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Use of Paramecium Species in Bioassays for
Environmental Risk Management: Determination
of IC50 Values for Water Pollutants
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Effect of chemical water pollutants on the growth of two Paramecium species (Paramecium caudatum and
Paramecium trichium) were examined. The chemicals used as model chemical pollutants include organic solvents,
potential carcinogens, mutagens, metabolic modulators, herbicides, insecticides, fungicides, antimicrobials, heavy
metals, and heavy metal-containing chemicals. In this study, the IC50 values indicating the concentration of sub-
stances inhibiting the proliferation of Paramecium cells by 50% were used instead of the LD50 value, which indicates
the dose of substances killing half the population of organisms, since the former is a more sensitive parameter
for assessing the toxicity of substances at lower concentrations. Among 25 chemicals examined, di-(2-
ethylhexyl)phthalate, potassium dichromate, 2,4-dichlorophenoxy acetic acid, and paraquat stimulated the growth
of paramecia depending on the concentrations used. Dimethyl sulfoxide and formaldehyde were shown to be inert to
paramecia in the range of concentrations (up to 1%, v/v) used here. Other chemicals were shown to inhibit the
growth of the paramecia and thus the IC50 values for those chemicals were determined. Our data presented here may
be a useful reference for assessing the impact of water pollutants on aqueous microecosystems consisting of various
microorganisms including protozoa.
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riformis are reportedly useful in the ciliate mobility
test carried out in the presence or absence of vari-
ous components determined to be air pollutants.3) In
addition to the ciliate mobility test, Sauvant et al.2)

described the methodologic features of recently de-
veloped toxicologic and ecotoxicologic bioassays
performed with T. pyriformis, based on cell growth
rate, biochemical markers, and behavioral changes.

The paramecia are also used to study the effect
of water pollution by monitoring cell motility and
also by studying the frequency of the emergence of
abnormal strains.4) To study the impacts of model
chemical pollutants on paramecia here, two
Paramecium species, Paramecium caudatum (P.
caudatum) (SJ-4 strain) and Paramecium trichium
(P. trichium) (OH-24b strain, mating type I), were
chosen from two major groups of Paramecium spe-
cies, the “aurelia” group and the “bursaria” group,
respectively.

In this study, we proposed the use of IC50 (the
substance concentrations inhibiting the proliferation

INTRODUCTION

Protozoan cells are often used as bioindicators
of chemical pollution, especially in aqueous envi-
ronments.1) Among protozoa, Tetrahymena pyrifor-
mis (T. pyriformis) is the ciliated model most com-
monly used for laboratory research.2) Cells of T. py-
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of protozoan cells by 50%) rather than LD50 (the
substance doses killing half the population of proto-
zoan cells) values as a sensitive parameter for as-
sessing the effects of environmentally toxic sub-
stances. Since the chemicals used here showed few
lethal effects, it was impossible to determine the LD50

value for each chemical. However, most chemicals
used here showed inhibitory effects on the prolif-
eration of paramecium cells, and thus IC50 values
were obtained. Here we present the data as a ground-
work that provides useful primary knowledge for
assessing the impact of various chemical water pol-
lutants on aqueous microecosystems consisting of
various microorganisms including protozoa.

MATERIALS AND METHODS

Chemicals —–—  Twenty-five substances including
potential genotoxic carcinogens, herbicides, insec-
ticides, fungicides, antimicrobials and organic sol-
vents were used as the model chemical pollutants.
Dimethyl sulfoxide (DMSO), formaldehyde
(HCHO), bis-(dimethylthiocarbamoyl) disulfide
kown as thiuram, 2-aminoanthracene (2-AA), 4-
nitroquinoline-N-oxide (4NQO), S-4-chlorobenzyl
diethylthiocarbamate (benthiocarb), di-(2-ethyl-
hexyl)phthalate (DEHP), 2,4-dichlorophenoxy
acetic acid (2,4-D), methyl viologen dichloride
(paraquat), S-1,2-bis(ethoxycarbonyl)ethyl-O,O-
dimethylphosphorodithioate (malathion), manganese
ethylene-bis-dithiocarbamate known as maneb,
NiCl2, CuSO4, CdCl2, potassium dichromate
(K2Cr2O7), triphenyltin chloride (Ph3SnCl), tribu-
tyltin chloride (Bu3SnCl), and mercuric chloride
(HgCl2) were purchased from Wako Pure Chemical
Industries (Osaka, Japan). p-Nonylphenol
(PNPhOH) and bis-phenol-A (bisPhA) were from
Tokyo Chemical Industry Co. (Tokyo, Japan). Phe-
nol (PhOH), pentachlorophenol (PCPhOH), and
methylmercury chloride (MeHgCl) were from
Nacalai Tesque Inc. (Kyoto, Japan). 2,4,4′-Trichloro-
2′-hydroxydiphenylether (triclosan) was obtained
from Ciba-Geigy Ltd. (Basel, Switzerland).
Hexachlorophen (HCP) and gamma-hexachlorocy-
clohexane (lindane) were purchased from Sigma (St.
Louis, MO, U.S.A.).

