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The pollution way of microcystins and their bioaccumulation in terrestrial plants.

a review
JIN Hongmei, CHANG Zhizhou "

Institute of Agricultural Resources and Environment, Jiangsu Academy of Agricultural Sciences, Jiangsu Agricultural Waste Treatment and Recycle Engineering

Research Center, Nanjing 210014, China

Abstract; The occurrence of toxic cyanobacterial blooms in eutrophic lakes, reservoirs and recreational waters has become a
worldwide problem. In the last 20 years, the occurrence of toxic freshwater blooms of cyanobacteria has been frequently
reported in many water bodies in China, such as Taihu Lake, Chaohu Lake and Dianchi Lake. Some of the cyanobacterial
genera such as Microcystis, Anabaena, Nostoc and Aphanizomenon can produce a wide range of potent toxins, including a
family of hepatotoxins called microcystins ( MCs ) that comprise the most frequently encountered MCs in freshwater.
Microcystins are produced mainly by freshwater cyanobacterial blooms, which produce mass populations in water bodies
commonly produce a range of toxic effects. Some reports suggest that the incidence of human primary liver cancer in the
eastern region of China is related to the presence of MCs found in drinking water. The toxic effects and mechanism of MCs
on animals have been well studied. Microcystins can potently inhibit protein phosphatase type-1 and 2A after the toxin was
transported to cytoplasm by the bile acid transporter in the cell membrane of hepatocytes. Microcystins can also induce the
oxidative stress in vitro cultured rat and fish cells. In recent years, the toxic effect of MCs on terrestrial plants and their
bioaccumulation became an attracting area of research, which had made quite a number of important achievements. The
growth inhibitory phenomenon of MCs on plant was firstly observed in Sinapis alba. Thereafter, many reports demonstrated
that the growth, development and physiological pathway of plants could be affected by MCs. The commonly accepted toxic
mechanism of MCs on plants is that MCs inhibit protein phosphatase type-1 and 2A. At present, there has some evidence

suggesting that oxidative stress might be involved in the toxicity of MCs on plants. It was reported that the activity of
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peroxidase (POD) and superoxide dismutase (SOD) , two of antioxidant enzymes, were changed in rape ( Brassica napus)
and rice (Oryza sativa) seedlings when exposed to MCs. Recently, some attentions also have been paid to the toxic effects
of MCs irrigated with water contained cyanobacteria on plants. The effect of irrigation with contaminative lake water
containing a variety of MCs on accumulation of toxins, or toxin metabolites, and growth in plants (e. g. ryegrass, clover,
rape, and some vegetables) was investigated by many studies via field experiment or indoor test. Microcystins could
accumulate in living organisms and transfer through the food chain, consequently threatening human health. These problems
are beginning to be addressed via water quality management programs in some countries. Hazard characterization and risk
assessment of cyanobacterial toxins in relation to human health requires the identification of exposure routes. Among more
than 80 isomers of MCs, MC-LR (L indicated leucine) and MC-RR (R indicated arginine) are two common and dangerous
ones existing in freshwater bodies. This study was aimed at MC-LR and MC-RR, including stressing their pollution ways to
terrestrial plants, toxic effect and bioaccumulation amount in plants. Furthermore, the research directions in the future,
such as the transfer and degradation mechanism of MCs in soils, dose-respones relationship of MCs and its ecological risk in

agriculture were discussed.

