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Abstract

Resource exploitation in the Clarion-Clipperton Zone (CCZ) is of major research interest worldwide, but its
influence on the environment is poorly understood, especially due to the lack of baseline values for metals in the
surrounding sediment. This work aimed to establish the baseline values of 17 metals (Ba, Ca, K, Mg, Mn, Na, Ag,
As, B, Cd, Co, Cr, Cu, Hg, Ni, Pb, and Zn) using normalization, the cumulative frequency curve method
considering a total of 172 samples taken from 8 multitube cores and 1 box sediment core collected in the western
CCZ during the COMRA-45 cruise campaign from August to September 2017. The baseline values of the evaluated
metals were as follows: 1 932 mg/kg for Ba, 29 512 mg/kg for Ca, 18 150 mg/kg for K, 17 120 mg/kg for Mg,
6 747 mg/kg for Mn, 28 546 mg/kg for Na, 0.571 mg/kg for Ag, 5.00 mg/kg for As, 94.4 mg/kg for B, 0.626 mg/kg for
Cd, 104 mg/kg for Co, 76.1 mg/kg for Cr, 370 mg/kg for Cu, 0.028 mg/kg for Hg, 190 mg/kg for Ni, 27.5 mg/kg for
Pb and 156 mg/kg for Zn. Our findings would fill the baseline value gap in the study area and further improve
accuracy of environmental impact assessments on the impact of resource exploitation.
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1 Introduction

Accompanied by the rapid development of modern indus-
tries, an increasing volume of heavy metals has been discharged
into aquatic environment. These elements are mostly recalcit-
rant in the environment and thus pose considerable hazards to
ecosystems and human health. Additionally, they can easily mi-
grate across water bodies via suspended matter and sediment
through adsorption and desorption. Furthermore, they can even
be enriched exceeding 1 000 times via the food chain and gener-
ate adverse effects on the biota. Hence, heavy metal pollution has
become a severe environmental issue of concern and attracted
great attention.

Researchers have mainly focused on the distribution, speci-
ation, source, and potential risk assessment of heavy metals in
waters or sediments worldwide in addition to their influencing
factors. The studied areas mainly focus on estuaries, lakes and
nearshores, such as the Nile Delta in Egypt (Mandour et al.,
2021); the Laucala Bay in Fuji (Pratap et al., 2020); the Swan River
in western Australia (Rate et al., 2000) and the Finiss River in the
Northern Territory, Australia (Taylor, 2007); the Nanhai Lake, the
channel of Yellow River (Liang et al., 2009), the Changjiang River
Estuary (Zhuang and Zhou, 2021), the Jiulong River or the Xia-
men Bay (Lin et al., 2011, 2014), the offshore area of eastern San-
ya (Zhang et al., 2018) and the Bohai Sea in China (Zhu et al.,
2019); the Ganges Estuary at northeast of the Bay of Bengal in In-
dia (Chatterjee et al., 2007; Singh et al., 2017; Siddiqui and

Pandey, 2019); the Al-Karak catchment area in the southern
Jordan (El-Hasan and Jiries, 2001); and the Nahr-Ibrahim River
in Lebanon (Korfali and Davies, 2003). Besides, in the open
ocean especially in the Clarion-Clipperton Zone (CCZ), pa-
leoceanographic, sedimentologic, structural geology, and volcan-
ic geology studies have broadly reported the ferromanganese
formation mechanism and sediment element distribution of
heavy metals, platinum group elements and rare earth elements
since the 1950s (Zhang et al., 2001; Kuang et al., 2004; Yang et al.,
2007a, b; Huang et al., 2014; Ren et al., 2015; Wang, 2017; Deng et
al., 2018), but the research about baseline value establish in the
CCZis almost none.

The CCZ in the East Pacific Ocean is a distribution area with
the greatest abundance of polymetallic nodules in the world.
Currently, deep-sea mining is becoming a topic of major interest,
but its environmental impact is unclear. Hence, the Internation-
al Seabed Authority attaches a great amount of importance to es-
tablishing environmental baselines in the CCZ, including physic-
al, chemical, and biological baselines, because the assessment of
the environmental impact of polymetallic mining is based on
various parameters of mining activities. Resuspension of sedi-
ments, desorption of metals, and migration to mesopelagic wa-
ters may occur during mining activities. Changes in the abund-
ance and biomass of meiofauna and megafauna might occur
after the bio-absorption of metals, resulting in alteration of com-
munity structure and biodiversity. Hence, the baseline values of
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metals in the CCZ are the basic data reflecting the impact of poly-
metallic mining.

The baseline of certain metals (As, Co, Cr, Cu, Hg, Mn, Ni, Pb,
and Zn) has been set through normalization and accumulative
frequency curve methods in sediments of coastal waters and
freshwaters (Singh et al., 2003; Wei and Wen, 2012; Jiang et al.,
2013). However, a baseline of metals in the open ocean particu-
larly in the CCZ, is unavailable. During the China Ocean Mineral
Resources R&D Association-45 (COMRA-45) Cruise from August
to September 2017, nine sediment core samples, including eight
multitubes and one box-type sample, were collected in the COMRA
contract and adjacent area in the western CCZ. This work aims to
establish the baseline values of 17 metals (Ba, Ca, K, Mg, Mn, Na,
Ag, As, B, Cd, Co, Cr, Cu, Hg, Ni, Pb, and Zn), which would fill the
environmental baseline data gap and better carry out environ-
mental impact assessments of mining exploitation.

2 Methods

2.1 Sampling

Eight sediment cores from Stations 2 to 9 were collected us-
ing a multitube sampler and one core from Station 1 by a box
sampler with a plexiglass tube in COMRA’s contract and its adja-
cent area of 8°-13°N, 153°-155°W in the western CCZ during the
COMRA-45 Cruise from August to September 2017, as shown in
Fig. 1.

The lengths of the sediment cores from Stations 1 through 9
were 34 cm, 26 cm, 32 cm, 30 cm, 36 cm, 30 cm, 40 cm, 46 cm and
52 cm, respectively. The sediment cores were sliced into 1 cm in-
tervals from top to 2 cm depth and 2 cm intervals from 2 cm depth
to the base using stainless steel cutters. A total of 172 samples
were transferred into polyethylene storage bags and kept frozen

160°
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! COMRA’s contract area

Fig. 1. Sampling stations. COMRA: China Ocean Mineral Re-
sources R&D Association.

for further laboratory analysis.

