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Distribution characteristics
and risk assessment of heavy
metals in seawater, sediment
and shellfish in the inner and
outer Daya Bay, Guangdong

Xiaodong Yu1,2, Lianpeng Sun1, Xinzhe Zhu1, Guojian Bian2,
Wen Zhou2*, Qian Cao2 and Man Hong2

1School of Environmental Science and Engineering, Sun Yat-sen University, Guangzhou, China,
2South China Institute of Environment Sciences, Ministry of Environment Protection of PRC,
Guangzhou, China
We investigated the distribution, sources, and ecological risks of heavy metals

(As, Hg, Zn, Cd, Pb, Cu, and Cr) in seawater, sediments, and shellfish in the inner

and outer waters of Daya Bay. 42 seawater quality survey sites, 21 sediment

survey sites and 21 biological survey sites were set up in the study area. Our

results showed that Daya Bay’s seawater is both clean and has a high Cu

exceedance factor. The sediment heavy metal potential ecological hazard

indices are all less than 40, which indicates a minimal degree of risk. ERI in

the bay (mean value of ERIis 25.43) and that outside the bay (mean value of

23.56) is lower than 150, so the potential impact on the ecosystem is relatively

low. In the Bay, Hg and Zn are primarily from fossil fuel and coal combustion,

which enter the ocean via dry and wet deposition or surface runoff. Outside the

Bay, Cr, Cu, Zn and Pb are derived the combustion waste gases of ships that

enter the ocean via atmospheric deposition. Concerningly, arsenic and lead

level in shellfish organisms appear to be above the standard values.However,

because THQ and TTHQ are less than 1, there is no potential risk to human

health. The weekly assessed intakes (EWIs) of Hg, AS, Pb, and Cd in shellfish

inside and outside Daya Bay were 0.093 (0.058 outside the Bay), 0.594 (0.534),

1.115 (1.489), and 0.201 (0.190), respectively, all of these values were lower than

the provisional PTWI for humans established by WHO. This indicates that the

probability of carcinogenic risk to the population from heavy metals in shellfish

are all below unacceptable levels.
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1 Introduction

Heavy metals are toxic, persistent, and non-degradable

heavy elements with densities greater than 4.5 g/cm. Because

of their tendency to accumulate in sediments and organisms,

heavy metals are a major environmental concern. (Jiang et al.,

2012; Chen et al., 2016; Zhang et al., 2016). In recent decades,

rapid economic and societal development has resulted in the

transport of large amounts of heavy metals to estuaries and

coastal bays via surface runoff, atmospheric deposition, and

wastewater discharge (Huang et al., 2014; Li et al., 2018; Feng

et al., 2019). However, the majority of heavy metals are

eventually deposited in sediments and incorporated into

organisms because they are not easily degraded in the ocean

and migrate to other environments. According to relevant

studies, China’s Bohai Bay, and Quanzhou Bayhave heavy

metals. Cu (60.81 mg/kg), Pb (66.98 mg/kg) and Zn (186.7

mg/kg) in Quanzhou Bay sediments, and Cu (38.5 mg/kg) and

Cr (101 mg/kg) in Bohai Bay all exceeded the level 1 standard

(Gao and Chen, 2012; Yu et al., 2016).

Marine shellfish is one of the main types of seafood in the

human diet. Filter feeding and open-cycle respiration are

physiological traits that make shellfish vulnerable to exposure

to large amounts of seawater. (Yuan et al., 2020). Shellfish

typically inhabit the environment near the bottom of the sea,

where they live chiefly on zooplankton, such as polychaetes, in

the sediment, which allows them to absorb more heavy metals

(Hedberg et al., 2014). therefore, the accumulation of heavy

metals in edible marine shellfish can directly impact on human

health (Saher and Kanwal, 2019; Salam et al., 2019). The

tolerance and accumulation of contaminants in shellfish has

led to their frequently use as indicators for monitoring marine

pollution (Ramu et al., 2007; Farrington et al., 2016).

Daya Bay, located in southeastern Guangdong, is a semi-

enclosed bay in an industrial area with abundant marine

resources. In recent years, petrochemical parks, nuclear power

plants, oil storage and transportation bases, and ports have been

actively constructed in Daya Bay (Yu et al., 2016), causing a

significant amount of pollutants containing heavy metals to be

released into the sea. (Gu et al., 2016). With the second phase of

the oil refining project of the China National Offshore Oil

Corporation (CNOOC) Huizhou Petrochemical Company

Limited and the second phase of the ethylene project of

CNOOC Shell Petrochemical Company Limited officially being

put into operation in 2017, Daya Bay Petrochemical Industrial

Zone has formed an annual production capacity of 22 million

tons of oil refining and 2.2 million tons of ethylene. The sewage

in Daya Bay Petrochemical Area is discharged by deep sea

pipelines for a long time, and the sewage discharge capacity of

the first sewage pipeline is 1150 m3/h (Xu et al., 2014). In July

2017, the second sewage discharge pipeline in Daya Bay

Petrochemical Zone was put into use. The sewage discharge

pipe orifice was set outside the Daya Bay mouth, and the
Frontiers in Marine Science 02
designed sewage discharge capacity reached 3800 m3/h (Yang

et al., 2019). the pressure on the ecological and environmental

quality of the water inside and outside Daya Bay has increased.

Less research is currently being done on the outer sea, with most

recent domestic and international studies concentrated on the

area inside Daya Bay. In addition, few studies have looked into

the potential risks to human health. In this study, we investigated

the spatial distribution characteristics of heavy metals (As, Hg,

Zn, Cd, Pb, Cu, and Cr) in the inner and outer waters of Daya

Bay, Guangdong, and identified the pollution level, sources, and

human health risks of heavy metals to provide a scientific

foundation for the prevention and control of local

metal pollution.
2 Material and methods

2.1 Study area

Daya Bay (22° 30′ - 22° 50′ N, 114° 29′ - 114° 49′ E) is

located in the eastern part of Guangdong Province between

Honghai Bay and Dapeng Bay and is a typical subtropical semi-

enclosed shallow bay. There are more than 50 islands in Daya

Bay, and a series of north-south oriented islands in the center of

the bay (Central Island) divide the bay into two parts: the eastern

entrance that is approximately 9.6 km wide and 19-20 km deep;

and the western entrance that is approximately 5.4 km wide and

19 m deep (Xu, 1989). The exchange of seawater with external

seawater mainly occurs through the mouth of the bay. The

movement of seawater is mainly controlled by the tide wave and

topography of the South China Sea, and the tidal type is an

irregular semi-daily mixed tide.

