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a b s t r a c t
2,4,6-Trichlorophenol (2,4,6-TCP) is a common chemical intermediate and a by-product of water chlorination and combustion processes, and is a priority pollutant of the aquatic environment in many countries. Although information on the toxicity of 2,4,6-TCP is available, there is a lack of information on the
predicted no-effect concentration (PNEC) of 2,4,6-TCP, mainly due to the shortage of chronic and sitespeciﬁc toxicity data. In the present study, acute and sub-chronic toxicity of 2,4,6-TCP on six different
resident Chinese aquatic species were determined. PNEC values were calculated and compared by use
of two approaches: assessment factor (AF) and species sensitivity distribution (SSD). Values for acute
toxicity ranged from 1.1 mg L1 (Plagiognathops microlepis) to 42 mg L1 (Corbicula ﬂuminea) and the
sub-chronic no observed effect concentrations (NOECs) ranged from 0.05 mg L1 (Mylopharyngodon
piceus) to 2.0 mg L1 ( C. ﬂuminea). PNECs obtained by the assessment factor approach with acute
(AF = 1000, 0.001 mg L1) or chronic (AF = 10, 0.005 mg L1) toxicity data were one order of magnitude
less than those from SSD methods (0.057 mg L1). PNEC values calculated using SSD methods with a
50% certainty for 2,4,6-TCP was less than those obtained by use of the USEPA recommend ﬁnal chronic
value (FCV) method (0.097 mg L1) and the one obtained by use of the USEPA recommend acute-tochronic (ACR) methods (0.073 mg L1). PNECs derived using AF methods were more protective and
conservative than that derived using SSD methods.
Ó 2011 Elsevier Ltd. All rights reserved.

1. Introduction
Chlorophenols are widely used synthetic organic compounds,
employed as either synthesis intermediates in dyestuffs and
pesticides or as biocides. Chlorophenols are commonly found in
industrial wastes and are frequently detected water pollutants
(Czaplicka, 2004; Gao et al., 2008). Among the chlorophenols,