2.2 Chemical analysis

Samples were freeze-dried using a vacuum freeze dryer (LYO-
VAC GT2, Leybold-Heraeus, Germany) and ground with a mor-
tar grinder (RM200, Retsch, Germany) to sift through a 200-mesh
nylon sieve. Aliquots of 0.1 g of the ground samples were diges-
ted by a microwave digestion instrument (MARS6, CEM, USA)
with a mixture of 6 mL subboiling distilled nitric acid (trace pur-
ity) and 2 mL hydrofluoric acid for 30 min at 180°C and 800 PSI.
The resulting mixture was then added to 1 mL perchloric acid
and steamed near dry at 150°C by an acid catcher (ZLT-GSB-20G,
China). The residue was redissolved in 2 mL 1% nitric acid (trace
purity), filtered, and diluted to 10 mL with Milli-Q water, after
which 16 metals (Ba, Ca, K, Mg, Mn, Na, Ag, As, B, Cd, Co, Cr, Cu,
Ni, Pb, and Zn) were measured using inductively coupled plasma
mass spectrometry (ICP-MS, Agilent, USA). The solution was di-
luted to obtain three groups of different multiples (400 times,
10 times and no dilution) for measurement according to their
metal content. Hg was digested with a mixture of 2 mL nitric acid
(trace purity) and 6 mL hydrochloric acid, and was measured us-
ing atomic fluorescence photometer (AFS, Beijing Titan, China)
according to General Administration of Quality Supervision, In-
spection and Quarantine of the People’s Republic of China,
Standardization Administration of China (2008).

Grain size was measured according to General Administra-
tion of Quality Supervision, Inspection and Quarantine of the
People’s Republic of China (2007). An appropriate amount of wet
sample with 100 mL Milli-Q water was added to 10 mL 30% hy-
drogen peroxide solution, reacted at room temperature for 24 h
to remove the organic matter. Then, 30 mL 10% hydrochloric acid
was added to the liquor to remove the carbonate component
after another 24 h at room temperature. The residue was then ad-
ded to 10 mL 0.5 mol/L sodium hexametaphosphate, dispersed
by ultrasonic oscillation for 10 min and measured by a laser
particle size analyzer (Mastersizer 2000, Malvern, UK) with a rel-
ative error less than 3% for repeated measurement.

Certified reference materials GBW07316 and GBW07314 from
the Center for Standard Reference of China were processed em-
ploying the same process as outlined above to ensure analytical
accuracy. The measurement results, recoveries, accuracies of
GBWO07316 and GBW07314 and detection limits of methodology
are shown in Table 1. Milli-Q water (18.2 MQ-cm, 25°C) was used
throughout the analysis. All the other reagents were of guaran-
teed reagent or better.

2.3 Baseline calculation

The baseline calculation includes normalization, statistical
methods, and geochemical comparison methods (Colizza et al.,
1996; Schiff and Weisberg, 1999; Matschullat et al., 2000; New-
man and Watling, 2007; Teng et al., 2009; Wei and Wen, 2012;
Karim et al., 2015; Niu et al., 2019; Sun et al., 2019; Wang et al.,
2020). Most researches were about trace metals, but O’Donnell et
al. (2004) established geochemical baseline data including con-
stant elements (Fe, Mn, Ti) and trace elements (Sb, As, Ba, Cd,
Cr, Co, Cu, Pb, Mo, Ni, Sn, U, V, Zn) for the urban area of King-
ston-upon-Hull. Karim et al. (2015) and Teng et al. (2009) de-
termined geochemical baseline for constant element Fe in
Pakistan using cumulative frequency curves and that in South
China by normalization respectively. Therefore, we adopted nor-
malization and cumulative frequency curves to estimate the
baseline value of 17 metals including constant and trace ele-
ments.
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Table 1. Measurement, recovery, accuracy of GBW 07316 and GBW 07314 and detection limit

Bacontent Cacontent Kcontent Mgcontent Mn content Na content Agcontent As content

GBW 07316 Standard value/(mgkg™) 2500+200 161429+4 286 13360+996 12240+420 3099+155 27823+1039 - 4.60+0.50
Measurement 1/(mg-kg™!) 2664 162 683 12763 12 236 3012 27219 0.157 4.27
Measurement 2/(mg-kg™!) 2325 159 215 13 827 12 065 3212 28297 0.146 4.31
Measurement 3/(mg-kg™!) 2600 161 092 12 700 12 503 3049 27476 0.143 4.40
Measurement 4/(mg-kg™!) 2532 160 584 14 046 12 056 3146 28 324 0.167 4.82
Measurement 5/(mg-kg™!) 2394 162 803 13 342 12124 2951 27039 0.132 4.31

Recovery/% 93.0-107 98.6-101 95.1-105  98.5-102 95.2-104  97.2-102 - 92.8-105
RSD/% 5.6 0.9 4.6 15 3.4 2.2 8.9 5.2

GBW 07314 Standard value/(mgkg') 425420 30786+1714 20579+1162 15000+480 744+31 124651039 - 10.3£1.4
Measurement 1/(mg-kg!) 414 30 867 21 469 14 690 722 11907 0.503 10.1
Measurement 2/(mgkg!) 435 29397 21242 14 559 764 12483 0.495 9.68
Measurement 3/(mg-kg!) 420 30015 19 959 14 546 737 12378 0.505 8.94
Measurement 4/(mg-kg™!) 420 31682 20414 15208 761 12795 0.540 11.2
Measurement 5/(mg-kg!) 412 29979 19679 15205 723 13 059 0.502 9.65

Recovery/% 97.0-102 95.5-103 95.6-104  97.0-101  97.0-103  95.5-105 - 86.8-109
RSD/% 2.1 2.9 3.8 2.3 2.7 3.5 3.5 8.4
Average recovery/% 100 99.3 100 99.3 99.4 100 - 96.1
Average RSD/% 3.9 1.9 4.2 1.9 3.1 2.8 6.2 6.8

Detection limit/(mg-kg) 23.22 19322 2432 2102 0.009" 9272 0.0062 0.180P

B content Cd content Co content Cr content Cu content Ni content Pb content Zn content Hg content

GBW 07316 Standard value/(mg-kg?) 84+11 0.300 53+4 38+5 231+10 108+9 22+5 142422 0.13+0.02
Measurement 1/(mg-kg!) 81.6 0.326 49.8 39.1 224 102 19.6 136 0.120
Measurement 2/(mg-kg™!)  89.8 0.266 49.6 39.8 231 99.8 23.0 137 0.128
Measurement 3/(mg-kg!)  83.5 0.266 55.5 38.9 226 103 25.2 123 0.118
Measurement 4/(mg-kg™!)  78.1 0.260 56.6 42.6 236 113 24.5 149 0.132
Measurement 5/(mg-kg™!)  75.1 0.284 56.0 41.1 228 101 21.1 122 0.142

Recovery/% 89.4-107 86.8-109 93.6-107 102-112 97.0-102 92.4-105 89.3-114 85.8-105 90.8-109
RSD/% 6.8 9.6 6.6 3.8 2.0 5.3 10.2 8.6 7.6

