%21% %4ﬁ ‘2@ ‘ii:' 5 m ?‘E Vol. 21, No. 4

1990 4 7 f OCEANOLOGIA ET LIMNOLOGIA SINICA July, 1990

KEFILSBkEEZPEESRTER
145, RBERESIIRNGE
ipE
R

(BRBHERE B EFRELHM

RE  BIXMNAFFLRE 26 MEAEZRESBTRINERSEX M EEK,
K. ARUREYHRHORNERRRA: EBRHPELETENSATHB OIS N =4
Cu, Zn, Ni 2y Ma H(E—4H), Pb, Co )y Fe A (HEH), Cr ABEZMH; ARATEN
R FHBRIARR B RS SR SR IURTR S LR = M E RSB EAR, A TENREXE
E57, X EIPEHROEH LA, KHAERY, KPREEROER, HREE—I
PULHI R A BoLEl, TR A 5 ERAUEZE WA E BRI E N

AXFAEREER 1985 ExF AFHEIE (7°—13°N, 178°—165° W) 5860 5
km’ RS IR A RIS RY 26 1 Ehr 65 MEBRERILE SRR, R T S
%%&‘i’ﬁﬁ%ﬁ? Cu, Pb, Zn, Cr, Co, Ni E@ﬁﬁ%ﬁo EW%%%N@ZH"L’ZE
7K FETBRK TR B2 A ) (SR S5 0, MR M HIBR AL 2 £, W1 R T e h
SELENRERE STRRENER.

—. RIS T

Brot X kb AP R 20T, Bt 6 8 B (), TR v B RS, KENE
HES (), RICAERERES o R R BT T LB 23 IS0 7 1o

UT*R%EP Cu, Pb, Zn, Cr, Co, Ni f§ WFD-Y, EK%E%WL&%%% Eﬁ‘ﬁ'
i ORI ABLE, Si0,, COI FIABIERE; 44T Cu, Pb, Zn, Cr, Cos Ni fH

603 E B R TR LB 43475 MBI AKFI EBAH Cuy Pb, Zn, Cr, Co, Ni
A 703 AR R TREEEEHE,

Z. BERTEER KK AT
EHRPESETENSE (mg/kg)EMMEE: Cu 2 1000—10 500, FEH45 200,

* AXEBELETRAHE -, 85 E. BERNES; AFESZIBEN RS RBSERL; A5
HEMTZHZE—EETRIA R B R R 0L R R R A BT i — IR, :
WeigE . 198843 2 H,



C4H mRE ALFLRGEABPESBTROOH RERESHRKEHRR 365

Pb 2% 78—913, 53§ 5005 Zn 3§ 200—2500, %53 8005 Cr 34 1.0—43.0, SE ¥ 24
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Tab.l Concentration of heavy metal in ferromanganese nodules and sediments
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OTP e | 38| k| Ao | omm | GRER ) STER | sewn
bivt: 3 , : B EBEX)..

“Cu 1540 | 21—44 | 1—47 | 4—31 | 33—63 | 74—184 | 89931 | ! 000 500
Pb 15--25 4—39 l12-29 | 15-31 | 1737 | 3—73 | 78913
Zn 50—100 | 60—70 | 1—120 | 61—13¢ | 79—324 | 92—120 12453 | 200
Cr' 100300 ‘ 1766 67;—86 _ 5—65 | 143
Co 18—21 12-21 | 22—44 | 14—49 | 24247 [ 300
Ni 40 35—40 | 3—46 |24—52 | 2466 | 6-78 | 52—562 _%03-%1200
G ' 340, 110 25 24 28 52 26
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@ Ocean Research Institute University of Tokyo, 1985. Preliminary Report of the Hakuho Maru
Cruise KH84—1. '
@ HHE,1990, AFHILTSELEBEEENTRBRMERT, KRER 8(1): 4555,

SRS B T Feo Mn BOBEBIGEHERA (G8 2), REBISAL Pb, Co BEFMERE
Fe 75E, 3 Mn/Fe —f&/NF 2.00, N3U24 Mn/Fe /T 1.00 B8 &8%: i Cu, Zn, Ni
SREOEKD Mo JFE, KB Ma/Fe AT 200 ESEH; Cr 5 Pe, Mn %
AREBAE, X5 Cronan(1977),Price(1970),Skornyakova (1979) #FI Bischoff(1981)
R1EM Mn,Cu,Zn, Ni HA—#H, Fe, Pb,Co A B —HERE %, FERHNE,
Mn 5 Zn, Ni FMEXHAR Cu XEFY], X RERLMER L, %ATE RRE Tk
XEEHo :

