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Fig. 1 Research framework for environmental impact resulting from deep-sea mineral exploitation
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Table 1  Occurrence of deep sea solid mineral resources (polymetallic nodules, cobalt-rich crust and polymetallic sulfide)

Wit SR S K G m A AW RRAIE TEITR

VAT =N BRAFAR. 4 < n[ Rk
A IR 00— soqe (EIRITBUARIARIIT 10em  RERVEMSIER: GEAEKARE Mn, Co.

T A — iU RR Ay ) AT RIS P G5 ) Ni, Cu®
kb WAL, U3, SERRREE 2003 000" St RZ HRIMEARTEY  HEYIES SR, BWKEE Co. Ni, Te,
TR ) IR T 2 i 1) A HESHPRERTH LA TPt Uk Pt. REE®

K. SRS Y gk b FEMA TR PEMGIMAL MR EE—5E 4R Cu. Zn, Pb,
2 ~
EZ ki) R K 1 000~3 500 R 0 ORI A 2 ) Au. Ag

1.1 ZERE%

Z &R RANFRER A%, R Bk E A A RN ) AL A B AR R SR, RS A A R
(K 25 4000~ 6 500 m)F-J5 08, RN 5~20 kg/m™™, £ 3 Fh IR R A0 UE T K IR R . £ 4
&5 S5 IR DU A B DR R Z 50T 10 em WIE TR H . 45810 Mn, Co. Ni, Cu%§
TR ERER, BABENSFENEY . 5% FE 0 MEREE, HUCREER ., A TRIEKFHEEZRN
To Py FE B - 5T BRI KT 247 22 8] /4 3 [X. ( Clarion Clipperton Fracture Zone, CCFZ) &£ 458 45 ¥ 45 5 W (. B¢ =1 Y
Hi DX, ASF T AR T AR R ER RS P AR A 45 A D M R OC R AR AR R A Rk i 2 U A 25 1

S FH AT 000 B 28 A Y o0 A7 25 A AR KRB S i, 5 R B R S Y LR A 4 B R HE )T A = B AR R
RUTRE S haEm Al . Ftatt. ERMEmAe ™). BRI AEY S E . KHE>4500m, BALSA
BBk & P R4 H TR W TUR Y h 2 4 8 45 8% A8 U5 TR AR 78 R G Z A AE G R IS5 i FHIESE , 4R
T 285 4% 04 A RO T IS R B 2l W 3% 3, AR %8 B2 0% RS AT KA 3l ) e L3 ot 0 3 R T £ 45 0% 3l i AT DT AR
FRAMEC, DA 358 B 45 4% 1A= K SR PR DR B 55 MO RCR DY, S5 8% I 3 % hy 8158 A= W 3 41L 1 #1118 et
FETT, I M AE RS AR 0 S PR AL T S T


https://www.ams-journal.org.cn

3 KU, A5 He T BRUER A5 T2 ) PR BT R 0 S0 A7 5 48 B0 S 369

1.2 Eih&

ol
dlt

A MR ERER 4 . BRAS S SR 4 ot Rl K A AR B K A A AR IR AR T R B R VR TR AT e
[ 485 (4 JRC I E 0% A Y, A A IR LA L TRORI 3 | 9 5 LA R i B bR 45 A 1 R A 2 1T (K T 24 800~
3000 MO, EELE A Co. Niv Te. Pt. REEF LR, FENMAENTH . KGHEMEER . &4
BE5E R L0 5 R Y JE i F i B, AR R BT 4SS AR K T 800~ 2 500 m F IEF 111 TH (Y
AN RBRER , H: Co FI N By 7 B A g U517

BB 2 7 1 L XS T RE AE TR IS G Sh W R AR W RETE o R S R R K e i L XL
WU, MAYEETTRES S TEMAGZ XN . AMNEEER, REAANEEELEX —4ER
SRV AE B ELRR RO PRI,

13 ZEREmMLY

Z & AL W 2 T IS R PORTE S A, R R R G IR 350 °C) B R 2K AT JES b T O LU IS A 141
Co R Ve ) = 58 T DT IE 35 0 & i 2 i ™ Rl T 2 SR a5 s B e oe, SRALYI T RIE i
JAEBH) S HEARS D Z & EBAY) & Cu. Zn, Pb. Au. Ag &R, FEAMFREPTE . KIS
Pk ORI PR IX . Hh 23 WIVR RS SR EME, 13 5BINARGAED. &k AP 04T
AR EEREE A A, ELARIRE 1 B0 B AR g L R R 2 (B A A WD A IR AR, S Bk T oA A T Y
SR

