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Abstract

The marine environment has been increasingly subjected to metal contamination due to anthro-
pogenic activities. An up-to-date and sustainable metal remediation technique is the use of biore-
mediation techniques, which are broadly accepted due to their cost efficiency and ecological cha-
racter associated with the exploitation of nature-based technology. Recent research on bioremed-
iation of heavy metal pollution with different kinds of marine biomass was reviewed. Interfering
factors and mechanisms of bioremediation process were further analyzed and evaluated. Moreo-
ver, the shortcomings of bioremediation are pointed out, and suggestions and predictions for fu-
ture research directions are proposed.
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M TR 2 i A SRR S, IR BN G R IT R H 2 . Al B AR BIRAEE. 7
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2. EMMEERARYIE

WeEM B S RSN R EBGUENUR], W ARG R i BE 1k LABT 1L &8 iR FEE A [3]. I L8 L]
LGB AE RN T KA R AEDE S BORIRBE TR SR . BHRUL, RN SR A RREEA B
BLAE AT AL A

WS A AR T I R s E T, R B TR N R R R S . X R AR
MBS BT A e UIESEMIEAL A OV o XA S AR ) AR B TE R

ol dREZNR, &RAIH TEshie s AR, AR)E AR PR AR . XA IR R B A
MR A I fE

BRI, SEYnS e MRS AF 8 R BN AR R AR iR B RN B AR 2
WAL RAC 2BV E T o BB S < BOAR LA e 22 i S MR /R FH 0 45 2R

2.1. BN/HBER

B IO AT 75 LR E AR A A B0 < R 1 (R R SR R [4] . JEIE U M Stk R S R R A
YERY, T LAIEZD <5 Ja (0 B3N B e o < O R HH e SR AB SR DR X e s R b AT S, AT 615 <
MR NHE o WnAT P, e R IR AN IR, — RS, PRIER) . AT ERERNEE; e
LB, I, 7 EHAE ATP IR B, SR Eeh MM A e R 2 e Rmie B ER,
FENEEETSREEALE, BRROSRESY, AHTHEREBATMMET[5]. Keung & Al
IR Cd A1 Zn & 46870 B0 PR 2R FAT BRI T R s nid RE 8 0 22 A R SR K FH/E I, A8l
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S i 3 T PR R T A e R B & s 3 S JE B 1 3R BRI I AR W PR F B S CE A TR
At b SEIARE, SR IAT A A AR A (B A AR R AR I AR B A SR S ) A LA (AR
VIR ) .

A B 2 IR & B B B P2 . TR RS FERE IR, R, &
B, FEEENAELE, diiuEE FREAT SRS N, RE SN TS SRETES, BasEs it
NIRRT R34 Y PR 1 4 J8 - #7 . Acharya and Apte 7 F £2 I 358 kb B K A4 b i U, R IH 65% 1) U
li5] 52 752 HR 2 1H0 R SR B IR B R [ 7]

JUETEAPME AR R R D, H A2 BB T AR 2 10 AR 0 R FH 25 B Ak PR 88 v ) 4 5
o EFEPIR AR R R T B B AR08 MK B R IR Y Cu, Pb A1 Cro SR, AETCI BT T
e o Jm B T 1) L BRI . Bankar S8 ALER BT 1) B H &6 Cr(VI) 2 B Z 5 =[8] .

Y AN 5 A5 (EPSs) FT LATE 4 Ja P 4H i Th W PR FH Pl G AE . E AR, EPSs 1T DASR it
BRI dERFAEIRSE . R EM A K. EPSs AR ARR, IR, IRFME AL Em, BfH
AFIME B G SA, BFRIE, ik, 2L, BRIRARETEEMS. Fik, EPSs 1T L& & Pb,
Cr, Co, Ag, Cu, Cd, Zn il Fe HEATHT Wb .