Abbreviations: 2,4,6-TCP, 2,4,6-trichlorophenol; PNEC, predicted no-effect concentration; SSD, species sensitivity distribution; AF, application factor; NOEC, noobserved effect concentration; LOEC, lowest observed effect concentration; MATC,
maximum allowable toxicant concentration; CCC, criterion continuous concentration; FAV, ﬁnal chronic value; FCV, ﬁnal chronic values; ACRs, acute to chronic
ratios; FACR, ﬁnal acute-to-chronic ratios; WQC, water quality criteria; SGR, speciﬁc
growth rate.
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Haidian District, Beijing 100085, China. Tel.: +86 10 6284 9140; fax: +86 10 6292
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E-mail address: wangzj@rcees.ac.cn (Z. Wang).
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2,4,6-trichlorophenol (2,4,6-TCP), which has been used since the
early 1930s, and is the most frequently detected chlorophenol in
surface waters. 2,4,6-TCP, is an intermediate in the production of
chlorophenoxy acid herbicides. Furthermore, 2,4,6-TCP is a byproduct of disinfection of water by use of chlorination and of combustion. Due to toxicity to aquatic life, resistance to degradation,
and potential for bioaccumulation, 2,4,6-TCP is a priority pollutant
of aquatic environments in the USA as well as China (Yin et al.,
2003a). Waters from over 600 sites in seven major watersheds
and three drainage areas in China contained detectable concentrations of 2,4,6-TCP in 54.4% (median = 2.0 ng L1, range < 1.4–
28650.0 ng L1) (Gao et al., 2008). Therefore, the deleterious effects
and ecological risk of 2,4,6-TCP on aquatic ecosystems have raised
concern by regional and central government agencies in China.
An important step in the ecological risk assessment of chemicals is determination of the maximum concentration at which
the ecosystem is protected. That is, the predicted no-effect concentration (PNEC). PNECs are usually derived for a limited number of
species in laboratory-based toxicity tests which have well-deﬁned
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protocols. Information on the toxicity of 2,4,6-TCP to a wide range
of aquatic species has been reported (LeBlanc and Bionomics,
1984; Smith et al., 1991; Kishino and Kobayashi, 1995; Radix
et al., 1999). However, toxicity data, especially for chronic effects,
on resident species, especially for local species was unavailable
to develop site-speciﬁc assessments in China (Yin et al., 2003a).
Thus, the PNEC for 2,4,6-TCP based on Chinese resident species
had not been determined. However, selecting resident species for
determining PNEC values is confounded by variations among ecosystems throughout China. Different ecosystems contain different
biological constituents, and a concentration threshold harmless
in one ecosystem may lead to irreversible toxic effects on others.
Therefore, the USEPA guidelines state that only wildlife species
distributed throughout North America can be used as test species
to derive the water quality criteria (WQC), such as PNEC, for the
protection of freshwater and marine ecosystems (USEPA, 1985).
In Australia, species sensitivity distributions (SSDs) and protective
concentrations for 95% (PC95) of local species are being used to derive water-quality guidelines for toxicants (ANZECC & ARMCANZ,
2000; Hose and Van den Brink, 2004). It has been suggested that
site-speciﬁc WQC based on indigenous aquatic biota should be
developed for China (Yin et al., 2003a, 2003b).
Two basic methods for deriving PNECs are in use or proposed
for use in hazard assessments (USEPA, 1985; OECD, 1995; ECB,
2003). To arrive at a criterion, a simple deterministic approach uses
a critical parameter of the available toxicity data (lowest LC50 or
lowest NOEC) and divides it by a series of assessment factors
(safety or uncertainty), usually in the range of 1–1000. The values
of the assessment factors (AF) depend on the extent and nature of
the toxicity data. The factors are inversely proportional to the
availability and quality of toxicity data. Due to their simplicity
and minimal data requirements, methods that use AFs are globally
used in preliminary ecological risk assessments. However, these
methods are also limited because assessment factors are somewhat arbitrary and uncertainty of the PNEC is generally not quantiﬁed (Slooff, 1992; Chapman et al., 1998). Another method for
deriving the PNEC, species sensitivity distributions (SSDs), is based
on the assumption that variation in chemical sensitivity among
species can be described by assessment of the distributions of values (Aldenberg and Slob, 1993; Aldenberg and Jaworska, 2000;
Newman et al., 2000; Posthuma et al., 2002). After estimation of
its parameters, the distribution can be used to predict a concentration value which does not exceed the NOEC for a predeﬁned
percentage of the species, such as 95%. The SSD method can produce more robust PNECs, but adequate chronic toxicity data is only
available for select taxonomic groups, and is lacking for most new
and existing substances (Sijm et al., 2001).
In the current study, acute and chronic toxicity tests were conducted for six native species, including three ﬁshes, two invertebrates and one hygrophyte, which were collected from the
Yangtze River. Toxicity data for 2,4,6-TCP was used to derive PNEC
values based on both the assessment factor method and the species
sensitivity distribution method. The aims of this study were (1) to
provide further 2,4,6-TCP toxicity data for use in ecological risk
assessment, especially for Chinese local 2,4,6-TCP pollution issues,
(2) to discuss the potential establishment of site-speciﬁc water
quality criteria for 2,4,6-TCP.

2. Materials and methods
2.1. Test species and conditions
Six species resident in China, including two benthic invertebrates (Asian clam Corbicula ﬂuminea and Freshwater shrimp Macrobrachium superbum); three ﬁsh (Black carp Mylopharyngodon