Since the 1980s, Daya Bay has vigorously developed

petrochemical-based industries, the good ecological

environment has led to the rapid development of aquaculture,

two nuclear power plants located on the west coast were put into

operation in 1994 and 2002, and the first and second deep-sea

outfall pipelines were put into operation in 2000 and 2017,

respectively. These anthropogenic activities have led to heavy

metal contamination of seawater, sediments and organisms in

Daya Bay.
2.2 Samples collection and analysis

In November 2021, 42 seawater quality survey points, 21

sediment survey points, and 21 biological survey points were

investigated in the study area; the specific sampling stations are

shown in Figure 1. All samples were collected and preserved

according to the Marine Monitoring Code (GB17378.3-2007)

(Ma et al., 2008). Seawater samples were collected using water

quality samplers, and 500 mL of seawater samples were loaded

into the sampling bottles and stored in low-temperature
frontiersin.org
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refrigerated conditions. When the water depth was less than

10 m, only surface samples were collected; when the water depth

was greater than 10 m and less than 25 m, both surface and

bottom water samples were collected; when the water depth was

greater than 25 m, the surface, middle, and bottom water

samples were collected. The depth of surface seawater was in

the range of 0-1 m; that of the middle seawater layer was 10 m;

and that of the bottom seawater layer was 2 m from the bottom.

The pretreated elements Hg and As were determined by atomic

fluorescence (BAF-2000), Cr by flameless atomic absorption

spectrophotometry (PinAAcle 900T), and Cu, Pb, Zn, and Cd

by anodic dissolution voltammetry (797VA).

Sediment samples were collected using a winch connected to

a grab mud collector at the surface of the seawater bottom from 0

to 5 cm, packed into polyethylene bags, and stored under

refrigeration at 0-4°C. Sediment samples were stored in a dry

and ventilated environment, ground in an agate bowl, and then

passed through a 160 mesh nylon sieve. After pretreatment, Hg

and As were determined by atomic fluorescence method (BAF-

2000), and Cu, Pb, Zn, Cd and Cr were analyzed by inductively

coupled plasma mass spectrometry (ICP-MS DRCe). Organic

carbon is determined by potassium dichromate redox

volumetric method.
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Fish, crustaceans and shellfish were caught in the trawl, but

relevant research shows that shellfish are more seriously polluted

by heavy metals. Therefore, this paper mainly studies the

biological quality of Perna viridis and Ruddy Clam shellfish.

Biological samples were trawled at a speed of 10 knots/h, and

samples with a weight of approximately 1.5 kg were selected and

rinsed on-site with seawater and subsequently frozen and stored.

After dissecting the biological samples, 200 mg of muscle tissue

samples were extracted by 24-h freeze-drying using HNO3-

H2O2 (4:2) acidification, placed into an electric heating plate,

and heated to 120-140°C. After pretreatment, elemental Hg was

determined by atomic fluorescence spectrometry (AFS-8520),

and As, Cu, Pb, Zn, Cd, Cr were analyzed by inductively coupled

plasma mass spectrometry (7800 ICP-MS).

During the measurement of seawater samples, the standard

solutions of Cu, Pb, Zn, Cd and Cr (GBW (E) 080040), Hg

(GBW08617) and As (GBW (E) 080117) are used as calibration

standards. The quality control shall be carried out with reference

materials specified in China Offshore Marine Sediment Standard

Material (GBW 07314) and China National Standard Material

GBW 10024 (GSB-15). The error of parallel samples was less

than 5%, and the recoveries of the standard substances were

between 95 and 110%.

According to the Marine Monitoring Code (GB 17378-

2007), when a few measured values (less than 50% of the total)

were below the detection limit, the measured value was equal to

50% of the detection limit.
2.3 Analytical assessment method

2.3.1 Evaluation of heavy metal pollution
in seawater

The pollution levels of Cu, Pb, Zn, Cd, Cr, Hg, and As in

seawater samples were comprehensively evaluated using the

water quality integrated pollution index (WQI) method. The

formula is as follows:

WQI =
1
no

n

1

Ci

Ci0

where Ci is the measured concentration of the heavy metal i;

Ci0 is the first-class standard of the Seawater Quality Standard

(GB3097-1997); n is the total number of samples involved in the

analysis; andWQI is the comprehensive pollution index of heavy

metals at the station. The specific pollution level classification

standards are listed in Table 1 (Xu et al., 2014).

2.3.2 Sediment heavy metal risk assessment
In this study, the potential ecological hazard index (PEEI),

developed by Hankanson in Sweden, was applied to evaluate the

level of heavy metal contamination in sediments (Hakanson,

1980). Compared to the single-factor pollution index, the above
FIGURE 1

Monitoring points in the study area.
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index considers the synergistic effects, pollution levels, and toxic

effects of different heavy metals (Rezaee Ebrahim Saraee et al.,

2011; Liu et al., 2021). The formula is as follows:

Eif = Ti
f � Ci

f = Ti
f �

Ci

Ci
n

where Eif is the potential ecological hazard factor of heavy

metals; Ti
f is the toxicity response factor of heavy metals; Ci

f is

the pollution factor of metals; Ci is the measured concentration

of heavy metals; and Ci
n is the evaluation standard of metals (the

national standard for Class I sediment was used in this study).

The combined potential ecological hazard index of heavy

metals at a single station was the sum of the potential ecological

hazard indices.

ERI =o
n

1
Ei
r

The individual heavy metal potential ecological hazard index

was divided into five levels, from low to high, and the

comprehensive potential ecological hazard index was divided

into four levels. The potential ecological hazard index evaluation

criteria can be used to evaluate the pollution level of single or

multiple pollutants at a certain point (Hakanson, 1980; Yi et al.,

2016). The evaluation criteria are listed in Table 2.
2.3.3 Volatility of data
The coefficient of variation can quantitatively reflect the

differences in the magnitude of pollutant fluctuations at a spatial

scale among the survey stations. Using the coefficient of

variation to determine the weight of each evaluation factor

indicator can reflect the relative importance of evaluation

indicators more objectively and weaken the influence of

extreme value indicators on the evaluation results. The

mathematical expressions for calculating the coefficient of

variation are as follows:
Frontiers in Marine Science 04
CV = SD=�X

where CV is the coefficient of variation, SD is the standard

deviation of the survey factors at each station, and �X is the mean

value of the survey factors at each station.

