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For many years there has been growing concern over the
manufacture and use of hazardous chemicals, and over the
presence of many of these chemicals in the environment as a
result of their release from industrial sources or from products
that the chemicals have been used to manufacture.

Some hazardous chemicals are highly persistent once released
into the environment. They do not break down readily and can
therefore remain as contaminants, sometimes far from where
they were initially released, with the potential to cause harm over
long periods of time. As a result of their continued production
and use, many such chemicals have become widespread
environmental contaminants. Furthermore, many are
bioaccumulative, able to accumulate in the bodies of animals
living in contaminated environments, and often pass along food
chains.

Largely as a result of legislation, the manufacture and use of
some of the most hazardous chemicals has greatly reduced in
many countries and regions in recent years. However, the
opposite trend is being seen in China for certain hazardous
chemicals, where their manufacture and/or use has either
continued largely unchanged or, in some instances, actually
increased considerably in the last decade. For instance, while the
manufacture and use of alkylphenols and perfluorinated
chemicals has been greatly reduced in some other countries,
there has been considerable recent growth in the amounts
manufactured and used within China.

In addition to man-made organic chemicals, the use and release
of metals can result in their presence in the environment at levels
far exceeding natural background concentrations. This is of
particular concern for metals that are highly toxic and able to
bioaccumulate, with cadmium, lead and mercury being three
such metals to have recently attracted attention. Within China,
the production and use of lead and cadmium has increased in
recent years, and China has become one of the largest producers
and users of these metals, if not the largest. China also
contributes a considerable fraction of total global atmospheric
emissions of mercury, largely from metal smelting and the
burning of coal.

This study was carried out to determine the concentrations of
alkylphenols, perfluorinated chemicals and cadmium, lead and
mercury in the tissues of wild fish collected from the Yangtze
River in China, from January to March 2010. Information on these
chemicals is given in the introduction of the main report,
including information concerning their manufacture and use, their
environmental distribution in fish and other organisms and the
current status of regulation in some countries and regions.
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The Yangtze River, also known as the Chang Jiang (‘Long
River’), is the longest river in China, and the third longest river in
the world. Samples of fish were collected from four locations
along the course of the Yangtze River; Chongqing, Wuhan and
Nanjing, the major cities on the upper, middle and lower
sections of the Yangtze River respectively, as well as
Ma’anshan, a large industrial city situated in the lower section
between Wuhan and Nanjing. Two species of fish were
included in the study, the southern catfish (Silurus soldatovi
meridionalis) and the common carp (Cyprinus carpio carpio),
both of which are widely distributed along the Yangtze River
and are also commonly eaten in China. No catfish were
collected from Ma’anshan, due to their scarce availability here
during the sampling period. The concentrations of all chemicals
were determined in the livers of the fish, and the concentrations
of cadmium, lead and mercury were also determined in the fish
muscle (flesh).

For the catfish, a single composite (pooled) liver sample of four
fish from each location was analysed. However, due to
difficulties in isolating the livers from some carp, individual livers
from two of the four carp collected at each location were
analysed, other than for the Wuhan carp, from which it was only
possible to isolate the liver from one individual. Although the
data provide average liver concentrations for a smaller number
of carp compared to the catfish, they nonetheless do provide
an indication of the extent to which liver concentrations vary
between similar individual carp from the same location. A single
composite (pooled) sample was also prepared from the muscle
of four individuals collected from each location, for both carp
and catfish, for the quantification of the metals.

Alkylphenols were detected in samples of both species from
all sites. Nonylphenol (NP) was by far the most predominant
alkylphenol present in all samples (constituting over 95% in all
carp samples, and over 85% in all catfish samples). NP was
detected in all but one liver sample, with concentrations in the
range 9.20-85.0 μg/kg wet weight (ww) for individual carp
livers, and 23.9-60.6 μg/kg ww for the composite catfish livers.
4-tert-octylphenol (t-OP) was detected in all but two liver
samples, in the range 0.37-2.74 μg/kg ww (carp liver) and 1.98-
3.37 μg/kg ww (composite catfish liver). In general, for fish of
both species, liver samples from specimens collected at Wuhan
and Nanjing contained higher NP and t-OP concentrations than
those from the other locations.
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A small fishing village
in Jiangsu Province,

downstream of the Yangtze
River. Water and air in the
area is severely polluted.

Catfish from Nanjing contained the highest NP
concentration, followed by catfish from Wuhan. In
contrast, the Chongqing sample contained the highest
t-OP concentration. Catfish was not collected from
Ma’anshan. For carp, the sample from Wuhan had the
highest NP concentration, followed by the Nanjing
average. Carp from these two locations yielded very
similar t-OP concentrations, higher than those from other
locations. Carp collected at Ma’anshan contained the
lowest concentrations of both NP and t-OP.

Overall, alkylphenol levels did not vary greatly between the
three locations from where both species were collected,
with the differences between the highest and lowest
concentrations being 3 to 4 times for NP, and 2 to 3 times
for t-OP. However, far lower levels of alkylphenols were
found in carp collected at Ma’anshan, with average
concentrations of NP and t-OP being 14 times and 7
times lower, respectively, than the highest carp levels from
other locations.

The ranges of NP and t-OP concentrations found in this
study are comparable with the ranges of concentrations
previously reported for freshwater fish from other
countries, including for common carp.

Perfluorinated chemicals (PFCs) were detected in all
liver samples except for the carp collected from
Chongqing. Where PFCs were detected, all samples
contained perfluorooctanesulfonate acid (PFOS) and one
or more longer-chain perfluorocarboxylic acids (PFCAs).
PFOS accounted for between 45% and 99% of the total
PFC concentrations (i.e. the sum of all PFC chemicals
quantified in this study) in all liver samples for both
species, with concentrations in the range 1.8-41.6 μg/kg
ww (individual carp livers) and 18.4-39.7 μg/kg ww
(composite catfish livers). Total PFCA concentrations were
0.45.9 μg/kg ww (individual carp livers) and 2.7-16.8
μg/kg ww (composite catfish livers), with
perfluoroundecanoic acid (PFUnA) as the predominant
PFCA in all but one sample.

The variation in PFOS concentrations between locations
was similar to that seen for the alkylphenols, with the
highest levels generally being found for samples from
either Wuhan or Nanjing. For catfish, however, the
Chongqing sample had the second highest PFOS
concentration, being slightly higher than that from
Nanjing.
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None of the muscle samples contained concentrations of the
three metals above their respective maximum allowed
concentrations for fish intended to be used for human
consumption in China, with the highest mercury concentration
being less than half the applicable limit.

Mercury was detected in all but one liver samples, at
concentrations in the ranges 0.008 to 0.052 mg/kg (carp livers)
and 0.043 to 0.11 mg/kg (catfish livers). For both species,
between the different locations, the variation of mercury
concentrations in the livers followed similar patterns to those
seen in the muscle samples. In all cases, higher mercury
concentrations were found in muscle samples than in liver
samples, by between 2-6 times for the carp, and 2-3 times for
the catfish.

Cadmium was found in all catfish liver samples, at between
0.15 – 0.34 mg/kg, with the highest level in the sample from
Nanjing. The levels in the catfish livers were by far the highest
cadmium concentrations among all the samples (liver and
muscle) analysed in this study. Cadmium was detected in just
over half of the carp liver samples, with the highest
concentration of 0.05 mg/kg, again in the sample from Nanjing.
For comparative purposes, the maximum concentration of
cadmium allowed in fish muscle intended to be used for human
consumption in China is 0.1 mg/kg, although this limit is not
directly applicable to fish livers. Unlike mercury, higher cadmium
concentrations were found in the liver samples compared to
muscle, by up to 15 times. Similar patterns between these
organs have been reported for mercury and cadmium in other
studies.

For both alkylphenols and PFCs, some relatively large
differences were found in the liver concentrations between two
individual carp with similar weights and lengths from the sample
location. For the alkylphenols, individual liver concentrations
differed by up to 2.4 times for NP, and over 3.4 times for t-OP,
while even larger differences were seen for PFCs for one
location, with the PFOS and total PFCA concentrations differing
by 11 times and 15 times respectively. Similarly for mercury and
cadmium, individual liver concentrations differed by up to 4 and
over 5 times respectively for similar carp from the same
location. However, in some instances, liver concentrations
between two individual from the same location differed to a
lesser extent for all three groups of chemicals.

A somewhat different pattern was found for PFCAs. The highest
total PFCA concentrations were found in samples of both
species from Nanjing, including the highest level recorded for
catfish by far in this study. After Nanjing the next highest total
PFCA concentrations were found in samples from Ma’anshan
and Chongqing, for carp and catfish respectively. The variations
between locations for individual PFCAs identified followed the
same patterns as those for the total PFCAs concentrations for
both species.

The ranges of PFC concentrations between different locations
were generally broader than those for the alkylphenols, and
were very different between the two fish species. For PFOS, the
difference between the highest and lowest concentrations was
20 times for the carp, but only 2 times for the catfish. The total
PFCA concentrations differed by 5.8 and 6.2 times between the
highest and lowest levels for the carp and catfish respectively.

The range of PFOS concentrations found in this study is
comparable with the ranges of levels for freshwater fish livers
and carp blood and muscle reported in previous studies of fish
in other countries. However, levels found in this study are
towards the lower end of these ranges. The range of total PFCA
levels found in this study is comparable with the ranges of levels
reported in previously published studies for freshwater fish livers
and carp muscle in other countries, though relatively few data
are available in total for PFCAs.

Of the three metals, cadmium, lead and mercury, quantified
in this study, all muscle (fillet) samples contained detectable
levels of mercury, in the range 0.034-0.13 mg/kg for carp and
0.083-0.19 mg/kg for catfish. Cadmium and lead were below
limits of quantification in all composite muscle samples except
for in catfish collected at Nanjing, which contained 0.02 mg/kg
cadmium. The mercury concentrations in catfish generally
increased in samples collected along the Yangtze from
upstream (Chongqing) to downstream (Nanjing) locations. A
similar trend was apparent for mercury in carp, although carp
from Nanjing had the lowest concentration among all carp
samples.
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Ongoing releases of hazardous chemicals to the Yangtze River,
and further afield in China, are likely to lead to ever-increasing
levels in the receiving environment, which are likely to persist for
some time even after any controls on their release have been
introduced. Although some regulations apply to the release of
the three metals within China under certain circumstances,
these do not prohibit all releases that derive from human
activities. Furthermore, the manufacture, use and release of
alkylphenols and PFCs are currently not specifically regulated
within China and this situation also applies to the majority of
other hazardous chemicals currently used and released within
China.

There is an urgent need for the development of a more
sustainable approach to the management of chemicals within
China, including developing an understanding of the current
uses of hazardous substances for as wide a range of
substances as possible, as well as of their release to the aquatic
and wider environment. Regulations seeking to address
impacts arising from the release of hazardous chemicals into
the environment, by setting either acceptable levels of release
or acceptable levels in the receiving environment, are, however,
unable to address the serious and potentially irreversible
consequences arising from ongoing releases of persistent
pollutants to the environment, particularly those able to
bioaccumulate. The most effective measures to address
hazardous substances are those that seek alternatives to their
use in manufacturing processes, progressively replacing them
with less hazardous and preferably non-hazardous alternatives,
in order to bring about rapid reductions and ultimate cessation
in their discharges, emissions and losses. This approach can
lead to a more sustainable industry, eliminating both the waste
of resources and the pervasive threats to the environment and
human health which the ongoing use and release of hazardous
chemicals entails.

These differences highlight the potential for a relatively high
degree of variability in concentrations for similar fish from a
single location. Although limited, these data suggest that fish
size may not be a primary factor influencing differences in liver
concentrations, an observation that has been previously
reported for alkylphenol and PFCs in fish tissues in other
studies. Caution is therefore required in making any firm
conclusions on the ranking of locations by the concentrations of
alkylphenols, PFCs, cadmium or mercury in the fish livers,
where the differences in concentrations between locations are
relatively small. Because of this underlying specimen-to-
specimen variation in contaminant concentrations, data for the
composite catfish samples, prepared from 4 individuals, are
likely to provide a better measure for comparison than the
average carp values (from 1 or 2 individuals).

As a whole, and irrespective of any apparent trends along the
course of the river, this study has demonstrated the widespread
presence of certain hazardous chemicals within wild fish from
the upper, middle and lower sections of the Yangtze River. The
data not only provide information on the levels of the hazardous
chemicals investigated within the bodies of the fish, but also
provide an indication of the levels of exposure to the fish for
these hazardous chemicals, and therefore of the extent to
which the Yangtze River itself is contaminated at the locations
investigated. Furthermore, although chemicals entering to the
Yangtze River, either from point sources or due to diffuse inputs,
will to some extent move along the river with the flow of water
and sediments within it, this study also provides some
indications of differences in the quantities and composition of
the local sources of the substances investigated at the four
locations.
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In recent years there has been growing concern over the manufacture
and use of hazardous chemicals and their release into the
environment. Some of these are man-made organic chemicals that are
persistent (they do not break down readily in the environment),
bioaccumulative (able to accumulate in organisms) and have toxic
properties, including being capable of disrupting endocrine (hormone)
systems. As a result of their persistent and bioaccumulative properties,
following their release many hazardous organic chemicals can
accumulate in the environment, including in the bodies of organisms. In
addition, the use and release of toxic metals can result in their
presence in the environment at levels that far exceed natural
background concentrations.

For many hazardous chemicals it is difficult, if not impossible, to
remove them, or control the risks they present, once they have been
released into the environment. The more environmentally-persistent
chemicals can cause harm over a long period of time and over wide
areas, even far from their point of release and long after any controls
have been introduced. As a result, many such chemicals have become
widespread environmental contaminants. Furthermore, many cannot
be contained or destroyed effectively using traditional ‘end-of-pipe’
measures to treat industrial wastes, such as biological wastewater
treatment plants.

In the current study, we have investigated the levels of two groups of
persistent, bioaccumulative organic chemicals - alkylphenols and
perfluorinated chemicals - as well as three toxic metals –cadmium,
lead and mercury - in the tissues of fish collected from the Yangtze
River in China. The Yangtze River, also known as the Chang Jiang
(‘Long River’), is the longest river in China, and the third longest river in
the world. Some previous studies have demonstrated the
contamination of the Yangtze River with a range of hazardous
chemicals, including heavy metals, and many of these studies are
summarised below within the sections describing the relevant
chemicals to this study.

Samples of fish were collected from four locations along the course of
the Yangtze River. These included Chongqing, Wuhan and Nanjing,
the major cities located in the upper, middle and lower sections of the
Yangtze River, respectively. In addition, to extend the scope of the
study, samples were also collected from the city of Ma’anshan, a
relatively large industrial city situated in the lower section between
Wuhan and Nanjing (Figure 1). Two species of fish were collected, the
southern catfish (Silurus soldatovi meridionalis) and the common carp
(Cyprinus carpio carpio), both of which are commonly eaten in China.
Common carp has been widely used as a biomonitor for the evaluation
of pollutants in aquatic ecosystems, in part due to its widespread
distribution and also its use as a human food source in many countries
(Ye et al. 2008).

Swimming in Chemicals
Perfluorinated chemicals, alkylphenols and
metals in fish from the upper, middle and lower
sections of the Yangtze River, China

Introduction

Figure 1. Sketch maps showing the Yangtze River basin within China (left), and

locations from which the fish were collected along the Yangtze River (right).

Chongqing
Wuhan Ma'anshan

Nanjing
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This study involved the quantification of alkylphenols (APs),
perfluorinated chemicals (PFCs) and three metals (cadmium, lead and
mercury) in the livers of the fish, as well as the quantification of the
metals in the fish muscle. Information on these groups of chemicals is
summarised below.

Alkylphenols
Four alkylphenols were quantified in this study: nonylphenol (NP), 4-n-
nonylphenol (n-NP), 4-tert-octylphenol (t-OP) and 4-n-octylphenol (n-OP).

Production and use
Alkylphenols (APs), which include nonylphenols (NP) and octylphenols
(OP), are manufactured almost exclusively to produce alkylphenol
ethoxylates (APEs), chemicals used as non-ionic surfactants. NPs are
used to manufacture nonylphenol ethoxylates (NPEs). OPs are used to
manufacture octylphenol ethoxylates (OPEs).

