J. Lake Sci.(:#174#4), 2009, 21(3): 363-368
http://www.jlakes.org. E-mail: jlakes@niglas.ac.cn
©2009 by Journal of Lake Sciences

B L IHARMERNERER

x| B4 AR, ko F YRR T RS

(1 v IR e v s M3 WAL S0 I L PR [ K SR %, M AT 210008)
(2: hEREEET SRS, Jbat 100049)

(3: YLIRAE KSR I 5 T8 53 Jmy, Jo%h 214031)

e SR (P e (2 v QN IR NGRS SRR nw sk HEEZS i B L SN pe e R 1T 1B A T TR oo il v
e = P IR B P 0 S TR SR A 5, A P BE  oe FI R P 07 A 25 M T 9 ot ik e M 0 20 2 o i
WA AERIREOR. S52R3RM, Sea e Aok LA e 23502 0.3g/L A 0.2g/L, k45 1k 30min J&, HREREEA
83.9%; 7E LI 500min f5, KA 20 A 3 B % 1] 1k 98.9%, BAEA A L BEITIME S AL, (RIS /K A B0l 35 oA KR B4R
1o LA 2R B S IR P S0 T G P P 4 RS PR T S5 4 A R e 38 T SR ZEAE . e S ek ) A TRV PR T B 2 i i 4
6L PR 0 T A AR T B TR

EEIR: oSBT SR AL AR, BRBETIRE, BRI A

Microcystin aeruginosa flocculation removal by organo-modified sediment
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Abstract: It is becoming an urgent problem in the lake environmental treatment that how to effectively remove the highly frequently
cyanobacterial bloom. The purpose of the paper is to research the surfactant—Hexadecyl trimethyl ammonium bromide
(CTAB)-mediated in-situ-sediment to remove the cyanobacterial through agitation effect and stimulating the water column disturbing
through sediment resuspention generator in the laboratory. The results showed that the blue-green algal’s removal efficiency could
reach 83.9% after 30min water body still at the dosage adding of CTAB and sediment were (0.30+0.20)g/L; and the removal
efficiency reached 98.9% after water body still. Preliminary results showed that the CTAB (0.30g/L dosage) could effectively remove
the cyanobacterial in the lab, and also the turbidity of the water body had the corresponding change. The SEM images of the
CTAB-flocculated algae showed that the netting and antivirus could be an important role in the alge cell flocculation. However, the
antivirus role of CTAB could cause the risk that the cell-inclusion would release to the lake water.

Keywords: Hexadecyl trimethyl ammonium bromide; Microcystin aeruginosa; coagulation and flocculation; SEM; netting

IR TR IR i ) S G R B AE R AR R IR, 3 UK B B AL, R ey KB
IR SRR KRS SR I 72 (K A, R ATTIRAE iR 2 —. 11 Andersont 8 SCH HH A FIAS

* G RIS K R PR (2008CB418105) . VLA KK 5 R iR AL £ 10 (BS2007161) FIE K “+—11" Rk
SR H (2006BACL0BO3) Bk A %% . 2008-03-03 Hitk; 2008-09-06 Uit & uke . XIFE 4, U3, 19794E7k, i+ E-mail:
gfliu@niglas.ac.cn.

** SEIAEE E-mail: cxfan@niglas.ac.cn.



364 J. Lake Sci.(#17a #+5), 2009, 21(3)

ZRERAR R AT AT S MRS, FIRDRS B A, SO AR [ O AT e, SREA T R i
X5 A s R 8,

TEFRE, — 832 5 JEAE 1 3 i 5 YLK A ke PG - B 1 g — oA R I 2 B T 32 g 1 29,
076 P A5 R 578 SR SO 1 G X I o T K AR R SR IEA T R A S8, ) TR 1 A R I
FVRARARR S, QR FH R OPE RS+ Ze R e, BT DARRARE] 10ma/L; I FEIBG A T it se 5
S5 FE MG RS 5 AU b 25 bR T e, I EKRGE B A Bl R GE, SR Ed
A AR G Al AR SR R AR | AT ML T TG PR A5 AR ROk =, AT 22 R K P B A,
IRE T B g5 R 6100,