2.3.4 Principal component analysis method
Principal component analysis (PCA) is a statistical method

that captures the main contradictions. It can reflect most of the

information of the original multivariate data by simplifying the

data (i.e., replacing more indicators with fewer integrated

indicators that originally have some correlation), and achieve a

comparable analysis of the data (Granato et al., 2018).

2.3.5 Heavy metal enrichment analysis
The enrichment effects of heavy metals in sediments and

organisms in the Daya Bay sea area were evaluated using the

sediment-water partit ion coefficient (Kd), sediment

bioconcentration factor (BSAF), and bioconcentration factor

(BAF) (Zhang et al., 2015; Yavar Ashayeri and Keshavarzi,

2019). The specific calculation formula is as follows:

Kd =
Csed

Csea

BSAF =
Corg

Csed

BAF =
Corg

Csea

where Csed, Csea, and C0rg indicate the concentrations of

heavy metals in sediment, seawater, and marine organisms,

respectively. Higher Kd values indicate a higher probability of

heavy metals being preferentially trapped by the sediment and

vice versa (Liu et al., 2021). When log (Kd)>2.9, it indicates that

heavy metals in seawater are preferentially adsorbed in
TABLE 1 Classification standard for the pollution level of heavy metals in seawater.

Pollution level 1 2 3 4 5

WQI <1 1~2 2~3 3~5 >5

Pollution effects No effect Slight impact Moderate impact Stronger impact Severe Impact
fr
TABLE 2 Potential ecological harm index evaluation criteria.

Ei
f Degree ERI Degree

<40 low <150 low

0~ 80 medium 150~ 300 medium

80~ 160 heavier 300~ 600 heavier

160~ 320 heavy ≥600 serious

≥320 serious
onti
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sediments, otherwise they are easily absorbed by organisms

(Jung et al., 2005; Yavar Ashayeri and Keshavarzi, 2019). Both

BSAF and BAF are used to describe the ability of marine

organisms to accumulate heavy metals from surrounding

media. A BAF value< 100 or BSAF< 1 indicates a non-

significant cumulative effect between the organism and its

surroundings (Hao et al., 2019).
2.3.6 Target hazard quotients
The target hazard quotient (THQ) method was used to

evaluate the risk of contaminants to human health (Gu et al.,

2018). The formula is as follows:

THQ =
EF � ED� FIR� c � 10−3

RFD�WAB� TA

where EF is the frequency of exposure (365 d/year); ED is the

years of exposure (average human life span of 70 years); FIR is

the human food intake rate (Food and Agriculture Organization

of the United Nations (FAO) statistics, where the intake of

crustaceans is 5.42 g/d); c is the level of heavy metals in seafood

(mg/kg); RFD is the reference daily dose of pollutants (0.0005,

0.001, 0.004, and 0.0003 mg/(kg/d) for Hg, Cd, Pb, and As,

respectively); WAB is the average human body weight (60 kg);

and TA is the average exposure time to non-carcinogenic

sources ((365 d/year) ×ED) (Storelli, 2008). The TTHQ is the

sum of the hazard quotients of various heavy metals in seafood.

A hazard quotient value less than 1 implies no health risk to

human beings when consuming seafood; in contrast, a hazard

quotient value greater than 1 implies a certain potential risk to

human beings when consuming seafood.

Evaluating the risk to human health from heavy metal intake

not only requires an evaluation of the hazard quotient of seafood

but also requires the determination of dietary intake. The World

Health Organization (WHO) has established provisional

tolerable weekly intake (PTWI) values for heavy metals: 5, 7,

25, and 15 mg/(kg/bw) for Hg, Cd, Pb, and As, respectively

(Agusa et al., 2007). The formula for the estimated weekly intake

(EWI) of heavy metals is as follows:

EWI  =
c� FIR � 7 

WAB
3 Results and discussion

3.1 Distribution characteristics and
pollution assessment of heavy metals
in seawater

The results of the water quality evaluation for the sea area are

presented in Table 3 and Figure 2. As Cd is basically not
Frontiers in Marine Science 05
detected, this paper will not analyze Cd in seawater. As

presented in Table 3, in 2021, except for Cu, the other six

factors meet the standard of first-class water in Daya Bay; the

maximum exceedance of Cu is 3.3-fold, which appears on W19

outside the bay. The exceedance rate of Cu in the surface layer of

seawater in the bay was 15%, whereas those in the surface layer

outside the bay were 18.2 and 16.7% in the middle layer and 19%

in the bottom layer. This may be ascribed to the large amount of

industrial wastewater discharged after the 2nd outfall line of the

petrochemical zone of Daya Bay that was operational after 2017,

which led to Cu exceedance at some points outside the bay;

related studies also showed that the relatively high content of

heavy metals at the mouth of Daya Bay may be due to the

discharge at the two outfall lines (Liu et al., 2022).

According to the results of the coefficient of variation

calculation, The variation coefficients of As in Daya Bay and

Pb outside the bay are small, and the variation of other heavy

metals is relatively high. Therefore, the seawater in Daya Bay

may have originated from different pollution sources.

The comprehensive pollution index of heavy metals in the

seawater of the nearshore area of Daya Bay is shown in Figure 3.

Figure 3 shows that the average values of the comprehensive

pollution index of As, Hg, Zn, Pb, Cu, and Cr of the seawater

inside and outside Daya Bay were less than 1. As presented in

Table 1, the seawater of Daya Bay is not polluted and the

seawater is relatively clean.

TheWQI of surface seawater in the bay ranged from 0.052 to

0.624, with a mean value of 0.173. The WQI of surface seawater

outside the bay ranged from 0.052 to 0.71, with a mean value of

0.144., and that in the bottom layer ranged from 0.053 to 0.467,

with a mean value of 0.141. The WQI shows that the pollution

level of seawater inside Daya Bay was higher than that outside it,

and the pollution level of the surface layer was higher than that

of the bottom layer. Daya Bay is close to the Daya Bay Chemical

Industry Park, and the productivity and life along the coast are

more frequent. Effluent from enterprises in the petrochemical

zone, except the sewage generated by some enterprises (China

Shipping Shell Petrochemical Company Limited, CNOOC

Huizhou Petrochemical Company Limited, Qingyuan

Wastewater Treatment Plant, etc.), which are discharged

through the sea discharge pipeline, and the wastewater

generated by other industrial enterprises are mainly indirectly

discharged into the sea through the rivers entering the sea,

resulting in a large number of land-based pollutant sources to

the bay. Additionally, the hydrodynamic diffusion conditions in

near-shore waters were weaker and slower than those outside the

bay. Therefore, the concentration of heavy metals in the bay was

higher than that outside the bay.

