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81.56%~89.43%2 [8]. 4 HRARFHAHAAK 5 HIEF CODMm FHEREN
64.9146.51%, REKEFEHERE (30.60£13.63%) K2 %%, il BODs/COD,
7 86.10%~89.13%2Z.18], SEKEEIRAHEE. BidHHKE 16S DNA F5
447, 5 GenBank 1 EMBL $E#TREHRE, HEEABLERERAN
¥51E, GRERWM, F2HABEDFRBTREEHIKER (Staphylococcus sp.)
FELHMERE (Halomonas sp.), 712 kARS8 MER (Halomonas sp.)
RHEMER (Pseudomonas sp.) M.

2. LAKREE A2 mg' L' NS SHOE Xt # 1 A1, i@id24N B i g < ik 2%
HEE, 7 BTN 0B BRI R L R R S AN e . IR R M40 R
TEWEE K Sme L B AHRS (NayS$,055H,0) kIS piEaEE58H, pH
HHBVIR6.STREISOUTEETRE: RAYRRREMNBYIH1280mgL"
B F1374~424 mg L' 218, BRLHIERREH66.9%~70.8%2 18; FEBRBET KR
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Screening and identification of bacteria for organic pollutant
degradation and sulfuroxidation in sediment in marine cage
fish farming area

ABSTRACT

Marine cage fish farming first began in Guangdong coastal waters of China at
the end of 1970s, and it has grown dramatically during the last three decades, and
become one of the important marine aquaculture industries in China. However,
Marine cage fish farming generates high pollution loadings, especially in the sea
bottom, where high sediment oxygen demand, anoxic sediments, production of toxic
gases and a decrease in benthic diversity may result. In this study, local bacteria
strains for organic pollutant degradation and sulfuroxidation were screened from the
sediment in the marine cage fish farm in Dapeng Ao Cove in the east coast of
Shenzhen City, it have some scientific significance to further explore the
bioremediation for polluted sediment environment in marine cage farm, solve the
environmental constraints for marine cage fish farming industry. The results are as
following:

1. Six bacteria strains for organic pollutant degradation were isolated after 2
months of selective enrichment incubation with fish meat feed under intermittent
aeration condition. Through the ability test for degradation to the liquid wild trash fish
culture medium, four bacteria strains were obtained, which are capable of degrading
the organic trash fish pollutant rapidly and efficiently, the 7d incubation of
biochemical oxygen demand (BOD;) were between 1 040 mg-L'~1 140 mg-L", the
5d incubation for the average CODyy, removing rate (1-CODs/CODg) were between
13.58%~46.9%, and the biochemical degradation rate (BODs/CODy) were between
81.56%~89.43%. The 5d incubation for average CODyy degradation rate of
pair-strain mixed bacteria was 64.91+6.51%, which was 2 times higher than that
30.60+13.63% of single strain; and BODs/CODy were between 86.10%~89.13%,
there were no obvious differences compared with those of single strain. Sequence
analysis based on partial 16S tDNA and performed by BLASTN and FASTA,
combined with morphological and physiological biochemical characteristics of
bacteria showed that 2 strains belonged to genus of Staphylococcus sp. and
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Halomonas sp., the other 2 strains maybe belonged to genus of Halomonas sp. and
Pseudomonas sp., respectively.

2. Ten bacteria strains for sulfuroxidation were isolated and purified after 2
months of selective enrichment incubation with 2mg-L'l Na;S-5H,0 under
intermittent aeration condition. Through the ability test for sulfide removing in liquid
medium with Smg-L" Na,$,0;3-5H,0, the ten bacteria strains are capable of removing
sulfide rapidly and efficiently, after 8d incubation in liquid medium, the pH decreased
from the initial 6.8 to 5.0; the sulfide concentration decreased from ]280mg-L'1 to
374~424 mg'L", and fulfide removing rate is between 66.9% and 70.8%; the sulfate
concentration increased from 2327mg'L” to 5903~6243mg-L". Sequence analysis
based on partial 16S rDNA and performed by BLASTN and FASTA, combined with
morphological and physiological biochemical characteristics of bacteria showed that
eight strains of bacteria are belonged to genus of Halothiobacillus.sp., and the other

two are belonged to Alcanivorax sp.

Key words: marine cage fish farming, organic pollutant degrading bacteria,
sulfuroxidation bacteria, screening, bacterial identification
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AT RARIT R E N 80%L L, BoRH RIFHINARR. Pinar 43—
FE40 5 Klebsiella oxy toca, ZAEAEH I ZRERIL IM R, FRERE
B, BSCImEN T KRR, b SR o R AR
RBRAE, BLRBE. SEABLRE) HRRN R AR, T
EE. TRSIELRELEMT, UL BODyCOD KIHAE>45%1E A AT ALt
k%, FSRERAEBEMERAVURIEESD, X 106 HRIFBIRETRER YIS 1Y
RN AT, FEIR 30 PRELMETE 45%U LI, BABIIMS 58 TR
HBAERTERN 7 A E SRR th X AFE £ . LA BOD R R EF
FARSTAERL R0 B8 1B, 2E 5d (KB 1R B 7 MR 4R e R A 70% B 1B, 2428 COD
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BEEFEGRRFE T — S E R S Y S R E.
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Hl, H3MEY (EM, Effective Microorganisms) ZE#F/KFEFFIRIES
BE, RERMEREREREH T ENA. HHARRAELERK L
EROHARF RO —HFEESMEDFEHER (BXEEE. BRAEX.
BEER. AMEL. BREHLSIKEN 10NE 125 BREDAR), BAM
KE=FR R AR . o BB T R B A KB ST 2 s SO A
EHFIERTFETNARARRE: 5. EHRLAE. SLa B RA
REME 5% A E, BAAEE TR, FFREMMAKAPRBR, ARNINHIBURE
MBI, BT HFEKENEREN, AFKREENTEYRBIER
fRE. EEASYELHAYHRAMLRKERERS, ARIREERST
FMEMNEK, MERREE EEKEPEIRNE, $XRARRHER
R EATNE. REVERAEERENFERTERY ENESMEDSIH
REERSRFEKAE, THAL BRI, MEFHEAEZLEEET 100%; EE. CODer
RHIEIL 95%, BEVIELRIE 4%, WELEF 16%, SEBERA. KEFE®
LRHRRESREE S EM LBEFFRAEKEAABITE RHR. EEREH
FRBEEEEYE E R, X FREP G R E AT T R E K AR
BIORR, &REXWKIE COD MBREMN SRS HIRK 31.64%~49.71%H
30.58%~62.43%, FEAKEHEEFURENZHE.
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PHEAESCIRET MARER R AAHERREREERENSHNE RS
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ENASLEFEAL BetAEtBTEERRERERERRANA
B, EBIARR DAL BB T B i B AR A e AL B BR Bl — MR e K 22 18],
FREFEE, TUHEREANA, SIABEREDERR. BHR. RAHEE
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BRTHEAE. SEEVNABR S AE S LARAKTAR, KHEE
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R R B R T IR E e ™,
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DO 1% 25 B R Bk B A o B AR R SR B R B V5 KB AT AR b 2
WA I+ i Cyanobacteria genera, Proteobacteria, & B #% 44 Nitzschia 20 %
ERPHEHE, BASRETEVRSAPEEEK. WEYEAE 48 LA
BRT M%MBME, 19%MEAR, T8%MEMME, S3%MRE, ——H
28, WEMAIHI5 A . Abbas Rezaee P LB /B Acetobacter xylinum
B 40 B 41 4 E(MC) b 4k B & . MU B PseudomonasStutzeri, IWH AR B EBRE
HEEBETRIAT BIE 1.6 kg NO:-N m” day” MIRBR L B0k, BRTHIE, &
EABAERERAEMC £, MC RZAEMARYE, ©x 46 EE M E S
EBRANEKYE, FRETEN—FHTNARECEE. A, FRES
L BT H} 8 (AquaMats)E A2+ E S A% M B 7 R R ALE iR K
FE-FERGK AT R, RREARRNGEA SRR E-FERZE KN
TP #1 DP %8, XAedERBRENABAR AN ERTHHEET —ENER
M. ZEEECIHPREREIMEDRELEERK, BETRETHE.

