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ABSTRACT - The peptide-type hepatotoxins microcystins (MCs) and nodularin (NOD) are secondary metabo-
lites produced by cyanobacteria. MCs and NOD can bioaccumulate in agricultural products through toxin-contami-
nated water, soil, and manure and can cause human health risks through the consumption of agricultural products. As
interest in the contamination of agricultural products by MCs or NOD has recently emerged, occurrence studies based
on various analysis methods for agricultural products have been conducted. However, studies on agricultural products
are still insufficient compared to research on drinking water and seafood. In addition, research is primarily conducted
on agricultural products grown in areas where green algae occur, but not on marketed products. In the present study,
we review the physicochemical properties, toxicity, analysis methods, occurrence studies, and management status of
MCs and NOD in agricultural products to build a foundation for systematic monitoring and safety management.
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Fig. 1. Word-cloud extracted from Scival for keyword search (agr* or crop* or vegetable* or plant*) and ((peptide and toxin*) or (pep-

tidic and toxin*)) and (occur* or accumul*).
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Fig. 2. (A) Microcystins and (B) nodularin, as accessed and modified from the Enzo-life sciences (Farmingdale, NY, USA). The general
structure of microcystins is cyclo-(D-Ala'-X?-D-MeAsp’-Y*-ADDA’-D-Glu®-Mdha’), and the congeners is determined depending on the

amino acids binds to X and Y position.
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Fig. 3. General toxicity of MCs. OATPs, organic anion transporting polypeptides; MCs, microcystins. Created with BioRender.com.
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Table 1. In vivo toxicity and relative toxicity of MCs congeners
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Toxi Stoner et al., 19897 Kondo et al., 199267 Stotts et al., 19937 Gupta et al., 2003*
oxins
Model Route LD, RT Model Route LDy,” RT Model Route LD,,” RT Model Route LDy" RT
MC-LR 36 1.00 38 1.00 97 1.00 43 1.00
MC-RR 111  0.32 - - 650 0.15 2354 0.18
Male or Mal Femal
MC-YR female, - — Male, 91 0.42 SW? e’- 171 0.57 §Wia e, 110.6 0.39
MC-LA  Swiss ip. 39 092 ddY iv. - - 5 - - 18 - -
Ibi . Webster albino
MC-LY a ‘an 91 0.40 mice — - mice — - mice — —
mice
MC-LF - - - -
NOD - - - - -

MC, microcystin; NOD, nodularin; LD, lethal dose; RT, relative toxicity; i.p., intraperitoneal injection; i.v., intravenous injection.

