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Acute toxic concentrations of endocrine disrupting compounds on the copepod,

the cladoceran, and the rotifer

2

Helen S. MagrcianL”? and Atsushi Haciwara™

Reports have been increasing on the deleterious effect of endocrine disrupting compounds
(EDCs) on marine inhabitants. Zooplankton, the primary consumer in the aquatic ecosystem are not
spared on these effect. As a first step to investigate the chronic and reproductive effects of EDCs on
marine zooplankton, we determined the acute toxic concentration of the known and suspected EDCs for
vertebrates including two natural hormone (testosterone, 178-estradiol), three estrogenic compounds
(nonylphenol, octylphenol, bisphenol A), six pesticides (isoprothiolane, methoprene, fenitrothion,
diazinon, iprofenfos, pyroquilon) and a herbicide (mefenacet) on the copepod Tigriopus japonicus, the
cladoceran Diaphanosoma celebensis and the rotifer Brachionus plicatilis. Compound exposure was
carried out in 6-well polysterene plates, and mortality was evaluated after 24 h. Although the three
zooplankton depicted different sensitivities toward different compounds, a dose-response relationship
was consistent in all cases. B. plicatilis was particularly resistant to most of the compounds tested,
while 7. japonicus and D. celebensis are comparatively sensitive. The data presented herein can be a
basis for the determination of concentrations to be used in chronic and endocrine disruption experi-
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ments using marine zooplankton.
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Introduction

Many environmental contaminants either of natural (e.g.
phytoestrogens) or anthropogenic (e.g. industrial by-products)
origin are known to affect the reproductive characteristics
of both vertebrates and invertebrates by mimicking or an-
tagonizing the action of hormones. These environmental
contaminants are collectively called endocrine disrupting
compounds (EDCs). For several decades, various reports
on the deleterious effects of EDCS have been reported in
aquatic inhabitants including fish® and invertebrates”
including zooplankton. Among aquatic species, zooplankton
presents distinctive characters that are wuseful in
ecotoxicological studies which we have been discussed in
our previous papers.*® Since the number of chemicals that
are suspected to have endocrine disrupting effects, there-
fore, information on the toxicities of different classes of
EDCs is important.

The aim of this study is to provide information on the
acute toxicity concentration of known and suspected EDCs
for vertebrates, in marine zooplankton species including a
copepod Tigriopus japonicus, a cladoceran Diaphanosoma
celebensis and a rotifer Brachionus plicatilis. Compounds
were selected to represent natural hormone (testosterone,

17 B -estradiol), estrogenic compounds (nonylphenol,

octylphenol, bisphenol A), pesticides (isoprothiolane,
methoprene, fenitrothion, diazinon, iprofenfos, pyroquilon)
and herbicide (mefenacet). Because of the ubiquitous uses
of these compounds, they are continuously discharged
into the environment, adding to its environmental concen-
trations. Some of them are already in the list of endocrine
disruptors and their uses have already been regulated. We
used the standardized toxicity test developed by the
American Society of Testing and Materials” and deter-
mined the LCs of each compound for the test animals.
Data obtained in this study can be a basis for the develop-
ment of an experimental design to be used in chronic and

endocrine disruption studies.

Materials and methods

Test animals
1) Copepod Tigriopus japonicus

T. japonicus is a harpactocoid copepod that thrives in
wide temperature (below 00 310 ) and salinity (00 40 ppt)
ranges.”” T. japonicus used in this study originated from
an outdoor pond of Fisheries Laboratory, The University
of Tokyo, near Lake Hamana and has been maintained
continuously in our laboratory.” They were cultured in a
glass bottle containing GF/C (Whatman) filtered natural
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seawater diluted with sterilized distilled water to 25 ppt,
fed Nannochloropsis oculata and kept under static-renewal
conditions, where the culture water was changed twice a
week. The culture was maintained in a photoperiod of
121:12D at 25+ 10.

