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Removal of Microcystis and microcystins using immobilized Fe( Il ) soil
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Abstract: Cyanobacteria blooms and cyano-toxins such as the microcystins have brought much threat to the drinking water safety in
most regions of China. So far there have been many technologies for removing blooming cells or cyano-toxins, while technologies for
removing blooming cells and cyano-toxins simultaneously are still lacking. Thus, it is essential to develop technologies for removing
blooming cells and cyano-toxins simultaneously. Through our previous work of removing microcystins by Fe( lll ) compounds, we se-
lected four soils for Fe( Il ) modification and used them in removing microcystis cells and microcystin. The results indicated that
clay content of soil correlated with the microcystin adsorption capacity. After modification by Fe( Il ) , the cation exchange capacity
(CEC) of soil determined soils’ adsorption capacity of microcystins. Moreover, removal ability of microcystins by soil was promoted
significantly after Fe( Il ) modification, especially for soil IV, about 148 times. In addition, Fe( Il ) modified soil could also floc-
culate the Microcysits cells and flocculation efficiency correlated with the CEC of soil. The increase of Fe( Il ) modified soil dose
would shorten the equilibrium time of Microcystis cells flocculation. During application in the field, high removal efficiency of micro-
cystis cells was also got as the results of laboratory experiment, but microcystins removal efficiency decreased due to competition re-
action for Fe( Ill) by the Microcystis cells or other organic matter in the natural water.

Keywords: Cyanobacteria bloom; Microcystis microcystin Microcystis ; soil; Fe( )

WIAKIR B EFRAL T2 H 25 R — 038 ELIAUR (Y BRI A 1 o K A 9 38 4 NSRRI K
Lo S R G HEREH A U * | 2 BR E K AR RE K A B AR B e e R R Y A

« FERE AR E4 T H (31400405,31200360) . ETE -5 34 55 H (2014M561875 ) FNIT. P4 45 1 -+ J5 £ %% By 3
H (2014KY17) B4 B, 2015 — 03 — 13 W& ;2015 — 07 — 03 Wi ek, s = & (1985~), 5, 18+ ; E-mail.
daiguofei@ whu.edu.cn.



264 J. Lake Sci. (#ia#H3) ,2016,28(2)

BRI B R AT T

IR 45 2 B B AR P B 32 B B 42 6 0 U T 5 Mo v 2 05 5 BRI AR SR B R
s Gy AELIHEG A B B R A5 FH SRy BRAAE AR s MR T 1505 IO A 5 o 3t a3 S8 4 A AL SEHLBRAT £5 2
il SR S U H T SRR T R VR A T W T RE R A 5 1 8 AT AR i 5 S SR R 2 R vk A
S SR i T 6 By 0 0 3y T PR B S ) FERE R BRI A AR 2 I, b T
AALRE RS 5 ML 7K 5 e (G0 o 45 FISLIR R ) A7 R A W B 2R BRSO T W U e R B Rt ) IZ 4R
O AR TR KRR P e R AR AR IR 5 % | B R (AT — ALK AL B A% | Fenton
SRR IAMEARIR IR AN CL, 05 KMnO, S S LA 0 el R A R Z4GE REH Lik
ZRP DT IEREAR , H AT REAS ) P T S 200 R 7 A B8 5 2K R BRI D7 1 ARG A A i, R e R T RE RS
(7] HRF 25 3% 3 388 A 8 7 R A PR B AR b B