" ng/kg body weight

7P5Ado] AT, W NOD] 74, MC-LR#} %430] 1]
Sk GeA JOUD 2 dFe] St Ao,

A8t MC-LR, MC-RR, MC-YR, MC-LA, MC-LY %
MC-LF, Z8]3Z MC-LR3¥} H]$=3 A4S 7IA] &=

=

NOD, %

SAES O A A 29E F 7] wWEel  7Ee wiEl 2 AuiEAEE SelsiiTh In vivool A B4
A EAAE 71HS 71 BEA E3E] g 98l Edo] ERlEl MC &A= MC-LR, MC-RR, MC-YR,
H71= 938 MCs3F NODZF A=A L gotsts Ao = MC-LA, MC-LY S°l92eH, ip. T Z iv. TS
a3t 2 4e LD S vl W EE $5A7F MC-LRe]
B ATAE et B B Bel/lFow 3 el B40] e R0 FANYTTA, 1 F MC-
Table 2. In vitro toxicity and relative toxicity of MCs congeners
MC-LR MC-RR MC-YR MC-LA MC-LY MC-LF NOD
Enzyme  Substrates Ref.
., RT IC, RT Ic, RT 1IC, RT IC, RT IC, RT IC, RT
Mixed = pp itone HI 1.6 100 34 047 14 114 - - - ~ =07 229 45)
PPase
PP1 . 2.03 1.00 - - - - 2.01 1.01 - - - - 2.37 0.86
Phosphohistone
PP2A 0.04 1.00 - - - - 0.01 4.00 - - - - 0.03 133 6)
PP1 1.9 1.00 - - - - 23 0.83 - - - - 1.9 1.00
Phosphorylase-A
PP2A 0.05 1.00 - - - - 0.05 1.00 - - - - 0.03 1.67
PP1 Phosvitin 08" 1.00 09" 089 19" 042 - - - - - - 0.7" 1.14 87)
PP2A pNPP 046 1.00 06 077 0.84 0.55 056 082 034 135 057 081 - - 88)
PP1 . 025 1.00 0.68 0.37 1 0.25 - - - - - - 0.16 1.56
DiFMUP 89)
PP2A 0.05 1.00 0.1 050 0.26 0.19 - - - - - - 0.16 031
PP2A MUP 22 1.00 175 0.01 9 0.24 - - - — - — 1.8 1.22 90)
PP2A . pNPP 0.048 1.00 0.072 0.67 0.147 0.33 - - - - 0.096 0.50 0.54 0.09 91)
PP1,, 217 1.00 146 0.14 742 003 - - 1882Y 0.01 3593 001 - -
PP2A . pNPP 7.3 1.00 21.3Y 034 129.9” 0.06 - - 16752 0.04 255 0.03 - - 92)
PP2A,,, 14 100 7.9° 018 3770 004 - -  833Y 002 117.8” 001 - -
PP1 03 1.00 1.5 0.20 1.3 023 19 016 08 038 2 015 - -
pNPP 93)
PP2A 0.5 1.00 1.6 0.31 n.d. - 0.7 0.71 n.d. - 1.4 0.36 - -
PP1 MUP 0.8 1.00 539” 0.15 3.122 0.26 2.05” 0.39 - - - - - - 94)

MC, microcystin, NOD, nodularin; PP, protein phosphatases; pNPP, p-nitrophenyl phosphate; DiFMUP, 6,8-difluoro-4-methylumbil-
iferyl phosphate; MUP, methylumbelliferyl phosphate; Ref., Reference. —: no data available, n.d.: not determined. All IC;, expressed in

nM except " and 2. V expressed in ng/ml and ? expressed in pg/L.
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2 MC-YRE F&3l=d 7P &0]gk 8ul 24 methanol
(MeOH)/water/trifluoroacetic acid (TFA)(80/19.9/0.1)7} &
Fo2 BrES Bl ST HEol AAdE F 7h
A FF<] solid phase extraction (SPE) 7FEZIAI C, &
hydrophilic-lipophilic balance (HLB)E &3} 2213}
o, Qo]s} 7HA= HLBE AHEsIis W 35Eo] =
WS I v 1 9J9] FAHEE C & AREshE A
o] HAe AgeS glskaitt. ¥ 2018 Manubolu
9L AgFollA MC-LR¥ MC-RRE #41317] 919 %14
2 WS AZFsksaAl 50% MeOH, MeOH/water/TFA
(80/19/1) 2 5% acetic acid®} ethylene-diamine-tetraacetic
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sl A s G dFe e o 80%
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MCs?] 7‘”%1 W AR
MCs B NODE #413}7] €13 mouse bioassay (MBA),
enzyme-linked immunosorbent assay (ELISA), protein
phosphatase inhibition assay (PPIA), liquid chromatography
(LC)-ultraviolet detector (UVD), LC-fluorescence detector
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rlo r—{n’.

Table 3. Advantages and limitations of biological, biochemical, and chemical methods for detection of cyanotoxins (modified from

Abdallah et al., 2021'°?)