Key Words: Microcystins; terrestrial plants; pollution way; toxic effect; bioaccumulation
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BRI MCs HE AR A AR A2 FEEVE T S ARV E AR A s B . TR IS B /K I 0t =+ SR R A )
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M AT 7 IR ARG RN 2 VB /K A B T2 Bk U AR K A B T 2045 207 5 (4) ks 0 o A W K AR A
BRMKEA LR o AU AR RN & WL, R AR SCOETE M H A,

KIRIKIAR A MCs A7 3 Fh EZERIAAETEAS BNV ARAS (TR ) (AUIRZS A R ERES 3eo is iy
KARSF MCs By Tk 2 ARAESES A KRN LA R 43 Bk I, A B 45 4 25 19 MCs FEAK (AR o o 4 R 43127
3 3 HLBR 2 WA R /K T B /K AR LA 15 g H R & 8 SRR ARG i £ 2T B, # R R A Y 5 i
AW AT SR UEAC R R A ALIE R B 3 T S0 3 il A M 25 5 A5 1 MCs 78 L3 i Bk i
B, BE E 5 i TS g ik AVERIR IS B SRR AR R A 2 A A A MCs S BRI — Bt BT B
KA R TR =Y, SRR TR ER G, CRE M A ARKE T MCs 19 E = 0—
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FEFRE , VE Ryt K SR PR WA C AT 85% L T ARFIREE A BB SR LB ) | Rk wok A8 & A ™
FAY KA S TEIR AW | 2 T T Tt A BRI A 2 2o 7™ ) K A, LA 2 T A5 K ARt R A S TR R 1
Sz 2005 AFAE A LRI GRVE R ) 22 2 K B R A MCs HEBE 4308 2. 71 we/L A1 6. 66 pg/L
2009 4F—2010 4FRMIMFRE KK (RZ  PIZMFIZMIRAFES) o MCs W E RN 0. 78 pe/L, i ikl
0. 14 pg/LP* T A TS MCs B9 ELE 0. 05—0. 89 wg/L Z 18], AHETE 0. 03—0. 48 wg/L Z [0 25
WK MCs MBI IA 17.29 we/LU7 s BE LI ZR 517K if MCs AOMEEAE 0. 4—1.5 we/L 20870 B BH W K
R MCs W JE e M 1. 037 pe/L7

UL AR, TR 45 b 6 Y 90 R 90 I w5 98 5 e IR S 34 im0 G VRTS8 MC-RR ¥ B e e ml ok 17. 73
e/ LT TTKAE MCs MR R 0. 04—1.36 /L1 78 S & 1 FF988 10 22 1L DX T 78 1 5 i A 12 22 o K A9
RGN TR MCs, B oA 1,558 we/L A10.3 pg/L

FE AR Z K P MCs Bk BOREE >t LTk 10 H 63 5 8K 4877 A 1) MC-LR ¥} B e e
11,43 pe/L BT K E KR H MC-LR BJSF X3 BN 0. 794 pg/L™ 7 A4y MCs BB {E N 20 pe/
L7 % =K E 9 A4y MC-LR Ml MC-RR B9 50018 41 ng/L Fil 18 ng/L) e 2 725 S i B (9 78 7K K
JEH MC-RR it n] 35 2. 84 wg/L1 BRI, FH B S IR0 M 3K A THEIE R PR MCs 0F ACRPEI I 7T R
PEHER
1.2 H F/KPEE

MC-RR #1 MC-LR ¥JJ& TR s8R A HLL A9, WA AT 3 i) MCs P RE 8 20 ks 2F A 7K
RGN R ERURLE D 1 3 MCs 85 R RAE X MCs A — 2 IR R R A R (R
J2& Eynard S5 HGE TSR R A ST, HHER ARG UMM K i MCs, e T B0 T K3 1Rk
ARG T IRAE A, 5= f 2R BRUED R RIEB = 2 MCs OB, X R GE Y MCs 17 7ERY
IFE] (24 100 d) Pt T HAE 2K TP B FELERF 1] (£ 28 d) . Mohamed 2538 4 X6 ] 4 JR . 1X 19 10 171 4
TR K AT RE I 2 5 R L, MCs ¥R 0. 3—1. 8 pe/LU | KREHH T WHO #15E Fik 7K MCs 14
T FAE ) 5 FH v B (/K VR BRFE A L 1Y 6 R =%, 76 & A P 354G 1 MCs, 58 0. 07—1. 2 pg/g (
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), UL, R VR AR K 5 MCs 18T A8 38 o8 VA TR 17 00 A Bl A A 2 4k P, DA Ko A A i R s
JE
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F T /K A5 Y e BRI TR P H OB ™ 3, 4% AR N K T & S IR R s B o 2 —
A 3 HUBR D i MAC B /K T R () /K SR LA 5 et L 2007 43R [ AW s ™ B R R S, AR B 3l 1 —
F B B IR P o S S TARUE A, 3145 0 e R 2o s i A8 SRR T KT e e 3, il 38 /K s A —
FPERCFBE ., ATH5 5 W BN IR AL AR 2 H 3 2 1) B U AL R s 4%, (H 3k 34 s 4N i 285 55 25 1 MCs 76
M R R B RS, SE e AR R