‘Nonylphenol’ and ‘octylphenol’ are themselves groups of related
(isomeric) compounds. 4nonylphenol is the main NP in use, while
4-tert-octylphenol (t-OP) is the most commercially important isomer of
OP (OSPAR 2004b, 2006b). NPEs and OPEs are used as surfactants,
emulsifiers, dispersants and wetting agents in a variety of industrial and
consumer applications, including the manufacture of textiles. The
largest amounts are used in industrial and institutional cleaning
products (detergents), with smaller amounts used as emulsifiers, textile
and leather finishers and as components of pesticide formulations and
other agricultural products, as well as water-based paints (OSPAR
2004b & 2006b, Guenther et al. 2002). Within China, the production of
APEs (primarily NPEs) was estimated to be about 50,000 tons in 1998
(Huang 1998), and the use of APEs (primarily NPEs) is also thought to
have increased substantially in recent years (Feng 2005). Exact levels of
current production and consumption are not known.

Following release to the environment, APEs can degrade back to the
AP from which they were produced (NPE to NP, and OPE to OP), and
these APs are persistent, bioaccumulative and toxic to aquatic life.

Environmental distribution
Both APEs and APs (especially NP and its derivatives) are widely
distributed in fresh and marine waters, particularly in sediments, in
which these persistent compounds accumulate (see e.g. Fu et al.
2008, Soares et al. 2008, Shue et al. 2009, David et al. 2009). Because
of their releases to wastewaters, APEs and APs are also common
components of sewage effluents and sludge (Micic & Hofmann 2009,
Ying et al. 2009, Yu et al. 2009), including that applied to land. NP has
also been detected in rain and snow in Europe (Fries & Püttmann 2004,
Peters et al. 2008), while residues of both NP and OP have been
reported as contaminants in house dust (Butte & Heinzow 2002, Rudel
et al. 2003) and indoor air (Rudel et al. 2003, Saito et al. 2004). In
China, NPs have been identified in river water and sediment in many
areas, as well as drinking water derived from contaminated river waters
(Shao et al. 2005, Xu et al. 2006, Yu et al. 2009), including Yangtze

River water and drinking water in the area of Chongqing (Shao et al.
2005), and in river water and sediment from the Yangtze River estuary,
with concentrations at some locations in the Yangtze estuary
exceeding those reported for the Rhine River estuary in the
Netherlands and the Elbe estuary in Germany (Fu et al. 2008).

Both NP and OP are known to accumulate in the tissues of fish and
other organisms, and to biomagnify through the food chain (OSPAR
2004 & 2006). Alkylphenols, particularly NP, have frequently been
reported as contaminants in aquatic organisms, especially in fish, from
many locations around the world, with significant levels in invertebrates
and fish in the vicinity of sites of manufacture and/or use of APEs and
close to sewer outfalls (Lye et al. 1999, Rice et al. 2003, Mayer et al.
2007). More recently, the presence of APs as contaminants in human
tissues has also been reported (Lopez-Espinosa et al. 2008). Many of
the previous reports of APs in freshwater fish from various countries
are summarised in Table 5, in the results and discussion section below.

Hazards
Both NP and OP are known hormone-disrupting chemicals (endocrine
disruptors) as a result of their estrogenic activity, i.e. their ability to
mimic natural estrogen hormones. This can lead to altered sexual
development in some organisms, most notably the feminisation of fish
(Jobling et al. 1995, 1996). Atienzar et al. (2002) described direct
effects of NP on DNA structure and function in barnacle larvae, a
mechanism that may be responsible for the hormone disruption effects
seen in whole organisms. In rodents, exposure to OP caused adverse
effects on male and female reproductive systems, including lower
sperm production and increased sperm abnormalities (Blake et al.
2004). Chitra et al. (2002) and Adeoya-Osiguwa et al. (2003) describe
effects on mammalian sperm function, while DNA damage in human
lymphocytes has also been documented (Harreus et al. 2002),
although the significance of these findings has been challenged by
some. Impacts on immune system cells in vitro have also been
described (Iwata et al. 2004).

Regulation
The manufacture, use and release of APs, including NP and OP, are
not currently regulated in China. However, in some other regions, such
regulations do apply to these chemicals.

More than 10 years ago, the Ministerial Meeting under the OSPAR
Convention agreed on the target of cessation of discharges, emissions
and losses of hazardous substances to the marine environment of the
north-east Atlantic by 2020, and included NP/NPEs on the first list of
chemicals for priority action towards this target (OSPAR 1998).
Subsequently, t-OP was also listed under this category in 2000
(OSPAR 2006b).

Information on the chemicals tested
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Since then, NP has been included as a ‘priority hazardous substance’
under the European Union (EU) Water Framework Directive, such that
action to prevent releases to water will be required throughout Europe
within 20 years of adoption of the regulation (EU 2001). In 2008,
the Water Framework Directive was amended, laying down
environmental quality standards (EQS) for a number of priority
substances (EU 2008). Both NP and OP have been designated as a
‘priority substance’ by this Directive, which aims to combat the
pollution of surface waters by 33 priority chemical substances. Already,
however, the widely recognised environmental hazards presented by
AP/APEs have led to some long-standing restrictions on their use in
many countries. Of particular note in the European context is the
Recommendation agreed by the Paris Commission (now part of the
OSPAR Commission) in 1992, which required the phase-out of NPEs
from domestic cleaning agents by 1995 and industrial cleaning agents
by the year 2000 (PARCOM 1992). However, the precise extent to
which this measure was effective is unclear.

The EU risk assessment for NP identified significant risks to the aquatic
environment, to the soil and to higher organisms through secondary
poisoning arising through numerous uses of NPEs (EU 2002b).
According to Directive 2003/53/EC, after January 2005 products
containing greater than 0.1% NP or NPEs may no longer be placed on
the market within Europe, with some minor exceptions principally for
‘closed-loop’ industrial systems (EU 2003). At the same time, very little
information exists regarding the ongoing uses of OP and its derivatives
in consumer products within Europe.

Perfluorinated chemicals (PFCs)
A range of perfluorinated chemicals (PFCs) were quantified in this
study, including:

• 5 perfluoroalkyl sulfonates (PFASs), including perfluorooctane
sulfonate (PFOS)

• 11 perfluorinated carboxylic acids (PFCAs)

• 1 perfluorinated amide (PFA), perfluorooctane sulfonamide (PFOSA)

The group of PFCAs is commonly split into two subgroups; shorter
chain PFCAs, i.e. those with a carbon chain length of 6-10 carbons,

and longer chain PFCAs, i.e. those with a carbon chain length of more
than 11 carbons (Peng et al. 2010).

PFCs, their production and use
PFCs are man-made chemicals in which all the carbon-hydrogen
bonds present in the organic chemical backbone have been replaced
by carbon-fluorine bonds. These chemicals are not produced by
natural processes and hence never occur in nature other than as a
result of human activity. The direct chemical bond between carbon and
fluorine is very strong, making it highly resistant to chemical, biological
and thermal degradation (So et al. 2004). Many PFCs also have
relatively low solubility in both water and oils, unique properties that
have underpinned their development and widespread use as water,
grease and stain-repellent finishes on textile and paper products, as
well as for specialised solvents and surfactants used in industry and as
components of cosmetics and plastic products (OECD 2002, Hekster
et al. 2003). Their resistance to breakdown even at high temperatures
has also led to their use in firefighting foams and in lubricants for high
temperature applications (OSPAR 2006). However, the properties of
this group of chemicals also result in one of their major environmental
down-sides of PFCs, namely their long persistence in the environment
once they are released, whether from manufacturing or disposal
operations or during the useful lifetime of a product (Key et al. 1997).

The PFCs that have been manufactured over the past 60 years fall into
four broad categories; PFASs, PFCAs, fluoropolymers (the best known
being PTFE, marketed as Teflon and widely used for ‘non-stick’
cookware) and fluorotelomer alcohols (FTOH) (Dinglasan et al. 2004).

Until 2000, the most widely used PFASs globally were those based on
PFOS. At that time, the annual production of all PFOS-related
chemicals in the USA alone was 3,000 tonnes (Stock et al. 2004).
Although there were a large number of different PFOS-related
chemicals in use, designed to optimise specific properties conferred
on different products, the majority share the common property of
eventual degradation back to PFOS itself, a compound so resistant to
further degradation that it is expected to persist for very long periods in
the environment (Kannan et al. 2002a).

Since 2000, global production of PFOS and equivalent chemicals has

Swimming in Chemicals
Perfluorinated chemicals, alkylphenols and
metals in fish from the upper, middle and lower
sections of the Yangtze River, China
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fallen sharply, and is currently estimated to be below 1,000 tonnes per
annum (Paul et al. 2009). In contrast, production within China has
increased in recent years. It has been reported that large-scale
production of PFOS in China began in 2003, with total production
before 2004 of 50 tonnes, increasing to over 200 tonnes per annum in
2006, of which approximately half was exported to the EU, Japan and
Brazil (Bao et al. 2010).

Perfluorooctanoic acid (PFOA) is the most well-known of the PFCAs,
being used as a polymerisation aid in the manufacture of the
fluorinated polymer PTFE. It has been reported that PFOA is not
currently manufactured in China, but is imported to produce PFC-
related formulations (FECO/MEP 2009). Other than through deliberate
production, PFOA (along with other shorter and longer-chain PFCAs)
can also be generated as an unintended by-product in the
manufacture of perfluorinated telomer alcohols, or FTOHs (Poulsen &
Jensen 2005).

Environmental distribution
PFASs (especially PFOS) and PFCAs (especially PFOA) have been
reported as contaminants in almost all environmental media, including
freshwater, groundwater and seawater sediments and soils. Within
China, PFCs including PFOS and PFOA have been reported in various
environmental media including waters from many river systems (So et
al. 2007, Jin et al. 2009, Lien 2007 cited in Kunacheva et al. 2009). A
range of PFCs - particularly PFOA, but also PFOS and, to a lesser
extent, PFOSA and some other PFCAs (including perfluorohexanoic
acid (PFHxA), perfluoroheptanoic acid (PFHpA) and perfluorodecanoic
acid (PFDA)) - have been detected in river water from locations along
the course of the Yangtze River, including at Chongqing, Nanjing and
Shanghai, (So et al. 2007).

The highest concentrations were generally found in samples from near
Shanghai, with samples from Chongqing being the second most
contaminated. Others have reported the presence of PFOS and PFOA
in all Yangtze River water samples collected in 2003 along the course
of the river between Chongqing and Wuhan. In addition, PFOA, PFOS
and other PFCs have been reported in the sediments of various rivers
in China, including sediment collected from the Huangpu River, a
tributary to the lower Yangtze River, which contained PFOA at levels
higher than those generally reported in rivers worldwide (Bao et al.
2010). Sediments collected from the Yangtze River Estuary have
yielded some of the highest PFOS concentrations ever recorded (Pan
& You 2010). Furthermore, the presence of PFOS and PFOA has also
been reported in tap water in many cities in China, including
Chongqing, Wuhan and Nanjing. Some of the highest concentrations
of PFOS and PFOA were found in tap waters from Shanghai, Wuhan
and Nanjing on the Yangtze River, as well as in Guangzhou and
Shenzhen on the Pearl River Delta (Jin et al. 2009, Mak et al. 2009).

Unlike many persistent organic pollutants, PFOS accumulates in the
bodies of animals by binding to proteins in the blood, thereby building
up to particularly high levels in liver tissue (Giesy & Kannan 2001,

Martin et al. 2003a, b). Numerous studies have reported the presence
of PFCs in tissues of aquatic invertebrates, amphibians, fish, birds and
mammals (from mice to far larger mammals including whales and polar
bears) (Giesy & Kannan 2001, Houde et al. 2006). PFOS and PFOA
have also been reported in red and giant pandas from zoos and wildlife
parks within China (Dai et al. 2006). PFOS is generally the predominant
PFC reported in the tissues analysed (Giesy & Kannan 2001, Kannan
et al. 2005, Houde et al. 2006). PFOA and perfluorononanoic acid
(PFNA) – or, occasionally perfluoro-n-undecanoic acid (PFUnDA) -
have generally been the most abundant PFCAs reported in animal
tissues, particularly in top predators (Martin et al. 2004, Smithwick et
al. 2005). In the aquatic environment, PFCs have been reported in
organisms at all levels of food webs (Houde et al. 2006). Many of the
previous reports of PFCs in freshwater fish from various countries are
summarised in Table 6, in the results and discussion section below.

Within China, PFOS, PFCAs and also PFOSA have been previously
reported in the blood of fish, including in common carp and leather
catfish from Gaobeidan Lake near Beijing (Li et al. 2008). PFOS and
some PFCAs have also been reported in seafood from Zhoushan and
Guangzhou (Gulkowska et al. 2006). A recent study also reported
PFOS and other PFCs, including both short and long-chain PFCAs, in
wild Chinese sturgeon captured from the Yangtze River (Peng et al.
2010). PFOS was the predominant PFC recorded in these studies,
accounting for almost half the total PFC concentration in the sturgeon
livers. While collection locations are not given, it should be kept in mind
that sturgeon are diadromous fish (i.e. they migrate between the
Yangtze and the marine environment).

Human exposure to perfluorinated chemicals
PFOS and other perfluorinated chemicals have been found in human
blood and human breast milk sampled from people living in many
countries around the world, even in remote areas such as the
Canadian Arctic. PFOS is the most predominant PFC to be found in
human blood, with PFOA often being the next most abundant (Kannan
et al. 2004, Toms et al. 2009, Rylander et al. 2010, Dallaire et al. 2009).

In China, a study on people from nine different cities showed that
PFOS was the dominant PFC detected in blood samples, with
perflurohexansulfonate (PFHxS) being the next most abundant (Yeung
et al. 2006). Two other studies in China have also found PFCs in the
blood of people from several different regions (Yeung et al. 2008 and
Liu et al. 2009). In addition, other PFCs have been detected in human
blood, including longer-chain PFCAs and PFOSA (Kannan et al. 2004,
Yeung et al. 2008).

In the US, average concentrations of PFOS, PFOA and PFHxS in blood
samples have reduced in recent years, which may be as a result of the
discontinuation of industrial production of PFOS and related chemicals
in the US in 2002 (Calafat et al. 2007). Conversely, in Shenyang, China,
levels of PFOS and PFOA levels in human blood increased between
1987 and 2002 (Jin et al. 2007).
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PFOS has also been found to be the most abundant PFC in breast milk
from women around the world. The level of PFOS, PFOA and PFHxS in
breast milk samples from countries in Asia are reported to be at similar
levels to those detected in Sweden, Germany and the United States
(Tao et al. 2008). In China, PFOS and PFOA were the predominant
PFCs found in breast milk samples taken from women from 12
provinces in 2007 (Liu et al. 2010). PFOS and PFOA have also been
found in blood samples taken from the umbilical cord at birth,
indicating the transfer of PFCs from the mother’s blood across the
placenta to the developing infant in the womb (Monroy et al. 2008, Tao
et al. 2008).

Research shows that food intake is the major route for exposure to
PFCs in the general population (Fromme et al. 2009, Vestergren and
Cousins 2009, Zhang et al. 2010a), though additional exposure may
occur in populations living near PFC production facilities (Fromme et al.
2009). Within China, PFOS and PFCAs have been reported in various
foods (meat and eggs) (Zhang et al. 2010a), as well as in seafood from
Zhoushan and Guangzhou (Gulkowska et al. 2006). It has been
suggested that marine fish and other seafood may account for the
majority of human exposure in China (Zhang et al. 2010).

