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Abstract

Trace metals emitted from human activities may have penetrated into the deep seas, and the underlying control
mechanisms remain poorly understood. Sinking particles collected by moored time-series sediment traps from
the northern South China Sea (NSCS) basin showed significant enrichment of anthropogenic aerosol Pb relative
to lithogenic Fe. Total mass flux was primarily driven by seasonal primary production, and significant positive
correlations were found between Pb/Fe flux and major biogenic components, indicating the crucial role of
the biological pump in Pb/Fe scavenging in the water column. Notably, Pb exhibited 30-50 times higher affinity
to biogenic components than Fe. A comparison was made between the enrichment factors of Fe and Pb in
aerosols, euphotic particles, and sinking particles, which revealed that Pb exhibited significantly higher particle
reactivity than Fe. This higher particle reactivity may encompass processes such as adsorption/desorption,
bioaccumulation and decomposition release. The differential scavenging behavior of Pb suggested that the
majority of Pb was rapidly scavenged in the euphotic zone and was preferentially released for accumulation in the
twilight zone. This accumulation may further outflow through the Luzon Strait and result in the high dissolved Pb
concentration observed in the subsurface water columns in both the NSCS and western Pacific Ocean. The rest of
anthropogenic Pb in sinking particles tended to penetrate into deeper water layers and continue to be released
below the twilight zone. These findings provide new insights into the biogeochemical cycling of trace metals
originating from anthropogenic aerosols in marginal seas and serve as an example of the fate of other
anthropogenic atmospheric pollutants.
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1 Introduction

Human activities have significantly increased the release of
trace metals into the atmosphere and the ocean. Among the
trace metals, Pb (as a harmful toxin) is considered to represent
a “global geophysical experiment”, demonstrating the striking
effect humans have existed on the natural environment (Gamo,
2020). These activities, including vehicle emissions, coal
combustion, metal smelting and other industrial emissions,
contribute to the majority of Pb enrichment in the upper ocean,

primarily through aerosol deposition (Li et al., 2012; Pinedo-
Gonzalez et al., 2020; Zhu et al., 2020; Zhang et al., 2022b). The
deposited anthropogenic aerosol Pb is transferred to the meso-
pelagic/bathypelagic zone, would impact the ecosystems and
the biogeochemical cycling of Pb in the deep ocean, especially in
regions with high aerosol inputs (Mahowald et al., 2018). Due to a
lack of observational data in the ocean, the transport behavior of
Pb from the atmosphere to the deep ocean remains poorly un-
derstood.
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Marine sinking particles containing biogenic and lithogenic
matter play a vital role in transporting materials from the surface
to the deep ocean, thus can provide valuable information on the
behavior of oceanic sinks of trace metals originating from anthro-
pogenic aerosols. Prior sediment trap studies suggest that pos-
sible anthropogenic aerosol signals of various trace metals, such
as'V, Zn and Pb in sinking particles from the North Pacific West-
ern Subarctic Gyre and Sargasso Sea (Jickells et al., 1984; Lam-
borg et al., 2008; Huang and Conte, 2009), and Cd, Cu, Ni, Zn in
sinking particles of the norhtern South China Sea (NSCS) (Ho et
al., 2009, 2011; Takano et al., 2020; Liao et al., 2021). A recent
study showed that anthropogenic aerosol Zn can account for up
to 90% of the total Zn in sinking particles at 3 500 m in the NSCS
(Liao et al., 2021). Nevertheless, due to the limited available data
on sinking particles and simultaneous measurements of major
components and typical trace metals, the mechanistic under-
standings of the scavenging and transfer of anthropogenic Pb
from the surface to the deep ocean remains unclear.

The South China Sea (SCS), the largest marginal sea in the
North Pacific Ocean, receives a tremendous amount of atmo-
spheric materials, including Asian-sourced dust and coastal
countries-originated anthropogenic aerosols (Chen et al., 2023a).
Current studies have already demonstrated that anthropogenic
aerosols are the dominant source of dissolved and particulate
trace metals in the NSCS surface waters (Ho et al., 2007, 2010),
and spatial distributions of aerosol optical depth (AOD) differ
seasonally (Lin et al., 2009; Chen et al., 2023a). Since monsoon-
driven primary productivity is regarded as the main controlling
factor influencing the total mass flux (TMS) of sinking particles in
the SCS (Li et al., 2017; Zhang et al., 2019), a one-year time-series
sediment trap was deployed in the NSCS basin to quantify the
particulate trace metal fluxes (Al, Fe and Pb) and to examine the
relationships of metal fluxes with the major components of sink-
ing particles. This work aims to investigate the signals of anthro-
pogenic Pb in sinking particles and gain a better understand of its
scavenging behavior during transfer to the deep ocean.
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2 Methods

