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Abstl‘act Marlne-' ranchmg is a new sustainable prodtlction” mqj.hod which plays an important role in the transformation of China’s
marine economy In.this paper, Haizhou Bay marine ranc‘hlng was divided into 3 areas according to the intensity and delivery time of
the submiarine structures. Five geochemical indicators of temperature ( T) , pH, oxidation-reduction potential (Eh) , grain size (D[ 3,
2]) and total organic carbon (TOC) were determined on-site. A modified European Community Bureau of Reference( BCR) sequential
extraction procedure was applied to determine the chemical speciation of different heavy metals (i.e. Cr, Cu, Ni, Zn, Pb, and Cd).
The results showed a horizontal distribution of the Eh was influenced by the submarine structures. The TOC content ranged from 11.7
to 13.5 g-kg™", which had a significant negative correlation with pH. Pb and Cd mainly present in the secondary phase of iron
manganese oxide forms (F2), which were controlled by the Eh, however, Cu, Zn, Ni, and Cr were mainly present in the primary
phase. A correlation and cluster analysis indicated that the Cr, Cu, Ni, and Zn present in sediments were from natural sources, while
the Cd and Pb content obviously came from anthropogenic metal sources. The exchangeable and carbonate fractions (F1) of Cr, Ni,
Cu, Zn, Pb, and Cd were significantly correlated with TOC. The residuals (¥4) of Cr, Ni, Cu, Zn, Pb, Cd were significantly
correlated with the grain size of sediments as well as the iron-manganese oxide forms (F¥2) of Cr, Ni, Cu, and Zn. A different
speciation of Cd was controlled by multiple geochemical characteristics of the sediment. The heavy metal levels of the primary and
secondary phases in the central and lateral areas were lower than the control and medial areas because of differences in the submarine
structures and hydrodynamics. The enrichment and adsorption of Cr, Ni, Cu, and Zn in sediment was stronger than the release of
particles that were resuspended. While the influence of fine particles and organic matter from the sediment in the central and outer
areas was limited, an enrichment factor analysis suggested that Cd in sediment showed enrichment to some extent. This paper provides
a scientific basis for the construction of marine ranching and ecological restoration in Haizhou Bay.

Key words : marine ranching; sediments; geochemical characteristics; heavy metals; BCR; submarine structure; Haizhou Bay
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Fig. 1 Sampling sites in the marine ranching areas of Haizhou Bay
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Table 3 Results for the recovery of heavy metal elements in sediment samples by the BCR method
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Ni 2.28 £2.32 1.89+1.26 5.51+£3.04 22.17 £17.03 31.20 £14.30 102.24 +4.38

Zn 5.82£5.43 6.96 +2.74 8.26 £5.09 40.04 £27.46 60.33 +17.67 101.61 +3.96
1.3.3 SR HLRR SR RE TN A Li, Fe, Sc %) RS HOITR , MUY 4 )8 &

FH 5 A+ 2% 8 AL BRAF AR O T oT R A BT A
(Aurora 1030D,USA) 1 2k H CN #5070 #7 TOC &
aOWCUT R Y B AR, T OGOk BE 4 BT A
( Mastersizer 2000 , Malvern , UK ) {1 52 %7 & 2H 1.

1.4 HE4)EE%ERZE(enrichment factor, EF)

WoRlE)CR/E A NS i v TS R
N R 8 R P AL A Ve B S I TS PE T R (AL

ISIA
52

AEFERE SE ST Y h E 4 JE 1 F SRR R SRR 1Y
FHXTDTRRR. HEemITR SEMH TR L (%
) W AW TR Y T E & JE TR N E EK
I M EEZMAT0.5~1.5, RNFELEEE
U5 B e s A B A AR Kb Ay KT 1.5 A,
RN A B EoRIR. SR Fe /E N E £ R
R . HEARWTF.,

e
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C./Cy
B,/B,
K, €, C o UL E &R M S TR &
i B, B AN E SR ICR S U R T R E.
W 2 e R 2B E SRR E, cd,
Cr, Cu, Ni, Pb, Zn 73574 0.088 , 64, 18,26, 22,
67 mg-kg ™', Fe A 45.5 mg-g~".

2 HREWE

2.1 HbERfL2EIRBR

DU M ER AL A8 bR s i 35 5 48 o A .
3. 4 RIS RO KR T I R R TR
Y5 k- 55 B, pH 7E 7,07 ~ 7. 28 JLHI, F1
HK 7.22. VIFWITRIESE 18.5 ~20. 4°C 2 [A].

