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Degradation of MC-LR in soil
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Abstract: Microcystins (MCs) is a biotoxin produced by aquatic cyanobacteria bloom. It can be transferred into the soil-plant system via irrigation or
fertilization. Microcystin-LR ( MC-LR) is one of MCs commonly studied for its toxicity and high detection frequent. In the present study, degradation of
MC-LR in soils was investigated by simulation experiment. Results showed that MC-LR was an easily degradable organic pollutant. Degradation of MC-LR
was affected by the soil physiochemical property and the degradation increased with the increasing pH value and decreasing cation exchange capacity.
However, degradation of MC-LR was hardly affected by the initial concentration. Microbes played a major role in the degradation of MC-LR in soil. The
influences of environmental factors including temperature and soil moisture on the degradation of MC-LR occurred by changing soil microbial activity. The
results provided useful information for evaluating the ecological risks of MC-LR in soil.

Keywords: MC-LR; soil; degradation; influence factors

HIFOIR £ k25 EE K (Rinehart et al. ,1988) , A R 51
HUFEAER (Ueno et al. ,1996) . i3 i 5 & T 530

bt AR AR Hﬁ‘%ﬂ TR EUR R P B EARMAR AP T H A
51 & KR I K 4205 Y B 25 ™ 8. %fﬂiﬂ@é} A (Tto et al. ,2000; Azevedo et al. 2002 ) . W58 3
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BRI f5 3 (35 2Rk BR300, 2013 ; EARZE4,2010) . H
HIC KB 100 Z2 R0 R A9 (4 (Puddick
et al.,2014) ,MC-LR JeAt e it | B dec kK e
o)™ Y — Tl I 4% %€ 3 &R (Chorus and Bartram,
1999).

R ZERE T R e K A i o R MEIX R 4T
PEMET T U A AR N K AR B B8 E A A B A
(Corbel et al. ,2015a; Chen et al.,2012) . ¥EHRIE , 7F
WEBE R ARG TR Y T VIt 3 X J] 3 4 P 4 4
IR L Z I R S ETE 10 ng-kgT A
(Chen et al. ,2012; EHEFSF,2015) . T MCs 2 #
PRAEDMC AR, I By e o A A f B 7 2 e
(Ibelings and Chorus, 2007 ) , IT4F R B W @ T
KHAEY R G MCs IS, FEE P T RIEY

B N I i 52 AR 5 1 ( Corbel et al., 2015b;
Corbel et al.,2014) , =% MCs 7F H3EFIREE TR
¥ (Chen et al.,2006) . 4S8 5% L MC-LR A 44l , 38
T 5 PR S 56 T 5% A 3 b g e i S R i)
PRIZR, UIUIAY g v Gl ol 5 3R A 25 U, A e 4
il SRR A A

2 ## 57 ik (Materials and methods)
2.1 ERAHE

Mk 98 SR R TR UM B Y 5 Fh 1A R
SR A T 1 ~5. AT R, bR A4, iR
A1), ik 60 H 5 FH.L D e 4 18 vy BAR A BT (B an
B ,2000) , 25 R 1.

F1 il TEENER

Table 1  Physical and chemical parameters of the tested soils

st - , AL & PHES 38 4t/ HUARZL AL
s R CIR) PHE (g-ke™) (cmol-kg™) wE B HkL
+4e1 it SF 1T (OBRR H ) 3.94 36.7 20.26 30% 57% 13%
32 HerAOl KA (KFE L) 5.88 51.9 11.54 26% 58% 16%
+33 BN (FEA R 1) 6.52 45.5 20.06 52% 449 4%
+3E 4 T AR PR AT (218 6.52 22.4 16.15 44% 50% 6%
+45 IS AR (aea kL) 7.18 14.4 3.65 50% 46% 4%

MC-LR #r4fE & 4 F 5575 Algal Science Inc 2y
A, 45 34 > 95%. FBE RN 2 G ¥ o ik Al T B
Sigma 2\ A, = L BRALE >99% , W F BT T 38570 2
A AR B S Al W B TN AR 2= T K
55 K A e atiK.
22 EHRME

ABI 4000Q—Trap 53 5k DU A% FT £k 14 25 7 Bk S5 3%
ASCHE B, 155 55 25 R ( ESI) ( Applied Biosystems 2
A]); Agilent1100 W AH 4 3% ( Agilent 2 W] );
Unique-R20#84[/K 2 40 (JE 181 B HER A AUE8 A R
5] ) ; Sep-pak C g 8 AH %5 BUAE (6 mL, 500 mg,
Waters A1) ) ; 2 5 2020 AL (HC-3018R, B A A
B A FRAFD) 5 W HER A AL (MS3, fl [ IKA 4
A1) ;8 71X ( KQ-800KDE, B 111 #8 7 1L 2% A BR 23
) s HL T K- ( BSA224S-CW , 7 M 35 U A S A5 PR
D) TR IR G H IR AR (HZC-250, i35+ 0.5 °C).
2.3 EH %
23.1 MC-LR £ R L3 6 MATH PRI
30 gfbial HHEF =M, A BT K 1
FOKERE 30%, % FARFER T 25 CHHBERFFA T