2.1 Sample processing and major components analyses

Three time-series moored sediment traps (Mark 7G-21) were
deployed at the SCS-N station (18.5°N, 116°E, bottom depth of
3 736 m) at approximately 1 000 m, 2 150 m and 3 200 m during a
period from June 2009 to May 2010 (Fig. 1a). Twenty samples
were collected at each depth with a cone area of 0.5 m? and a 16-
day sampling interval for each cup (one sample was missing at
3 200 m). Before deployment, the acid-washed sample cups
(Polypropylene, Nalgene) were filled with a brine solution con-
taining guarantee reagent grade 35 g/L NaCl and 3.3 g/L HgCl,
(Ran et al., 2015; Zhang et al., 2019). After recovering the traps,
the sample cups were detached, sealed and then stored at 4°C for
later analysis.

The method for the analysis of major components [organic
matter, CaCO,, opal and lithogenic matter (LM)] in sinking
particles is detailed by Lahajnar et al. (2007) and particulate or-
ganic carbon Ran et al. (2015). Total organic matter (OM) was de-
rived from particulate organic carbon (POC)x1.8 (Miiller et al.,
1986). Briefly, an empirical equation (Honjo, 1996) was used to
describe the relationship among these major components:

Lithogenic matter flux = Total particle flux—
CaCOs flux — OM flux — opal flux.

2.2 Trace metal analyses

Al, Fe and Pb contents were determined following Liao et al.
(2021). Sinking particles were predigested with a 3 mL mixture of
super pure HNO,-HF (1:5, v/v) in PFA vials at 110°C overnight on
a hot plate in a fume hood in a clean laboratory. Then, the
samples were evaporated to dryness at 110°C on a hot plate. After
drying, the samples were added to a 3 mL mixture of super pure
HNO,-HF (1:5, v/v) again and placed in a digestion tank to fully
digest for 48 h in an oven at 190°C. Subsequently, a 3 mL mixture
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Fig. 1. The location of the SCS-N (18.5°N, 116°E, water depth 3 736 m) sediment trap mooring station in the northern South China Sea
with the diagram of the three synchronized traps array structure to the right (a). The time-series of wind (b), 8-day average AOD, daily
precipitation and surface Chl a data (c) at the SCS-N station during June 2009 to May 2010. Blue shade in b and c indicates northeast
monsoon, the grey dashed line denotes the dust storm event in 19-21 March 2010.



28 Li Weiying et al. Acta Oceanol. Sin., 2024, Vol. 43, No. 11, P. 26-33

of super pure 50% HCl and HNO, (4:1, v/v) was added to the di-
gestion solution at 110°C for 6 h, and then the solution was evap-
orated to dryness. To remove residual HF and HCI, the dried
samples were redissolved in 3 mL of 50% ultrapure HNO, and
evaporated to dryness at 110°C. Then, the dried samples were al-
lowed to redissolve in 3 mL of 50% ultrapure HNO, again
overnight at 110°C. Finally, the samples were diluted sequen-
tially with 2% ultrapure HNO, for Pb analysis by inductively
coupled plasma-mass spectrometry (ICP-MS, Thermo Fisher,
iCAP-RQ). Al and Fe were measured by inductively coupled
plasma-optical emission spectrometry (ICP-OES, Agilent 5110).
The analytical precision was within 3% for the range of data
presented.

The background concentrations of Al, Fe and Pb in the trap
solution were basically below the detection limit or at low levels
(ng/L), which were much lower than (at least two orders of mag-
nitude) their concentrations in the final diluted samples of sink-
ing particles, indicating negligible contamination from the brine
solution.

2.3 Remote-sensing and modeling data

Daily wind and surface Chl a data were downloaded from the
Copernicus Marine Service (https://marine.copernicus.eu/),
with horizontal resolutions of 0.125° x 0.125° and 4 km x 4 km, re-
spectively. The 8-day mean AOD data from MODIS-Aqua at 550 nm
during the study period were downloaded from Giovanni
(http://giovanni.gsfc.nasa.gov), with a 1° x 1° horizontal resolu-
tion. Daily precipitation data were obtained from the Asia-Pacific
Data Research Center (http://apdrc.soest.hawaii.edu.), with a 0.67° x
1.25° horizontal resolution.