AR FVRS 0 AR AL B AR . X IR e/ NG D TR R, R Rt R B s R R
WK A R 206 B A 3 S AR TR G RN, U T T A4 B AR AL (R R A et 2, R
REER | VTIE AL YR I IRAG, =D BHE LB AR AR, T LATESE BRI R ARG £, 44K
TR A B LA SR T U e R facd S ) BT, R AT LBV RIS A SR 2 I TR S I A
5 R KRB 15 YT (s SRR rb S A 2. (BRI A WL K 25 Bk S 0 S A M O A58 I R
RAKA BT8R /0 W, BRI 7 T LB S 25 4D, AR 98 R A ML TE TG PR 7S b3t = PP LR
AR XTR E R AL + UEFT T ek, I DAH W3R VR K KA A 5 K A 5 e A P P —— i i
¥ (Microcystin aeruginosa)y HARA#), BF55A HUKS + X4 2 i e i 2 BRVEAE D, B e Hod AL gk
TFA3HT, AR AR, £ 3 R BR IS B K AR IR LR R A 2

1 IR ER M

1.1 MR EAE

111 BERMERRMEN R T FAF AL BR A T B et B i R, 97 R0 i e & B A
R, S T FH W IR A T A SR VS TR A Y B Y B (R AR S IRk ) WK AR . UK T 251 KR
AT

1.1.2 AALBE WS R ARBEGER RS 7S besk = H SR 5L (CTAB), RN VL5 R ot 2R A B
NEINES YR RGN, & N

1.1.3 R R K DR FIR R EE 2% (Rigo Co. &1100x500) T A i & 3k ¥ B 3 K 15 (31°31'33.9"N,
120°12'35.2"E)REEA T UIFRYIFE, MR IEM A SERIAAE. A A BORMET YR M5 %, (R
4CTFURAE. T ARWIME R B OB B 32 B B4 e Ja T D 1 & & A AL B PG 18, FLR T 4
UESEB6 T AT R SEBRAIAF, FHOIEAE TR PR 7 T E AT 194 3h 52 50 RB SRR AL M SUAH ], PRl AR 52
55 BT RS AP RREIBCR PR TR, DU TSRS, i 100 Hf. SR J5 R SE 56 T 24T
WP AR 2L CTAB, $£151. & H.

1.2 BRI R EEFRTE

HHE Sengco™ R iy WP 2NAL R L, K I A R IF I 0.25g/L NHECARL, AT AK 1
PRI LA, PEHAR S5 b BT I ARG + AN 0.20/L. SRJFE 1°-7"Fehfrit CTAB YT I 92 0, 0.05,
0.1,0.3,0.5,0.8, 1.0g/L. Jy T TEAFARSHASEBR K A T I %) CTAB X A 2R BEAACR,, S i T EARCH B K
WA, e BEREAR AR I B BE HEA TG IR, A B A S R 2R, BB o in A S5 42 1 JC 11 4 14
BEM(LL), SRJE RGP TGRSO BT, FHGRYE: 100r/min FHERE 3min; P
BBt 800r/min T HiiHE Smin; 8 E B REEY BE: 50r/min R 2min. ZEPGEBIRERBOINA K CTAB BehER RS £, i
PEA52 1k 30min JEIFHALENE T T 2cm AREURE, BRGNS 2 A Rl AR R A E 2 Bk,

TERG B0 0.20/L BTG B0 B0 1A 22 BE S0 00 (S B RAE R) ). SEO R R 30min Az 8h J5 (435
RRFZE R SR BB, BUDEWAR, 1%KL e Re s, ARG IR TIR A S TR, mid, meeil
%% (H-7650 Transmission Electron Microscope).

1.3 AR TREL RN
R A T XU S TR T 2 25 SR 23 8RR AT B s LA K 3 1 B, 25 rh 25 IRURCAR B3 AR T 5




x| B4 LB ARG S e g Rk 365

HEAREEMSENE. BIEEEFELRAETHES, BIASTE L 2 R SIE LT A Al
S R IR ) P B T A 2 B P S UK A B9 B0 R SRR SRR R . 5 i Rk Ak
PR Sham B, A R BUE AL 0.20g/L VUBMWIRYTEBL R, 4 3ilde 1%, 270 3P e o Ao
ot A = FH BRI 5o 0, 0.100 1 0.150g/L, BEALAN T 2R BESE I He A Wi /K 4 & 25 I ) 3 1 (FH
T PR R SR 37 s ) B ) S 3 K, il Y-8 SRR F1 /N0 AR RE B 2 T, (R AL AN
WAk sh. RIFIFEh LI HL, Pish 30min J5, WE - RHEFEAUNER SR 10.0Hz F16.4Hz, sl 1h )5, M
BRI o e = SRR B AR . 4kZE B 0.5h SRRk L RAL. SEShEE AR L
30min JE P A REE, SREE S B AR DU —/K B b 155cm BURE 4L, HURE ]R3 SCRR[3]AY 8h SP-f
BRI e, AL 3 AT, AKRMUEE B9 BT 7 52 SCHk[26].

