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Abstract: Oxidation of MicrocystinnLR (MC-LR) in
background of Microcystis aeruginosa intracellular organic
matter (IOM) and extracellular organic matter (EOM) by
potassium permanganate was studied. MC-LR degradation
followed second-order kinetic with the rate constants of 368. 3
and 400.2 (mol » L)1 « s in EOM and IOM background
respectively. Meanwhile, pre-oxidation of Microcystis
aeruginose by potassium permanganate was studied. The
impacts of permanganate dosage and reaction time on quantum
yield, release of intracellular MC-LR and other featured
organic matter were investigated. The release of intracellular
MC-LR and decrease of quantum yield both followed second-
order kinetic with turning point at permanganate exposure
respectively. Permanganate mainly reacted with EOM and the
cell bounded organic matter before exposure value arriving
quantum yield turning point. Thereafter, permanganate
directly reacted with cell wall of algae causing the rapid
reduce of quantum yield with the rate constant greatly
increased from 0.49~2.35 (mol » L™1)"! ¢« 7! t0 5.00 ~
19.38 (mol » L7171 « 7!, Similarly, MC-LR was slightly
released while permanganate exposure value below release
turning point, where algae cells kept relatively integrated.
Subsequently, algae damage occurred after the release turning
point, inducing mass of intracellular MC-LR release with the
rate constant greatly increased from 0. 55 ~ 1. 45 (mol -
L) es't00.96~14.45 (mol » L™')™ » s7'. Humus-
like peak was observed emerging at quantum yield turning
point and becoming evident at release turning point, which is
very similar to the pattern of quantum yield dropping and

intracellular MC-LR releasing.
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ZHUER 4 500 V, B FEMELERE R 300 C.
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PEFFIN . B R R Ec= 5 nm, R§TEK E.=
10 nm; HIFERTEE N Ex= 220~500 nm, E,, =
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Fig.1 Effect of potassium permanganate exposure on

oxidation of MC-LR under EOM and IOM
background
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Tab.1 Fitting parameters of kinetics model on oxidation
of MC-LR under different potassium
permanganate exposures
AOM ka/((mol « L71)71 « g71) R?
EOM H& 368. 3 0. 99
IOM & & 400. 2 0. 98
0%
:3 05 y=-0.0 622x-0.0 893
o ’ R2=0.98 613
é -1.0F
\\g -1.5r
éj -2.0r y=0.1 574x-0.1 793
2—
5 25 AEBOMEE R?=0.98 888
S He =L
T aof }TOMEE
-35 1 1 1 1 1
0 5 10 15 20 25
#/min
2 BT E EOM 1 IOM R iRE—%
FBHEMEE

Fig.2 First-order kinetic plot for the oxidation of EOM

and IOM with potassium permanganate
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4 R R B (R 20,40,60 mg « L™ B, FREL
S, R B R H 3 B BE B R 4 R BT R AL Y
EOM 3 iyl A5 L A R et 2. (P e Bz ot
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Fig.3 Potassium permanganate decay during oxidation
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of Microcystis aeruginosa at different initial

potassium permanganate concentrations
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ERERR A AR AR B AR 5R . R TR BT X R I 2 Y
FMAFE R 1%, AR URIR A

dy

_E - /ech(KMnO4) (4)
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b Y BBIE M Ye BAE E BT REEME;Y,
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Fig.4 Effect of potassium permanganate exposure on

Microcystis aeruginosa quantum yield with

different permanganate dosages
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Tab.2 Fitting parameters of kinetic model on Microcystis aeruginosa quantum yield under
different potassium permanganate exposures
¢(KMnO,)/ E< Ey E> Ey
(pmol « L71) Ey/(mol+L71+s)  ky/( (mol+ L71)71.s71) RZ ky/( (mol« L71)71 « s71) RZ
31.6 0. 089 0. 63 0.416 509. 27 0. 952
63.3 0. 218 3.37 0. 961 205. 57 0. 822
126. 6 0. 357 2. 35 0.944 19. 38 0.970
253.2 0. 407 0. 56 0. 889 9.12 0. 907
379.7 0. 451 0.49 0. 882 5. 00 0.975

T R PR P AL R h 2P AL R T K R R
7 B ALER » XK FR A HL R TR B AR R ] B2
TR 3E 2R Y B, TB B LA — R Ak S S 0 B B S
A v TR P B 988 L) 2 R R B,
TR AP AT LA B B 48 AL 550 e BE R L T B HK) 2R
ARBHE , B R — e B _EFHAS T SAL5HI3
B EALRCR , FER IR E R AR R
I 5 Ey Ja#8 (JL3R 2).