piceus, Smallscale yellowﬁn Plagiognathops microlepis and Whiteﬁsh Erythroculter ilishaeformis) and one hydrophyte (Greater duckweed Soirodela polyrhiza) were selected for study based on their
distribution, economic signiﬁcance and adaptability to laboratory
conditions. These test species were provided by the Huazhong
Agricultural University (Wuhan, China), and were acclimated to
test conditions (24 ± 1 °C, pH 7.24 ± 0.16) for more than 2 weeks
prior to the experiments.
All test species were held in water with a minimum average
dissolved oxygen concentration of approximately 80% saturation.
The pH averaged 7.65. Conductivity and hardness averaged
512 mmho cm1 and 100 mg L1 CaCO3, respectively, during the
study. Strip chart records of temperature showed that an average
temperature of 24 ± 1 °C was maintained for all tests.
2.2. Test chemical
Analytical grade 2,4,6-trichlorophenol (HOC6H2Cl3) (CAS RN:
88-06-2) of 98.0% purity was purchased from ACROS Organics,
USA. Tap water, dechlorinated with activated carbon, was used
for all tests. The dilution water quality parameters were measured
as follows: pH = 7.24 ± 0.16; dissolved oxygen concentration
(DO) = 8.43 ± 0.24 mg L1, total organic carbon (TOC) content =
0.017 mg L1, and total hardness = 100 mg L1.
2.3. Acute toxicity tests
All acute tests, including toxicity tests on ﬁshes, macroinvertebrates and the hydrophyte, followed international standard guidelines (ASTM, 1993; USEPA, 1993; OECD, 2002). 96-h static-renewal
acute 2,4,6-TCP toxicity tests were conducted in a temperaturecontrolled room. Test solutions were maintained by daily renewal
of 90% of the test solution. There were ﬁve treatments (nominal
concentration) of test chemical plus a control and three replicates
of each treatment, each beaker (replicate) containing 10 test organisms. Test concentrations were chosen based on results of preliminary range-ﬁnding tests (data not shown). Dissolved oxygen,
conductivity, temperature, pH, and salinity were measured with
a multiparameter water quality meter (YSI Model 85 m; Yellow
Springs, OH).
Juveniles of M. piceus (17.7 ± 0.40 mm, 38.0 ± 2.20 mg), P.
microlepis (16.4 ± 0.37 mm, 26.7 ± 1.90 mg) and E. ilishaeformis
(23.6 ± 0.29 mm, 55.0 ± 2.00 mg) were tested in glass beaker containing 1000 mL test solution. Nominal concentrations used in
these studies were 0, 0.50, 1.00, 1.50, 2.00 and 2.50 mg L1 2,4,6TCP for all three test ﬁshes. C. ﬂuminea with a mean shell length
of 20.80 ± 0.20 mm, a mean shell height of 19.40 ± 0.20 mm and
mean body weight of 3.66 ± 0.40 g wet wt. was tested in glass beaker containing 1000 mL test solution. M. superbum (39.63 ±
0.47 mm, 0.87 ± 0.08 g) was tested in glass container containing
4000 mL test solution. Nominal concentrations for C. ﬂuminea
and M. superbum used in the study were 0, 10.0, 20.0, 30.0, 40.0,
50.0 mg L1 and 0, 0.40, 0.80, 1.60, 3.20, 6.40 mg L1 2,4,6-TCP,
respectively. During the exposure, beakers were held in an incubator at 24 ± 1 °C with 16L: 8D photoperiod. Test organisms were not
fed during the exposure period. Mortality and abnormal behavior
were monitored daily and dead organisms were removed
immediately.
S. polyrhiza was cultured in the laboratory in half-strength Hoagland’s medium (Yuan and Yang, 1983) under 2000 lx and
24 ± 1 °C. The IC50 (median inhibitory concentration) tests were
conducted in a series of 90 mm glass crystallizing dishes. Each container contained about 200 mL of test medium and 10 fronds of S.
polyrihiza. The nominal concentrations used in the deﬁnitive studies were 0, 1.00, 2.50, 5.00, 10.0 and 25.0 mg L1 2,4,6-TCP. Plants
were maintained at 24 ± 1 °C with 24 h light. The number of fronds
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in each beaker was counted every day. No signiﬁcant mortality or
adverse effect occurred during the test period in the control treatment for each species.
2.4. Sub-chronic toxicity tests
Sub-chronic continuous exposures of six native species to 2,4,6TCP were conducted in static-renewal diluters with daily replacement. Test conditions and solution renewal procedures were as
above. Six nominal concentrations (ﬁve treatments plus a control)
of 2,4,6-TCP were used as experimental treatments, each replicated
three times. Test concentrations were selected on the basis of data
obtained from the preceding acute toxicity tests. Water quality
parameters were measured every 2 d as above.
Three-week tests of survival of M. superbum (39.63 ± 0.47 mm,
0.87 ± 0.08 g) and C. ﬂuminea (20.80 ± 0.20 mm, 3.66 ± 0.40 g) were
conducted in glass beakers which contained 4000 mL or 1000 mL
of test solution, respectively. Test organisms were fed according
to standard guidelines for conducting chronic tests with macroinvertebrates (ASTM, 1993). Test organisms were fed daily a solution
of microalgae concentrate prepared from instant algae shellﬁsh
diet and Nannochloropsis sp concentrate. At the end of test, the
21d no-observed effect concentrations (NOEC) and the lowest
observed effect concentrations (LOEC) were derived by analyzing
survival rate and behavioral effects of test organisms.
Twenty-eight days sub-chronic growth inhibition toxicity using
M. piceus (17.65 ± 0.40 mm, 38.0 ± 2.20 mg), P. microlepis (16.40 ±
0.37 mm, 26.7 ± 1.90 mg) and E. ilishaeformis (23.59 ± 0.29 mm,
55.0 ± 2.00 mg) at early life stages were tested in glass beakers
which contained 1000 mL of test solution. During exposure, juvenile ﬁshes were fed with a commercial granule food (Trea,
Germany) at a rate of 0.1% body weight per day and newly hatched
brine shrimp (Artemia nauplii) twice a day. At the end of the test,
length and weight of each ﬁsh was measured and survival rate
determined for each concentration, from which NOEC and LOEC
were derived. Speciﬁc growth rate (SGR) was calculated because
it is less dependent on the initial size of the ﬁsh and on the time
between measurements than the other growth measurements
such as relative growth rate (RGR) (Mallett et al., 1997). The SGR
was calculated (Eq. (1)) (Crossland, 1985).