According to the water quality monitoring data of near-

shore waters released by Guangdong Province from 2015 to 2021

(http://gdee.gd.gov.cn/jhszl/index.html) (see Figure 4), Cu and
frontiersin.org
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Pb in the bay showed a fluctuating upward trend, increasing by

177.23 and 384.31%, respectively, in 2021 compared to 2015. Cd,

Hg, and As showed a fluctuating downward trend, decreasing by

76.81, 82.43, and 76.70%, respectively (value of As in 2020

compared to that in 2015). The Zn value initially decreased

and then increased, with a 6.15% increase in 2020 compared to

2015. The above data indicate a trend of intensified deterioration

of Cu and Pb in Daya Bay, wherein the growth proportion of Pb

is larger and should be controlled. Except for Cu and Pb, the

remaining heavy metals showed an overall decreasing trend.

This indicated that in recent years, owing to the continuous

strengthening of ecological environmental protection, the

emissions of heavy metals other than Cu and Pb have reduced.

The average concentrations of As, Hg, Zn, Cd, Pb, Cu, and

Cr in this sea area were lower than those in other similar sea
Frontiers in Marine Science 06
areas (Xiao et al., 2013; Zhang et al., 2017; Zhao et al., 2018; Lao

et al., 2019; Nour, 2019). This revealed that the average levels of

heavy metals in the nearshore sea area of Daya Bay are lower

than those in other sea areas, indicating a lower environmental

risk in Daya Bay.
3.2 Distribution and risk assessment of
heavy metals in sediments

The silt content of sediment in Daya Bay ranges from

53.28% to 84.14%, clay (mud) 12.56% to 29.93%, silt outside

the bay is 66.44% to 81.98%, and clay (mud) 12.89% to 26.57%.

The total content of silt and clay (mud) at the survey stations

inside and outside the bay is basically more than 90%. The
TABLE 3 Evaluation results of heavy metal quality indices in the sea area.

Carrier Regional Location Index concentration: mg/L

As Hg Zn Cd Pb Cu Cr

seawater In the Bay Surface layer Range 0.5~0.8 0.0007~0.0073 1.3~4.2 0.068 0.163~0.559 0.3~4.3 0.0045~0.1799

Average 0.6 0.0044 2.4 0.068 0.269 1.1 0.0604

Standard deviation 0.14 0.55 0.35 / 0.42 0.97 1.01

Outside the Bay Surface layer Range 0.5~0.8 0.00033~0.00349 1.8~12.4 0.061~0.069 0.127~0.191 0.3~4.8 0.0575~0.2362

Average 0.6 0.00205 6.1 0.065 0.166 0.9 0.1360

Standard deviation 0.14 0.56 0.54 0.09 0.21 1.31 0.48

Bottom Range 0.5~0.9 0.0011~0.0166 2~16 / 0.137~0.328 0.3~3 0.0021~0.1623

Average 0.6 0.0069 5.7 / 0.185 0.7 0.0537

Standard deviation 0.18 0.80 0.73 / 0.39 1.02 0.79

Class I standard 0.02 0.00005 0.05 0.005 0.02 0.001 0.001

Carrier Regional Location Index concentration: mg/kg

As Hg Zn Cd Pb Cu Cr

Sediment In the Bay Range 3.63~9.36 0.022~0.062 61.6~147 0.03~0.14 26.1~50.2 7.6~67.2 38.1~75.6

Average 6.84 0.04 105.33 0.09 37.07 21.73 58.86

Standard deviation 0.27 0.26 0.23 0.37 0.22 0.77 0.18

Outside the Bay Range 6.4~9.45 0.031~0.05 77~140 0.04~0.1 30~58 11~21.8 43.2~74.8

Average 7.80 0.04 104.71 0.06 38.21 15.79 54.92

Standard deviation 0.14 0.15 0.17 0.32 0.20 0.18 0.16

Class I standard 20 0.2 150 0.5 80 35 60

Carrier Regional Location Index concentration: mg/kg

As Hg Zn Cd Pb Cu Cr

Biological In the Bay Range 0.68~1.09 0.06~0.22 0.4835~0.735 0.25~0.35 1.3~2.9 0.082~0.18 0.3~0.66

Average 0.92 0.15 0.66 0.31 1.73 0.12 0.39

Standard deviation 0.14 0.29 0.11 0.12 0.25 0.21 0.41

Outside the Bay Range 0.73~0.93 0.04~0.24 0.3675~0.635 0.2~0.45 1.5~3.6 0.099~0.342 0.3~0.84

Average 0.84 0.09 0.51 0.30 2.36 0.16 0.50

Standard deviation 0.09 0.81 0.19 0.28 0.30 0.47 0.49

Class I standard 1 0.05 20 0.2 0.1 10 0.5
f
rontiersin.org

https://doi.org/10.3389/fmars.2022.1064287
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org


Yu et al. 10.3389/fmars.2022.1064287
average grain size (Mz) of the sediment in the bay ranges from

0.01 to 0.07 mm. Except for S10 (0.07 mm) and S12 (0.03 mm),

the average grain size (Mz) of other stations is 0.01 mm. Mz

outside the bay ranges from 0.01 to 0.02mm. Except for W6

(0.02mm) and W9 (0.02mm), all other stations are 0.01mm. It

shows that the sediments inside and outside Daya Bay are

mainly silty sand or clayey silt, mainly silty sand, with a

particle size of 0.01 mm.

The heavy metal contents in the sediments of the Daya Bay

sea area are presented in Table 3 and Figure 5. As presented in

Table 3, The average concentrations of seven heavy metals in

and out of the bay are Zn>Cr>Pb>Cu>As>Cd>Hg from high to

low. The average concentrations of Cr, Cu, Cd and Zn in the

sediments in the bay are higher than those outside the bay. On
Frontiers in Marine Science 07
the contrary, the concentrations of As and Pb are basically the

same. Except for the Cu in S1, the heavy metals in the sediments

of Daya Bay both inside and outside the sea area do not exceed

the Class I standard, and the sediment quality is generally good.

S1 station Cu exceeds Class 1 standard. This point is close to the

petrochemical base of Daya Bay, and its heavy metal values may

be influenced by the industry, resulting in a higher heavy metal

content in the sediments. Based on the above phenomena, the

heavy metal pollution levels of sediments in Daya Bay were

higher than those outside the bay. Related studies have shown

that the heavy metals in sediments in the near-shore waters of

Daya Bay, such as Yaling Bay, offshore petrochemical areas, and

nuclear power plants, are highly distributed but are still at an

acceptable level (Qu et al., 2018; Liu et al., 2022).
FIGURE 2

Concentration distribution of heavy metals in the seawater of Daya Bay.
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The concentration of Cr and Zn in Daya Bay was the highest.