2) Cladoceran Diaphanosoma celebensis

Cladoceran D. celebensis used in this study was obtained
from Wang-Tak Yang of Mariculture Technology Laboratory,
Korea, and has been continuously maintained in our labo-
ratory. They were cultured in GF/C (Whatman) filtered
natural seawater diluted with sterilized distilled water to
17 ppt, fed mixed microalgae (IN. oculata and Tetraselmis
tetrathele), and kept under static-renewal conditions with
a 12L:12D photoperiod at 25+ 10 . Under these condi-
tions, D. celebensis reaches sexual maturity and releases
first neonate within 4-5 days. The neonate molts every
day until sexual maturity, and the molting frequency is
reduced thereafter. Only parthenogenetic reproduction by
amictic female was observed under the culture conditions
described above.

3) Rotifer Brachionus plicatilis

B. plicatilis is a monogonont rotifer that reproduces
through cyclical parthenogenesis, incorporating both asex-
ual (amictic) and sexual (mictic) reproduction. Most of
the time, amictic females produce amictic eggs mitotically.
Given appropriate environmental conditions, (e.g. high
population density, ample food, optimum temperature
and salinity), amictic females produce mictic daughters
(called mixis). Mictic females subsequently produce eggs
meiotically that develop into haploid males, or resting
eggs if fertilized by males.

B. plicatilis NH1L strain was used in this study. This
strain originated from The University of Tokyo and has
been cultured in our laboratory with regular collection
and storage of resting eggs.'"” Stock cultures were main-
tained in diluted seawater at 22 ppt, stored in 26+ 10,
and fed N. oculata.

Test Compounds

Compounds tested in this study were: bisphenol A, p-t-
octylphenol, 4-nonylphenol, estradiol-178, isoprothiolane,
methoprene, testosterone, fenitrothion, diazinon, iprofenfos,
pyroquilon and mefenacet. All chemicals were purchased
from Kanto Kagaku, Japan, except testosterone and
estradiol-178 which were purchased from Sigma Chemicals
(St. Louis, MO, USA).

Because of the hydrophobicity of these chemicals, they
were dissolved first in 100% dimethyl sulfoxide (DMSO),
then in ultra-pure grade water (Milli Q). Test solutions
were prepared by the addition of appropriate aliquots of

aqueous stock solution to filter-sterilized seawater. In all

chemicals, DMSO is present not more than 0.1% in the
final test concentration. At this concentration of DMSO,
no mortality in all test animals was observed throughout

the experiment.

24-h acute toxicity test
1) Copepod T. japonicus

The acute toxic concentration of each chemical was de-
termined using adult copepods. Treatment solutions were
prepared by diluting specific volumes of aqueous stock so-
lution in filter-sterilized seawater (22 ppt).

To start the bioassays, 10-20 adult male and female co-
pepods were randomly selected from the stock culture and
transferred to each well of 6-well polystyrene plate contain-
ing 10 mL of a toxicant solution and a control (filter-
sterilized seawater). Seven concentrations were tested in
each chemical. The plates were incubated at 256+ 10 in
darkness. Because of the short duration of the tests, the
test organisms were not fed throughout the experiment.
The number of live and dead animals was recorded after
24-h. Animals were considered dead if no movement was
observed in 30 seconds of physical stimulation using a nee-
dle.

2) Cladoceran D. celebensis

The acute toxicity concentration of 12 chemicals was de-
termined using adult cladocerans. Treatment solutions
were prepared by diluting specific volume of chemical
stock solution with filter-sterilized diluted seawater (17
ppt).

About 15-30 adult cladocerans were added to each well
of 6-well polystyrene plates containing 10 ml of a toxicant
solution as well as a control (filter-sterilized seawater).
Seven concentrations were tested in each chemical. The
plates were incubated at 25+ 10 in darkness. Because of
the short duration of the test, the test organisms were not
fed throughout the experiment. The number of live and
dead animals was recorded after 24h. Animals were con-
sidered dead if no movement was observed in 30 seconds of
physical stimulation.

3) Rotifer B. plicatilis

Test animals were obtained by hatching resting eggs
that were collected from the laboratory stock culture.
Acute toxicity test was carried out according to the stan-
dard acute toxicity tests” for each chemical with ten con-
centrations. Twenty rotifers were transferred to individual
wells of a 6-well polystyrene plate, each containing 10 ml
of a test solution, or a control (filter-sterilized seawater).
The plates were incubated at 250+ 10 in darkness. Because
of the short duration of the tests, the animals were not fed
during the experiment. After 24h, the rotifers were ob-

served under the stereomicroscope. Rotifers were considered
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dead if no movement of the cilia and mastax was observed
over a period of 30 seconds. The dead and alive rotifers were

counted.

