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Abstract The concentration and geochemical fractionation of
six trace metals related with environmental quality assess-
ment, namely Cd, Cr, Cu, Ni, Pb, and Zn, in 30 surface sed-
iments from both inshore and offshore areas of the Taiwan
Strait were measured to investigate their distribution charac-
teristics, evaluate their potential mobility, and assess their pol-
lution status. The geoaccumulation index results indicated
that, on average, the studied metals presented an order of
Cd>Pb>Ni>Zn>Cu>Cr and were practically in uncontami-
nated status except Cd. The results of the sequential extraction
analysis indicated that, on average, the studied metals were
mostly accumulated in residual fraction except Cd whose con-
centration was the highest in the acid soluble fraction present-
ing a high risk to the environment, and their mobility de-
creased in the sequence of Cd>Pb>Ni>Cu>Zn>Cr. Based
on the mean probable effect level quotients, the combination
of the studied metals had an 8 % probability of being toxic at

two sampling sites and had a 21% probability of being toxic at
the rest of sites. The spatial distribution of the studied metals
in total concentrations and different geochemical fractions
corroborated the previous findings about the possible sedi-
ment transportation routes in and around the Taiwan Strait.
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Introduction

Scientists have made great efforts to understand the biogeo-
chemical cycles of trace metals in the marine environment
because many of them are critical for marine life and therefore
influence the functioning of ocean ecosystems (e.g., Anderson
et al. 2014). However, certain trace metals needed by organ-
isms as micronutrients may be toxic at elevated concentrations
or availability and then they turn into environmental pollut-
ants. Therefore, many marine coastal areas in the world are
suffering from the negative impacts of trace metals because of
the excessive input of them by massive human activities (e.g.,
Sundaray et al. 2011; Pan and Wang 2012; Naser 2013; Gao
et al. 2014). So, the marine biogeochemical function of trace
metals is of apparent contradiction. The fact that sediments
accumulate the external environmental impacts makes them
an essential source for the information acquisition in major
marine monitoring programs. To understand the concentra-
tions and distributions of trace metals in the environment is
a fundamental precondition for the effective management of
their pollution.

The Taiwan Strait is in the southernmost part of the East
China Sea (ECS) with an area of ∼8×104 km2, 370 km in
length, and 180 km in width on average, and the water depth
in most parts of the Taiwan Strait is less than 60m. It separates
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the Taiwan island from the Chinese mainland but connects the
ECS with the South China Sea (SCS) (Fig. 1). It transports
large amounts of heat, waters, and nutrients between the ECS
and the SCS (Chen and Wang 1999; Chung et al. 2001; Chen
and Sheu 2006; Hu et al. 2010). Although exhibiting obvious
seasonal variations, briefly, the western part of the Taiwan
Strait is occupied by the Zhejiang-Fujian Coastal Current,
and the eastern part of the Strait is occupied by the water of
the SCS and a branch of the Kuroshio Current (Jan et al. 2002;
Han et al. 2013). Both sides of the Taiwan Strait are areas
densely populated with vibrant human activities.

Previous reports about trace metals in sediments mostly
aimed at local or regional sites in the coastal areas of the
Taiwan Strait (e.g., Fang and Hong 1999; Hung et al. 2001;
Chen and Selvaraj 2008; Chung et al. 2011; Lin et al. 2014). In
this research, surface sediments from both inshore and off-
shore locations covering most areas of the Taiwan Strait were
measured to investigate the spatial distributions of the concen-
trations and fractionations of six trace metals, i.e., Cd, Cr, Cu,
Ni, Pb, and Zn, that relate to the environmental quality assess-
ment, estimate their potential mobility, and assess the degree
of contamination and the ecological risks of these metals to the
environment.

Materials and methods

Sampling

The field survey of this study was carried out in April 2008 on
board the R/V Ocean Researcher I (Cruise No. 861). The

samples used in this research were the top 5-cm sediments
collected from 30 locations in the Taiwan Strait (Fig. 1) using
a gravity corer. Sites 1 and 2 were located near the estuary of
the Tsengwen River; sites 10, 29, and 30 were located near the
estuaries of the Choshui, Tanshui, and Tachia Rivers, respec-
tively. The samples were stored at ∼4 °C in the dark until
further analysis.

Analytical methods

Once transferred to the land-based laboratory, the samples
were homogenized and oven-dried at 50 °C; before which,
the chunks of shells and other impurities distinguishable with
the naked eyes were removed from the samples. Then, a por-
tion of each sample was ground to pass a 200-mesh nylon
sieve.