As trace metals Cr and Zn are often used as feed additives in

mariculture (Siano et al., 2017), resulting in high Cr and Zn

contents in the sediment. Therefore, the sediment in Daya Bay

was affected by mariculture, resulting in higher concentrations of

Cr and Zn than other heavy metals.

The coefficients of variation of Cu and Cd in Daya Bay were

77 and 37%, respectively, which corresponded to high

variability (CV > 36%), whereas those of seven heavy metals

outside the bay were less than 36%, wherein the highest value

was exhibited by Cr (32%). Thus, because Daya Bay is close to

petrochemical parks and coastal living areas, each monitoring

point is affected by different sewage discharges, resulting in the

high dispersion of heavy metals in the sediment. Therefore, we

inferred that Cu and Cd in the sediments of Daya Bay may have

been influenced by anthropogenic sources, resulting in a high

coefficient of variation. Related studies also suggest that high

concentrations of Ni, Cu, and Cd in the sediments in the

nearshore waters of Daya Bay are caused by human activities

(Qu et al., 2018).

The potential ecological hazard index was used to evaluate

the heavy metal content in sediments in the study area, and the

results showed that (Table 4) the potential ecological hazard

index of seven heavy metals inside and outside Daya Bay was less

than 40, which was a low hazard level. The average ecological
Frontiers in Marine Science 08
hazard index in the bay was: Hg>Cd>As>Cu>Pb>Cr>Zn, and

that outside the bay was: Hg>As>Cd>Pb>Cu>Cr>Zn; notably,

the hazard levels of Hg, Cd, and As inside and outside the bay

were relatively high. The ecological hazard index method mainly

determines the occupancy rate of metals and the toxicity

response coefficient of heavy metals. The occupancy rates of

Hg and Cd were approximately 0.2, and that of As was below 0.4,

which was lower than those of Cu (0.7), Zn (0.7), Pb (0.6), and

other heavy metals. The higher hazard levels of Cd, As, and Hg

were mainly due to the heavy metal toxicity response

coefficients; the toxicity response coefficients of Hg (40), Cd

(30), and As (10) were considerably higher than those of Zn (1)

and Cu (5), thereby resulting in relatively high hazard levels of

Hg, Cd, and As.

The ERI ranged from 12.64 to 42.13 (mean of 25.43) in Daya

Bay and 17.49 to 26.62 (mean of 23.56) outside the bay. Except

S1 (ERI 42.13) is greater than 40, while other survey stations are

lower than 40, indicating that the potential impact of heavy

metals in sediments on the ecosystem was relatively low. From

each site, S1, S4, S5 and S2 are higher than other sites. From the

perspective of spatial distribution, the four survey stations are

located near the petrochemical area. This shows that the

production activities in Daya Bay Petrochemical Area will

increase the potential ecological risks of sediments in the bay.

Relevant research also shows that the highest potential ecological

risk index of Daya Bay sediment is close to the petrochemical

base, which is mainly affected by land sources, and the risk

mainly comes from Cd and As (Liu et al., 2018). Therefore, Daya

Bay is mainly affected by the petrochemical base, and attention

should be paid to the impact of Hg, Cd and As.

Notably, the results produced by the ecological hazard index

method varied depending on the background values of the

corresponding heavy metals. If the background values of heavy

metals of sediments in the Daya Bay sea area calculated by Zhang

(Zhang, 1991) and others are used for analysis and evaluation, Hg,

Cd, and As values inside and outside the bay are at moderate or

heavy ecological hazard levels. In this study, considering the

current ecological and environmental management policies in

China, and to better support local governments in implementing

regional marine environmental management, the analysis and

evaluation were conducted with reference to the primary standard

of marine sediment quality (GB18668-2002).

The survey data of heavy metals in sediments for the past

10 years indicate that the heavy metal in the Daya Bay

sediment shows an initial upward trend and a subsequent

downward trend (Zhao et al., 2016; Liu et al., 2018; Tang et al.,

2018; Liu et al., 2022). With economic and social development,

the petrochemical production capacities of oil refining and

ethylene in the Daya Bay petrochemical base are 22 and 2.2

million tons/year, respectively. Moreover, the scale of refining

and chemical integration has ranked first in China; thus, the

pollutant emissions have increased daily. However, the

pollution prevention and control in recent years have
FIGURE 3

WQI of heavy metals in seawater.
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improved the ecological protection requirements and reduced

the pollutant emissions. Therefore, the trend of heavy metals

in the Daya Bay sediments show an initial increase and

subsequent decrease.

Compared to those of other offshore waters, the contents of

most heavy metals in the sediments of Daya Bay are at an

intermediate level, wherein the contents of Pb and Cr are higher

than those in other waters (Zhang et al., 2007; Meng et al., 2008;

Gao and Chen, 2012; Fu et al., 2013; Yu et al., 2016; Fan et al.,

2022). This further indicates that the pollution of Pb and Cr in

Daya Bay is more severe.
3.3 Heavy metal pollution of
marine organisms

Two kinds of shellfish were obtained in autumn. The

concentrations of As, Hg, Zn, Cd, Pb, Cu and Cr in shellfish are

shown in Table 3. The quality standards for shellfish in marine

organisms are based on themarine biological quality (GB18421-2001).

The average concentrations of heavy metals inside and

outside Daya Bay were 0.92 and 0.84 mg/kg (As), 0.15 and
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0.09 mg/kg (Hg), 0.66 and 0.51 mg/kg (Zn), 0.31 and 0.30 mg/kg

(Cd), 1.73 and 2.36 mg/kg (Pb), 0.12 and 0.16 mg/kg (Cu), 0.39

and 0.50 mg/kg (Cr), respectively.

The Pb in the shellfish inside and outside the bay exceeded the

standards stipulated in the “Marine Biological Quality” (GB18421-

2001). As exceeded the standard at S2, S4, S14 and S17 points in the

bay, with the rate of exceeding the standard being 33%. Other heavy

metal standards met the specified biological quality standards. The

average concentration of Pb outside the bay was higher than that

inside the bay, indicating that the exceedance of Pb in shellfish

outside the bay was more serious than that inside the bay.