Hisashi ZPYRE K ASELE S HEKRAHEANZRAT 48 bt
AH R EE COD8I%), BE(T7%), BER (99%), H,S(99.8%). Hisashi %Lt
BT PvA FIEE R E AR R 2 S A E X KBS REECEIR R
4R FUE EL PVA BRILEERE AT UROKRBLENR. FEBSEPIN
SFRbEE TR 4B Rk T BRI A B SRR E, e YB R IER
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FAEK, WXEFE SR RABERMMEAESN, 72h B CODwy R 60%LL L,
HAFEAMB IR A T RIFAEK, MFEMIFRABRIEM, AP 6 iR EF
RE P ERIFFFR R R ZE R A REN R EBE USSR BRXIF
FEAEHE S .

BT FEERRS E R ERERRGEE, B, BEtmEwsRESR
BRI R EEE A Z R RBHT B EE R MY ERNA T AP E
T — SR, B BEDBAREFERKLE Y MNRR+2
RURBEAKEDLEBEDBREBU - ANTEFMEDRGREHLTR)>AL
B RBIEY R ) LR KRR B

134 ERTEENK=FHAENBERA

BEDSE SRR B, BAENE R S I MY AL R [ Lh
B A LIRS T B AR TIR A8 B IE K HUBOK 6 B N 2K ™= 37
MAEEETEY. HEAREVERORERR, FANMENZSARED
HARENGE, KARET BB, §RTRBEH. EVERNAERTE
ERRKREEEREEIIR—EKT, QEHTRASHRERIIENERME
. BAFEAE P EBESRYARAR. BHRNAER, FEND W E
YRESENEYURESHLEY, HHER. EMREFELNY. Bk, —
PR E AT RS T A YRR AR B AL, FTUMME AR SRR B R T
BE K FEAEEE P EHEREFREN, “BRTRE KD
WA, MUATUEAR RO B RS REFERE, e XRRRERRA. B
HEAXSAESRERA FREWREEKPRAET REARBTENBEEK
A KFEAEPONAR LAY, BEARMRIRENWETRRD.

EERMGETRMRAM U LNBRERNRAGZEENBE AKX
FHREREEE PR BERES . KEEY CMEER) BARNEZSBR.
fi—NRTE—RRRHOFEE LB AR, BI-RE- S0 EFFEEA.
ATEBESRE. BFEEVAED TR SHRNBKAS R FRRAS
KRR EIRE B & B A ST RR L.

ZEEVMBEBRE ST EHER RN A, X FFREG KT E T
H, EMEEA, FEFRERRA-ENPILTFAL, R—HEENHF
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AR, A ACAAE,
16s rDNAA- 5| 247 16s IDNAK- 5 947

MEMIRER (B




B G B 2UAT '

¥ZE BANSEUEBENFESETE

EKEEMNEFEE MR ATERY. REEREALNHERE
FR, EREZLE 30 FHRRE, CHAN AREXRERNEKFES I
2z~ R, WKEERBFETRE S NR—AMNGERESHE™E AT
BT OO, I B VR U B S T A P A AR o AR TR T R e
YWHENRENBERTH KN R, ERBRRSEMAFESESHAELRAR
BEABLES, SHRENFEKREAERR, 2FRAE™E, Fi,
K e KRR TR A NS R R B A, MR R P IR
b i G EE BRI R R EE R .

A FNGEYIR MR A K B R FEX TR E P BER MG
HERER AN L EBE E R, DURA TR IEK &R NAE RIS
PRLE E TIEB e HAt.

21 #RMAEE

2.1.1 BERE
BRI, BPA AL 20g, FRMEK 1000ml, pH 7.6~82, 121CKHE

20min.

SEEFE. FH 216E BEEFEAD. BAk 5z BEE 1g, KA
2% 0.1g, HAEHr 20g, FRiE/K 1000ml, pH 7.6~8.2.

ERY KEMEE L. KM 2216F fKEERE. BAK 53, BEH 1g,
B = 0.1g, PR#E/K 1000ml, pH 7.6~8.2.

fa BRI RS R, AR Sg, BRIEK 1000ml, pH 7.6~8.2, 121°C
K 20min.
212 HAEEHER. 2B 54K

MWE 20 ZEFREDEAFEYTHAMWBREKELXRMBRAX ALERDER
B, AErRLRE. ALREIRE 250g M3 2L BERMP, MAK
Bk 750ml, KEEFAEJMEE 15g, HIMABEMAER, ERFHTELE
BREEREF 2MH, PREERAERRNKEEKRKEFEREE. X
HEHEMEAEMRERRNNAER, BIEEEN ELHE, BATIETR
B b, 28°CHST 48h, HETRYESE. AIEFRAEK, HHRET
4CoHAEPEH.
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213 HHYIFREBAER L

BB BRI EREMIEE 22168 BAKEFENER T, £ 28CHE
EEFEPELRSEF 480, £H. N Sml BUERER (RELHR
2.0x10°CFU/mL) #FFEHHA 200ml &R AEEE 2R BOD i, A BOD
M EX (HACH BOD Trak) %4t 7d MEARAKEERENEUFTER

(BOD), fRiEstEHEIAHLYRERERE S BRI EER .

2.1.4 FEEEHRN A PR RE S

R Sml % B bR IS LI SR BB TR 200ml AR AEREREN
BOD fi, SEREEM S MEATRA, AR R AR AR
SRR R(CK), 7E 28°CHEEFATIRY . FH BOD ME kst 5d fle
AERAEEREFENEATEEER (BOD), R 24h BUARBIKIERIERE
20ml, B\ 5000t/min B5.Ly Smin, B EEBABERERFZHUEAETER

(CODyy),» ELEE 5d. T H5E & B ARl 352 % BOD & CODw, B3R
s RmEE R R A NMF RS, B COD k% (1-CODs/CODy)
RANDI T LAY (BODS/CODy) K&K 5d i iH] A EFI A R ERA
ik 1T

2.1.5 Sk EERA EEE PN B & AR AL 7

HFRATNEKARES, S 25ml FHEFER, &% 14 0HEE
HERR A B E B YRS AR RE S .
2.1.6 HHLYIREARAE S E

BIFRARNERREHEER LEETAEM TEARAEMT 16S (DNA
RHMTEE, HEEERARANE, HENENAHERELEE.