To obtain the total concentration of each studied metal, an
aliquot of every ground sample was digested with the mixture
of concentrated HF, HNO3, and HClO4 (5:2:1). The sequential
extraction method applied in this research to obtain the infor-
mation about the fractionations of metals in the sediment sam-
ples was reported byRauret et al. (1999) and successfully used
in our previous studies (Gao et al. 2010, 2015a, b; Gao and
Chen 2012; Gao and Li 2012; Zhuang and Gao 2014b). Four
operationally defined geochemical fractions were identified
by this scheme: acid soluble (fraction 1), reducible (fraction
2), oxidizable (fraction 3), and residual (fraction 4). The de-
tailed sequential extraction protocol has been described by
Gao et al. (2010). The concentrations of metals in the residual
fractions were calculated by subtracting the metal concentra-
tions of the first three steps of the sequential extraction from

Fig. 1 Locations of sampling sites in the Taiwan Strait. The major
currents in the East China Sea are schematically showed. CDW, ZFCC,
TWC, and KC represent the Changjiang Diluted Water, the Zhejiang-

Fujian Coastal Current, the Taiwan Warm Current, and the Kuroshio
Current, respectively. It should be noticed that the current system in the
East China Sea has great seasonal variations
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the total digestion measurements. To validate the applicability
of this calculation, two randomly selected residues from the
third step of the extraction procedure were digested by the
same method as that used in the total digestion measurements,
and the measured metal concentrations in them were 86–
104 % of their corresponding values obtained by calculating
the difference between the results of the total digestion mea-
surements and the sums of the results of the acid soluble,
reducible, and oxidizable fractions.

The concentrations of Cd, Cr, Cu, Pb, Ni, and Zn were
determined by the inductively coupled plasmamass spectrom-
etry (PerkinElmer ELAN DRC II). We used the Chinese na-
tional reference material of GBW-07333 and GBW-07314 to
control the analytical quality. The results were consistent with
the reference values and the differences were all within 10 %.
All plastic and glassware were precleaned by soaking in 10 %
HNO3 (v/v) for at least 2 days, followed by soaking and rins-
ing with deionized water. All chemicals used in the experi-
ment were guaranteed reagent grade. Blank determinations
were carried out for each set of analysis using the same re-
agents. All data were corrected for dry weight of the sample.
Careful operation was performed to reduce potential contam-
ination in all procedures.

Results and discussion

Metals in total concentrations

The spatial variations of the studied metals are shown in
Fig. 2 and the related information is summarized in
Table 1. The studiedmetals in total concentrations were found
to vary greatly with sites. For example, although sites 8 and 9
had the shortest distance between each other, the concentra-
tions of the studied metals at site 9 were ∼1.5–5.9 times of
those at site 8. The recorded values were the lowest at site 5
in the middle of the south transect (sites 1–9) for all metals
except Ni, whose value was the lowest at site 8 in the
western part of the same transect near to the Xiamen
Bay; the recorded values were the highest at site 13 in
the middle transect (sites 10–14) for Cd and at site 27 in
the north transect (sites 17–27) for Pb, and they were the
highest at sites 17–19 in the northwestern part of the study
area for the rest of the metals.

The mean data indicated that the target metals in the
surface sediments of the Taiwan Strait exhibited the fol-
lowing descending order: Zn>Cr>Ni>Pb>Cu>Cd. This
was exactly the same as the order of their reported average
concentrations in the sediment of the China Shelf Sea
(Table 1). Among the studied metals, only the mean con-
centration of Cr was lower than its corresponding value in
the sediment of the China Shelf Sea, and the reverse was
true for the rest of the metals (Table 1).

As shown in Table 1, on the whole, the average concentra-
tions of the studiedmetals in this study were comparable to the
values reported for the surface sediments of the Liaodong Bay
(Hu et al. 2013), the Laizhou Bay (Zhuang and Gao 2014b),
and different areas of the Yellow Sea (Yuan et al. 2012; Li
et al. 2013; Huang et al. 2014). They were significantly lower
than the values reported for the surface sediments of the
Jinzhou Bay in the Bohai Sea (Li et al. 2012), which is one
of the most heavily polluted coastal region in China, and this
is also the case when the results of this research were com-
pared with those of the Quanzhou Bay (Yu et al. 2008) in the
west side of the Taiwan Strait and the Kaohsiung Harbor
(Chen et al. 2007) and the Dapeng Bay (Chung et al. 2011)
in the east side of the Taiwan Strait. The values of Cr, Cu, and
Zn in this study were apparently lower than the corresponding
values reported for the surface sediments of the Changjiang
Estuary intertidal zone (Zhang et al. 2009) and the NW East
China Sea off the Changjiang Estuary (Yu et al. 2013) to the
north of the Taiwan Strait, and the values of Pb and Zn were
apparently lower than the corresponding values reported for
the surface sediments of the Xiamen Bay (Lin et al. 2014) to
the west of the south transect (sites 1–9).