WEKEFE 7 d I, S5 LR TG YR DL B 4
tt MC-LR [ H 20 pg-kg™', A AL B 3 AR
7, 0 HE T 1 R B S0 B R A i A R PR, 0
BHES I = AN K 53 5 i, e - R ACIRAS ( Chai
et al. ,2013) Ay SIAETRINTE Je 55 1.3.5.7.10,
15.30.60 d HUFEI € 18 MCs AY5R R 5, 1 [F].

2.3.2 WK E A MC-LR @ uy%m  LIKRE L
(3 2) s 4398, 45 & PRBE eI 7 i | 44
g MC-LR () OO0 e B (13.7 pg-kg™') (&b
FEE,2015) , I 75 Al i 385 Y 1B i, 1 5,20
F1100 pg-ke™ AAS ]k B V5 e 18 42l 1 48 5K
HHy 30% kG IR N 25 C AN KEFMET,
5T MC-LR FEAN R0t B 25 14 ) I A 155 .

2.3.3 HELEEX MCs BN P DKFL(L
5 2) MEEK I W R 20 pg-kg !, REG, IREE
LA HERE (15 .25 F135 C) &K (10% 30% Fil
60% ) ALY (KB FIAS KT ) X MC-LR 1) B it
S AN R L A B PR E B KRR 30% , A
KU AR & KR AL PR, 55 3R 1l 25 C, AN K
B ARl Ak 3 7 Ui S K R 30% ,
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FRE N 25 C.
2.4 WE gk

TAET MCs 1 TUAL 385 53 B 525 41 5 T vk E
TT(ZECAE,2013) HEMRFREL 2.00 ¢ L 3EFRES T
50 mL &0, A 10 mL 0.1 mol - L™ EDTA-
Na,P,O, %, '8 10 min, IWEYR 5 min 587
30 min(300 W) ,8000 r-min~' B5.0> 5 min, Y8 3
W LA 2 A IF B, i C18 [ AR %
BUNHE B AR I U8 O, PR A, 10 mL =4l
KWV, BL2S T4 5 min, Bl 5 mL R4k PP By i
JINKE  WSCHE R T . R T T R (40 °C) e 23R T,
DIFFESERZE 1 mL, it 0.22 wm S8R, & T 2EREH
T 4 C UKA AR AE A5 I R ] Agilent Eclipse
Plus C18 # (150 mmx2.1 mm,5 wm) #4174 3% 43
B UEREECN S pL SR HIE B T, 28
B A I ( MRM) #5520, MC-LR A9 £ B B [H] Ay
5.53 min. ¥ S BT, PR UE R T FR MER | S
FE T ASFESL IR B A FURE R EATRE RE SR
FE 25 FIRER B R AG H MC-LR , EATREFR IR 2515 T
1% ,MC-LR Fy# H FRAE (LOQ) 49 0.25 pg-kg ™', B
A AR (S pe-keg™) IFIBCR A5k 64% ~86%.
2.5 AT

R E A B v A A R XA ALY
ey A mT R A 520, MC-LR 7E 4 3 v 9 R fit
g R AR IE J5 1 — S B A 8l 1 2% D7 B ( Wang
et al. ,2006;Shan et al.,2011) AT A IHE, AR
wmr.

InC, =InC, - k(1 —e™™) /a (1)

1 0.693«
by =~ aln[l I ] (2)

A, ¢ i EHER MC-LR 5% BRI (g ke ™) 5
Coh L3 MC-LR MIRIIRWEEE (pg kg™ ) 5 ¢ s
FEII] () ;o AL R B (A7) 5k by WA 5 2
(d7") 51, WBEAREREI ()

% Excel 2010, OriginPro 8 FII SPSS 17.0 LogLe
IR | 2 B R B IR R 5 22 03 T AT F
x50, LA B 7K b AH 56 53 BTk ( Pearson ) AT AH S A%
I3t