2 GEME

2.1 BRI

WIS IAFIFH CTAB Set: ARG H- IR s s ie, HUTREACR AR RI A CTAB i T A A £
(F 1), BFHH, 7£ CTAB A8 0.05 1 0.1g/L B, BARHIR I N ¥R n & 2T 0.3g/L K HAbAYER
i, (H ORI RAE D EER L5 SR TR B R R T, X SR A YR R 56, R EE AR K
PRALTFPHF OB IR EE T, 5 T EIR SRR m ), Rkt B CTAB 9% Nt 0.05 A1 0.1g/L i
FEASHEA R 2L B A A T TR R A A RS, B 5% FRAHL(0+0.2)g/L A EL, ¥JIN T CTAB Bl t: RS 473
WA BT T SR AAR, 11T R ZH Hh e Ak B B AR AR TR 100min J5 A BERIREAR, (HBEE X2 it
F KR, HAEBEFEE 1R 500min J&, KRR TR K M SR, IR 000 SR 2 — FT RE SR AE
PRI AR SRS BORG  2Ee T SR AN, NI AE TR B0 4R B BRI K AR A S R AE T B, {HLB 5 X 8t
PEANNE S 245 RS -+ B REE T L 2R A, A AR 0.3g/L KR Tz BRI, ki i ian
JHLRE %5 AR Bk 2L BRI B K ARG, 1 ELVR Ifd L 3% BRI B R A /D, UiBH CTAB (iR AEANIK
T 0.3g/L B, AENS B AU ZE BEH SR BEAN I, MR 2 T MK iR iR 22 B 0 H Y

HR T KI5 8h SP- Rl A3, ASSEIR Y45 LR WA LE 400min J&, CTAB TR IR 7F 0.3g/L KK
TN, SAREERTIRRE 2R3 T4, E7E 8h JFAY M EMRE LML T 90%, BONA TR T 3
RANAL, TAEA IR AL TIRER, BARTE 400min BHEREAPIRE, (HE R ZEHCRA R, FEpE T g
ATy 0.05 F1 0.1g/L FUEHL T, SRR MK IR MY, SLiss RRITEKIER A X
1 B AN
2.2 MEERA TEAZEERR

RIS BRI A 45 (B 1), ASZIR R HBNEAE 0.1-0.50/L Z (8], LIBIAESZPRXIRIL 5 T A MLk
PERS + 2B AN AR, [’ 2 B7R AU N CTAB KRR =G KR g E i Astk. WEIFaT LB, N
[ 6 CTAB W finde, KA A S 40 A A vk BE 74 3hi Lk 30min JE A K225, JF HL7ERESE A ki 2 Hp,
AR LR 2R A R BB R R AR SE TR, R InE R, RIS E. T
PEARCAIGARSR AN, ATRED L o, PR UL dE i 2o B 2 A LR RS - 2R BRI B K A
FEERT IRy, BEE IR ARE, RS0 RERRAA I, (HLBRBORFRI GG I A SRS A Ll E 2R
FEAIG, 33X AT RE A P A KR R e A A 0 2 B T RS R Y. B R 7 B A 2% B2 AR IS, A8 MILESC RS = R
FRHIT R 200 M %) J LB RN R BTG, DT (S AR /K A e i 200 9% 39T o2 ok Bl %