Water or DMSO (0.1%, v/v) was used as sol-
vent. DMSO, HCHO, paraquat, NiCl2, CuSO4,
CdCl2, and K2Cr2O7 were dissolved in water. The
remaining model chemical pollutants were first dis-
solved in trace volumes of absolute DMSO and di-

luted with water. The concentration of solvent
DMSO in stock solutions was maintained at
0.1%(v/v). Final concentration of solvent DMSO in
the ciliate culture was as low as 0.0001%. In the
range of concentrations used here, all chemicals were
fully dissolved, and no precipitation of chemicals
was observed after the addition of chemicals to the
cultures. Various concentrations of the chemicals
were added to the paramecium cultures at time zero
of the experiments, and the cells were propagated in
the presence of the added chemicals throughout the
culture periods without washing or exchanging the
media.
Food Organisms —–—  Enterobacter aerogenes (E.
aerogenes) was cultured on agar medium contain-
ing meat extracts (2 mg/ml), polypeptone (10 mg/
ml), NaCl (5 mg/ml), and glucose (1 mg/ml). Colo-
nies of E. aerogenes growing on agar medium were
picked up with tip of a platinum loop, dipped into
1000 ml of lettuce infusion, and incubated statically
for 3 hr at 23 ± 1°C. This liquid culture of E.
aerogenes was used as a food organism for ciliates.
Ciliate Cultures —–—  Two Paramecium species, P.
caudatum (SJ-4 strain) and P. trichium (OH-24b
strain, mating type I), were used in this study. The
paramecia were cultured in lettuce infusion contain-
ing a 10% volume of food organism culture (E.
aerogenes) at 23 ± 1°C. The paramecia were sub-
cultured every 30 days by inoculating the fresh let-
tuce infusion containing E. aerogenes (100 ml) with
5 ml of confluent culture of paramecia in a 200-ml
flask.
Determination of Growth Rates and IC50 Values
—–—  For determination of growth rates, paramecia
were cultured on 12-well microplates. Each well was
filled with 1 ml of the lettuce infusion containing
E. aerogenes, and culture was initiated by the addi-
tion of 10 paramecium cells to each well. Then
microplates were incubated for 2–5 days at 23 ± 1°C.
Cells were sampled 2 or 5 days after initiation of
the culture, and the number of cells was counted
under a microscope using a hemocytometer. For pre-
cise counting of the cells, cell motility was mini-
mized by adding 1–2 drops of Bouin’s solution to
the cells. Changes in growth (proliferation) rates in
the two paramecia were examined in the presence
or absence of various model chemical pollutants. The
IC50 values defined as the concentrations of the sub-
stances required for 50% inhibition of proliferation
of paramecia were determined as a parameter for
toxicity of model chemical pollutants.
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RESULTS AND DISCUSSION

IC50 Values for Organic Solvents, Carcinogens,
Mutagens, and Metabolic Modulators

Effects of various model chemical pollutants on
the proliferation of two Paramecium species were
examined 2 and 5 days after initiation of the culture.
In the absence of water-polluting substances, day 2
or 5 corresponds to the early or late-log phase of
proliferation growth, respectively.

Tables 1 and 2 list IC50 values for various or-
ganic solvents, carcinogens, mutagens, and meta-
bolic modulators determined in P. trichium (OH-24b)
and P. caudatum (SJ-4), respectively. As listed in
the tables, the concentrations of substances used in
this study were in the ranges between 0.01% and
1.0%(v/v) for DMSO, 12.5 and 500 µM for HCHO,
0.5 µM and 5 mM for PhOH, 0.1 µM and 1.0 mM
for BisPhA, 0.5 nM and 5 µM for 4NQO, 0.01 and
100 µM for triclosan, and 0.02 and 200 µM for 2-
AA.