16S IDNA ¥ #8 L# 544 27F (5'-AGA GTT TGA TCC TGG CTC AG-3"),
Fi#e 1%k 1492R (5'-AAG TCG TAA CAAGGT AAC C-3"), i LA TAYT
BERARERH. WFLS RS R GenBank 3% A BLASTN #2/%, 1 EMBL
3R F0 FASTA BFH#T R R. LA 16S tDNA FFEIHLIE>99%. 99% >H
BUEE>97%4) SI1E A B KT LB 2 R 4 pRve e,
2.1.7 RERE

FIFH MEGA3 %M, BBk itk 58025 HKETH 2 16S (DNA FFIH
ClustalW L EHX 4R, K Neighbour Joining HEHME ZERER .
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2.2.1 EF B4

SEENER. SENALE, NMAEFERERT DSBS 6 tRAEEAT
— BRI R,

2.2.2 FHYIRERR S R IHE

BIER, N B 6 bR AP IIER 4 Broxt A B E R IYF R R 3R
I Bk C41-2.C41-4.C42-2 71 C42-4, 35373 7d /5, BOD; i %) 1040 mg-L"'~1140
mgL!, BERET R 2 BREK C42-1 (596 mgL™") A C42-3 (192mgL™"), Xt
J4 6 BOD N —E A #2420 mg L' MEEAKF(E 2-1). N\BTETLLE H,
NE BB E R SRR BOD H—RERZFIET 3d FBR, ZEHNF
ZH, TsKk C42-2 WE 5d FAEANTZH,

——CK ~-8-C41-2 —4a-C41-4 —-¢C42-1

—%—(C42-2 —o—C42-3 -e—C42-4
1200 F 3

1000 r
800 r
600 -

QRN

400 r

BOD/mg * L7}

200 r

2-1 5 BRI B RHN R 2y EL B
Fig 2-1 Comparison of trash fish meat feed utilization ability among isolated bacteria
strains

223 FEEERERA IR RER LS

SRR M 4 BRAE (C41-2. C41-4, C42-2 F1C42-4) THEEH
RS FRET AT 5 HIE5RER, 4 SRAH K BODs 7E 1 078mg-L™'~1 182mg-L"!
Z [, BOD {25508 ML, BIRT 3d ik, Z/EHNFERE, mxs
B4 BOD HARFAL 20mg L BIARKREAKTF (B 2-22), BEEREHRE
[t) CODwn B HANERKER, BRE C41-2 i) CODM, (E7ERT 3d FREEME

11




Ll R FRL R

1§, ZEHRAEL 700 mg- L™ KIWREEAKTFSL, TRE 3 Bk CODw (7E 1d~2d
RRE TR, ZEHRBEKIBEMNBS, WAL 724 mgL'~1 124mgL' 2
8], (B8 BETF 3 BARK CODwy A4 1330 mgL” HIEIREEKTE (B 2-2b).

4 BRAE X AR AEREFEE DY BB BORNMRMEEE S, Hb 5d 8
FEIEHR C41-2 i1 CODvy B E X 46.90%, ERBEBF, HIKREEE C41-4

FC42-2, B E 451K 30.06%F1 31.86%, Btk C42-4 1 LBRERIK, 4 13.58%:;
5d BFEEE YT ENEEE (BODyCOD,) 7 81.56%~89.43%2 6], & @itk
RERB/N (K 2-1).

1200 T

1000 f
= 800 |
* /X
g’ 600 |
2 00 | ——CK —8— (41-2
< —A—(C41-4  —%—C42-2

200 ——(42-4

on —O —> O
0 1 2 3 4 5

b 1400 ¢

1200 t
Ty 1000 T
%o 800 +
§ 600 [
S 40l ——CK B C41-2

—A—C4l-4  —%—C42-2
200 1 —o— (424
O - 1 i
0 1 2 3 4 5
ff8)/d

A 22 IEEEERON B R A AR ) R
Fig 2-2 Comparison of trash fish meat feed utilization ability among screened bacteria
strains
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Ll KPR R X

# 2-1 EHNAEFIEEIEREN CODm ZRER BN T4 L ERE
Table2-1 CODy, removing and BODs/COD, degradation rate of test bacteria strains to

trash fish culture medium

- CODwa ZFR % BT AR
(1-CODs/CODy) / % (BODs/CODg) / %
C41-2 46.90 86.40
C41-4 30.06 81.56
C42-2 31.86 89.43
C424 13.58 87.92
FHE 30.60+13.63 86.33£3.41

224 BHRASNERERENERIEN

FEEBEIN 4 KAERRASERLIRER, 5 HEEHRE BODs 7 1 138
mgL'~1 178mgL" 2 /6, WZmTHEA, A5RKEREHFERERTAX
£57; BOD HERLEH M EXFOEMIRFAE, BIGT 3d MMBHR, ZEHAT
S (B 2-3a). S ERA SRR TERIE RN CODM, [HRLBREN 5 HFE,
HpHE C41-2:C41-4 F1 C41-2:C42-2 FEHEFRAT 3d 20 HIHRE FME 396 mgL?!
F408mg L, A& C41-2:C42-4. C41-4:C42-2, C41-4:C42-4 T C42-2:C42-4 U]
FERE SRR 1d BRARE T B E 406 mg L '~480mg- L 2 8], 2 JE ¥4 4 75 #9 400mg L !
BRI A, BB HEKEH CODwmn €4 300 mg-L'~400 mg:L™" (& 2-3b).

13



LEEERFRL AR

—o—CK —8— C41-2:C41-4
—8—C41-2:C42-2  —%—C41-2:C42-4
—>—C41-4:C42-4  —@— C41-4:C42-2
—+— C42-4:C42-2

BOD/mg * L™!

o

1400
1200
1000 |
800
600 T
400
200 |

CODwn/mg * L™*

i fa)/d
B 2-3 FEEGEFAEFRASH AEER KM LR

Fig2-3 Comparison of trash fish meat feed utilization ability among pair-strain mixed

bacteria

WHRPIRA G 5d 575 1) CODwy Z2BRFTE 53.59%~71.68%2 8], P A4
C41-2:C41-4 71 C41-2:C42-2 B9 XBRE TR E, 44 70.72%F1 71.68%, HIXEA
4 C41-2:C42-4. C41-4:C42-2 1 C42-2:C42-4, £BRETF 62.95%~65.45%2 ],
H A C41-4:Ca24 BRAK, K 53.59%; FAEH CODmy FHIERER 64.91%, B
BB THEBRE (30.60%) RET 1 f£%. 5d HFEHHNDETELRE
% (BODs/COD,) 7 86.10%~89.13%2 A, &N 87.74%, BHKBHHE
ERERFEREE, 5EKRAEFITENERE (86.33%) LBXHBER (R
2)