Fr T EPSs Z4t, HABGEMATEM AN BT LIS B4 G . BEid 2 HR s T =i s 4H
A VLECE, HEESGEHE RSN, W55 Fe 454, ABITH Fe i@ N4IMIAA N . RUEXT Fe HA %
S, (BE#EABATLLE Cr, As, Mn, Pb, Zn, Cu%s&Baia. HAEEm ey, W3R
FE AP AR EE ], % Cd Al Pb 2R LA #] 100% [9].

2.3. HRRNEAIER

68 Tk 7 L B AR 200 LSS 110 4 e 7 4 L P PR AR P A FE 4 D DA DY A

1) FERRANE DT (R A0 R AE D) -
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4) @I AL S B R R TR s R S A R IR EE S

VP2 AR ARV A F ()8 S T AE M AR A ELAE B R BN PR DT WD) 4 42 8 i A R AL
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S R 2 AR 1) e I 2 {1 3 W 4 A R A [ 6 Je 1 G A FH[10] - Acharya 55 A\ R IR #8122 T T
ERIORL AT BAE £t 65%11 U [11].

AR USRS RARSES, AREREN. SREN - RAETEEY, (75 b
R T 4@ . 1979 4F Olafson %5 N 1 e /B I 4 TR ORI T &8 B A [12]. — SR &8 27
LA AN 1) 4 SRR AR IR A E G 0%, IXFI I AR AE T AR AE N BB . Sun 58 AR BILE
8 0 T Pb A LS A 15~100 nm (19 AS KU P K RSORE A 75 T 20 B 5 o, SR R R AORE 9 R DUd i e 4 1
FAHENFBA[13] . NG EREE rh 4 85 1Y) HLAth 30 B8 B R G it 35 TR AN RT DU 48 Ph, T HoXF As, Cd i Cu
R AR BT
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IR, A RCE MLE R PR 48 45 D UE, DA R R NATHE R TEAS - &8 I H EE P LA 4K A,
Hg, Pb, Se fl Te %&&@IEE, (HRIEFLRFRIGEOLT, BB H B h & i H I ge =R £
(IEFIE =) . Cheung 1 Gu $&H, MITEHI 43 B IR BV 27 FO AT B mT AZE A 80564 TR Cr(VI1) 100%
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3. EMEERARPHFMER
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T BB R 3R 2 — o AN AT DA 4 1V AR D & SR B S AR e I, B X
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AT Co(I) ) ERRFWE 2 & .
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REE[9]. lyer ZE NRBUZEYIST Cu A1 Cd 125 B R BB M 4Gk 5 T =i b FH[18].

R, EREVMEETNAEEMEEARZ, BREMEDTE, WEYE RS R TR 52
Fl, AV

4, g5ig

RTINS B V5 G BB R HAR R, KZHAAAE L R IUAIGSL: 1) St —F &8 an
Hg, Cd, As, Cr #ll Pb 4T %R, T&AFRL P& BT ARG 2) AR BRI X 1 4815
P8 R AR I S i B e, LR AR . AR A AR SR, SR LN FH B AE B 2
FAR A 3) AHELT BB, 40 B PR Dy FLAR 34110 52 2058 22 (1 03 . 4) BTS2 Bris YR BE i 2 BEE AR AR e 1
HEWME E A B R S

BEE AR AR B R R A B ORI B, RS RIS e E A Rz . BT H Ak
P, @BTRERARERE IR, R b 07 FORPECH 2, A B BRI T i
RIS JE T R TR B . H RTAER] e A i e S v e 7 T 1) — Le i AR 2 A 2
BILOARE FC N AN 57 M B —, SR = AR 2R D, Sz AR E S E S R AR L
TR

TEA G IR TAEZE M CL R LA A TR : 1) § R &8 & 4R a8 1 i re A= M ) i va [, n
SN 4B E MY WES. ME. BEREAE. $E. 2) WARAEY SR ESE0EH YRR K

