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Abstract 210Pb is an effective tracer of constraining par-

ticle transport and sedimentation in shelf regions. To reveal

the spatial pattern of 210Pb over the East China Sea (i.e. ECS)

Shelf, 210Pb in the surface sediments were examined at 11

stations, as well as 234Th and 210Pb in the water column at

four stations. Overall, the plume zone of the Yangtze River

along the coastline is a source area of 210Pb for the outer

shelf, exporting 0.46 dpm cm-2 year-1 at least, which

accounts for about 25 % of 210Pb input into this region. In the

southern ECS Shelf to the north of the Taiwan Strait, the

focusing factor (f) values are higher than unity, indicating a

sink area of 210Pb. Boundary scavenging of 210Pb contributes

0.36 dpm cm-2 year-1 to this sink area on the basis of a

mass balance model evaluation. Lateral transport of 210Pb to

this region, quantified by 234Th and 210Pb in the water col-

umn, varied from 3.34 to 6.39 dpm cm-2 year-1 with an

average of 4.83 dpm cm-2 year-1, also supporting its sink

characteristic. To the southwest of the Cheju Island, the

f values were less than unity, revealing a source region of
210Pb. The average export flux of 210Pb from this region was

1.64 dpm cm-2 year-1. Therefore, 210Pb sedimentation/

settling showed significantly heterogeneous sedimentation

of particulate matter over the ECS Shelf.

Keywords 210Pb � Boundary scavenging � 234Th �
East China Sea � Lateral transport

Introduction

The East China Sea (ECS), situated in the western Pacific

Ocean, is one of the most affected marginal seas by

anthropogenic activities in the past 30 years, because its

coastal cities witnessed the most rapid development of

Chinese economy. The current system of the ECS mainly

consists of a northward Kuroshio branch along the shelf-

slope edge, the Taiwan Warm Current from the Taiwan

Strait and the southward Zhejiang-Fujian Coastal Current

along the coastline of Chinese mainland [1]. The Yangtze

River is the primary sediment contributor of the ECS Shelf.

Before 1980s, the ECS Shelf received about 4.8 9 108 tons

of particulate matter from the Yangtze River every year [2].

Thereafter, the sediment load from the Yangtze River has

significantly dropped because of a large number of dams

were built which depressed the sediment transport [3, 4]. Due

to the strong currents and tides in the ECS, the sedimentation

of suspended particles on the shelf shows a fairly heteroge-

neous distribution pattern [5]. For example, there are two

mud type sediment patches in the inner ECS Shelf and to the

south of the Cheju Island [6–9]. Their sedimentation mech-

anisms and special impacts upon local ecosystems have been

investigated by many researchers [3, 4, 8, 9]. Xu et al. [3]

and Liu et al. [8, 9] examined the composition and source of

inner shelf sediments. Huh et al. [5] and Su et al. [10] studied

the sedimentary dynamics and budget of the ECS Shelf

sediment using radionuclide tracers (137Cs and 210Pb).

However, the lateral transports of dissolved and particulate

matters are poorly understood, which prevent us from

learning about the interactions between various areas and

successive ecological effects over the ECS Shelf, especially

after the building of the Three Gorges Dam which resulted in

an apparent decreasing of sediment load and a wave of

unexpected ecological variations on the ECS Shelf [11].
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210Pb is a strong particle reactive radionuclide with the

half-life of 22.3 year. It has been proven to be an effective

proxy of sedimentary process over centurial timescale in

coastal and shelf regions [5, 10, 12]. Owing to its combi-

nation with particulate matters, 210Pb is usually removed

from the water column and settles into sediment. After

being buried, 210Pb decreases exponentially with time

following its half-life, hence the activities of 210Pb in deep

sediment is lower than the surface sediment under steady

state conditions. Because the decay of 210Pb is independent

of surrounding environments, the vertical profiles of 210Pb

in sediments record the sedimentation rates which can be

used to quantify sedimentation of particulate matters in

overlying water and subsequent lateral transport [10, 13].

To reveal the sedimentation and lateral transport of 210Pb

over the ECS Shelf, 210Pb was determined in 11 surface

sediment samples, as well as 210Pb and 234Th in the water

columns at 4 stations. The focusing factor and mass balance

models of 210Pb were also used to quantitatively examine

the boundary scavenging and resuspension processes.