SGR ¼ ððlnðfinal massÞ  lnðinitial massÞÞ
 100Þ=days of exposure

ð1Þ

At the end of the sub-chronic toxicity test, all animals survived in
the control.
Sub-chronic toxicity of S. polyrihiza was conducted in 90 mm
glass crystallizing dishes with 200 mL of test medium for 10 d. At
the end of the test, chlorophyll was measured using an ultraviolet
and visible spectrophotometer (Zhang and Jin, 1997), from which
NOEC and LOEC were derived.
2.5. Quantiﬁcation of 2,4,6-TCP
During the acute and chronic toxicity exposure, samples of
water containing 2,4,6-TCP were randomly collected during the
experiments from control, and least, medium, and greatest dosage
concentrations. Triplicate samples were made for water from one
tank of each concentration. Samples were spiked with surrogate
standard (Biphenol A-d16), adjusted to pH <2 with 6 lM hydrochloride buffer and extracted with SPE using C18 cartridge. The
cartridges were eluted with 10 mL dichloromethane (DCM). All of
the extracts were evaporated under a gentle stream of nitrogen.
In order to reduce the polarity of phenols so that they could be separated by gas chromatography, dried samples were derivatized in a
heating block 60 °C for 2 h with BSTFA and 1% TMCS. Samples were
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maintained at 4 °C in brown polypropylene bottles in the dark until
analysis.
Concentrations of 2,4,6-TCP were measured by use of an Agilent
6890 gas chromatograph equipped with Agilent MSD 5975 mass
spectrometer. The capillary column of 30 m  0.25 mm i.d.
0.25 lm HP-5 was used. Gas chromatography (GC) oven temperature was programmed from 40 °C to 300 °C via a ramp of
10 °C min1 and maintained at 40 °C for 2 min and at 300 °C for
15 min. The instrument was operated in constant pressure mode.
Sample injection (1 lL) was in splitless mode. The mass spectrophotometer (MS) was operated in full-scan mode from m/z
50–700 for qualitative analysis and in selected ion monitoring
(SIM) mode for quantitative analysis. The inlet and MS transfer line
were maintained at 250 °C, and the ion source temperature was
300 °C. The mass spectra were analyzed by the techniques of retention time lock (RTL) and deconvolution report software (DRS) (software provided by Agilent).2,4,6-TCP in control aquaria and in
blanks was less than detection limits (1.40 ng L1). Measured
2,4,6-TCP concentrations in the treated ﬁsh species collected
during experiments varied from 88.7% to 107.9% of nominal concentrations (mean 95.1%, n = 72). Therefore, all subsequent acute
and chronic toxicity results were expressed on nominal concentrations of 2,4,6-TCP.
2.6. Statistical analysis
The endpoint for the acute tests was death except for S. polyrihiza (for growth). The LC50 and 95% conﬁdence intervals for each test
was calculated using Probit Program Version 1.5 (USEPA, 1990).
IC50 (for S. polyrihiza) for growth inhibition were determined using
standard method recommended by Organization for Economic Cooperation and Development (OECD, 2002). The data from chronic
tests were analyzed using SPSS Version 17 software. The experimental data were checked for homogeneity of variance among
treatments by use of Levene’s test. The data were subjected to
one-way analysis of variance followed by Dunnett’s multiple comparison tests once the assumptions were met. Statistical differences were considered to be signiﬁcant at p 6 0.05. The NOEC
was deﬁned as the greatest concentration that did not result in a
signiﬁcant effect compared with the control. The LOEC was deﬁned
as the least concentration that did result in a signiﬁcant effect compared with the control, The maximum allowable toxicant concentration (MATC) was equal to the geometric average of NOEC and
LOEC (USEPA, 1985).
2.7. Development of PNEC value
PNECs were calculated by use of the traditional deterministic AF
approach, along with SSD methods to gain HC5 (hazardous concentration for 5% of species) values. AF = 1000 was applied to the least
acute LC50, and AF = 10 applied to the least NOEC value (OECD,
1995; ECB, 2003). Lower (5% conﬁdence), median (50% conﬁdence),
and upper (95% conﬁdence) HC5 by use of the BurrliOZ program
(CSIRO v I.O.13; Perth, Australia) (Campbell et al., 2000). BurrliOZ
ﬁts the Burr type III distribution (Shao, 2000), which is a ﬂexible
three-parameter distribution that provides good approximations
of many commonly used distributions such as the log-normal,
log-logistic, and Weibull (Hose and Van den Brink, 2004).
Final chronic values (FCV) were calculated by use of the USEPA
method for calculating National Ambient Water Quality Criteria
(USEPA, 1985). When chronic data are lacking, the FCV was calculated by dividing the ﬁnal acute values (FAV) by ﬁnal acute-tochronic ratios (FACR). Using only the four most sensitive acute
toxicity values (LC50 or EC50), the FAV calculation assumes a log triangle distribution of species sensitivity. The FAV is the 5th centile
from the SSD. If at least eight chronic toxicity data are available for