% 200min Ji7, fiINA 0.3 F1 0.50/L AYRictEAs 1 KA B2 A ERABESE, MOA 0.1g/L FIXT R
AT Bk, T B BR 2 P e shE 1k 200min JE kAR P E AR S BN IR R, EHABAE 200min 54T
SRUATIERARA,, U BH B SR A I A0 0 B P 0 AR ) A o T o R AL W 5 T 9 24 o e R o s i e
T S PR FR DRI ES, (X Fh TR E AR SE g0 e L BR 43, FAR B I 47 B3 A8 KA
i M S X K AR R RS R R PR R . SRR R B, FEHE 300min S5 A IO B B KA R 2R TR BE A 5
iR, HRERGOR L 200min B BT BEAR, FRWILETTHOED BTN A B 7K AR i ASGE Ak - W B R e
ARG IR U T KR A RE I AN SRR A, BV B[R] 9 2B 4 — 355 43 B ARS8 Tt = 8 R R s Sl



366

J. Lake Sci.(#:8 # %), 2009, 21(3)

BT K PRrb T ELSE VR A0 A PR A AR S B0 2 A i o R 45 B O B 1 BT, R e

ASUASCE b - ¢ R B ST P PGS e P 240 M 1) 25 BV A R

——0g/L —e—0.1g/L
—a—(0.3g/L ——0.5g/L

100 200
-0 o
280 £ 160
70 £
& 60 £
Hsol ®
%m- —+0.05g/L ——0.1g/L e
2 30 ——0.3g/L  ——0.5g/L &

Gy [~ +
<50 —a—0.8g/L ——1g/L _El_
-ﬁ. 1oL —o—Og/L %
0 1 1 1 1 1 0
30 100 200 300 400 500 30
Fif i) (min)
I/ ER ] I PR RS
Fig.1 The removal efficency of algae cells
in the water column

90

80
S 60 ——0.3g/L ——0.5g/L

0 1 1 : %
30 100 200 300 400 500 1500
I} [E] (min)

P 3 sk Arb R AR Al

Fig.3 The turbidity change in the water column

100 200 300 400 500
Fisf 7] (min)
P 2 KRR R S Al
Fig.2 The concentration change of Chl.a
in the water column

KR NER T, TUE Y& KR
BIRR KA, AR KA R B i, A
T XA AAR A 0 (0 R85 7 A R R s ). DR
TSI ERC P i T K AR B 1 AR A 1 A
DB B 3 JEUSINRE] &= B et B
JE VLBl LB AS ] A 5] PR 7K ARV o B ) AR
TS, B INEL R, Fomh R T R A R
g, TR 0.1g/L FuxtRRALH, HoKAK)
W A AR B0 25 AR/, Bl R I 14
i, AR S s B E AR, B
MI2ESARR(E 3). XA, Tk
SR A ) B ko R P s RS

T WP T IO AN SRR A (P A) PR TRk AR b i i, e R o it SRt - Ok — A2 PR
DA ERBEVR, AT A5 A% P o 240 i DRSS B IR, KR o B o PR T .

[ 4 CTAB 22 B 4t ff 41 4 f Ba e 1
Fig.4 The SEM image of algae flocculation by CTAB-modified clay



3 B HAEOR s ARG R R S 367

2.3 ZENES

HRAE DLVO BERING, SEIRg0MZ MM EEERVER, 22 M E R0 (K sh 1504 . KK pH
B BFOmEESE); I SE A AR Iy Ay | ORI/ IN B URE [B] ) 5 PR T RIS A ) 6 FL R B R A 2 ™
RN R fEiA CTAB BtEE ik )5, T AR CTAB J&—Ff FH s 12 i i 4571,
WA KEMEE T, IABRE S BB T 03 R 0 AR S 32 BIMER, ARV R A B AR A
3 PR HE T A P2 7 A g | 5034351 (i A0k 7 2R e 088 0 ML 1) 1 487 1 FH 52 AR, DA 6 754
WK R EA—AHEFEAPIRES. S CTAB BUPEDTE ) 2R BRI RS Al i A T 451F.

RN CTAB BePlH )5 s i 52 IR (B 4) T LA I, CTAB JE AL—Fh LR AR S A0 2 A — i
T HLTE 0 S R ARG AL 508 TR B S XL AR 38 ) 3 o Pl B A R T e i e e e ok, (75
ARAZR HR 1 i 2 LT ST ) e A L R AR, T 50 AR R TR RSB, el T e A, in A RS £ 55
REPIEREFET R T S TE BUR RIS (TR, ZEDTRE R s eI ey, 1 LA CTAB srth ikl Bk
AR PR ZE R TN TSk ARVEF,  DATTLE TR v Do 4 5 2 e AR IR, 2 L) A R ) SR BT AR T DL
FUFTRE. ik, FIFH CTAB MR —Fetsnl, —Fh 225k rh it an i i) A 2%
2.4 B sREh ¥ E A M TR AE R

