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Speciation and enrichment of trace metals in Laptev Sea shelf sediment
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Abstract: Trace metals play an important role in marine biogeochemical cycles and participate in various marine biological, chemical and
geological processes, which is of great significance for understanding marine environmental changes. In this paper, the grain size, organic
carbon, trace metals (V, Cu, Co, Ni, Mo, U) and metal speciation of multi-core sediments collected from four stations in the Laptev Sea were
analyzed, and the distribution characteristics and controlling factors of trace metals were discussed. By using our improved BCR continuous
extraction method, the speciation of trace metals was extracted into four metal forms in the states of isolated weak acid soluble, reducible,
oxidative, and residue. In addition, to understand the enriching mechanism of trace metals in the Laptev Sea from the continental shelf to the
deep basin, the main factors involved in the formation of the metals during sedimentation were identified. Results show that the bulk contents of
V, Cu, Co, Ni, Mo and U increased from Laptev Sea shelf to the adjacent slope, and the accumulation of trace metals in the sediment are
controlled by the scavenging removal of iron and manganese oxides, and the input of terrigenous rivers. The phase state experiments show that
the metallic elements exist mainly in residue state, while those in non-residue state, the reducible state dominated and its content increased from
shelf to slope. Therefore, the mechanism of enrichment and transportation of trace metals from continental shelf to sea basin of the study region
is mainly the “shelf-to-basin shuttling” controlled by Fe/Mn oxides, and affected by sediment re-suspension as well.
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Fig.1 Distribution of the multicore sampling stations in the study area
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Table 1 Information of sediment sampling stations
SihL R 2R 7K /m KFE/em
it 4 LV83-8 78°26.289'N 131°09.054'E 2450 37
LV83-14 77°23.152'N 133°37.022'E 50 20
Ji: 22 LV83-16 76°15.196'N 132°11.108'E 40 32
LV83-28 72°56.192'N 131°37.493'E 23 30

(ICP-MS) Ml 4: J& St & (Mo, U, V. Cu, Co., Ni)
o FEAT BT B B A AR L SPATRE, SR AR I
Y15t GSD-9 #EAT Bt 44 i, AHXT R 25 /N T 0.5%.
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Fig.2 Flowchart of the procedures for sequential experiment
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Fig.3 The Sheppard classification in sediment type of the 4 multicores
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Table 2 Sediment grain size, bulk content of metals, and TOC
Al Fe Mn Mo U Y4 Cu Co Ni 1 bt it TOC
H5/ME 7.7 43 2.7 3.7 2 172 24 242 42.6 0.01 0.52 0.16 0.57
SNz 8.8 5.9 15.7 32.6 2.7 264 33.9 32 60.9 0.11 0.80 0.47 1.27
LV83-8
FIME 8.3 5.4 43 8.9 2.4 234 30.8 28 50.3 0.03 0.65 0.32 0.83
FrifE 72 0.3 0.5 2.9 7.4 0.2 25.8 2.1 2.5 42 0.02 0.08 0.08 0.16
o /ME 7.8 4.7 0.9 1.0 2.1 176 19.6 19.7 37.6 0 0.57 0.19 0.84
IFoNE 8.9 5.0 53 12 3.0 192 22.1 25.6 453 0.06 0.78 0.42 121
LV83-14
FIE 8.0 4.9 1.8 3.4 2.5 184 21.2 21.6 40.2 0.04 0.61 0.36 1.03
FrifE 2 0.1 0.1 1.5 3.1 0.3 49 0.6 1.6 23 0.02 0.06 0.05 0.10
f/ME 7.7 4.4 0.5 0.7 2.1 154 18.6 16.9 31.7 0 0.55 0.29 1.11
SN 8.1 5.1 2.7 9.7 2.8 185 22.3 23.9 38.7 0.04 0.67 0.45 1.41
LV83-16
FYAE 7.9 49 0.7 3.1 2.4 175 21.0 19.5 36 0.01 0.60 0.39 1.28
brifEZE 0.1 0.2 0.5 2.4 0.2 7.1 0.8 13 1.6 0.01 0.03 0.04 0.07
f/MA 7.4 4.6 0.7 1.1 2.3 146 24.2 19.5 37.6 0 0.58 0.24 1.75
SNz 8.4 5.4 3.7 12.3 2.7 156 26.3 222 49.6 0.08 0.68 0.41 2.11
LV83-28
FME 8.1 5.0 1.2 2.2 2.5 151 25.4 20.6 39.5 0.01 0.61 0.38 1.90
bRz 0.2 0.2 0.6 23 0.1 29 0.6 0.6 2.1 0.01 0.02 0.03 0.08