20

X. Jin et al. / Chemosphere 86 (2012) 17–23

species from eight different families, FCV was calculated using the
produce same as FAV calculation (USEPA, 1985).

26
24

Number of fronds

3. Results
3.1. Acute toxicity
2,4,6-TCP was acutely toxic to all six native species at the concentrations tested in this study. Time-dependent LC50 values and
95% conﬁdence intervals (CI) are presented (Table 1). P. microlepis
was the most sensitive among the 3 tested ﬁsh species, and the
96-h LC50 was 1.10 mg L1 (95% CI, 0.38–1.36 mg L1), followed
by M. piceus and E. ilishaeformis with a 96-h LC50s of 1.22 (1.12–
1.31) mg L1and 1.99 (1.82–2.28) mg L1, respectively. Among the
two invertebrate species, the 96-h LC50 for M. superbum was 2.05
(1.61–2.76) mg L1, which was less sensitive than C. ﬂuminea with
a 96-h LC50 of 41.9 (35.5–58.2) mg L1. Twenty-four hours LC50
values of 2,4,6-TCP were signiﬁcantly higher than those of 48
and 72 h for each of the tested organisms. When treatment period
exceeded 72 h, variation in the LC50 value for each test organism
decreased.
Signiﬁcantly less frond growth was observed in the 4-d S.
polyrhiza growth inhibition test. The toxicity of 2,4,6-TCP on
growth of S. polyrhiza was directly proportional to concentration
of 2,4,6-TCP (Fig. 1). The 96-h IC50 of S. polyrhiza was calculated
to be 8.49 mg 2,4,6-TCP L1.

Control
1.00 mg L-1
2.50 mg L-1

22
20

5.00 mg L-1
10.0 mg L-1

18

25.0 mg L-1

16
14

*

*

12
10
0

20

40

60

80

100

Expoure time (h)
Fig. 1. Effect of 4-d exposure to 2,4,6-trichlorophenol on Soirodela polyrhiza growth
rate (number of fronds grown, starting from the initial 10 fronds). ⁄Signiﬁcant
differences from the values of the control at p < 0.05.

0.07 mg L1, 0.14 mg L1 and 0.35 mg L1 for M. piceus, P. microlepis
and E. ilishaeformis, respectively.
In the 10-d toxicity test with S. polyrihiza chlorophyll content
decreased gradually as a function of 2,4,6-TCP concentration. Chlorophyll content was 96.1% of control at 1.00 mg L1, and 70.7% at
25.0 mg L1. The NOEC, LOEC and MATC were 1.00 mg L1,
2.50 mg L1 and 1.58 mg L1, respectively (Fig. 3).

