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FAEY. 12 EEKM 7T AR, ERGATRENE TR RERNK SREFE, AW
B (MPNR)NERMELFEES, ALRENRIFENFHFAFINERFE—L A
B8, #TT 2TAARR, SRASKFMRE/ RLETER. I THRITHEWERER
FHBREER ERSELEE, NEEBEXE. B FREAERNAR RS REEHL
ERNEWE, SREEY, EREYEENE, B PR FHEN FEE 3—9500cell/g; .
BRI ERTE | X 10°—10%cell/g; BUBREL I R 40 B & 2> A {E B 7E 0—4 000cell/g,
FEOKMEERE S R LAME N EF SRR, WA BRYEE ) T HER. AHRNEEARS
XM EE—EHER FHEEE I KAKEN AR EBORE & TEMES. R
RFE EHENE. FEUERFEN TR REH, EFERNKRG T, SBHEETHEEN
Mot &4k Mn'*, REAEESHEREFAETTXR; HEHE g B AL E B L xR
FALEERABR, EREOBERLME T, EBHEEW RN EKEF RN, WEEHEFEN
pH ¥ B,
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Hotx (HEHSE, 1992). REENIGRFEHEC | T AL TE BFEE—EW )RR
H, N, BEeEN THREXEMAHFHIESSRETRAUXAFYN) £H. HH4A
BURENEEBRTEZATMENER BATHRITERZERGZBIEVILA, K
A Wy R 4R A — B R 2R AR AR
1 #RIAZ
1.1 HRXEE

F 1994 4E 4—11 ABE AL 09 5" H#E 7—10°N, 141—155°W B A, 3 39 4>
WA RZITIRYRE. 2 EEKEM I AN EEE#TR AN, FRAE SRR R
MBER ST B, WA RILE 1.

155° 154° 153°  143°15 143° 142° w
e T 10° N )
k 1696 KE
N N
*232] 02332
2333 & ®334] * 1714
2336 *1717 1734
2356 .
10° ¢ 175 9o | 1737 1746
s o2 .17
. . ®1756 1752 o174
2395
2402 1779
. . ®1785
2428 1793 1796
2437 1820
9 °244 02448| 8°t
22449 02457 3460 o 1826 o1839 *1832
® 2461 ® 2464 1837 .
1844 1847
89 A 79
Bl RRTFERERSAE

Fig.1 Sampling stations in the eastern Pacific Ocean

1.2 HamitE
1.21 VEYEESLAE  HFSRAS LS, 30min WA K EMNF IR 1—2g RZ 5
SRR RN E B A TR K P, TEIRGEIR 5 2% LR R E, I AEW, # LA 21, BRI
WAEE F &8 AR E TR (B RRE=DFTR), B 27CERHES, 20d 51T
B BUE R EE R BB LB RS R D, EACRE, fER T EERLRA.
122 #gagtdE  BUERATREMEAN —SLREE EM ETEE AR
TREZHEBRT FILT, AEEKPERE, 7T 585 BE B 8 5580 BUB AR, FREL
MY 1g, BRAEBOTEKS, EREREH LTRSS, UTHRATIBREHLDE,
1.3 SEAEMBEFEASEITEAZ

REMEERE  BOK. Sy BEFE, g TERE 0.1z HE, 20g; BRI,
1000ml; pH = 7.2, BAFARIHFEZETHEK.

HMAEERE  MnSO, - 4H,0, 0.2g; FeSO, « 7TH,0, 0.001g; EH i, 2g; R}
H,0.5g; B, 20g; BR¥EK,1000ml; pH = 7.0—7.2. BAFHGHEEE T

B4 B B AR Fr B R B B, 10g; MgSO, - 7H,0, 0.5g; (NH,),SO,, 0.5g;
K,HPO,, 0.5g; CaCl,, 0.2g; NaNO,, 0.5g; B 7K, 1 000ml; pH = 7.0. LhFARITHEETHEL

MR EFEERE IR, Sgs KL K, 2g; FeSO, 0.01g; MgSO,* 7TH,0,
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lg; K,HPO,, lg; BR¥E/K, 1000ml. A MPNEiTH#,