FEf, 5 E = Ey i, MA R IREZH 31. 6
pmol « L™ HEZE 379, 7 pmol » L7UB, 1 MR RG34
R by DA 509, 27 (mol » L7171 « sTIEERE 5, 00
(mol « L™ 7" « s7" X RN THABFF R INE B
R SR BERCR R, 3 BUAESR TEIE A PR T R AR
PITRBEZH AR AT S 32 oy SR AHC0 90R B2 FRY 388 0 [
RE AR, A, Rk BE R AR R PP AT RES | R th ok (2
7 TR IR AT | B0 K36 R U
K H KA 3 A TR L
2.2.2 EHRRRETAMIA MC LR BR300

e Ao VA L S Tk R A M 75 g 40 1 MC-LR
HIBREI L A0 28 pg » L1, JUSP ML A B 0T 3R
MC-LR HIREHRE A 290 pg « L7, BILN A6
MCLR B A0 262 pg « L7 BEIEIA
MC-LRAGRERCAUAE . & BUREE 1o 4 PR O B 5 F Y

B A MC-LR % )8 A AL 00 -5 R 40 e 126
L. BB FIRERT & — s J1%, s 1 # T R AT AR
BH

N % = krcmcrirc(KMnQO,) ™
CMCLR.E — e_krE (8)

CMGLR,0
B — — ll’l(CM(}LRE,E/CM(}LR,O) €)

Xk WA MC-LR B R R8I 1%
EEERILE 5 K3k 3.

[1X
-0.5
= -1.01
-15F
-20F
-2.5F
-3.0F
-35F

*126.6 umol . L-!
¢253.2 umol . L-!
=379.7 pmol . L-!

LR0)

In(epe-Lr E'Com

_4.0 1 1 1 1 1 1 1 1 ]
0 05101520 2530354045 5055

E/f(mol - L1 . 5)
5 FTRASEBRHARNMETSERRESERE E MBERN
MC-LR BB 2500

Fig.5 Effect of potassium permanganate exposures on
releasing of intracellular MC-LR with different

permanganate dosages
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Tab.3 Fitting parameters of kinetics model on releasing of MC-LR under different potassium

permanganate exposures

c(KMnQy)/ E<E EZ=E:

(pmol « L™1) E./(mol+ L1 5s) b:/C (mol e L7171« g71) R? ke/C (mol « L7171 e g71) R?
126. 6 0. 709 1. 45 0. 899 14. 45 0. 855
253.2 1. 870 0. 76 0. 936 3.25 0. 907
379.7 2.788 0. 55 0. 949 0. 96 0. 981

Xof TR B = B FR B (12. 6, 31. 6,63, 3 pumol
« L7, M MC-LR BSARSE 4, 4351 i 262 pg »
L AR RE R 195.176,98 ug « LA,
PR B AR R #R 70 120~ 180 min A B B2 HEAH

Fege 4 (B 3) , kit — B i s A .

YR BT B AR BRI (126. 6, 253. 2,379, 7 pmol »
L DT fiA MCLR BRUHEETE E = E, AbRA:5
LAV E << E, B, YR LAV B, A



726 [ 5F K 2% % A KRB %

LRV

MC-LR B K80 W RIBOE SR E B EZE, B
B ] R B IHE BN MC-LR FFig KRB’
W, B P MC-LR 4381 F 480,294,210 min Z2 47 Bk
SeA. AR, BTk S R ER A M B BEfE L E. B
SALRIBIN R IE AN 0. 709 mol » L™ » s I ZE
2.788 mol « L' « s, I W] W BE R 5 MC-LR B
TR ET b B 14,45 (mol « L7171 « sTIERE
0.96 (mol » L 1)1 « s 1 (L3 3).