Analytical method Sensitivity Expensive Classification of variants Quantitation Trendy
Biological method Mouse bioassay Low
ELISA v 4 v
Biochemical method

PPIA v 4 v
LC-UVD, LC-PDA, LC-FLD v v v 4

Chemical method LC-MS/MS V4 V4 v/ v v
Sensors V4 4

ELISA, enzyme-linked immunosorbent assay; PPIA, protein phosphatase inhibition assays; LC-UVD, liquid chromatography with ultra-
violet detector; LC-PDA, liquid chromatography with photodiode array detector; LC-FLD, liquid chromatography with fluorescence
detector; LC-MS/MS, liquid chromatography with tandem mass spectrometry
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FEASE NODE WA B4 BAE F Qon] ve 5E
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%918 Row dakEn,
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u|=t 871 $ 3 (U.S. Environmental Protection Agency,
EPA)IX & oA MCse E4T + e WHoEN
MBA, PPIA, ELISA, LC-PDA%} LC-MS(/MS)E A| A5}
Row, 53] LC-MSE &8&3 Wie] 3% FFFol Al
THE= 3 MCse AeiA A8 4 AL wjde] 7Hy
< H43te F e WHoE AWty A v
ELISA 53 dubx oz 2 2ol uhgolupy, wel
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5737 149«

MCs 3! NOD2| wh¥ut Fitg W 2F B2

MCs3} NODE gxFEs ezl Aolutg glole]
54 Fol 9 s 23 HARIEE"? MCs2 Aok
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NOD®| #AE A2 74 d < = 3 A=t 57t

T BTG ol 5 SIREEE 20221 Hou
e 40dE AAAH R mxEe] WA 5ol
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of st B 2 WA 7 WG 5 OYR WS
ZE=T) 20049 Chen 5292 MCsdll LHE EZE WolA|
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B ) ABSEASE 3ES FAs o] I S

N

o2 rlo



198 Su Been Park et al.

Bioaccumulation of MCs and NOD — \’@ ‘ .
in agricultural products

Consumer intake of contaminated

agricultural products
°'® S
©::%°8°  Contaminated
¥ I v water irrigation 1 Increase of temperature
Contamination pathways of . I g:;f:::eo(ffp;é)‘
N.ICS and NOD into Contamlnateq X 1 Increase of CO. ’
agricultural products ‘ compost application | Low winds

1 Nutrient pollution

Contaminated
soil use

2
MCsand NOD

Occurrence of MCs and NOD

Fig. 4. Schematic diagram of pathway of MCs and NOD bioaccumulation in agricultural products. MCs, microcystins; NOD, nodularin.
Created with BioRender.com.

T (Zea mays)'@"Y, Y(Triticum  aestivum)'™3} 33 HI S ARESIS ®l sAHES] e W &4 5ol /M

(Lactuca sativa)®® & THF FLHEoA ol £&9] A EUTHAL ERIFHJYTP. o]} e ARE Fall oF HH|

sh, Bl Aol e H A £ Ast 5 FEEHA st & AT oEAN EY W MCse] BEE F3 SE o

7} o7l el HaE A Hojup A Z2E £ Fo] AT, o] £
MCs# NODel| =¥ $2HES oy A7oA Bid = oy Ao bggs 425 53l MCsol sik=<l

FEf et WHsHER ohlgt Z4E Aol A%dete AA =44 ‘F %*% RISAT . o]-d eHdd Fib=

W 534 (bioaccumulation) ZHg& 71H 2F HHAS A o] 2nAtA fE& R AHAFHE F AernE oHFAFS

At QA Qe E ofrlshe T 49T £AE o gfetetal #eEjste Ao] Fasith

RO AFET. FAHE W 549 F2 3 HolakEd

T2 MCso] Al W #Fe 1) AR, Asks 2B A2 U FUe] MCs Y NOD 2 g%

o029 MCs £, 2) 34, Aolwntgzlo} 99 HE =] MCs 3 NOD9| F4te W eddd A+ &

9]