2 e Jm s i SR R R A R A v R R T A TS b — 5E A il AL s 4 B R IR
WMAESRG, B hAeEE, BABS R NAEL T E e W0 BT i R 2 AT A= 0 8 25 DR 3 sl

ZH
2 PR e A]RE S A B PR

TR [ AR 7 B8 IR A T R 22 X FE A WA 3R 00 AR e o 0 B . SR L BRI YRR T L ARER,
Tz Hiy o IS 2 o DA VAR PRV JVS | KRR R T PR BT 7 AR N I AR R Y AR AT . AT &
JB R A = 7 B R T i R X VP B B A A — E R AR, e SR BT . DX R IX
SRR o ORI SRAT G Bl ] BE 23 R O A0 Sl T 0 IR AT PR e A B R, B IR R TR A AR R
IR RZ I . R A 3 I K MR B8 SR 2 P U 08 TS DX A T AR R I A, B ) S A S RS
M Ot BE ARSI, @) KRA R, 87 R TS R, Ok AN TR R | il TS A T e A
2 0 Ja] R R AE 57 HE R E UY (3D0] A TG X SR A B2 0 o I ) bam AT AR SR L T AR S s
VESCHE | SR G2 WA W0 e B A 1 7 W B ol e 18 2 O 9B T 7 A AR ), R A IR L MR WOLHE, LA
Lo H AR et

AN TR 75 B O SR e 98 DX I8 52 0 DR 7= A A S L A PR L SR TR AR J7 A A [ T A T 22 5
3R IT R IF R B Ty LD S PR W M BE AN 3% 2 B o A 0 R Bl e A VR I A R TR B A% L
Pz —, BB TR KRR E A UURY), SR DRI T Re . S5 IT R 2% K Iy 2R 48 7
A, I g TR A U A 5 A% Sl R S0 A A S8 T A SR R AR SO A% 4 ORI B 4 A Ml T A D7 T X 45 A 4 O
R AEATIREL R ST o A A TS TSR — A R B VR 1 R i R R G A R B R Y, WS SE S T
R A REAR T, MR MR W AN, X8 & 450 R WUk THEARBRS . R HLAE 64 1 7] BT
Tr M FE IR L, IR AN W e B U H TR S DL VE B SR R 2 4 T B A W AR Bl e A SRR U A 1 D RE, —
e R 1 Bh DT RIAL B 2 D BE — PR AR B R P AR SCOMGRTEUIE] G AR W B ORI AR 67 b = D5 T X 22 4
& B A 1) T SR A7 PR B8 R W 3



370 o R o R 40 &

x2 REBRGTFREARKE . FXUARREZWITN R E

Table 2 Mining devices, methods and environmental impact assessment of deep-sea solid mineral resources

PR AE G
TR TFRAEE BIEIEN
R Bl
Z IR YIRS 5 R TTEES R B R ANRS ORISR . WS et
ST BEHEVR R ke B R AP DUBRPILED . Shoem Bk, HEE ) g 011
ZE IR ORI R — AR 5 DA PUBURREMIN . AR R, A ALY

21 BERE”BFAR

2 5 IR AR 3 K A AR K TR 4 000~ 6 500 m PRI ISP JRIX (K 2)PY, 2 4 J8 25 R AE AR R R T
T UL B o Vg IS S5 A% S TR EL -2k 1 2 9, XRG4 A ER I, 5 BT 90% YT
P2 Z BN Pe ™. [, 254 5 BOAT B8 23 K A1 L i AR W SR 25 L T JEG AR 7 155 22 AH G B A5k 3l )
R, F WU AR W3R 3.
AR
{ el

TR R A
b6

T 51 A 3R 210,
Bl 2 TR 2 6 B S5 AR AT 2R 58 ST T8 PR 85 52 W ok TR 8 1
Fig. 2 Schematic diagram of deep-sea polymetallic nodules mining system and potential environmental impact sources
x3 RESEBHERI R EEX K FF MW
Table 3 Main risks and impacts of deep-sea polymetallic nodules mining
FHTES AR UL X BREE S TTERZ IR R I R
TVBIL: LB WY RIS Z 50 —BiEshE ik, W