GBW 07314 Standard value/(mg-kg™')  73.0  0.200+0.040 14.2+1.2 86.0+4.0 31.0+4.0 34.3+4.0 25.0+4.0 87.0+2.0 0.048+0.012
Measurement 1/(mg-kg!)  73.0 0.228 15.2 83.7 33.8 32.6 25.4 86.4 0.048
Measurement 2/(mg-kg™!)  70.7 0.212 14.6 86.1 32.3 31.2 23.6 85.2 0.042
Measurement 3/(mg-kg™!)  69.5 0.219 14.2 87.7 31.8 323 222 87.4 0.045
Measurement 4/(mg-kg™!)  78.5 0.212 14.3 82.6 32.8 37.0 25.8 87.3 0.049
Measurement 5/(mg-kg™!)  75.7 0.173 13.6 85.8 30.3 31.1 21.9 88.6 0.051

Recovery/% 95.2-108 86.6-114 96.0-107 96.0-102 97.6-109 90.6-108 87.7-103 97.9-102 87.5-106
RSD/% 5.0 10.0 3.9 2.4 4.1 7.4 7.5 1.4 7.5
Average recovery/% 98.9 98.9 101 103 102 95.9 99.1 96.9 98.2
Average RSD/% 5.9 9.8 5.2 3.1 3.0 6.3 8.9 5.0 7.5
Detection limit/(mg-kg) 0.8312 0.015P 0.016P 0.070P 0.008P 0.003b 0.070P 0.160P 0.002¢

Note: 2 Data from this study; P data from HY/T 147.2-2013 (State Oceanic Administration, 2013); ¢ data from General Administration of
Quality Supervision, Inspection and Quarantine of the People’s Republic of China, Standardization Administration of China (2007). RSD:

relative standard deviation. - represents no data.

2.3.1 Normalization method

The normalization method selects the inert elements in the
geochemical process as the standard elements through their cor-
relation coefficient and the active metal contents. On the premise
of meeting the significance level of P<0.05, the inert metal that is
most strongly correlated with an active metal is then selected as
the standard element. A scatter diagram was made between the
active and chosen standard metals, and a 95% statistical test was
carried out. After eliminating the points falling outside the 95%
confidence limit, the regression equation is re-established with
the remaining data. The average value of the chosen standard
metal of all samples is substituted into the new regression equa-
tion to obtain the baseline value of the corresponding active
metal.

Inert metals, including Al, Fe, La, Li, Sc, Ti, V, Cs, and Rb,

used to establish the baseline value of 17 metals (Ba, Ca, K, Mg,
Mn, Na, Ag, As, B, Cd, Co, Cr, Cu, Hg, Ni, Pb, and Zn) were also
determined in this paper.

2.3.2 Cumulative frequency curve method

A cumulative frequency curve with decimal coordinates is
plotted after inputting all metal contents on the x-axis and the
cumulative frequency as the y-axis. The curve may have two in-
flection points: the lower point may represent the upper limit of
natural origin metal contents, while the higher point represents
the lower limit of abnormal contents (affected by human activit-
ies). The area between the two inflections may or may not be af-
fected by human activities, or may not be related (Matschullat et
al., 2000; Teng et al., 2009). In some cases, the distribution curve
is approximately linear, implying that the concentration of metals
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in all samples represents the range of baseline values. Beyond
that, the curve may have just one inflection, indicating a lesser
anthropogenic influence (Li, 2013).

The baseline value of the evaluated metals was the median
content of a given metal among samples with lower concentra-
tions than the lower inflection when the curve had one or two in-
flections, which was adopted in Li (2013).

3 Results

3.1 Metal contents in the sediment

The granularity of sediment (M) in the research area ranged
from ©3.73 to $7.59 with an average value of ©6.48, indicating
that the sediment was mainly coastal silt or fine silt sand. The rel-
atively uniform sediment types minimized the effect of grain size
on metals, indicating the availability of the assessed metal
baselines throughout the research area.

Figure 2 shows a box chart of depicting the measured metal
contents. Expressed as average valuetstandard deviation
(minimum value-maximum value), the contents of 17 metals
(Ba, Ca, K, Mg, Mn, Na, Ag, As, B, Cd, Co, Cr, Cu, Hg, Ni, Pb, and
Zn) were (3 112+3 717) mg/kg (306-24 029 mg/kg), (37 770+
27 074) mg/kg (10 630-155 453 mg/kg), (18 998+5 652) mg/kg
(8 494-35 244 mg/kg), (17 0386 643) mg/kg (1 08043 241 mg/kg),
(7 303+3 172) mg/kg (1 833-16 261 mg/kg), (31 27648 928) mg/kg
(13 815-61 383 mg/kg), (0.62+0.26) mg/kg (0.21-1.89 mg/kg),
(5.91+2.26) mg/kg (3.45-16.2 mg/kg), (105+50.6) mg/kg
(27.1-222 mg/kg), (0.67+0.18 mg/kg) (0.28-1.13 mg/kg),
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Fig. 2. Box chart of metal contents.

(110+19.6 mg/kg) (60.4-179 mg/kg), (81.8+25.2) mg/kg (19.6-
168 mg/kg), (404+87.1) mg/kg (218-796 mg/kg), (0.035+
0.026) mg/kg (0.010-0.19 mg/kg), (204+60) mg/kg (105-458
mg/kg), (36.5£17.8) mg/kg (2.90-89.2 mg/kg), and (162+22.5)
mg/kg (110-238 mg/kg), respectively. Compared with the abund-
ance of metals in the crust of the oceanic lithosphere (Li and
Yuan, 2011), the averages of the 17 metals studied in this area ac-
cumulated, excluding Co, Ni, Mg, and Cr. The enrichment factor
was ordered as follows: B(52.5)>Ba(40.9)>Pb(17.4)>Ag(10.9)>
K(10.6)> Cu(10.1)>Cd(8.32)>Na(6.95)>As(6.57)>Mn(5.22)>Zn(2.7)>
Hg(2.48)>Ca(2.03)>Co(0.69)>Ni(0.09)>Mg(0.08)>Cr(0.03).

The contents of these 17 metals all wavily varied with depth
without rules. The relative standard deviation of metals in every
core indicated Ba, Hg and B varied greatest with average values of
60.7% (41.3%-93.4%), 52.6% (19.0%-117%) and 45.5% (26.6%—
55.9%), respectively. Besides, Pb also varied greatly in Stations 2,
3, 4 and 7 with the relative standard deviation of 95.9%, 78.2%,
43.7% and 40.7% respectively due to high contents in some depths.

3.2 Baseline value establishment

In this paper, any metal content deviating away from its aver-
age value by +5 standard deviations was removed from the data
set to define the baseline value (Veinott et al., 2001). This screen-
ing process resulted in the identification of 7 anomalous points,
including five data points for Ba and two data points for Hg,
which were not calculated to define the baseline value.

The baseline values of the 17 evaluated metals were determ-
ined using the normalization method and the cumulative fre-
quency curve method. The baseline values of the former were
higher than those from the latter, which was caused by the elim-
ination of values outside the 95% confidence interval of the
linear regression equations in the standardization method.
However, the baseline values obtained by the two methods
agreed well with each other, excluding Pb. Therefore, the aver-
age baseline value was computed through the two methods as
the final baseline value of metal in the research area (Table 2).
The normalization and cumulative curves of metals are shown in
Figs 3 and 4.