Statistical Analysis

LCs was calculated using Probit Analysis'™ and t-test
was conducted to compare the data with the negative
(sterilized water only) and DMSO controls.

RESULTS

1) Copepod T. japonicus

LCs values, coefficients of variation, 95% confidence in-
tervals, and sample sizes for thel2 chemicals are presented
in Table 1.

T. japonicus was not sensitive to androgen (testoster-
one) as high as 50 mg/l, (the solubility of most of the
compounds in water was = 50 mg/1, thus, we set the limit
to 50 mg/l. In some compounds, no mortality was ob-
served at 50 mg/l (the highest concentration we tested),
therefore, we could not show the regression analysis) but
was relatively sensitive to estrogen (178-estradiol). Among
the estrogenic chemicals, 7. japonicus was most vulner-
able to nonylphenol and least vulnerable to bisphenol A.
Among the pesticides and the herbicide, methoprene was
the most toxic with an LCs value of 2.47 mg/1. Pyroquilon
and fenitrothion were not toxic to 7. japonicus as high as
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50 mg/l1, and 7. japonicus also tolerate isoprothiolane and
mefenacet at relatively high concentrations (L.Cs ranges
from 30.39 to 45.02 mg/1). Diazinon and iprofenfos af-
fected 7. japonicus at almost the same concentrations.

2) Cladoceran D. celebensis

LCs values, coefficients of variation, 95% confidence inter-
vals, and sample sizes for 12 chemicals on adult D. celebensis
are presented in Table 2.

Testosterone as high as 50 mg/ L. was not toxic to D.
celebensts. With respect to the estrogen and the estrogenic
chemicals, D. celebensis was less sensitive to 178-estradiol
and bisphenol A (LCs ranges from 10.37 to 10.42 mg/1),
while they are sensitive to nonylphenol and octylphenol
(LCs ranges from 0.59 to 1.59 mg/1). For the pesticides
and the herbicide, fenitrothion was the most toxic, followed
by diazinon and methoprene. Isoprothiolane, pyroquilon,
iprofenfos, and mefenacet were moderately toxic ("toxic"
concentration refers to concentrations below 10 mg/I,
"moderately toxic" refers to concentrations above 10 mg/1
but below 50 mg/1, and "not toxic" refers to concentration
= 50 mg/1) (LCs ranges from 13.63 to 35.05 mg/1) to D.
celebensts.

3) Rotifer B. plicatilis

LCs values, coefficients of variation, 95% confidence in-

tervals, and samples sizes for 12 chemicals on B. plicatilis

are presented in Table 3.

Table 1. LCs; (mg/1), coefficients of variation (CV), 95% confidence intervals
(CI) and sample sizes (N) of 12 chemicals on copepod, 7. japonicus at

26 10.
Chemical LCso (mg/ 1) CV (%) 95% CI N
Natural hormone
Testosterone >50 - - 103
173-estradiol 3.54 0.21 3.14-3.95 82
Estrogenic compound
Bisphenol A 4.83 0.14 4.55-5.11 105
4-nonylphenol 0.52 0.01 0.49-0.54 116
Octylphenol 0.64 0.27 0.58 - 0.69 109
Pesticide
Methoprene 2.47 0.19 2.08-2.85 68
Diazinon 8.27 0.27 7.76 — 8.83 77
Isoprothiolane 45.02 1.14 42.79 - 47.25 85
Pyroquilon >50 - - 83
Fenitrothion >50 - - 116
Iprofenfos 8.69 0.71 7.29-10.08 78
Herbicide
Mefenacet 30.39 1.69 27.09 - 33.70 62
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Table 2. LCs (mg/l), coefficients of variation (CV), 95% confidence intervals
(CI) and sample sizes (N) of 12 chemicals on cladocerans D. celebensis
at 20+ 10.