— K AE PR A M AR TR 5 A 2, B M T AR AT T 5, X S A PR R A R R AN S i
VAT, DRT I ol 2 i 0 L A O B <R 8 1 O BB 0, BE B A5 B0 T AR 25 BR 7K s o e JE e vy 1) T <6 i
R T A R A LA R P S5, — S B B Y L H A R RT TR SR U
TBEBEA ) AT AT TR A BT BRSO Ak T DA PR 25t 2% B ol e e 3R [ kg T 9
2 ML T 1) R RE M S5 H4) , Fe (T ) AL REFNGR B — RF X SR A0 AR ™ A SRUTELBE RN > . (R, B U 8
A8 R IR A S e 0 FEHEAT Fe (D) 465 B0k B 1 B P 5 6 R 15 PR, At T B AS 38—l ] AR b ) e 4 i
FEE R S BR AR F JR IR IR ) ABFSE Y 76 07 2t 498 2 B W e 4 L A 28 3R 1) S B AL IR 7 O
XFHEA T AN ki, i HG 2 o A o 4 R i e 7 X A TR R

1 BRI T

1.1 TEEREEERF

FE MC-LR it B BETRHE (dba) , SC30 A4 MC-LR 2 M SES S 557 1Y i 3 FACHB-905 o
FHBGH Y Ramanan 148 BUAEARAS 3], ool B 7 S0 (i AGINA R 95% LA, SEBS Y 4 Fh R AR 11
FESL (RS I ANV ) 09 R 5 4 5043 B VS P M 0 A6 8 T TV 6 M A JL I, Fe (NO; ), + 9H, 0,
KH,PO, HNO, \HF Fl HCIO, S50k B i = 253700 A B2 ], (3 400 H B0k H Fisher 24 #] (SRR K
), Hew BT IR X8 A oMl S8 FH A 2 1338 358 ( Microcystis aeruginosa) FACHB-905 3k H H [ Bl 24 g K 4
AR BRI EER 2 | B T4 R B AN A 3 35 3 BG-11, BLR B 3736 A ik A BB % S0k [ 4]
1.2 TEFTELESENNER TIEERRIE

AR A WBFFEE R R I 3 AT BESE A 7 28 W PR A0 48 (8% VA BE ) X HLAE R i B kAT
TR 2T 14 i R I S AR AL TR L ST A BRIBUE 10 R S AR UG S A R R A
F HNO,/HF/HCIO, 7K SRk , W A BRI 25 5fUE 255 7€ GBC AVANTA-M JEF IO ( GBC BR#44X
BONE] WKFNT ) B, AR IR GB/T 15337 — 2008 JEF WL SOGHE 43 Hr i3 M kAT, T JA7E 1:55K
VAW RS ) PHS-3C B BT (TR REANER , i) W pH H, 3 BHES F 20 e I SR F £ MR e 12 ( HLIR
2 EH F M TR HE FHZDZTR 00293 HEBHES T 383 B (I 72 ) , FEAUARE Bl 52 225 A+ HEA el 47 b/ [
FRRUE(NY/T 1121. 3— 2006) .
1.3 TEMTLESEFHE

FHENSA T REE)T , FE MR T 100°CHET RS 4RG3 80 H (170 wm) AYUETT . 7EEF TS itk
AT, JEHLl Fe(NO, ), - 9H,0 IETR , SR 5 B AIF S 1 8 T I A0 350 i - SR URL ) G2 18 I AT R, Fe (NO, ) 4 - 9HL O
LT N 0. 02 g/ml, FIEFRIPIHE N 0. 16 g/ml, IRE B IMBAERE L BE P o8 i FIRA M 24 h )5,
R 5 B P A 34 B — R AR A, 6000 5/ min B0 5 min (B 0. 45 wm BRI I8 ) | FH 2l
IRV B 35 2 R DL R BRZARFREE ) Fe ().
1.4 TERETENEENER

TE 1 R KRR, S R ARIE Y 100 pg/L(pH (E7.8) , L3 T (I MAE I HEI 3.750 ¢/,
THEV R 1. 875 o/ L, AR R A 20 ml. IR A G AEFER FIRA N 30 min, [ 58 525 7R R 78 8000



