Advances in bioremediation researches on aquacultural

environment

oEE, 5%, XER?, TR

(LA R R BB KRR R e s, IR 758 266003; 2. P EZK - REFRITTE FiEA BT, |4

T 510300)

FESES: S949 XERFRIRAD: A

PTG, N I SRS 5 15 a PN
50%!", APEFRIENE R AR . R TR R
JEAKING,  FRIE S KA AT R T Ok
TP IR ER J BB 52 T ORI g o B SR
PRIRA A KL, RIS P A A A s it 5
8, ARk R AT o R SR T AR SR
FHIX D252 3 TG, VDL A
URFRAEIR 2L, ARG AL B R R 2L

VP2 R WE TR S R PR 26
AR, B TR R T BTG 4 1
BRI, RIS, EROKIAR R E TR
AR Cv Ny P BG5S DL R A S v
e Pk, K IR SE R EAR MBI 2oy 8]
K785 2

IR EARAYBER . WHE RN
o W AR ORI YilE. Ik
S B R 25 BT e sl A 2 1R S A5 ) o
R RN, HA A TEEDIRIOBATRE, &
FEPE SR S, i H s R mT et R, B
THERR A R A, KRR I fE
P G Kot gt A — S A BRI K s e A oAy A T 35 40 Jot
M LREARRE, MRS E R, A
THAMBEEEAKY, EWBEEBATHR, AR
e DL S 2 VR S s TR s IR
PREE AU A B AR, A 53 BA S FH 317K
TS, SR RACK IR, )
B IR AT R A B TR X

1K= 3035 A M5 E R B9 58 BR

1.1 #AMSEHR
L1l WEmBEE R

XEHS: 1000-3096(2006)09-0085-04

WMAYNE RLAEAEYNE R N IRR, R SE
BOECIRMEME S . MBS RE A TRy
AT R E BRI R eI AR5, AT WA b
BRIVERY, S B AR, RE—FRIIML
SN, IS AR A TR AR R A
16 42 B = N Al U 3 e PR BT v
Prichard 2R PG A= 032 A 7l 307 T A ek RS i 1)
WEiES, DU REFRIE.

A SRR, EPEEEARTEKIR
BB TS R AR, 188 N T 2K~ RA Y5
YuabFi R fEFRIE IR o 3 R R R A
ZBRIFRIT G KBRS A5 G o T i g = 2
SRS SR TSR] BT NH, 46N
NO, , RJETAMNN NO, Rt Fe . SAHALAE st fE
DRAIIZAE T B SEAGERE NOs I8 R N, it
112 BB R ALK SRR A S TSR

TG T RARAE K =4 = 2 IR
B EAIAE S R, ATV AT M LTS YRR AR ) =
IR,

TEIETRE AT, 1994 5 FAH| FH R EAF
PRI e BT B RO, R A NLS R5 3
A7 AR 2 VR SERAT 1 b = I R S E
I TR A P S Je S8, — N AR 3~5 cm

Wk H I 2004-03-25; f&HIH: 2004-12-14

ST [H5K 863 tHIBE B H (2002AA648010)

fEE i SHoR (1978-), U, THEGIHA, WiL, MR
BAEAHTSL, Wil 0532-82032195, E-mail:fimy@163.com; 44,
TWRMES, 1R 20l, E-mail:mashen@mail.ouc.edu.cn

84 HEERE/2006 4F/4F 30 45/55 9 W]



(15 YRR MR AE R 7T, ARk 2F R,
MEFERTRH 4B 331 BRATE, IRiER] 10 MATHLRE
B, 72 h PALZERESR (CODyy) 2B AIl7E 60%
A1 70% AL, [ i 2Rk S0 ot a8 4 40 P i 2 s
AR T W LAk, [N b3 T 255 m R
AeFE RGBT I . Lekang 25181 2001 44 T
PRI R, AR R I NERIA T, g
FBR 43 2% 7.3% (115 % 2002 4F, Paniagual'®)
T3 P LT AL ] 52 AL B AL B R FRAA R K, 75 20d
(A A P R RIS ) 2 B2 A B B 97% 0
95%.