Methods

Sampling sites

Three regions were selected for their specific sedimentation

characteristics and geographical locations (Fig. 1). The

coast, influenced by the Yangtze River plume, is generally

regarded as a high sedimentation rate. However, whether it

receives/provides sediments from/for the outer shelf has

not been well understood. The mud region to the south of

the Cheju Island has shown little variable sedimentation in

the past 150 years [13], its sediment origins have been

arguable to date. The southern shelf of the ECS, i.e. to the

north of the Taiwan Strait, is the interface connecting the

South China Sea (SCS) and the ECS. Seawater from the

SCS and western Pacific Ocean, characterized by higher

dissolved 210Pb than the Taiwan Strait [14–16], has been

directly transported into this region. Theoretically, bound-

ary scavenging most probably occurs in this area. Thus, the

three regions represent typical sediment environments on

the ECS Shelf. Particle reactive 210Pb might reveal insights

into their sedimentation dynamics.

Analysis of 210Pb and 226Ra in sediment

Samples were collected from the top 0–3 cm surface sedi-

ment using a box-corer over the ECS Shelf (Table 1) and

frozen at -20 �C. In the land laboratory, sediment samples

were freeze dried and homogenized. Activities of 210Pb and
226Ra were measured by non-destructive gamma counting

using a Canberra ultra-high purity germanium detector

interfaced with a multi-channel analyzer, at 46.4 and

351.6 keV for 210Pb and 226Ra [17, 18], respectively. The

net counts of 210Pb and 226Ra were more than 400 and 1,000

respectively, resulting in the statistical counting errors were

\5 % for 210Pb and 3 % for 226Ra. The detector efficiencies

were calibrated by standard materials [19]. All activities of
210Pb and 226Ra were corrected to the sampling time.

Analysis of 234Th in the seawater

Four stations (i.e. S1002, S1004, S1008 and S0508) were

selected to determine both 234Th and 210Pb in seawater. For
234Th, 10 L of seawater at various depths were sampled by

Niskin bottles. Particulate and dissolved 234Th were

immediately separated through GF/F filter. Two liters of

filtrate were used to determine dissolved 234Th [20, 21].

After adding NH4OH to adjust the pH value to 9, right

amounts of KMnO4 and MnCl2�4H2O were successively

added while stirring. The MnO2 precipitate was settled for

6 h, and collected by GF/F filter. The filters, carrying

particulate 234Th and MnO2, were dried at 60 �C. The

activities of dissolved and particulate samples were mea-

sured by low background a/b counter. The errors were

propagated from ±1 r counting errors.

Analysis of 210Pb in seawater

210Pb in seawater was measured by a-spectrometry

(ORTECplus) via its granddaughter of 210Po. Detailed

procedures were described by Yang et al. [22] and modified

Table 1 Sampling dates and the salinity of surface water at various

stations

Station Latitude

(N)

Longitude

(E)

Depth

(m)

Surface

salinity

(psu)

Sampling

date

F0502 31�25.2540 122�42.5350 43 33.591 2007-11-20

F0701 29�19.7990 122�14.7450 14 26.171 2007-11-19

F0703 29�07.6640 122�38.5310 54 34.063 2007-11-19

F0802 27�45.1610 121�26.8850 29 28.727 2007-11-16

F0803 27�38.4530 121�39.4280 46 33.504 2007-11-16

F1004 26�22.5620 121�18.2460 81 34.077 2007-11-15

FFJ-102 31�14.9320 125�51.4700 66 34.014 2007-11-08

FFJ-103 31�39.9780 125�51.6710 69 33.961 2007-11-07

FFJ-104 32�01.7780 125�52.3580 78 33.682 2007-11-07

C1002 26�43.2530 120�46.9720 48 33.931 2009-05-07

FJA 30�58.6140 122�40.6510 22 n.d. 2009-05-10

S1002 26�43.3750 120�47.1030 50 32.216 2006-06-28

S1004 26�22.5630 121�18.2530 79 33.074 2006-06-28

S1008 25�35.3870 122�36.5120 372 33.562 2006-06-30

S0508 30�50.7650 125�51.2420 75 32.453 2006-07-12

n.d. no data
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in this study. Briefly, 5 L of seawater was filtered through