4 Discussion

4.1 Different inert elements in normalization method

The highest correlation coefficients between active metals
and inert elements are marked in gray in Table 3. Inert elements
are known to induce metallogenesis; therefore, 17 metals were
dominated by natural geological metallogenic processes, which
was minimally influenced by human activities. Nevertheless, the
correlation coefficient between the 17 metals and inert elements
varied for each metal, indicating slight differences in the influ-
ence of mineralization and the variable sources of 17 metals. This
may also explain the discrepancies between the 17 metals in the
cumulative frequency at the inflection point.

4.2 Different cumulative frequencies corresponding to an inflec-

tion point in the cumulative frequency curve method

Figure 4 shows that two inflection points occurred in the cu-
mulative frequency curve of four elements, i.e., Cu, Cr, Pb, and
Ag. At the higher inflection point, the cumulative frequency for
these metals was above 80%; the samples exceeding the higher
inflection point may be influenced by human activities, but the
ratio is small. In addition, only one inflection point appeared in
the cumulative curves of the other thirteen metals (Ba, Ca, K, Mg,
Mn, Na, As, B, Cd, Co, Hg, Ni, and Zn); these metals were all an-
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Table 2. Baseline value of metals through two methods

Metal Normalization method Cumulative curve method Final baseline
Regression equation R?  Baseline value/(mg-kg!) Firstinflection Second inflection Baseline value/(mg-kg1) value
Ba Ba=-18.9-V+4 536 0.12 2230 3110 - 1633 1932
Ca Ca=2218.2-Al+15555.2 0.19 32214 43950 - 26 810 29512
K K=35394.5-Ti+2 729.9 0.77 19 047 19500 - 17253 18 150
Mg Mg=2270.4-A1+618.3 0.80 17 624 24 690 - 16 615 17120
Mn Mn=-69.1-V+15436.2 0.31 7144 12 860 - 6 350 6 747
Na Na=512.1-Sc+17 681.4 0.43 30228 31920 - 26 864 28 546
Ag Ag=0.012 9-Sc+0.279 0.34 0.598 0.671 0.928 0.543 0.571
As As=0.013 3-V+3.43 0.49 5.01 5.42 - 4.98 5.00
B B=-2.32.Li+205 0.39 105 173.1 - 83.8 94.4
Cd Cd=0.015-Sc+0.283 0.63 0.663 0.783 - 0.588 0.626
Co Co0=0.606-V+36.9 0.82 110 110 - 97.9 104
Cr Cr=0.906-V-27.6 0.93 82.0 76.7 118 70.1 76.1
Cu Cu=3.21-Li+259 0.39 393 378 462 347 370
Hg Hg=0.00289-Cs+0.0131 0.19 0.031 0.079 - 0.025 0.028
Ni Ni=-19.4-Fe+286 0.31 194 216 - 186 190
Pb Pb=0.412.V-11.8 0.42 37.6 43.0 52.7 17.4 27.5
Zn 7Zn=0.855-Li+123 0.33 160 167 - 152 156

Note: Metal symbol in regression equation represents the content of corresponding metal; — represents no data.

Table 3. Correlation coefficient of 17 metals

Al Ti Fe Li A% Rb Sc Cs La

Ba 0.310" 0.275™ 0.407" -0.228" -0.426™ -0.275" 0.152" -0.194" 0.253"
Ca 0.519" 0.517" 0.394" -0.355" -0.298™ -0.137 0.260™ -0.378" 0.347"

K 0.738" 0.838™ 0.789™ -0.424" -0.179" -0.161" 0.317" -0.171" 0.548™
Mg 0.786™ 0.110 0.245" 0.417" -0.027 0.298™ 0.255™ 0.129 0.770"
Mn 0.303™ 0.365™ 0.236™ -0.194" -0.503™ -0.329" 0.128 -0.421" 0.303"
Na 0.050 -0.092 0.141 0.080 -0.531" 0.170° 0.611™ 0.426™ 0.292™
Ag 0.000 0.049 0.167" -0.091 -0.493™ -0.163" 0.519" 0.310” 0.113
As -0.010 -0.140 0.275" 0.113 0.310" 0.281" 0.033 0.133 0.034

B -0.444" -0.109 -0.083 -0.480™ -0.086 -0.151" -0.156" -0.024 -0.477"
Cd 0.099 0.288™ 0.410™ -0.211" -0.282" 0.031 0.720™ 0.210™ 0.272™
Co 0.007 0.053 -0.177" 0.267" 0.848™" 0.162° -0.240" -0.139 -0.194"
Cr 0.111 0.365™ 0.065 -0.065 0.964™ 0.083 -0.351" -0.231" -0.205"
Cu -0.343" -0.618" -0.399" 0.626" -0.174" 0.101 0.172" 0.086 -0.009
Hg -0.050 -0.143 0.255" -0.019 -0.222™ 0.222" 0.325™ 0.433™ 0.154
Ni -0.332" -0.395" -0.525" 0.394" -0.135 -0.047 -0.079 -0.185" -0.187"
Pb -0.053 0.142 -0.052 -0.237" 0.584™" -0.018 -0.528" -0.170° -0.315"
7Zn -0.069 -0.230" -0.226" 0.395" -0.061 0.171 0.084 -0.166" 0.042

Note: The highest correlation coefficients between active metals and inert elements are marked in gray. * represents significant correlation
at 0.05 level (two tails); **, significant correlation at 0.01 level (two tails).
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Fig. 3. Normalization of the 17 evaluated metals. a. Major metals; b. trace metals.

thropogenically effected to a lesser extent (Li, 2013). Hence, the
17 metals in the study area were not substantially impacted by
human activities.

w(TlOQ) w(FeZOg)
w(A1203) (z)(A1203)
could be used to indicate the sediment sources due to the dilu-
(U(A1203)

According to Bischoff et al. (1979),

tion effect of Al relative to other elements. = 0.05and

o(Fe03) _ o @(TiO2) o(Fe05) _ oo and
o (Al,05) w(AlL03) (Al,03)
a)(FezOg)

w = 0.11and ———=—% = 1.18 represent pelagic clay sour-
CU(A1203) ' w(A1203) .

ces, volcanic activities and biological activities, respectively. In
CU(A1203)

= 0.22—2.42 had an average value of 0.51. However, if

=0.09 and

= 0.02—0.36, with a mean value of 0.06, while

we excluded the sample at Station 8 collected in the range of 34-
cm depth to the bottom, the above ratios ranged from 0.02 to
0.09, with an average value of 0.05, and from 0.22 to 1.13, with an

average of 0.48. This result indicated that the sediment in the re-
search area originated mainly from pelagic clay sources followed
by volcanic activities. At Station 8, within the 34-cm depth to bot-
tom interval, the above ratios ranged from 0.15 to 0.36, with an
average value of 0.23; and from 1.07 to 2.42, with an average value
of 1.53. This result indicated that these sediments were domin-
ated by biological activities. Therefore, anthropogenic activities
played a minor role in the distribution of the 17 metals, which
was in good agreement with the inflection points in the cumulat-
ive curves.