TEEYME SIS, B OB N
WURERF TS 10 SERR N 7T, FF HIRAG T 8 20
R, BT RERCIE OB I R b F 27K 978
PR BE S TR ARG ST A B AL HE
D5 IR FTRe D, T A AL BT T2 ik
KT B EG, A2 AT . Rl
AN EE LA LA X FRAE PR 1) Ak A s 52 5 1 (AT
Fe: (D IFREZAVER BERIWFTT, ik H s p ek
FIF AR A B AR BN TR, (2) Insip
B P MBS SRR I R oY, S e s
PESERRN TP IR (3) IR EDE SR AR N
PE DR RGBT LB A R AAE [ K=
BN
12 I HK
1.2.1 tHYMEE R

G SRR R (BRI R, &
B\ PRARER S Azys e 1 KA, A ITE R,
DASEIH BRE AT QR v Qe i, IR BIE IS
{1 RO REE A 3 B LR LR 7 s

(D HEPHEE: () MPER: 3 WARLHE: D
ek PG SART FIHAME SR AT G E A5
AP P25 SEHF R AR RTG Jefr i, A
i JEAINEHET, ATARREZ Fhys Y2 FhERsE; E—
AN AR, At MRS, T BT A
R R RAF B M BEAER o

T R B ST U R 22 (R G TR 5
MANAE Y EEIETT YR, SIS RO .
D16 52 N BK P IR A 118 5 2R
KA R BRI R L 2R S T RE A R
INFRI K IR S5 RS Y LIS BN K
S E I

1.2.2 HHYME B ALK TR EHE S IR
FERIRIATRIE 7T, XIS Rk 2 s K e

WA BERIRIVE T IR I W50, LU
( Pennisetum purpurem schumach x Pennisetum
alopecaroides) A HE 28V R R AR ML RE,
N P (R 5BRFR 53510 83. 2% 76. 3%; LIUKFEIZETS
1 5-(Oryza sativa L.)F17KF# Suakoko8(Oryza glaberrima)
S REAE B RE 2R et v K R AR R s ) B R 2%
e, BEREATH 84.7%F1 84.3%. Wang LIRSy
O JURNR AR A e 2 T RN AR T RIS
LA PIREZE(Polygonum amphibium L) %%, B
BRI RE g o AERFHARER T, PRI T
KUK : 55 (Vallisneria spiralis L.). JIE
(Myriophullum spicatum L.). i *i(Potamogetom crispus
LS5 & S IR R A B AL, 85 AR W LR Bk
FREFRE (CODe) F15 HAEGT AR (BODs) 1EHIH
%it, CODc, #1 BODs H xR, IFREA st Bk
AR G T o TN I/ IR R /K AR S 80K
TR, A% ERMHRD, B0 % E T R
Jilfie Chung S0 T RSN A s kb F 0 2
FRIH A ) & K AT RN, Y KB A i
BI7K B AL k2% . Haglund® 3% Troell®Y4:4) 5117
MILITE (Gracilaria tenuistip) AbFEA2RFR5E KRS
TARGFIIR . Troell 5 Uit AT th [ RF R )
1. Troell ZBNKHIFEN], TTEAEERMORIFRILRE
TR EPRBE T PERE Y 50%~95%. Brown 2581
WEFET JURPR ERAE A% SRR RIE K R AR, 45 Rk
B, HAMERFEEKTRER (98%). THLA

(94%). AT (99%) FIFMRTETER (97%). Nelson'™
$2 R AT P 2 A PR IR R K, AR R
B 1% _ET1H81 3%, 3k 100 kg Sl ARZK FFHEER 3 kg

TPE S SR 8 S BRI RAF 2IA

s, HREEPE ST AL LA EYEERE
Bl BRI TR IEE HIERER, )
(BGRTR ZE A MY 2 F s BRI DR XA 0 A K
LR R MIRR . PRI BSUIN A e SRR DL T L
AT (1D SrsE RN SR e
I E AT SO AU (2) IsREFHE Y
IWFFL, BRARALER A = ka s (3D BRI
AP B B BR DL R SR A e R v AR A B AR
RN

Marine Sciences/Vol.30,N0.9/2006 85



1.3 HfbAis FHR

W T A s S ARG L LAY, B — Lk
AN BRI e =, X R EHAR -
B ok — LR A ) S DR A R SR A B o
TR DL R, s N THEN AR
YPAKARIG SR, FHAIRAG—E ARG, AR TR
Fives 5 R AR ETTTAE R D

1993 SESEARIAPHRIEG T 4 FH 2 BAAEBEFRAH b e
I LIS G 2% SR 2.« Brooks Z5047E = St S5t (8
FE T R B ) iR E IR, A3
TR B, s AR S5 FA
Jones 4% BVFI 1 8 3 ¢ 4+ 05 (Saccostrea commercialis
(Iredale and Roughley)). ] &YLE(G. edulis)55EAbH R 40
ACFRXTURSRIE IR K, S5, HLWRREAE K - (4l B
BRI IR 35%, SR (2.28~35.2 um) [EH
YIIRALR 29%, SAFLEBES R B0 AL 66%
F156%.