E: UUBRIRLEE . SE LR XAL FelfJ5 A 9%: MnffJS4 ymg/g: Mo, U, V. Cu. Co. NiffJ¥fi lpg/g.

Al B35 50 8.3%, o it A8 Ay [l 7.7%~ 8.8%.
i 48 70 ik 33 U R v Fe B2 5 1 4 0 4.92%
M 5.56%. FiZE DT Mo 9 3 & &8 0.9
mg/g, & HAE AL VE [l 0.5~ 3.7 mg/g, i B TR B
Mn B9 & R 4.3 me/g, & a2 IR 2.7~15.7
mg/g. BEAUTE H Mo, U, V. Cu, Co. Ni {15
SR N 2.88, 2.46, 168.32, 22.84, 20.50 Fl1 38.48
nglg, & & B 4B A 0.71~ 1229, 2.08~ 3.01,
146.07~192.93. 18.6~26.3, 16.85~25.59 Fl 31.74~
49.64 pg/g. B LAY Mo, U, V. Cu. Co. Ni
B34 5 4 0 R 8.94, 2,37, 234.14, 30.76. 27.98
1 50.26 ng/g, & & A2 Ak [Fl 41 W Oy 3.68~ 32.63.
1.90~2.72,172.44~264.34,24.00~33.85,24.20~32.01
1 42.64~60.89 ng/g.
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T, B9 X il 22 R0 i e DURR A rhOR 2 4w 35 D gk
BAGEEE. MBS PRES SR LS
LR 57%~ 82%, Fifi i TTFR )l 48%~ 76%.
AT 4 IR Mo 5 o i e A9 2 AT AU AR A, ZERG 2R A
Rili 3¢ U0 FR W S 34 4 0 o R B R Y 35.68% Al
34.72%. U TERGEZE A FG S T AR b 5 B 8 & = A
VT, AR /N, V. Cu, Co HY AT $2HUAS 32 2 L
AR A IR T, BEAR DU vh =R 42 )& vl ik
JE AR SR 17.10%. 20.38% Fil 22.06%, Fifi

DU h = b G vl kSRS F 2 RS

30.60%. 30.46% Fll 43.62%, 1] if A& B LN
A i 2 1) i 3 380 . ki 2R TR P AR AR S Ni
LGRS IEAETE, 3 B 7 16.27%.
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Fig.6 The geochemical speciation of trace elements in sediments of the study areas
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Table 3 Correlation coefficients of main and trace elements of the sediments

Al Fe Mn Mo 8] v Cu Co Ni TOC Mz
Al 1
Fe 0.82 1
Mn 0.52 0.58 1
Mo 0.41 0.43 0.77 1
8] 0.32 0.24 0.10 0.13 1
v 0.50 0.67 0.58 0.52 0.05 1
Cu 0.66 0.77 0.69 0.43 —0.04 0.63 1
Co 0.63 0.75 0.71 0.61 0.12 0.85 0.82 1
Ni 0.65 0.74 0.77 0.68 0.15 0.79 0.86 0.94 1
TOC —0.20 —-0.24 —0.42 —0.44 0.04 —0.81 —0.21 —0.60 —0.52 1
Mz —-0.01 0.14 —0.14 -0.27 0.15 —-0.19 —-0.02 -0.17 -0.22 0.38 1
250 F 37 5 A ALY R 3K . Whitmore X b UK i 7K
= g TR ARAS V EIBRT B, B AR IX VR BRI A2 Bk
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