3.2. Sub-chronic toxicity
The six test species exhibited different sensitivities to 2,4,6-TCP
exposure (Table 1). Results of the 21 d sub-chronic toxicity test
showed that M. superbum was more sensitive than C. ﬂuminea to
the exposure of 2,4,6-TCP based on survival. The NOECs for the
two invertebrates were 0.10 mg L1 and 2.00 mg L1; and their
LOECs were 0.20 mg L1 and 4.00 mg L1; respectively. The calculated MATC values were 0.14 mg L1 and 2.83 mg L1, respectively.
In the 28 d, sub-chronic growth inhibition toxicity test on early
life stages of M. piceus, P. microlepis and E. ilishaeformis, all individuals survived the testing period, and the juvenile SGR were 3.85%,
4.73% and 2.95% per day in the control, respectively. For M. piceus,
the 0.10 mg L1 and greater concentrations signiﬁcantly reduced
the juvenile SGR (P < 0.05; ANOVA; Fig. 2A). For P. microlepis, juvenile SGR in the 0.20 mg L1 and greater concentrations were significantly less than that in the control (Fig. 2B). For E. ilishaeformis, the
critical value was 0.40 mg L1 (Fig. 2C). Based on the statistical
analysis, NOECs for growth inhibition were 0.05 mg L1,
0.10 mg L1 and 0.30 mg L1, their LOECs were 0.10 mg L1,
0.20 mg L1 and 0.40 mg L1, and the calculated MATC were

3.3. Predicted no effect concentrations for 2,4,6-TCP
A total of 10 (six from this study and four gained from literature
(Yin et al., 2003a)) chronic toxicity data sets for resident species,
including 5 ﬁshes, 4 invertebrates, and 1 hydrophyte, were used
to derive the PNEC value for 2,4,6-TCP in Chinese waters. The
results of the PNEC calculations using the various methods are
shown in Table 2.
SSD were developed from log–logistic distributions ﬁtted to resident chronic data (Table 2 and Fig. 4). The median HC5 value for
2,4,6-TCP was 0.057 (0.031–0.117) mg L1.
A FAV for 2,4,6-TCP was determined using the four most sensitive acute toxicity results (Fig. 5A). Dividing the FAV by FACR
(10.14), the FCV was 0.073 mg L1. Using the four most sensitive
maximum-allowed toxicant concentrations (MATCs), a FCV of
0.097 mg L1 was derived (Fig. 5B). The rationale for use of MATCs
is that the MATC gives a more likely estimate of the true NOEC,
since treatment concentrations are rather arbitrarily chosen
(USEPA, 1985).

Table 1
Acute and chronic toxicity data for Chinese resident species used to calculate PNEC values for 2,4,6-trichlorophenol.
Species

C. ﬂuminea
M. superbum
M. piceus
P. microlepis
E. ilishaeformis
S. polyrhiza
D. magnaa
C. auratusa
C. idellusa
B. bufo gargarizansa
a
b

Acute toxicity

Chronic toxicity
1

Measurement and endpoint

Concentration (95%CI) (mg L

96 h
96 h
96 h
96 h
96 h
96 h
–
–
–
–

41.9
2.05
1.22
1.10
1.99
8.49
–
–
–
–

LC50
LC50
LC50
LC50
LC50
IC50

(35.5–58.2)
(1.61–2.76)
(1.25–1.61)
(0.38–1.36)
(1.82–2.28)

)

References

Measurement and endpoint

Concentration (mg L

21d
21d
28d
28d
28d
10d
21d
30d
60d
30d

2.00
0.10
0.05
0.10
0.30
1.00
0.20
0.25
0.50
0.50

NOEC,
NOEC,
NOEC,
NOEC,
NOEC,
NOEC,
NOEC,
NOEC,
NOEC,
NOEC,

Survival
Survival
Growth
Growth
Growth
Chlorophyll
Reproduction
Survival
Growth
Growth

1

)

b

ACRs
14.8
14.6
17.4
7.86
5.69
5.37
6.18
12.3
4.99
12.2

In this study
In this study
In this study
In this study
In this study
In this study
Yin et al. (2003a)
Yin et al. (2003a)
Yin et al. (2003a)
Yin et al. (2003a)

Chronic toxicity data (both of NOEC and ACR) for these four Chinese resident species were published by Yin et al. (2003a).
ACRs stands for acute-to-chronic ratios, which are calculated by dividing acute LC50 or EC50 values by chronic maximum allowable toxicant concentrations (MATC).
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1
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*

*

*
*

.6

.4

.2

Control

1.00

2.50

5.00

10.0

25.0
-1

2,4,6-trichlorophenol concentrations (mg L )
Fig. 3. Effect of 10-d exposure to 2,4,6-trichlorophenol on chlorophyll content of
Soirodela polyrhiza. Data are presented as means ± standard deviation (SD). ⁄Significant differences from the values of the control at p < 0.05.

