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AR, — S Ay DR AT R A i W B 6B T i T K S Gy B . GHOSAL 4512 SR F i i
RT3 RN T 22 X 28 T I 5 T 40 AR A X et P WA 25 B ok 72 5 SHABAN 481V R 5% T R AR g 80 F %o
B UL K AR Gy ok RN EE 4 JE B 1Y W B i s BAHABADI S5 U SE sHE MR . e . B2k
O EBKFE TR E 4SS Cd. Cu. Zn; BANDURA Z5UST 940 T KSR 5 78 K A4 v W B 3l i A 5
HEE; XTAO S g Bk H T 5 KA HL ) W B K B8 . AN, 2R E R IR SR W] LA &L
FBRIK T EE . WANG U7 5528 T AR S5 F T R RMEINFER 25 B A7 5 B 20 R J& 3% ;. SUKENIK
AU SR FH BH 2 7 2 I M R S A R R T I K R i R R R ) L BR A . SRR Y
W) i T IR A5 A A M T 22 5, X BRI R BRAUR I L R R 25 RAROK, T H — SRR
1) 2 TR Y TE FL AT, R G B 2 A S T HE A H AT O B R B AR A T, TR RARETY)
FriE bt ot B B2 e 5 S,

AT VLR S e o R BR B AR, DUSE T 10 F R SR W X i S S e e v 4 R a 19 RBRIG L,
TR T8 9 100 5 2 Bk i 2 1ol 0 v 20 SR B AR OGP O & B R SR A LA I R bR fE . R4
WEFE T LA AN Wy i . B OGam L KR S A Bt pH X R ECR B2, [ IE DA S i
JE AT A . Zeta HL A B3 37 19 A8 A6 55 T TR FE 7 DR SR BN A0 %o A S A 9 1Y S PR AL
Ry 25 R S A R A B W TR DA R AR S
1 MR57F%

1.1 IR

KR PIFE i Th IR & b A ST BT . BB MU R ST BT B AL, ORiAR R 180~200 H . BT
G 5. B (Ca0 31.56%, MgO 0.99%, Fe,0,4.46%, SiO,25.04%). Wik . = &A1 (BaSO,
98.00%, ALO;0.02%, Fe,0,0.02%, SiO,0.30%). }f#f . H £ (CaO0 33.67%, AlO,0.12%, MgO
17.82%, Fe,0,0.55%, SiO, 1.61%). fiJK A1 (CaO 53.38%, AlO, 0.68%, MgO 0.62%, Fe,0, 0.43%,
Si0, 1.57%). J5H5W" (Pb 32.44%). #EH" (S 37.20%, F 0.030%, Se 0.0059%). Hi#i A1 (CaO 1.53%,
AlLO, 3.44%, MgO 35.04%, Fe,0, 4.13%, SiO, 39.06%). 4 &k 1 % ¥ (Microsystisaeruginosa)(%i 5 -
FACHB-905) 1 T rft [ B} 2 B 7K A= A= W 0 90 Pl B R IR 7K B ol P
1.2 SEI{ER

X 4t £k A1 B4 (XRD, Ultima IV, Rigaku, H A&); %37 i 7 % 45 (SEM, JSM-7500F,
JEOL, Japan); %24h-u] UL/Z» 66 i1 (UV-Vis DRS, Lambda25, £[); pH it (Delta 320, Mettler-
Toledo, A BRAFl); Zeta HL 7 43 BT 1Y (Malvern Zetasizer, 2000HSA, UK); = K 4% (SYQ-
DSY-280B, L ifgHI-ZBEFasti) ); JGIRIEFRM (PGX-250B, T I EETE M L I ALAR) ),

13 IWHE

B 200 mL K B J5 B 5 SR 3k, ] 15 3% 5L o AL T B K T EE A AR, (A U R
1.7x10° cellsmL™", #J4G pH N 7.5, WL 25 °C, KA YHME—&, MAGCIREEFRM . R —
JEMFE], ## 30 min, T T 3 cm L HHE, AR AHRE 3 NEE , W ilE 45K a2
TR PR LR, IR (D).