Health impacts
Studies of laboratory animals indicate that PFCs can cause adverse
impacts during development and during adulthood. PFOS and PFOA
have both been reported to have adverse effects on the liver in rodents
and monkeys (Kawashima et al. 1995, Adinehzadeh et al. 1999,
Berthiaume & Wallace 2002, Lau et al. 2007). PFCs have also been
shown to act as hormone (endocrine) disruptors (Jensen and Leffers
2008). Some examples of the effects PFCs have on endocrine systems
include decreasing testosterone levels and increasing estradiol levels in
adult rats, which can result in changes in the cells of the testis (Jensen
and Leffers 2008), as well as the birth of offspring to laboratory rodents
that were exposed to PFOS when pregnant that had changes in
thyroid hormone levels and growth deficits (Lau et al. 2007, Yu et al.
2009). Studies have also investigated impacts of PFCs on the immune
system, including the developing immune system of mice following
prenatal exposure to PFOS (Keil et al. 2008) and on the immune
system of adult laboratory rodents (Yang et al. 2002, Lau et al. 2007,
DeWitt et al. 2008, Peden-Adams et al. 2008).

PFCs also appear to have impacts on the hormone system in humans.
In the US, higher PFOA and PFOS concentrations in blood have been
found to be associated with thyroid disease (and being on thyroid-
related medication) in the general adult population (Melzer et al. 2010).
High combined levels of PFOA and PFOS in men’s blood in Denmark
were found to be associated with having fewer normal sperm (Joensen
et al. 2009). Furthermore, women in Denmark with higher blood levels
of PFOA and PFOS took longer to become pregnant than those with
lower levels (Fei et al. 2009). Elevated levels of PFC exposure may also
affect foetal growth and development, though there are
inconsistencies between different studies (Fei et al. 2008 & 2009,
Olsen et al. 2009).

No consistent associations have been found between adverse health
effects and the levels of PFCs in blood as a result of occupational
exposure in the workplace (Lau et al. 2007). One study based on a
limited number of cases did find a statistically significant increase in the
number of deaths from bladder cancer in workers who were highly
exposed to PFOS (Alexander et al. 2003); however, a subsequent
update of the study offered “little support for an association between
bladder cancer and PFOS exposure” (Alexander & Olsen 2007). The
European Food Safety Authority has noted that “Epidemiological
studies in PFOS exposed workers have not shown convincing
evidence of increased cancer risk” (EFSA 2008). The possibility
remains of a small increased risk in highly-exposed workers, but the
limited size of the study population prohibits a conclusive answer.
Regarding workplace exposure to PFOA, one study found a
statistically significant link between prostate cancer and employment
duration; however, an update to the study found no evidence of an
increase in this and other types of cancer (Lau et al. 2007, DuPont
2006).

Regulation
Within China there are currently no regulations of the manufacture
and use of PFOS, or other PFCs. However, PFOS has recently been
included among the persistent organic pollutants (POPS) regulated
under the Stockholm Convention, a global treaty to protect human
health and the environment. Under the terms of the Convention,
contracting parties must take measures to restrict the production
and use of PFOS, although a wide range of uses are currently exempt,
including uses in the semiconductor and photographic industries,
metal plating operations, aviation hydraulics, fire-fighting foams, and
certain pesticides (UNEP 2009)

The marketing and use of PFOS has been prohibited within the EU for
certain uses since 2008, although many similar exemptions exist to
those under the Stockholm Convention (EU 2006). The manufacture
and use of PFOS has also been prohibited in Canada, though again
with certain exemptions (CEPA 2008).

The above regulations do not apply to PFCAs and other PFCs.
Furthermore, even when all uses are discontinued, the high
persistence of PFOS and other PFCs will inevitably mean that they will
continue to be environmental contaminants for a long period.
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Metals: cadmium, lead and mercury
The metals quantified in this study (cadmium, lead and mercury) are
found naturally at some level in uncontaminated environmental
samples, such as sediments and surface waters, though generally at
low concentrations. Inputs from point sources such as industrial
discharges, as well as diffuse inputs including atmospheric deposition
and run-off from land, can result in levels that far exceed natural
background concentrations. A very wide range of levels of cadmium,
lead and mercury has been reported in rivers and other surface water
systems around the world, ranging from natural background
concentrations to levels that far exceed them by many thousands of
times (Salomons & Forstner 1984, ATSDR 1999, 2007, 2008).

For the middle and lower sections of the Yangzte River, from below the
Three Gorges Dam to the river estuary, levels of dissolved cadmium,
lead and mercury have recently been reported to be generally
comparable with, or lower than, those found in other major rivers
around the world. However, suspended particles in the river were
found to contain levels of cadmium and particularly mercury above
world river averages. Furthermore, markedly higher dissolved and
particulate concentrations of cadmium, lead and mercury were found
at certain locations along the Yangtze River (Müller et al. 2008).

Cadmium (Cd)
Cadmium is a rare metal, found naturally in the environment at very low
concentrations (ATSDR 2008). When released to aquatic environments
cadmium is generally more mobile than most other metals (ECB 2007).
Cadmium has many uses, including within electrical and electronic
products and rechargeable batteries, in pigments for glass and plastic,
as stabilisers in polyvinyl chloride (PVC), in metal alloys and for metal
plating processes (ATSDR 2008, Hawkins et al. 2006). In recent years
China has become one of the major producers of cadmium metal, and
also of portable nickel-cadmium batteries, the manufacture of which
constitutes the largest use of cadmium globally (UNEP 2006a).
Cadmium compounds are also present as trace components in bulk
raw materials, including coal, and phosphate ores used to produce
fertilisers. Use of these materials can result in substantial releases of
cadmium to the environment, including to surface waters, through run-
off from land and deposition of atmospheric cadmium emissions
(OSPAR 2004a, Pacyna et al. 2009).

Cadmium has no known biochemical or nutritional function and is
highly toxic to a wide range of life forms, including aquatic organisms.
Effects on fish and aquatic invertebrates can occur at levels as low as
1 μg/L, with effects being dependent on other water quality factors
including the presence of other pollutants (ECB 2007). In addition,
many aquatic organisms can bioaccumulate cadmium from water and
sediments (Ankley et al. 1994, ECB 2007).

Cadmium is also toxic to humans and can accumulate in the body over
time, with exposure for the general population being primarily through
diet. Long-term exposure can cause damage to the kidneys and bone
structure (ECB 2007, Hellstrom et al. 2001). Other health effects from

cadmium exposure include the development of hypertension (high
blood pressure) and heart disease. Recent studies have indicated
impacts due to cumulative long-term low-level exposure (Satarug &
Moore 2004). Cadmium and its compounds are known human
carcinogens, effective primarily through inhalation of contaminated
fumes and dusts (DHSS 2005).

Lead (Pb)
Lead is a metal that is found naturally in the environment, though usually
at very low concentrations unless at locations affected by inputs from
human activities (ATSDR 2007). Following release to the environment,
lead generally has low mobility compared to other metals.

Lead and its compounds have many uses, including in batteries and
electronics products, in metal alloys, pigments for glass and plastic,
and as stabilisers in PVC formulations (ATSDR 2007, Matthews 1996).
Historically, lead compounds have been used as an anti-knock additive
in petrol, which has contributed to current levels of environmental
contamination (Pacyna et al. 2009). In addition to inputs from point
sources, run-off from land and deposition of lead emitted to the
atmosphere (including from lead and other metal smelters, and the
burning of coal) can act as diffuse sources of lead to surface waters
(Liang et al. 2010, Pacyna et al. 2009). China is currently the world’s
major producer and user of lead, with consumption more than
doubling between 1998 and 2005 (UNEP 2006b).

Lead is highly toxic to humans as well as many animals and plants,
having no known biochemical or nutritional function (ATSDR 2007,
Adams & Chapman 2006, WHO 1989). Levels can build up in the body
through repeated exposure and lead can have irreversible effects on
the nervous system. This is of particular concern for the developing
nervous system in young humans, with impacts occurring even at very
low levels of exposure. Other effects in humans include damage to the
blood system, and impacts on the kidneys and on reproduction
(ATSDR 2007, Jusko et al. 2008, Sanders et al. 2009). Some studies
have indicated that there may be no safe level of exposure, particularly
in the developing central nervous system in humans (Canfield et al.
2003). Similar toxic effects are seen in animals, including aquatic
organisms (WHO 1989, Sadiq 1992).

Mercury (Hg)
Mercury is generally found in the environment at extremely low levels.
Mercury and its compounds have been used in numerous products
and industrial processes, including in batteries, thermometers and
other measuring and control instruments, as well as in dentistry, a use
which is known to contribute directly to municipal wastewater inputs
(ATSDR 1999, Danish EPA 2004, UNEP 2002). The main industrial
processes that employ mercury are the chlor-alkali mercury cell
process, and the use of mercury compounds as catalysts in the
manufacture of certain polymers, both of which are employed in China
(ATSDR 1999, UNEP 2002, Liu 2006). In addition to point source
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inputs to surface waters, run-off from land and the deposition of
mercury emitted to the atmosphere (including from metal smelters,
incineration, cement production and particularly from the burning of
coal) can act as diffuse sources of mercury to surface waters (Streets
et al. 2005, Pirrone et al. 2010).

Mercury and its compounds are highly toxic and have no known
biochemical or nutritional function (UNEP 2002, Clarkson 2002).
Following release to the environment, mercury can enter surface water
bodies, either directly or following deposition, where it can be
transformed into methyl mercury. Methylmercury is a highly toxic form
that can bioaccumulate and biomagnify (progressively concentrate to
high levels) in food chains, particularly in fish. Consumption of
contaminated foods is the main route of exposure for the general
public (UNEP 2002).

In humans, methylmercury can accumulate in the body and its main
impact is damage to the nervous system. It can readily pass through
the blood-brain barrier and also through the placental barrier, and can
have adverse effects on the developing brain and central nervous
system in children and foetuses, even at levels to which people are
commonly exposed in some countries (Mahaffey et al. 2004, UNEP
2002). Recent research also indicates that exposure can increase
cardiovascular and heart disease (Virtanen et al. 2005).

Regulation of cadmium, lead and mercury
Within China, the discharge of cadmium, lead and mercury in
wastewater is regulated under the Integrated Wastewater Discharge

Standard (GB8978-1996), which sets maximum concentrations for
these metals (MEP 1998). In other regions, cadmium, lead and
mercury are covered under certain regional conventions, though China
is not a contracting party to these. For example, the Aarhus Protocol
on Heavy Metals, one of the eight protocols to the UNECE (United
Nations Economic Commission for Europe) convention on Long-
Range Transboundary Air Pollution (LRTAP), calls for contracting
parties to the convention within the UNECE region to limit and, as far
as possible, gradually reduce and prevent air pollution including long-
range transboundary air pollution. The Protocol includes specific
provisions to reduce releases of cadmium, lead, and mercury, with the
objective of cutting emissions from large, stationary sources, including
industrial sources (e.g. iron and steel and non-ferrous metal
production), combustion processes (e.g. power generation and road
transport), and waste incineration (LRTAP 1998). In addition, the
OSPAR and Helsinki Conventions also address releases of cadmium,
lead and mercury to the marine environments of the north-east Atlantic
and the Baltic Sea, respectively (OSPAR 1998). For mercury, the
United Nations Environmental Protection Agency (UNEP) has recently
initiated the Global Mercury Partnership, with the aim of protecting
human health and the global environment from the release of mercury
and its compounds by minimising and, where feasible, ultimately
eliminating global anthropogenic mercury releases to air, water and
land (UNEP 2009). Within Europe, cadmium, lead and mercury, and
their compounds, have been selected as priority hazardous
substances under the European Water Framework Directive, with the
ultimate aim of the cessation of emissions, discharges and losses
which derive from human activities into water (EU 2001).
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Table 1. Collection dates and locations
for the carp and catfish samples analysed.

City Samples Date Location
Carp

Chongqing CQ1-4 19/01/2010 Mudong dock, 40km downstream of Chongqing
Wuhan WH1-4 06/02/2010 Zhujiajiao river, a tributary to the Yangtze river,

16km downstream of central Wuhan
Ma’anshan MAS1-4 12/03/2010 20km upstream of central Ma’anshan

Nanjing NJ1-3 15-29/03/2010 Sanchahe gateway, central Nanjing

NJ4 16/03/2010 Dadaohe catchment, 45km downstream of Nanjing

Catfish

Chongqing CQ5 19/01/2010 Mudong dock, 40km downstream of Chongqing
CQ6-7 19/01/2010 Restaurant at Mudong dock selling locally caught fish

from the Yangtze River in the vicinity of Mudong dock
CQ8 19/01/2010 Tangjiatuo dock, Yangrenjie, 15km downstream

of central Chongqing
Wuhan WH5-8 06/02/2010 Near Tianxingzhou Bridge, 17km downstream

of central Wuhan
Ma’anshan - - -

Nanjing NJ5-8 30/03/2010 Dadaohe catchment, 45km downstream of Nanjing



From January to March 2010, samples of freshly caught common carp
(Cyprinus carpio carpio) were obtained from four locations along the
course of the Yangtze River (Chongqing, Wuhan, Ma’anshan and
Nanjing), along with southern catfish (Silurus soldatovi meridionalis)
from three of these locations (Chongqing, Wuhan and Nanjing). Due to
the scarce availability of catfish in Ma’anshan during this period, it was
not possible to collect this species from that location. A list of the
collection locations and dates is given in Table 1, and the locations
shown on a sketch map in Figure 1 (see page 6).

In all cases, the samples of freshly-caught fish were provided by local
fishermen or retailers, who verified the precise catch locations. In order to
avoid contamination or cross-contamination of the samples, the freshly-
caught fish were wrapped individually in sheets of new, clean aluminium foil
and placed inside transparent polyethylene bags. All samples were frozen
as soon as possible after collection and stored in the dark. The frozen
samples were transported by courier to the Greenpeace Research
Laboratories, University of Exeter (UK), in insulated boxes packed with dry
ice. All samples were verified as still being frozen on arrival at the laboratory,
from which they were dispatched (again by courier) to an independent
accredited laboratory in Germany for analysis.

Initially it was intended that a single composite (pooled) sample would be
prepared from the livers of four individuals of each species for each of the

four locations, to be subsequently analysed for a range of substances;
alkylphenols, PFOS and certain other PFCs, and for cadmium, lead and
mercury. This approach was carried out for the catfish from each
location. However, it was not possible to isolate the livers from all four
individual carp collected at each location. As an alternative approach,
livers were analysed individually from two carp collected from each
location, with the exception of Wuhan, for which it was only possible to
isolate the liver from one individual. Although this approach provides liver
concentrations for a smaller number of carp from each location
compared to the catfish, it does provide an indication of the extent to
which liver concentrations vary between individual carp of similar weight
and length collected from the same location.

In addition, a single composite (pooled) sample was prepared from the
muscle of four individuals of each species collected from each location,
for both carp and catfish. These composite samples were subsequently
analysed for the three metals cadmium, lead and mercury.

A summary of the carp and catfish samples collected from each
location, with the numbers of individuals in each composite sample
prepared, their average lengths, total weights and muscle (edible flesh)
weights is given in Table 2a. In addition, a summary of the carp
samples from which individual liver samples were analysed, including
their lengths and total weights, is given in Table 2b.

Swimming in Chemicals
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Table 2a. Sample codes and sample sizes (number of individuals in composite sample) for carp and catfish collected from each
location, from which composite liver samples (catfish only) and composite fillet samples (carp and catfish) were prepared, including
average lengths, total weights and muscle weights determined from individuals in each composite sample.

Location Sample code
(number in sample)

Average length,
cm (range)

Average total weight,
kg (range)

Average muscle weight,
g (range)

Carp

Chongqing CQ1-4 (4) 46 (42-50) 1.60 (1.3-2.1) 391 (278-551)
Wuhan WH1-4 (4) 53 (52-59) 2.13 (1.6-2.6) 640 (499-474)

Ma’anshan MAS1-4 (4) 50 (49-52) 1.8 (1.7-2.0) 443 (360-521)

Nanjing NJ1-4 (4) 42 (39-48) 1.15 (0.85-1.9) 333 (191-697)

Catfish

Chongqing CQ5-8 (4) 64 (61-66) 2.19 (1.9-2.6) 599 (513-664)
Wuhan WH5-8 (4) 61 (46-73) 2.24 (1.0-3.9) 611 (250-1089)

Ma’anshan - - - -

Nanjing NJ5-8 (4) 49 (46-52) 0.79 (0.70-0.85) 215 (182-244)



Sample preparation
All fish were thawed, weighed and their lengths recorded. The fish
were then gutted and the intact livers isolated. For catfish, the livers
from all samples from each location were combined to obtain one
composite sample. For carp, individual livers from specific fish were
analysed separately. In addition, a composite muscle sample was
prepared for each species from each location.