**

3

3.5

.8

0.0

0.80

6

0

1.0

A
Chlorophyll content (mg g -1)

Specific growth rate (% day)

5

0.40

0.50
-1

2,4,6-trichlorophenol concentrations (mg L )
Fig. 2. Effect of 28-d exposure to 2,4,6-trichlorophenol on the speciﬁc growth rate
of the early life stages of Mylopharyngodon piceus (A), Plagiognathops microlepis (B)
and Erythroculter ilishaeformis (C). Data are presented as means ± standard deviation
(SD). ⁄ and ⁄⁄Signiﬁcant differences from the values of the control at p < 0.05 and
p < 0.01, respectively.

The PNEC derived from the SSD were compared to a PNEC
calculated using the AF approach. The least LC50 was 1.10 mg L1
for P. microlepis and this LC50 was divided by an AF of 1000. The
least NOEC is 0.05 mg L1 from the M. piceus growth inhibition test
and this NOEC was divided by an AF of 10. The resulting traditionally derived PNECs based on the use of AF of 1000 and 10 for 2,4,6TCP were 0.001 and 0.005 mg L1 respectively.
4. Discussion
The results of the present study indicated that 2,4,6-TCP is toxic
to resident freshwater aquatic organisms. Among the different spe-

cies, the ﬁshes were more sensitive than aquatic macroinvertebrates and the hydrophyte was the least sensitive. Fishes and
macroinvertebrates were more sensitive to chronic exposures than
hydrophytes. C. ﬂuminea was less sensitive to 2,4,6-TCP than the
other invertebrates M. superbum, which might be due to decreased
uptake of 2,4,6-TCP caused by the shell of C. ﬂuminea. The three
juvenile ﬁsh exhibited similar tolerances to both acute and chronic
exposures, which might be due to the fact that all three species belong to the same family (Cyprinidae). However, the 96 h LC50 values for 2,4,6-TCP for three ﬁshes in this study (1.1–2.0 mg L1)
were less than the 96 h LC50 values for 2,4,6-TCP (3.5–4.3 mg L1)
for other members in Cyprinidae (Yin et al., 2003a). Chronic toxicity for ﬁshes of the family Cyprindae exhibited the same trend of
increased sensitivity of the ﬁsh in the current study as compared
to previous tests. This discrepancy is most likely due to the fact
that the present study employed younger test ﬁshes, which are
more sensitive to toxic compounds. The chronic toxicity of the
other species tested in the present study cannot be compared with
previous studies due to lack of chronic toxicity data for other local
species in China.
The PNEC values, which were calculated for Chinese resident
species, by use of different methods, are given (Table 2). The PNEC
calculated using SSD methods for 2,4,6-TCP was 0.057 (0.031–
0.117) mg L1, which is both less than the PNEC obtained with
USEPA-recommend FCV method and the one obtained with USEPA-recommend ACR methods. However, they are numerically of the
same order of magnitude. The PNEC values obtained by AF methods (ranged from 0.001 to 0.005 mg L1) were less than those derived by use of SSD methods by a factor of 11.4–57.0.
Extrapolating from the least acute toxicity data (LC50) with the
assessment factor 1000, the obtained PNEC for 2,4,6-TCP was less
than those obtained by extrapolation from chronic toxicity data
(NOEC) with the assessment factor 10. In general, AF methods
produced values for PNEC were more protective and conservative.
The PNECs for 2,4,6-TCP obtained from SSD methods is of the same
order of magnitude with USEPA recommend methods.
In EU risk assessments, the PNEC is usually derived from the
either the AF methods or the SSD approach (based on calculated
HC5 values) (ECB, 2003). Assessment factors are recognized as a
conservative approach for dealing with uncertainty in assessing
risks posed by chemicals (Chapman et al., 1998). However, current
applications of AFs are based on policy rather than on empirical
results, and thus result in values that are protective, but not predictive of effects. Speciﬁcally addressing ACRs, Chapman et al. (1998)
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Table 2
PNEC values for 2,4,6-trichlorophenol derived using either SSD or traditional assessment factor approach.
AF methods