When added alone, DMSO used as a solvent for
many other chemicals showed no inhibitory effect

on the proliferation of paramecia in the range exam-
ined here. Even 1.0%(v/v) DMSO was shown to be
at the no-observable-effect level (NOEL). Another
widely used organic solvent, HCHO, showed a slight
inhibitory effect on the proliferation rates of P.
caudatum (SJ-4) cells, and IC50 values on day 5 were
determined to be 418 µM. On the other hand, the
IC50 value could not be determined in P. trichium,
but instead NOEL was determined to be greater than
500 µM.

High concentrations of PhOH were required for
inhibition of proliferation in both species of Para-
mecium. On day 5, the IC50 values for PhOH deter-
mined in P. trichium and P. caudatum were notably
high (1.6 mM and 2.09 mM, respectively).

It was shown that P. trichium cells are more sen-
sitive to triclosan, since the late-log phase of growth
was obviously inhibited by lower concentrations of
triclosan in P. trichium.

A potential carcinogen DEHP showed no inhibi-
tory effect on the proliferation rates in both parame-
cia, and thus the IC50 value was not determined
(Tables 1, 2). Instead, DEHP stimulated the growth

Table 1. IC50 in P. trichium (OH-24b) Determined for Organic Solvents, Carcinogens, Mutagens, and Metabolic Modulators

Chemical Range of dose examined IC50 (day 2) IC50 (day 5)

DMSO 0.01%(v/v)–1.0%(v/v) NOEL ≥ 1.0%(v/v) NOEL ≥ 0.1%(v/v)

HCHO 12.5 µM–500 µM NOEL ≥ 250 µM NOEL ≥ 500 µM

PhOH 0.5 µM–5 mM 1.28 mM 1.60 mM

Triclosan 0.01 µM–100 µM 2.58 µM 5.4 µM

DEHP 0.25 µM–2.5 mM Growth stimulated Growth stimulated

BisPhA 0.1 µM–1.0 mM 37.8 µM 0.85 µM

4NQO 0.5 nM–5 µM 170 nM 90 nM

2-AA 0.02 µM–200 µM 0.78 µM 0.98 µM

IC50 values were determined as described in the Materials and Methods. When the growth of cells was stimulated or no inhibition in growth
was observed, IC50 values were not determined. NOEL, no-observable-effect level. In control cells, day 2 and 5 correspond to the early and late-log
phase of proliferation growth.

Table 2. IC50 in P. caudatum (SJ-4) Determined for Organic Solvents, Carcinogens, Mutagens, and Metabolic Modulators

Chemical Range of dose examined IC50 (day 2) IC50 (day 5)

DMSO 0.01%(v/v)–1.0%(v/v) NOEL ≥ 1.0%(v/v) NOEL ≥ 0.1%(v/v)

HCHO 12.5 µM–500 µM 115 µM 418 µMa)

PhOH 0.5 µM–5 mM 1.48 mM 2.09 Mmb)

Triclosan 0.01 µM–100 µM 1.64 µM 1.38 µM

DEHP 0.25 µM–2.5 mM Growth stimulated Growth stimulated

BisPhA 0.1 µM–1.0 mM 22.6 µM 10.8 µM

4NQO 0.5 nM–5 µM 0.93 µMc) 1.25 µMc)

2-AA 0.02 µM–200 µM 0.37 µM 0.15 µM

IC50 values were determined. For details, see the text. a) HCHO stimulated the proliferation growth of P. caudatum in a limited range of
concentration between 12.5 µM and 250 µM. b) NOEL ≥ 0.5 mM. c) No effect was observed between 0.5 nM and 0.5 µM.
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of both P. trichium and P. caudatum in a dose–de-
pendent manner (data not shown).

BisPhA, 4NQO, and 2-AA were shown to be
highly toxic to both species of Paramecium and the
IC50 values for those chemicals were determined to
be in ranges between the submicromolar and micro-
molar levels. 2-AA and 4NQO are genotoxic car-
cinogens of which the toxic actions are believed to
be mediated by the generation of reactive oxygen
species.5,6) It is possible that the toxic action of 2-
AA and 4NQO in paramecia is due to the formation
of reactive oxygen species. It has been reported that
BisPhA has estrogen-like effects in bird embryos.7)

However, the mechanism of BisPhA toxicity in para-
mecia is unknown.