[21]

Bk . R =) 0 R HERTTANER Sl R Y
e VRIS . AR MORTRA R 0 D s PR A
BRI SR SR NI K S B M A T
OBHPRIRA  BURT U R R o s TR K OUETEILTA) 3o PRI
WM FRER AL RORKBCHREWIR B
GO N TSRS [RHME T {54 600 knm RS PR

S5 % B O AT R 35E 0 5 Wi ] o0 R DLRR A 3l L 1 R 25 A DL RO S e i = AT Tl LA 2
7R A VR SRR O X (TR EE <200 m) AT RE ik A i, AR IR IR AR MR A, BUREICR I B SR W)
i, HEInA T B R RN o TR, A T R B A A OB P S A R B A, SRV R I AN SR S
[, LR PR 7 7 5 DX Il Bk TSR 4 2o R 0 i O, ) R Y ] 7 IR B R A o 14 5 [ DX Gl R


https://www.ams-journal.org.cn

3 XM, S5 e T IR R A 3 AR Y B A5 5 M 43 AT 5 N SR L 371

7500 km») 1 FILT K o MY B R EN AR YRR, 0 H AR AT AR AR W 248, JUHORTE R e
T AR AR X TR AT RN/l AR A B R e 4 6, DURR A AR B T Al 2 1) SEOML kS A Uy ) AR A, A
T3 ST L AR B 73 R SO o SRR SO AR R A, PR T X b 4 728 T RE e RR AR [ o [, 90
YR sh o ol GE - BCRA AW PRI BRAL Y . A HLTS S W) AT G AR d 2 B0 0K 7R K AT 45 B
(I ] fRe 1, PR O BE B dmeazt o ol T A W BRI, S AR 2 DUAR I T RE 5 A d5 v TR JBE 1R A 3 g I ),

Z & RESHAIT R PR BR A . VR T Y0 ROF X LR S AR (35 3), ATTBURHEIRIE & . X
AR AR R R R A, R LA ZILTAE, WO — RS R Z IR A e Z 2 LA LT
FEAREHIE M. X TILAFEA W LUIE R TIRYM C 2471 T 800 TRk UL, Z 403 Ja f K2 i
P et 218 1y Bl

g SRS H HLLEK T I RSB Al i, VR JEE A0 A A7 b ) 1 BRI 2l 2577 A2 oK R R PIGER 3). dli it i
JEG B A HIL 7™ A 114 W i 1 -5 MR AR 9 B R 2 L R AR IO (<1 kH2) B IR0 e 7 ] A2 1 600 km, X

15 km DL PN 8T8 PE 0T 2L s 0 7= AR R B0 52 ) o HGH IR P 0 2L 3l 4 7 A A HE KON, R e 2 el LR e S T
gi b, XPUTER P R SRS A B e [ VRN

o o e e e N gy ey PR e

MR S, PR e AT AT RE A 45 A% 0T SR 9 5% e 3 R i S TLARPIRE

TSR M X B, Y, B, M T Ry
- N = IREE | ZN N = SR i 7 N } g
BU 04 B PR A R TF R I TSR | g ey e oy BRI g AREL
SHEV R . A TR 2 4 25 T R X R B T
MR ], s MR SE T X R 3 o R 37 BIEEE | S| A )
o o i o 5 kit iR | it Feii
P TS % B0 TV 3) . TR RS A 0
SEAT R ALIE AR, YRI5 T 3R 1 LV B 0 R0 TEEH| e[
] Sk —N 5\ N /’j”’ HE—N 1A p
Wi, K ARG A R B H ATy T | R ) R E s ) i

TR IROr i 2 —P B, 5 25 R T Jr i
FEATT SR R X PRI SR, X — o e A5 TR
Wi 4 9 45 A% AN T AR M) B0~ MR 2 ol T ds B R R 4
PETH R RA SR L, H ISR, R B T
YR RS (2 SRS ARBGE R, TURY 22 BIR B YW B3, 5807 i R T A
AR TURRMIAL B 7= A (I 3D, AN R AR i A B T RZ VIR, KB Ay’ s kR, 2ok
A RSP A 7 AR B0 SRR B g — A T A R DU B K B R AT F B R, AR 65 B R B AT LA K
DUy E ok, HeR Rl aar bt AR ARG R, WA SRR AR, ROV I 5 R R 4 5
SHARRBY B, 2R BRI, X AT B2 7R TR A DX N 3 R Tz B8 OO0 . URR A 3
O T K G A S R SR TOAR A 2 R R b, PRGOS IO T PR B TR EE L SRy TR 3L A
R o B4 A L RORE S TR A R AR DR 3R, 32 HEE MR ) 9 A XS] BEAIE R, TS ik BB TF 05 ToK