BEAEST T AW FAR D, SRR 1R 22 S 3
FRRIABL (I -3 2, MR Nk
(KSR, BN 7 Py 0 SR = A AR O S B P R A
b, E AT LR R P 5 TRORE 7 A e it o
JE TR A W B R KA T AT HLIBORE, Jek D R
RO, AEE T8 A EE.
EUTRRIER, AR i RS I A LT
PP R, B BRI PR e, i
HEEHR
1.4 oA Mis F 3K

TSI E MG L BARHA — 2 i, DRI L
A R B NS E RGHIAT T 40198, F2F)
FIIAE SRS E BRI, S5E PR F L
B E AR ARG K

Lin 2P Es06 5 P oy T N TR RGN -4 K
KA, EERWM R RS P DR WA
WEL AR L BRRORL, A EPI I H DL AR sk
PR RIS I, SER IR, NI RS
bk 86%~98%IME AR, 95%~98%[KELHLE,
B 2B 32%~T1%. EIRHT SR F R A1
NFERH R GO PE AR AT 5, AN iR 7
SERE TR R L R YERRAE 73% A b B 2
R 49%~71%, 7KK B AR B E S 1T, T i
TRERHE, A IZ N LI AT SRR A v K VR B

Jones ZEPNEIIG S BT T —FhLr AR FRA K

MRS, Wil 3 MBI V5 SR 5
2 URNNEL/SIENIR ISR 5SS e T AR/ ALY| B tv) 2 (b U )t
S S DA RS ), I ReAL
PRANGR A, 55 — D2 KA (VEAE) Wl
BRIGARIEE IR, SCIOE LRI AP AR, TSS.
TN. TP. NH;'. NO; . PO, ZEFE A HIHAWR L 12%-
28%- 14%. 76%- 30%F1 35%, AHEECEFEIHILAR
30%, MEEER a BEAKILHT 0.7% »

G EEARGE G T 2B HARNR T, B8
IR KA T 2 T AR, AbFReR e, JF HIRE
RS — BN R, & — P I MR IR
IKAEBEEEA . (HLREAPMERBAMIE SR, FHEE R
MAEEEAR S TR, TR 25 H
SEEAKE b, EESOIERLA R THIIAITT: (1D) RS
A RGIERITTT, B PR ERR (2D NI
F TREREARTF R LSS F (R T A7 43085 (3D
PR S AR MSE AN

2 B

T NFRE T B fe MFRAE R E, 2
T KPR K, B2 E K= IR AR KA
POE S 1 N EE B QLN Z SR S QPR E RS WA
Bl Zey i 578 D A | =y N )2t P e i~ = L T E
SR EZE T ERk, FREAERBEE CAAAE
o T EYNERFARLE 20 HAL 80 4K 90 4
R, A TYE A E AR R &
A, MR SATELR TS REA TR o, I
SESRAEFEMP IR T AT TRCRHIRED, SEER
BAS T2 MAER . IARAEMBARRN H NS DI
SR, IRAEE SRR TR 545V
B EARSAR I TE, e ERAR BB RE
TRV ST AT B AR

SE:

[1]  Svendrup jenson S. Fish demand and supply projections [J].
Naga,1997 ,20: 77-78.

2]  FHF =A% WA EME BRI R (7).
T EKP=RRE,2000, 7 (2) : 90-92.

[3] Gowen R J,Bradbury N B. The ecological impact of salmonid
farming in coastal waters: a review [J]. Oceanogr Mar Biol Ann
Rev, 1987,25:563-575.

[4]  Ackefors H, Enell M. Discharge of nutrients from Swedish fish
farming to adjacent sea areas[J]. Ambio, 1990,19:28-35.

[5] Robertson A LPhillips M J.  Mangroves as filers of shrimp pond
effluent: predictions and biogeochemical research needs[J].
Hydrobiologia, 1995, 295:311-321.

86 HEERE/2006 4F/4F 30 45/55 9 W]



(6]

(7]

(8]

(]

(10]

(1]

[12]

[13]

(14]

[15]

[16]

[17]

(18]

(19]

(20]

(21]

[22]

(23]

[24]

[25]

Bk, BPE K. KSR IR [J]. K
Bl 2002, 21 (3) = 28-30.

IS0, At FRECEY) TR (M) Mat: st
JiAL, 1998.

Autry A R, Ellis G M. Bioremediation: An effective remedial
alternative for petroleum hydrocarbon-contaminated soil[J].
Environ Prog, 1992,11(4):318-323.

Hicks B N, Caplan J A. Bioremediation: A natural solution[J].
Pollution Engineering,1993,25(2):30-33.

Macdonald J A, Rittman B E.
bioremediation[J]. Environ Sci Technol, 1993,27(10):1 974—
1979.

Sangamaheswaran A P, Kumar R S. Bioremediation technology

Performance standards for in situ

for the treatment of shrimp farm effluent: an ecofriendly
approach[J]. Perspectives In Mariculture, 2001, 413-420.
Pichard P H. EPA’s Alaska oil spoll bioremediation project
[J].Environ Sci Technol,1991,25(3):372-379.