PEA K T HLAY AR A B I A R AS MCs B9 35 B AR R e S AR B AT, B 7 3 [ TR b 3 75 SR Ak v e+
Ay TEEE RN AR ARSI MCs SR IEATE 1 pg/L AR50 H 22000 9 0935 2 0 2 b LA S
GO FTH S TSN i AL S MCs KA BHOE R B DY ) RAF X MCs 5 —5E
P14 B R i BB (RO RS, S BEE RS COnHLAR AL B A HLE & i pH R SRR E 45 ) K AEAR
£, MC-LR fil MC-RR J& TR shiPEsm A ML 9™, B0 e 1 ke R e 4, AR T B
FIRCHL T KI5 Y, Ak, MCs 7558 AR AR R AT EEAE 3 by B — B[R], 3t 44 0] 2 58 AR 2 A 85 T 11 3
AWy R ) A A A U

SRR A A ST B B R R A, R RS S VTR A Rl B AR I A A, B AR
Sy 58 3 0 W B A MR AN TR T2 WS MCs 19 AR2E AT 34 90% LA I, B MC-LR 1 MC-RR 1%% ¥
B HIE 30 we/kg( T E) A5 pg/kg( THE) U (AR EMREER, L) . BARIFEHEALXT MCs A94
YRRt A5 (R AR P K, 0 R AR PP 5 B3 A MCs AR 1T B 2 X 9 A 4 T N e f B 7 A 2
S IR 0T T P ko s e Bt P 4 2 22 4 e MCs AR IR 25 Tl B A 0T 9 1 A TR A B B
2 WEESENEEEDEKOZIE

H Kos 25 8 UHRGE T W SR Y0 Bl A2 0 1T ( Sinapis alba) 418 AR KA T0HRIVE FH LR DT) bloke ibk &2
FIRFFE I (3 1) , R o i MCs B2 X Bl AR A O R 7 & 0 AR RO B2 A E A A R
S0 el EE A B, RERIAEL T R A AT R R R A VR SRR AR A Dy T Y
B MR RS IR R ETE AL

PE— W58 KB, MCs BERZUIN MY 8 FIBERREE 1 A1 2A(PPL,PP2A) AYTEME % S 3= Il i
W S B AR B S O THRE , B IS M 2R (AT IR RTIR A5 S 40 | S — SRR il A 5 1
W AL ABAZ IR ( DNase ) 1 | pR BA TR IS¢ B 6 RS il (HPT) 70 55 32 MCs W i RS 4 23 7= 2 S AR L R
J7 L A R A AL B AR (SOD) MO e AR EALEE (POD) T BRI AR i A AL P ( APX) (it 4
FEEU (CAT) "™ ABEH K S A M (GST) 7 48k H kit A AL ( GSH-Px) 77 S5l v, g e &
) 7
3 MERSEEREEYPHER