2 EH] AREo 2 Q3 MCse FAHE U 2%, 3) ¥ HE A3, MCs9] 292 4 Bl glo}t NODEJ
SAHES AF, 4) A W fla] 2] dAE Aoty 2 A= obE7HA glew MCsol Q92 i, i
(Fig. 4", MCs# ©]s}ets] 54 5ol fFAFE NOD F 2 HAFE BRSO sAEA I IATH

g 22 AR QA HE o] 2 AoR o e 2| E O OFEOIH A (2023)E HEAEE E3] LC-MS/MS
3] W] AMEO=E Q1% MCse FiHE U 29 £ o] &3t EAG HtE FolA fF B AuiEd 270
Slataa £33t AFoe Ao AFRS o dF 7, 202113 2 2022 Au) 2 =8, T304, 20223 A
MC-LR®] =9} 45 % F22 W 2¥9¥ MC-LR9| v 2 =3h 2 oui304, 20229 AWl 2 3 5 F
To] #AAE e A A7 2 s BlEste] AR 130712 AZA MCs 6% (MC-LR, MC-YR, MC-RR,
W &4 £F0] ol HAZ MCs7t B4 o &3 MC-LA, MC-LY, MC-LF)°l W& =% E7Zo|glx 8
2 F ASS IRISAT. oEe] AT A W = 3 urb Ao o9 g, S 8725 A 9(2023)
2 Ao G n = Q0lo] Fololx] HAES AT ELISA WHo 2 22 U] Q% AL A5 F3slo]
w2ZH MC-LR 29, 2 EY 9 o Hul9 AIg& S5 2 el A% AR S (field sample)] &
BE sike U 2dSs oIE  don, 53] 09 H oA MCs7F AZE(77H, 0.51-1.92 pg/ke)ERem, LC-MS/

of & fob i (#



Table 4. Occurrence of MCs in various agricultural products
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Contamination level /k D iti i
Country Samp.l © MC congener Agricultural product ontamination levels (ug/ke) 7 Positive Analytical Reference
collection Average+SD Range sample method
Radish
Arugula
. . . Lettuce
Saudi arabia Field XMCs Dill - - - ELISA 23)
i
Parsley
Cabbage
Field and IMCs 1.12-7.08 25.0 ELISA
. ield an
China Market MC-LR Water chestnut - 0.46-1.02 20.8 LC-MS 137)
MC-RR 1.68-4.44 20.8
China Field MC-LR Rice 1.20+0.89 0.04-3.19(dw) 47.7 ELISA 24)
Lettuce - ND 0.0
MC-LR Water spinach - 23.7(dw)/2.0(fw) 333
Cabbage - ND 0.0
Choi sum - ND 0.0
46.1-2352.2(dw)/
Lettuce 973.7+849.4 2.1-108.2(fw) 100.0
Water spinach 298.8+330.6 36.4377152.52(de)/ 100.0
MC-RR B
c Cabb, 138.6£54.4 53.1-394.1(dwy 833
abbage O 2.7-20.1(fw) :
Choi sum 196.4+189.0 866'23;5‘50343(%”/ 80.0
China Field : ) LC-MS/MS 25)
Lettuce - 22.8(dw)/1.0(fw) 12.5
MC-YR Water spinach - ND 0.0
Cabbage - ND 0.0
Choi sum - ND 0.0
ND-2352.2(dw)/
Lettuce - ND-108.2(fw) 100.0
. ND-788.9(dw)/
e Water spinach - ND-67.8(fw) 100.0
s
Cabbage _ ND-394.1(dw)/ 91.6
& ND-20.1(fw) :
. ND-553.3(dw)/
Choi sum - ND—40.4(fw) 80.0
MC-RR Tomato 1.16+0.67(dw) - 9.4
MC-LR 7.41+4.28(dw)" -
Guatemala Field MC-RR Panrik 8.10+4.67(dw)" - 100 LC-MS/MS 26)
aprika
MC-LR P 0.70(dw)” -
MC-LR 1.03+0.75(dw)” -
. 820+£250—
Amaranthus hybridus - 4790£2610" -
N . 620+80—
Nigeria Market XMCs Brassica oleracea - 2110£106" - ELISA 138)
Lactuca sativa - 170117074, -
4410+1100
Rice
(O.sativa, BG358) 20.97+0.31 B B
Sri Lanka Field MC-LR Rice 18.19£0.16 B _ HPLC-PDA 27)
(O.sativa, Suwandel) . .
Water spinach 132.86+0.26 - -
Spinach - 0.217-0.306> -
Lettuce - 0.085-0.462> -
L . Carrot - 0.050-0.116" —
Nigeria Field IMCs s ELISA 28)
Cabbage - 0.014-0.0317 -
Tomatoes - 0.233% -
Bitter leaf - 0.050-0.460 -
Pomegranate 26.49+8.31(fw) - 100
) 1.25+0.24(fw)/
Apricot 7.20:0.85(dw) - 100
Morocco Field $MCs Plum %:?‘;igg;ﬁg‘% - 100 ELISA 29)
0.44+0.03(fw)/
Grape 0.10=0.02(dw) - 100
Olive 5.3240.18(fw) - 100