Sample analysis
For PFC and AP quantification, individual carp liver and pooled catfish
liver samples were freeze-dried and subjected to ultrasonic extraction.
All extracts were cleaned using hexane partitioning, followed by ENVI-
Carb clean-up for PFC quantification, or trimethylsilyl derivatisation for
AP quantification. Quantification of PFCs was carried out using high
performance liquid chromatography-electrospray mass spectrometry
(LC/ESI-MS-MS), and quantification of APs was carried out using gas
chromatography-mass spectrometry (GC/MS). For the quantification
of metals, freeze-dried homogenised samples underwent acid
digestion, and the concentrations of cadmium and lead were
determined in the sample extracts using inductively coupled plasma-
mass spectrometry (ICP-MS). The concentrations of mercury were
determined using cold vapour-atomic absorption spectroscopy (AAS).
Full details of the methods employed in the preparation, extraction and
analysis of the samples, along with quality assurance/quality control
procedures, are provided in the Appendix.
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Table 2b. Sample codes for carp collected from each location, from which individual
liver samples were analysed, including lengths and total weights.

Location Sample code Length, cm Total weight, kg

Chongqing CQ2 40 1.3
CQ3 39 1.5

Wuhan WH4 47 1.6

Ma’anshan MAS2
MAS4

53
49

2.0
1.7

Nanjing NJ2
NJ3

40
39

0.85
1.0



For both carp and catfish, the length of the individual fish increased
with weight for each species (Figures 2a & b), though the relationship
was somewhat less clear for the catfish, for which two distinct
groupings of weights/length were apparent.

The results of the analyses of the liver samples for alkylphenols, PFCs
and the three metals are summarised in Table 3, and the results of the
analyses of the muscle samples for the three metals are summarised in
Table 4. All values are expressed as μg/kg wet weight (ww) of liver
(parts per billion, or ppb) for alkylphenols and PFCs, and as mg/kg ww
of liver or muscle tissue (parts per million, or ppm) for the three metals;
cadmium, lead and mercury.

For the liver samples, the dry residue percentage is also included
(percentage of the mass of each sample remaining following freeze-
drying), to enable comparison with data published on a dry-weight
basis.

Results and discussion
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Figure 2a. Relationship of specimen length to specimen weight
for all 16 carp individuals.

Figure 2b. Relationship of specimen length to specimen weight
for all 12 catfish individuals.
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Table 3. Concentrations of alkylphenols (μg/kg wet weight), perfluorinated substances (μg/kg wet weight)
and metals (mg/kg wet weight) in individual and composite liver samples.

Species Carp

Location Chongqing Wuhan Ma´anshan

Sample CQ2 CQ3 CQav(b) WH4 MAS2 MAS4 MASav(b)

Dry residue (%) 29.55 34.87 - 28.25 31.07 34.06 -

Alkylphenols (μg/kg)

4-n-octylphenol (n-OP) < 0.20 < 0.20 <0.20 < 0.20 < 0.20 < 0.20 < 0.20

4-tert-octylphenol (t-OP) 1.01 < 0.30 0.58 1.68 0.37 < 0.30 0.26

4-n-nonylphenol (n-NP) < 0.20 < 0.20 <0.20 < 0.20 < 0.20 < 0.20 < 0.20

4-nonylphenol (NP) 19.0 27.4 23.2 85.0 9.20 < 5.0 5.9

Total alkylphenols 20.01 27.4 23.78 86.68 9.57 - 6.16

Perfluorinated chemicals (μg/kg)

Perfluorooctane sulfonate (PFOS) < 0.3 < 0.3 < 0.3 41.6 2.3 1.8 2.1

Perfluorooctanoic acid (PFOA) < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3

Perfluorononanoic acid (PFNA) < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 < 0.3

Perfluordecanoic acid (PFDA) < 0.3 < 0.3 < 0.3 < 0.3 0.8 0.4 0.6

Perfluoroundecanoic acid (PFUnA) < 0.3 < 0.3 < 0.3 0.6 1.0 0.8 0.9

Perfluorododecane acid (PFDoA) < 0.3 < 0.3 < 0.3 < 0.3 0.3 < 0.3 < 0.3

Perfluorotridecane acid (PFTrA) < 0.3 < 0.3 < 0.3 < 0.4 0.7 < 0.3 0.4

Total PFCAs ND ND ND 0.6 2.8 1.2 1.9

Total PFC chemicals ND ND ND 42.2 5.1 3.0 4.1

Metals (mg/kg)

Cadmium (Cd) 0.01 <0.01 <0.01 0.02 0.01 <0.01 <0.01

Lead (Pb) <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05

Mercury (Hg) 0.009 <0.005 0.006 0.011 0.052 0.013 0.033

< indicates concentrations below the limit of quantification (LOQ).

ND – not determined as no congeners were above the LOQ.

(a) Composite sample.

(b) Average. Where individual values are below the LOQ, the average is calculated using half the LOQ.

(c) Maximum level allowed in fish muscle for consumption in China; the mercury limit is defined for methyl mercury (MHPRC 2005).
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Catfish Fish muscle limit(c)

Nanjing Chong-qing Wuhan Ma´an-shan Nanjing

NJ2 NJ3 NJav(b) CQ5-8(a) WH5-8(a) - NJ5-8(a)

25.36 32.94 - 24.82 26.12 - 26.97

< 0.20 < 0.20 <0.20 < 0.20 < 0.20 - < 0.20 -

2.74 0.85 1.80 3.37 2.67 - 1.98 -

< 0.20 < 0.20 < 0.20 < 0.20 < 0.20 - < 0.20 -

48.4 20.0 34.2 23.9 31.7 - 60.6 -

51.14 20.85 36.00 27.27 34.37 - 62.58 -

51.3 4.5 27.9 21.5 39.7 - 18.4 -

< 0.3 < 0.3 < 0.3 < 0.3 < 0.3 - < 0.3 -

0.9 < 0.3 0.5 < 0.3 < 0.3 - < 0.3 -

1.9 < 0.3 1.0 1.4 0.9 - 6.1 -

1.5 0.4 1.0 2.2 1.8 - 7.1 -

0.6 < 0.3 0.4 0.3 < 0.4 - 2.1 -

1.0 < 0.4 0.6 0.7 < 0.4 - 1.5 -

5.9 0.4 3.5 4.6 2.7 - 16.8 -

57.2 4.8 31.0 26.1 42.4 - 35.3 -

<0.01 0.05 0.03 0.15 0.15 - 0.34 0.1

<0.05 <0.05 <0.05 0.05 <0.05 - 0.07 0.5

0.02 0.008 0.014 0.046 0.043 - 0.11 0.5



In 2008, the Yangtze
River received more
than 21 billion tonnes
of water waste

Swimming in Chemicals
Perfluorinated chemicals, alkylphenols and
metals in fish from the upper, middle and lower
sections of the Yangtze River, China

There are 50 houses in the fishing village of
Yanglingang in Jiangsu Province. Following the
establishment since 2002 of chemical plants,
power plants and paper mills in the area, water
and air has become severely polluted.

© QIU BO / GREENPEACE



Swimming in Chemicals
Perfluorinated chemicals, alkylphenols and

metals in fish from the upper, middle and lower
sections of the Yangtze River, China

Catfish collected in Wuhan
City, Hubei Province.

Fishing season lasts from March to April in
Jiangsu Province.

Wuhan, Hubei Province. A rich selection of fish
at a vegetable market.
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Fillet Samples

Swimming in Chemicals
Perfluorinated chemicals, alkylphenols and
metals in fish from the upper, middle and lower
sections of the Yangtze River, China

None of the other PFCs included in this study were found in
any of the samples at levels that could be quantified, including the
perfluorocarboxylic acids PFBA, PFPeA, PFHxA, PFBA, PFHpA, PFOA
and PFTA, the perfluorosulfonates PFBS, PFHxS, PFHpS and PFDS,
and also the perfluorosulfonamide PFOSA. These chemicals are,
therefore, not listed in Table 3.

Table 4. Concentrations of cadmium, lead and mercury
in composite muscle (fillet) samples, in mg/kg wet weight.

Species Carp Catfish Fish muscle limit(a)

Location Chongqing Wuhan Ma´anshan Nanjing Chongqing Wuhan Ma´anshan Nanjing

Sample CQ1-4 WH1-4 MAS1-4 NJ1-4 CQ5-8 WH5-8 - NJ5-8

Cadmium <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 - 0.02 0.1

Lead <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 - <0.05 0.5

Mercury 0.037 0.053 0.13 0.034 0.083 0.12 - 0.19 0.5

< indicates concentrations below the limit of quantification (LOQ).

(a) Maximum level allowed in fish muscle for consumption in China; the mercury limit is defined for methyl mercury (MHPRC 2005).

©
Q

IU
B

O
/G

R
E

E
N

P
E

A
C

E

Sampling of a common
carp in Ma'anshan City,

Anhui Province.
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Alkylphenols
APs were detected in samples of both species from all sites. NP was
detected in all liver samples, other than for one carp liver from
Ma´anshan (MAS4), at concentrations in the range 9.20-85.0 μg/kg
ww (individual carp livers) and 23.9-60.6 μg/kg ww (composite catfish
livers). In addition, t-OP was detected in all but one liver sample (CQ2,
Chongqing), though at lower concentrations than NP in all samples
(0.37-2.74 μg/kg ww for carp livers and 1.98-3.37 μg/kg ww for
composite catfish livers). The concentrations of NP and t-OP for all
locations are presented in Figure 3.The predominance of NPs over
OPs seen in the fish livers has been commonly reported in other
studies (see Table 5). The other two APs that were included in this
study (4-n-nonylphenol and 4-n-octylphenol) were not found in any of
the samples at levels which could be quantified (<0.20 μg/kg ww).

As a consequence of NP being by far the most predominant
alkylphenol present in all samples (over 95% in all carp samples, and
over 85% in all catfish samples), the relationships between the total
concentrations of APs and the collection locations were the same as
those for the NP concentrations, which are discussed below.

Among the composite catfish liver samples, the sample from fish
collected at Nanjing contained the highest NP concentration, followed
by the Wuhan sample, with the lowest NP concentrations in the
Chongqing sample. No catfish were collected from Ma’anshan.
For t-OP, present at far lower levels in all samples, the opposite pattern
was observed, with the highest concentration in the Chongqing
sample, and the lowest in that from Nanjing. The range of composite
catfish liver concentrations was not large; the highest NP
concentration was 2.5 times higher than the lowest level, while for
t-OP, the highest concentration was 1.7 times the lowest level.

The lowest average concentrations of both NP and t-OP were found in
the liver samples from carp collected at Ma’anshan. No catfish were
collected from this location to enable comparison between species for
this location. Comparing average carp liver concentrations for the three
other locations (Chongqing, Wuhan and Nanjing), carp from Wuhan
had the highest average NP concentration (85.0 μg/kg ww), followed
by those from Nanjing (34.2 μg/kg ww). For t-OP, carp from Nanjing
(1.80 μg/kg ww) and Wuhan (1.68 μg/kg ww) had similar average
concentrations, considerably higher than average concentrations for
the other two sites.

For these three locations, the lowest average concentrations of both
NP and t-OP were found for carp collected at Chongqing. The lowest
catfish liver concentration of NP was also found in the Chongqing
sample. The NP concentrations were almost identical for the two fish
species from Chongqing; 23.2 and 23.9 μg/kg ww for the carp
(average) and catfish respectively. However, the t-OP liver
concentration was considerably lower for the carp from Chongqing
compared to the catfish.

The range of average carp liver concentrations was slightly broader
than that for catfish. The highest NP concentration, in the sample from
Wuhan, was 3.7 times the average level for Chongqing. The t-OP
concentrations for Nanjing and Wuhan were both approximately 3
times the level for Chongqing. While no catfish were available from
Ma’anshan to enable comparisons, the highest NP liver concentration
for carp (from Wuhan) was 14 times higher than the average
concentration for Ma’anshan. Similarly, the highest average t-OP carp
liver concentration (from Nanjing) was 7 times higher than the average
concentration for Ma’anshan.

A summary of previously reported data for levels of alkylphenols in
freshwater fish tissues is summarised in Table 5 below. The range of NP
concentrations in this study are comparable with the ranges of
concentrations previously reported for freshwater fish from other
countries, including common carp. Far fewer data have been previously
published for OP, though again the range of concentrations found in this
study are comparable with previous levels where OP has been detected.
Some studies have not detected OP in fish tissue, though for these the
detection limits were above the levels of t-OP found in this study, and in
other previously reported data (Lee et al. 1999).

Figure 3. Concentrations of alkylphenols detected in individual
carp, and composite catfish (*) liver samples, by location from
which the fish were collected (CQ-Chongqing; WH-Wuhan; MAS-
Ma’anshan & NJ-Nanjing).
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The data for individual carp livers provides an indication of the variation
in concentrations between similar individuals from the sample location
(see Table 2b). Where individual samples were quantified (for carp
livers), the highest and lowest values for each location differ by up to
2.4 times for NP (NJ2 & NJ3), and over 3.4 times for t-OP (CQ2 &
CQ3), highlighting the potential for a relatively high degree of variability
in similar fish from a single location. Notwithstanding the small sample
size in the current study, the size of the fish does not appear to have
been a major factor influencing differences in NP and t-OP liver
concentrations, an observation that has been previously reported for
NP in fish tissues (whole carp) (Mitchelmore & Rice 2006).

Caution is therefore required in making any firm conclusions on the
ranking of locations by the alkylphenol concentrations, where the
differences in concentrations between locations are relatively small.
This may be particularly the case for t-OP, for which the range of
concentrations across the four locations was narrower than that of NP.
The composite catfish data are average values for 4 individuals (as
opposed to 1 or 2 individuals for carp), and therefore these may
provide a better measure for comparison of AP levels between different
locations.
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Table 5. Concentrations of alkylphenols reported in studies of fish from many
countries. All reported values have been converted to μg/kg wet weight (ww)
for comparison.

Species Location Year Tissue AP Concentration
(μg/kg ww)

Source

Common carp (n=7)

Southern catfish (n=12)

China, Yangtze River 2010 liver
liver
liver
liver

NP
OP
NP
OP

5.9-85*
0.58-1.80*
23.9-60.6*
1.98-3.37*

This study

Chub; roach; gudgeon (n=5) UK, River Ayre 1995 muscle
muscle

NP
OP

200; 600; 800*
<100*

Blackburn et al. 1999

Mature flounder (n=6)
Juvenile flounder (n=11)

UK, Tyne estuary
UK, Tees estuaries

1997 liver
whole
whole

NP
NP
OP

nd-30
nd-180
nd-7

Lye et al. 1999

7 species (n=183), including;
Bluegill sunfish (n=36)
Smallmouth bass (n=27)
White sucker (n =60)
Rock bass (n=49)

USA, Michigan 1999 digestive /
excretory
system

NP
NP
NP
NP
NP

4.0* (<3.3-29.1)
5.7 ± 5.2*
5.8 ± 5.2*
7.2 ± 5.2*
8.1 ± 5.38

Keith et al. 2001

Common carp (n=1) USA, Nevada 1999 centered
cross-section

NP 184 Snyder et al. 2001

Common carp (n=79)
Common carp (n=8)

USA, Ohio 2000 whole
whole

NP
OP

7-110*
<20*

Rice et al. 2003

Lake trout (n=3) USA, Great Lakes - whole NP 248-1842 Datta et al. 2003

Coreius heterodon (n=?)
Rhinogobio ventralis (n =?)

China, Chongqing 2001 liver
liver

NP
NP

800
1900

Shao et al. 2005

Goldfish carassius auratus (n=12) China 2001 muscle NP 30-1510* Jin et al. 2004

* indicates mean value or composite sample.