3 R 51Fi8 (Results and discussion)

3.1 FE KA +3EH MC-LR 8 [###4T K
S5 LRI MC-LR 7 4 38 v iy B2 fif 180 o6 3 iy A8

(K1), MC-LR 16+ 2 4 3 1+ 4 P
W 2.7.6.3 Ml 2.2 d(F2), BFET
HAEFHF 1(11.4 ) FEHES(11 d) PR
W], H MC-LR 7E -+ 2 + 4 3 F1+3E 4 A9 60 d
W R 4220 1009 , b 25 8 T 12338 1 R0 I 5 iR
2R 77.7% F 88.5%. 2 7% L 5 R 2 55 A Bl TG G
Y bs o (E Z AR BB AR 24 45 7 I, 2014 ), MC-
LR (FEfi i< 30 d) J& T 5 K fg A IS e R
& MC-LR 7£ + 3 7 B i 0 MCs ]38 i B it
FH AR 25 UK W R 22 A 3 (Corbel et al.
2015b) , IR A H T MCs 53 Tk, it A 3G —T5
T2 MRV 85 22 0 )2 40 25 M R K 1 R AR 2
JXB (Mohamed and Al Shebric,2009) , % — J7 [ 4>
Ik 7% W 1 FH A A W W WA B 2 4 ] A
(Chen et al. ,2012) , [FI1t MCs £ 35 H (1) 75 Y [n] 15
AN

40

m i
32 H o %2
A13E3
i 24 H vtiE4
& 4135
© s j
8
0 ' !
0 15 30 45 60

vd

E1 MC-LR £ E A 38 i i) P2 7 B 22
Fig.1 Degradation curve of MC-LR in different soils

PR AT S0 MC-LR 78 38 v [ i A 7
J AR s MC-LR Bt 2 AL 2805 pH
BH B 728 i 12 4 ol S22 A A DG FE A GG R (3R 3)
RP 4338 pH {EBRAIC | BH 25+ 3¢ ¥ it 8 5, MC-LR7E -
Heh i A R EBER B i 418 X 1 3 pH (BT
T LR, R M R, R WL R
T 2 PR TR 9 P P AIG (FLAR A, 2011) , 33X MC-LR
RefrAs 22 6 TR B i i &, AT ML S +
HpH [HE BETMIK KR (r= -0.594, p < 0.05) ,
FLEAEK, - P Ay £ for B 22, mT IO 2 0
T(H") , SE A58 pH {HFEAT, BRPEIG 5, TS m
MC-LR [£1LRE T, ] FL R .
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Table 2 Degradation kinetic equations and parameters of MC-LR in different soils

+ g mIEpy R? MEffs i A B R et/ d R fi
+4E1 InC,=2.85-0.08(1-e"%") /0.05 0.9438 0.08 0.05 11.4° 77.7%
+HE2 InC,=3.55-0.26( 1-¢™%) /0.02 0.9917 0.26 0.02 2.7° 100%
+HE3 InC,=3.72-0.12(1-e7*%") /0.03 0.9404 0.12 0.03 6.3 99.8%
+HE4 InC,=2.34-0.34(1-¢7%") /0.06 0.9648 0.34 0.06 2.2b 100%
+3Es InC,=3.7-0.07( 1-e"%%2) /0.02 0.9231 0.07 0.02 11.0° 88.5%

T : [E30 E AR ) P B2 28 53 AN B35 (p>0.05) , T .

%3 MC-LR HEBESHSEAERIEXME

Table 3 Correlations between MC-LR degradation parameter and soil
physio-chemical properties
pH HULR SR PR ac
et -0.306 -0.348 -0.142
93 e 0.199 0.104 0.092
ZEREL -0.403 " -0.248 0.610"

TE: " FORTE p < 0.05 K REARK.

3.2 FEAIEERE T MC-LR # F§ f#

WHE T MC-LR #J 45 ¥ £ Jy 5,20 #1100
pg kg™ BN [E] A B F 5840 46 Wk BE X MC-LR 7E +
R IGZ (1E 2) 25 SRR TE T BEE R 1R
WEEEH MC-LR myRfi 2 A 25 5,60 d
J& IR H MC-LR (36 4) 4R STk 438, MC
-LRTE T eI TR MR Bl 13.7 pg- kg™ (I
#55,2015) IZE KT 5 pg-kg ™', 5 20 pg- kg
FEALTF TR — # 2, P BL 7E MC-LR ¥ B 4 1K it
(<20 pg-kg™") , Hoxt H4RUE A m N R

RSt e BE TH 5 0 A2 4. 24 MC-LR ¥ FE T+ & 100
pg-kg ™ TR AR A (M R T B o R
S E] MC-LR P AR SR B (0 R At 1 | 7 e I B 45
T MC-LR A9 R A 1 30 5 I 2 00 vl B A Y.

200,
5 ugkg?!
160k WO ugkg
® 20 ng'kg™!