14
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& 22 HHRAFRAX GEEBIEFREN CODy, ERERFHNY L ERE
Table2-2 CODw, removing and BODs/COD, degradation rate of pair-strain bacteria to

trash fish culture medium

I CODw, 1% BTN
(1-CODs/CODy) / % (BODs/CODy) / %
C41-2:C41-4 70.72 88.07
C41-2:C42-2 71.68 86.10
C41-2:C42-4 62.95 87.01
C41-4:C42-2 65.07 89.13
C41-4:C42-4 53.59 88.22
C42-2:C42-4 65.45 87.92
R 64.91+6.51 87.74£1.05
225 BRIEE

2.25.1 ERRARBENE

4E CA12 EEBH TR LEERRY, BH, W& TE, RELE. B85
TREMREFR, BHiEKDH(T26~1080)x(1080~2500)nm, HFA BN HkEE
K7, BENEHENE 2-4), EZREERM.

M C41-4 FEE B VIR LER 2R, REAXEN, LEATE, XA
FMAE, ffO A RIELCREM. BETREAMEFR, BEKD (675~
605)x(843~2180)nm, BANEREN B EERHFT, LHEE(LE 2-5), E=RKIEH
.

A Ca22 ERBEH TR LEEERAR, BERERR, LETE, REEHE,
FubhiE. BETHEARZEATR, BEEXANKR667~817)x(726~1030)nm,
BSOS R EES, EHWELE 2-6), EXREEHME.

M C42-4 FEEBEE VIR EEE ZEAR, AGKER, HEVE, KRB,
PomE. BETHEAREFR, BEHKDA(S55~857)%(817~2190)nm, H
AR RS, REVREHE, ShiFRkLE2-7), EXRLERE.
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Fig 2-4 The cell of strain C41-2 under Transmission Electron microscopy
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Fig 2-5 The cell of strain C41-4 under Transmission Electron microscopy

F WEERF FTRTE, e a7 W’T-',.rt-\~'.-':o:7",1::mw,«, tvm
. .
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Fig 2-6 The cell of strain C42-2 under Transmission Electron microscopy
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VAT YT LM S IR ERY - MT rr e

. i
St sent s it Sl RN N -
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Fig 2-7 The cell of strain C42-4 under Transmission Electron microscopy

2.2.5.2 AE R EBR AR
4 B E R EEA AR 2-3,
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LR ERY

2.2.5.3 16S rDNA FF543 47

FEXERTAR 4 BRAIEE Y 16S (DNA #B4FF5IKENF 1498bp~1513bp 2 8] (&
2-8), R 16S IDNA 25X Hie FLHM R NEN, BRER 500bp 3 AkE
HERNSEORMT EBEFNE R, A BLASTN & FASTA BERE#X
Y755 GenBank & EMBL $i#EEF M CHFFIRTRIEHRR, RR5HE
B % B BE R FIRIMHLE N T 86.7%~98.4%2 If), BESEMMEH 4 7, 4
BT 3 MBGEK 2-4). RIE 9%AHBUE>97%K1 5B, itk C41-2 BT REHE
BKE & Staphylococcus sp., @itk C42-2 AT B )8 Halomonas sp., TiHEHK
C41-4 F1 C42-4 5} | 5 £ B MU )& Halomonas sp. FME . UE & Pseudomonas sp.
BHIE.

2-8 fEEEEBRA PCR 5 4R
Fig 2-8.Amplification of selected strains

#&7E: Marker & MBI A= #SM0331. BERMAETAEDA: C41-2. C414. C42-2.
C42-4. Marker.

& 2-4 4RYHE 16S rDNA B FFINRBERRS R
Table2-4 Homology analysis of 4 screened bacteria strains based on partial 16S rDNA

sequences

FH%S 165 1DNA 741 Btk 515 HIUE
KB (bp) (%)
C41-2 1512 Staphylococcus sp. ATCC146 97.5
C41-4 1499 Halomonas salina LLM;DQ333297 93.4
C42-2 1499 Halomonas shenglis SLO0148-85T;EF121853 98.4
C42-4 Pseudomonas sp. 1AM12022; D86001 86.7

1498

20
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22.6 FERB T

BT P ke 16S rDNA B2 Frol N BUE FEP IR S R P FIME R
ZREME 2-9), N\EHETEH, 4 KAES B TAREK 3 MER, 2718 C41-2
J&F Staphylococcus, C41-4 ¥ C42-2 |8 T Halomonas, C42-4 |&F Pseudomonas.

{ FJ444982 Halomonas ventosae strain whb3s

71 AY505525 Halomonas salina strain GSP33
AY505523 Halomonas alimentaria strain GSP1
2 _100-[: AY553076 Halomonas aiimentarla strain GSP26
___[: EU382220 Bacillus subtilis strain 15-2
100 AM229317 Helomonas denitrificans
[: C42-2
100 EF121853 Hetomones shengiiensie strain 5L0148-86

[~ AM110974 Helomonas sp.
99 —— AJ515365 Halomonas campaniensis
C414
___m_‘ 8 ———— GU228477 Halomonas campisalis strain HE.br
100 _|: GU228473 Halomonas campisalis strain H110.1 16
34 DQO77911 Hatlomonas campisaiis strain LLS
1 DQ435613 Halomonas sp. L8
C42-4

EUB22884 -
N

ABO098591 Pseudomonas sp.

59

83 3 = FN597288 Gamma protecbacterium B15

AMO33518 Pseudomonas antarctica

o8 ____N_: AB334768 pssudomonas veronil

AB056120 Pssudomonas veronii

54 === FJ937922 Pseudomonas pose strain LS172

AJ492831 Pseudomonas trivialis
59 AJ492829 pseudomonas poae
C41-2
NR 024665 staphyiococcus capre strain ATCC 38838
DQ448767 staphylococcus sp. CNJ924 PLO4

58

NR 027519 staphytococcus capitis subsp.

. _L: DQ490408 staphyfococcacess bacterium

%9 EF522128 suphytococcus epidermidis strain cuzz

41

AF270147 stphyiococcus epidermidis strain SRY

29 ABAEESEAEET 16sDNA FFIMBNAZRER
Fig2-9 Phylogenetic tree based on partial 16S rDNA sequences of four strains and the
references
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bl KPR E ORI

2.3 WHEFING
2.3.1 itig

(1) BRZHT, BAEVEEELELR, ERAE—MHIE—EED,
SR FEERSTHE BN BRI, TUKKRBIBENE, 4. WML
HRIEABEMENEZSNEE, €M ERBIMERE B iR LAY R—R BT
FR ARRARENGED B KRR TREB G aKABFERETRTRE T
BHEEY, BUER T HANGEARENNEFREGERENEFRE, UMNEH
FEFERNERY (KENBEREEE) FAEREN, AZEAHTESR
KEEEF 2N, NTHIZEE K, FIBENRREXREEBR AR EHE,
BIEHBANBET 6 bRAHE.