Perfluorinated chemicals
PFOS and certain PFCAs were detected in all liver samples, other than
from the two carp collected from Chongqing. PFOS was the
predominant PFC present in all liver samples for both species, at
concentrations in the range 1.8-41.6 μg/kg ww (individual carp livers)
and 18.4-39.7 μg/kg ww (composite catfish livers), and accounting for
between 45% and 99% of the total PFC concentrations.

In addition to PFOS, the other PFCs identified were longer-chain
PFCAs. Total PFCA concentrations were 0.45.9 μg/kg ww (individual
carp livers) and 2.7-16.8 μg/kg ww (composite catfish livers). The
predominant PFCA in all but one sample was perfluoroundecanoic
acid (PFUnA), which was detected in all PFC containing samples at
0.4-1.5 μg/kg ww (individual carp livers) and 1.8-7.1 μg/kg ww
(composite catfish livers). The other PFCAs that were detected in many
of these samples, in the same order of abundance for all but one
sample, were PFDA, perfluorotridecane acid (PFTrA) and
perfluorododecane acid (PFDoA). In addition, PFNA was detected in
one sample, a carp liver from Nanjing.

Similar distribution patterns of PFCAs have been previously reported in
fish tissues from many locations, including carp muscle (Martin et al.
2004, Ye et al. 2008). The only previous study of fish collected from the
Yangtze River (17-23 year old Chinese sturgeon) also found that PFOS
and longer-chained PFCAs were the predominant PFCs in livers and
other organs, though the relative contribution by some longer chained
PFCAs were greater in the sturgeon, most likely due to their
considerably higher age than the fish in this study (Peng et al. 2009,
Martin et al. 2003).

In a similar way as to how NP dominated the total concentrations of
APs, PFOS dominated the total concentrations of PFCs in the carp
livers, and therefore the relationships between carp collection locations
and the total concentrations of PFC were identical to the relationships
with PFOS concentrations, as discussed below. This, however, was
not the case for the catfish livers, due to the presence of certain PFCAs
at appreciable concentrations, particularly in the composite sample
from Nanjing (NJ5-8), as shown in Figure 4.

For PFOS, the variation in concentrations between locations was
similar to that seen for the APs, with the highest levels generally being
found for samples from Wuhan or Nanjing. The highest PFOS values
were found for samples from Wuhan for both carp and catfish, with
very similar levels for both species (41.6 μg/kg ww average for carp;
39.7 μg/kg ww for catfish). Similarly, the highest total PFC
concentrations for both species were for samples from Wuhan (42.2
μg/kg ww average for carp; 42.4 μg/kg ww for catfish). However, one
individual carp sample from Nanjing (NJ2) contained the highest PFOS
and total PFC levels for all individual carp livers (51.3 μg/kg ww and
57.2 μg/kg ww respectively). As for Wuhan, the PFOS concentrations
for samples from Nanjing were reasonably similar between the two
species (27.9 μg/kg ww average for carp; 18.4 μg/kg ww for catfish).

Among the carp, the Nanjing samples had the second highest average
concentration, with a far lower level for Ma’anshan (2.1 μg/kg ww). No
PFOS was detected in the Chongqing samples. In contrast, the catfish
from Chongqing had the second highest PFOS concentration, slightly
higher than that for Nanjing (23.9 μg/kg ww).

Swimming in Chemicals
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Figure 4. Concentrations of PFOS and other PFCs detected
in individual carp, and composite catfish (*) liver samples by
location from where the fish were collected (CQ-Chongqing;
WH-Wuhan; MAS-Ma’anshan & NJ-Nanjing).
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For the PFCAs, a somewhat different pattern was found for the
variation in concentrations between locations. For both species, the
highest total PFCA concentration was found at Nanjing (3.5 μg/kg ww
average for carp; 16.8 μg/kg ww for catfish). The Nanjing catfish had
by far the highest total PFCA concentration found in this study. The
highest individual carp level was also found in one sample from Nanjing
(NJ2; 5.9 μg/kg ww). For carp, Ma’anshan had the second highest
average total PFCA concentration, followed by Wuhan, with no PFCAs
detected in carp from Chongqing. In contrast, the catfish from
Chongqing had the second highest concentration followed by Wuhan.
No catfish were collected from Ma’anshan.

For each of the individual PFCAs identified (PFUnA, PFDA, PFTrA,
PFDoA, PFNA), the variation in concentrations by location followed the
same patterns as the total PFCAs concentrations for both species, as
described above. The highest concentration for each of these PFCAs
was found in the composite catfish sample from Nanjing, other than
PFNA which was only detected in one carp sample from Nanjing (NJ2).

The range of PFOS concentrations between locations was very
different for the two species. For carp, the highest average level
(Wuhan) was 20 times that of the lowest average level (Ma’anshan),
while for the composite catfish samples, the highest level (Wuhan) was
only 1.8 times the lowest (Chongqing). The range of total PFCA
concentrations was similar for both species, with the highest levels
(Nanjing for both) being 5.8 (carp) and 6.2 (catfish) times higher than
the respective lowest levels (Wuhan for both).

As seen for the APs, there was no clear trend for which species had
greater concentrations of PFCs for each of the locations. The catfish
concentrations of PFCAs were considerably higher than the average
carp concentrations for all locations. However, the pattern for PFOS is
less clear, with the average carp concentrations being slightly higher
for Wuhan and Nanjing, though far lower for Chongquin.

In some cases there were large differences between PFC
concentrations for individual carp livers from the same location. For
Ma’anshan, where only low levels of PFCs were found, the two
individuals had similar concentrations of PFOS and PFCAs, differing by
no more than 2 times. However, for Nanjing there was a very large
difference in PFC concentrations between the two individuals, with the
PFOS and total PFCA values differing by 11 times and 15 times
respectively for fish with very similar weights and lengths (see Table
2b). No PFCs were detected in either sample from Chongqing.

The reasons for the large differences between the two individuals from
Nanjing are not clear. As noted for APs, these data, although limited,
highlight the potentially high degree of variability in similar fish from a
single location. This in turn suggests that the size of the fish may not be
a major factor influencing PFC liver concentrations. Previous studies
have reported similar variations in concentrations of PFOS and PFCAs
in both liver and blood between individual common carp collected from
a single location (Hoff et al. 2005, Ye et al. 2008), with one study
reporting that fish weight was not a significant factor in the
concentrations of PFOS and PFCAs in carp muscle (Ye et al. 2008). A
similar observation was reported for PFOS and shorter-chain PFCAs in
Chinese sturgeon, although increasing levels of longer-chain PFCAs
with age were reported, the latter being attributed to the relatively high
age of the sturgeon (17-23 years) (Peng et al. 2010).

Therefore, as for the APs, caution is required in making any firm
conclusions on the ranking of locations by the PFC concentrations
where the differences are relatively small between locations. As
mentioned above, the composite catfish samples prepared from four
individuals are likely to provide a better measure for comparison of PFC
levels between different locations than the average carp values.

For comparison, a summary of previously reported data for PFOS and
PFCAs in freshwater fish tissues is summarised in Table 6 below. The
levels of PFOS in this study are comparable with the range of levels for
freshwater fish livers, and carp blood and muscle, reported in studies
of fish from other countries, though levels found in this study are
towards the lower end of the range. Considerably higher PFOS
concentrations have been reported in some studies; in the livers of
bluegill and largemouth bass from Lake Biwa in Japan and New York
State in the US; however these species are carnivorous fish (Taniyasu
et al. 2003, Sinclair et al. 2006). Higher concentrations have also been
reported in European eel livers (Santillo et al. 2006), although in that
study, samples from half the locations across Europe contained levels
below 40 μg/kg ww.

Fewer data are available for a range of PFCAs, though again the total
PFCA levels found in this study are comparable with the range of levels
reported for freshwater fish livers and carp muscle from other
countries. As for PFOS, higher concentrations of PFCAs have been
reported in European eels, though PFCAs were not detected in
composite samples from the majority of the locations across Europe
(Santillo et al. 2006).
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Table 6. Concentrations of PFOS, total PFCAs (∑PFCA), and PFOSA in studies of fish from many countries.
All reported values have been converted to μg/kg wet weight (ww) for comparison.

Species Location Year Tissue PFC Concentration
(μg/kg ww)

Source

Common carp (n=7)

Southern catfish (n=12)

China,
Yangtze River

2010 liver
liver
liver
liver

PFOS
∑PFCA

PFOS
∑PFCA

< 0.3-41.6*
ND-3.5*

18.4-39.7*
4.6-16.8*

This study

Bluegill (n=2)
Largemouth bass (n=2)

Japan,
Lake Biwa

2002 liver
liver

PFOS
PFOS

282*
34*

Taniyasu et al. 2003

White sucker (n=3)

Brook trout (n=2)

Lake whitefish (n=2)

Canadian
arctic lakes

2002 liver
liver
liver
liver
liver
liver

PFOS
∑PFCA

PFOS
∑PFCA

PFOS
∑PFCA

7.6* (6.5-8.6)
15*

39* (29-50)
18*

12* (12)
17*

Martin et al. 2004

Chinook salmon (n=6)
Lake whitefish (n=5)
Carp (n=10)

USA,
Great Lakes

1999-
2000

liver
liver
muscle

PFOS
PFOS
PFOS

100* (32–173)
67* (33–81)
124* (59–297)

Kannan et al. 2005

Smallmouth bass (n=28)
Largemouth bass (n=38)

USA,
New York State

2001-
2003

liver
liver

PFOS
PFOS

22-93*
16-282*

Sinclair et al. 2006

European eel (n=2-5) EU, 11 countries 2005 liver
liver

PFOS
∑PFCA

<16 – 498*
23-92*

Santillo et al. 2006

Crucian carp (n=13)
Common carp (n=6)

China, Beijing 2005-
2007

blood
blood

PFOS
PFOS

64.2* (48.9-84.4)
32.2* (14.2-32.2)

Li et al. 2008

Common carp (n=30) USA,
Mississippi River

2006 muscle
muscle

PFOS
∑PFCA

9.9-47*
1.7-4.5*

Ye et al. 2008

Sturgeon (n=7)
(17-25 years old)

China,
Yangtze River

2003-
2006

liver
liver
liver

PFOS
∑PFCA

PFOSA

5.8 ± 3.2*
7.6 ± 5.8*

0.06 ± 0.07*

Peng et al. 2010

* indicates mean value or composite sample.

Not included are certain reports of far higher levels of PFCs which have been reported in carp livers (633-1822 μg/kg ww), as these relate to fish collected in the

vicinity of a fluorochemical manufacturing facility and so are not directly comparable with levels detected in the current study (Hoff et al. 2005).

Greenpeace | Research Laboratories Technical Note 07/2010 | September 2010 25

©
Q

IU
B

O
/G

R
E

E
N

P
E

A
C

E

A fisherman
in Wuhan City,
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Metals: cadmium, lead and mercury
Muscle tissue
All muscle (fillet) samples contained detectable levels of mercury, in the
range 0.034-0.13 mg/kg for carp and 0.083-0.19 mg/kg for catfish. At
all locations, the concentrations in catfish muscle were higher than
those for carp muscle by between 2 times (Chongqing and Wuhan) to
6 times (Nanjing).

The mercury concentrations in the catfish muscle progressively
increased in samples collected along the Yangtze from upstream
(Chongqing, 0.083 mg/kg) to downstream locations (Nanjing, 0.19
mg/kg). A similar pattern was found for the carp muscle samples, with
one major difference. As for the catfish, the mercury concentrations
progressively increased in samples collected from Chongqing (0.037

mg/kg) to Ma’anshan (0.13 mg/kg), however the composite carp
muscle sample from Nanjing had the lowest concentration from all four
sites (0.034 mg/kg).

The concentrations of lead and cadmium in all composite muscle
samples, for both carp and catfish, were below limits of quantification
(LOQ) (<0.05 mg/kg lead; <0.01 mg/kg cadmium) with one exception;
catfish collected at Nanjing (NJ5-8) which contained 0.02 mg/kg
cadmium.

Maximum allowed concentrations of cadmium, lead and mercury in
fish muscle are regulated in China for fish intended to be used for
human consumption (MHPRC 2005). This regulation sets maximum
allowable wet weight concentrations of 0.5 mg/kg for mercury1 and
lead, and 0.1 mg/kg for cadmium in fish muscle (fillet). These limits are
similar to, though in some cases less stringent than, equivalent limits in
other countries. For example, the EU sets maximum allowable wet
weight concentrations for mercury2 (0.5 mg/kg), lead (0.3 mg/kg), and
cadmium2 (0.05 mg/kg) for fish muscle meat (EC 2006). None of the
composite fish fillet samples contained concentrations of the three
metals above their maximum allowed concentrations in China. The
highest mercury concentration for all fillet samples (0.19 mg/kg,
Nanjing Catfish) was less than half the maximum allowed
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1 Under this regulation, the mercury limit is defined for methyl mercury. Methyl mercury is the chemical

form of greatest concern, and mercury in fish is generally present almost exclusively in this chemical form.

It is usual for regulations concerning the level of mercury in fish to assume that levels of mercury and

methyl mercury can be taken to be equivalent in this context (EFSA 2004).

2 Limit of 1.0 mg/kg mercury and 0.1 mg/kg cadmium for certain species, which do not include those

analysed in this study.

Figure 5. Concentrations of cadmium, lead and mercury in carp (1-4) and catfish (5-8)
liver samples (left) and muscle samples (right) by location from where the fish were collected
(CQ-Chongqing; WH-Wuhan; MAS-Ma’anshan & NJ-Nanjing), showing the maximum mercury
level allowed in fish muscle for consumption in China (MHPRC 2005).
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concentration of mercury for fish intended to be used for human
consumption in China (MHPRC 2005). For comparison, all carp and
catfish muscle concentrations were also below the somewhat lower
equivalent EU limits (EC 2006).

Liver tissue
Mercury was detected in all liver samples, other than one carp liver
from Chongqing, at concentrations in the ranges 0.008 to 0.052
mg/kg (carp livers) and 0.043 to 0.11 mg/kg (catfish livers). The
average carp liver concentrations followed a similar pattern to that
found for the composite carp muscle samples, i.e. the concentrations
progressively increased in samples collected along the Yangtze from
Chongqing (0.006 mg/kg) to Ma’anshan (0.033 mg/kg), with a lower
average concentration in the sample from Nanjing (0.014 mg/kg). The
catfish liver concentrations also followed a similar pattern to that found
for the catfish muscle samples. The two upstream liver samples
(Chongqing and Wuhan) had the lowest mercury concentrations, and
the downstream sample from Nanjing contained the highest mercury
concentration (0.11 mg/kg).

For each location and for both species, the muscle samples contained
higher mercury concentrations than the average or composite livers
concentrations, by between 2 to 6 times for the carp and 2 to 3 times
for the catfish. Conversely, the liver samples contained higher
cadmium concentrations than muscle, by up to 15 times. These
patterns for these two metals have been previously reported in other
studies (Čelechovská et al. 2007).

None of the mercury liver concentrations exceeded the maximum
allowed mercury concentration (0.5 mg/kg) for fish muscle intended to
be used for human consumption in China, although this limit is not
directly applicable to fish livers (MHPRC 2005).

For cadmium, the concentrations in the carp livers ranged from
<0.01mg/kg (3 samples) to 0.05 mg/kg. The highest concentration
was found in one of the samples from the most downstream location,
Nanjing (NJ3), though for the second sample from Nanjing (NJ2) the
concentration was below the LOQ (<0.01 mg/kg). Overall, no clear
pattern was seen between carp liver concentrations and the fish
collection locations along the Yangtze River.

Far higher cadmium concentrations were found in the catfish liver
samples compared to the carp liver samples, and these were by far the
highest cadmium concentrations among all the samples (liver and
muscle) analysed in this study. Liver concentrations ranged from 0.15
mg/kg for catfish from Chongqing and Wuhan, to 0.34 mg/kg for
catfish from the most downstream site, Nanjing, following a similar
pattern to that found for the cadmium concentration in catfish muscle.
It is known that cadmium accumulates to a greater extent in fish liver
compared to muscle (Čelechovská et al. 2007).