2.4 Calculations and statistical analysis

Al, as a popular lithogenic tracer, was strongly correlated with
the lithogenic matter observed (Fig. S1,Table S2). Thus, we use Al
content to calculate the enrichment factor (EF), which is widely
used to characterize the predominant origins, e.g., natural or an-
thropogenic origins, of trace metals in various substances (aero-
sols, sinking particles and sediments) (Hsu et al., 2010; Xu et al.,
2016; Conte et al., 2019). The EF value is described by the follow-
ing equation:

_ [M]/[Al]particle
 [MI/[Al g

where [M]/[Al],,c1 is the concentration ratio of a given trace
metal (M) to Al in sinking particles, and [M]/[Al],,,, is the con-
centration ratio of a given trace metal (M) to Al in the average
crustal abundance (Hu and Gao, 2008). Generally, an EF value >2
is considered to indicate a significant effect of human activities.
Pearson’s correlation coefficient square (R?) was utilized to
investigate the relationships between the fluxes of Al, Fe, Pb and
particle major components, using a significance level of p < 0.05.

3 Results and discussion

3.1 Seasonal atmospheric deposition and downward export of Fe

and Pb via sinking particles

As shown in Figs 1b and ¢, during our trap sampling period,
the average wind speed was (7.0 + 3.3) m/s, ranging from 1.2 m/s
to 15.4 m/s, with the northeast monsoon prevailing from Octo-
ber 2009 to early February 2010, and the southwest monsoon pre-
vailing from June to August 2009. Aerosol loading was expected
to be higher during the northeast monsoon period due to long

range transport. However, the 8-day mean AOD (1° x 1° and 3° x
3°) data did not reveal high values within our study area. At the
end of March 2010, a significant peak appeared due to the inva-
sion of a strong Asian dust storm (Wang et al., 2012). Precipita-
tion, which can efficiently remove aerosols, was much less in
winter and spring than in summer and autumn. In contrast, sur-
face Chla (1° x 1° and 3° x 3°) displayed a significant seasonal
pattern with a strong and sustained peak during the northeast
monsoon period. Previous studies have discussed that the higher
primary productivity observed in winter can be attributed to in-
tensive mixing and prominent nutrient supply caused by the
northeast monsoon and surface cooling, while the lower surface
Chl a observed may be limited by the nutrient supply due to the
strong stratification that occurs during the weaker southwest
monsoon (Ran et al., 2015; Tan et al., 2020). Overall, during our
sampling period, rainfall in summer did not stimulate productiv-
ity as shown by surface Chl a and the low AOD in winter sugges-
ted that enhanced productivity was mainly caused by persistent
unidirectional wind-induced nutrient supply.

The fluxes of total mass, Al, Fe and Pb (Figs 2a-d, Table S1) at
each depth were generally higher in November 2009 to May 2010
(defined as the high particle flux period) than months from July
to October 2010 (defined as the low particle flux period). This
seasonal pattern was basically consistent with surface Chl g, in-
dicating that sinking particle fluxes at SCS-N station are primar-
ily driven by primary production. A similar pattern of sinking
particles fluxes is observed at the Southeast Asian Time-series
Study (SEATS) station (18°N, 116°E) near our study site (Ho
etal., 2011; Liao et al., 2021). The average mass fluxes of Al, the
most abundant trace element in sinking particles, were approx-
imately two times higher than the fluxes of Fe at all depths.
The average mass fluxes of Fe were (2.7 + 2.2) mg/(m?3-d), (3.3 +
1.8) mg/(m?-d) and (3.2 + 1.3) mg/(m?-d) at 1 000 m, 2 150 m and
3200 m, respectively. These values were comparable with those
data reported at the SEATS station (Ho et al., 2011). The average
mass fluxes of Pb were two orders of magnitude lower than those
of Al and Fe, with average values of (4.9 + 2.5) pg/(m?2-d), (5.6 +
2.6) pg/(m?-d) and (5.0 + 1.5) pg/(m?2-d) at 1 000 m, 2 150 m and
3200 m, respectively. Worthwhile to note that surface Chl a in-
creased continuously from September until early February, but
for the 1 000 m trap the Al, Fe and Pb fluxes increased dramatic-
ally in late October, peaked in in late November and then de-
creased gradually. During the early stage of the northeast mon-
soon, these peaks showed a one-month lag time as the depth in-
creased while during the dust event the peaks appeared syn-
chronously in the 1 000 and 2 150 m traps and disappeared in
3200 m. This is in accordance with the previously estimated sink-
ing rates of 30-50 m/d from the sea surface to a 1 000 m depth in
the NSCS, and 50-100 m/d during an Asian dust event (Ran et al.,
2015). The inconsistency in temporal patterns among AOD, Chl a
and trace metal fluxes at the same site within 3° x 3° warrants ex-
planation.