(2) B—1RYRERENTEE UAZYRG DR AR REREaEN
BRERUANTRBEAZENEN, NERBARMAEIGLREURENE
68991, BT AR LA B 4250 B0 18 U A B bR X B A 2 B VB B A S 32 2219 BOD.
CODMn. CODMn ZBREMA NN T4 LMEMEYE (BODS/COD) Kikts, M
FEERE 4 X AEERENYARE. BAEEENINERLEER.

(3) Tk KEmT 4 4L % B BODs/COD fth{E k%R, {5 BODS/COD
B E>45%RRATEMMET, KT 30%RRTURITENLE, PTF 30%ET
HECAHEAT AL, DT 25% AR E R AL . %A TiE RA POk PR
BEEFAVYRINEKRERT —HEENFR. ELRELHFT, U
BOD,/COD HJHAE>45%1E A iitn R B A EREMAVURNE S, —FEIRR
B et ARV RT AR AL R IF, 55— 7 T VU A S VAR A St I L B PR AR T 7 R BT e BE R L
YIRS . FRCVE T th A0 6 BRI B LU (ISR 45%0A |, R REIR 1T Hh P2 MR
BRAREEN, AHMEREERNAFREXOITE, SEIRKE.

(4) AL 1% R I 4 B4 5d 35570 CODwmn 2B £ 7E 13.58%~46.9%
218, 5ZRKIFRATR AR %E R iR S EHEB® COD XBR®

(50%~70%K 59.6%~79.2%) KIMEMLL, COD XBREHHAR, HMATHERE
F 75 E 40 18 B SR U 55 B B AR DL 00 B A R LR A 4 B AN R B 8L

(5) fFEERPRR, AEEK 5d BHFEH CODw FPHERERFIX
64.91%, REHRAMETFHERE (30.60%) H245%, M CODy, MR H]24L
$IEE, HAEHKN CODMy BIRE T R EERFIEMABRMIKRE KT, o
— BRI TRZEXEBRKERFE. XL RRAESREERAE —Emn
HRCEER, Mk T &BRERENYRN Y RERITRE.

(6) #IE C41-2 5 C41-4. C42:2. CRAMAEERERHMABER,

22




B DN B VAT

¥k 0% L, HERME C412 MAVURREERREMAREL, HESHM
MANAEFREERA; BIMERKREN S HEF CODw BB EBREK
AT ZANER, C41-2:C414. C41-2:C42-2. C41-2:C42-4. C42-2:C42-4 )
HE>70%, C41-4:C42-2. C41-4:C42-4>60%.

(D A FEDEFRNATAEEEHKEEE, DNA-DNA £TH 168
rDNA RIS R BTl E S e BREENREZ—, $5502 168 tDNA 5447
Rif H 2% R, 4 K3 E 2K F K EINF 16S IDNA BRI A R E
PHRMEETFT B, La Scola FINHNLF AL ST 1578 %€ Bartonella sp.
A& B bR AR . REET 16S tDNA FEFISMHT 3 FiE B4 8B B A P 14
—bRUE, FESERRERME LB E LA IUE>99%H 99%> Ll EE>97% 8K, 99% > A1
BE>95% W R BRI K IR A SGERHLIE>99%H 99% > HUE>97% 1k
AHBRISKE, HAKEE 16S DNA FFIAHTERRA, #EkCH2 RBTR
BRI E R (Staphylococcus sp.), Btk C42-2 FBTEHHMER (Halomonas
sp.), TOEPk C41-4 F1 C42-4 7| 5EL B RER (Halomonas sp.) FREH R

(Pseudomonas sp.) ML, TIX=ANBIHIEWMIERREBEENY.

() AHF MM FATEAE P LR AR L ERVYRRAEES
PUE. B bR MR E TR P A IS R ), XREATRAEFREN
PR SEMAEYBEENERM. MERNLHE, KESERSIARBFETIBREE
WReEtE, KRR T ERERREENEN, SEERENBRXE SARME
YHERMALEW, REKKAET KEFREASARSYE— W R,

232 Mg

(D) URHFEIERNEEY (KENERGA5) EAERES, £
MRFEFRETTRIRE P I L+ ZERNDERAENE BT,

(2) FHEHM 4 KEVSRYBRHRET, C41-2 RRTREHEHRER
(Staphylococcus sp.), C42-2 FJ& T £k 5 M th | (Halomonas sp.), C41-4 1 C42-4
SRS RRER (Halomonassp.) FMRHEMEIR (Pseudomonas sp.) HHiL.

(3) 4 RAIERBAEH S HHEFF CODMn VIEREN 64.91%, & HK
B TFERE (30.60%) B2 5% TANYKIATELERIEE 86.10%~89.13%
210, SHEKEK 81.56%~89.43%Z A HEHEER,
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LERE KRR

FZE RELARMFENERE

KPR SR MR E A AR Y E R TR NAEREH KR ARE,
B ENRERBER. BUY. FHIYRNEFREFSEAR, BAT“ZKT
R, SBREXSHUMBFRESESHREHAAAREOEL, FHERER
EBR, 2FRXAETED. XhiRYTHRLIRFERENREES
Rtz —, REREHELHEERT.

TERKMARFETRIF RS, BHUROE RS BOREARE, AT nEsR
WA R AEYARB T E NSRBI K AT, AR EED =L E RN,
AREUKAEEYE. FEZH, BLEY 5L IEASG S FEYHREERE
RIS, AMUTFEA S B FEM R EEEF, EILHREK RN
FEABRFR RO R EDREERNEATTE, BREEBEBAKNTFER
8%, MRERENBEFRELRTHRERRETEERN.

RV A0 o T 0RO A R TR IR S P B LR BRI A B AL W T e %
WHTRRREL, MHRRLEERFENABRORAYIEE, HEFEAS. EEF
MRENAENARTIERTEEYRESRY . BEk HS A SO, T4, #xk
B BB PESREZRFTEY, KEREFRETHREIBXTSE
B BERREOMEDEYER. BRERGERLESHERTENDEBHTIRE
P09, W1 S S0 A SRR R TR SR S AL 75 JoR UL R 238 SR B
S RO, (8 I IR R - E R LA B bk B i K B R PR SRR T
IR BTSRRI R RIRIE.

ABRENEF T WRIIKM R K KM FRER GUR 5 B fiie 8
Bl R R R R I E B A BT, DUPA TR K B R M A SR TR ST 1
WAEMERAE E TSR AR,

3.1 #RFnAE

3.1.1 WEERE
NE 20 BEFRR L ARIIT AR K AXMBRHEX ALERILKE
BRI, ARFRLERE.
3.1.2 B
PEREME ISR NapS-SH,02g, 4K IL, 121°CKE 20min.
RS MgSO4TH,0 0.1g, Na,S$,05-5H,0 5g, KoHPO,2.0g, (NH,)S04
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ey e B JUR '

0.1g, CaCly2H0 0.1g, FeSO47H,0 0.02g, Biifg/K IL, PH 7.6~82, 121 CH
FUKH 20min. BRI FRIEAEERLEE SRR in 20g AR M.