Fluvial delivery is the most dominant land-to-ocean trans-
portation way for sediments, as rivers contribute 95 % of
sediments to the ocean, most of which are deposited in coastal
and marginal seas (Syvitski et al. 2003, 2005; Liu et al. 2009).
River discharge is also a major pathway for a majority of
anthropogenic pollutants into marine environments
(Shahidul Islam and Tanaka 2004), and previous reports indi-
cated that the lowermost reach of rivers and estuaries are usu-
ally characterized by higher enrichment of some trace metals
in sediments (Gao and Chen 2012; Zhuang and Gao 2014a).
So, as a general rule, the concentrations of trace metals in the
bottom sediments of coastal waters would decrease seaward in
the areas affected by high intensity of onshore human activi-
ties such as the Taiwan Strait. Consistent with this general
feature, the concentrations of the studied metals showed an
overall distribution trend of decreasing from both sides to the
middle along the south transect, and meanwhile, they showed
a gradually declining trend from the coast of the Chinese
mainland to the coast of the Taiwan island along the middle
transect (Fig. 2). However, besides the impact of sources, the
spatial distribution of trace metals in marine sediments is the
combined effects of a variety of environmental and biogeo-
chemical factors including complicated hydrodynamic condi-
tions and chemical and biological processes. This was perhaps
the reason why the concentrations of some studied metals in
the sediments from some inshore and/or estuarial sites were
lower than those in the sediments from some offshore sites
(Fig. 2).

Site 5 had the lowest metal concentrations perhaps mainly
because the waters there are from the Kuroshio branch (Chen
andWang 2006; Hong et al. 2011; Qiu et al. 2011), which is of
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an open-ocean origin. Sites 1–4 are also affected by the
Kuroshio branch but sediments from Taiwan played a major
role (Liu et al. 2008a, b). Furthermore, the dumping of slags
off SW Taiwan has increased the metal concentrations in sed-
iments (Chen 2007; Selvaraj et al. 2010), and the movement
of currents might bring those contaminated sediments north-
wards from there to the regions near sites 1 and 2 which will
increase metal concentrations in their sediments to some ex-
tent. The high metal concentrations at site 9 should be attrib-
uted to the pollution from the watershed of the Jiulongjiang
River and Xiamen.

Sites 19 to 14 showed the direction of the flow pattern in
winter and after typhoons in summer (Han et al. 2013; He
et al. 2014), and the metal concentrations in their sediments
generally decreased southwards (Fig. 2). So, it was probably
caused by the southward transport of the sediments from the
Changjiang and Zhejiang provinces. The metal concentrations
at some sites of 20 to 28 were generally in the higher parts of
the ranges of metal concentrations recorded in this study. This
might be owing to the pollution from western Taiwan as the
flows are generally northward (Jan et al. 2002, 2006; Chen

and Sheu 2006; Chen et al. 2010). Furthermore, southward-
flowing China coastal currents frequently turn towards the
east near 26°N (Jan et al. 2002, 2006; He et al. 2014), and this
is probably another reason. The results of hierarchical cluster
analysis, which will be discussed later in this section, also
support the influence of these two reasons on the distribution
pattern.

Like sites 20 to 28, sites 10 to 14 were also in the direction
away from the Chinese coast, while metal concentrations in
their sediments generally decreased; this might be because
China coastal currents do not generally move across the
Taiwan Strait at this latitude (Jan et al. 2002, 2006), and pol-
lution from the Chinese mainland is mainly trapped in the
coastal region.