MC, microcystin; ELISA, enzyme-linked immunosorbent assay; LC-MS/MS, liquid chromatography with tandem mass spectrometry; HPLC-PDA, high performance liquid
chromatography with photodiode array detector; fw, fresh weight; dw, dry weight. " Seeds samples, ” fruit and seeds sample, * fruit samples, ¥ Range of mean+standard devia-
tion obtained from different market places, ' Range of results obtained from upstream and downstream. —: not described in detail, ND: not detected
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MSE o]&3ale] &4 A] 37§9] AFolA MC-RRO] A&
(1.19-1.69 pg/kg)= RS HRTH™. tEof 2021d90
A" & 27, F 11 F ujF 179 A FlME 742t 3118,
253, 1.85 2 1.1 pgkegel MCs7} HEEJ M5 2022
doll FAE S, A5 B2 AFoME 22t 58, 1.12,
1.19 pg/kgs] MCs7} AZH ARE7} Aopso,
=99 A% 2k U MCs¢] LYE A AFE B
=3 E}%k% EoA 53 0}0213}(Table 4). Mohamed 5%
<= = F=9 Askr Wl MCse] &
Ared 25 ol&ste W FAE Ul MCse] 295
T2 Haske A5 FdEAT A7 29, 0dE =
b 3E AlFA, #2245, 9, T 2 ilE
< k= WA MCs7F % %E]O*Ot% Askre] 2
Fol S7Hg] wEt ks W 09 aE S 57
< ST ek 2 AFelM e Askre]
Feo] A4 (=0.92)°] ATk
on fEo] MCss AAdshke HHElobrt fle
MCs7h AE =071 the s o mrE Havt
= Ag= AAFeFAT
z27F F2 BAsE Tai 270l
A g AWOW o) &k Gl (chestnut) W MCs2)
.18 H«l AN E 2 o714 5
T oS FEANEE, AT
AN Tl f-F *lEOHHL WA ETE fles el
AFolAE ELISA ¥ LC-MS £419-& AMS-
g zAIE oW ELISAZ #4138 A&
Wt 8o 3l F»M i 7%l ELISA #4
A B A S8l HPLCUr LC—
A AHE-E| ook ghthal WALkt
= 22 FodAE HEHE vt
e F2 27t dAshe A7) Bt
Taihu Z5olA] 2L =718t0] ELISA WHOE ed:S
ZAFSFATE. A A3 447l 9] AlE F 21708 AlEelA
MCs7} 712(0.04-3.19 pg/kg)= A Uﬂl He & 718 1
pgkg olst2 AEH A5 F 10700t & dFolx=
MC-LRS ELISAZ 54319t} HA5 21}, ELISA &
AW 54% MC-LRS X33t the A7 dEHe &
A A= AHHIHEAS T
BANS Bl 29 758 sk et daAde
Li $9¢& #H3g LC-MS/MS 4]
Dianchi TF=2%8 743 k&<l
(water spinach) 371, <5 1271 ¥ =
of el LHE=E AT AEN =T 7P =& MC
ESA = MC-RRe|2I oW, 53] 9} 49 735
AEAAN AEHEES Gl v MC-LRe 79
FollMe LAHA Bl 1719 %*u‘iH Al g Ak A
HAoH, MC-YRS WM E 1709 A5 A RN A&