313 FHEENESR. 2BE5%4L

BUGARE 250 MNE] 2L M EEMP, MAKERREK 750ml, HMABEHLF
ke, AERAHTESRIEREF 2N, PREEELAS PR MK ERE
KRN EFEERER ILEA, SHAM Im EEHEREIEEMP. 3
BOFEZA A BN ER RN ER, BREEER, EAWE, B TERE
FETRE, 28CHFE 4d. BEFRVWEHE. ALEFRAEE, BERRE
FACKEFER.

3.1.4 BREALAHTE R RALYIRE AR AR

¥ B a2 B B Bk 0 BIEEFR 2135 400ml EREIEFFEM RIS, B
— AR EME AR SR RAE A B(CK), & 28 CHRREFATIFLIES
3 8d. 4> B EIEFREKIVIE RESE 8d MM ph E. FLIRE REEEK
E.
3.15 HHEE

K ImE BRI ERREF IR LEETEY TEER A FH#AT 16S tDNA
FHA TS ERY, HESERRANE. EENENAEERELLE.
16S tDNA ¥ 1 #3514 27F(5’-AGA-GTT-TGA-TCC-TGG-CTC-AG-3’), F i3/
# 1522R (5’-AAG-GAG-GTG-ATC-CAG-CCG-CA-3’), M LBETHEMTREE
BATER. MFEERSHIRAE GenBank #F¥F BLASTN #&FF, 1 EMBL #
K F FASTA FBFHHTRIEHERZ . LA 16S IDNA FFFUARBUE>99%. 99%>1H L
>97%53 HIAE A B KE L RIS e Rl prtE
3.1.6 RAREO

FF MEGA3 %1, ¥t Bk S a8 5 EKETH 2 16S tDNA FFHIH)
ClustalW ZE 4R, FH Neighbour Joining FHHMBREREW .
3.1.7 ST

B pH ﬁ%@!ﬁi’r?ﬁﬂﬁ;’; ALK BRI, BmithkER
EDTA %&& W e ikqzl",
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32. BRE59HR

321 EMSER4L

ZRBHEE. fEAGgE, NMNBEFEXERTSES 12 RAEHEHS
FT—HmEmxts, 454 S1-2. S14, S1-5, S1-6. S1-7. S1-8. S3-1. S3-2.
$3-2(1). S3-4. S4-4. S4-5.

3.2.2 BRALARNFE RN ERREEN

R AALIG 10 $RANTE 2 HIAEFERLSE FRIEPIEGEEE SR 8d, WA HIBEIRMA pH.
BV RERE AR RRERERENT (83-1. 832 RE3-3).

AN EERAEIFBT, pH ERAEBHEY, HHEENRENR
VI pH 5 6.8 FE3I 5 AT, H7E 6d UG THRE, WRAPHE IR, #H
pH EFHER i1 741 8 K B R A FALTE R ERRACBR AR BN P (0B B T 4L 4R
RIRET, FE F AN P AR BNALEREAFAE (B 3-1).

——CK
—o—S1-2
——S1-4
——S1-5
~»—S1-6
—S1-7
—S51-8
—-—S53-1
—+—83-2
—=—53-2(1)
——S53-4
012345678+S4—4
Hﬂﬁj(tlme)/d —--S4-5

3-1 MEHEIRE pH ERNRIRA

Fig3-1 pH value changes with time in plant liquid with single isolated bacteria
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—a—CK
2> 1300 ——S1-2
T‘ —a—S1-4
21100 —x—S$1-5
i ——S1-6
¥ 900 —S1-7
@ 700 ——S1-8
N ——S53-1
X 500 ——S3-2
& ——S53-2(1)

300 ——S3-4
0 1 2 3 4 5 6 7 8 —a—S4—4

3-2 SR BRSBTS P SR ALY R R R BE R (R 32 4E

Fig 3-2 Sulfide concentration changes with time in plant liquid with single isolated bacteria

6500 - —-—CK
6000 —% 5172
T 5500 ——S1-4
£ 5000 ——§1-5
i 4500 —x—S1-6
& 4000 | —S1-7
i ——51-8
= 3500
3 3000 | =531
= 2500 832
= ; —=—53-2(1)

2000 14

0 1 2 3 4 5 6 T 8 __ o,

3-3 MMM RS B AR NIRRT R AR B IR R R34

Fig 3-3 Sulfate concentration changes with time in plant liquid with single isolated bacteria

BRI R MR, BT ERUIRERE T RHE 6d LUS T RaE
BT 218, BALPREMNBYIM 1280me-L" B3 400 mgeL' LUF, BB
Fik 69%LL k. HEkKk S1-2. S14. S1-5. SI-7. S1-8. S$3-1. $3-2. $3-2(1)s
S4-4, S4-5 WIBRACIIIREELEAY Sd FFEHSE T, ZEHANTFED: Bk S1-6.
S3-4 ML YIRIEFERT 6d 2EL TR, ZEHAFED: MROSLIREE
8d I IETREME, FEEI 1209 mgeL'. BiERMRE T IOWE hEEMBE IR TR
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ERFE 1d UWEREBTREE, RREETFRESASEMN 2327mgL" # 3
5900mgeL LAE, BEREESEMARIL 60%.L; B REBBETFHRIRERLEE
g C=E R

HSNE 3-2 KB 3-4 FATLUE B ALK S1-6 & S3-4 HIBRALY) KB RR £k
REWREHEE ERLEAER, SHAb 6 HRMEAE LA 2d-6d Z RIBRLY KB
B RERETWERAZEKX. Hk S1-2. S14, S1-5, S1-7. S1-8, S3-1.
$3-2. $3-2(1). S4-4. S4-53FZE 7d B FF MIBRALY BB BR £h 5 B R B R I (R AR Ak
FaE. EMEAE S1-2 & S1-6 ik B IR B k.
323 AHEE
3.23.1 BHRIE

JREIE SR IR 12 PRAN B AE (B A RS SR PR, 28 ClEB S R Ad A,
KHHBEE, FERSMTERI-1.

x31 AEEE
Table.3-1 morphology of colony

2 HERE

$1-2 B, %#&E, Q58T REBE, POonE, PORERRE
S1-4 B, a6, hgEF, ROt fonk
$1-5 B, AEE, L%%F REGE, fone
$1-6 B, af, Q%8F, RO, fone
$1-7 B, A, L%EF, REGHE, Pone
$1-8 AR, af, L%EF, K@t done
$3-1 HE, afs, gEF, ROE, fong
$3-2 B, KEE, LEF, REEE, PomE
$3-2(1) B, a6, Lgek, REtHE, ook
$3-4 Bk, ARG, LEEF, REGHE, ook
$4-4 B, Af, LHEF, REAR PONE
$4-5 BE, af, L%eF, Rtk Pohk