S MCs Xof i A= A0 O SRS M T 52 6 SO0 B T FH AR AT SR M AN T R H0R 5 MCs 1 52 58 e
TEIE R TR K 1 AR A D 41 20 MCs BRI T RAS 50, St R 217 A g £
TR XTI Bl AR R A B3 TR B VR RO AT T /DR oY . BT A ST A R, MCs XoF A ok 14 5%
BN R E R E P AN MCs 7 il A A A A P9 SRERUS RO 9E £ 0L T4
3.1 fe e R ARG A2 b R

FE ZMX MCs FEA BT AR P R E A5 F AR e, R R EE W TR IR (£ 2) . 28
FIRFFE 2, RIS BT PR N MCs 1 35 5 HAE MCss PR v A0 28 88 ) i) 0 2 S o 5t W 38 IE MRS SG R0 77
{ER[RIAE )X} 4% 25 8 3 (MC-LR A1 MC-RR) A [ e FEAS [, 4, = AERHE 9 97 43 W0 10 S B sURR (AR )
AIPEI% MCs XTHEY P2 iR 8
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Table 1 Effect of type and concentration of microcystins on terrestrial plants
ety 5 7 AR IR Sk
Plant type Measurement index Toxin type‘ and Reference
concentration
H RS Brassica napus 44 AR PP1 PP2A 11k MC-LR 0.9 pg/L [61]
i;é%”:iiz:::m AP KA SOD B POD MC-LR 600—3000 pg/L [68]
M58 Brassica campestris P % A1 .SOD . POD [ CAT 7% MC-RR 10—5000 pg/L [70]
IKKE Oryza sativa A GST F1 GSH-Px ik MC-LR 50 wg/L [73]
WS Spinacia oleracea FERACT MC-LR 994 pg/L [74]
WK Spinacia oleracea P & AR AR AR S A R TR S MC-LR =0.5 pg/L [62]
T lpomoes batlos g Py PP R PP2A NS URRCIRASIER S MC-LR 1985 e/l [75]
HHEL Nicotiana tabacum THRFTRF 5 e MC-LR 1242.5—19800 wg/L [65]
F15¥ Sinapis alba AR A MC-LR 3000 pg/L [57]
H13¥ Sinapis alba W TR E AR PPL FI PP2A 35 MC-RR 1.0 pg/mL [60]
F13¥ Sinapis alba AR FEH R & 5 DNase {1 MC-LR 3500—30000 pg/L [66]
¥ Sinapis alba

Ea%g Solarmun tabeosum WG R K S A %‘Jﬁ Q“LC‘RR MELES. 0= 196
SR E Phaseolus vulgaris

3£ Phaseolus vulgaris WA AR R IRSE MC-LR il MC-RR 20 pg/L [63]
FIATRE Lepidium sativum — HERINE] RFRKE .GST Hl GSH-Px It MC-LR 1—10 pg/L [72]
43¢ Lactuca sativa W RE 3 EAT R SR B Y K [24]
1% Medicago sativa FhFili e HIRRAEAC RN MC-LR 5 pg/L [59]
15 Medicago sativa Pyl ke HIARAE K AR R IR AR MC 0.01—0. 1 mg/L [58]
E & Medicago sativa B BAHPT MC-LR 0.5 pg/L [67]
3% Brassica chinensis B & MiRRAE 1 .SOD . POD (CAT &1 MC-LR 8—4000 pg/L [69]

SOD: # ALY BALRE, POD : i S MY AALRE , CAT: iSRS, Dnase : [0SR RZ IR , GSH-Px: 43 Bt H Bk % ALl , GST-4 B H ik S
RN HPT: JRIBER M 2R B FS W