polycarbonate membrane filter with 0.4 lm pore size. The

filtrate, i.e. dissolved 210Pb, was acidified with 4 mol L-1

nitric acid to pH \ 1, and then Fe3? carrier (FeCl3),

quantified Pb2? and 209Po were added as 210Pb and 210Po

yield tracers. After 24 h, ammonia was added to adjust the

pH value to 9, Po and Pb were co-precipitated with

Fe(OH)3, which was collected by settling and centrifuga-

tion. The precipitation was dissolved with HCl. By

adjusting the pH value to 1.5 and adding ascorbic acid to

combine Fe3?, Po isotopes (209Po and 210Po) were plated

onto a sliver disc at 90 �C for 4 h. Particulate samples were

digested by mixed acid (i.e.HNO3, HClO4 and HF) after Pb

and Po spikes were added. The following plating proce-

dures of polonium isotopes were the same as used for the

dissolved samples. 210Pb in both dissolved and particulate

samples were determined by ingrowth 210Po after

1.5 years. The chemical yield of 210Pb was determined by

stable lead measured by atomic absorption spectrometry.

The net counts of 210Po were more than 400, thus the

counting errors were \±5 %.

Results and discussion

Excess 210Pb

Excess 210Pb (i.e. 210Pbex), exceeding its grandparent of
226Ra, is the unsupported 210Pb, which can be quantified by

subtracting 226Ra activity from the total 210Pb. Generally,
210Pbex in sediment is from 210Pb combined with

particulate matter in overlying seawater due to its stronger

particle reactivity contrasting with 226Ra. Because 210Pbex

decayed after sedimentation, comparison of 210Pbex activ-

ities at different sites requires normalization back to its

initial deposition time. In our study, the top 3 cm sediment

was collected, thus the measured activities of 210Pbex need

to be corrected according to the sedimentation rates at

corresponding stations.

Provided that Ai is the 210Pbex activity for infinitesimal

layer (i), it can be expressed as

Ai ¼ A0e�kti ð1Þ

where A0 represents the 210Pbex activity when 210Pb sinks

into sediment (i.e. 210Pbex
0 in dpm g-1), ti denotes the age

of i layer (year). In a steady state, the inventory of 210Pbex

(i.e. I in dpm cm-2) in the top 3 cm sediment can be

calculated by

I ¼
Z T

0

Aimvdt ¼
Z T

0

A0mve�ktdt ð2Þ

where mv represents the sediment accumulation rate in

g cm-2 year-1, which were constrained by 137Cs [10, 23],

T is the deposit time for the top 3 cm sediment. Based on

our measurements, the inventory of excess 210Pb can be

expressed as

I ¼ AmM ð3Þ

where Am represents the measured excess 210Pb activity in

the top 3 cm sediments (dpm g-1) and M denotes the dry

weight of sediment in g cm-2 (Table 2). Combining the

Eqs. (2) and (3),

Fig. 1 Sampling stations on the

ECS Shelf, circles denote only

surface sediments were

collected, triangles denote only

water samples were collected

and square means both

sediments and water were

collected; arrows represent the

primary circulation in the ECS,

YREZ namely Yangtze River

Estuary Zone
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AmM ¼
Z T

0

A0e�ktmvdt ð4Þ

Because the sedimentation time of the top 3 cm sediment

(i.e. T) can be constrained by M and mv (i.e.T ¼ M=mv), A0

can be acquired by the following equation

A0 ¼ Am
kM

mvð1� e�kM=mvÞ
ð5Þ

The specific activities of excess 210Pb over the ECS Shelf

varied from 0.5 to 6.3 dpm g-1 with an average of

2.6 dpm g-1 (Table 2), which was close to the values in the

East Malaysia coastal sediments [24]. The result at C1002

station was also comparable with that obtained in its adjacent

region [25]. Overall, 210Pbex
0 was low at inshore stations, and

it increased towards outer shelf (Fig. 2). The large variability

of 210Pbex
0 , spanning an order of magnitude, indicated that

210Pb sedimentation over the ECS shelf has a fairly hetero-

geneous spatial distribution pattern. Because excess 210Pb in

the ECS sediments predominantly resulted from the atmo-

spheric deposition of 210Pb [5, 10], which showed little

spatial variability [10, 26], the heterogeneity of 210Pbex
0

potentially revealed the significant spatial variations in 210Pb

sedimentation and thus combined particulate matters.