As presented in Table 5 and Figure 6, the THQ and TTHQ of

the seven heavy metals inside and outside Daya Bay are less than

1, indicating that there is no potential risk to human health from

consuming shellfish from the Daya Bay. The order of THQ of all

seven metals inside and outside the bay was As>Cu> Cr >Cd>Pb

>Zn>Hg. THQ of As is the largest among the seven heavy

metals, 0.28 and 0.25 respectively in and out of the bay, and the

other six heavy metals are less than 0.1, indicating that

mitigating the discharge of As should mainly be prioritized.

This is consistent with Yang Liu’s conclusion that As is the

highest carcinogen (Liu et al., 2022).
FIGURE 4

Change trend of heavy metals in seawater from 2015 to 2021.
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The TTHQ in the bay (0.319) was larger than that outside

the bay (0.309), indicating that shellfish outside the bay are less

hazardous to human health than those inside the bay. Heavy

metal pollution in the bay is heavier than that outside the bay

due to the influence of coastal chemical parks, such as those in

Daya Bay. The BAF inside the bay is higher than that outside the

bay, indicating that marine organisms in the bay are more likely

to enrich heavy metals from seawater; therefore, heavy metals in

marine organisms inside the bay are higher than those outside

the bay, resulting in a higher risk inside the bay.
Frontiers in Marine Science 10
It is particularly noted that metal As is divided into organic

forms, which are not toxic, and inorganic forms, which are more

toxic. In this paper, the total amount of metal As is measured in

the laboratory test analysis. The study proves that arsenic in

seafood mainly exists in non-toxic or low-toxic organic form,

while the most toxic inorganic arsenic only accounts for 1%-10%

of the total arsenic content. Therefore, the carcinogenic risk of

As will be lower if 10% of the total arsenic content is used as the

inorganic arsenic content for calculation.

The weekly assessed intakes (EWIs) for Hg, As, Pb, and Cd

in shellfish inside and outside Daya Bay were calculated to be

0.005 (0.003 outside the Bay), 0.59 (0.53), 0.112 (0.149), and 0.04

(0.038), all of which are lower than the WHO PTWIs for

humans. This indicates that the probability of carcinogenic

risk to residents for all heavy metals was below unacceptable

levels. Overall, the health risks of seafood in Daya Bay were

tolerable. With an appropriate reduction in frequency and dose

of heavy metals, the carcinogenic risk can be reduced.
3.4 Analysis of the interrelationship and
sources of heavy metals

3.4.1 Relevance and sources of heavy metals
in seawater

This study showed that the contents of various heavy metals

with highly significant correlations have similar spatial distribution

patterns to a certain extent. When the significance probability of

bilateral test analysis is less than 0.05, it has moderate correlation

and homology. Supplement and consummate the concentration of

heavy metals in seawater of each station according to the situation

near the survey station. Because the detection rate of Cd in the bay

and Cd and Pb outside the bay is low. Therefore, correlation

analysis is not conducted for them. The results of the Pearson

correlation analysis of the heavy metal elements in the seawater of

Daya Bay are shown in Figure 7. In addition to the moderate

correlation between Hg and Zn in the sea water in the bay, there is

no strong correlation between the heavy metals in the sea water in

the bay and the outer layer. Therefore, Hg and Zn in the surface

seawater inside the bay may have a common source of pollution,

and the correlations among the other heavy metals were

not significant.
FIGURE 5

Distribution of heavy metals in sediments and potential
ecological risks.
TABLE 4 Potential hazard indices of heavy metals in the sediments.

Regional Location Index Ei
f ERI

As Hg Cr Cu Zn Cd Pb

In the Bay range 1.82~4.68 4.40~12.40 0.95~1.89 1.09~9.60 0.41~0.98 1.80~8.40 2.18~4.18 12.64~42.13

average 3.42 8.36 1.47 3.10 0.70 5.28 3.09 25.43

Outside the Bay range 3.20~4.73 6.20~10.00 1.08~1.87 1.57~3.11 0.51~0.93 2.40~6.00 2.50~4.83 17.49~26.62

average 3.90 8.33 1.37 2.26 0.70 3.82 3.18 23.56
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Principal component analysis (PCA) was used to analyze the

heavy metals in the bay and offshore waters. Before principal

component analysis, KMO and Baetlet ball tests were conducted.

The test results show that KMO inside and outside the bay is less

than 0.5. The significance probability of Baetlet sphere test was

greater than 0.05. The results show that Daya Bay seawater is not

suitable for principal component analysis.

3.4.2 Sediment heavy metal correlations
and sources

The results of the Pearson correlation analysis of the heavy

metal elements in the sediments of the Daya Bay Sea area are shown

in Figure 7. Inside and outside the bay, the particle size of the

sediments was negatively correlated with each heavy metal. Inside
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the bay, particle size was moderately correlated with As and Cr, and

particle size had a moderate correlation with Cu and Zn (the

probability of significance was less than 0.05) outside the bay.

Relevant studies show that there is rich organic matter on the

surface of small sized sediments, usually with strong redox potential

and stronger enrichment and adsorption capacity. On the contrary,

the large particles are rich in silicate, carbonate and other

substances, and the redox potential is weak, leading to the greatly

weakened surface adsorption capacity. Therefore, heavy metals are

not easily adsorbed or enriched (Borg and Jonsson, 1996).

In previous studies, TOC was the main controlling factor

affecting the geochemical behavior of sediments and the

distribution of heavy metals (Hu et al., 2018). This study

shows that organic carbon in the bay has a moderate
TABLE 5 Marine hazard quotient of Daya Bay.

Region al
Location

Index EWI THQ TTHQ

Hg AS Pb Cd Hg AS Cu Pb Zn Cd Cr

In the Bay range 0.001-
0.007

0.046-
0.069

0.095-
0.183

0.025-
0.044

0.0004-
0.002

0.022-
0.033

0.018-
0.033

0.003-
0.007

0.002-
0.004

0.004-
0.006

0.005-
0.01

0.254-
0.380

average 0.005 0.594 0.112 0.040 0.001 0.283 0.022 0.004 0.004 0.006 0.006 0.319

Outside the Bay range 0.001-
0.008

0.046-
0.059

0.095-
0.228

0.025-
0.057

0.0004-
0.002

0.022-
0.028

0.0018-
0.006

0.003-
0.008

0.0022-
0.0038

0.004-
0.008

0.005-
0.013

0.254-
0.359

average 0.003 0.534 0.149 0.038 0.001 0.254 0.029 0.005 0.003 0.005 0.007 0.306
front
FIGURE 6

Distribution of TTHQ inside and outside Daya Bay.
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correlation with As and Pb, while other heavy metals have no

significant correlation with organic carbon, and organic carbon

outside the bay has no significant correlation with heavy metals.