Studies have indicated that the suspended sediments
transported by the Zhejiang-Fujian Coastal Current from the
Changjiang Estuary in the north is the main source of the
sediments in the western coast of the Taiwan Strait, and the
suspended sediments transported by the small mountainous
rivers from the Taiwan island are the main source of sediments
in the eastern coast of the Taiwan Strait (Liu et al. 2008a, b;
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Hsu et al. 2014; Xu et al. 2014). It is speculated that much of
fine mud delivered from the Taiwan island has been washed
away by the local currents and escaped mainly northeastward
with a proportion of it bypassing the northern Taiwan into the
southern Okinawa Trough (Tseng and Shen 2003; Liu et al.
2008a). A latest report indicated that typhoon could cause the
terrestrial material to transport from the coast of the Chinese
mainland across the Taiwan Strait and reach the region off
northeastern Taiwan, and these typhoon-induced terrestrial
materials could then be transported into the southern
Okinawa Trough along the western edge of the Kuroshio
(He et al. 2014).

The hierarchical cluster analysis was performed based on
the data of metals in total concentrations and the geochemical
fractions determined which will be described in the following
section. As shown in Fig. 3, our results indicated that the
surface sediments from sites 23, 25, 27, and 28 in the northern
and northeastern region off Taiwan had a strong similarity
with those from sites 16–19 in the inshore area of the
Chinese mainland. We considered this corroborated the find-
ings of He et al. (2014) about the transportation of terrestrial
material from the coast of the Chinese mainland to the region
off the northeastern Taiwan. Meanwhile, the surface sedi-
ments from sites 23, 25, 27, and 28 also showed a strong
similarity with those from sites 29 and 30 near the estuaries
of the Tachia and Tanshui Rivers, indicating another
sediment-transporting route from the Taiwan island.

Metal fractionation

The results of the sequential extraction indicated that the stud-
ied metals took on different fractionation patterns (Fig. 4). On
average, the percentages of Cu, Pb, and Zn in the four deter-
mined fractions took on the same order of fraction 4>2>3>1,
and the orders were fraction 1>4>2>3 for Cd, fraction 4>3>
2>1 for Cr, and fraction 4>3>1>2 for Ni.

Except for Cd, the studied metals were dominantly retained
in the residual fraction of the sediments, accounting for ∼50–
90% of their respective total concentrations on average with a
sequence of Cr (90 %)>Zn (79 %)>Cu (76 %)>Ni (73 %)>
Pb (50 %); the mean percentage of Cd in this fraction was
30.2 %. The values of Cd were the highest in the acid soluble
fractionwith a mean value of 45%; the values of the rest of the

metals in this fraction, from high to low, were 8.8 % for Ni,
4.0 % for Zn, 3.2 % for Cu, 2.7 % for Pb, and 0.4 % for Cr on
average. Reducible fraction was the most abundant fraction of
non-residual Cu, Pb, and Zn, and oxidizable fraction was the
most abundant fraction of non-residual Cr and Ni. The aver-
age percentages of metals in reducible and oxidizable frac-
tions followed the order of Pb (31.2 %)>Cd (17.4 %)>Cu
(12.8 %)>Zn (10.8 %)>Ni (7.5 %)>Cr (0.8 %) and Pb
(16.4 %)>Ni (10.6 %)>Cr (8.7 %)>Cu (7.9 %)>Cd
(7.5 %)>Zn (6.3 %), respectively. The general fractionation
features of the studied metals in this research were similar to
their distribution features in different geochemical phases ob-
tained by the same sequential extraction method in the surface
sediments of other Chinese coastal areas such as the Bohai
Bay, the Laizhou Bay, and the Daya Bay (Gao et al. 2010;
Gao and Chen 2012; Zhuang and Gao 2014b).

In addition to the abovementioned features, the fraction-
ation patterns of Cd, Cu, and Pb showed a significant spatial
variation (Fig. 4). The proportions of Cd in acid soluble, re-
ducible, oxidizable, and residual fractions varied in the ranges
of 24.8–61.3, 3.6–34.4, 1.6–17.7, and 10.2–58.0 % of its total
concentrations in the sediments, respectively; the correspond-
ing ranges were 0.3–12.1, 5.6–20.6, 2.8–15.6, and 59.3–
88.4 % for Cu and 0.5–7.2, 12.9–50.0, 6.6–30.4, and 24.5–
79.4 % for Pb. Among the 30 sampling sites, only at two sites
Cd in the residual fraction was higher than the sum of it in the
non-residual fractions, and the number for Pb under this con-
dition was 14.