IC50 Values for Metallic and Metal-containing
Water Pollutants

Tables 3 and 4 list the IC50 values for metallic
and metal-containing water pollutants determined in
P. trichium and P. caudatum, respectively. The con-
centrations of water pollutants used in this study were
in the ranges between 1 nM and 10 µM for K2Cr2O7,
5 nM and 50 µM for Maneb, 0.1 µM and 1 mM for

NiCl2, 0.25 and 100 µM for CuSO4, 0.01 and 100 µM
for CdCl2, 0.1 nM and 1 µM for Ph3SnCl, 0.2 nM
and 2 µM for Bu3SnCl, 0.2 nM and 200 µM for
HgCl2, and 0.2 nM and 20 µM for MeHgCl.

Ph3SnCl, Bu3SnCl, and MeHgCl were shown to
be highly toxic to paramecia at nanomolar to
submicromolar levels. Organic tin compounds in-
cluding Ph3SnCl and Bu3SnCl have been used as
antimicrobials, especially against bacteria, and thus
the presence of Ph3SnCl and Bu3SnCl in river water
drastically changes the bacterial population by elimi-
nating most bacterial species, except for some resis-
tant strains.8) Such resistant bacteria include some
strains derived from Pseudomonas diminuta.8) Our
knowledge of the effect of such organic tins on pro-
tozoan species is limited. The present data suggest
that paramecium species are also highly susceptible
to organic tin.

In the presence of K2Cr2O7, late-log phase pro-
liferation of both P. trichium and P. caudatum was
stimulated for unknown reasons in a dose–depen-
dent manner. The other metal salts CuSO4, NiCl2,
and CdCl2 were shown to be inhibitory to both para-
mecia. Among them, CdCl2 was the most toxic and

Table 3. IC50 in P. trichium (OH-24b) Determined for Metallic and Metal-containing Water Pollutants

Chemical Range of dose examined IC50 (day 2) IC50 (day 5)

K2Cr2O7 1 nM–10 µM NOEL ≥ 0.1 µM Growth stimulated

Maneb 5 nM–50 µM 29.61 µMa) 11.3 µM

NiCl2 0.1 µM–1 mM 3.75 µM 2.35 µM

CuSO4 0.25–100 µM 1.62 µM 1.26 µM

CdCl2 0.01–100 µM 12 nM 170 nM

Ph3SnCl 0.1 nM–1 µM 30 nM 80 nM

Bu3SnCl 0.2 nM–2 µM 0.30 µM 0.23 µM

HgCl2 0.2 nM–200 µM 0.89 µMb) 0.67 µMb)

MeHgCl 0.2 nM–20 µM 20 nM ND

IC50 values were determined. For details, see the text. a) NOEL ≥ 5 µM. b) At low concentrations between 0.2 and 20 nM, HgCl2 slightly
stimulated proliferation.

Table 4. IC50 in P. caudatum (SJ-4) Determined for Metallic and Metal-containing Water Pollutants

Chemical Range of dose examined IC50 (day 2) IC50 (day 5)

K2Cr2O7 1 nM–10 µM NOEL ≥ 10 µM Growth Stimulated

Maneb 5 nM–50 µM 18.37 µMa) 17.5 µMa)

NiCl2 0.1 µM–1 mM 1.0 µM 8.41 µM

CuSO4 0.25–100 µM 1.68 µM 1.69 µM

CdCl2 0.01–100 µM 0.81 µM 0.84 µM

Ph3SnCl 0.1 nM–1 µM 6.8 nM 13 nM

Bu3SnCl 0.2 nM–2 µM 90 nM 57 nM

MeHgCl 0.2 nM–20 µM 0.011 µM 0.035 µM

IC50 values were determined. For details, see the text. a) NOEL ≥ 5 µM
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thus the IC50 value obtained was the lowest in CdCl2-
treated paramecia.

Copper is the major inorganic fungicidal com-
ponent found in the Bordeaux mixture that has been
widely used for pest control in orchards for many
years, and thus contamination of fruit peels9) and
orchard soil10) with copper has been reported.