Chemical LCso (mg/ 1) CV (%) 95% CI N

Natural hormone

Testosterone >50 - - 169

17B-estradiol 10.37 0.35 9.68 -11.05 160
Estrogenic compound

Bisphenol A 10.42 0.39 9.65-11.19 150

4-nonylphenol 0.59 0.76 0.54-1.44 116

Octylphenol 1.59 0.44 0.73 - 2.46 94
Pesticide

Methoprene 5.05 0.45 443-6.22 100

Diazinon 0.03 0.04 0.02 -0.04 68

Isoprothiolane 26.63 0.76 21.50 - 28.12 80

Pyroquilon 35.05 0.76 30.60 - 37.05 99

Fenitrothion 0.004 0.01 0.002 - 0.006 56

Iprofenfos 13.63 0.56 12.53 - 14.73 116
Herbicide

Mefenacet 23.01 0.41 22.21-23.81 135

Table 3. LCs (mg/l), coefficients of variation (CV), 95% confidence intervals
(CI) and sample sizes (N) of 12 chemicals on rotifer B. plicatilis at 25
+ 10.

Chemical LCso (mg/ 1) CV (%) 95% CI N

Natural hormone

Testosterone >50 - - 180
17B-estradiol >50 - - 135
Estrogenic compound
Bisphenol A 10.93 0.18 10.58 -11.29 130
4-nonylphenol 0.67 0.005 0.66 —0.68 130
Octylphenol 1.41 0.04 1.33-1.49 104
Pesticide
Methoprene >50 - - 98
Diazinon 28.62 0.58 26.20 —30.88 101
Isoprothiolane >50 - - 105
Pyroquilon >50 - - 105
Fenitrothion >50 - - 112
Iprofenfos >50 - - 123
Herbicide

Mefenacet >50 - - 120
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B. plicatilis can tolerate testosterone, 178 -estradiol,

methoprene, isoprothiolane, pyroquilon, fenitrothion,
iprofenfos and mefenacet at a concentration as high as 50
mg/l. Among the chemicals tested, nonylphenol was the

most toxic to B. plicatilis with an LCs value of 0.67 mg/1.

Discussion

Mortality in all controls and solvent controls was never
above 10% and fulfilled required validity criteria.” Water
and solvent controls were not significantly different (¢-test,
p > 0.05) in all tests, therefore, the influence of solvent resi-
dues on test results may be neglected. Our coefficient of
variance was usually below 2% which is acceptable and
common in toxicity testing. Thus, three replicates, which
we used in this experiment are enough to obtain a conclu-
sive result.

The results of the acute toxicity tests showed that roti-
fer B. plicatilis was the most tolerant among the three
zooplankton species tested, because they can tolerate most
of the chemicals (testosterone, 178-estradiol, methoprene,
isoprothiolane, pyroquilon and fenitrothion) at concen-
trations as high as 50 mg/l. No mortality was observed
among the three zooplankton groups exposed to testoster-
one as high as 50 mg/ L. LCs value of 173-estradiol for 7.
Japonicus (3.54 mg/1) was three times lower than that of
D. celebensis (10.37 mg/ L), and more than 15 times lower
than B. plicatilis (= 50 mg/l). Among the estrogenic
chemicals, nonylphenol was the most toxic with an LCs
value ranging from 0.52 to 0.67 mg/l1. The rotifer was the
most tolerant to the pesticides and the herbicide followed
by the copepod and the cladoceran. Fenitrothion was very
toxic to the cladoceran with an LCs value of 0.004 mg/I1,
while both copepod and rotifer can tolerate fenitrothion as
high as 50 mg/1.

The acute toxicity values of 173-estradiol among cope-
pod species were comparable to each other, with LCs values
ranging from 0.045 mg/1 to 3.54 mg/l1. Estuarine copepod
Eurytemora affinis was the most sensitive species.'”
Estuarine copepod Acartia tonsa and 7T. japonicus have
comparable sensitivity to bisphenol A, while E. affinis
was almost 10 times more sensitive compared to other co-
pepod species. Using the same species (7. japonicus), Lee
et al.”” obtained more than ten times lower value (96 h
LCs = 0.2 mg/1) compared to our 24 h LCs value (4.83
mg/1). The acute toxic concentrations of nonylphenol to
various crustacean species were almost the same, except
for the estuarine copepod A. tonsa, which has almost five
times lower sensitivity to nonylphenol." Meanwhile, 24 h
LCs is comparable with Lee et al."” using the same species
(T. japonicus, 96 h LCsx = 0.5 mg/l). The acute toxic

concentration of octylphenol to the copepod 7. japonicus ob-
tained in this study was also comparable to the concentra-
tion obtained by Lee et al.”” using the same species (96 h
LCsx = 0.3 mg/1) and the copepod A. tonsa."” The freshwater
cladoceran Daphnia magna was more sensitive to octylphenol
as compared to the euryhaline cladoceran D. celebensis.
Meanwhile, the result of our study showed that the rotifer
B. plicatilis has comparable sensitivity to the euryhaline
cladoceran D. celebensts.