KAEE Eh < — 100 mV, JTFE AL T8 A 53
Eh f/MHE (- 140 mV) 5 B 00 X, & K{E
( =105 mV) HHIAEFGIX, Ut X Eh 25T HAD
T SEYE N - 111,67 mV. MRS ’JFE
ST FUR FEED 2. 14 ~ 2. 17 45 T
THa ﬁﬁF%ﬁﬁ%ﬂmW%yf K

EF =

H >< 1‘. 7
(S5 86 éxl: @féjcéli%ﬁ ﬁUL .
DU A HLR & . U %*ﬁmﬁzﬂﬁiﬂh
H 80% S FA IR , o rhbA BRR £ i DT AR YY) 428
A A ) AR A s B A A

TR DU AL S AR 0 FRD A = | He A9l 7
80% VA I-,D[3,2]4 T 3.71 ~8.02 pm. HHE Folk
Ay P X AR 2 R R B A, L X
FSMIN X Ry 3 0 A0, X6 B XN B e, b 3 255 ()
P ARAELERCRZE S, PR DX 58 v DR Ml DX 0k
41, Fpcs XFAIMIN DXORE BE 4L AR BL. 10 3BT o L A
I X (36.8% ) < NUIIX (46.0% ) < HorIX
(50.3% ) < AMIMIX (56.0% ) , B3RP FT (5 Ho 0] 5 B
THIX (49.8%) > > X (39.9%) > N X
(36.7% ) >HMIIX (33.3% ). ARF5EFM wbR
RET AT P R 5, B ) AR,
RS T AP =Y s 2 s i = W E Y T ) 11 AW |
EBOH TR 32 XK | W0 55K 3 1 HERR, 25
R TR 0 207

neC
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Fig. 3 Distribution of temperature, pH, D [3,2], Eh,

and TOC in the marine ranching
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Table 4  Geochemical indicators of surface sediments
o TOC D[3,2] LI 2H I/ %o
KB X 7/°C H Eh/mV ’
H * P "™ ekg /um Wi B »
S1 A 19.7 7.18 -105 13. 445 7.723 9.54 54.35 36. 09
S2 A 19.9 7.23 -110 13. 11 6. 458 11.13 40. 41 47. 46
S3 A 20.5 7.28 -120 13.755 8.017 7.85 24. 81 67.34
S4 B 18.5 7.17 -134 12.34 5.828 12.84 35.35 51.81
S5 B 20.4 7.24 -131 12. 88 6. 595 10. 98 38.44 50. 53
S6 B 19.2 7.07 - 140 10. 55 4.104 23.04 36.23 35.73
S7 C 19.8 7.41 -129 13.205 7.411 10. 21 34.92 54. 86
S8 C 19.3 7.17 -129 13.08 7.043 10. 46 31.74 57.8
D1 D 19.6 7.28 -112 9.43 3.712 28.33 57.76 13. 89
D2 D 19. 1 7.17 -119 10. 88 4.279 20.94 40. 33 39.72
2.2 EERIEE R W45, GURHIH Cd, Cr, Cu, Ni, Pb Fl Zn {KE
WERRZ DR E R SRS E SR8 (0.17 £0.04) . (5.99 = 1.11)
Cd/mg-kg™ Pb/mg-kg™!
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Fig. 4 Distribution of secondary heavy metals in surface sediments of the marine ranching
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(7.66£1.84) . (9.04 £1.81), (17.16 £2.49) .
(21.55 +6.15) mg-kg™'. Pb. Cd YAEAH & B 1)
J o0, 4y 9K 80.47% | 71.16% ,Cu., Zn . Ni
YA A A7 B 28 KO A 24, 4 50N 34.46% |

