43 microcystin-LR°] U]——E— EAA L 2AA o] f
o Hlg] ¥ ¥ vEE 7t 24 2¥E0E AL &
% 9l

oA F9 FAEol| 3% microcystin theFsl A=
T3 A HEE AHE 5 gink dEA, o Q7
A7 4 23] 4% microcystin®] Fx= BAE
I FAlel ol el 7)&sled HE LAk Q7oA
3 £ gl A7 A (health risk)S Frpstzal 3
Qe oPd QAN T 549 BE AFEE 2 249
e}l WHO (1998)7} A gk TDI 3H& % 233} o
e maleh AREs A%, 0 WA EDI g5l
TDI g8 1~7v] 233k ubdef, gz 7 HAF 2
ob7}s]o] 4 TDI guct 1~128%) & EDI k5] &

il

P

[T’

Ssieh gz o750l ANz AFENT o %
v &2 TDI 3h& 235 fs Bl A “’“°ﬂ
Z3= microcystin-LRE T} F272] 2AY mlcrocystln-
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