Kurki-Helasmo I Meriluoto'®" T8 2 FEAR RS FE RN T ( Sinapis alba) HEHAT T 7 d ZEERE, 45 R A B .
MC-RR ¥R 0.5—1 wg/mL BIAAE T, 2l AR R T 0k I (R R 2 A fER T 5 wg/mlL 1, 4
i BEE 25, MC-RR Fl MC-LR X T A BRI il i (1C, ) 439120 0. 8 pg/mL F12 pg/mL, Jirvenpii
27 44 MCs A 7K HEBE VY 2% 46 ( Brassica oleracea var. italica) Fl[AJF ( Sinapis alba) J& &%, HE W K MCs
B RE R 1 /L 10 pg/L B ERE 19—20 d J5 (528 MCs BN 2.6 pg 26 wg F12.3 we 23 pe) (LT
IR E] T MCs, 23914 0.9—2. 4 png/kg(#E)FI2.5—2.6 ng/kg(# ) . Peuthert 27 5@ % 11 Fk
HER S ) R 290 R I, 76 MC-LR MR 5 g/ L (254 R IICE 24 h, X MCs WU fe K AOPER) A 7
( Medicago sativa) , AR MCs 5208 88 we/kg(EEE) 2520 44 we/kg(BEE) WO e/ NVEY) 4L
5. (Vigna radiate (L. ) R. Wilez. ) MRHZH 8 ne/kg(#EH) 2520 4 pg/kg(#EE ) . Saqrane %5 il 1d
IR BB KB, RARBHEY) /N ( Triticum durum) 7E MC-LR ¥ 0. 5—1. 05 mg/L W) 5544 %55 30 d
J , BRAR RGN E) MC-LR 41, 25 Rt sh B R K #1) MC-LR & i, 10 K (Zea mays) ZhG AR 25 R 35l 46
E] MC-LR ; 254 MC-LR P X AR AR BHEYI K, B 5 ( Pisum sativum ) F1I% G ( Lens esculenta) TE
MC-LR #JE4 4.2 mg/L i, %F MC-LR RS2 /T R POR AR ER 19 2—16. 9 175,

LR B NG T MCs RIS AR N G REFR MR EE 2 . BORARFAYIXT MCs [T 52 W AN ]
HHAE IR MCs 19 BFMAIEA S E M —3, Chen %™ &I, KHF (Oryza sativa) i %F MC-LR
M 32 6 BE R 0. 12 mg/ L, I ( Brassica napus) 2 EMIRE T E A IRZEE ) B 8 B0 70 E s ek 2
Y1 (MC-LR ¥ N 3 mg/L) 10 d J5 &3, H4h# v MC-LR A K& &0 90 651 we/kg F15.4 pg/kg, it
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XA A SURE IR & B, 76 MC-LR ¥R EE#E ST 0.3 me/L B, SRR (AR W 8B AKT ), TR Aol A2
BEXTVERI G B MCs YRR B T T — RIS . 383 X BOR BB 5 & B, FL = ( Trioflium repens )
47 % MC-RR BT 5240 0. 05 mg/ L, 1M A2 % ( Lolium perenn) ™ &%t MC-LR (45 52 4 B}y 4 mg/
L, il XS 98 K& B, 38 ( Brassica napus) 401 1 X MC-RR A9 1M} 32 ¢ B2 Ry 5 mg/Lm] , B 3¢ ( Brassica
chinensis ) $ T % MC-LR fUTH 2 K 0. 8 mg/L'® ;i /N 3E ( Brassica rapa ) T3 i ( Solanum. lycopersicum)
X MC-LR B 32 B2 0.5 me/ L, B M BE 35 (b & 27 58 0 35 AR, &0 i 1 i s AR K 34 32 30 [ %
£ TR
3.2 SRR AR Uk b R AR

R 1 Sz S R XA A A T AR R, AR MCs TEAEY Y SRR E I B 22 42 1 A2 3 Ok
ZIET RS AT A, B A R B4 TP el F 2 R R A RS MCs 13 B IR K TR
FEEVEY X 5 T 10 FE Y E R TGS B 4556 T MCs 7238 1 ( Solanum lycopersicum) AR 258 (£ 2)