Among pesticides, Artemia sp. was the most tolerant
among the crustacean species exposed to diazinon with a
24-h LCsy value of 19.0 mg/1."> Meanwhile, freshwater
cladoceran Ceriodaphnia dubia and D. magna have compa-
rable sensitivity to diazinon, while euryhaline cladoceran D.
celebensis was more tolerant to the pesticide. Freshwater
and marine rotifers have comparable tolerance to diazinon
with an LCs values ranging from 28.0 to 31.0 mg/1. High
variation of LCs values were also obtained in this study
using copepod, cladoceran and rotifer exposed to
fenitrothion. The lowest 24-h LCs was reported in fresh-
water cladoceran D. magna (LCx = 0.067 xg/1)."” The
cladoceran D. celebensis tested in this study was more tol-
erant to D. Magna exposed to fenitrothion (LCsx = 0.004
mg/1). Marine shrimp, copepod, and cladoceran have com-
paratively high tolerance to methoprene (LCs range >1.0
mg/1 - 5.05 mg/1), while the freshwater cladoceran Moina
macrocopa was relatively sensitive.”” Marine rotifer B.
plicatilis can tolerate high concentrations of methoprene
(LCs was more than 50 mg/1).

In general, marine zooplanktons have higher tolerance
to EDCs compared to freshwater zooplanktons. The toler-
ance of marine species to toxicants can be explained by
their greater osmoregulatory capacity so that they can
withstand wide temperature and salinity changes as well
as toxicants present in their environment.

In farms in the United States the measured soil concen-
trations of up to 675 ng/ kg 173-estradiol and 260 ng/kg
testosterone was found and surface runoff concentration
reached 50 to 2,300 ng/g 178-estradiol and 10 to 1,830 ng/1
testosterone.” For estrogenic compounds, a survey in
German rivers, found bisphenol A concentration of 0.0005-
0.7 £ g/l in surface water and sewage effluents, and 0.01-
1.4 mg/kg in sediment and sewage sludge.”In river
waters of Japan and the United States, the concentration
of bisphenol A was found to be less than 1 mg/ 1.**»
Survey of several rivers in the United Kingdom, Japan,
Switzerland and the United States found nonylphenol con-
centrations of 0.2-53 g/ 1,”* and one river had up to 180
wg/ 1. Octylphenol concentrations are relatively lower
than nonylphenol, because octylphenol comprised only 15-

20% of the total alkylphenol polyethoxylates.”” In sediment
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samples from the Great Lakes and northeast Canada,
octylphenol ranged from 0.002-23.7 u g/g.”” Pesticides
diazinon, fenitrothion and isoprothiolane have been de-
tected in several rivers in Japan at 0.02-20 £ g/1.*> In Korea
the highest concentration of diazinon, fenitrothion and
isoprothiolane were 0.912, 1.002, 1.367 i g/1, respectively.”
Iprofenfos has been detected in Pal-dang reservoir, Korea
ranging from 0.189-1.05 ¢ g/1.*> Following field applica-
tion of Altosid Liquid Larvicide (with 5% (S) methoprene)
the expected environmental concentration of methoprene
is 0.03 ©M.”™ The concentration of mefenacet in river water
in Japan ranged from 23 to 87TnM.*

Based on the above-mentioned concentrations, the toxic
concentration found in this study was considerably higher
than predicted environmental concentrations, hence natural
copepod, cladoceran and rotifer populations are unlikely to
be killed by the compounds at tested concentrations. The
data obtained in this study had been applied to the experi-
mental design of our past research, and could be used a a
guide in future chronic and endocrine disruption studies
involving marine zooplankton.
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