DOI: 10.12677/ams.2017.43010 72 PR EERTI


https://doi.org/10.12677/ams.2017.43010

I, sk

=, NEMEEEARS PR ERMEE AT [958 3. 3) JFREZ MBI, Bark EME R
AREREETHE. BTE. AR THRSEAMES, HEEMANEGESEMEYD, #t—PiRatmes
A ERRCR, PRARACEE AR . 4) R 22 RS 8 ROTE,

SE ik (References)

(1]

[2]

(3]

(4]
(5]

(6]

[7]

(8]

[9]

[10]
[11]
[12]
[13]
[14]

[15]

[16]

[17]

[18]

Machado, A.A.S., Spencer, K., Kloas, W., Toffolon, M. and Zarfl, C. (2016) Metal Fate and Effects in Estuaries: A
Review and Conceptual Model for Better Understanding of Toxicity. Science of the Total Environment, 541, 268-281.
https://doi.org/10.1016/j.scitotenv.2015.09.045

Ali, H.AJ., Tamilselvi, M., Akram, A.S. and Arshan, M.L.K. (2015) Comparative Study on Bioremediation of Heavy
metals by Solitary Ascidian, Phallusia Nigra, between Thoothukudi and Vizhinjamportsof India. Ecotoxicology and
Environmental Safety, 121, 93-99. https://doi.org/10.1016/j.ecoenv.2015.04.052

Huertas, M.J., Lépez-Maury, L., Giner-Lamia, J., Sdnchez-Riego, A.M. and Florencio, F.J. (2014) Metals in Cyano-
bacteria: Analysis of the Copper, Nickel, Cobalt and Arsenic Homeostasis Mechanisms. Life, 4, 865-886.
https://doi.org/10.3390/l1ife4040865

Nies, D.H. (1999) Microbial Heavy-Metal Resistance. Applied Microbiology and Biotechnology, 51,730-750.
https://doi.org/10.1007/s002530051457

Chen, D., Qian, P.Y. and Wang, W.X. (2008) Biokinetics of Cadmium and Zinc in a Marine Bacterium: Influences of
Metal Interaction and Pre-Exposure. Environmental Toxicology and Chemistry, 27, 1794-1801.
https://doi.org/10.1897/07-565.1

Keung, C.F., Guo, F., Qian, P. and Wang, W.X. (2008) Influences of Metal-Ligand Complexes on the Cadmium and
Zinc Biokinetics in the Marine Bacterium, Bacillus Firmus. Environmental Toxicology and Chemistry, 27, 131-137.
https://doi.org/10.1897/07-048.1

Acharya, C. and Apte, S.K. (2013) Novel Surface Associated Polyphosphate Bodies Sequester Uranium in the Fila-
mentous, Marine Cyanobacterium, Anabaena Torulosa. Metallomics, 5, 1595-1598.
https://doi.org/10.1039/c3mt00139¢c

Bankar, A.V., Kumar, A.R. and Zinjarde, S.S. (2009) Removal of Chromium (VI) lons from Aqueous Solution by Ad-
sorption onto Two Marine Isolates of Yarrowia Lipolytica. Journal of Hazardous Materials, 170, 487-494.
https://doi.org/10.1016/j.jhazmat.2009.04.070

Das, P., Mukherjee, S. and Sen, R. (2009) Biosurfactant of Marine Origin Exhibiting Heavy Metal Remediation Prop-
erties. Bioresource Technology, 100, 4887-4890. https://doi.org/10.1016/j.biortech.2009.05.028

Mire, C.E., Tourjee, J.A., O'Brien, W.F., Ramanujachary, K.V. and Hecht, G.B. (2004) Lead Precipitation by Vibrio
Harveyi: Evidence for Novel Quorum-Sensing Interactions. Applied and Environmental Microbiology, 70, 855-864.
Acharya, C., Chandwadkar, P. and Apte, S.K. (2012) Interaction of Uranium with a Filamentous, Heterocystous, Ni-
trogen-Fixing Cyanobacterium Anabaena Torulosa. Bioresource Technology, 116, 290-294.