Pichard P H. Oil spill bioremediation:experience,lessons and
results from the Exxon Valdex oil spill in Alaska [J].
Biodegradation, 1992,3(2-3):315—335.
VeREETE . MRS B GRERHERRIT]. FRE(H ], 1994,
31(7): 135.
Ffl, SRIK Al SRS L. LA
IIHRANURTE ST AR AEKBUNT]. W R
112, 1998,18 (1): 5-8.

Li Qiu-fen, Qu Ke-ming , et al. Isolation and selection of
functional bacteria for bioremediation of shrimp culture
environment [J]. Chinese Journal of Applied & Environment
Biology, 2001,7(3):281-285.

BROF, FEE. IO IS SR A=K S R 71
WFFE [J). K77 2441, 2001, 25 (5): 438-442.
Lekang O I, Anne M B, Ingfrid S.
sedimentation used for wastewater treatment[J]. Aquacul Eng,
2001,24:115-127.

Paniagua M J, Garcia O. Ex-situ bioremediation of shrimp
mats [J].

Biological lamella

culture effluent using constructed microbial
Aquacultural Engineering, 2003, 28: 131-139.
WE, V. MG RIS R AR S
FI). HPERIEEERE, 2002, 20 (4): 99-108.

Scragg A. Environmental Biotechnology [M]. Beijing: World
Books Press, 2000, 23—46.

Gopal B. Nature and constructed wetlands for wastewater
treatment: potentials and problems [J]. Wat Sci Tech,
1999,40(3):27-35.

Wi, BEE | RBRREEN B E LI KSR X BB
RIBFFUR L], P IR RAA244, 2003,33 (1): 53-57.
XENE, FEREEEERGE LR LB, Zradd
PIRITEILEDT]. K2R, 1998, 22 (1): 1-8.
Wang Q, Cui Y, Dong Y . Phytoremediation of polluted waters

(26]

[27]

(28]

[29]

(30]

(31]

[32]

(33]

(34]

(35]

[36]

(371

(38]

(39]

|
FMEF
potentials and prospects of wetland plants [J].
Biotechnologica, 2002,22(1-2): 199-208.
TR, BRARAN. KRR B TR A BT
[7]. sRIURIEITST 2001, 19 (4) 1 299-303.
Chung I K,
cultivation to the bioremediation of nutrient-rich effluent [J].
Algae , 2002,17(3): 187-194.
Haglund K, Pedersen M. Outdoor pond cultivation of the
subtropical marine red alga Gracilaria tenuistip itata in brackfish

Acta

Kang Y H, Yarish C et al. Application of seaweed

water in Sweden. Growth, nutrientuptake, co-cultivation with
rainbow trout and epiphyte control[J].Appl  phycol,
1993,5:271-284.
Troell M, Halling C, Nilsson A et al. Integrated marine cultivation
of Gracilaria chilensis (Gracilariales, Rhodophyta) and salmon
cage for reduced environmental impact and increased economic
output[J]. Aquaculture, 1997, 156:45-61.
Troell M, Ronnback P, Halling C, et al. Ecological engineering in
aquaculture: some results from EU-project EU-MAC [J]. Appl
Phycol, 1999, 11:69-78.
Brown J J, Glenn E P, Fitzsimmons K M, et al Halophytes for
the treatment of saline aquaculture effluent[J]. Aquaculture
1999,175:255-268.

Nelson S G ,Glenn I P ,Moore D,et al. Use of an edible
seaweed to improve effluent from shrimp farms [J]. Journal of
Phycology, 2001,37(s3):38-38.

BEARTE. R E P L e~ F RO f Z 248k 5B
11k DX #[J] . Nippon Suisan Gakkaishi 1993 ,59 (8) : 1343—
1347.
Brooks K M, Stierns A R,Mahnken C V et al.
biological remediation of the benthos near Atlantic salmon farms
[J]. Aquaculture, 2003,219(1-4): 355-377.

Jones A B, Preston N P, Dennison W C. The efficiency and
condition of oysters and macroalgae used as biological filters of
shrimp pond effluent[J]. Aquacultrue Research, 2002,33(1):
1-19.

WA, AR, WKFRIN SIS Yt )] K =
F12#,1999,18 (4): 40-43.

Lin Ying—Feng, Jing Shun-Ren, Lee D Y, et al . Nutrient

Chemical and

removal from aquaculture wastewater using a constructed
wetlands system[J].Aquaculture, 2002,209:169-184.

FWETH, #i i, B N T PEIE fys YRGB
WEFELT). BUIINGE S Ber Al AR RER), 2001, 18(6): 6-10
Jones A B, Dennison W C, Preston N P. Integrated treatment of
shrimp effluent by sedimentation, oyster filtration and macroalgal
absorption: a laboratory scale study [J]. Aquaculture, 2001,
193: 155-178.

(ALp#: FE#H)

Marine Sciences/Vol.30,N0.9/2006 87