¥ 10 B0 RN ERR T FERED AP O TR A R 8
M, FEHRADRIESHFIERLE 3-2 KE 34,
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%32 BRARKDREE
Table.3-2 Size and shape of strains

2h KM (am) Ters  mmmgnt 2%
S1-2  (562~1050) x (994~1820)  #FRR BARBN RERERAES A
S1-4  (863~748) x (975~1500) z;;ﬁ BB R AR F
SI-5  (747~591) x (1000~2610) gg%ﬁf-% BAEBX RERERES #
S1-6  (773~851) x (951~2050) g;ﬁ;ﬁﬁ BN R ERTES #
S1.7  (586~679) x (1250~2020) #FRR BABRN RS 4]
S1-8  (1040~1160) x (1060~2490) #F{R BABRE %5 -]
$3-1  (406~555) x (1450~2650) i’g%ﬁﬁ BB RS ]
$32  (561~904) x (904~2470) HR AR 5 ]
S(Z; ')2 (1100~1050)x(1150~2270)  #F4R BARBR RIS A
34 (586~459) x (787~1760) Zg%ﬁﬁ EANSRMRBERERET A
S4-4  (585~746) x (1310~2280) Zg;ﬁ BARRX RERERES A
S4-5  (578~642)~(1080~2090) gzmiﬂ BABBN RERERSES 0F
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Fig.3-4 The cell of strain under Transmission Electron microscopy
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3.2.3.2 168 rDNA FFHI4H7
Bk S1-2. S14. S1-5. S1-6. S1-7. S1-8. S$3-1. $3-2. $3-2(1). S$3-4.

S4-4. S4-5 R4 BE 168 rDNA #853 FRFIK VS T 1449~1459bp Z 8] (
3-5). FF BLASTN X FASTA BFF#iX 755 GenBank & EMBL $(i
HEEFFFHTRESR R, RILE K S1-2 5 Halothiobacillus hydrothermalis 48
PR, FREE 99%, SEMELHEAE K Halothiobacillus sp. HL1 R
& 97%; Eikk S1-4. S1-5. S1-7. S1-8. S3-1. $3-2. $3-2(1). S4-4. S4-53H5
Halothiobacillus hydrothermalis HE\PE B &, FVRYEE 99%, BARCIRIARA B
#9:4 Halothiobacillus halophilus strain DSM6132, [El¥E{E2> 514 97%- 98%. 98%.
98%. 98%. 98%. 98%. 98%. 98%. Eitk S1-6. S3-4 55 Alcanivorax sp.AH1iL
g, FEER 99%((F 3-3), SEAMUFBEAF LK Alcanivorax balearicus strain
MACLO04 FIJEHEIE 98%. RIFARIE>99%H 99% >HIUE>97%XIHF A, 44
MBS FRE, THESEESERRE, HPEK S1-2. S14, S1-5. S1-7. S1-8,
S$3-1. $3-2. $3-2(1). S4-4. S4-5 3B FHHFHEE (Halothiobacillus sp.), B
¥ S1-6. S3-4 BT &5HRA (Alcanivorax sp.).

M- + samples

B35 FRAHNAKAENPCRY M4 R
Fig3-5 Amplification of selected strains

£ BERMNEBIALKIKR: Marker. BN, Bt HE. S1-2. S1-4. S1-5. S1-6. S1-7.
S1-8. $3-1. $3-2. S$3-2(1). S3-4. $4-5; HAMEDL2000marker, 5+ FEH LZE F: 2000,
1000, 750, 500, 250, 100; +APHEEXIEE, -AFAHEXHE, HARES
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#3-3 Y0E 165 rDNA BN RRR RS R
Table 3-3 Homology analysis of 4 isolates based on partial 16S rDNA sequences

16S IDNA

R i B b RIS *E:f
(bp)
S1-2 1451 Halothiobacillus sp.HL1 DQ469573 97
S14 1457 Halothiobacillus halophilus strain DSM6132 NR_026015 97
S1-5 1454 Halothiobacillus halophilus strain DSM6132 NR_026015 98
S1-6 1449 Alcanivorax balearicus strain MACLO04 AY686709 98
S1-7 1455 Halothiobacillus halophilus strain DSM6132 NR_026015 98
S1-8 1458 Halothiobacillus halophilus strain DSM6132 NR_026015 98
$3-1 1456 Halothiobacillus halophilus strain DSM6132 NR_026015 98
$3-2 1451 Halothiobacillus halophilus strain DSM6132 NR_026015 98
$3-2(1) 1459 Halothiobacillus halophilus strain DSM6132 NR_026015 98
S3-4 1449 Alcanivorax balearicus strain MACL04 AY686709 97
$4-4 1454 Halothiobacillus halophilus strain DSM6132 NR_026015 98
$4-5 1459 Halothiobacillus halophilus strain DSM6132 NR_026015 98

3233 AEMERENRTE

REBAEERES. BEMEK 16s DNA FHIHT, TR EMESN
12 (kA& 7R T ELRAT R (Halothiobacillus sp.) R & %% # /& (Alcanivorax sp.).

BT A HAEOFRRBRRAR, X ARYEFAA B FR=EORE~= A
ER, IUEREREURNRENEREASTLAAEAZXANSHED. AE
MAERENRNRAETRECMEERELZ —. IR ERH B KE K
S1-2 k& S1-6,5% (ERAHRALEFM) , XNHK S1-2 7 S1-6 HTHEE4EMN
Wz, £RNE34.

PRI E BN R NAFE: KRS REAE: PEATE M,
Bt Bt v-P SREMNE: TR EFREK. BERMAENZME. T
WREEE. REWL. BEEANLRERNAR.

RECHMMEBEUFEERARABREETFM, HEGERLER 165
1DNA 5547, B wbk S1-2 WEL B EE (Halomonas sp.), Hikk S1-6 &%
®& (dlcanivorax sp.).
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324 RERE T

KBtk S1-2 & S1-6 T 168 rDNA #543Fr 51 R0 A BdiE e s aR X 2 L7 31
HEZERKEW (B3-6), NEFAEL, 2HAES BT 2 M RAMEE, 2
%% S1-2 & F Halothiobacillus.sp, S1-6 J&F Alcanivorax sp..