PNEC (mg L1)

SSD methods median HC5 valuec

USEPA methods
a

b

Lowest LC50/1000

Lowest NOEC/10

FACR = 10.14

FCV

0.001

0.005

0.073

0.097

0.057 (0.031–0.117)

a

100

100

90

90

80

80

Cumulative probability (%)

Potentially Affected Percentage (%)

FACR stands for ﬁnal acute-to-chronic ratio, which is the average of ACRs for the different aquatic species.
b
FCV stands for ﬁnal chronic value, which is calculated by ﬁtting the four most sensitive maximum-allowed toxicant concentrations (MATCs) to a log-triangular
distribution.
c
Calculated by ﬁtting all no-observed effect concentrations (NOEC) to a Burr III distribution.
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Fig. 4. PNECs for 2,4,6-trichlorophenol calculated using the species sensitivity
distribution (SSD) approach.

100

Cumulative probability (%)

90

cited multiple studies to show that measured ACRs can vary from 1
to 20 000. In view of this, it is unreasonable to apply a generic
safety factor (whether of 10 or some other magnitude) across species and across substances. A criterion continuous concentration
(CCC) of 0.23 mg L1, derived from published ACRs (Yin et al.,
2003a) would not provide enough protection to the native species
M. superbum, M. piceus and P. microlepis because the NOEC values
determined in the present study for these species were all less than
the CCC (0.10 mg L1, 0.05 mg L1, 0.10 mg L1, respectively).
The main difference between USEPA-recommend FCV and SSD
methods is the selection of the shape of the distribution that is
used for the extrapolations. The USEPA (1985) assumes the four
data points nearest the 5th centile with a log-triangular distribution. The ANZECC & ARMCANZ (2000) methodology utilizes a Burr
III distribution, which is a ﬂexible three-parameter distribution
that provides good approximations to many commonly used distributions such as log-normal, log–logistic, or Weibull (Hose and Van
den Brink, 2004), for all data as described by Shao (2000). Other
differences between the FVC and SSD methods include the type
and quantity of data used in the extrapolation procedures, the level
of conﬁdence associated with derived criteria, and the manner in
which the data are aggregated in constructing the distribution.
Advantages of the SSD approach include the fact that it uses the full
range of available data, and the ability of the assessor to choose a
level of protection and a level of uncertainty associated with a
guideline value.
In the present study, the PNEC calculated by use of the SSD
approach with a 50% certainty based on Chinese resident species
was 0.057 mg L1. This PNEC value can be recommended as a
water quality criteria for 2,4,6-TCP to aquatic organisms protection
in Chinese aquatic ecosystem. In spite of the violation of some
assumptions (OECD, 1995) and disadvantages associated with
SSD (Posthuma et al., 2002), SSD methods still have many advanta-
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Fig. 5. PNECs for 2,4,6-trichlorophenol calculated using the USEPA acute-to-chronic
(ACR) approach (A) and ﬁnal chronic value (FCV) approach (only the lowest four
toxicity values are used) (B).

ges over AF methods in criteria derivation. Of particular importance to risk managers is the ability to select appropriate centile
and conﬁdence levels, which is not possible in AF methods. So
far, PNECs derived from SSDs have proven to be protective of
ecosystems. However, a major limitation is the scarcity of suitable
toxicity data, particular for site-speciﬁc chronic data. It is recommended that, depending on the toxicant, toxicity information for
at least 10–15 species are necessary to improve precision (Wheeler
et al., 2002). Therefore, chronic toxicity data of various pollutants
for site-speciﬁc species are critically needed for more accurate
ecological risk assessment. Because chronic toxicity data are insufﬁcient, the less predictive assessment factor methods are used in
preliminary ecological risk assessment.
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5. Conclusions
The results of this study contribute to the assessment of the
effect of 2,4,6-trichlorophenol in the aquatic environment, particularly with respect to local species and chronic studies. Responses to
2,4,6-TCP exposure varied with organisms – ﬁshes and macroinvertebrates were more sensitive than hydrophytes. Comparing
different methods of PNEC derivation AF methods was found to
be over-conservative for these site-speciﬁc organisms. A PNEC of
0.057 mg L1 derived using SSD method was recommended for
Chinese aquatic ecosystem protection.
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