Olafson, R.W., Abel, K. and Sim, R.G. (1979) Prokaryotic Metallothionein: Preliminary Characterization of a
Blue-Green Alga Heavy Metal-Binding Protein. Biochemical and Biophysical Research Communications, 89, 36-43.

Sun, F. and Shao, Z. (2007) Biosorption and Bioaccumulation of Lead by Penicillium sp. Psf-2 Isolated from the Deep
Sea Sediment of the Pacific Ocean. Extremophiles, 11, 853-858. https://doi.org/10.1007/s00792-007-0097-7

Cheung, K.H. and Gu, J.D. (2005) Chromate Reduction by Bacillus megaterium TKW3 Isolated from Marine Sedi-
ments. World Journal of Microbiology and Biotechnology, 21, 213-219. https://doi.org/10.1007/s11274-004-3619-9

Labrenz, M., Druschel, G.K., Thomsen-Ebert, T., Gilbert, B., Welch, S.A., Kemner, K.M., et al. (2000) Formation of
Sphalerite (ZnS) Deposits in Natural Biofilms of Sulfate-Reducing Bacteria. Science, 290, 1744-1747.
https://doi.org/10.1126/science.290.5497.1744

Deng, X. and Wang, P. (2012) Isolation of Marine Bacteria Highly Resistant to Mercury and Their Bioaccumulation
Process. Bioresource Technology, 121, 342-347.

Zhang, W., Chen, L. and Liu, D. (2012) Characterization of a Marine-Isolated Mercury-Resistant Pseudomonas putida
Strain SP1 and Its Potential Application in Marine Mercury Reduction. Applied Microbiology and Biotechnology, 93,
1305-1314. https://doi.org/10.1007/s00253-011-3454-5

lyer, A., Mody, K. and Jha, B. (2005) Biosorption of Heavy Metals by a Marine Bacterium. Marine Pollution Bulletin,
50, 340-343.

DOI: 10.12677/ams.2017.43010 73 PR EERTI


https://doi.org/10.12677/ams.2017.43010
https://doi.org/10.1016/j.scitotenv.2015.09.045
https://doi.org/10.1016/j.ecoenv.2015.04.052
https://doi.org/10.3390/life4040865
https://doi.org/10.1007/s002530051457
https://doi.org/10.1897/07-565.1
https://doi.org/10.1897/07-048.1
https://doi.org/10.1039/c3mt00139c
https://doi.org/10.1016/j.jhazmat.2009.04.070
https://doi.org/10.1016/j.biortech.2009.05.028
https://doi.org/10.1007/s00792-007-0097-7
https://doi.org/10.1007/s11274-004-3619-9
https://doi.org/10.1126/science.290.5497.1744
https://doi.org/10.1007/s00253-011-3454-5

SRR R BIPR T =
1. FTIFEIM T http://kns.cnki.net/kns/brief/result.aspx?dbPrefix=\WW.JD

FRIBIFRHEESE: [ISSN], H#IWIT] ISSN: 2376-4260, ] #if]
2. FTHFAM T TT http://enki.net/
JEM “EBRSCEREE” HEN, BN ERE, B &

¥efEiE S http://www.hanspub.org/Submission.aspx
HATIARAE: ams@hanspub.org

Hans X


http://kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
http://cnki.net/
http://www.hanspub.org/Submission.aspx
mailto:ams@hanspub.org

	Advance on Bioremediation of Marine Metal Pollution
	Abstract
	Keywords
	海洋金属污染的生物修复研究进展
	摘  要
	关键词
	1. 引言
	2. 生物修复技术机理
	2.1. 摄入/排出作用
	2.2. 细胞表面吸附作用
	2.3. 细胞内螯合作用
	2.4. 生物转化作用

	3. 生物修复技术中的影响因素
	4. 结论
	参考文献 (References)