This shows that TOC in the bay affects the combination of As,

Pb and sediment, but other heavy metals have no obvious

correlation with TOC. Organic carbon may be the carrier of

As and Pb, but due to the low TOC abundance (<2%), it may not

be the main controlling factor for the distribution of metals in

sediments. This is similar to the research results of Yao (Yao

et al., 2021).

In the bay, the heavy metals showed a moderate positive

correlation with each element. It indicates that the heavy metals

in the sediments in the bay have the same source. outside the

bay, As and Hg had moderate correlations, and Cr, Cu, Zn, and

Pb had moderate correlations. It shows that As and Hg in the

sediments outside the bay have the same source, and Cr, Cu, Zn,

Cd and Pb have the same source.

Principal component analysis (PCA) was conducted for heavy

metals in sediments inside and outside the bay. The results are

shown in Table 6. Before principal component analysis, KMO and

Baetlet ball tests were conducted. The test results show that the

KMOs inside and outside the bay are 0.618 and 0.754 respectively,

and the KMOs are greater than 0.5. The significance probability of

Baetlet’s sphere test was 0.00. The results show that principal

component analysis can be used to process the data.
Frontiers in Marine Science 12
The cumulative contribution rate of PC1 principal

component in the bay sediments is 86.86% (more than 80%).

Hg and Zn (load ≥ 0.4) have higher load in PC1. Indicates that

they may have the same source. Zinc is mainly related to fossil

fuel combustion (Jones et al., 2014). Mercury containing waste

gas generated by fossil fuel and coal combustion enters the

environment. The mercury containing catalyst used for

petroleum cracking will also be discharged in the form of

industrial “three wastes” (Beckers and Rinklebe, 2017). All

these will enter the ocean through dry and wet deposition or

surface runoff. Therefore, heavy metals in sediment PC1 in the

bay mainly come from fossil fuels and coal combustion, and

enter the sea through dry and wet sedimentation or

surface runoff.

The cumulative contribution rate of the first two principal

components of the sediment outside the bay is 89.30%. Cr, Cu,

Zn and Pb have higher load in PC1, indicating that they may

have the same source. Heavy oil and diesel fuel burned by ships

will emit waste gas containing Cu, Pb and Zn (Cheng and Hu,

2010), which will settle into the ocean through the atmosphere.

Therefore, this paper speculates that the combustion gas from

ships is the main source of PC1 heavy metals.

As and Hg have higher load in PC2, indicating that As and

Hg may have the same source. Coal combustion and metal

smelting are the two main sources of mercury. As is usually
FIGURE 7

Correlation Analysis of Metal Elements in Seawater and Sediment of Daya Bay.
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associated with petrochemical oil producing areas (Lao et al.,

2019). Therefore, PC2 heavy metals mainly come from fuel

combustion and industrial production activities in the

petrochemical industry.

3.4.3 Heavy metal migration and
transformation law

The enrichment results for heavy metals in Daya Bay are

presented in Table 7. Kd is used to assess the distribution of

heavy metals in seawater and sediments. When log (Kd) is

greater than 2.9, it indicates that heavy metals have high

affinity with sediments. The average value of log (Kd) in the

bay is Cr (6.12) >Pb (5.11) >Zn (4.6) >Cu (4.5) >Hg (4.16) >As

(4.04) >Cd (3.01), and that outside the bay is Cr (6.27) >Cu

(4.55) >Zn (4.31) >Hg (4.32) >As (4.12). The log (Kd) inside and

outside the bay is larger than 2.9, indicating that heavy metals

are preferentially adsorbed in the sediment.

The average values of BASF inside and outside the bay are in

the order of Cd (0.834 inside the bay, 1.043 outside the bay) > Hg

(0.197, 0.120) > As (0.145, 0.113)> Zn (0.131, 0.112) >Cu (0.072,

0.110) >Pb (0.005, 0.007) >Cr (0.003, 0.004). Except that the

mean value of Cd outside the bay is greater than 1, the mean

value of other heavy metals inside and outside the bay is less than

1.The BASF values of Cd were greater than 1 in S19 andW6, and

the heavy metal BASF of each factor in other survey stations was

less than 1, indicating that Cd in the sediment was more easily

enriched in organisms. Alternatively, Cr, Pb, Zn, Cu, As, and Hg

in the sediment environment were not easily enriched in

organisms. Lin et al. showed that the metabolism time of Cd

in the organism was longer than that of other heavy metals,

resulting in a higher concentration of Cd in the organism than

that of other heavy metals (Lin et al., 2017). On the other hand,

Cd in the sediments of offshore waters is mainly acid soluble
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(Gao and Chen, 2012; Gao and Li, 2012). The acid soluble metal

is the weakest bonding metal in the sediment, which can balance

with water, thus becoming more mobile and easy to be used by

biology (Castillo et al., 2013; Hu et al., 2013). Therefore, the

higher the acid solubility of heavy metals, the easier they flow,

and the easier they are to be used biologically, the higher the

potential ecological risk to the marine environment. Therefore,

Cd in Daya Bay sediments is more likely to be bioaccumulated,

so attention should be paid to reducing the input of Cd and

reducing the ecological risk of Daya Bay sediments.

The BAF of Cd, Cr, Pb, Zn, Cu, As and Hg are all greater than

100, indicating that the organisms in this sea area have the ability

to enrich these seven heavy metals. Because of the filtration and

respiration characteristics of bivalves, they are easy to accumulate

heavy metals from seawater. The BAF of Cr, Cu and Zn is the

highest. It shows that shellfishmarine organisms are easy to enrich

Cr, Zn and Cu in seawater. Because Cu and Zn are trace metals

necessary for shellfish life activities. Therefore, shellfish has a

stronger ability to enrich Zn and Cu than other heavy metals.

However, Cr is not an essential trace element, which further

indicates that the shellfish in this sea area has a stronger ability

to enrich Cr. The average value of BAF in bivalves ranges from 286

to 89362, indicating that shellfish are very sensitive to the pollutant

level of heavy metals in seawater and are vulnerable to the

concentration of heavy metals in seawater. Therefore, controlling

heavy metals in seawater can reduce the concentration of marine

organisms and reduce potential ecological risks.
4 Conclusion

This study uses various methods to assess the distribution

characteristics and ecological risks of heavy metals in seawater,
TABLE 6 Principal component analysis results of heavy metals in Daya Bay sediments.