4.3 Differences in the baseline values from two methods

As shown in Table 4, the relative deviation between the aver-
age value and median value for the 17 metals was in the order of
Ba>Hg>Ca>Pb>As>Mn>B>Cd>K>Cr>Cu>Ni>Zn>Ag>Mg>Na>Co.
Additionally, for the four metals (Ba, Ca, Hg, and Pb), the relative
deviation of the baseline values from the two methods was also
ranked first. This was because with the higher relative deviation
between the average value and the median value, the contents of
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metals were better characterized by a partial distribution pattern,
which introduced error into the cumulative frequency curve
method.

The relative deviation of the baseline values for metals ob-
tained from the two methods was less than 16%, excluding Pb. Pb
contents ranged mostly from 5.0 mg/kg to 25.0 mg/kg and from
40.0 mg/kg to 60.0 mg/kg, so for those samples with Pb concen-
trations lower than 42.6 mg/kg, which represented the lower in-
flection point in the cumulative frequency curve, the median Pb
content was only 17.4 mg/kg. However, the baseline value of Pb
derived through the standardization method was 37.6 mg/kg.
The relative deviation of the Pb baseline value through the two
methods reached 36.7%. Wei and Wen (2012) reported the
baseline value of Cr in the Taihu Lake employing normalization
and the cumulative frequency curve method, as 123.75 mg/kg
and 77.37 mg/kg, respectively, with a relative deviation of 23.0%.
They also obtained the baseline value of Zn in the Dianchi Lake
from the two methods, which were 263.56 mg/kg and 153.95
mg/kg, respectively, with a relative deviation of 26.3%. Hence, the
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results of the two methods are considered reasonable for all 17
metals, including Pb.

4.4 Comparison of baseline values considering average and medi-

an values

Figure 5 indicates no obvious difference between the baseline
value and the average value or median value for the 17 metals.
The average relative deviation of the baseline value and average
value or the baseline value and median value for the 17 metals
were 6.4% (0.3%-23.3%) and 3.4% (0.3%-22.6%), respectively,
and both could be considered parallel samples for trace metals
according to General Administration of Quality Supervision, In-
spection and Quarantine of the People’s Republic of China,
Standardization Administration of China (2008). As described in
Section 2.3.2, when the accumulative frequency curve was near
linear, the baseline value was calculated using all samples; the
baseline value was almost equal to the average or median value,
so the metals in the study area were again considered less af-
fected by human activities and the two methods were feasible.
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Fig. 4. Cumulative frequency curves of the 17 evaluated metals. a. Major metals; b and c. trace metals.

Table 4. Relative deviation of average value and median value and that of baseline values obtained by two methods

Metal Relative deviation of average value and median value/% Relative deviation of baseline value obtained by two methods/%
Ba 21.9 15.5
Hg 14.8 10.7
Ca 11.0 9.3
Pb 8.8 36.7
As 7.6 0.3
Mn 5.9 5.6
B 4.7 11.2
Cd 4.2 6.0
K 3.6 4.7
Cr 2.7 7.8
Cu 1.8 6.2
Ni 1.2 2.1
Zn 1.2 2.6
Ag 0.7 4.8
Mg 0.6 2.9
Na 0.5 5.8
Co 0.4 5.8

4.5 Comparison of baseline values with other baseline values

A comparison between the baseline values of metal concen-
trations in the western CCZ and those in other areas in the world
is shown in Table 5. The baseline values of Mn, Co, Cu, and Ni
were all higher than those reported for oceanic sediments, Pa-
cific pelagic clays, and coastal sediments, which was consistent
with the high contents of metals caused by full polymetallic nod-
ules in the study area. The Dianchi Lake is surrounded by moun-
tains consisting of bedrock of limestone and shale, and contains
pollutants discharged from rural industries, predominantly the
chemical, textile, building material, metal processing, electro-
plate, engineering and electronic industries, so the high baseline
values of As, Hg, Cr, Pb and Zn are caused by large anthropogen-
ic inputs and high geochemical background concentrations ( Wei
and Wen, 2013). Hence, the baseline values of the above five
metals were 0.5 to 8 times higher than those in the study area.
The Taihu Lake was also influenced by industrialization and urb-
anization but to a lesser extent than the Dianchi Lake, so the

baseline values of As, Hg, Cr and Pb were approximately 50% of
those in the Dianchi Lake but higher than those in the study area,
especially that of Hg, which exhibited a 4-fold increase. There-
fore, the variation in the baseline values of metals in different
areas could be attributed to the combined effects of the geologic-
al sedimentary environment and human activities. On the other
hand, it also indicated that the baseline values obtained through
the two methods in this paper were reliable.

5 Conclusions

Normalization and the cumulative frequency curve method
were both employed to obtain the baseline values for certain
metals. In the western CCZ, the baseline values of 17 metals (Ba,
Ca, K, Mg, Mn, Na, Ag, As, B, Cd, Co, Cr, Cu, Hg, Ni, Pb, and Zn)
were established with the values of 1 932 mg/kg, 29 512 mg/kg,
18150 mg/kg, 17 120 mg/kg, 6 747 mg/kg, 28 546 mg/kg, 0.571 mg/kg,
5.00 mg/kg, 94.4 mg/kg, 0.626 mg/kg, 104 mg/kg, 76.1 mg/kg, 370
mg/kg, 0.028 mg/kg, 190 mg/kg, 27.5 mg/kg and 156 mg/kg, re-
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Table 5. Comparison of baseline values (mg-kg-!) in different areas
Ba Ca K Mg Mn Na Ag As B Cd Co Cr Cu Hg Ni Pb Zn
Baseline value in this 1932 295121815017 120 6 747 28546 0.571 5.00 94.4 0.626 104 76.1 370 0.028 190 27.5 156
paper
Average value in oceanic - 4286 1742613080 3176 8161 - - - - - - - - - - -
sediment (Lv, 2005)
Average value in Pacific 3900 5000 2240420400 4338 9645 - - - - 74 90 230 - 225 - 965
pelagic clay (Bischoff et al.,
1979)
Baseline value of the Liao - - - - - - - - - - - 60 21 - 27 23 96
River watershed sediment
(Jiang et al., 2013)
Baseline value of the - - - - 604.84 - - 2058 - - - 7473 25.14 - 20.65 22.43 72.17
Tuohe River (Li, 2013)
Baseline value in the Taihu - - - - - - - 9.92 - - 22.62 100.56 31.63 0.14 31.97 33.05 97.01
Lake (Wei and Wen, 2012)
Baseline value in the - - - - - - - 2460 - - 36.78 135.68 90.05 0.25 50.76 73.56 208.76
Dianchi Lake (Wei and
Wen, 2012)
Baseline value of the - - - - 1764 - - - - 058 192 147 55 - 47 22 105
Ganges River (Singh et al.,
2003)
Baseline value of the Baleh - - - - 823 - - - - - - 7390 38.07 0.34 32.70 31.35 73.15

River (Sim, 2016)

Note: — represents no data.

spectively. It would provide basic data support for the research of
environmental baseline and may help to improve the accuracy of
environment impact assessment of mining exploitation.