For comparative purposes, the maximum concentration of cadmium
allowed in fish muscle intended to be used for human consumption
in China is 0.1 mg/kg, although this limit is not directly applicable to
fish livers. The concentrations of lead in all carp liver samples were
below the limit of quantification (<0.05 mg/kg). For the catfish liver
samples, the levels were either below or just above the limit of
quantification, with the Nanjing sample having the highest level (0.07
mg/kg).

For cadmium and mercury, some large differences were seen between
the concentrations in individual carp livers from the same location, in a
similar way to that seen for the AP and PFC concentrations in the carp
liver samples. For samples from Nanjing, the individual cadmium
values differed by over 5 times and for Nanjing and Ma’anshan the
individual mercury values differed by 4 times. As for APs and PFCs,
these data highlight the potentially high degree of variability of
cadmium and mercury concentrations in similar fish from a single
location and, therefore, caution is required in making any firm
conclusions on the ranking of locations by the cadmium and mercury
concentrations where the differences are relatively small. As mentioned
above, the composite catfish samples prepared from four individuals
are likely to provide a better measure for comparison between different
locations.

Many previous studies have reported a wide range of
concentrations of cadmium, lead and mercury in fish muscle and
liver, including for common carp and catfish. For example, similar
levels of mercury to those found in this study have previously been
reported for fish from the Yangzte River; in common carp muscle
(0.104 mg/kg) and liver (0.058 mg/kg) as well as catfish (Silurus
meridionalis) muscle (0.075-0.080 mg/kg) and liver (0.072 mg/kg)
(Wang 2008, Chen et al. 2007). Likewise, similar cadmium levels
have also been reported in Yangtze River catfish muscle (0.002-
0.035 mg/kg), with slightly higher levels reported for liver (0.572
mg/kg) (Wang 2008, Chen et al. 2007). In contrast, considerably
higher cadmium levels than those found in this study have been
reported for common carp from the Yangtze River (muscle 0.24
mg/kg; liver 0.31 mg/kg). Considerably higher levels of lead have
also been reported for both common carp (muscle 0.46mg/kg;
liver 1.14 mg/kg) and catfish (muscle 0.21-1.06 mg/kg; liver 2.32
mg/kg) from the Yangtze River (Wang 2008, Chen et al. 2007).
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This study has demonstrated the widespread presence of certain
hazardous chemicals within wild fish from the upper, middle and lower
sections of the Yangzte River. For all four locations investigated
(Chongqing, Wuhan, Ma’anshan and Nanjing), common carp and/or
southern catfish livers contained detectable levels of APs and PFCs.
Chemicals from both groups were detected in both species for all but
one location (Chongqing, at which PFCs were only detected in catfish).
For both chemical groups, concentration ranges were comparable
with the ranges previously reported for tissues from freshwater fish
from other countries. The levels of NP dominated the mixtures of APs
detected, and PFOS dominated the total concentrations of PFCs.

Furthermore, cadmium and mercury were detected in livers and/or
muscle of both species, with cadmium being particularly evident in
catfish livers. However, none of the muscle (fillet) samples contained
levels of any of the three metals above their maximum allowed
concentrations for human consumption in China.

These data not only provide information on the levels of the hazardous
chemicals investigated within the bodies of the fish, but also provide an
indication of the levels of exposure to the fish for these hazardous
chemicals, and therefore of the extent to which the Yangtze River itself
is contaminated at the locations investigated. Furthermore, although
chemicals entering to the Yangtze River, either from point sources or
due to diffuse inputs, will to some extent move along the river with the
flow of water and sediments within it, this study does provide some
indications of differences in the quantities and composition of the local
sources of the substances investigated at the four locations.

Clearly, for the hazardous chemicals identified in the fish tissues, there
are well recognised environmental or human health concerns,
including as a result of their ability to accumulate and persist in the
environment following their release, including within biota. Ongoing
releases of these chemicals are likely to lead to ever increasing levels in
the receiving environment, which are unlikely to significantly decrease
for long periods of time, even after any controls on their release have
been introduced.

Although maximum allowed concentrations of cadmium, lead and
mercury apply for fish muscle intended to be used for human
consumption in China, there are no such limits for APs or PFCs. Some
regulations do apply to the release of the three metals investigated
within China under certain circumstances, though these do not prohibit
all releases which derive from human activities. However, the
manufacture, use and release of APs and PFCs are currently not
regulated within China, and this situation also applies to the majority of
other hazardous chemicals currently used and released within China.

In many countries and regions, the manufacture and use of some of
the most hazardous chemicals has greatly reduced in recent years,
largely as a result of legislation. However, in the case of certain
hazardous chemicals, the opposite trend is being seen in China, where
their manufacture and/or use has either continued largely unchanged
or, in some instances, actually increased considerably in the last
decade.

There is an urgent need for the development of a more sustainable
approach to the management of chemicals within China. This
approach will require an understanding of the current uses of
hazardous substances for as wide a range of substances as possible,
as well as of their release to the aquatic and wider environment.

Regulations seeking to address impacts arising from the release of
hazardous chemicals into the environment, by setting either
acceptable levels of release or acceptable levels in the receiving
environment, are, however, unable to address the serious and
potentially irreversible consequences arising from ongoing releases of
persistent pollutants to the environment, particularly those able to
bioaccumulate. The most effective measures to address hazardous
substances are those which seek alternatives to their use in
manufacturing processes, progressively replacing them with less
hazardous, and preferably non-hazardous, alternatives in order to
bring about rapid reductions and ultimate cessation in their discharges,
emissions and losses. This approach can lead to a more sustainable
industry, eliminating both the waste of resources and the pervasive
threats to the environment and human health which the ongoing use
and release of hazardous chemicals entails.
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Taicang City, Jiangsu Province. Because
of pollution in the Yangtze River fishing
nets have to be cleaned every time they
are used; a net only lasts one year.



Swimming in Chemicals
Perfluorinated chemicals, alkylphenols and
metals in fish from the upper, middle and lower
sections of the Yangtze River, China

30 Greenpeace | Research Laboratories Technical Note 07/2010 | September 2010

References

Adams WJ & Chapman PM (2006). Assessing the hazard of metals and inorganic metal
substances in aquatic and terrestrial systems. ISBN: 1420044400. CRC Press

Adeoya-Osiguwa SA, Markoulaki S, Pocock V, Milligan SR & Fraser LR (2003). 17-beta-
estradiol and environmental estrogens significantly effect mammalian sperm function. Human
Reproduction 18(1): 100-107

Adinehzadeh M, Reo NV, Jarnot BM, Taylor CA & Mattie DR (1999). Dose-response
hepatotoxicity of the peroxisome proliferator, perfluorodecanoic acid and the relationship to
phospholipid metabolism in rats. Toxicology 134: 179-195

Alexander BH & Olsen GW (2007). Bladder cancer in perfluoroocatanesulfonyl fluoride
manufacturing workers. Ann Epidemiol 17: 471-478

Alexander BH, Olsen GW, Burris JM, Mandel JH & Mandel JS (2003). Mortality of employees
of a perfluorooctanesulfonyl fluoride manufacturing facility. Occupational Environmental
Medicine 60: 722-729

Ankley GT, Leonard EN & Mattson VR (1994). Prediction of bioaccumulation of metals from
contaminated sediments by the oligochaete, Lumbricus variegatus. Water Research 28:
1071-1076

Atienzar FA, Billinghurst Z & Depledge MH (2002). 4-n-nonylphenol and 17-beta-estradiol
may induce common DNA effects in developing barnacle larvae. Environmental Pollution
120(3) 735-738

ATSDR (1999). Toxicological profile for mercury, United States Public Health Service, Agency
for Toxic Substances and Disease Registry, March 1999

ATSDR (2007). Toxicological profile for lead, United States Public Health Service, Agency for
Toxic Substances and Disease Registry, August 2007

ATSDR (2008). Toxicological Profile for cadmium. United States Public Health Service, Agency
for Toxic Substances and Disease Registry, September 2008

ATSDR (2008). Toxicological Profile for cadmium. United States Public Health Service, Agency
for Toxic Substances and Disease Registry, September 2008

Bao J, Liu W, Liu L, Jin Y, Ran X & Zhang Z (2010). Perfluorinated compounds in urban river
sediments from Guangzhou and Shanghai of China. Chemosphere 80(2): 123-130

Basheer C, Lee HK & Tan KS (2004). Endocrine disrupting alkylphenols and bisphenol-A in
coastal waters and supermarket seafood from Singapore. Marine Pollution Bulletin 48(11-12):
1145-1167

Berthiaume J & Wallace KB (2002). Perfluorooctanoate, perfluorooctanesulfonate, and N-
ethyl perfluorooctanesulfonamido ethanol; peroxisome proliferation and mitochondrial
biogenesis. Toxicology Letters 129: 23-32

Blackburn MA, Kirby SJ & Waldock MJ (1999). Concentrations of alkyphenol polyethoxylates
entering UK estuaries. Marine Pollution Bulletin 38(2):109–118

Blake CA, Boockfor FR, Nair-Menon JU, Millette CF, Raychoudhury SS & McCoy GL (2004).
Effects of 4-tert-octylphenol given in drinking water for 4 months on the male reproductive
system of Fischer 344 rats. Reproductive Toxicology 18(1): 43-51

Butte W & Heinzow B (2002). Pollutants in house dust as indicators of indoor contamination.
Reviews in Environmental Contamination and Toxicology 175: 1-46

Calafat AM, Wong L-Y, Kuklenyik Z, Reidy JA & Needham LL (2007). Perfluoroalkyl chemicals
in the U.S population: data from the National Health and Nutrition Examination Survey
(NHANES) 2003-2004 and comparisons with NHANES 1999-2000.

Canfield RL, Henderson CR, Cory-Slechta DA, Cox C, Jusko TA & Lanphear BP (2003).
Intellectual impairment in children with blood lead concentrations below 10 mu g per deciliter.
New England Journal of Medicine 348(16): 1517-1526

Čelechovská O, Svobodová Z, Žlábek V & Macharáčková B (2007). Distribution of Metals in
Tissues of the Common Carp (Cyprinus carpio L.). Acta Veterinaria Brno 76(8): S93-S100

CEPA (2008). Perfluorooctane sulfonate and its salts and certain other compounds
regulations (SOR/2008-178) under the Canadian Environmental Protection Act, 1999.
Canada Gazette Part II, Vol. 142, No. 12

Chen S-L. Hu G-J & Li Y-Q (2007). Heavy metal content pollution investigation and evaluation
of organisms in Jiangsu block of Changjiang River. Jiansu Geology 31(3): 223-227 (Chinese)

Chitra KC, Latchoumycandane C & Mathur PP (2002). Effect of nonylphenol on the
antioxidant system in epididymal sperm of rats. Archives of Toxicology 76(9): 545-551

Clarkson TW (2002). The three modern faces of mercury. Environmental Health Perspectives
110(S1): 11-23

CSTEE (2001). EC Scientific Committee on Toxicity, Ecotoxicity and the Environment, Opinion
on the results of the Risk Assessment of: 4-NONYLPHENOL (Branched) AND
NONYLPHENOL - Report version (Human Health effects) : November 2000. Opinion
expressed at the 22nd CSTEE plenary meeting, Brussels, 6/7 March 2001:
http://europa.eu.int/comm/food/fs/sc/sct/out91_en.html

Dai J, Li M, Jin Y, Saito N, Xu M & Wei F (2006). Perfluorooctanesulfonate and
perfluorooctanoate in red panda and giant panda from China. Environmental Science &
Technology 40(18): 5647–5652

Dallaire R, Ayotte P, Pereg D, Dery S, Dumnas P, Langlois E & Dewailly E (2009). Determinants
of plasma concentrations of perfluoroocatanesulfonate and brominated compounds in
Nunavik Inuit adults. Environmental Science and Technology 43 (13) : 5130-5136.

Danish EPA (2004). Mass flow analysis of mercury 2001. Environmental project 926.
www2.mst.dk/Udgiv/publications/2004/87-7614-287-6/html/helepubl_eng.htm

Datta S, Loyo-Rosales JE & Rice CP (2002). A simple method for the determination of trace
levels of alkylphenolic compounds in fish tissue using pressurized fluid extraction, solid phase
cleanup, and high-performance liquid chromatography fluorescence detection. Journal of
Agricultural and Food Chemistry 50(6):1350–4

DeWitt J, Copeland C, Strynar M & Luebke R (2008). Perfluorooctanoic acid-induced
immunomodulation in adult C57BL/6J or C57BL/6N female mice. Environmental Health
Perspectives 116 (5): 644-650.

DHHS (2005). 11th Report on Carcinogens. U.S. Department of Health and Human Services,
US Public Health Service, National Toxicology Program

Dinglasan-Panlilio MJA, Ye Y, Edwards EA & Mabury SA (2004). Fluorotelomer alcohol
biodegradation yields poly and perfluorinated acids. Environmental Science and Technology
38 (10): 2857-2864

DuPont (2006). Ammonium perfluoroctanoate: Phase II. Retrospective cohort mortality
analyses related to a serum biomarker of exposure in a polymer production plant. USEPA
Administrative Record, AR226-1307-6

EC (2006). Commission regulation 1881/2006/EC of 19 December 2006 setting maximum
levels for certain contaminants in foodstuffs. Official Journal of the European Union L 364: 5-
24

ECB (2007). European Union Risk Assessment Report. Volume 72 cadmium oxide and
cadmium metal, Part I Environment (publication EUR 22919 ENV), European Chemicals
Bureau, Office for Official Publications of the European Communities. http://ecb.jrc.it

EFSA (2004). Opinion of the Scientific Panel on Contaminants in the Food Chain of the
European Food Safety Authority (EFSA) on a request from the Commission related to mercury
and methylmercury in food (adopted on 24 February 2004).

http://www.efsa.eu.int/science/contam/contam_opinions/259/opinion_contam_01_en1.pdf

EFSA (2008). Perfluoroocatane sulfonate (PFOS), perfluorooctanoic acid (PFOA) and their
salts. Scientific opinion of the panel on contaminants in the food chain. (Question No EFSA-Q-
2004-163). Adopted on 21 February 2008. European Food Safety Authority. EFSA Journal
653: 1-131

EU (2001). Decision No 2455/2001/EC Of The European Parliament And Of The Council Of
20 November 2001 Establishing The List Of Priority Substances In The Field Of Water Policy
And Amending Directive 2000/60/EC, Official Journal L 249 , 17/09/2002: 27-30

EU (2002). European Union Risk Assessment Report: 4-nonylphenol (branched) and
nonylphenol, Luxembourg: Office for Official Publications of the European Communities, 2002
http://ecb.jrc.it/documents/existing-chemicals/risk_assessment/report/4-
nonylphenol_nonylphenolreport017.pdf

EU (2003). Directive 2003/53/EC Of The European Parliament And Of The Council Of 18 June
2003 Amending For The 26th Time Council Directive 76/769/EEC Relating To restrictions on
the marketing and use of certain dangerous substances and preparations (nonylphenol,
nonylphenol ethoxylate and cement) http://europa.eu.int/eur-
lex/pri/en/oj/dat/2003/l_178/l_17820030717en00240027.pdf

EU (2006). 2006/122/EC of the European Parliament and of the Council of 12 December
2006 amending for the 30th time Council Directive 76/769/EEC on the approximation of the
laws, regulations and administrative provisions of the member states relating to restrictions on
the marketing and use of certain dangerous substances and preparations (perfluorooctane
sulfonates). Official Journal L 372/32, 27.12.2006

Evans SM, Kerrigan E & Palmer N (2000). Causes of imposex in the Dogwhelk Nucella lapillus
(L.) and its use as a biological indicator of tributyltin contamination. Marine Pollution Bulletin
40(3): 212-219.



FECO/MEP (2009). PFOS related actions in China. Foreign Economic Cooperation Office of
Ministry of Environmental Protection of the People’s Republic of China (FECO/MEP).
Workshop on managing perfluorinated chemicals and transitioning to safer alternatives,
Geneva, Switzerland, February 2009, Organized by UNEP and the U.S. Government (U.S.
EPA).
www.chem.unep.ch/unepsaicm/cheminprod_dec08/PFCWorkshop/Presentations/HWenya
%20-%20PFOS%20in%20China.pdf

Fei C, McLaughlin J, Lipworth L & Olsen J (2009). Maternal levels of perfluorinated chemicals
and subfecundity. Human Reproduction 1 (1): 1-6.