BeLRMEE SRR B, 3 K,HPO, 0.5 MgSO, * 7H,0, 0.2g; (NH),SO,,
lg; CaCoO,, 5g; BERFH,0.5g; Fe(OH),, 0.5g; BRIGAK,1000ml. Ll MPNIEIHHL,
14 ERADHEE

K PR R AR EAEA S AN s, #TELE SELEn, HEE
FAL KR L B BRAIKK. V.PIRR. EHKE, mEIKR. MRIER. 75k, =
WALE. s WAL, £ 12 AR KR % CFER FEBEY PR HE 2 KA, 1978).
EEHMETMERES, SRAKKFME/R (Buchanan er al, 1974)EEHWHEIR.
1.5 SHEX Fe, Mn £RFE{LIERAMAE

S BIREAH 0.1mg B9 Mn®*, Fe** Al Fe’ " F B £ 60ml, 2+ % T 100ml K = f 5
th, BT E EKE, &4 SHBITER: OMEMHEHTER: QMEHEHFRAE A
WMEEKMEA; OFMAR, ENZANTEBA, B MTRAYMFITIHE. Mn AL
54 R K 30d, 5 IR 3d W — WK Fe BT ELB RN 14d, BEFR 2d #TRE.
W 5E B, H A RE R BUE 1ml BA 4 000r / min 538 2.0 10min, BB R A4 66 R
E MnO, Fe’* WK G FRH 7 3k SCHL R TRBF I 4, 1990). WE Fe' " & AR T B #
A, T IEE FE AR IR LR AT R R
1.51 BEXR WEAEEH. 30C,20C F 4T 835, KL E R E T ER R
).,
1.5.2 pH{EME £ 30CHPE Mn® ", Fe* " #4bE A R BT, A pH 1130 € H R
) pH fEK 4k,
2 ZR51
2.1 REMBAHPEZEMAENSS

HRXMTARFEEBE, ESLREHREEN. A RERX (LA ). AEESRE
RN REWEE SN ER, TRBBEEREE, DB AT T 0, AHBKK
SER035%; FEXEEHBEEQEH, UERGERFE T IE AIKNTENR 0.55%.
FX LEKH Fet / F P IIE R A, KX N 13.90, P X 4 20.30; P X En HAREY
METHRX., BHEFEMNESERE, EE MM EY YT LB RRAH,
MR ARSI MEERX TR ERERR, REEMEEE TR, LER o
kL.
211 REHENEE. A4 ERRUENENOABEEPREFAENEEMN
3—9 523cell/ g,87% I35 3 3 F£ HE TE 10—500cell/ g, 43% B3O EEAE 10°—107cell /
g. NEESMRE, EHIEBFIEY (10°—10° cell /gy 2—3 MR % R E X%,
1983), XRHTRAMENFESHEER AHYHNEIRFREMXXR, ATAR
EXANFHEBEREELBRNSEE 0.1%—0.7%, MERNBEYPETERN25% L
). BRE RGO, i EEREEMR, SEFEERFEER IO IEA,
2.1.2 BREAFEMELEENEE. M WEBRHREEEKR EEMN 0—4000cell/ g,
HAIT O R AE 1—2 AR R CRE 2%, 1983), X & i F e O XU Hom 3 DL AR Y
HEFENEIFTR, KX IR 75.0%, X IR 57.8%, AR 5443
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£1 FAEFRARYPESHERERE (cell/g) T H

Tab.] Abundance(cell/g) and distribution of bacteria in the sediment in the eastern Pacilic Ocean