Acknowledgements
The authors thank all crew member and researchers on R/V
Xiangyanghong 03 aboard in COMRA-45 Cruise.

References

Bischoff ] L, Heath G R, Leinen M L. 1979. Geochemistry of deep-sea
sediments from the Pacific manganese nodule province:
DOMES sites A, B, and C. In: Bischoff J L, Piper D Z, eds. Mar-

ine Geology and Oceanography of the Pacific Manganese Nod-
ule Province. New York: Plenum Press, 397-436

Chatterjee M, Filho E V'S, Sarkar S K, et al. 2007. Distribution and
possible source of trace elements in the sediment cores of a
tropical macrotidal estuary and their ecotoxicological signific-
ance. Environment International, 33(3): 346-356, doi: 10.1016/
j.envint.2006.11.013

Colizza E, Fontolan G, Brambati A. 1996. Impact of a coastal disposal
site for inert wastes on the physical marine environment, Bar-
cola-Bovedo, Trieste, Italy. Environmental Geology, 27(4):
270-285, doi: 10.1007/BF00766697

Deng Yinan, Ren Jiangbo, Guo Qingjun, et al. 2018. Geochemistry
characteristics of REY-rich sediment from deep sea in Western


http://dx.doi.org/10.1016/j.envint.2006.11.013
http://dx.doi.org/10.1016/j.envint.2006.11.013
http://dx.doi.org/10.1007/BF00766697
http://dx.doi.org/10.1016/j.envint.2006.11.013
http://dx.doi.org/10.1016/j.envint.2006.11.013
http://dx.doi.org/10.1007/BF00766697
http://dx.doi.org/10.1016/j.envint.2006.11.013
http://dx.doi.org/10.1016/j.envint.2006.11.013
http://dx.doi.org/10.1007/BF00766697
http://dx.doi.org/10.1016/j.envint.2006.11.013
http://dx.doi.org/10.1016/j.envint.2006.11.013
http://dx.doi.org/10.1007/BF00766697

Lin Cai et al. Acta Oceanol. Sin., 2022, Vol. 41, No. 11, P. 12-22 21

Pacific, and their indicative significance. Acta Petrologica Sin-
ica, 34(3): 733-747

El-Hasan T, Jiries A. 2001. Heavy metal distribution in valley sedi-
ments in Wadi Al-Karak catchment area, South Jordan. Envir-
onmental Geochemistry and Health, 23(2): 105-116, doi:
10.1023/A:1010918014577

General Administration of Quality Supervision, Inspection and Quar-
antine of the People’s Republic of China, Standardization Ad-
ministration of China. 2007. The Specification of Oceanograph-
ic Survey—Part 8: Marine Geology and Geophysics Survey
(GB/T 12763.8-2007). Beijing: Standards Press of China, 7-9

General Administration of Quality Supervision, Inspection and Quar-
antine of the People’s Republic of China, Standardization Ad-
ministration of China. 2008. The Specification for Marine Mon-
itoring—Part 5: Sediment Analysis (GB 17378.5-2007). Beijing:
Standards Press of China, 80

Huang Mu, Liu Jihua, Shi Xuefa, et al. 2014. Geochemical character-
istics and material sources of rare earth elements in sediments
from the CC area in the eastern Pacific Ocean. Advances in
Marine Science, 32(2): 175-187

Jiang Jianbin, Wang Jing, Liu Shaoqing, et al. 2013. Background,
baseline, normalization, and contamination of heavy metals in
the Liao River Watershed sediments of China. Journal of Asian
Earth Sciences, 73: 87-94, doi: 10.1016/j.jseaes.2013.04.014

Karim Z, Qureshi B A, Mumtaz M. 2015. Geochemical baseline de-
termination and pollution assessment of heavy metals in urban
soils of Karachi, Pakistan. Ecological Indicators, 48: 358-364,
doi: 10.1016/j.ecolind.2014.08.032

Korfali S I, Davies B E. 2003. A comparison of metals in sediments
and water in the river Nahr-Ibrahim, Lebanon: 1996 and 1999.
Environmental Geochemistry and Health, 25(1): 41-50, doi:
10.1023/A:1021284126632

Kuang Yaoqiu, Huang Yongyang, Zhong Hexian. 2004. Clues to the
geochemical evolution of the sedimentary environment as re-
vealed by factor analysis of sediments in area CC of the East Pa-
cific oceanic basin. Geology in China, 31(3): 325-331

Li Zhichun. 2013. Research on the pollution characteristics of heavy
metals in sediments from the Tuohe River, Suzhou City, Anhui
Province (in Chinese) [dissertation]. Huainan: Anhui Uni-
versity of Science & Technology

Li Tong, Yuan Huaiyu. 2011. Element abundance in the oceanic and
the continental lithospheres. Geochimica, 40(1): 1-5

Liang Ying, He Jiang, Lv Changwei, et al. 2009. Concentration and
spatial distribution of bio-available fraction of heavy metals in
the sediments from the Nanhai Lake. Journal of Agro-Environ-
ment Science, 28(6): 1208-1213

Lin Cai, Lin Hui, Chen Jinmin, et al. 2011. Pollution assessment of
heavy metals in the sediment of Jiulong River Estuary. Marine
Sciences, 35(8): 11-17

Lin Cai, Liu Yang, Li Wenquan, et al. 2014. Speciation, distribution,
and potential ecological risk assessment of heavy metals in Xia-
men Bay surface sediment. Acta Oceanologica Sinica, 33(4):
13-21, doi: 10.1007/s13131-014-0453-2

Lv Huahua. 2005. Study on the typical characteristics and application
of clay sediments from the Northern Equatorial Pacific (in
Chinese) [dissertation]. Qingdao: The Institute of Oceanology,
Chinese Academy of Sciences

Mandour A, El-Sayed M K, El-Gamal A A, et al. 2021. Temporal distri-
bution of trace metals pollution load index in the Nile Delta
coastal surface sediments. Marine Pollution Bulletin, 167:
112290, doi: 10.1016/j.marpolbul.2021.112290

Matschullat J, Maenhaut W, Zimmermann F, et al. 2000. Aerosol and
bulk deposition trends in the 1990’s, Eastern Erzgebirge, Cent-
ral Europe. Atmospheric Environment, 34(19): 3213-3221, doi:
10.1016/S1352-2310(99)00516-6

Newman B K, Watling R J. 2007. Definition of baseline metal concen-
trations for assessing metal enrichment of sediment from the
south-eastern Cape coastline of South Africa. Water SA, 33(5):
675-691