>H rﬂn&
2 kR

oft
2

>~
of

£ o
£ o

J

%2,
o
(o
2
o o
fu

¢

—

H

N o rln

A

mlo

SaHEo A MCs7F 80-100%2 %8 AEHe
o], whA 2ok A A 9_
A MCs?] 2 FEs A &
FAl g
72 & Romero-Oliva 5292 MCs9l

Amatitlan SA AulE EVLE(Solanum lycopersicum)
5370 & 222 TN Capsicum annuum) T7NE 422 LC-
MS/MS A4S &85t MCse LEFTS SR1sHA
t}. 3F Aol FAES P9 E UFo(roots, stems,
leaves, flowers and fruits into seeds and succulent part) 2
A A e, 2 5 sl BErtE AEG fruit
and seeds A= 2719] seeds A1ZF) B 7719 T T}
AAZ(1709] fruit and seeds AZ, 3702] seeds AZE % 3
MO fruits )0l LAFAFS IRleATh ol 9
HE MCs7F LFE 7hsAdol doldhs AlAkeh whbA
AHE F7F A 28 Ao R Azhdrn

Chia 5" 2B[RPA 71737 flelE& AHA 2R 7
A 7 e 5 ALFE WFLE MCso 298 F55
IRl1staAL =2 Y| E= AlFX] (dmaranthus hybridus), %F
W S=(Brassica oleracea) 2 “33F(L. sativa)E A|7&olA T+
njj 3} 0477;}3’15}. TE AE F 53%0AE 1.00 pg/
ghth & FF02 MCsol L95o] dslon, 53] o
FaolA e FEe] RS IRl ol¢ 22 7}9‘ Gl
Aol WhAE o]l {2 E Ao A = 1980 Constable 3
Rawson®] A5 Ql&3te] Bl EAbl A =554 %
= TE 7]l vla o FHoAN dAse S £t
Fol A& A FHEHE MCsé s=7F A A
A #do] As & Aokl Ak

& 3] (0. sativa L) E 33 (Ipomoea aquatzca)
oA MCs® SHEE I3t A7 A = MCsoll 2
H EE NS AES R gt LHEE 7-:7\]'0}03
ok B A+oA = laboratory study ¥ HFAFE
Fstel, A F9 AP AN Au gt "]E
ME M e 2 (350.82+2.86 pgkg)S Hol Wk
AT VR 7P B2 295 (132.86+0.26 pg/
k@S R

Abdullahi 522 2022 3 Lste] 7hsAdol &
Kwaru streamo| A 2N 33t A FX(4. hybridus), 33F(L.
sativa), S(Daucus carota), FNF(B. oleracea), EU}E
2 bitter leaf (Vernonia amygdalina) 5112 MCs 2
5 AT & dFelMe 39 48 HES AS
sto] MCs®] LAEE Hl el om 38 ¥ A&

W AR A B BAHA &g TRt
=

ﬂrlnﬂ

X 32

rlr

o>
- B oo

eHd

H
2 -{

¢

A Y B2 QHEE HATE Eg AT AP AR ¢
skl e e AEE Hlwsile ), dRolA 7P =2
QHEE HQl AEL bltter leaf(0.460 pgkg)RNom™ a7

(0462 pgkg)’t 7MY =k



o
a7

w}a]rﬁ T+ ades BF
AR FAE LH 20‘3_‘5 AL JEJB_O}E}.

Redouane 5772 ¢ A7<t g8 HUdS o=
MCs®] LAEE FAFSIGTE AT o= g 7L 4
F(Punica granatum L.), 2(Prunus armeniaca L.), A+
(Prunus domestica L.), X=(Vitis vinifera L) 2 &g B
(Olea europaea L)ZE MCs LE¥E &2 NS I
A AEE Fgste] AR LHdE A A9 BE
Hre] A8 7hsd BEolA MCs7F AEEen 59
Aol SEHAA 2 FFo] oo FolEYrh B o
TE QA F2 ATHYE 27 L ALRE Yoht B
QRolAe] MCs] 2PES BHFORA Hgats Tl
qel = MCs7h 2d8 FhsAel lom meby 3714
U] Bags A