Pollution and risk assessment

As described previously, both sides of the Taiwan Strait have
been faced with intense human activities. Therefore, the bio-
geochemical features of trace metals in its sediments are a
result of the joint natural and anthropogenic influences.
Geoaccumulation index (Igeo) proposed by Müller (1969) is
one of the approaches that have been widely applied to sepa-
rate the metal concentrations of natural variability from the
fraction associating with sediments due to human activities:

Igeo ¼ log2
Cn

1:5Bn

� �

where Cn is the measured concentration of metal n and Bn is
the geochemical background concentration of metal n; the
correction factor 1.5 is used to take into consideration possible
differences in the background values due to lithological vari-
ation. The reported concentrations of the studied trace metals
in the sediment of the China Shelf Sea, taken from Zhao et al.
(1995) and shown in Table 1, were used in the Igeo calculation.

The geoaccumulation index defines seven classes sediment
quality: Igeo≤0 (class 0, practically uncontaminated); 0<Igeo≤
1 (class 1, uncontaminated to moderately contaminated); 1
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Fig. 3 Hierarchical dendrogram in terms of the sampling stations based
on the data of metals in total concentrations and the geochemical fractions
determined
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< Igeo≤2 (class 2, moderately contaminated); 2< Igeo≤3
(class 3, moderately to heavily contaminated); 3<Igeo≤4
(class 4, heavily contaminated); 4< Igeo≤5 (class 5, heavily
to extremely contaminated); 5< Igeo (class 6, extremely
contaminated) (Müller 1969).

As shown in Fig. 5a, all of the studiedmetals except Cd had
an Igeo value of lower than 1 at all the sampling sites. Reflected
by their average Igeo values, Cd was more accumulated in the
surface sediments of the Taiwan Strait than the other five
metals, and the metals presented an order of Cd (0.68)>Pb
(−0.37)>Ni (−0.60)>Zn (−0.68)>Cu (−0.71)>Cr (−0.97).
The Igeo values of Cr fell into the uncontaminated class at all
the sampling sites, and this was also the condition of Pb except
at sites 9, 19, and 27 and Zn except at sites 9, 16, 17, and 19

(Fig. 5a). The Igeo values of Cd fell into the uncontaminated
to moderately contaminated class at two thirds of the sam-
pling sites, and they fell into the moderately contaminated
class at seven of the sampling sites, namely 10, 13–15, 17,
21, and 26, and fell into the uncontaminated class at only
three of the sampling sites, namely 5, 6, and 20; The Igeo
values of Cu and Ni fell into the uncontaminated to mod-
erately contaminated class at 12 and 7 of the 30 sampling
sites, respectively (Fig. 5a). The Igeo values also indicated
that only one site, namely 19, had five metals that were in
the uncontaminated to moderately contaminated class, and
seven sites, namely 9, 16–18, 23, 25, and 27, had three or
four metals that were in the uncontaminated to moderately
contaminated class.
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Fig. 4 The distributions of the
studied metals in different
geochemical fractions of the
surface sediments from the
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The information of Igeo does not indicate potential biolog-
ical harm associated with metal levels. Sediment quality
guidelines (SQGs) have been developed to address this issue.
One of the widely used SQGs is the threshold effects level
(TEL) and probable effects level (PEL) values (MacDonald
et al. 1996). For each metal studied in this research, there are a
TEL and a PEL values available to deal with its environmental
concerns in marine sediments and in response to regulatory
programs (Table 1), and these two values define three concen-
tration ranges of metals, including those that were rarely, oc-
casionally, or frequently associated with adverse effects on
biota (MacDonald et al. 1996).

As shown in Fig. 2, all the concentrations of Cd and Zn
measured were lower than their corresponding TEL values,
which mean that they could pose a limited risk of toxicity;
that was also the condition of Pb except at three sites, i.e., sites
9, 19, and 27, where its concentrations were higher than its
TEL value, although its concentrations at few sites were close
to its TEL value. Cr and Cu showed a similar situation that
their concentrations at about half of the sampling sites were
higher than their TEL values but much lower than their PEL
values, and that means they may occasionally cause adverse
effects on biota in these sites. The concentrations of Ni at more
than two thirds of the sampling sites were higher than its TEL
value but lower than its PEL value; its concentrations at sites
17 and 19 were higher than its PEL value, which made it the
only metal that may frequently cause adverse effects on biota.