3.2 Sources of Fe and Pb in sinking particles in the NSCS

The EFp, in all samples were relatively uniform throughout
the sampling period, with no significant seasonal variations
(Fig. 2e). The average EFy, of all three trap depths was 1.2 + 0.1,
ranging from 1.1 to 1.5, which was very close to 1. Additionally, a
strong positive correlation was observed between Fe and Al flux,
and the intercept approached zero (Fig. S1). These results indic-
ated that Fe was predominantly derived from lithogenic material,
which is consistent with previous studies on sinking particles
(Huang and Conte, 2009; Ho et al., 2011; Conte et al., 2019; Pull-
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Fig. 2. The temporal variations of total mass flux (TMF) (a), Al flux (b), Fe flux (c), Pb flux (d), EF, (e) and EFy,, (f) of sinking particles.
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the low and high particle flux period. The arrow with numbers 1, 2 and 3 represent the three uncommon samples with abnormal bio-

genic relationships.

wer and Waniek, 2020; Traill et al., 2022). In contrast, the correla-
tion between Pb and Al fluxes was weaker than that of Fe and Al,
and the intercept did not pass through zero (Fig. S1). The EF,
ranged between 1.2 and 7.6, with an average of 3.3+ 1.9 at 1 000 m
trap depth, which was higher than that of 2 150 m (p = 0.31) and
3200 m (p < 0.05). The values at two deeper depths were aver-
aged on 2.4 + 0.6 and 2.1 + 0.6, ranging from 1.5 to 3.7 and 1.5 to
3.3, respectively (Fig. 2f). At each trap depth, 79%, 70% and 40%
of samples had EF,, values greater than 2, suggesting that an-
thropogenic sources contribute significantly to Pb flux in sinking
particles, especially at that shallow and middle depths.

Since the SCS-N station is not affected by river discharge (Tan
et al.,, 2020; Zhang et al., 2022a) and sinking particulate organic
carbon for the entire water column is dominated by vertically set-
tling fresh marine POC (84%-91%) with a small contribution
from lateral transport (Zhang et al., 2022a), the most likely source
of anthropogenic Pb is aerosol deposition. This inference is sup-
ported by multiple studies that highlight the significant impact of
anthropogenic aerosols on dissolved Pb concentrations and iso-
tope ratios in the marginal seas of China (Liao and Ho, 2018; Wu
et al., 2018; Nakaguchi et al., 2021; Zhang et al., 2022b; Chen
et al., 2023b), as well as recent concerns about the impact of fuel
consumption for ship traffic on Pb pollution in marine shipping

areas (Xie et al., 2022). In addition, the contribution of anthropo-
genic aerosol deposition to elements such as Cd, Cu, Ni and Zn in
sinking particles in the NSCS has been confirmed (Ho et al., 2009,
2011; Takano et al., 2020; Liao et al., 2021).

Intriguingly, a noticeable asymmetric signature of Pb and
EF,, was observed at all depths. This was characterized by low Pb
flux but high EF,, during the low particle flux period and high Pb
flux but low EF,, during the high particle flux period (Figs 2d and
f). Unlike Fe, which had relatively uniform EFy,, the EF}, varied
over time and vertical space for Pb, indicating that Pb behaves
differently from Fe in sinking particles (Figs 2e and f).

3.3 Vertically differential scavenging between Fe and Pb

To investigate the vertical differential scavenging of Fe and Pb
in the water column, we compared the vertical spatial distribu-
tions of EFy,, and EF}, in this study with the data for reported aer-
osols, sinking particles (30 m, 100 m and 160 m) and sediments
(Figs 3aand b).

In general, Fe was slightly enriched in sinking particles in the
upper ocean (Fig. 3a). The vertical distribution of EF,, showed an
extreme value in the euphotic zone due to the biological utiliza-
tion of Fe, which is an essential micronutrient for phytoplankton,
and then decreased in the twilight zone as a result of biogenic
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matter decomposition. However, in the bathypelagic zone, the
vertical profile of EF, remained relatively constant (close to 1),
similar to that in the sediments, implying an equilibrium of Fe re-
moval.