___”_[: EU8B75523 ascanivorax sp. HU1
18

GQ153642 Arcanivorax dieselofel strain ANT-2400 S6
S$1-6
EU781516 Ascanivorax sp. YOC2-H

GQ221077 ascanvorax sp. snvichment culture clone NCAAH 15N1

AY686709 Aicanivorax baearicus strain MACLOS
[ EUA440993 Atcanivorax venstensis strain 2PR57-5
100 L— DQ768632 axcanivorax venustensis isolate MARCIQ

41 |: EF 103128 Natronoceta acetinitritica strain ANL -2

AF170421 suifur-oxidizing becterium OBN5

83 = AB453956 Methylococcacese bactkerium ET-SHO
o EUS08046 Ectothiorhodospira sp. ES3

' 85

|

’ 8 __I: NR 028745 micemaivitrio denttrtficans strain ALID
|

|

|

|

100 AY360060 st A0

AJ563935 Methylococcus capsulatus
AB304258 Thiofaba tepidiphila

GU196201 aactarium envichment culktire clone R4.348

| 73 [ NR 025030 Hatothiobacilius keliyl strain BA-1

86 L— AF173169 Thiobacilius neapolitanus DSM 581

05 EU124668 thicaiketidecter haiophius strain ALCOT

AY345518 unidentified bacterium cione W1-823
EU196319 Halothiobacilius sp. NP38

NR 026015 natothiobecies hatophiius strain DSM 8132
GQB88579 Halothiobacilius sp. HL20
§1-2

10 ___E NR 025943 matothiobecitus hydrothenmaiis strain RY
86 AF226850 Thiobacilius sp. MS02

51

B 3-6 16srDNA FFIMBNEZZRER

Fig 3-6.Phylogenetic tree based on partial 16S rDNA sequences of two strains and the
P references

3.3 b
33.1 itig

PLEYI KBk RN FEX A S BERRREDERRE, X
2mgeL" fNa,SSHOfE AR ), EREEBSEERFMA, BRTHGE
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LR FE LR

BRI L) BB EME, LS EBERAEN SRARBRBIR A
FEMpH. MUY ERERFMRBEENERF, MTHES 105K
iR AR R B AR L E AR

s SR A A A TR B P SmgeL IR SR E P SR B, pH
BEHBEVN6STRESUTEATRE: HRBEFHRERENRVIN
2327mgeL " 8 i 21 5900mg-L" LA L, B AL Mk BE I 58 41 9 1280megeL"' F& %1400
mgeL'UUTF, HBBRHELERBUDERER0%U E: BB RRLIRR
BIREHEREEK. BRI R R UNa S A e 8 E A1, 5
B SER I SR B B B R RS IR B BB BRAR B F, ATLAR T AR
BEHRRAEPRUDE RSB E.

332 Mg

DGR KA X NEREXRAY S BESNRRENEMKRE, U
2mg'L ' #INa,S-SH,OE Mg #IE ), ERELBKEERFNA, BARTEE
B, SBALTERE 125K HE .

FEBINAFASHRAMMMMBAEFREPEEE R EE RN
pHE MR 6.8F IS0 T, XTERALYIHEBR % RBHRRAR AL L 11K 60%LL
E. Z16s (DNAFSI3 4T, SGEMARSRERENRE, BERHEHEIN12
WA &4 BT & AT R B (Halothiobacillus.sp) B 1% # B (Alcanivorax sp) »
FARAEYNELKIME, BEMR, —MREEES, —HEEE, PANEE
MENBRERF ARSI ARE.
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EME HRSHRED

4.1 FRXMRMERSE

(1) EFERGED, NEEATREEERIENEEEHERBHNLN
TS EY), RAS XREMKEEVNERE, ERKEASRETLHEEE
RIE . B NSRRI P I % A R T AE R A RS L B R HUR R ML B
Y, sEBHERATKEFEASRES.

(2) BREMT, MEMBEERELT, ERAX—FHIE—EMEY,
SRR LBTHE BERREERNIL, TURKKERRSERE. £ Wik
HREAFEFENEEHARE, EreERNEKRE BRI RIS
R. BEAEEMERYEE, NTTRIBREFRERKEBEFBRANEHE.

FEETRER R RIOHIE, RICEMERINMXBEE. AL EY
FEATEHKPARBTRTFRENEE, BEKERBREIAFEIREGRD.
EpkiFkE RSP H%ET COD. BOD. COD £BR£ K pH. BikERBRE,
BRI R, REMEN 4 BENDERAER 12 RREIAHE,

Wt ME A ASRBEEMNE. 16S IDNA FFIT, SEMEEEA L
i, HEAHERELN 4 KENERYERED, C41-2 RETREGHKER

(Staphylococcus sp.), C42-2 F @ T ik 5 U5 )& ( Halomonas sp.), C41-4 1 C42-4
SRS HRER (Halomonas sp.) FREHERE (Pseudomonas sp.) HHi.;
R KA 12 BB AE S R T ELGRATRE B (Halothiobacillus. sp) I B kX T
& (Alcanivorax sp).

(3) i xR R M B AT HN BRI AR AR, AIAHERA
gk HH R ) 40 B % PR SRR UL ARIR S rp A WU B B AL 075 B B AR P AT 4

RPN 4 AV ERAEEREERERED, SHEFLEFEE
(CODMn) %R % 7E 13.58%~46.9%Z 8], HHLYIHIA £ LM/ (BODs/CODy)
£ 81.56%~89.43%Z 18] 4 HRAEMHPILLAEN 5 HHEFE CODm FHEBRER
64.91£6.51%, RAKETHEBRE (30.60£13.63%) B2 5%, FEFIIM 12
BREA MBS E RERBE U ARRRE T, EEMAMBRMNB AL R
hIELERSE 8d SAEHERIA pH MR 6.8 BEF] 5 BLF, MBI 2:prE
EmER AL ESIE 60%H .
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4.2 KX RAGFZ 5

DAY RS IE X A LY BB AL S Fe T E R TefE M A oRiR, AR £
BEHNERY CKENHRAGE) MELD GRLR) EREEES, £Z8
U TELREREF 2R, ATMEIREEK, RBEHYERSEE NG
SHAEREEARARSE, REDEANNTHERET 4 FRAEX &R EH
VR 12 BRTAETOE. BBMEEREH B IR E E K.

43 RRRE

FABEDBE K= FERKE REFRNARR, BMEKFEL AT
KEAWKRE, KPR RKNERLE T AMUYWIRER R AUHESH
8%, WA RVSTF T RERRR R FRFIHES TIURGER UM MA
FRIBRE D EIRRRADHAE, FIPRRIEN T H#THREBRNTT
¥, EFRIEARINGES, EF—RIINBIRTLLETRE.

(1) BEYRBFRRERDRIEEREVEENEERNRT AL —. &
PRARMEN T JUbkx A FFETUR IR F B VR KB BT AR
RINAHE, REE—PHACKBOAEKEEMELBRE. AEEH LK
hitk, RIBEHEFERERAFN TR EREEER.

(2) RE#—PNCLRBEHRNAFHTHFEERZARULE, Bl
BBEENRENBREREEERAEEGHE . A ERHNZ ARG R L
(SRR 37

(3) MEVHETBRBRRE, BELFENATERBHFFEKKRNER
BoKtimshtt, SBRMAeEDPRIRFHIEBERR, FEAFEMEYE
EREHREDEE S A ENBE RS S U IR ENA, XAFELREE
FARRE L2 R R e R AT £

(4) FEPERENRFDE. MEVHRESHRUERENAEN. £
MERIEKTFUREDE RORRRE —ERirER . BitE pERIFHE
RO DB E SRR,

(5) ARFREESX T MEFETRFRE AR LY KR EE R
fiik, TR ITESR. RERRBNTHENDFRENA.

(6) FRBHEELYRBIRTRTRERRTRE. Ri&, MAEYR
AT B m AR e TR T FERES R EE.
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