R=(1-C/Cy)x 100% (1)
Kb RAWBERERA,; CHLRMAMBERMEGER a T, C, AXTIHABRMEEa T,

B 1E ) B R ) R AR Ay, B AN R s g A A T LR SR RE R 2 . HARE S8
KRBT . 78BN 0.5, 1.0, 1.5H12.0 gL' [ W) IR %% Bl 0.9x10°, 1.7x10°,
5.1x10°, 8.5x10° Fll 1.7x107 cellsmL™"; Jt58 K 0 (FREE). 500, 1000, 1500 F12 000 Ix; i FEH 15,
20, 25, 30F135°C; pHA 5, 6. 7. 8. 9. 10F1 11, Frf SLHILEREFRFE P #EAT, WA 60 min,
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A A5 A B g5 kTR 1

TE R AR A7 % e 40 B 25 SR AL BRAF 9 b, B 200 mL K B 5 (915 95 3k, 1) 15 37 3 o A 4b F %t
BOAERK IR BEAN N, 4586000 05 B8 5% B 1.7x10° cellsmL ' . #I4R pH o~ 7.5, &R 25 C, &7 P8n
A, AOG IR FRA SOV 60 ming PN E 0 3k R AR Sk TR Zeta HLAE . SR FRFE T E SR ER LU
FOBEA LIRS
1.4 DG E

KRN A I 3RAE . R IRMOMNE A 09 FOJE R X 9 417 994 (XRD, Ultima IV, Rigaku, H
A M, 4 260 S 20°0~60°; K HR B B 54E (SEM, JSM-7500F, JEOL, Japan).

P MR A5 A WSS 43I E 100 mL 25 BRI AT WAL B EEW, 7E 4 000 rmin”' R S
O 10min, FE FIHWR, ABCERBEANI TP INA 1 mL 2% % " EBEFEE A 2 h, AR5 dEFT BB
TRE (F =0 R 27 = 2 e ik it 5 2 52 00 8022 48 Do v i o0 58 ) I A 4 B 18 fUBE (SEM, JSM-
7500F, JEOL, H A) "~ W& 41 i

Zeta LA AR AL o HCAE A 0T B0 ) 0 2 Tk 2 o R S 0L ok R P R A A L RS R R RIS,
FU M AUKBCHI R — B R, FRZRE T MW pH 3 M &2 2, 4. 6. 8. 1044, kM
Zeta B 43 BT {2 (Malvern Zetasizer, 2000HSA, UK) Jll 7 AN [R] pH 2514 A0 8 2R T 2 88 Zeta HL AV, X%
H sl 3k, BCFHIE.

FREETTG R E SRR WE : ELEd, 20T 0. 20, 40 A1 60 min B, 7EIEH AEKM
PN R SRS A A PR B, A 10 mL W, 48 0.45 pm PG 8, SERIEAT BB AR A
o o, BRI E SR ] GB 11893-1989 H (1 FH R i 4y 6 G EE L, EVA AT E SR FH GB 11894-
1989 H \) P 4okt 92 90 T A 25 A0 40 O v
2 #ER5TR
21 ARIRATPERFRHERZNGRELER

BT RCB T 10 R R SR W) XA 2R T e e 2 R a 9 K BRR . ATLUE Y, O [R  % 4] 2 1k 3
BEOVEH WA . 76 10 FpOR SR b, X il S ol 5 i 2 38 a 25 B 230 DA i SRR Yk A ARS8
BB >D7 B >0 AT > = A > 07 A > 8 A >BE R > >8R R, o, oA X SRR a &

BRI, ik 98.32%; KBRBURREM N+ 00 - .
W, MR a EERFUN 6.81%. 3% AT GE =

S NCIRIR /LR R IR /E 3 I o T

GEEONES NS T e B ol T
XA R a KERACR 22 5 WE M, il 1] SPSS12 =

BAF, HHEAMNT YR SHS SRS SR a ¥ oot

EIRHIMHIFE, SR 1L TR, =1 H

B G B ST B % a R 5 W SiO, . mﬂ

ALO;. Fe,0; 7 it Z [A] HA 2 H A (P<0.05), o'ﬁri_||+1 .
i 5 MgO # 5t i A6 (P>0.05), Hi TR &8 @%ﬁé&@o&%@&@ R
REBAMARBERNSEARES, B 1 REEAT OA AR MERR% a AR E
e, FEJRasign b, DU SRS £1 0 B Fig. 1 Removal rate of chlorophyll a in Microcystis