Pb is a nonbioactive element; however, it can be adsorbed
onto sinking particles due to its particle-reactive properties. As
shown in Fig. 3b, when highly Pb-enriched anthropogenic aero-
sols settle, the intensity of Pb scavenging through adsorption and
bioaccumulation (Noriki et al., 1985; Pohl et al., 2004) was two or-
ders of magnitude greater than that of Fe in the euphotic zone. In
the twilight zone, EF, in sinking particles decreased dramatic-
ally from 160 m (83 + 44) to 1 000 m (3.3 £ 1.9). The nearly paral-
lel vertical distribution of EF,;, and POC : Al in sinking particles
suggested that Pb is scavenged onto organic matter (Figs 3b and
c). In the twilight zone, with the intensification of organic particle
decomposition, a large amount of Pb may be released from the
particulate phase and accumulate in this layer. This could be one
of the important reasons for explaining why the maximum con-
centration of dissolved anthropogenic Pb was found in the sub-
surface layer in regions with high aerosol inputs (Zhang et al.,
2022b; Chen et al., 2023b). Based on the three-layered structure
of the SCS (Wang et al., 2019) and a previous study suggesting
that organic carbon can be exported into the adjacent North Pa-
cific by the intermediate waters of the SCS (Dai et al., 2009), the
accumulated dissolved Pb in the twilight zone may also outflow
to the Pacific Ocean through the Luzon Strait.

Even though the majority of anthropogenic Pb was rapidly
scavenged and released in the upper ocean, there was still a por-
tion of anthropogenic Pb that could be transported to the deep
ocean via sinking particles. Recently, researchers used dissolved
Pb isotopes data and modeling to demonstrate that dissolved an-
thropogenic Pb can be transported from the upper to the deep
Pacific Ocean by reversible scavenging within high-productivity
stations (Lanning et al., 2023). In this study, anthropogenic Pb
enrichment in sinking particles provided direct evidence of the

possible exchange of dissolved and particulate anthropogenic Pb
in the deep ocean. However, in contrast with the gradually de-
creased POC : Al during the low and high particle flux periods,
EF,, exhibited two different trends at different levels of particle
flux (Figs 3b and c). During the high particle flux period, EF;,
remained relatively constant (EF,, equal to 2.1 + 0.6, 2.0 £ 0.3,
and 1.9+ 0.3 at 1 000 m, 2 150 m and 3 200 m, respectively). Dur-
ing the low particle flux period, EF,, gradually decreased with
depth (EF,, equalto 5.3 +1.5,3.1+ 0.4, and 2.5+ 0.7 at 1 000 m,
2 150 m and 3 200 m, respectively). This distinguishing behavior
of Pb, between low and high particle flux periods, needs to be in-
vestigated in more detail to better elucidate Pb scavenging
throughout the entire water column.

3.4 Biogenic matter facilitates the scavenging of Pb to the deep sea

Biological mechanisms, including biological uptake and the
use of biogenic particles as adsorbents, may be effective in re-
moving trace metals originating from aerosols to the deep ocean
(Ho et al., 2011; Liao et al., 2021). This proposed mechanism is
currently based on the observation that the bioessential trace
metal to P ratios in sinking particles are much higher than their
intracellular quotas in surface waters (Ho et al., 2011) and the
correlation between trace metals and P or organic-C (Takano
et al., 2020). In fact, the transport of anthropogenic aerosol trace
metals in sinking particles is complex, involving the production
and remineralization of biogenic particles, the increase and ac-
cumulation of lithogenic particles and reversible scavenging dif-
ferences in the high or low particle flux periods (Jickells et al.,
1990; Lam and Marchal, 2015; Lanning et al., 2023).

In our study, in both the low and high particle flux periods, of
the four major components of sinking particles, the flux of Fe was
most strongly correlated with the flux of lithogenic matter (R? =
0.95), as expected, but it was also closely related to opal (R? =
0.82), organic matter (R? = 0.75), and CaCO, (R? = 0.56) (Fig. S2).
These result suggest that while the particulate flux of Fe is pre-
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dominantly controlled by lithogenic matter (account for 29.9% +
8.7% of the total sinking particles), biogenic carrier materials can
also contribute significantly. The flux of Pb exhibited the
strongest correlation with the flux of organic matter (R? = 0.77),
followed by opal, lithogenic matter and CaCO, (R? equal to 0.72,
0.70 and 0.58, respectively), implying that the coupling and trans-
port of anthropogenic Pb were primarily regulated by organic
matter, that is, biological control. Since biogenic matter as the
bulk component of sinking particles (account for 70.1% + 8.7% of
the total sinking particles) can adsorb lithogenic and anthropo-
genic particles, the above significant relationships Fig. S3 (p < 0.000 1)
suggested that the biological pump could play an important role
in anthropogenic Pb scavenging in the water column.