E I CTAB Btk J5 Bk 1= E s 8 IR
IR BRI RE, TR ) PR BR 235 4 ot X B 2 e
YERTT LA SR TR S A i, E2 i T e ki h 2
— BRI TEVER, EAT I AR B AR R R
ST R e 5 0 A R - 2 X S 2 B 7 A — R 1)
YEF. FIFH CTAB BeRs -3k 8h J5 1) F B 43 15 A
(B 5)UEH, 4t sh MIYER)E, a3z
F| WA ICYRIVE A, BB R WRCR,
AN EARER LT AN FREE I 4. B ke
FEEER DML AR R BRI B AT A R B, R AE
TR, PR B R fe e, s —Fhny :
ARG, TTLAE) H Ay, R Ty s 5 CTAB EFERIL SR BERANN 8h J5 i Bil fr
Eﬂ/ﬁﬁﬁ, %ﬁﬁkﬁ%ﬂ@lﬂﬁ%(ﬂﬂﬁ%ﬁﬁ%%)ﬁ Fig.5 The SEM image of algae flocculation after 8h
IR BRI R by CTAB-modified clay

3 ZRRRE

AL ) FH 7t A = P R B A DAy SR ORG-S ) R R BR K AR, U T B AR,
FEBEFESCR p, Be LA R TR Il 0.3g/L B, O W SR A A R PR ARAA S T 83.9%, 7 L TTIE
500min Ji, ZKHAH A L BR A AT 98.9%,; i TUAH) -8 BE AT B P 3 SE 4 t S e Sk B £ 104
PERG - REREAT 500 2 BRPBEAL AN, [ o K (AR Fr) e B o R A DR AR, ks XKk rp AR B — > R
FUPREE. LB BT RS2 i T Bl ST B f) P04 A A P o T SR A A R LR T b R B R e —
TN T A BT, ARG 4 i i B 08, 18 52 n N P A ] RE X 7K A A 7 A — s R S
PR AH o JHLGE o T ) A 285000 9 o AU BRI 5, (), SR S 00 1 A A 17 00 % 5 | b o R 200
VRS figp 2 15 23 1 /K AR I — 0T YA e it — A0 o
4 SEHK
[1]  Anderson DM. Turning back the harmful red tide. Nature, 1997, 388: 513-514.

[21 4B 48, W% &, PR OB SCRBESCHERS LXK AR S S B R R FRBERLA:, 2004, 25(6): 40-43.

[38] & N, KA. Kb BRBETIRER SRR B B 01 2 MOAE HIPLEE. FRBER}#, 2003, 24(5): 1-11.
41 7% B, ERIEE REBINERS 0 s it ek AR iy, B YR B AR 514, 2006, 7(1): 76-79.

SE ".'!'Dil'l m 10 .0kY = ‘ .I'.I.I: 1o l.un.



368

(5]
(6]
[71

(8]

[°]

[10]
[11]
[12]
[13]
[14]
[15]
[16]
[17]
[18]

[19]

[20]

[21]

[22]
[23]
[24]
[25]
[26]
[27]
[28]
[29]

[30]
[31]
[32]
[33]
[34]

[35]

[36]
[37]

J. Lake Sci.(#17a #+5), 2009, 21(3)

VKT, AT, KT BT, MRl £ 2B ROT 45 (Crassostrea gigas)FE DL Y52 5 4, 2007, 26(3): 53-60.
AT, RFEYE, K W RS RO A A A SR BRI ST. FleridaR, 1999, 44(3): 308-311.

Sun XX, Lee YJ, Choi JK et al. Synergistic effect of sophorolipid and loess combination in harmful algal blooms mitigation.
Marine Pollution Bulletin, 2004, 48: 863-872.

Lee YJ, Choi JK, Kim EK et al. Field experiments on mitigation of harmful algal blooms using a Sophorolipid—Yellow clay
mixture and effects on marine plankton. Harmful Algae, 2008, 7(2): 154-162.

Zou H, Pan G, Chen H et al. Removal of cyanobacterial blooms in Lake Taihu using local soils. Il. Effective removal of
Microcystis aeruginosa using local soils and sediments modified by chitosan. Environmental Pollution, 2006, 141: 201-205.
5B, AR, BEINAE. R R R SO R L R BR AR BEET. 1A SWYA, 2006, 37(6): 511-516.