FECF Fe( ) Aol £ 3R T A0 3 i A A Z 0 21 265

e/ min BLOHE T ELOAME, BIFTREER 0T C18 /MM & )5 F HPLC &4, 4 A4S 2 &8t LC-10A
(EHE, BA) (OGRS SRR U 2% , 3 15 6 3% A4 5 1 shim-pack ( CLO-ODS 6. 0x150) , i8R 60%
3ol R A 40% KH,PO, % (0. 05 mol/L,pH=3) , W ahAHEE B~ 1 ml/min, A JEA4H 1R E 2 7E 40°C
WAHHEAERR 10 pl HHE R W EBRAT, % 2 A 5 7E % B0 A5 % )5 3843 ELISA Jy kAl , ELISA J7ik
R D25 B B S IR SRR 28 .
1.5 T AT ERMTEEREFIMNERKERES

ST AR SRR S FACHB 905, 7 17 358 240 MLV A 2 2 25 Bk 305, 76 10 B B[R] s DAV
FP R B A AR A B, A MRk IO SR B AR B AN R K e G R B K 2B 2R W F
SRV E B BT AN S2 I e AT | POk 3 40 mg/L, KRR 5 A S 2 SN SZB6 M 4 A FR 98 Kbt
R BRBCRBUSTR ST RS2 T 2 h INIE.

2 BERGH

2.1 MHR R L EMN SR ERENNTK

458 Fe () BT A5 X 008 3 2 36 AW R RE T An 181 1 BIE7R. FE AR AT Fe (T B0t 22 A7 A9 D - S
b EER L EREE ST (R IR LIV EER W BE 1O 337. 0 ng/g, HUCR N (147. 4 ng/g) 11(56. 8 ng/g) Fl
I (45.8 ng/g). Zead Fe (1) BlESG , A B9 L I8 o) ol 42 8 75 3 A W BFH 6 0 8 38 4 v, P et I
FGBFREIRENEIEN , HEZ EBRRE A 50116.5 ng/g, 5RIAT Fe( ) 2otk + 527G 1Y + A0
L, X 75 2 0 R B 2 SR A B AR T 44 148 % IR, kS 0 S IV B R L BRAE e 4 Fhako b 4
A Sy, FERBRAE R HEZ A 2 A T (2539. 2 ng/g) WAL 20 f5. HATE A MBFIRERM, +
HERUARA X HEM B 2 2 R A R R R R, — i e b 0 R R R A A K RE D kbR
BRI SHCEM e 4 A P R RIVE SRR, B 5V H B W RE )
4 Wl FREEREE RS TAS B AT, A —ERGK T B v 55 0 A 5T L 25 2 W ) e
R LA YUR S R, LIV AE 4 Fh e eh B g e oA ML & R, Nk RV Y
B KM S AR 5, B R RE i (R D).

60000 | Ji 3
Fe(I) 2t 13

50000 - %

40000

2500
2000
1500
1000

500 1

YHE s 2 P RE )/ (ng/g)

an
v

i

1
K14 TR L Fe(II) BOPERT L J 25 R Rl 5 R A9 BE

Fig.1 Removal ability of Microcystis microcystin by four types of soil before and after Fe( Il ) modification
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Tab. 1 Basic physical and chemical properties of four types of soil
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I\% 7.04 32.18 172.90 14. 44 46. 96 38. 60 2.39 0.27 0. 005
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Fig.3 The final MC-LR concentration after function by Fe( Il ) modified soil IV

varied as the initial MC-LR concentration( The dotted line represented the WHO
guideline value for MC-LR,The dose of Fe( Il ) modified soil IV was 1. 875 ¢/L)
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Fig.4 Removal efficiency of Microcystis aeruginosa cells Fig.5 Kinetics of Microcystis aeruginosa cells
(6.33%x10° cells/L) by four different soils (3.7x10" cells/L) removal by
(The soil dose used was 16 mg/L) Fe( I) modified soil IV at five different doses
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Fig.6 Photographs showing the surface conditions of experimental pond in Guangiao

before( A) and after( B) the field treatment experiment with Fe( Il ) modified soil (40 mg/L)
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