Focusing factor of 210Pb (f)

The focusing factor (f), defined as the ratio of interested

nuclide inventory within an interval of sediment to theT
a
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Fig. 2 Distribution pattern of 210Pbex
0 over the East China Sea Shelf

J Radioanal Nucl Chem

123



production of the interested nuclide in the overlying water

column over the time of accumulation [27, 28], was used to

quantify the efficiency of 210Pb sedimentation from the

water column to local sediment [29, 30]. The f values of
210Pbex can be described by

f ¼ Fsed

Fatm þ FRa � Fdecay
ð6Þ

where Fatm and Fsed denote the atmospheric flux and sed-

imentation flux of 210Pb (dpm cm-2 year-1), respectively.

FRa is the production flux of 210Pb from 226Ra in the water

column (dpm cm-2 year-1); Fdecay is the disintegration

term of 210Pb in the water column (dpm cm-2 year-1).

Hence, the input and production of 210Pb in the overlying

water column will completely sink to local sediment when

the f is equal to unity. In other words, there is no lateral

transport of 210Pb or the net effect of lateral transport is

neglectable. If the f value is greater than 1.0, part of 210Pb,

from other sites through lateral transport, would settle

down the studied site. The\1.0 f values imply that part of
210Pb at the studied site, as a source, is transported to other

sites.

The atmospheric deposition of 210Pb over the ECS has

been little investigated. Thus, the depositional fluxes of
210Pb at near shore stations around the ECS were adopted.

From the northern city (Qingdao) to the southern site

(Xiamen), the atmospheric fluxes of 210Pb varied from 0.7

to 1.15 dpm cm-2 year-1 in the past 15 years [10, 26, 31,

32]. To conservatively estimate the lateral transport of
210Pb over the ECS Shelf, 1.15 dpm cm-2 year-1 was

adopted as the upper limit of the 210Pb depositional flux in

this study. On the basis of the inventory of 210Pb in the

water column at four stations and the upper limit residence

time of 210Pb, Fdecay was estimated to be\3 % of the Fatm

term and thus it was neglected. The values of FRa can be

calculated by the 226Ra activities of the same cruise [33].

The term of Fsed can be acquired by Eq. (7)

Fsed ¼ A0mv ¼ Am
kMmv

mvð1� e�kM=mvÞ
ð7Þ

The Fsed values varied from 0.10 to 3.01 dpm cm-2 year-1

with the mean of 1.03 dpm cm-2 year-1 (Table 2). In

comparison, it ranged from 0.29 to 1.26 dpm cm-2 year-1,

averaging 0.68 dpm cm-2 year-1 [5] if 210Pb preserved for

five halves (111.5 years) in sediments. Our higher results

were ascribed to the more coastal stations which received

much more riverine 210Pb than the inner and mid-shelf

regions mainly covered by [5]. The values of f ranged

between 0.08 and 2.58 with an average of 0.88 (Table 2,

Fig. 3). In general, the f values increased southwards along

the inner shelf, indicating that sedimentation efficiencies of
210Pb were comparatively higher in the southern area.

However, the f value at F0703 station (2.56) was excep-

tionally higher than the southern stations such as C1002 and

F1004 with the f values of 2.04 and 1.67, respectively.

Therefore, lateral transport contribution of 210Pb to the

F0703 station was much more evident. In contrast, the

f values were much less than unity at stations of FFJ-102,

FFJ-103 and FFJ-104 (0.14, 0.08 and 0.25 for three stations,

respectively), revealing that only part of the atmospheric

deposition of 210Pb settled into local sediment, the majority

of 210Pb was transported to other area probably resulted from

sediment resuspension and strong current (i.e. Yellow Sea

Warm Current).