A& v} Po] HAE U MCs 9UEE ZAE A
9} wisled NODS] QHEE ZANE Qe vl$ A W
Aol alE o] mew B, T, 4%, 24, G,
9, BrkE, BLEnE 2 A72E t3e® NoDdl 2
ZARIIE W BE FAEAN AEHA gk,
H e W MCst NOD—J OHE A AFE
PR Sz W A e PR SAES 44
2= o

=

a
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dayZ 73} lifetime drinking wateroll ™3l 1 pg/L,
short-term drinking water®ll © 3] 12 pg/LE MC-LRE]
provisional guideline values® A3t Tl EPA*)ol A
= 19999 Heinze 5'7°] A3t Aol whe} lowest
observed adverse effect level (LOAEL)S 50 pg/kg/day =
Q18324 ten-day health advisoryS 4 -+ok(bottle-fed
infants and young children) ©]3}¢] 7% 03 pg/mL,
school-age children't-&] 17421 ¢] 49 1.6 pg/mL= A
Aatar ok vk Euheke] A ‘1.4“: EoA MC-LR,
MC-RR, MC-YR, MC-LA, MC-LY 2 MC-LF 6% =
ol 1pgL olsi7t E=5 A sta Uk, o] ge=
o] 7kelAl MCs¥# NOD9| ¢Hd #eE]& He EelA
I 71EAE st #Esta Jom 1 (Table 5), =
7THE R AE]7]ES Adolsht tiHE 1-1.5 pg/L Akel 9] 7]
A2 A Fol ok

W AR O R sakEol tis) #Eske Sk @
A7HA gk ok F2He Ul MCs# NODS] @¢fo] X
JEA Qe I 9o SUtEE FAClEE AA I
EUHF 2 87t $3 502 MCsz NOD9| b
HeE 91T Wk nido] o Ao g Azt

Conclusion and Suggestions

lsjel QR Eatshs A WATR s
o, 2HA7E AR Fufste] HEE A 718t MCsZ NOD?| &4tz W ol ek #4le] tiFd
of A5 YT Akl= vlaLA Ao wheb EE‘r AAA ol w2l SelolM o FakE W HEel=y mae
O NEE 5715t MCs3t NOD9| LYE=E Ao o9 dfS d¥e 5 vt A77F +3=2L o o
A oY e EUEES sl & ‘“Jﬁéol k. B He Eolu b=l e] MCs 3 NOD 29 A%
Aol HlE srHECA Y] A7t e Helw, 53]
=U|2] MCs 9! NOD 2| A T AR tiE AAAR] L9E AP At Bl
WHO™ Ol A = 1999 Fawell 7701 A3 Azl b == Ut E=3F A7 NODell el 333 A+
2} no observed adverse effect level (NOAEL)S 40 pg/kg/ o] B3] MCs2 thE 771 tiF-EelH, MCs FollA =
Table 5. Guidelines for MCs and NOD in drinking water
Country MC (/L) NOD (ug/L) Reference
Total MCs MC-LR
Australia 1.3 - (Expressed as MC-LR toxicity equivalents) 142)
Brazil 12 - - 143)
Canada 1.5? - - 144)
China - 1 - 145)
France 12 - - 146)
Korea 19 - - 141)
New Zealand IR - (Expressed as MC-LR toxicity equivalents) 147)
Singapore - 1 - 148)
Spain 1? - - 149)
Turkey 12 - - 150)

MC, microcystin; NOD, nodularin. " Sum as MC-LR toxicity equivalents, ?

Sum of MCs, ¥ Sum of MC-LR, -RR, -YR, -LA, -LY, -LF
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MC-LR &2 MC-RR ¢]¢] FFA g A= ol
oF & Aoz A

7o) A A7k FAHOE FHolol T AoT A7
Ak ob87hx FUislol A FAHE] tha) MCs? NODE
Beshe F7ke glot, A9 kR Asiie
uth AAH BUHHE FAT Bart 9 Ao AL
2T B A7old Fad FARAE ojfety B4,
w4, A, 09 2 Bel@F 5 e Hopel 2

FRHYonE hAR ) JNe vhdske Ao
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