P 3 PB4 0 45 4R R (0 0O i
Fig.3 Plume formation processes associated with polymetallic

nodules mining

22 EREREAR

Bl 4 5T T R B0 A AR AR K T 800~ 3 000 m [ YRR IR A 1L Ml DX (I 4D 52 5 B 245 578 TSR3 Wi 19 2
BRGGERXAEBRGERAME, B A1 0 ) P COZ B 3 7R B RE Y 288 D R CAE 16 7 4B L BT AR
DX 25 119 22 o ) Ao 2R

LRI RAB S M UL o Ahoe 2B LA KNG B 3t e = A J5 (B 4D, AR SCES A 257 TRt
B M ™ A 1 W o WA A 145 ) EAT 40 BT (38 4) o TP SR i B ) SR 858 (9 38 43 5% 1) 5 22 43 J 25 B T R AH
Rl B, 765 B 45 52 (91 R b R 2 IR DL S0 3h i B0 DU Y BEROK R | J0RE 28 A 0B R
JEUUE, AR 2 R (R A . R, FESS IR, PIUAR Al BEWTE ¥ R L A M 35T



372 o R o R 40 &

TN K 32 52 W B Y BB, B 2 A0 o R X3 TS5 A0 7 37 sh 4 AN B W B9 A T RE 2 TR I i = BB
(£,

PEEE
§
s B o e en AR

= =

e 5] H SO 2106
B4 DRI S B E5 50 R R R B8 M H T TR PR 5 ) o R R A
Fig. 4 Schematic diagram of deep-sea cobalt-rich crust mining system and its potential environmental impact sources
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Table 4 Main risks and impacts of deep-sea cobalt-rich crust mining
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Fig. 5 Schematic diagram of deep-sea massive sulfide mining system and its potential environmental impact sources
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Table 6 Monitoring results of deep-sea mineral exploitation on occurrence environment disturbance
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Environmental Impact Analysis and Management Countermeasures
Based on the Whole Process of Deep-sea Mining

LIU Da-hai'?, WAN Liu'?, WANG Chun-juan'?, LI Cheng-long"*
(1. First Institute of Oceanography, MNR, Qingdao 266061, China;
2. Key Laboratory of Coastal Science and Integrated Management, MNR, Qingdao 266061, China;
3. College of Oceanic and Atmospheric Sciences, Ocean University of China, Qingdao 266100, China;
4. Law School, Ocean University of China, Qingdao 266100, China)

Abstract: The environmental impact is one of important issues on restricting the exploitation of deep-sea resources.
Understanding the environmental impacts and ecological responses of the exploitation of deep-sea resources are the premise
of commercial mining. This study took three representative deep-sea solid mineral resources (polymetallic nodules, cobalt-
rich crusts, and polymetallic sulfides) as examples, analyzed the pre-exploitation occurrence environment, and
environmental impacts during exploitation and post-exploitation. The results showed that: (DDifferent deep-sea solid
mineral resources had different distribution patterns, depths, biological characteristics, and occurrence environments. Due
to the changes of occurrence environment caused by mining activities, the impact duration and recovery potential of mining
potential impact areas were also variable. (2The environmental impacts of polymetallic nodules mining are mainly
sediment plumes, those of crust mining include three aspects: sediment disturbance, crust removal, and habitat change, and
those of polymetallic sulfide mining are toxic release and habitat removal. @ The post- exploitation environmental impact
monitoring analysis showed that the quantity and the species composition of benthic species had been undergone different
degrees of influence. Finally, this study proposed some countermeasures and suggestions, for example, follow-up
monitoring and evaluation, data enrichment, mining technology, and equipment improvement, top-level design and decision
management, rule making, etc., which can be used as the reference for environmental impact assessment and rule making of
deep-sea mining.

Key words: deep-sea mineral resources; polymetallic nodules; cobalt-rich crust; polymetallic sulfide; environmental
impacts
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