The major source of metal contamination in
aqueous environments is the disposal of sewage
sludge. Recently some countries such as the U.K.
have banned the disposal of sewage sludge at sea,
which has led to the prediction that land application
of sludge will become more widespread.11) While ag-
ricultural uses of sludge are being encouraged,12) the
positive aspect of recycling nutrients may be offset
by the risk of contamination by heavy metals (such
as Ni, Cu, Cd, Zn, and Hg) that are frequently present
in sludge at high concentrations.11,12) Therefore in-
vestigation of the impact of heavy metals on eco-
systems and organisms living therein has become
important.

Today, the use of mercury and mercury-contain-

ing chemicals in both industry and agriculture is re-
stricted in most countries. However, it has been re-
ported that mercury used in the past has accumu-
lated in the biomass of water organisms such as al-
gae.13) Thus it is necessary to assess the impact of
mercury on aqueous organisms. The IC50 values for
HgCl2 in P. trichium determined here in the early
and late-log phases were determined to be 0.89
and 0.67 µM, respectively. However, at lower
concnetrations, HgCl2 showed a stimulatory effect
on growth at the ranges between 0.2 and 20 nM. After
treatment with HgCl2 (200 nM), the rate of prolif-
eration was almost identical to that in control cells.
HgCl2 at concentrations higher than 2 µM completely
inhibited growth.

IC50 Values for Organic Agrochemicals Includ-
ing Herbicides, Insecticides, Fungicides, and An-
timicrobials

Tables 5 and 6 list IC50 values for various or-
ganic herbicides, insecticides, fungicides, and
antimicrobials determined in P. trichium and P.

Table 6. IC50 in P. caudatum (SJ-4) Determined for Organic Herbicides, Insecticides, Fungicides, and Antimicrobials

Chemical Range of dose examined IC50 (day 2) IC50 (day 5)

2,4-D 0.2 µM–2 mM 0.36 mM 1.30 mMa)

Benthiocarb 0.2 µM–2 mM 1.42 µM 1.02 µM

Paraquat 0.1 µM–1 mM 3.92 µMb) 2.71 µMb)

PCPhOH 20 nM–200 µM 1.98 µM 1.47 µM

Lindane 0.2 µM–2 mM 5.94 µM Data not availablec)

Malathion 0.2 µM–2 mM 12.41 µM 43.34 µM

HCP 2.0 nM–200 µM 0.43 µM 0.21 µM

Thiuram 10 nM–100 µM 1.35 µM 2.45 µM

IC50 values were determined. For details, see footnotes in Table 1. a) Low concentration of 2,4-D (0.1–200 µM) enhanced the proliferation
by ca. 67–122%. b) In the presence of a low concentration (0.1 µM), paraquat stimulated the growth of P. caudatum. c) IC50 (day 5) for lindane
was 15–20 µM, but further experiments are required.

Table 5. IC50 in P. trichium (OH-24b) Determined for Organic Herbicides, Insecticides, Fungicides, and Antimicrobials

Chemical Range of dose examined IC50 (day 2) IC50 (day 5)

2,4-D 0.2 µM–2 mM 180.1 µM 365.9 µM

Benthiocarb 0.2 µM–2 mM 465.0 µM 1.75 µM

Paraquat 0.1 µM–1 mM 198.0 µM 343.4 µMa)

PCPhOH 20 nM–200 µM 5.35 µM 4.55 µM

Lindane 0.2 µM–2 mM 45.5 µM 92.1 µM

Malathion 0.2 µM–2 mM 52.5 µM 50.3 µM

pNPhOH 20 nM–200 µM 6.1 µM 6.4 µM

HCP 2.0 nM–200 µM 0.68 µM 1.5 µM

Thiuram 10 nM–100 µM 0.2 µM 1.1 µM

IC50 values were determined. For details, see the text. a) In a limited range of concentration between 0.1 and 10 µM, paraquat
stimulated the growth of P. trichium.
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caudatum, respectively. The concentrations of
chemicals used in this study were in the ranges be-
tween 0.2 µM and 2 mM for 2,4-D, 0.2 µM and
2 mM for benthiocarb, 0.1 µM and 1 mM for
paraquat, 0.02 and 200 µM for PCPhOH, 0.2 µM and
2 mM for lindane, 0.2 µM and 2 mM for malathion,
0.02 and 200 µM for PNPhOH, 2 nM and 200 µM
for HCP, and 0.01 and 100 µM for thiuram.