Niu Siping, Gao Liangmin, Wang Xuan. 2019. Characterization of
contamination levels of heavy metals in agricultural soils using

geochemical baseline concentrations. Journal of Soils and Sedi-
ments, 19(4): 1697-1707, doi: 10.1007/s11368-018-2190-1

O'Donnell K E, Freestone S E, Nice S E. 2004. Geochemical Baseline
Data for the Urban Area of Kingston-upon-Hull. London: NERC

Pratap A, Mani F S, Prasad S. 2020. Heavy metals contamination and
risk assessment in sediments of Laucala Bay, Suva, Fiji. Marine
Pollution Bulletin, 156: 111238, doi: 10.1016/j.marpolbul.2020.
111238

Rate AW, Robertson A E, Borg A T. 2000. Distribution of heavy metals
in near-shore sediments of the Swan River Estuary, Western
Australia. Water, Air, and Soil Pollution, 124(1): 155-168

Ren Jiangbo, Yao Huiqiang, Zhu Kechao, et al. 2015. Enrichment
mechanism of rare earth elements and yttrium in deep-sea
mud of Clarion-Clipperton Region. Earth Science Frontiers,
22(4):200-211

Schiff K C, Weisberg S B. 1999. Iron as a reference element for de-
termining trace metal enrichment in southern California
coastal shelf sediments. Marine Environmental Research,
48(2): 161-176, doi: 10.1016/S0141-1136(99)00033-1

Siddiqui E, Pandey J. 2019. Assessment of heavy metal pollution in
water and surface sediment and evaluation of ecological risks
associated with sediment contamination in the Ganga River: a
basin-scale study. Environmental Science and Pollution Re-
search, 26(11): 10926-10940, doi: 10.1007/s11356-019-04495-6

Sim S F, Chai H P, Nyanti L, et al. 2016. Baseline trace metals in water
and sediment of the Baleh River—a tropical river in Sarawak,
Malaysia. Environmental Monitoring and Assessment, 188(9):
537, doi: 10.1007/s10661-016-5553-3

Singh M, Miiller G, Singh I B. 2003. Geogenic distribution and
baseline concentration of heavy metals in sediments of the
Ganges River, India. Journal of Geochemical Exploration, 80(1):
1-17, doi: 10.1016/S0375-6742(03)00016-5

Singh H, Pandey R, Singh S K, et al. 2017. Assessment of heavy metal
contamination in the sediment of the River Ghaghara, a major
tributary of the River Ganga in Northern India. Applied Water
Science, 7(7): 4133-4149, doi: 10.1007/s13201-017-0572-y

State Oceanic Administration. 2013. Code of Practice for Marine
Monitoring Technology—Part 2: Sediment (HY/T 147.2-2013).
Beijing: Standards Press of China, 55

Sun Houyun, Wei Xiaofeng, Gan Fengwei, et al. 2019. Determination
of heavy metal geochemical baseline values and its accumula-
tion in soils of the Luanhe River basin, Chengde. Environment-
al Science, 40(8): 3753-3763

Taylor M P. 2007. Distribution and storage of sediment-associated
heavy metals downstream of the remediated Rum Jungle Mine
on the East Branch of the Finniss River, Northern Territory,
Australia. Journal of Geochemical Exploration, 92(1): 55-72,
doi: 10.1016/j.gexplo.2006.07.005

Teng Yanguo, Ni Shijun, Wang Jinsheng, et al. 2009. Geochemical
baseline of trace elements in the sediment in Dexing area,
South China. Environmental Geology, 57(7): 1649-1660, doi:
10.1007/s00254-008-1446-2

Veinott G, Perron-Cashman S, Anderson M R. 2001. Baseline metal
concentrations in coastal Labrador sediments. Marine Pollu-
tion Bulletin, 42(3): 187-192, doi: 10.1016/50025-326X(00)
00141-7

Wang Fenlian. 2017. The characteristics of REE and Nd isotopes and
their provenance significance of the pelagic sediments from the
Pacific Ocean. Geological Review, 2017,63(S1): 201-202

Wang Jiankang, Peng Wenqi, Wang Shaoming, et al. 2020. Establish-
ment of geochemical baseline and multiple assessment of va-
nadium pollution in sediment cores from the two cascade
reservoirs, North China. Environmental Science and Pollution
Research, 27(11): 11565-11574, doi: 10.1007/s11356-020-07673-z

Wei Chaoyang, Wen Hailong. 2012. Geochemical baselines of heavy
metals in the sediments of two large freshwater lakes in China:
implications for contamination character and history. Environ-
mental Geochemistry and Health, 34(6): 737-748, doi: 10.1007/
s10653-012-9492-9

Yang Rui, Li Guosheng, Zhang Hongrui. 2007a. Analysis on the geo-
chemical characteristics and material origin of the surface sedi-