The combined possible biological effects of the six studied
metals could be evaluated by the mean PEL quotient method
using the following formula:

meanPELquotient ¼

Xn

x¼1

Cx

PELx

n

whereCx andPELx are the concentration of metal x in sediment
and its PEL value, respectively, and n is the total number of

metals (Long et al. 2000). The mean PEL quotients of <0.1
have an 8% probability of being toxic, the mean PEL quotients
of 0.11–1.5 have a 21 % probability of being toxic, the mean
PEL quotients of 1.51–2.3 have a 49 % probability of being
toxic, and the mean PEL quotients of >2.3 have a 73 % prob-
ability of being toxic (Long et al. 2000). As shown in Fig. 5b, in
the surface sediments of the Taiwan Strait, the mean PEL quo-
tients varied within the range of 0.12–0.42 except at sites 5 and
8 indicating that the combination of the six studied metals may
have a 21% probability of being toxic; the mean PEL quotients
at sites 5 and 8 were 0.07 and 0.09, respectively, indicating that
the they may have an 8 % probability of being toxic.

The TEL and PEL values are derived from the bulk concen-
trations of trace metals in sediments. In addition to their total
concentrations, the geochemical fractionation of trace metals in
sediments is equally important in the determination of their
potential toxicity and threat to ecosystems (Quevauviller
1998; Sahuquillo et al. 2003). The mobility and bioavailability
of metals in sediments and other solid geochemical samples are
governed by the ways they bind with the matrix. The stronger
they combine with sediment matrix means the less possibility
they cause adverse effects on the environment.

It is reported that metals in non-residual fractions obtained
from sequential extractions are more or less available to aquat-
ic biota under certain conditions (Tack and Verloo 1995),
among which the acid soluble fraction, namely the exchange-
able and bound to carbonate components of sediments, is
more weakly combined with the matrix than other fractions.
This fraction may equilibrate with the aqueous phase and thus
become more rapidly bioavailable and cause environmental
toxicity (Karbassi and Shankar 2005).

A metal with no more than 1 % of its total concentration in
sediment existing as the acid soluble fraction is considered to
have no risk to the environment; the percentage of the metal in
the acid soluble fraction falling in the range of 1–10 % indi-
cates a low risk to the environment, its falling in the range of
10–30 % indicates a medium risk to the environment, its
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falling in the range of 30–50 % indicates a high risk to the
environment, and the percentage being higher than 50 % in-
dicates a very high risk to the environment (Perin et al. 1985).
According to this index, as shown in Fig. 4, Cd had a medium
risk to the environment at three sites, it had a high risk to the
environment at 16 sites, and it had a very high risk to the
environment at the rest of the sites; Cr had a low risk to the
environment at three sites 6, 8, and 11, and it had no risk to the
environment at the rest of the sites; Cu had a medium risk to
the environment at site 2; it had no risk to the environment at
six sites 4, 9, 12, 16, 18, and 24, and it had a low risk to the
environment at the rest of the sites; Ni had a medium risk to
the environment at 12 of the 30 sampling sites, and it had a
low risk to the environment at the rest of 18 sites; Pb had no
risk to the environment at six sites 3 and 24–28, and it had a
low risk to the environment at the rest of the sites; Zn had no
risk to the environment at all sites.

Conclusions

This study indicated that the surface sediments in the Taiwan
Strait with higher concentrations of trace metals were mainly
from the northwestern region of the Strait along the coast of
the Chinese mainland. Cd was the most mobile element
among the studied metals and its average percentage in the
acid soluble fraction indicated it had a high risk to environ-
ment; the other metals were much less mobile compared with
Cd and dominantly existed in the residual fraction. The spatial
distribution of the concentration and fractionation of the stud-
ied metals might be an indication of the routes of sediment
transportation in and around the Taiwan Strait.

According to their threshold effects level guidelines, the
concentrations of both Cd and Zn could rarely pose a risk of
toxicity on biota at all the sampling sites; this was also true for
Pb at 27 of the 30 sampling sites and for Cr and Cu at about half
of the sampling sites; the concentrations of Cr, Cu, and Pb
might be occasionally associated with adverse effects on biota
at the rest of the sampling sites; the concentrations of Ni might
be rarely associated with adverse effects on biota at five sites,
frequently associated with adverse effects on biota at two sites,
and occasionally associated with adverse effects on biota at the
rest of the sampling sites. The mean probable effects level quo-
tients indicated that the concentrations of the studied metals
might cause that 28 among the 30 surface sediments from the
Taiwan Strait had a 21 % probability of being toxic and the rest
the two surface sediments had an 8%probability of being toxic.
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