1999 4, Codd ZFH KA T & Microcystis aeruginosa( MC-LR £ 54 3. 23 mg/kg( T8) ) /KA
3% (Lactuca sativa) WK 5 I 5E M 835 MC-LR & 5~ 0. 094 mg/kg (), M KA K 0. 883 mg/kg(+
) MR 2. 487 me/kg(FHE) P {HULJE , BEAT MCs FE R AT SR BRI AR SCHRIE . EL 3 2008
A Crush 55 & B FRALIIK (MCs B EEZ) 1.6 mg/L) #EBEIHSE ( Brassica napa cv Winfred ) 223 57 ( Lolium
perenne cv Grasslands Samson ) F1H =M ( Trifolium repens cv Grasslands Kopu I )EEVEY) G KB, Hod R MCs
i B KH] 0. 20—0. 79 mg/kg( T H) ,HRFIAF] 0. 12—1.45 mg/kg( T HE) . BfiJi7, Mohamed %" i T
JH MCs Wi (R 0.3—1. 8 pg/L) BEARAY /K HERE 6 Rk, 45 0 & LB SR MCs & & 5K MCs 11
TR RGO R . I KHEE A 2 R A 4 A W B ) (H2 Ok S VR A mT 2 11
R MCs &3k 0.05—1.2 pg/g (B E) 1 WRHg N R AR 0.5 kg( ) 715, WA A —K ]
$EALI MCs hy 25—600 g, i T WHO'™ S 38 511 e oK o MCs (19 1 FRAR AR, % A S (R 22 2y o
U

B 0 IS G i K PEHE AR B AN AL BE J5 1) i B S VR A DL RHIE F 2 3 UM A 458 28 19 MCs TEVEY)
R — R A (H AL A 2o NS (8 ™ AR I IE 19 U 1 R DI Y2 58 . Bl GEX — [l A
MR IFE T — RSB SEDEEF L15 0, DUT S 0 WY A 22 4 B MCs (P T (B A5 0], W20
AIRT SR, EA 3R MCs 75 ] BE DR R A= W e e (e B N30 RO A A5 DR R TR AT . P R i e s
4 0.375 kg/kg(416 wg MCs/kg) i)+ 3R HE T 32 ( Brassica chinensis) , FhTJCEEIE# H ¥ MACE 30 d )&,
IR MCs FRRA 39 pe/keg, T IEH A, HMGRR B IR ARAL I MCs 751 (LC/MS A8 A I
THEH 10 ng/kg) o ARG 25000 kg/hm® F553 16 2404 1 MEAE KL MC-LR I MC-RR 195% B 1243 310 30 pg/
kg(TH) 15 we/kg( TH) ), A LR MC-LR Fl MC-RR HyH K= 4350°4 0. 75 g/hm® F10.38 g/hm’ , it
AR T WIAHE WL AR FH B MCs 9, 773K MCs 198 /T 10 ng/kg (AP EATLLE R f5 LK) . Hil
FHIE SRR S 2 SEOL B AT HIH S MCs & i lbn , 5 K0 WA MR GRS
3.3 MEBSRNEYEERK

Y E R R BCE) BF b= B e R Wik RS R 8 R bR, A SCERRE o, MC-LR Al
MC-RR FEAE Y 13580 (1 AR HIAE 0.021—1. 63 H10.40—9. 87 Z Ji] ; MC-LR FEAH ) Hb %53 1 2R
FHAE0.82—8.8 Z ] (%K 2), BlENKA MY AR X MCs BYMCFN SHAE TR, MCs BR 1 7EREZ Fh
1 SR BUR B 2 B S (g i i 0 A BT T A R B Bl AR A A P 1) BCE Bt 22 588 2t X 384 0 T U/
UL MCs 1 s 52 RS B 6 1 1% AN BB AR DG, TN Bl A By B A3 hnini s . Ak, MC-LR /9 2E
Yye S A5 R T MC-RR, R B Bt — 25 b7
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