WAL by 5 k. I EATTRE AL B & i3 in
] 2R, Ud PR B IE Pt 2k S5 L 9 MC-LR ARk
BRI CHE. TR SRR T 198 kv =k, BIE
AR B A 2K T B R TN MC LR B =R, L
BRESE RN, A S4B NETHE E=
Ey, BiiE MC-LR RSB G F R IE A T R, )
DL W 40 MU ) 2K 5 5 MC-LR BBl A Br R -
FE-EREAANBRBEEISE , BERAEESH
HRE ST 8 A1 BT G B 2, B ) A i AR IR B A 5
&K B BAAAN B FREIA S E, , B R A W]
WA E B R, FEHRA MC-LR KERIL.

A B AR Y RERFRMERS (W
126. 6,253, 2 #1379, 7 ymol » L) &, IOM %t B
WL, HAESN MC-LR i EERE —H A R R IKKT
(<5 pg » L7, 2N MCLR M & LR AR 8 R in
KFERBOERGEILE 1 F1E 3, BEA MCLR —
R B 40 A1 B %5 W0 B RE A B R A R B
k.

BRI PR PP R AL BE A M A MC LR 4E 7 4E
BARIKT (BB 40 M IR B i S 2 B A HoA IOM
FIRE T, 3X 267G L 2 32 5 )5 S K Ak 38 47 oy B TH 22
BIF= 9 A BUXUS: 4, IR AR LB T 28 iR B A R
HRBAEL Ey 5 E, ZIH), BRI 40 M 1
HIH A MC-LR Y& FE (Y R B e R AR B ] IOM 19
B WAL BE I & o A K 8 B AU, f
= BEK KRR K & 4.

2.3 EEM iR {MEEE IOM 1 EOM R i & ¥
g

i F§ EEM 43Hrif4 g 223 I0M, EOM H4#1E
WA 3 R RBABERE RSTEKE
E./E. h 280/335 BIZSE AR ALE/E 2 360/
450 F1 280/450 4y 2 NKRIB R R B f1 CH 1Y, I,
I 6.

] 7 S A [ v 4 R 1 VAR B A S g B[] R EOM
1 3 4TSI RIS R RET MR 12. 6 pmol -

500

4501

220E==0 -l ==
250 300 350 400 450 500 550
E,/mm

6 IOM,EOM fj 3 MR StuE
Fig.6 EEM characteristic peaks of IOM and EOM

L', 28 280 min 4k, EOM 7% 9% Y% 1% 76 B W ok
AR T 2 i A R R B I = R A T R B, EOM
ARG, FERKIFREIE B Y C g B
BREP VR B A (AT, 5 EOM & A= 2 1 4 T
THFE, B EOM 2GR T U] 52w, W EZE R &
B, 958 40 L B A A 2 AT 32 30 TOML 1) B8 ¥R BE
A MR KB i B C I R
il B, C g i /R 40 iR BE TT 1 B 24, B, C I 1 1B
FEHIMATR TIOM MR E R, 7T LA R e H) W 055
ZEE AN MU RE LA K S 40 B IR S e S A DL 2. 2 e
A MILE 126. 6,253, 2,379, 7 pmol « L' B4R
BT 4288 0. 357,0. 407,0. 451 mol « 171 « s B}
AN BE FF 1A Bk 2L, 288 0. 709, 1. 870, 2. 788 mol »
Lt es/alan gt B, RERMEKE T
YRR FEA R R AT 45 3 A& T 40 ML BE B 2F & 1
BBETI 43294 80,40,30 min, 4HHEE A B DR
4R 1] 23 2928 210,200,140 min,

HE 7 7TH, S IR AP MR B R 126. 6, 253. 2,
379.7 pmol « L7'B}, KR 60~120,30~60,30 min
Bt B, C TG I, & M 210,210,120 min J§ B,C
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Fig.7 EEM properties of EOM under different potassium permanganate exposures
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