REK RF# | simgid ®E| B &% X R | HEE #iE H %
e MmeE | R g Ml MW | WY ME | EFEE F# e ]
1844 454 | KA 1867 Kt 271 2449 | 9523 16 25 3929 2143
1847 357 10 96 | KK | KK 2460 357 116 28| K 3
1839 937 2800 420 | R | KM 2443 417 3500 375| ki 37
1826 347 15 S80 | KA | KEm | 2437 7 215 215 | KRtgd| K
1796 61 16 37 KKl | kK| 2464 13 | Rkt 10 50| F#r
1793 17 40 920 L] K& 2461 52 | KA 176 161 K#ih
1779 59 6 24| KHd| K 2457 531 | K 1833 146 13
1785 13 38| 3500 12 s| 2321 109 120 118 12| kg
1774 10 170 30| KK | KK 2332 63 4000 | 3143 48 5
1837 3 14 18| k| K#&it| 2333 25 93 116 13| K
1756 10 | Kt 1 1 &Kt | 2338 193 72 400 38| KK
1820 4 | Ktgdh 525 A6t | 2341 3| KK 767 321 KH
1832 71 436 16 5 12} 2448 26 | K 20 50 10
1696 12 | &b RK&Wl 5 581 2402 35 4 8 29| Ktttk
1714 23 | ARd | KEed 347 2| 2375 164 40 47| KK 10
1717 234 255 255 2864 | HKikdi| 2428 17 40 29| K| K
1734 5 33 33| KHH 10| 2356 70 REH | kD | RkEEH | RKREH
1737 319 169 169 K | KU 2373 282 | K| Kb 121 168
1746 KRE 30 301 £#H 861 2395 127 | k| kil 17| ##& b
1752 168 56 56 K 20

BERMNERE BN R ABREZNRYNAES BRSO EHFE, BREKX
SAEEHTHARRME. SRR EEBEIE 1—35000cell/ g; A DX AT K i ) 35 {i
4 90.0%, P X KR 84.0%.
213 HAEMBMANFEE. 44 AN, TE 39 I hih R 20 AL TR AR
SYESE, FEREVEBELE 1—3 929¢cell/g; 83% HIISALFES P 3 ELE 10—100cell/gbh £, FK.
PG W X B BT A o B E B R, RIX R A 30% RIS 0] 42> BB 40 o, M AE 7Y XA 68%
RIS AT BRGNS, XEH R AKX A RENEMAREE X, 0 17 DAL HT T8
WMENAE, HEFEE LM E KRB L, B 2449 5. 1 844 3571 2 373 3 LASE, 82% ML
£ R 1—86cell/g. ZR. PRI X o {0 48 1 34 22 AR, AR KIS HH 38R 40.0%, B9 XHT 2
2.0%, BAEXMEEZGTHREH.
22 LEBEANSKEEZPHAEIH
WELERNFE 2, 78 LB KHEES P 5 97 40 0 AR 40 B 0 = U A, BN F BT
B4 51 & 6—210cell/mi, 3—160cell/ml, M 48K &4+ # 15 i & 10—80cell/ml.
ESGETRARAEEEEERSHR NN HAENGEE, HEEHLEYT,
SRR ERESRAER, KEATE 7—160cell /g(ME2), XEHTHRESZKRER
& BT E Fe,Mn,Cu,Ni % 4b, B — KK IBABAS E LEYHRBHSE, ENAF
THEWEK.
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B FRAFFLEANSSEKPOEANER (ccll/m)f27H
Tah.2 Abundance(cell/ml) and distnbuton of bacteria in overlaying water and iron—manganese
nodule in the casien Pacific Ocean

I & X B % #

e RuEM gl Bl s RAEN 54 W san
1779 18 19 3 1796 60 57 20
1785 31 22 20 1713 53 54 19
1696 50 0 20 2448 95 29 8
1714 210 160 20 2437 20 50 50
1746 %3 10 20 2321 10 7 7
1752 55 45 53 2395 163 158 138
2448 B3 3 6 2402 15 12 ]
2437 48 13 10

2321 6 4 ]

2395 60 13 3

2.3 BRG0G0 K4 Y R R 4H B B AL AE

231 EMAR  ANMKIESET 347 RAR (U 6 ERAE), 411 R,
Hp ¥ “[RBAYEMA. > W 8 A Alcaligenes, B % i 8 M Pseudomonas, T B R
Flavobacterium, % % J 8 B Xanthomonas, A 5 4 B M Acinetobacterium, i M W /%
Enterobacterium, M B /R Vibrio, EX K HEN A WH R MM Sap Hycoceus, MK ¥ R
Micrococcus, ¥ R FF 8 A& Corynebacterium, FHRHER
Bacillus.