2,4-D slightly enhanced the proliferation of P.
caudatum at the range between 100 nM and 200 µM
but such effect was not observed in P. trichium (data
not shown). In the presence of high concentration
of 2,4-D (2 mM), growth of both paramecia were
completely inhibited. The IC50 for 2,4-D was shown
to be higher in P. caudatum.

2,4-D is one of the oldest chemicals used in ag-
riculture. Herbicide application started in the early
1950s and 1960s with auxin-type compounds,
folloewd by inhibitors of cell division and photo-
synthesis. Auxin-type herbicides such as 2,4-D in-
terfere with plant hormone regulation, but their mode
of action is still unclear.14,15) Since high concentra-
tions of 2,4-D inhibited the growth of paramecia
(Tables 5 and 6), this herbicide is not inert to
nonplant organisms due to unknown mechanisms.

Paraquat is a widely used photosynthesis-related
herbicide. Incubation of P. trichium cells with
paraquat 1–10 µM resulted in stimulation of growth
by 2- to 4-fold. In the presence of paraquat 1–10 µM,
the growth rate was ca. 2-fold greater than that in
control cells. At paraquate 100 µM, the rate of growth
weas almost identical to that in control cells. Treat-
ment of P. trichium cells with paraquat 1 mM re-
sulted in complete inhibition of growth. On the other
hand, concentrations of paraquat higher than 1 µM
completely inhibited the growth of P. caudatum cells.
These data suggest that P. caudatum cells are more
sensitive to paraquat. In P. caudatum cells, stimula-
tion of growth by paraquat was observed only at
0.1 µM, the lowest concentration examined here.

In contrast to 2,4-D and paraquat, the remaining
herbicides, insecticides, fungicides, and antimicro-
bials showed no growth stimulation at any concen-
tration examined and all inhibited the growth of the
two paramecia.

In this study, we examined the direct impact of
various chemicals on the growth of paramecia. How-
ever, in some cases, metabolites of added chemicals
are more toxic to organisms. For example, the cases
of maneb and structurally related fungicides, which
are widely used in the agricultural field to eliminate
plant pathogenic fungi from crops and vegetables,

are well known. It is considered that the toxicity of
maneb is not due to the manganese moiety of the
compound, and maneb and related fungicides
sprayed on vegetables are reportedly metabolized
easily in them. However, it has been reported that
maneb and related compounds possess toxic activi-
ties attributable to their main metabolite ethylene
thiourea.16) Ethylene thiourea, the toxic catabolite of
maneb and related fungicides, is known to remain
in the vegetables and 20% of total ethylene thiourea
is still detectable in vegetables after 20 days of ex-
posure to fresh air or water.17) Thus the impact of
fungicide catabolites on humans and animals must
be examined thoroughly. Maneb and its catabolite
remain in vegetables and fruits and are also toxic to
the cells of Saccharomyces cerevisiae.16) Therefore
we propose that further information on the effects
of catabolic products of fungicides, antimicrobials,
insecticides, herbicides, and other potential chemi-
cal pollutants must be collected.

The IC50 values obtained for agriculturally im-
portant chemicals such as herbicides, insecticides,
and fungicides are not surprisingly low. However,
in agricultural fields and surrounding environment,
living organisms are often exposed to both organic
and inorganic fungicides and herbicides at the same
time. In the water environment surrounded by agri-
cultural fields and/or industrial regions, various
chemicals are collected by water flow and accumu-
late there, and thus organisms living therein are ex-
posed to multiple chemical pollutants. Therefore the
groundwork to assess the impact of multiagent ex-
posures of living organisms is necessary. Any po-
tential additive actions or any synergism caused by
a combination of toxic substances released to the
environment should be surveyed. In this study, we
examined the impact of a single application of toxic
agents to paramecia. We are now planning to carry
out further studies to examine the impact of mul-
tiple applications of model chemical pollutants on
paramecia.

Furthermore, there is no guarantee that the data
obtained for aqueous protozoa is applicable to other
aqueous organisms such as algae. To survey the toxic
compounds targeting both or either animals (proto-
zoa) and plants (algae) in aqueous environments, we
are now developing a sensitive biomonitoring sys-
tem for the detection of toxic compounds using green
paramecia as units of plant-animal symbiosis.
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