Regional
Location

Principal component Initial eigenvalue heavy metals Load of each item

Eigenvalue Percentage of Variance (%) Cumulative (%) PC1 PC2 PC3

In the Bay PC1 6.08 86.86 86.86 As 0.39 -0.34 -0.16

PC2 0.42 6.06 92.92 Hg 0.40 -0.11 0.05

PC3 0.33 4.72 97.64 Cr 0.39 -0.06 -0.25

PC4 0.09 1.35 99.00 Cu 0.34 0.52 0.74

PC5 0.04 0.60 99.60 Zn 0.40 -0.09 -0.07

PC6 0.03 0.38 99.98 Cd 0.34 0.64 -0.54

PC7 0.00 0.02 100.00 Pb 0.38 -0.42 0.26

Outside the Bay PC1 4.47 63.89 63.89 As 0.09 0.69 -0.22

PC2 1.78 25.41 89.30 Hg 0.10 0.69 0.12

PC3 0.41 5.82 95.12 Cr 0.44 -0.16 -0.31

PC4 0.23 3.22 98.34 Cu 0.46 0.01 -0.28

PC5 0.07 1.02 99.36 Zn 0.47 0.00 -0.09

PC6 0.02 0.34 99.70 Cd 0.39 0.01 0.87

PC7 0.02 0.30 100.00 Pb 0.45 -0.15 -0.05
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TABLE 7 Heavy metal enrichment capacity of marine organisms in Daya Bay.

Type area Monitoring point As Hg Zn Cd Pb Cu Cr

Kd In the Bay S1 4.27 4.28 4.79 / / 4.87 /

S2 4.19 3.78 4.48 / / 4.53 6.01

S4 4.12 3.94 4.43 / / 4.36 5.80

S5 4.11 3.97 4.47 / 4.83 4.41 7.16

S7 4.13 / 4.65 / 5.07 4.79 /

S10 3.80 / 4.67 3.01 / 4.33 /

S12 4.06 / 4.75 / 5.33 4.73 /

S14 3.87 / 4.58 / / 4.30 5.49

S17 4.10 4.84 4.82 / 5.24 4.80 /

S19 3.71 / 4.37 / 5.09 3.88 /

Outside the Bay W1 4.08 4.18 4.78 / / 4.86 7.20

W4 4.26 4.63 4.24 / / 4.77 6.15

W6 4.03 / 4.63 / / 4.56 /

W7 4.03 / 4.27 / / 3.76 /

W9 4.15 / 4.12 / / 4.64 5.90

W12 4.13 / 4.65 / / 4.75 6.80

W15 4.14 / 4.09 / / 4.72 5.69

W17 4.15 / 3.96 / / 4.73 6.53

W20 4.08 4.16 4.35 / / 4.77 /

W21 4.10 / 4.31 / / 4.21 /

W22 4.12 / 3.98 / / 4.24 5.60

BSAF In the Bay S1 0.09 0.15 0.08 0.36 0.00 0.03 0.00

S2 0.14 0.21 0.14 0.64 0.00 0.07 0.01

S4 0.13 0.18 0.12 0.78 0.01 0.06 0.01

S5 0.13 0.19 0.12 0.55 0.00 0.05 0.00

S7 0.12 0.14 0.13 1.00 0.00 0.06 0.00

S10 0.19 0.24 0.18 0.86 0.01 0.06 0.00

S12 0.14 0.12 0.11 0.50 0.01 0.08 0.00

S14 0.20 0.19 0.17 1.00 0.01 0.10 0.00

S17 0.13 0.16 0.11 1.00 0.00 0.06 0.00

S19 0.19 0.41 0.16 1.67 0.00 0.16 0.00

Outside the Bay W1 0.13 0.38 0.09 0.60 0.00 0.16 0.01

W4 0.10 0.07 0.11 1.00 0.01 0.10 0.00

W6 0.14 0.06 0.12 2.00 0.01 0.13 0.00

W7 0.12 0.08 0.12 0.80 0.01 0.14 0.01

W9 0.09 0.08 0.13 1.00 0.00 0.08 0.00

W12 0.09 0.06 0.10 0.86 0.00 0.06 0.00

BAF In the Bay S1 1620 2752 4958 / / 2000 /

S2 2180 1251 4083 / / 2367 5651

S4 1717 1543 3333 / / 1389 3287

S5 1617 1747 3462 / 286 1178 33333

S7 1600 / 5760 / 455 3567 /

S10 1229 / 8235 882 / 1367 /

S12 1567 / 6250 / 1104 4200 /

S14 1457 / 6500 / / 2000 834

S17 1683 10703 7556 / 802 3667 /

S19 971 / 3719 / 613 1230 /

Outside the Bay W1 1618 5644 5522 / / 11400 89362

(Continued)
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sediments, and organisms inside and outside Daya Bay. The

research results show that the seawater inside and outside Daya

Bay is clean, and the exceedance factor of Cu is high. Cu and Pb

in the bay tend to aggravate the deterioration. The potential

ecological hazards of Hg, Cd, and As in the sediments inside and

outside the bay are relatively high, but the overall degree of

hazards is low. Pb in shellfish inside and outside Daya Bay

exceeded the standard, and As in shellfish exceeded the standard

at some points in the bay. Although there is no potential risk to

human health from consuming shellfish in Daya Bay, the health

risks of Pb and As to humans still need to be considered. The

quality of seawater is especially important for those who eat

seafood because heavy metals in seawater are easily enriched in

organisms, which are very sensitive to pollutants in seawater.

The heavy metals in Daya Bay sediments mainly come from the

combustion of fossil fuels and coal, and the waste gas from ship

combustion, which enters the sea through dry and wet

sedimentation or surface runoff. Heavy metals in seawater are

preferentially adsorbed by sediments. Shellfish have strong

adsorption of Cr, Zn and Cu. In general, the quality of

seawater and sediments in Daya Bay is generally good;

however, owing to rapid industrial development, it is essential

to continuously improve environmental standards to reduce the

discharge of heavy metal pollutants and the risk to

human health.
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TABLE 7 Continued

Type area Monitoring point As Hg Zn Cd Pb Cu Cr

W4 1800 2752 1879 / / 5767 3448

W6 1550 / 5028 / / 4633 /

W7 1283 / 2208 / / 830 /

W9 1217 / 1758 / / 3400 2609

W12 1271 / 4560 / / 3300 17857
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