PR H L i S i e s E FHALER aeruginosa by different natural minerals
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Table 1 Correlation analysis between removal rate of chlorophyll a in Microcystis aeruginosa
with different mineral components

L7/ Ry 7S HIr /% MR EBRF/%  PearsonfHIEREL  AHAEAER W)

EAA 0.3 18.9
Hzf 1.61 35.2
Sio, AIRA 1.57 44.6 0.9627%* 0.009
Wk 20.57 66.9
MR A1 39.06 98.3
Gigiiva) 0.02 18.9
Mzt 0.55 35.2
Fe,O, 0.975* 0.025
ey 0.43 44.6
MR A1 4.13 98.3
Epaya) 17.82 35.2
AR 0.62 44.6
MgO 0.664 0.336
Wk 5.67 66.9
G 354 98.3
EAA 0.02 18.9
Hzf 0.12 35.2
ALO;, 0.983%* 0.017
KA 0.68 44.6
G e 3.44 98.3

e 007K T (BRI **7E0.0 LK F N (AR i AHC

2.2 RIRME A IR R TR AR

P& 2 R KARMHE 41 /9 SEM K2 XRD . i 2(a) 1T & H, KRB A 2 B /N — A Btk 25
My, HAMEAEE] . K 2(b) iR XRD B 5Fri#E PDF#34-0189 i K AR 47 —%L, 7E 20 4 22.89°,
32.35°, 35.75°, 36.55°, 52.28°%% i BLAAT H 06e 55 R SR MO A 14 A o R AR XTI o

A T ARG A 9 8 X 0] ¢ 08 e 1) i 2R e SRR ANTRT 3 itz o HER R a 9 25 B AR TR A
I, MHE/ANT 1.5 gL i, BEEHCa SR, ek a B RpREm, fEHER 1.5gL!

10 20 30 40 50 60 70 80
20/(°)

(a) SEM (b) XRD

B2 XA AFE®E SEM F1 XRD &
Fig. 2 SEM image and XRD pattern of natural olivine sample
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Bf, PFERE a Y LBRF AT 90.2%; 4k 223 100 e L
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Fig. 3 Effect of olivine dosage on chlorophyll a removal

WA HEN 15 gL R, HEEa KBRRET
A, WSS R P A R 15 gL
TER SRR R, AR R AR 754 4t

RSB R, R, S280 %8 T ARG A e

A TG A0 % N TR e S R R, A5 AR N s 57

4 R . 7628 60 min 1, BE % 8% OB o

K. TR a ) KRR AT, LI N

Kk, AR T 1.7x10° cellsmL ' B, B i

FRE R AR, Ik E a £ IAH 89.9% K 2r rw
Phb o SusmEIE [ 7F %] 5.1x10°, 8.5x10° il 1.7x o ';;' :
107 cellsmL " i, e 5 BRo L T e, AR a A /(10°cells - mL)

EBRHR 5K 59.3% ., 35.7% Fl 6.3%. X & K B4 ETEEEAERHEE 2
Sy, Bl A AR A ERR BE 0, AONE A 2R TR I Fig. 4 Effect of algae density on chlorophyll a
BRSO MR o B, WGBS T AR s, DR R removal by olivine

B RO, MO A ) B M R T R

DI 58 2 R WD o R A R B IR IR T 2 — , SR RN A B R R BB, ik
HSEARNORSTE | IRRSEMNGRE VP, L, AR5 T N 7 B R rp o s
S FDCRIEW, SR S, A S HRAE W, BEFOLMRAHIIN, KERRMKRIKR, RREN
99.5%, VLHIERI N A1 B A — & R HEAE T o (HAEE3R 0 (BN BRI T 00 T, MIMEA X4 K a
f 25 BR A RIIL 92.6% , i W G 35 0T BHONE A7 5 88 A 2 I /0, MR A0 X i) Tl 48 38 ) 2% ok 2 A W
YERT, TARGAEAL O o

it JBE S DR K A PPl SRR ) R B DR, B S A A R R I A AR T R A i e R

WA BRI I . TR 3 i TR R, wr o = [
6 R T RIRIRE B9 B R BB R T, WO L o0l

R B G BEE  Z5 . h 6 T LA i, e Lol

WA 1S C L MR a i 22 B R O E

20-35 °C F M4k a 2 B R B 2 R B 9 T 3

T T, E 35 °C WA TP . R P b o)