Fei C, McLaughlin J, Tarone R & Olsen J (2008). Fetal growth indicators and perfluorinated
chemicals: A Study in the Danish National Birth Cohort. American Journal of Epidemiology
168 (1): 66-72.

Feng Y (2005). Important intermediates in fine chemical industry. Fine Chemical Industrial Raw
Materials and Intermediates 3: 21-24 (in Chinese). Cited in An, W. & Hu, J. (2006) Effects of
Endocrine Disrupting Chemicals on China’s Rivers and Coastal Waters. Frontiers in Ecology
and the Environment 4(7): 378-386

Fries E & Püttmann W (2004). Occurrence of 4-nonylphenol in rain and snow. Atmospheric
Environment 38(13): 2013-2016

Fromme H, Tittlemier SA, Volkel W, Wilhelm M & Twardella D (2009). Perfluorinated
compounds – exposure assessment for the general population in Western countries. Int J Hyg
Environ Health 212 (3): 239-270.

Fu M, Li Z & Wang B (2008). Distribution of nonylphenol in various environmental matrices in
Yangtze River estuary and adjacent areas. Marine Environmental Science 27(6): 561-565

Giesy JP & Kannan K (2001). Global Distribution of Perfluorooctane Sulfonate in Wildlife.
Environmental Science & Technology 35(7): 1339–1342

Guenther K, Heinke V, Thiele B, Kleist E., Prast H & Raecker T (2002). Endocrine disrupting
nonylphenols are ubiquitous in food. Environmental Science and Technology 36(8): 1676-
1680

Gulkowska A, Jiang Q, So MK, Taniyasu S, Lam PK & Yamashita N (2006). Persistent
perfluorinated acids in seafood collected from two cities of China. Environmental Science &
Technol. 2006, 40(12): 3736–3741

Harreus UA, Wallner BC, Kastenbauer ER & Kleinsasser NH (2002). Genotoxicity and
cytotoxicity of 4-nonylphenol ethoxylate on lymphocytes as assessed by the COMET assay.
International Journal of Environmental Analytical Chemistry 82(6): 395-401

Hawkins TR, Matthews HS & Hendrickson C (2006). Closing the Loop on Cadmium. An
Assessment of the Material Cycle of Cadmium in the U.S. The International Journal of Life
Cycle Assessment 11(1): 38-48

Hekster FM, Laane RWPM & de Voogt P (2003). Environmental and toxicity effects of
perfluoroalkylated substances. Reviews of Environmental Contamination and Toxicology 179:
99-121

Hellstrom L, Elinder CG, Dahlberg B, Lundberg M, Jarup L, Persson B & Axelson O (2001).
Cadmium Exposure and End-Stage Renal Disease. American Journal of Kidney Diseases,
38(5), 10011008

Hoff PY, van de Vijver K, van Dongen W, Esmans EL, Blust R & de Coen WM (2003).
Perfluorooctane sulphonic acid in bib (Trisopterus luscus) and plaice (Pleuronectes platessa)
from the Western Scheldt and the Belgian North Sea: Distribution and biochemical effects.
Environmental Toxicology & Chemistry 22(3): 608-614

Houde M, Martin JW, Letcher RJ, Solomon KR & Muir DCG (2006). Biological monitoring of
polyfluoroalkyl substances: a review. Environmental Science & Technology 40(11): 3463–3473

Huang HZ (1998). Handbook of chemical products: industrial surfactant, Chemical Industry
Press, Beijing

Iwata M, Eshima Y, Kagechika H & Miyaura H (2004). The endocrine disruptors nonylphenol
and octylphenol exert direct effects on T cells to suppress Th1 development and enhance Th2
development. Immunology Letters 94(1-2): 135-139

Jensen A & Leffers H (2008). Emerging endocrine disrupters: perfluoroalkyated substances.
International Journal of Andrology 31: 161-169.

Jin F, Hu J, Shao B, Yang M & Chen S (2004). Determination of nonylphenol ethoxylate and
nonylphenol in wild Carassius auratus from Tianjin. Acta Scientiae Circumstantiae 24(1): 150-
153

Jin Y, Saito N, Harada KH, Inoue K & Koizumi A (2007). Historical trends in human serum
levels of perfluorooctanoate and perfluorooctane sulfonate in Shenyang, China. Tohoku J.
Exp. Med. 212: 63-70.

Jin YH, Liu W, Sato I, Nakayama SF, Sasaki K, Saito N & Tsuda S (2009). PFOS and PFOA in
environmental and tap water in China. Chemosphere 77(5): 605-611

Jobling S, Coey S, Whitmore JG, Kime DE, van Look KJW, McAllister BG, Beresford N,
Henshaw AC, Brighty G, Tyler CR & Sumpter JP (2002). Wild intersex roach (Rutilus rutilus)
have reduced fertility. Biology of Reproduction 67(2): 515-524

Jobling S, Reynolds T, White R, Parker MG & Sumpter JP (1995). A variety of environmentally
persistent chemicals, including some phthalate plasticizers, are weakly estrogenic.
Environmental Health Perspectives 103(6): 582-587

Jobling S, Sheahan D, Osborne JA, Matthiessen P & Sumpter JP (1996). Inhibition of
testicular growth in rainbow trout (Oncorhynchus mykiss) exposed to estrogenic alkylphenolic
chemicals. Environmental Toxicology and Chemistry 15(2): 194-202

Joensen U, Bossi R, Leffers H, Jensen A & Skakkebaek N (2009). Do Perfluoroalkyl
Compounds Impair Human Semen Quality? Environmental Health Perspectives 117 (6): 923-
927.

Jusko TA, Henderson Jr. CR, Lanphear BP, Cory-Slechta DA, Parsons PJ & Canfield RL
(2008). Blood lead concentrations < 10 μg/dL and child intelligence at 6 years of age.
Environmental Health Perspectives 116(2): 243-248

Kannan K, Corsolini S, Falandysz J, Fillmann G, Kumar KS, Loganthan BG, Mohd MA, Olivero
J, van Wouwe N, Yang JH & Aldous KM (2004). Perfluoroocatanesulfonate and related
fluorochemcials in human blood from several countries. Environmental Science and
Technology 38: 4489-4495.

Kannan K, Corsolini S, Falandysz, J, Oehme G, Focardi S & Giesy JP (2002a).
Perfluorooctanesulfonate and related fluorinated hydrocarbons in marine mammals, fishes,
and birds from coasts of the Baltic and the Mediterranean Seas. Environmental Science and
Technology 36 (15): 3210-3216.

Kannan K, Hansen KJ, Wade TL & Giesy JP (2002b). Perfluorooctane sulphonate in oysters,
Crassostrea virginica, from the Gulf of Mexico and the Chesapeake Bay, USA. Archives of
Environmental Contamination and Toxicology 42: 313-318

Kannan K, Tao L, Sinclair E, Pastva SD, Jude DJ & Giesy JP (2005). Perfluorinated
compounds in aquatic organisms at various trophic levels in a Great Lakes food chain.
Archives of Environmental Contamination 48(4): 559–566

Karrman A, Ericson I, van Bavel B, Darnerud PO, Aune M, Anders G, Lignell S, Lindstrom G
(2007). Exposure of perfluorinated chemicals through lactation: levels of matched human milk
and serum and a temporal trends, 1996-2004, in Sweden. Environmental Health Perpectives
115 (2): 226-230.

Kato K, Calafat AM, Wong L-Y, Wanigatunga AA, Caudill SP & Needham LL (2009).
Polyfluoroalkyl compounds in pooled sera from children participating in the National Health
and Nutrition Examination Survey 2001-2002. Environmental Science and Technology 43:
2641-2647.

Kawashima Y, Kobayashi H, Miura H & Kozuka H (1995). Characterization of hepatic
responses of rat to administration of perfluorooctanoic and perfluorodecanoic acids at low
levels. Toxicology 99: 169-178

Keil D, Mehlmann T, Butterworth L & Peden-Adams M (2008). Gestational exposure to
perfluorooctane sulfonate suppresses immune function in B6C3F1 mice. Toxicological
Sciences 103 (1): 77-85.

Keith TL, Snyder SA, Naylor CG, Staples CA, Summer C, Kannan K
& Giesy JP (2001). Identification and quantitation of nonylphenol ethoxylates and nonylphenol
in fish tissues from Michigan. Environmental Science & Technology 35(1): 10–13

Key BD, Howell RD & Criddle CS (1997). Fluroinated organics in the biosphere. Environmental
Science & Technology 31(9): 2445-2454

Lau C, Anitole K, Hodes C, Lai D, Pfahles-Hutchens A & Seed J (2007). Perfluoroalkyl Acids:
A Review of monitoring and toxicological findings. Toxicological Sciences 99 (2): 366-394.

Li X, Yeung LWY, Xu M, Taniyasu S, Lam PKS, Yamashita N & Dai J (2008). Perfluorooctane
sulfonate (PFOS) and other fluorochemicals in fish blood collected near the outfall of
wastewater treatment plant (WWTP) in Beijing. Environmental Pollution 156(3): 1298-1303

Liang F, Zhang G, Tan M, Yan C, Li X, Li Y, Li Y, Zhang Y & Shan Z (2010). Lead in Children’s
Blood Is Mainly Caused by Coal-Fired Ash after Phasing out of Leaded Gasoline in Shanghai.
Environmental Science & Technology 44(12): 4760-5

Swimming in Chemicals
Perfluorinated chemicals, alkylphenols and

metals in fish from the upper, middle and lower
sections of the Yangtze River, China

Greenpeace | Research Laboratories Technical Note 07/2010 | September 2010 31



Swimming in Chemicals
Perfluorinated chemicals, alkylphenols and
metals in fish from the upper, middle and lower
sections of the Yangtze River, China

32 Greenpeace | Research Laboratories Technical Note 07/2010 | September 2010

Lien NPH (2007). Study on Distribution and Behavior of PFOS and PFOA in Water
Environment. PhD Thesis, Urban and Environment Engineering, Kyoto University, Kyoto,
Japan. Cited in Kunacheva, C., Boontanon, S.K., Fujii, S., Tanaka, S., Musirat, C., Artsalee,
C. & Wongwattana, T. (2009) Contamination of perfluorinated compounds (PFCs) in Chao
Phraya River and Bangpakong River, Thailand. Water Science & Technology 60(4): 975–982

Liu C (2006). Prevention and Control of Mercury Pollution in China. State Environmental

LRTAP (1998). Convention on long-range transboundary air pollution on heavy metals
(CLRTAP), available at http://www.unece.org/env/lrtap/full%20text/1979.CLRTAP.e.pdf

Lui JY, Li JG, Luan Y, Zhao YF & Wu YN (2009). Geographical distribution of perfluorinated
compounds in human blood from Liaoning Province, China. Environmental Science and
Technology. 43 (11): 4044-4048.

Lui JY, Li JG, Zhao YF, Wang YX, Zhang L, Wu YN (2010). The occurrence of perfluorinated
alkyl compounds in human milk from different regions of China. Environment International 36
(5): 433-438.

Lye CM, Frid CLJ, Gill ME, Cooper DW & Jones DM (1999). Estrogenic alkylphenols in fish
tissues, sediments, and waters from the UK Tyne and Tees estuaries. Environmental Science
& Technology 33(7):1009–1014

Mahaffey KR, Clickner RP & Bodurow CC (2004). Blood Organic Mercury and Dietary Mercury
Intake: National Health and Nutrition Examination Survey, 1999 and 2000. Environmental
Health Perspectives 112(5): 562-570

Mak YL, Taniyasu S, Yeung LWY, Lu G, Jin L, Yang Y, Lam PKS, Kannan K & Yamashita N
(2009). Perfluorinated compounds in tap water from China and several other countries.
Environmental Science & Technology 43(13): 4824–4829

Martin JW, Mabury SA, Solomon KR & Muir DCG (2003a). Bioconcentration and tissue
distribution of perfluorinated acids in rainbow trout (Oncorhynchus mykiss). Environmental
Toxicology & Chemistry 22(1): 196–204

Martin JW, Mabury SA, Solomon KR & Muir DCG (2003b). Dietary accumulation of
perfluorinated acids in juvenile rainbow trout (Oncorhynchus mykiss). Environmental
Toxicology and Chemistry 22 (1): 189-195

Martin JW, Smithwick MM, Braune BM, Hoekstra PF, Muir DCG & Mabury SA (2004).
Identification of long-chain perfluorinated acids in biota from the Canadian Arctic.
Environmental Science & Technology 38(2): 373–380

Matthews G (1996). PVC: production, properties and uses. Publ: The Institute of Materials,
London. ISBN: 0901716596

Melzer D, Rice N, Depledge M, Henley W & Galloway T (2010). Association between serum
perfluorooctanoic acid (PFOA) and thyroid disease in the U.S. National Health and Nutrition
Examination Survey. Environmental Health Perspectives 118 (5): 686- 692.

MEP (1998). Integrated Wastewater Discharge Standard (GB8978-1996). Ministry of
Environmental Protection (MEP), The People’s Republic of China.
http://www.es.org.cn/download/18-1.pdf (Chinese);
http://english.mep.gov.cn/standards_reports/standards/water_environment/Discharge_stand
ard/200710/t20071024_111803.htm (English introduction)

MHPRC (2005). Maximum levels of contaminants in foods, GB 2762-2005. Ministry of Heath
of the People’s Republic of China (MHPRC) and the Standardization Administration of the
People’s Republic of China
www.ziq.gov.cn/portal/webfiles/web/file/12275082059288029.pdf (Chinese)

Mitchelmore CL & Rice CP (2006). Correlations of nonylphenol-ethoxylates and nonylphenol
with biomarkers of reproductive function in carp (Cyprinus carpio) from the Cuyahoga River.
Science of the Total Environment 371(1): 391-401

Monroy R, Morrison K, Teo K, Atkinson S, Kubwabo C, Stewart B, Foster WG (2008). Serum
levels of perfluoroalkyl compounds in human maternal and umbilical cord blood samples.
Environmental Research 108 (1): 56-62.

Müller B, Berg M, Yao ZP, Zhang XF, Wang D & Pfluger A (2008). How polluted is the Yangtze
river? Water quality downstream from the Three Gorges Dam. Science of the Total
Environment 402(2-3): 232-247

OECD (2002). Hazard Assessment of perfluorooctane sulfonate (PFOS) and its salts
Organisation for Economic Co-operation and Development ENV/JM/RD(2002)17/FINAL,
JT00135607

Olsen G, Butenhoff J & Zobel L (2009). Perfluoroalkyl chemicals and human fetal
development: An epidemiologic review with clinical and toxicological perspectives.
Reproductive Toxicology 27: 212-230.

OSPAR (1998). OSPAR Strategy with Regard to Hazardous Substances, OSPAR Convention
for the Protection of the Marine Environment of the North-East Atlantic, OSPAR 98/14/1
Annex 34

OSPAR (2004a). Background Document on Cadmium (2004 update), Hazardous Substances
Series, OSPAR Convention for the Protection of the Marine Environment of the North-East
Atlantic, OSPAR Commission, London, ISBN 0-946956-93-6: 58 pp.

OSPAR (2004b). Nonylphenol/nonylphenolethoxylates, OSPAR Priority Substances Series,
OSPAR Convention for the Protection of the Marine Environment of the North-East Atlantic,
OSPAR Commission, London, ISBN 0-946956-79-0: 20 pp.

OSPAR (2006a). Hazardous Substances Series: OSPAR Background Document on
Perfluorooctane Sulphonate (PFOS), 2006 Update, publ. OSPAR Commission, ISBN 1-
905859-03-1, Publication Number 269/2006: 46 pp.

OSPAR (2006b). Octylphenol, OSPAR Priority Substances Series, OSPAR Convention for the
Protection of the Marine Environment of the North-East Atlantic, OSPAR Commission,
London, ISBN 1-905859-00-7: 32 pp.