AR BEFTBBNEERNELER, RRKUERA 9 cm, MY 5—-6 mm, £4
2—4cem, EFE3IALEFH, Cu, Cr, Ni FEEENRREATAR, BEE Cu,Ni
EHHE: Pb, Co WA BRMABENZRNEXMATRD; Zn WELRBER,
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Tab.2 Interrelation coefficient of heavy metal in ferromanganese nodules
]
n =26 Fe Mn Cu Pb Zn Cr Co Ni
Fe 1.00
Mn —0.22 1.00
Cu —0.54 0.75 1.00
Pb 0.93 0.33 0.59 1,00
Zn —0.73 0.30 0.83 0.57 1.00
Cr -0.22 —0.57 —0.30 —0.15 ~0.19 1.00
Co 0.83 0.30 —0.37 0.88 —0.36 0.61 1.00
Ni -0.16 0.31 0.97 —0.48 0.77 —0.20 -~0.25 1.00
¥ o= 26 i, |R| =0.388, ¢ =0,05; |[R| =0.496, ¢ = 0.01; |R| = 0.607, ¢ = 0,001,
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Fig.l Concentration distribution of heavy metal in surfaces of different
ferromanganese nodules
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- %3 AEAREHEPTENER (mg/kg)
Tab.3 Concentration of heavy metal in ferromanganese nodules of different size
HBALE 0—2 2—4 4—6 6--8
g L) - - - -
Cu 3100 4100 4800 . 5300
Pb 637 . 621 531 294
Zn 600 600 600 650
Cr 10.6 9.0 9.7 20.
Co 3300 3200 2900 2000
Ni 5400 5600 5900 6700
B AR _o12 12 7 2
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Fig.2 Relationship between Cu in ferromanganese nodules and ovérlying,

interstitial water
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Fig.3 Relationship between Cu in interstitial

water and bacteria in sediments

Fig.4 Relationship between Co in ferroma-

nganese nodules and interstitial water

FRRE RS HWREERE, F48h Cu XSHRAR Cu™ 2EMK (B 2b)

&

i, REVEFBATREE RSB, H Cu KRBBERBRIBRAK, SORE LB, X6
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1) HiR%E, 1990, $ESREREXARYNTEMIRAFRE, FTHRER 8(1): 4555
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Mn/Fe LB Ko X5 Price FREMBANMFRKEEATE Mo ATRNDNBET T
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T Mn/Fe < 2.00 S8t iRRE, RBEESRRER, RRERERKENS
BHIX. FRTTHRKE, iIE NFERE, AIRSER, AR TERNER:; EEEN
Bk T RE th R R, B TR B A 0 S Ak R 4, K K, AR T @B AL, AR AFITF
Cu’™ ByF 8™, I HiX BiRsE EB KA SRR RAEYERR Hit, FRAIEE
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HHE R Co BRAIXERIAE 4—6), AR ELH T Pb, Co WEEREAEEN
MRS EHLEEER Pb,Co, MENRY AL, BREEESSETEAZ
TAIRRK R, RISHEIBRK R Pb**, Cott goid/K RiE#EA EBAOREXK), B BN
HALRER AN AR

W RFR R EIEE, Co RAEMNKETE, PRI (£
IDHERTE, MTBEETBYIHR Pb, Co TBEUANSEEANBREEY K
B, IR R Pb*, Cott FREEREMBMHENDEBRAENLE SR Co W T
B

gigrh Co SREMBAK Eh KA (E 6 )R W, K R L BRI AICIFBE, B
TEIRRK T BB LKA Cott BB ARBHERZM Co L&MW, RIGR Fe —RELE
REMRET LR, EEEMWE Co MRFH—-Mn0, 57 AWKET EE—R
SIS, AU IBTEE Co (B le), XFEER Co HyMAL(Co™t/Co™ = 1.84)
b Mn*t/Mn?t, Fel+/Felt, Zn’*/Zn, Ni**/Ni #5F, & Co** [k Mn*t, Cu?*t, Zn't,
Ni** ZEFERE, TESH Cot REEEEE ASE . XM X S48t i e 4
BHEEE Cot BEIFXY :

gExh Co SITAMH Co MXA(E S )EE—BIELT FRFFEGTEER, TH
Wt Co EELIANGEARHREE, NMARYHENBEBME, AEYH Co JF
HWER, FEEFT Cot 58, RFWHREM Co £EtmMs, HBTRYS Eh 48
B, BERT Mo, Fet S TR BGEREREER), BHT CoS # pK,, =
43.8, Lt FeS, MnS KiEZf%, Co't AIREME FRRXEBH L NHAWITLR, & Co iy
TIRETAS, Cot HUVAMRE B R IR A M E RO TR, BT Cot M EBEAY#
FIRYY, TIARKIT Cot MBMRNE, HMSHLERT Co SMAMERER, SHEK
BB RIRE ARG 3),

