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Protozoans have several attributes which make them 
attractive for use in toxicity tests (CAIRNS 1974): they 
are easily handled and require relatively little space; 
they multiply rapidly, making observation of effects 
over several generations possible in a short time period; 
and they are in very close contact with their environ- 
ment since they are unicellular and would be expected 
to respond to stresses with less of a time lag than 
other organisms. Furthermore, sublethal effects on 
metabolism and reproduction may result in lowered growth 
rates. Consequently, growth rate inhibition should be 
more sensitive in detecting effects of stress than the 
more common acute lethality tests (GRAY & VENTILLA 1973). 

Protozoans have been used widely as medical and 
pharmcological tools (e.g., assays for antibiotics). 
However, studies of the effects of pollutants on protozoans 
have appeared only recently in the literature. The 
majority of these studies have utilized ciliates as test 
organisms (e.g., CARTER & CAMERON 1973, GRAY & VENTILLA 
1973, SUDO & AIBA 1973). Other studies include research 
on amoeba (PRESCOTT et al. 1977) and protozoan communi- 
ties (e.g., CAIRNS & DICKSON 1970, RUTHVEN & CAIRNS 1973, 
CAIRNS & PLAFKIN 1975). CAIRNS et al. (1972) and CAIRNS 
(1974) have reviewed the pollution ecology of protozoans. 

The purpose of this work was to evaluate the suit- 
ability of the common achlorophyllous cryptomonad 
Chilomonas paramecium as a test organism for the assess- 
ment of toxicity. In addition, the influence of accli- 
mation temperature on the sensitivity to pollutants was 
studied. 

MATERIALS AND METHODS 

Pure cultures of C. paramecium were developed from 
a mixed protozoan culture obtained from Carolina Biolog- 
ical Supply Co., Burlington, N.C. This mixed culture 
was inoculated into an organic medium developed for C. 
paramecium (PROVASOLI 1958) and allowed to grow for a 
week. The medium consisted of : tryptone (DIFCO)(0.1 
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w/v%), yeast extract (DIFCO) (0.2 w/v%), and sodium 
acetate (0.I w/v%). Glass distilled water was added to 
make the required volume, and pH was adjusted to 6.3 + 
0.1. The medium was suction filtered through Whatman- 
No. 2 filter paper and autoclaved at 15 psi for 15 min. 

Pure culture~ were obtained by making several sterile 
transfers into flasks containing the medium and 26 m/L 
each of streptomycin sulfate and penicillin-g (Sigma 
Chemical Co., St. Louis, Mo.). When C. paramecium 
was the only protozoan species evident and bacterial 
contamination was not apparent, the use of antibiotics 
was discontinued because low levels of bacterial conta- 
mination did not affect electronic cell counts (see 
below). Stock cultures were maintained in I00 mm x 16 
mm glass culture tubes, with the polypropylene caps, con- 
taining 5 mL of media. The cultures were maintained 
under 1000-2000 lumens/m 2 light intensity, a 12L:I2D 
photoperiod, and I0, 20, and 30 + 2~ Subcultures 
were made at 1-3 day intervals aY 30~ 3-5 day inter- 
vals at 20~ and 5-10 day intervals at 10~ 

Toxicity tests with C. paramecium involved deter- 
mination of log-phase growth rate constants over a range 
of toxicant concentrations at 10, 20, and 30~ At each 
temperature, duplicate culture tubes were used for each 
toxicant concentration, and four replicates were used 
for controls. The toxicants were" chlorine (Ca(OCl) 2. 
3H20) , chromium (K2Cr207) , copper (CuSO4.5H20), zinc 
(ZnSO4"7H20), and phenol. For tests with chromium, 
copper, and zinc, 1 mL of metal solution (or distilled 
water fer controls) was added to culture tubes containing 
5 mL of medium. The culture tubes were then autoclaved 
and, after cooling to the appropriate temperature, inoc- 
ulated with 0.2 mL of a well-mixed log-phase C. paramecium 
culture. Concentrations for chromium, copper, and zinc 
were determined in si~u following the tests by atomic 
absorption (AMERI--CAN PUBLIC HEALTH ASSOCIATION [APHA] 
1976); atomic absorption assays were not performed on 
the 10~ tests, so these concentrations were based on 
introduced amounts. A good agreement existed between 
introduced concentrations and concentrations based on 
atomic absorption analyses. Background levels of metals 
in control tubes ran up to 0.48 mg/L Cu and 0.174 mg/L 
Zn and were below the level of detection for chromium. 