Pan G & You C (2010). Sediment-water distribution of perfluorooctane sulfonate (PFOS) in
Yangtze River Estuary. Environmental Pollution 158(5): 1363-1367

PARCOM (1992). PARCOM Recommendation 92/8 on nonylphenol-ethoxylates, OSPAR
Convention for the Protection of the Marine Environment of the North-East Atlantic, OSPAR
Commission, London: 1 p.

Paul AG, Jones KC & Sweetman AJ (2009). A first global production, emission, and
environmental inventory for perfluorooctane sulfonate. Environmental Science & Technology
43(2): 386–392

Paustenbach DJ, Panko JM, Scott P & Unice K (2005). Retrospective modelling of potential
residential exposure to perfluorooctanoic acid (PFOA) releases from a manufacturing facility.
Poster EVN019 presented at Fluoros symposium 2005

Peden-Adams M, Keller J, EuDaly J, Berger J, Gilkeson G & Keil D (2008). Suppression of
humoral immunity in mice following exposure to perfluorooctane sulphonate. Toxicological
Sciences 104 (1): 144-154.

Peng H, Wei Q, Wan Y, Giesy JP, Li L & Hu J (2010). Tissue Distribution and Maternal Transfer
of Poly- and Perfluorinated Compounds in Chinese Sturgeon (Acipenser sinensis):
Implications for Reproductive Risk. Environmental Science & Technology 44(5): 1868–1874

Pirrone N, Cinnirella S, Feng X, Finkelman RB, Friedli HR, Leaner J, Mason R, Mukherjee AB,
Stracher GB, Streets DG & Telmer K (2010). Global mercury emissions to the atmosphere
from anthropogenic and natural sources. Atmospheric Chemistry & Physics 10: 5951–5964

Poulsen PB & Jensen AA (2005). More environmentally friendly alternatives to PFOS-
compounds and PFOA Danish Environmental Protection Agency Environmental Project No.
1013 Miljøprojekt

Rice CP, Schmitz-Afonso I, Loyo-Rosales JE, Link E, Thoma R, Fay L, Altfater D & Camp MJ
(2003). Alkylphenol and alkylphenol-ethoxylates in carp, water, and sediment from the
Cuyahoga River, Ohio. Environmental Science & Technology 37(17): 3747–54

Rudel RA, Camann DE, Spengler JD, Korn LR & Brody JG (2003). Phthalates, alkylphenols,
pesticides, polybrominated diphenyl ethers, and other endocrine-disrupting compounds in
indoor air and dust. Environmental Science and Technology 37(20): 4543-4553

Rylander C, Sandanger TM, Frøyland L & Lund E (2010). Dietary patterns and plasma
concentrations of perfluorinated compounds in 315 Norwegian women: the NOWAC
postgenome study. Environmental Science and Technology 44 (13): 5225–5232.

Sadiq M (1992). Toxic metal chemistry in marine environments. Marcel Dekker Inc., New York,
Basel, Hong Kong. ISBN 0824786475

Saito I, Onuki A & Seto H (2004). Indoor air pollution by alkylphenols in Tokyo. Indoor Air 14(5):
325-332

Salomons W & Forstner U (1984). Metals in the hydrocycle. Springer-Verlag, Berlin,
Heidelberg, New York, Tokyo, ISBN 3540127550

Sanders T, Liu Y, Buchner V & Tchounwou PB (2009). Neurotoxic effects and biomarkers of
lead exposure: a review. Reviews on Environmental Health 24(1): 15-45



Santillo D, Allsopp M, Walters A, Johnston P & Perivier H (2006). The presence of PFOS and
other perfluorinated chemicals in eels (Anguilla anguilla) from 11 European countries.
Greenpeace Research Laboratories Technical Note07/2006.
www.greenpeace.to/publications/perfluorinated-chemicals-eels.pdf

Satarug S & Moore MR (2004). Adverse Health Effects of Chronic Exposure to Low-Level
Cadmium in Foodstuffs and Cigarette Smoke. Environmental Health Perspectives 112(10):
1099-1103

Shao B, Hu J, Yang M, An W & Tao S (2005). Nonylphenol and nonylphenol ethoxylates in
rivers water, drinking water, and fish tissues in the area of Chongqing, China. Archives of
Environmental Contamination and Toxicology 48(4): 467-473

Shue MF, Chen FA & Chen TC (2009). Total estrogenic activity and nonylphenol concentration
in the Donggang River, Taiwan. Environmental Monitoring and Assessment. Published online
16th July 2009, DOI 10.1007/s10661-009-1093-4

Sinclair E, Mayack DT, Roblee K, Yamashita N. & Kannan K (2006). Occurrence of
perfluoroalkyl surfactants in water, fish, and birds from New York State. Archives of
Environmental Contamination and Toxicology 50(3): 398-410

Smithwick M, Mabury SA, Solomon KR, Sonne C, Martin JW, Born EW, Dietz R, Derocher AE,
Letcer RJ, Evans TJ, Gabrielsen GW, Nagy J, Stirling I,Taylor MK & Muir DCG (2005).
Circumpolar study of perfluoroalkyl contaminants in polar bears (Ursus maritimus).
Environmental Science & Technology 39(15): 5517-5523

Snyder SA, Keith TL, Naylor CG, Staples CA & Giesy JP (2001). Identification and quantitation
method for nonylphenol and lower oligomer nonylphenol ethoxylates in fish tissues.
Environmental Toxicology & Chemistry 20(9): 1870-1873

So MK, Miyake Y, Yeung WY, Ho YM, Taniyasu S, Rostkowski,P, Yamashita N, Zhou BS, Shi
XJ, Wang JX, Giesy JP, Yu H & Lam PKS (2007). Perfluorinated compounds in the Pearl River
and Yangtze River of China. Chemosphere 68(11): 2085–2095

So MK, Taniyasu S, Yamashita N, Giesy JP, Zheng J, Fang Z, Im SH & Lam PKS (2004).
Perfluorinated compounds in coastal waters of Hong Kong, South China, and Korea.
Environmental Science and Technology 38 (15): 4056-4063

Soares A, Guieysse B, Jefferson B, Cartmell E & Lester JN (2008). Nonylphenol in the
environment: A critical review on occurrence, fate, toxicity and treatment in wastewaters.
Environment International 34(7): 1033-1049

Staples C, Mihaich E, Carbone J, Woodburn K & Klecka G (2004). A weight of evidence
analysis of the chronic ecotoxicity of nonylphenol ethoxylates, nonylphenol ether
carboxylates, and nonylphenol. Human and Ecological Risk Assessment 10: 999–1017

Stock NL, Lau FK, Ellis DA, Martin JW, Muir DCG & Mabury SA (2004). Polyfluorinated telomer
alcohols and sulfonamides in the North American troposphere. Environmental Science and
Technology 38(4): 991-996

Streets DG, Hao J, Wu Y, Jiang J, Chan M, Tian H & Feng X (2005). Anthropogenic mercury
emissions in China. Atmospheric Environment 39(40): 7789–7806

Tan BLL & Mohd MA (2003). Analysis of selected pesticides and alkylphenols in human cord
blood by gas chromatograph-mass spectrometer. Talanta 61 (3): 385-391

Taniyasu S, Kannan K, Horii Y, Hanari N & Yamashita N (2003). A survey of perfluoroocatane
sulfonate and related perfluorinated organic compounds in water, fish, birds, and humans
from Japan. Environmental Science and Technology 37(12): 2634-2639

Tao L, Ma J, Kunisue T, Libelo EL, Tanabe S & Kannan K (2008). Perfluorinated compounds in
human breast milk from several Asia countries, and infant formula and dairy milk from the
United States. Environmental Science and Technology 42: 8597-8602

Toms L-ML, Calafat AM, Kato K, Thompson J, Harden F, Hobson P, Sjodin A & Mueller JF
(2009). Polyfluoroalkyl chemicals in pooled blood serum from infants, children, and adults in
Australia. Environmental Science and Technology 43 (11), pp 4194–4199

UNEP (2002). Global Mercury Assessment, United Nations Environment Programme (UNEP)
Chemicals, Geneva, Switzerland. Available at: www.chem.unep.ch/mercury

UNEP (2006a). Interim review of scientific information on cadmium, United Nations
Environment Programme (UNEP) Chemicals.
http://www.chem.unep.ch/pb_and_cd/SR/Files/Interim_reviews/UNEP_Cadmium
_review_Interim_Oct2006.doc

UNEP (2006b). Interim review of scientific information on lead, United Nations Environment
Programme (UNEP) Chemicals.
http://www.chem.unep.ch/pb_and_cd/SR/Files/Interim_reviews/UNEP_Lead_review_
Interim-Oct2006.pdf

UNEP (2009). Adoption of amendments to Annexes A, B and C of the Stockholm Convention
on Persistent Organic Pollutants under the United Nations Environment Programme (UNEP).
http://chm.pops.int/Portals/0/download.aspx?d=UNEP-POPS-COP-NOTIF-DN-CN524-
2009.English.pdf

UNEP (2009). Global Mercury Partnership, United Nations Environment Programme (UNEP)
Chemicals, Geneva, Switzerland. Available at www.chem.unep.ch/mercury

Vestergren R & Cousins IT (2009). Tracking pathways of human exposure to
perfluorocarboxylates. Environmental Science and Technology 43 (15): 5565-5575.

Virtanen JK, Voutilainen S, Rissanen TH, Mursu J, Tuomainen T, Korhonen MJ, Valkonen V,
Seppänen K, Laukkanen JA & Salonen JT (2005). Mercury, Fish Oils, and Risk of Acute
Coronary Events and Cardiovascular Disease, Coronary Heart Disease, and All-Cause
Mortality in Men in Eastern Finland. Arteriosclerosis, Thrombosis and Vascular Biology 25:
228-233

Wang W (2008). Investigation of heavy metal content in fish at Chongqing section of the
Yangtze River before water storage in the Three Gorges Reservoir (2008). Water Resources
Protection 24(5): 34-37 (Chinese)

WHO, World Health Organisation (1989). Lead; environmental aspects. Environmental Health
Criteria 85. ISBN 9241542853

Xu J, Wang P, Guo W, Dong J, Wang L & Dai S (2006). Seasonal and spatial distribution of
nonylphenol in Lanzhou Reach of Yellow River in China. Chemosphere 65(9): 1445-1451

Yang Q, Abedi-Valugerdi M, Xie Y, Zhao X-Y, Möller G, Nelson BD & DePierre JW (2002).
Potent suppression of the adaptive immune response in mice upon dietary exposure to the
potent peroxisome proliferator perfluorooctanoic acid. International Immunopharmacology 2:
389-397

Ye X, Schoenfuss HL, Jahns ND, Delinsky AD, Strynar MJ, Varns J, Nakayama SF, Helfant L &
Lindstrom AB (2008). Perfluorinated compounds in common carp (Cyprinus carpio) fillets from
the Upper Mississippi River. Environment International 34(7): 932–938

Yeung LWY, Mikake T, Taniyasu S, Wang Y, Yu H, So MK, Jiang G, Wu Y, Li J, Giesy JP,
Yamashita N & Lam PKS (2008). Perfluorinated compounds and total and extractable organic
fluorine in human blood samples from China. Envioronmental Science and Technology 42:
8140-8145

Yeung LWY, So MK, Jiang G, Taniyasu S, Yamashita N, Song M, Wu Y, Li J, Giesy JP, Guruge
KS & Lam PKS (2006). Perfluoroocatanesulfonate and related fluorochemicals in human
blood samples from China. Environmental Science and Technology 40: 715-720

Yu W, Liu W, Jin Y, Liu X, Wang F, Liu L & Nakayama S (2009). Prenatal and Postnatal Impact
of perflorooctane sulfonate (PFOS) on rat development: A cross-foster study on chemical
burden and thyroid hormone system. Environmental Science & Technology 43 (21): 8416-
8422

Yu Y, Zhai H, Hou S & Sun H (2009). Nonylphenol ethoxylates and their metabolites in sewage
treatment plants and rivers of Tianjin, China. Chemosphere 77(1): 1-7

Zhang T, Sun HW, Wu Q, Zhang XZ, Yun SH & Kannan K (2010a). Perfluorochemicals in meat,
eggs and indoor dust in China: Assessment of sources and pathways of human exposure to
perfluorochemcials. Environmental Science and Technology 44 (9): 3572-3579

Zhang T, Wu Q, Sun HW, Zhang XZ, Yun SH & Kannan K (2010b). Perfluorinated compounds
in whole blood samples from infants, children, and adults in China. Environmental Science
and Technology 44 (11): 4341–4347

Swimming in Chemicals
Perfluorinated chemicals, alkylphenols and

metals in fish from the upper, middle and lower
sections of the Yangtze River, China

Greenpeace | Research Laboratories Technical Note 07/2010 | September 2010 33



34 Greenpeace | Research Laboratories Technical Note 07/2010 | September 2010

Swimming in Chemicals
Perfluorinated chemicals, alkylphenols and
metals in fish from the upper, middle and lower
sections of the Yangtze River, China

Sample preparation
All fish were thawed, weighed and their lengths recorded. The fish
were then gutted and the intact livers isolated. For catfish, the livers
from all samples from each location were combined to obtain one
composite sample. For carp, individual livers from specific fish were
analysed separately. In addition, a composite muscle sample was
prepared for each species from each location.

AP and PFC extraction
All samples were freeze-dried and target substances were
subsequently extracted from the freeze-dried, homogenised sample
material (0.5-1g) using ultrasonic extraction with acetonitrile (3-fold
extraction).

For PFC extraction, a mixture of seven 13C-labelled PFC congeners
(PFOS and six PFCAs) was added to the homogenised fraction of the
dried sample material prior to ultrasonic-extraction. The extracts from
each sample were combined, and the clean-up of all extracts was
performed by hexane partitioning to remove much of the lipid content,
followed by ENVI-Carb clean-up. The final extract was evaporated to
dryness by a gentle stream of nitrogen and re-dissolved in 150 µl
MeOH/H2O (1:1) containing 13C4 PFOA as a recovery standard for LC-
MS analysis.

For AP quantification, two internal labelled standards (d17 4-n-
octylphenol & 13C p-n-nonylphenol) were added to the homogenised
fraction of the dried sample material prior to ultrasonic-extraction. The
extracts from each sample were combined, and clean-up was
performed by hexane partitioning to remove much of the lipid content,
followed by derivatisation with N,O-bis-trimethylsilyl-trifluoroacetamide
(BSTFA) to form trimethylsilyl (TMS) derivatives. The final extract was
evaporated nearly to dryness by a gentle stream of nitrogen. The
residue was purified by column chromatography (SiO2) and
subsequently evaporated to 100 µl, to which 13C PCB (#28) was added
as a recovery standard.

PFC and AP analysis
All analyses were performed following the isotope dilution method. For
PFC quantification, the sample extracts were analysed by high
performance liquid chromatography-electrospray mass spectrometry
(LC/ESI-MS-MS) using a security guard cartridge (C18 × 2.0 mm i.d.,
Phenomenex) and a Synergy 4u Fusion RP C-18 column (100 mm ×
2.0 mm i.d., 80A, Phenomenex) for liquid chromatographic separation
(5mM aqueous ammonium acetate/methanol gradient over 20
minutes). For AP quantification, the sample extracts were analysed by
gas chromatography-mass spectrometry using electron impact
ionisation (GC/LRMS-EI).

Quality assurance/quality control (QA/QC)
For both PFC and AP quantification, every sample batch (maximum of
10 samples) included a procedural blank (prepared in the same way as
the samples) and at least one sample was extracted in duplicate. The
recoveries of the labelled internal standards were between 50% and
120%.

Metals quantification: cadmium, lead and mercury
Each freeze-dried, homogenised sample material (approximately 1g)
was digested using nitric acid, at 90°C for 3 hours, followed by a
further 4 hours at 160°C. The filtered sample was made up to an exact
volume (25ml). The concentrations of cadmium and lead were
determined in the sample extracts using inductively coupled plasma-
mass spectrometry (ICP-MS), and the concentrations of mercury were
determined using cold vapour-atomic absorption spectroscopy (AAS).
Quality assurance/quality control (QA/QC) checks were performed
using inter-laboratory reference material, and at least one sample was
extracted in duplicate.

Appendix: Analytical methods
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