FURHANEA S AN EREZRES, & 45%; L X
KBRS, 4 72%: SRR, & 52%. HEREARARFR:
EHRBRES, ABEARDHEN: DK, ABRER
BN GSEAP, (R RN, EE=RKEER
AR 80 £, DR o 4 xR 3%, 7 60% LAL,

WANEMEMER S EES KRB HRLARAH
; AR, SR -REZRKHEERLARR.ME

P g e B 0 T T 5 0 9 T B

M2 RAFRRANEL AR T HESRNA, €5 WEI00 63 PRilg w4 ¥ =
(% 30 0001F) EHAEENE, & 70% HASM A RHE (58NN

Hp2 Mombolony of mangancse  soo0) T RGHEYHEIMATHEAN I HESE. A

e vy, MBUBALUE Y . A6 SATS M (LFE 2).

232 HERHE HMe R WER DA EFER
FRARKHER, FEEFBENLEIBERCHEMOES TRAMN. 31 WH 347 &
BB AT B A T B 4 R AW, AN (R R0 M Bk A AT LY R LR L AR, S
o () 520 4 N DA WP AT 0% &Y B ok R AL 9 IR 1E, T HL ) 59 8 O DR AR ) R S e
B H.S MBI, 5 5% 78% M1 87%: LB A L WK b 940 M 3T S AR 5 MR E
H4r B 50% F1 70%. TEES SR 20 0 0 LT A LA 40 08 BB 1B O STER R RIK R b 4
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HIMMENE, XEMEH, EEZTRARAENERAFRERROTLIEMEEN.

2.4 $EHEX Mn, Fe ERETHRBHER

2.4.1 HERME RN EAER FERE&H Mo HE R R EME A EH T EL RS,
AUEEMEI RN ERA AR NMETER. SHERKERN, RRABFHEHR
fo, BEMEEEAAG AENENER, XBARMIEYR, EREN YA Mn* " #
HFE MOMEEFEBMNER, AENHEAGRAEHA-EEO-FTRENEE. X
HEEABHOKIE SR LD M BB Mn' ", RRELY BB R ER.

Mn’* EALYE R I E 45 SRR, A A A RANENWELEERHTE AR (LHE
3). HEH 3d S5 A TFER A EACPE A, BE R E)3% fin Mn®* 89 AL 3R (R) 540, 30d & Mn® " 9
RTE 75% PA L, Tixt BRAA w = A A A R AL, ZAJG Mo 8 RIUA 9%; M4 B A
10d f5 A&, BB R Mo EE 1L T E .

XEZEREXH, EFA M WERT, FEAENEFEREM, WRPH Mo 5
AR D, AR AR ARG —MENENEEREZNIER, EENENER, &
RO E A Mo BEALE Mn' Y. S TR SR A0 B TR B A 40 B AR R R B, E
FAEEIEAKER, Mo i EALE A BEEN 4% 1k . Ghiorse %5 (1978) 75 2F A 4l B X 4R 9 11T
VEE R L3, B SR R B4R A S AL Y U D 2 LA 40 B AR A b P AR BRI T A Y, X
B LR R/ N FEEREARCEERAT MM, MMM RERSHBE
WME LR BT AW,

80 80

60 60

o xX
3 40 E 40
20 20
0 0
0 3 6 9 121518 21 24 27 30 0 3 6 9 12 1518 21 24 27 30
t/d ¢/ d
B3 B Mo i L % M4 REBFEE FERE Mn**
Fig.3 Oxidized rate of Mn®“ by manganese bacteria HAE R0
—@—MWE4;, —O—MHH; o R4 Fig.4 Effects of temperatures on oxidized rate of