Z KL TR I T MO AT 5 i ) .
] 43 B 27,5 AL AR I ) 0 S0 10001500 2000

S /1x

B2 W% 4 X 7 i
WL T A IG, 40 RS Tl B K A B 5 T ENE ERIEE 2 R

Y S A 3% - B b
PRt e A I /i% a KBTI 1 i‘ 7J( Fig. 5 Effect of light intensity on chlorophyll a
U R 15 °C B, {1 I SRR % 2 o ) A T removal by olivine



2128 ok L OB ¥ M 514 %

AH T HA K, Hik, KIEFITREa LR

YR LA E pH KRR 200 . BT Al Ak, DA i i 3 1 22 AN (] 19 356 A A f e
HLPE BP0, BRI, BRI IR pH XTI B A BCR S — RS . ASTR] pH N MIORE A X AR ER a R BR
RIS AR 7 s o ERRMEREG I T, R E a KBRFIAE 90% LA L5 Bl A B P 9 3
W, ERBE N, {E pH=11 I EBRE K 75.9%,

100 [ —=— 100

- L e —F— —F— IR L
< S0F sof ] = .
& o0 & 60r
Iﬁ\' 40 m 40 b
Ea b
20 = 20+
0 ! 0
15 20 25 30 35 5 6 7 8 9 10 11
TR/ pH
E6 KERBEIHBAEMRIEEa N 7 pH XN A EBRATER R a BUFZIT
Fig. 6 Effect of water temperature on chlorophyll a Fig. 7  Effect of medium pH on chlorophyll a
removal by olivine removal by olivine

2 Zeta AL E , OG0 A0 L7 55 pH A 1050 R, Y pH<10.5 B, Bifi 3 AR M G 4
S, MO A SRR A IE AT R 2, 55l O ey ) B SR BE A A R R BT Y pH>10.5 B
MONE A 3R T R F AT, 5 R AT T PR A A B A A EHE R, AT BORE R BR R EAL; Y pH=11
I, MR RBREN 75.9%, 73— J7 M, HSkMEBE e IR P AEHAER, B, 7Kk pH 55
iR P ) i R PR R T, TR SR K R R R B, KR pH G R B, SR O, KR
pH kR o B, SR A SR T s B, 245 K AR pH LIS B0 1 B 3R -

F TR T R T O A R BRBEE RE R W B KN, TR T R R R IO A B BRIT 4R a
W72, FEITSEu RN, A & % E . JEom . KiR A pH XS ER adsBR 31977 2253 5]
Jy 183x10*, 1445%10*, 8x10%, 13x10* Fl 52x10*, UL LEMNE A PRl fE b, N A & 2 e 2% B
iR, HWRCH pH BRI, JERR R /N
2.3 AR Ao X R 4R 1 B R B9 R BR AL

K A F - TR (SEM) 1Al 35 240 it Bl O A A RS i 3 O 1 L, S5 R 8 iras o A
8(a) FIEL 8(b) 2y 1EH AR A BEFHIR ST B9 il S e i SEML BT, AT LU M, 40 2t i o P 400 i 3 3ok
¥, EHAAN1.8~22pum, ZJHMLEIEEE, ShRAHE . B 8(c) FIIEl 8(d) by K SR MM A Ak P IS ) i 2% ok
PEPEAMMIHOWZE R, W DL B, MHONE A &b B S B o5 4 i A2 AR RS BE W O, 4 iR R 4 i AN A
WP A 40, i LS G i R RS A SR . AR, N TR SR AN S A, AT
PEANMIAE T o AP S O AN A R AR T O A, DR PO A rT DL S A M SR A i,
I 2 A B B M, R DT IS RS ZHAO %55 5 1Y 8 S5 A AT AR VR T AR 4
e T B SEM K&,