TR, KR BRSBTS B IR ER, 2006, 19(5): 56-59.

e, WO, K AR BRESRIN SUA B R R BOK ARSI AT IE. PRS- S BIA, 2007, 29(1): 60-62.

Shirota A. Red tide problem and countermeasure. Int J Aq Fish Technol, 1989, 1: 25-38, 195-223.

g, A A M BE HDTMA BCrESEE xR B WM ML 7S, I IREALE, 2003, 22(7): 456-458 .

FE Y, RAH. K0 WAE K TS YA B A R R R AR, 9L PR, 2005, 2: 10-12.

X, BRAIE, A8, AU LRk b SRR A YRR SRR SR, 2006, 29(5): 81-85.

Boyd SA, Lee JF, Mortland MM. Attending organic contaminant mobility by soil modification. Nature, 1988, 333: 345-347.
JLRUHT, Tk B, ZBARAE. KRMIDUR K S A IR R AT AL S Al T S AR HGH 3 1 25 ] 22 57 I RT3 ek
WIIARL2E, 2004, 16(1): 10-20.

Sengco MR, Li A, Tugend K et al. Removal of red-and brown-tide cells using clay flocculation. I. Laboratory culture
experiments with Gymnodinium breve and Aureococcus anophagefferens. Marine Ecology Progress Series, 2001, 210: 41-53.
Yu ZM, Zou JZ, Ma XN. Application of clay to removal of red tide organism I. Coagulation of red tide organism with clays.
Chinese Journal of Limnol and Oceanogr, 1994, 12: 193-200.

Yu ZM, Zou JZ, Ma XN. Application of clay to removal of red tide organism Ill. The coagulation of kaolin on red tide
organism. Chinese Journal of Limnol and Oceanogr, 1995, 13: 62-70.

PRFHE, BRIT T, SN, IR R a Ry “IROBRE" RHIE RE T, §IAFL:, 2006, 18(5): 550-552.
JLRUHT, 3K B, BAREE. KURMEHTT KR IESBRY) P e sh SRR AG . T EFR#(D ), 2003, 33(8): 760-768.
JEANE, EFRL, FEAGH . RBITURY M-8 5. AR, 2007, 19(5): 611-617.

JEANE, TR, AT, R AL DXUTRR AR R K (A SRR . 3RBER7, 2008, 29(1): 26-31.

FE G BRI S M7 i R D). Jbat: b E PRI H RitAt, 2002: 96-99.

e, FLECH, TR KIHERE K AR A IR B WS, ARSI, 2005, 16(7): 1346-1350.

SA, BB, B Ot RIIAFIRIR G ARSI, WAALE, 1993, 15(4): 339-344.

Ingrid C, Jamie B. Toxic cyanobacteria in water: A guide to their public health consequences, monitoring and management.
WHO. Routledge, London EC4P 4EE.1999.

ZEak, AR PSR R BR AR A R A SR R EST. Ve S IE1YAE, 1998, 29(3): 313-315.

IREL, RFEYE, K W B -MMH AR XA BB APLRIDEST. WEFERL, 1999, (2): 46-49.

KFEE, GG, B -MMH (R RS 124 9. W S WE, 2000, 31(4): 434-440.

Sengco MR, Li A, Tugend K et al. Removal of red and brown-tide cells using clay flocculation. I. Laboratory culture
experiments with Gymnodinium breve and Aureococcus anophagefferens. Marine Ecology Process Series, 2001, 210: 41-53.
Yu ZM, Ma XN. Application of clay to removal of red tide organism |. Coagulation of red tide organism with clays. Chinese
Journal of Limnol and Oceanogr, 1994, 12: 193-200.

Yu ZM, Ma XN. Application of clay to removal of red tide organism 11.Coagulation of different species of red tide organism
with montmorillonite and effect of clay pretreatment. Chinese Journal of Limnol and Oceanogr, 1994, 12: 316-324.

£, RIEE, AHKEAE. SRS M HR S K A AR BT, RS £, 2004, 18(6)(HE T): 75-78.

Lang S, Katsiwela E, Wagner F. Antimicrobial effects of biosurfactants. Fat Sci Technol, 1989, 91: 363-368.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