Mn’* by manganese bacteria

—@—4T,; —0O—20C; -5-30TC

2411 BEXMEEAFEHOER SRR WE), 23— DHKIESR, & 30CHF
B 4 B 2 Mn® " ) E AL B EE 20C SR B th 3 4, iX 5 Vojaak (1985) Y LI 55 R A
—3, MEACHERTHANR, &3 —PMANFERMRRI Mn* BEL. XHERH™
ERRFEIERESHEEEERNEWA X, BIEEFB PN Mo’ EMHER, 2
BTMHEARRESSHAAGTE, £ 30CHERBE, AEEHERR. E&H Mo’ 13
Pe PR FENIFEFEEFTUES, E30CHEHTHEFRI—TdELARECARTOHE
E E20CTRRTFE TISAAHIA, MAEACTHERFE | N H U LE 8 E 788 5 1R
DHHEALMEEE. WM, BERE T HEE KRG, ATTHRE THREHLEER



464 wm ¥ 5 ®M B 29%

%.

24.1.2 GEATEDS pHENEL  EHEX Mo EALE R A ER/K pHE 2k
LERF, 1 Mn?* AT s EALH R BT, KRS pH A T AR, T pH= 7.0, _fAJE
K 7.3, 3% 30d J5 pH H 5 8.8; MAL 4 B Xt Fe’ * f B g #2 o, W pHAE E R k&S, BIFF
% 7.0, —AER S, R pHMEAL R 4.8(F 3). XWHT Mo WEALZREFIES
pH &, T Fe’* ¥ M MK T3y pHE, pHEMN B SEEEXPHBED N EY
R RA X,

%3 Mn“ KU F ERIRPIEFAEP pH ETL

Tab.3 Variations of medium pH in the precesses of Mn’" oxidation and Fe’ reduction

1(d) 0 3 6 9 12 15 18 21 24 27 30
_ |#®4| pH 7.0 7.0 7.0 7.0 72 73 74 7.6 8.0 8.6 8.8
Mn™ Ro(%) | 0 0 5 25 32 50 | 60 60 75 75 75
sfH4| pH 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0
Ro(%)| O 0 2 2 2 2 2 2 5 4 4

1(d) 0 2 4 6 8 10 12 14

| mma pH 7.0 7.0 5.1 5.1 5.1 46 438 438
Fe’ Ro(%)| O 6 18 16 18 26 34 38
o pH 7.0 7.0 7.0 70 7.0 7.0 7.0 7.0
Re(%) | 0 0 0 0 4 4 6 6

2.42 RO R ALE R AR A EFEAGTHUNEERRY, E&H FHHE
FWh, MAE R ERA P BB AN R, 3 2d |G, Fe' B R 10%, EEE
Mn®* B B4 B RS . BEE B SR B L K

80 a

60 Fe' * A Wi B B Ak, 12d /& Fe* " #9 RN 75% (L A
§4o Sa), }MA 10dEAE LB Fe' T BiE AL, XEH
20 HEFERE AT AEEERSE ST LR
YN Y 0 o Ft*Eit b P, —F M, R SE5RHENEK
/e Rigfg B, BB AEREAGRNEGRAREE
80 b B, BATARMERL: B —iE, EREME R TIEK

x4 MK EY.
20 ERE AT, SRR P E RN
0 Fe’* (B 5b). 2d B, Fe'* B & i & (R ) H 6%:
CE S T 0, R #I R M 34%;:  14d . R R A ML K
B S A BEE (a) 38%. SILER, BEE Fe' #E IR, BRI pHE
K 5 3% % (b) BWFEK (L3 3), BV MM ER®, pHEN 70 T
Fig.5 Oxidized rate(a) and reduced rate(t) PEZ] 4.8, 7Exf B, 6d B AW th Fe’* ik L, AL
of Fe by manganese bacteria 1E 6d J5 A VB Fe't BRI 14d. H R K 6%, A

—@—mEM; —O— B4 B pH L B, U B R TS ERR

IR b AT H A LR R B, BEE R B LR, HLIREE pH AR, MA BT Fe' " IR,
i Ll 25 SR8, R K P O SR R g B P Fe, M EALTE RILIE, ER AN
15 oh 40 85 UK Fe, Min 38 SR A AT 89, W7 %4 04 46 & 0 100 18] BROK A BBk B 30, BRAL AR
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W SOH TR P Fe, Mn FLIETH SIS R B 48, 7E HUAE T 6 K 1 60 490 I3 b 4 38 1T 3% 09
WA, e E PR T EEEM.