Lateral transport of 210Pb over the ECS shelf

Evident lateral transport of 210Pb has been observed in the

ECS as approved by the focusing factors. Theoretically,

two potential sources might contribute 210Pb through lat-

eral transport. One is the Yangtze River plume, which

carries amount of terrestrial material including 210Pb. The

other is the boundary scavenging induced by the horizontal

advection and diffusion of higher 210Pb water masses from

the western Pacific Ocean and the South China Sea. Thus, a

mass balance model was adopted to quantify this lateral

transport of 210Pb including river contribution and bound-

ary scavenging terms [10],

oIPb

ot
¼ Fatm þ Friver þ FRa þ Fboundary � Fsed � Fdecay ð8Þ

Fig. 3 Focusing factors of 210Pb on the ECS Shelf, the size of circles
represent the value of focusing factor
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where IPb is the inventory of 210Pb in the water column,

Friver and Fboundary represent the input flux of 210Pb from

the Yangtze River and the boundary scavenging flux of
210Pb (dpm cm-2 year-1). With the steady state

assumption,

Fboundary ¼ Fsed þ Fdecay � Fatm � Friver � kPbIRa ð9Þ

where kPb is the decay constant of 210Pb (0.031 year-1)

and IRa represents the inventory of 226Ra in the water

column (dpm m-2). 210Pb derived from the Yangtze River

was 0.64 dpm cm-2 year-1 [12]. The boundary scaveng-

ing flux of 210Pb, then, was evaluated by Eq. (9).

The Fboundary values at F0502 and FJA stations were

-1.58 and -0.33 dpm cm-2 year-1 respectively (Table 2),

indicating net lateral export of 210Pb from the two stations to

other sites. Notably, although locating near the mouth of the

Yangtze River the Fboundary value of F0502 was fourfold

lower than FJA. The difference was ascribed to the topog-

raphy and different sediment types between F0502 and FJA.

On one hand, there is a submarine canyon between the

mouth of the Yangtze River and F0502 [10]. The northwest

branch of the Taiwan Warm Current (TWC) induces an

upwelling system all the year round when it reaches the

canyon [34–36], which is stronger than the Yangtze River

plume and impedes the Yangtze river derived sediments to

cross over the submarine canyon [10, 36]. On the other hand,

FJA is located at the rim of Qiantang mud patch where

sediment is mainly composited of silt/clay (Fig. 4), which is

characterized by small size, large surface area and thus more

adsorbed 210Pb [37, 38].

For the costal stations close to Zhejiang Province, the

highest Fboundary of 1.20 dpm cm-2 year-1 was observed

at F0703 station (Table 2), followed by F0701 and F0803

with values of -1.13 and -1.05 dpm cm-2 year-1,

respectively. F0802 represents the minimum boundary

scavenging of 210Pb. The Fboundary of 210Pb at F0703 ([ 0)

indicated that this station acquired a large amount of

boundary scavenged 210Pb from open water. On the con-

trary, other three stations, as source sites, exported amounts

of 210Pb to the outer shelf. This contrasting scenario was

attributed to the upwelling at F0703. Men et al. [39], based

on 224Ra isotope, stated that the vertical eddy diffusion

coefficients at F0703 (163 and 84.6 cm2 s-1 in winter and

summer respectively) were several-fold higher than the

average of this area (35.9 cm2 s-1), supporting the

upwelling at F0703. The upwelling carries abundant

nutrients to the surface water and consequently more bio-

genic particulate matter. Due to the strong particle reac-

tivity of 210Pb, the upwelling would result in efficient

sedimentation of 210Pb at F0703. At the same time, the

upwelling also caused the convergence of fine-grained

sediments as revealed by the mud type of sediment [40,

41], which also favor to enrich 210Pb.

The values of Fboundary were 0.57 and 0.14 dpm

cm-2 year-1 at C1002 and F1004 respectively, which

accounted for 31 and 8 % of the total 210Pb input to the

overlying water column at the two stations. These values were

actually underestimated because the two stations are in the far

south of the Yangtze River Estuary, the river contribution

should be less than the input of 0.64 dpm cm-2 year-1 from

Fig. 4 The boundary scavenge

flux of 210Pb (Fboundary) on the

ECS Shelf (sediment types refer

to [9]). Red and blue circles

represent positive and negative

values respectively, while the

size of circle represents the

value of Fboundary
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the river mouth as was adopted in this study. Geographically,

the boundary scavenged 210Pb at C1002 and F1004 most likely

came either from the South China Sea water through the

Taiwan Strait, or from the western Pacific Ocean water via a

branch of Kuroshio into the ECS. Overall, the southern area of

the ECS was a sink of 210Pb, acquiring a considerable amount

of boundary scavenged 210Pb.