~ A 100 pgkg™!
b
-~
=
=
o

2 RFE MC-LR 13 #R B X B AR A R4
Fig.2  Effect of initial concentration on the degradation of MC-LR in

paddy soil

x4 FEMAWREFZRHET MC-LR BB HZHEMERESH

Table 4 Degradation kinetic equations and parameters of various concentrations of MC-LR in paddy soil

PIHARIE/ (pg-kg™) 155 e R MEfm R H A BREvd Rl Reefirp 5
5 InC,=2.48-0.42(1-e™ %) /0.11  0.9642 0.42 0.11 1.8% 100%

20 InC,=3.55-0.26(1-¢™*")/0.02  0.9917 0.26 0.02 2.7¢ 100%

100 InC,=5.5-0.33(1-e" %) /0.08  0.9623 0.33 0.08 2.3 100%

3.3 I H &£ 4 MC-LR 4 ## th % v

g R IR XS £ 3E R MC-LR ()RS 5 i 48
K 3) JRJE 25~35 CHF, MC-LR [ fi BB %A
WEEF 15 CHRMUT, B R o 252018 &
ki YLy 1) % A 1 R 5 A A TRT 1 B 3 AR R I A
O BT Fm TR AR A A A T T P R R
il TR R MCs. V56 i TR 1) o o4 A TR B35 7 22~ 30
°C , bt 5 T E R, MCs [ £ BTG F F% (Ho et al.
2007 ; Zhang et al.,2015) . A4 F MC-LR R

) 125 BB AR SR N 3K 5 s A ] - 385
KT ,60 d B} MC-LR FEfFR IR E] 100% , 7 57K
R 30%F 10% I, B fige AR A b 25 010 2.7 ~
3.5d, WA BELES,60% S KEN, KM N 4.1
d, FXF M 5 30% Fl 10% & K R4 535 2% 5.
MCs 1) R fiff LA SR B R B (B B R A8, 1999) | T
60% 5 K R + AL THEACIRZS | + 38 & A /D
SN A: PR SR B3R A 0812 . - S 2 P %)
MC-LR R & = FVEA, R T, K+
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Bt MC-LR R i i 5 0K SRR K T3
Y 2.2 £ (FLAREE 2011 , A Wy R f 2 4

30

MC-LR [&f# 0 F 2R 1e.

400 b n 10% 60r 1 ¢ . KK
24 32 ® 30% ® RKE
~ 45t
T T 4 60% ~
21 LM 2 |
2 S 2 30
<= 12 g 2
S SERT) oy %\ ;Q
0 0 - 0 - L -
0 15 30 45 60 0 15 30 45 60 0 15 30 45 60
td td td

B3 AEEHE3 MC-LR MM (a i, b. 5K, . MAEY)

Fig.3

Effects of environment conditions on MC-LR degradation in paddy soil ( a.temperature ,b.moisture content , ¢c.microorganism )

#£5 AESKHET MC-LR KMz S HEMER S

Table 5 Degradation kinetic equations and parameters of MC-LR under the various conditions in paddy soil

i i ik < M RE =2 il

HER  BEFEKFE mYEpsyis R? B4 o+ 4 Rf
wE  15<C InC,=3-0.15(1-¢7%%") /0.09 0.8357 0.15 0.09 6 95.6%
25 C InC,=3.55-0.26( 1-e™*") /0.02 0.9917 0.26 0.02 2.7 100%
35C InC,=3-0.21(1-¢7%") /0.06 0.8758 0.21 0.06 3.7 99.9%
FARE 10% InC,=3.74-0.23(1-e"%") /0.08 0.9158 0.23 0.08 3.5¢ 99.2%
30% InC,=3.55-0.26(1-e"*%) /0.02 0.9917 0.26 0.02 2.7 100%
60% InC,=3-0.19( 1-¢7%") /0.06 0.8965 0.19 0.06 4.1° 100%
WY KK InC,=3.55-0.26( 1-¢"%%) /0.02 0.9917 0.26 0.02 2.7 100%
K InC,=3.96-0.15(1-e"*%") /0.09 0.8461 0.15 0.09 6" 73.8%

4 258 ( Conclusions)

1) 5% + 38 h R 25 5546 BLTS e W) 3T A0 B A
MC-LR ( B fit K w W < 30 d) J& T 5 Mt A DL
e

2) M AT 0 MC-LR 76 5 i %
fifRA TR, 18 pH B | BH S T8 4 il oK, MC-LR
LA TR BOR T [ i 802 B0 B vk B (5,20 1 100
pg kg™ ) X MC-LR 7F 38 b (1 B A 5 i R B g

3) (A Wy i MC-LR 75 838 v e e 1) 32 2
WA K SRR R X MC-LR B i 1 52
M) = B AE T BOAS -+ 3 R AR A P T

EREERN: 2EX(1973—) , L, GA TR, NELE
AT R E KPR A F E N R, E-mail: edou6033 @
163.com.
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