3 #it

30 ERATHESEEXMEXERY. FEAMSE 54 BE FER KA R LR
KB BN RS R R A SRR R, N LR
B2 MBS, R REATRXAE—E£R A TAK AR ARBHENITE, B
REEMEREDES RS TRREARENSEEEEERXNE R ERTAR
.
32 RENEHEAEALGEMHBES, SEBEHREHRBRNMEIER, EEZF
Y07 5 Y R 6 19 3 JELBE 0 78%. 4 R E B BR S H,S MU BE ST 87%. 80% LA L #I BBk HL 4
LB M, EEMNORET BRI EREMIERS S T REW RO L, RHEEA IR
AL AE A

3.3 TEEALTREE T4 40 B (R (8 Gk A4S o0 S AL, T B3 SR (0 3R vp Bk iR B AR, BEZ pH
(TR, A A T i vE, [t BT LADR B AT M i M AL M 2 Mn®*, ATTTE R
BMELEY, H A EE,

TERE IS T, 0B B A 0 JEOR R A 6, (8 BR0 PP 1 pHL (B R AEG, (R (SR A B R 4
PR A B AT R AL A, 1a B KR R B K P, BT Bk T BRI —
—VIB R St .

BT, A% h A LR SR TR A B Z R TAME IR, [ EZ R
YIRS BT A AL E R, R AR EX —RAFE T — RN
FAL B A AL R R 2 TR T B AL B R S i R T R WY R B e KB AR A A
By R REEENEER.

2 % X M
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A STUDY ON BACTERIAL ABUNDANCE AND
ITS MINERALIZATION IN IRON-MANGANESE
NODULE AREA OF THE EASTERN PACIFIC OCEAN

SHI Jun—xian, CHEN Zhong-yuan, YANG Ji—-fang, HU Xi—gang

(Second Institute of Oceanography, State Oceanic Administration, Hangzhou, 310012)

Abstract A survey on bacterial abundance and its mineralization in iron—manganese nodule over
the eastern Pacific Ocean was carried out on board R/ V “Xiangyanghong 09" from April to
November, 1994. During the cruise, 39 surficial sediment samples, 12 overlaying water samples and
7 iron—manganese nodule samples were collected. The abundance of heterotrophic bacteria and that of
iron—manganese bacteria were determined on the basis of the plate—culture —counting method. The
abundance of sulfate-reducing bacteria was measured on board using the MPN method. Taxonomy of
the bacteria was determined through a series of biochemical tests following isolation and purification
of the bacteria in the laboratory, according to “Borger's Manual of Determinative Bacteriology, 8th”.
In order to study the role of the bacteria on the mineralization iron and manganese and the effect of
temperature, transformation of iron and manganese ions at different temperatures were measured using
spectrophotometry; at the same time pH was monitored. The results show that the abundance of
heterotrophyic bacteria in the surficial sediments ranged from 3 X 10° to 9.5X 10° cell / g; it is
from 1 X 10° to 10°cell / g for iron and manganese bacteria and 0 to 4 X 10° cell / g for the sulfate
reducing bacteria. The abundance of the various bacteria in the overlaying water was an order of
magnitude lower than in iron—manganese. The bacterial composition in the study area was different
from that in offshore; particularly, Micrococcus predominated among the Gram—positive bacteria. The
results of oxidationreduction of ironions and manganesions by bacteria show that under aerobic
condition Mn”" (dissolved state) was oxidized to Mn'” (indissolved state) by manganese bacteria and
the rate was closely correlated with the ambient temperature. The rate of ironions oxidation by
manganese bacteria was higher than that of manganese oxidation; while in anaerobic culture the
manganese bacteria reduced iron and caused the pH of the culture liquor to decrease.

Key words Eastern Pacific Ocean Mineralization Heterotrophyc bacteria Manganese
bacteria

Subject classification number Q938.1