Furthermore, EF, was only slightly affected by an increase in
the flux of major components (Fig. $3). This indicated that Fe in
sinking particles at all three sampling depths originated primar-
ily from a stable lithogenic source derived from the crust, includ-
ing atmospheric dust deposition, sediment resuspension, lateral
advection of suspended clay particles, and other lithogenic
particles from ocean margins (Liu et al., 2014; Zhang et al., 2019;
Kim et al., 2020). For anthropogenic Pb, EF,, tended to be con-
stant with increasing flux of the four major components, imply-
ing that any increase in material flux will dilute the signal of Pb,
particularly lithogenic matter flux (Fig. $3). The EF,, of 1.2 after
the dust storm event can also reflect the dilution effect due to the
input of a large amount of lithogenic material (Fig. 2f). Com-
bined with the biological control, we hypothesized that EF,, in
sinking particles is primarily controlled by the interaction of bio-
genic enrichment and lithogenic dilution.

In fact, as shown in Fig. 4, the relatively uniform EF, values
showed slightly positive correlations with OM : LM, opal : LM and
CaCO, : LM ratios, while EF,, displayed significantly positive cor-
relations (R2 equal to 0.78, 0.65 and 0.52 respectively, all p < 0.000 1).
Based on their correlations, we found that Pb exhibited 30-50
times higher affinity to biogenic components than Fe, further in-
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dicating that the downward transport of anthropogenic Pb was
regulated by biogenic components. Except that the three uncom-
mon samples with abnormal biogenic relationships (Figs 2, 4 and
S2), which may be affected by the low anthropogenic Pb supply.
More specifically, we observed that the higher EF}, values were
associated with higher ratios of biogenic matter (organic matter,
opal and CaCO,) to lithogenic matter at each depth during the
low particle flux period (Fig. 4). This confirms our hypothesis that
biogenic enrichment superimposed by lithogenic dilution results
in differential Pb scavenging behavior in space and time. Al-
though marine primary productivity was much higher in the high
particle flux period and the adsorption of substantial lithogenic
matter can increase total flux, forming a “ballast effect”, it would
also dilute biogenic components and decrease the Pb enrich-
ment signals. In contrast, the lower primary productivity but
purer biological processes emphasized the role of the biological
pump in scavenging Pb during the low particle flux period. This
unique differential scavenging pattern of Pb in the NSCS contrib-
utes to a better understanding of the biogeochemical cycling of
trace metals originating from anthropogenic aerosols in the wa-
ter column.

4 Conclusions

In this study, the sources, seasonal and vertical variability,
and enrichment of Fe and Pb in sinking particles were investig-
ated in the NSCS. The results showed that Fe was predominantly
of lithogenic origin, whereas Pb had strong anthropogenic aero-
sol contributions. Seasonal variability analysis showed that the
fluxes of total mass and Pb/Fe were mainly driven by primary
production. The vertical distribution of EF,, and EF, revealed
that Pb has a higher intensity of downward scavenging onto or-
ganic matter compared to Fe in the euphotic zone, and may ac-
cumulate in the twilight zone due to the decomposition of organ-
ic particles. Additionally, the fluxes of Pb/Fe were strongly correl-
ated with major biogenic components, and Pb exhibited 30-50
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Fig. 4. Correlation between the EF,, EFp, and the ratios of OM : LM, Opal : LM, and CaCO, : LM, respectively. OM and LM represent
organic matter and lithogenic matter, respectively. Full and hollow symbol denote, respectively, the low and high particle flux period.
The arrow numbers 1, 2 and 3 represent the three uncommon samples with abnormal biogenic relationships. Shades of dark grey and
light grey represent 95% confidence band and prediction band, respectively.
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times higher affinity for biogenic components than Fe, highlight-
ing the biological control on Pb scavenging. With increasing and
sustained inputs of anthropogenic aerosols in the NSCS, the ac-
cumulation of dissolved anthropogenic Pb in the twilight zone
could potentially extend from the SCS to the Pacific Ocean, while
the scavenging of Pb by biogenic matter will also have an ongo-
ing impact on the deep sea.
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