34.74% . 31.09% . Cr XA WAE 0 &/, 5
11.09% . 4@ KA 000 BA i 22 540k

AT S35 K PR Eh 45 5 45 (F1) 3 43 J@ X oh 5t
IREE AR AR 78 v vk B 55 R M 2% F T B AT R i
kR RS RZ VRS T Cr 19 FL
b R E R BN, U 0.94% ,Cu, Zn, Ni
YIME 8% 47, Pb A1 Cd B, 439 R 19.19% |
18.18% . A[EH4)E F1 A2/ 255, Cd,
Cu., Ni, Zn 22EHM X > X BRX > ZR] X > s
IX. Pb, Cr iy F1 2578 [ 5345 2500, Hhcs XA X
BT N DRI BRI WO TR S v &
SR  RIREhZE A B E A B AR IEH R XM T A
I PR I, T S 40 25 Y o <5 J RE B8 A A2 1) 1L
R H.
Fe/Mn GUALHIEE & 75 (F2) BBkl 4 1 4 3
ﬁﬁ%aﬁiﬁafu%%mﬁﬂ’hiﬁ% E?%ﬁﬂﬁ
BT ﬂs,éu%wcﬂmﬁ,m%@zzk
1$@%ﬁﬂfﬁ¥%ﬁkﬁﬁﬁf7 T #y @%ﬂiﬁi%Jm
HE e Y, P24 S L ﬁmgm h2. B
Ph Cd AT AW, YA A R L FZ jﬁﬁiﬂmﬁf
/q,é%ﬁﬂaﬁﬁé}gﬁzﬂﬁ 43.50% . 31 98% |

SEREFLEER/N, RT.52%. SHESA0 L,
Cu, Cr, Pb, Zn W) F2 57O X Ak, 7E N
XA X A, 2ZZ(H7E 0. 1% ~2% 2 [6], % B X
.

AV ARG () EEEEBITRY
A AT A s S T4 S Ry, B AR AT
A RTRER R, F3 AR Cr i B A R BN
7.87% , i AR A HL B B . Ny Zn UK AR AR
FEIEALL F3 &0 3, 5 B BT 0 800 17.92% |
13. 54%,EEP Ni f) F3 2502 F1 fIF2 25692 ~3 1%,
Zn B F1 5% F3 UL 2% B9 508 . P, Cd
(4 F3 25 R R A0S P18/, 200k
19.97% . 18.79%. Zn. Pb. Cr B F3 2504975 [d] 5315
BA -2, B IR > NIX > Fruis X > 4k
X, Cu, Ni B F3 27 0 OMSMU X 5 i 2241%
%x#ﬂ@l:%nm{mu: ﬁ‘ﬁ Cd 1) F3 *waﬂIE H
Fﬁ

FRIEZS (F4) IEM@T@%W%@&E@E&
e it AT A R b XL B A
ﬁ%ﬂi%?ﬁﬂﬂﬁr TR /N 6 ﬁﬁ/\lﬁﬂn%ﬁ
i*ﬁﬂﬁaifv\m E‘i’amfFEPm: Cd, Crd pb,
Zn E’JJ?‘@JH S@Tmﬁl X & FAMUKX Ni Ca E’ﬂ?%,
AR A P | M85 Ml ; |

'ﬁ1Z|i5f€%,/‘JII/%(@##&%%’%E‘JE@%%#?E%

TEREAE T BN E A . Ph »Cd > Cu = Zn > Ni > Cr.
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Fig. 5 Percentage of heavy metals speciation in surface sediments of the marine ranching
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AL, Cu, Zn, Ni, Cr UE A AN F BRI
. Pb, Cd RAEAHZS [ 5347 S G X < SMIIX
< NANIX. < XFHREX, Cu, Ni B9V AE A3 A S 3 vp
DX < AMIIX. < XFRRIX < PIANIXC, Zn R A 425 (6] 43
A EIHAMIIX. < H X < X < XFRR X Cr ¥R
HEFAAS TR 23 A S AN X < Hut X < %R IX < Py
X. HEAJE A KA S RO s KR
M B 55 A XA BE DX /N PR A XS 2 5
e B
2.3 DU ERAb A ReE S R S A e
2.3.1 MY

) AR ARG, AT LA TR E AR
[ERIE. 5 AR 4 Jm o0 R & ] A A G 0R
B4, Cr, Cu, Ni., Zn P42 (0] 3 3R 30 R o 3 AH Sk
Pearson F5¢ R BRI 4035 0. 650 (P <0.05) LU I,
FW Cr, Cu, Ni, Zn HEJRICFRIEMMLL Cd, Pb
P AH O ME B A R BN 0.650 (P <0.05) , H
HHEESRICERMCEAR R, UL Cd, Ph Rk
i —BH5HE 4 Mook R -