To quantitatively examine whether the region, influ-

enced by the Yangtze River plume (called the Yangtze

River Estuary Zone, i.e. YREZ), is an overall source/sink

of 210Pb, eight coastal stations, situated in the plume zone,

were selected (Fig. 1) based on the distribution of 228Ra

[41].The Fboundary values of eight stations varied from

-1.58 to 1.20 dpm cm-2 year-1 with an average of

-0.46 dpm cm-2 year-1 (Table 2). By introducing the

discharge of the Yangtze River [12], the budget of 210Pb in

the YREZ suggested that about 25 % of the total 210Pb was

exported to the outer shelf (Fig. 5), revealing the YREZ as

a source area of 210Pb. Du et al. [12] reported that 35 % of

the total 210Pb was transported to outer shelf, which was

slightly higher than our result. This difference was ascribed

to the defined different zone. In our study, the YREZ

extended to 268N whereas the southern borderline was

278N in the research conducted by Du et al. [12]. The

southmost stations (i.e. C1002 and F1004) actually

acquired boundary scavenged 210Pb; in consequence, they

resulted in a low value in our study compared with Du et al.

[12]. Because 210Pb is a strong particle reactive nuclide, the

lateral export of 210Pb from the YREZ revealed that

amounts of suspended particulate matter transported from

the coastal area to outer shelf. In fact, several investigations

provided evidence for this scenario. For example, McKee

et al. [42] proposed that terrestrial sediment deposited near

the Yangtze River mouth in summer could be eroded and

transported southwards in winter with frequent storms. Fan

et al. [43] found that the Yangtze River derived sediment

on the ECS Shelf decreased towards outer shelf which

confirmed the transport of particle materials from the

Yangtze River mouth.

In addition, the sedimentation of 210Pb has a close

relation with the sediment type. Stations in the mud zone

(i.e. FJA, F0703, F0803 and C1002) showed a higher

average 210Pbxs
0 activity of 4.76 dpm g-1, while low

210Pbxs
0 values were observed at stations situated in non-

mud zone (Fig. 4). Thus, the mud sediment zone in the

coastal region [8, 9, 44] was probably the main 210Pb

sedimentation area in the YREZ.

The Fboundary values were -1.66, -1.72 and -1.54

dpm cm-2 year-1 for FFJ-102, FFJ-103 and FFJ-104,

respectively (Table 2), indicating that\20 % of input 210Pb

settled into local sediment. The majority of 210Pb was

exported to other area through lateral transport, which may

be caused by the resuspension of sediment. Previous

researches suggested that the sediments at these stations

were easily re-suspended by the Yellow Sea Warm Current

[45] and finally reached the coast of the Korea peninsula [46].

Lateral transport of 210Pb constrained by 234Th

and 210Pb in seawater

Because 210Pbex in sediment was from the overlying sea-

water, the vertical export of 210Pb from the water column,

theoretically, can also reveal the lateral transport of 210Pb,

along with its source terms. At four stations (Fig. 6), 234Th,
210Pb and 238U (via salinity [47]) were determined to

quantify the export of 210Pb from the water column.

Overall, 234Th was deficit to its grandparent of 238U, hence

the disequilibria between 234Th and 238U can be used to

trace the export of 210Pb. The export fluxes of 234Th were

evaluated by the model

oITh

ot
¼ kThIU � kThITh � FTh ð10Þ

where ITh and IU were the inventories of 234Th and 238U in

the water column, respectively. FTh is the vertical export

flux of 234Th. The residence time of 234Th then can be

calculated by ITh and FTh under a steady state (ITh/FTh).
234Th and 210Pb were assumed to have the same residence

1.15 dpm cm-2 yr-1

0.46 

dpm cm-2 yr-1

0.64 dpm cm-2 yr-1

Riverine Input 
Outer Shelf 

Atmospheric Input 

Sediment 

1.35 dpm cm-2 yr-1

0.016 dpm cm-2 yr-1 

Decay from 226Ra 

(Yangtze River Estuary) 

Fig. 5 The budget of 210Pb

constrained by mass balance

model in the Yangtze River

plume zone
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time due to their similar particle reactivity. Therefore, the

lateral transport of 210Pb (Fadv) can be estimated by the

inventory of 210Pb in seawater and its residence time,

Fadv ¼ FPb � Fatm ¼
IPb

ITh=FTh
� Fatm ð11Þ

where FPb represent the vertical export flux of 210Pb

in dpm cm-2 year-1 (Table 3).