http://dx.doi.org/10.1023/A:1010918014577
http://dx.doi.org/10.1016/j.jseaes.2013.04.014
http://dx.doi.org/10.1016/j.ecolind.2014.08.032
http://dx.doi.org/10.1023/A:1021284126632
http://dx.doi.org/10.1007/s13131-014-0453-2
http://dx.doi.org/10.1016/j.marpolbul.2021.112290
http://dx.doi.org/10.1016/S1352-2310(99)00516-6
http://dx.doi.org/10.1007/s11368-018-2190-1
http://dx.doi.org/10.1016/j.marpolbul.2020.111238
http://dx.doi.org/10.1016/j.marpolbul.2020.111238
http://dx.doi.org/10.1016/S0141-1136(99)00033-1
http://dx.doi.org/10.1007/s11356-019-04495-6
http://dx.doi.org/10.1007/s10661-016-5553-3
http://dx.doi.org/10.1016/S0375-6742(03)00016-5
http://dx.doi.org/10.1007/s13201-017-0572-y
http://dx.doi.org/10.1016/j.gexplo.2006.07.005
http://dx.doi.org/10.1007/s00254-008-1446-2
http://dx.doi.org/10.1016/S0025-326X(00)00141-7
http://dx.doi.org/10.1016/S0025-326X(00)00141-7
http://dx.doi.org/10.1007/s11356-020-07673-z
http://dx.doi.org/10.1007/s10653-012-9492-9
http://dx.doi.org/10.1007/s10653-012-9492-9
http://dx.doi.org/10.1023/A:1010918014577
http://dx.doi.org/10.1016/j.jseaes.2013.04.014
http://dx.doi.org/10.1016/j.ecolind.2014.08.032
http://dx.doi.org/10.1023/A:1021284126632
http://dx.doi.org/10.1007/s13131-014-0453-2
http://dx.doi.org/10.1016/j.marpolbul.2021.112290
http://dx.doi.org/10.1016/S1352-2310(99)00516-6
http://dx.doi.org/10.1007/s11368-018-2190-1
http://dx.doi.org/10.1016/j.marpolbul.2020.111238
http://dx.doi.org/10.1016/j.marpolbul.2020.111238
http://dx.doi.org/10.1016/S0141-1136(99)00033-1
http://dx.doi.org/10.1007/s11356-019-04495-6
http://dx.doi.org/10.1007/s10661-016-5553-3
http://dx.doi.org/10.1016/S0375-6742(03)00016-5
http://dx.doi.org/10.1007/s13201-017-0572-y
http://dx.doi.org/10.1016/j.gexplo.2006.07.005
http://dx.doi.org/10.1007/s00254-008-1446-2
http://dx.doi.org/10.1016/S0025-326X(00)00141-7
http://dx.doi.org/10.1016/S0025-326X(00)00141-7
http://dx.doi.org/10.1007/s11356-020-07673-z
http://dx.doi.org/10.1007/s10653-012-9492-9
http://dx.doi.org/10.1007/s10653-012-9492-9
http://dx.doi.org/10.1023/A:1010918014577
http://dx.doi.org/10.1016/j.jseaes.2013.04.014
http://dx.doi.org/10.1016/j.ecolind.2014.08.032
http://dx.doi.org/10.1023/A:1021284126632
http://dx.doi.org/10.1007/s13131-014-0453-2
http://dx.doi.org/10.1016/j.marpolbul.2021.112290
http://dx.doi.org/10.1016/S1352-2310(99)00516-6
http://dx.doi.org/10.1007/s11368-018-2190-1
http://dx.doi.org/10.1016/j.marpolbul.2020.111238
http://dx.doi.org/10.1016/j.marpolbul.2020.111238
http://dx.doi.org/10.1016/S0141-1136(99)00033-1
http://dx.doi.org/10.1007/s11356-019-04495-6
http://dx.doi.org/10.1007/s10661-016-5553-3
http://dx.doi.org/10.1016/S0375-6742(03)00016-5
http://dx.doi.org/10.1007/s13201-017-0572-y
http://dx.doi.org/10.1016/j.gexplo.2006.07.005
http://dx.doi.org/10.1007/s00254-008-1446-2
http://dx.doi.org/10.1016/S0025-326X(00)00141-7
http://dx.doi.org/10.1016/S0025-326X(00)00141-7
http://dx.doi.org/10.1007/s11356-020-07673-z
http://dx.doi.org/10.1007/s10653-012-9492-9
http://dx.doi.org/10.1007/s10653-012-9492-9
http://dx.doi.org/10.1023/A:1010918014577
http://dx.doi.org/10.1016/j.jseaes.2013.04.014
http://dx.doi.org/10.1016/j.ecolind.2014.08.032
http://dx.doi.org/10.1023/A:1021284126632
http://dx.doi.org/10.1007/s13131-014-0453-2
http://dx.doi.org/10.1016/j.marpolbul.2021.112290
http://dx.doi.org/10.1016/S1352-2310(99)00516-6
http://dx.doi.org/10.1007/s11368-018-2190-1
http://dx.doi.org/10.1016/j.marpolbul.2020.111238
http://dx.doi.org/10.1016/j.marpolbul.2020.111238
http://dx.doi.org/10.1016/S0141-1136(99)00033-1
http://dx.doi.org/10.1007/s11356-019-04495-6
http://dx.doi.org/10.1007/s10661-016-5553-3
http://dx.doi.org/10.1016/S0375-6742(03)00016-5
http://dx.doi.org/10.1007/s13201-017-0572-y
http://dx.doi.org/10.1016/j.gexplo.2006.07.005
http://dx.doi.org/10.1007/s00254-008-1446-2
http://dx.doi.org/10.1016/S0025-326X(00)00141-7
http://dx.doi.org/10.1016/S0025-326X(00)00141-7
http://dx.doi.org/10.1007/s11356-020-07673-z
http://dx.doi.org/10.1007/s10653-012-9492-9
http://dx.doi.org/10.1007/s10653-012-9492-9

22 Lin Cai et al. Acta Oceanol. Sin., 2022, Vol. 41, No. 11, P. 12-22

ments in the Mid-Pacific Ocean. Geology and Resources, 16(3):
200-208

Yang Rui, Li Guosheng, Zhang Hongrui. 2007b. Geochemical charac-
teristics of quaternary sediments in Mid-Pacific Ocean and an
analysis of the material source in CC areas. Geophysical & Geo-
chemical Exploration, 31(4): 293-297

Zhang Congwei, Li Liang, Long Genyuan, et al. 2018. Geochemical
characteristics and environmental assessment of heavy metal
elements in surface sediments from the offshore area of east-
ern Sanya. Journal of Marine Sciences, 36(2): 55-63

Zhang Fuyuan, Yang Qunhui, Yin Ruguang, et al. 2001. Material

sources and distribution characteristics of polymetallic nodules
in the Eastern Pacific. Acta Geologica Sinica, 75(4): 537-547

Zhu Aimei, Zhang Hui, Cui Jingjing, et al. 2019. Environmental qual-
ity assessment and influence factor of heavy metals in the sur-
face sediments from the Bohai Sea. Haiyang Xuebao (in
Chinese), 41(12): 134-144

Zhuang Wen, Zhou Fenggxia. 2021. Distribution, source and pollution
assessment of heavy metals in the surface sediments of the
Yangtze River Estuary and its adjacent East China Sea. Marine
Pollution Bulletin, 164: 112002, doi: 10.1016/j.marpolbul.
2021.112002


http://dx.doi.org/10.1016/j.marpolbul.2021.112002
http://dx.doi.org/10.1016/j.marpolbul.2021.112002
http://dx.doi.org/10.1016/j.marpolbul.2021.112002
http://dx.doi.org/10.1016/j.marpolbul.2021.112002
http://dx.doi.org/10.1016/j.marpolbul.2021.112002
http://dx.doi.org/10.1016/j.marpolbul.2021.112002
http://dx.doi.org/10.1016/j.marpolbul.2021.112002
http://dx.doi.org/10.1016/j.marpolbul.2021.112002
http://dx.doi.org/10.1016/j.marpolbul.2021.112002
http://dx.doi.org/10.1016/j.marpolbul.2021.112002
http://dx.doi.org/10.1016/j.marpolbul.2021.112002
http://dx.doi.org/10.1016/j.marpolbul.2021.112002

	1 Introduction
	2 Methods
	2.1 Sampling
	2.2 Chemical analysis
	2.3 Baseline calculation
	2.3.1 Normalization method
	2.3.2 Cumulative frequency curve method


	3 Results
	3.1 Metal contents in the sediment
	3.2 Baseline value establishment

	4 Discussion
	4.1  Different inert elements in normalization method
	4.2 Different cumulative frequencies corresponding to an inflection point in the cumulative frequency curve method
	4.3 Differences in the baseline values from two methods
	4.4 Comparison of baseline values considering average and median values
	4.5 Comparison of baseline values with other baseline values

	5 Conclusions
	Acknowledgements
	References