®5 BEBTRZEANELENMTERE

Table 5 Correlation-analysis matrix betwgen heavy metals -

— Cd L [ 7n Pb | Kon J g P
o thooo 77T J S
ci™, 0,193 “1. 000 - @
Zn | 0,025 [~ 0.836"* 1.000
bt 065010 0.485 0311 rooo S ¥
[Cr-0.161 | 0.683° 0.679° 0.203 1000

Ni | 00023 | 082277 00639"

0.444 0,920 21. 000~

S AR FE A5 19 T 4 I 5 DU BR AL 2
(R AE DG AT, TT AT 4 ol B 4 Ao A L R 7
SRl GRS R AR 2G40 M BRORE 1 , SR PR AR S T
O3MT. FEREHIH R AR B AL PR I R A U
A BR AL 22 R R S DB T 4 A S — T AR B A A
KRR, MR (E 6) , 18RS AR
WAEEIRICRNZHENZEAELES. T, pH 54
[FJE A8 Cr, Cu, Ni, Zn, Pb AH XA &,
Pearson ZRE(HE —0.327 ~0.390. Eh 5 Cr, Ni 9 F3
A ARG A OCTE R B 51h 0. 648, 0. 637 (P
<0.05). TOC 5 6 FPEEJRICEMN F1 SAHXH R
FOMERBAE0.651 LI LE(P<0.05), T EEHES
J& Gyl it W B | BH S A BB G O S A HLRIE
B, TRV A LT ik AP A B ) 3 45
AATESBIVRSHE . R ykiie D
[3,2]56 FESEILERN F2 &5 3% fE, H ¢
ZHUE -0.681 ~ —0.629(P <0.05),5 Cu. Zn,

Cr, Ni [ F4 52 8 3F 7 A C, M X R EE
-0.653 ~ —0.581. AFEJEAM Cd ZZHEEHE
IFEl, Cd 19 F1 255 pH., Eh, TOC BHH &M &
KPR BUI N -0.648 . —0.639, 0.651(P
<0.05),F2 255 T, pH, Eh, TOC M5 & (%
6) , MENERE I -0.649 . —0.649, —0. 621,
0.630(P<0.05),F3 &5 T M B &, HCRE
#0.638, F4 55 pH A M F, HERE N
0.618.
F6 FEME Cd SARMHERAL 245 M 0
Table 6  Correlation coefficients between different speciations

of Cd and the geochemical characteristics of the indicators

S| F1 F2 F3 F4
T 0.023 -0.649 " 0.638* -0.156
pH -0.648" -0.649*  -0.124 0.618"
Eh -0.639* -0.621* 0.515 0.538
TOC 0.651 " 0.630* -0.072 -0.387
D[3,2]  -0.406 -0.579 o “Z0. 028

-0.252

" .|

DU pHAF TOC B4 ' 2 A ffﬁf , Peja'rson
HEREOD £ 0.775 (Pl 0.01). JUAWIHE Husk
TR 2 P RS R B . TR pH 4
JE TS 34 3 8 2C R . I S i
17 3| T . Rk R 6 R LB
Wy pH AEREH T B (KRR RS
A TR B B B T
O R PRI 5 OB P B S
215 VRN VS Y A D B T 7 T
iK0. 142 8 ind-m > P AEY) i 1.38 gom 25 X R
I JEE P 0 4976 5 5 0. 051 7 ind - m 2, P-4 4
Prht 0.2 gom 2. WEREHCE KRR Y41 URN 2
B AR R S5, 5 B N B D B AR . R
Wi 2 AT S T AR TOC 55 pH 9 G R 7S
[ JEL A
2.3.2 REHW

ST A5 h 2 A (925 S IR T
A HR ST B 4 U s .
Primer 5. 0, XTUUARYHLER AL = ReFEbn . AR E
GIRTE L B BT Q- AT (HIREAR B,
ZERILIE 7.

Q-T2 ST 4 S5 77 « Y 30 4 A I Bk
LGRS TS 4 25 45250 S6(B) |
D2, WA 1 ARAR, 4 71 7 IR O P I B, 5
VR PR AR T, B VBRI i A K IR K. Sk
HS3(A) . S4(B) . S5(B), ST(C), REEAMTFA
0 X Sk, 7KV B B8 A , A S S0 43 1 W, 5
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Fig. 6 Pearson coefficients between element speciation using
the modified BCR method and sediment geochemical properties
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Fig. 8 Enrichment factor of heavy metals in the sediment
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