The lateral transport of 210Pb, including river input and

boundary scavenging, varied from 3.34 to 6.39 dpm cm-2

year-1 for stations to the north of the Taiwan Strait (i.e. S1002,

S1004 and S1008). By subtracting the overestimated river

contribution of 0.64 dpm cm-2 year-1, the boundary scav-

enging of 210Pb ranged between 2.70 and 5.75 dpm cm-2

year-1 with an average of 4.19 dpm cm-2 year-1. The Tai-

wan Warm Current may be the main carrier of boundary

scavenged 210Pb. There is a net water transport of 1.0-2.1 Sv

(1 Sv = 106 m3 s-1) through the Taiwan Strait to the ECS

[48–50]. In addition, the specific activity of 210Pb in the sur-

face water increased offshore (Fig. 6), 210Pb activity in the

northwestern Pacific Ocean were 3–5 times higher than the

values in the ECS [51]. These comparisons also supported
210Pb may diffuse into the ECS directly from the western

Pacific Ocean.

The vertical export fluxes of 210Pb (i.e. FPb), derived from

the 234Th-210Pb approach, varied from 4.49 to 7.54 dpm

cm-2 year-1 with the mean of 5.98 dpm cm-2 year-1 for the

stations to the north of the Taiwan Strait (Table 3). Comparing

with 210Pb mass-balance method in sediment, FPb was higher

than the averaged Fsed of 2.17 dpm cm-2 year-1. The

exported 210Pb must experience remineralization and resus-

pension before buried in sediment [52], consequently result-

ing in lower sedimentation fluxes contrasting with the export

fluxes from the overlying water column. Thus, the difference

between FPb and Fsed can be used to quantify the reminerali-

zation of settling particles or/and resuspension of sediment.

About 47–74 % of vertically exported 210Pb from the water

column did not settle to local sediment at stations to the north

of the Taiwan Strait. In spite of the difference between the two

methods, they both indicated evident boundary scavenging to

the north of the Taiwan Strait.

The FPb value was 8.98 dpm cm-2 year-1 for S0508

station. Assuming S0508 had the same Fsed as its adjacent

stations (FFJ-102, FFJ-103 and FFJ-104), only\4 % of the

vertical exported 210Pb from the overlying water was

finally buried in local sediment. The majority of the ver-

tical exported 210Pb was transported to other sites, coin-

ciding with our conclusion drawn from sediment that

strong hydrodynamic conditions led amounts of settled
210Pb to be re-suspended and subsequently relocated.

Conclusions

(1) Excess 210Pb in sediments showed significantly het-

erogeneous spatial pattern over the East China Sea

S1002
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Fig. 6 Specific activities of
210Pb and 234Th in the water

column over the East China Sea

Shelf

Table 3 Vertical export fluxes and lateral transport of 210Pb quantified by 234Th-210Pb approach

Station Export interface (m) ITh (104 dpm m-2) IPb (103 dpm m-2) FTh (103 dpm m-2 d-1) FPb Fadv

(dpm cm-2 year-1)

S1002 46 5.39 ± 0.49 7.62 ± 0.19 1.46 ± 0.14 7.54 ± 1.07 6.39 ± 1.07

S1004 50 7.93 ± 0.51 9.04 ± 0.28 1.08 ± 0.14 4.49 ± 0.69 3.34 ± 0.69

S1008 50 7.03 ± 0.60 8.20 ± 0.24 1.39 ± 0.17 5.91 ± 0.91 4.76 ± 0.91

S0508 70 8.68 ± 0.80 10.08 ± 0.54 2.12 ± 0.23 8.98 ± 1.20 7.83 ± 1.20
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Shelf. Overall, the north to the Taiwan Strait is a sink

area of 210Pb, whereas the coastal area covered by the

Yangtze River plume and the south to the Cheju

Island are source regions of 210Pb.

(2) To identify the provenance of lead isotopes in the

East China Sea, boundary scavenging of Pb must be

considered due to its significant contribution.

(3) It may be efficient way to quantify the remineraliza-

tion and resuspension effect over the shelf using the

flux difference of 210Pb between its vertical export

from the overlying water column and sedimentation.
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