3. &8 Cr HEFERRS pH MXHR

Bl 7 Mn/Fe > 2.00 Z5# S5EKEKE Crt B, TS5 Mn/Fe < 2.00 fUAKE
TEME, BHSET Cr MRS SR RRENRKETER, Mn/Fe> 2.00
SHRE Cr WAERERE LEAK, Ma/Fe< 2.00 g N AE R Bk E MK, &
8 B/ Crt SR pH XAEH, CF WERBENESESEEEZoH #5,

M RE AL ROR BB 2 T D AESE, Cr REISHAMRLETLE. HlL, S
TEAEMIA D, F BIZET BRI MUA & L Cu,Pb,Co, Ni 1R85, i FHEAK R
BB (Cot/Cr* = —0.41), WTBHETFAT Cr EEUMRME (Fe-Mn BAL
WIIA ALY )R A Cr(OH), « Cr(OH), R, BT Fe-Mn EALMIEIAKALY
— R OEEERD, Wi Cr WEBEFEFOREERD (E D, LREERR, B
REBARE oH HFIT C** BN, @HEKBKT pH 5 Ot B, XEIFE
XEIBRAKR Ct FRRNE TR RAE AR, HEERE A% ERREEX
HBRER. |

1) ROEE, 1983, BLEBRM AR, BEARFADS,
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Mn /Fe > 2.00 S8 TARITBY —RIREEN BA, oH B, REANTF Co
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KT8, (B AT EE R E AR BHLE S SRR R R, ZBTMmE, Eh,
TiEERETAES EMMESKNBRIER, 25T o8, NMEgERd C e E
3455 Pb, Co ZEGHHEARMBH (B 1d,e,f),

m, JL A AR

L K PELBSGEEETESB IRNYEMAH 9% = H;: Cu, Zn, Ni %
F148; Pb, Co X 24; Cr AHFE 33U, MEMEERONBRMAME N, Pb, Co
Wb, Cr BHRHAR, G L TRECENTL, B 1 HERFHE; E2A LXES
FTTF&M; Cr RZo

2. ARALESBLRNKERERR, Cu, Zn, Ni f1 Pb, Co FEEME T N
BN ENG ASHERANBER BERNERARENT, BIDNMEE, EARRBRKD, #

© EEEOREBIBRUKA DB, BE M T RERBUKY 8, EARBKEAERF. &%

B Cr FREERBREIBUKAS B, EXMY 8 Ot FERETHEMRRERKNE
WY, NAIZET oHo BB ERTRREERNEZRRE TR E IR YT
AHo

3. FAATRIRFEEANRE, HHEBEERTLOARAEARAMERER £S5,
FER B GRERAMERERIT ) £ ROEH, TTERERBKY &, RANXERE L&
KEZBIR, SR ERERNEIERNREEY . HRIEHBEENAR B, fFE IS,
EYHREIRE PR SRS R EEERIE .
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DISTRIBUTION AND SOURCE OF HEAVY METAL IN FERRO-
MANGANESE NODULES AND THE RELATIONSHIP-
BETWEEN NODULES AND SEDIMENTARY
ENVIRONMENTS IN NORTH PACIFIC

Bao Gende
(The Second Institsze of Oceanogrephy, SOA, Hangzhow)

ABSTRACT

1. The average value of Cu in ferromanganese nodules is 5200 mg/kg in the range of
1 000—10 500 mg/kg, and Pb is 500 mg/kg in the range of 78—913 mg/kg, Zn is 800 mg/kg in
the range of 200—2 500 mg/kg, Cr is 8.6 mg/kg in the range of 1.0—43.0 mg/kg, Co is 2900
mg/kg in the range of 800—4 300 mg/kg, and Ni is 6 500 mg/kg in the range of 1000—11200
mg/kg.

The concentration distribution of heavy metal in ferromanganese nodules can be divided
into three groups: Cu, Zn and Ni belonging to Mn group, their concentrations increase with the
increasing of grain size of nodules; Pb, Co belonging to Fe group, their concentration decrease
with the increasing of grain size of nodules. Cr is another group and no relationship between
the concentration and ferromanganese nodules size is fourd.

2. The source of Mn group elements came mainly from the diffusion of Cu’',Zn’**,Ni**
in pore water and controlled by bacteria, the source of Fe group elements came mainly from the
desposition of Pb?*,Co?* in overlying water which came from the diffusion of ' Pb**, Co?*
in pore water by the medium of bacteria and controlled by Eh in pore water, and the source of
Cr in ferromanganese nodules came probably from the diffusion of Cr** in pore water caused
by the solution -of weak acidic sea water and controlled by pH in pore water.

However, the source of same group elements may be different with difference of the sedi-
mentary environments and biological influence. In calsiliceous ooze near the carbonate compen-
sation depth, the source of heavy metal in ferromanganese nodules came from the diffusion of the
pore water, or from the slow deposition of the overlying water-