Kl 9(a) 25t T ANIR] pH T A T X6 500 7 i 2 e 28 88 RN KSR A 1) Zeta AL BT . FTRAE R, K
SR A 1Y) Zeta LA FE pH Ry 2~10 BF 40 IE B, TR 2R T BE 6 1Y) Zeta R R AL, X B
SRR, b T B ) R e e e K B RE TR, S W R BN R, & A R,
RHE . E B REA], XS A S Kk AR KA R B TR A SR SR T R RS, H pH B, R
H P 5 BT
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Fig. 8 SEM images of normal algae cells and treated algae cells with olivine
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Fig. 9 Zeta potentials of olivine and Microcystis aeruginosa under different conditions

KR A b 355 B B 20 Zeta HELAZ S AR W 1B 9(b) BT 7R o BB SN B HEAT . 25 BRI
Zeta LA QERFFE-40~—45 mV, [0 A SN A AL B 3, FL Zeta LA B B S A #E4T A -43 mV
B ETE, RBLE] 75 min B, WA Zeta RO N-27.2 mV. FERONE R, HIONEA SR T Y L IE
P 5507 B H B g ol 2 o8 ol T AR AR LG S L R R, 3 R PR R L, Zeta LA ] IE (B A%
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BRAEALD W KBRS E IR S B R A A MR RIOR o O T A ONE A BR E  AR e AT WY
FBRIEOL, AE S A B b W] B W T BG-11 85 % B b BBV B 0 AR A G, 8 R B o) n A
(TP) LA A (TN) B9 & 40 918 5.49 mg L' F1251.93 mg-L™', S 25 B anf& 10 frzs . 1£ 60 min N,
BG-11 #5355 b iy S R0 s A 25 R 4 1l 33.529% M 13.11%, 6 0F 3 09 4 K B0 I B 1 3 B vh i1
SRR A L BRRAUH 3.92% F11.59% (18 10(a)). F) FEARS 41 W B 5 (9 BG-11 15 3% 56 — W% Fh i 4N
JEL, R B A0 M B A RS2 B — s ) (181 10(b)), 33 R RE HY TAONE A7 BR B R b [ IR R R
ARG IR I E I R M T LR A AU, MG A 2 I 5 200 L ey ] B e S ol B R A — 2 1Y
PN

40 5r
35t 4r
30 F 3r
25| —=— TPOIEHMS 1) s 2
Sy —e— TP = 1F
% 20| —a— TNCEHH) % —=— B IBG-1
&0 —v—TN ﬁ or —e—BG-11
R = -1F
10 ok
5r 3+
or 4+
5L . . . . sl . . .
0 15 30 45 60 0 15 30 45 60
S 5 [A]/min S i [A]/min
(a) R AR R R P TP R TN KB (b) HRLE TS AE M A AL PRT J5 1 77 3 P A A ORI

B 10 HHAS BG-11 7R TN, TP MRS MEEE KN H M

Fig. 10 Effect of olivine on total nitrogen, total phosphorus and Microcystis aeruginosa growth in BG-11 medium
3
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Abstract In order to develop a safe, efficient and inexpensive water bloom control technology, ten kinds of
natural minerals such as bauxite, phosphorite, pyrite, chromite and olivine etc. were evaluated by their
Microcystis aeruginosa removal charactrsitics in terms of the variations of chlorophyll a content. Moreover, the
influence factors and mechanisms of Microcystis aeruginosa removal by olivine were studied. The results
showed that natural olivine had the best performance under the same conditions among the tested natural
minerals. The olivine dosage and algae density presented the greatest effects on algae removal, followed by pH
and water temperature, while light intensity showed the least effect. More than 96% of chlorophyll a was
removed after 1 hour adsorption by olivine at olivine dosage of 1.5 g-L™', algae density less than 7x10°
cells-mL"", water temperature of 15 °C, and weak acidic or neutral (pH 5~7) reaction medium. Further analysis
indicated that electrostatic interaction palyed a main role on Microcystis aeruginosa adsorption by natural
olivine, then the coagulation and sedimentation of algae cells occurred, and some algae cells broke down. At the
same time, olivine could absorb the nutrients in the medium during the reaction process, and reduced the
nutrients for algae cells, thus inhibited algae cells growth to some extent.
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