Autoclaving was not possible with chlorine and phenol 
due to their volatility. Therefore, I mL of these solu- 
tions was added to culture tubes using sterile techniques 
and were then inoculated with 0.2 mL of C. paramecium 
culture. All phenol and chlorine concentrations were 
based on introduced amounts. Phenol stock solutions were 
prepared on the day of use. A chlorine stock solution, 
pH adjusted to 7.2 to achieve complete solution, was 
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stored in the dark at 5-6~ Chlorine concentrations in 
the stock solution were determined by amperometric 
titration. Due to the high protein and low ammonia con- 
centrations in the medium, a large percentage of chlorine 
in the culture tubes was undoubtedly combined with amino 
groups (MURPHY et al. 1975). 

Concentrations of C. paramecium were monitored with 
an electronic particle counter (Electrozone/Celloscope 
Model 112 LTH, Particle Data Inc., Elmhurst, Ill.) using 
a 95 ~ orifice. The settings of the particle counter 
were adjusted to obtain empirical counts which correlated 
well with visual counts made with a Sedgwick-Rafter 
counting cell (FRANKEL 1965). The problem of bacterial 
interference with electronic cell counts was minimal. 
An aliquot was taken from each culture tube (after mixing 
with a vortex mixer) and diluted in an isotonic electrolyte 
solution. Three replicate counts were made for each 
tube. Cell concentrations were determined immediately 
after inoculation (time = to). Final cell counts (time= 
tl) were made at 19-25 h for the 30~ assays, 44-48 h 
for the 20~ assays, and 98-163 h for the 10~ assays. 

The average daily growth rate constant (K) was cal- 
culated using the following: 

In(NI/N 0 ) 
K - x 24  

t I - t O 

where N 1 = final cell concentration (at time = tl) , 

N O = initial cell concentration (at time = to), and 

(t I - to) = elapsed time in h (GUILLARD 1973). 

For cultures which exhibited growth rates near zero, 
electronic cell counts were supplemented with microscopic 
examination to determine if any cells were living. 

RESULTS AND DISCUSSION 

Ranges of average daily growth rate constants (day -1 ) 
in the control tubes were 0.19-0.35 at 10~ 1.05-1.45 at 
20~ and 1.99-2.99 at 30~ Estimated median inhibitory 
levels (the concentration required to reduce growth rate 
to 50% of that of controls [SUDO & AIBA 1973]) for the 
five toxicants at three temperatures are presented in 
Table I. These results indicate that zinc and chlorine 
toxicity to Chilomonas decreased with increasing tempera- 
ture. No definite temperature effects on copper, chromium, 
and phenol toxicity were observed except possibly that 
the organism was more tolerant to phenol and chromium at 
20~ Of the metals studied, chromium was the most toxic. 
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TABLE i. Estimated median inhibitory levels of selected 
compounds on Chilomonas paramecium populations. 
Concentrations are expressed as mg/L as the 
appropriate ions or componnds. 

Temperature (~ 
Compound i0 20 30 

Copper 23 >23 3 - 35 

Chromium I.i 3.0 1.8 

Zinc >5 16 40 

Chlorine 0.3 0.3 0.75 

Phenol 68 95 79 

Very little literature for achlorophyllous proto- 
zoans exists to which these data can be compared (Table 
2). In acute lethality tests (RUTHVEN & CAIRNS 1973), 
C. paramecium was more sensitive to copper than chromium 
and zinc (Table 2), whereas in our growth tests chromium 
was more toxic than zinc and copper. In both studies, 
phenol was less toxic than the metals. The growth rates 
of the three protozoans studied by SUDO & AIBA (1973) 
were more sensitive to copper than to chromium which was 
contrary to our findings (Table 2). Tetrahymena appears 
to be more sensitive to zinc than Chilomonas (CARTER & 
CAMERON 1973). However, our own preliminary observations 
indicated that T. pyriformis could tolerate 500 mg/L of 
copper, chromium, or zinc. Studies by KONOPIKOVA (1973) 
found that T. pyriformis was "highly resistant" to 
chromium and cyanide. Reasons for these apparent dis- 
crepancies in organism sensitivity may be: species 
differences, differences in culture and test medium, 
acclimation history, and length of the experiment. 

The above method using C. paramecium in toxicity 
tests has several advantages--which were discussed above. 
Additionally, tests with Chilomonas can be completed in 
less than the 96 h (except at 10~ proposed by APHA 
(1976). The use of growth rate inhibition, which is 
very appropriate for organisms with such short generation 
times, should also provide a more sensitive assay than 
acute mortality tests. 

A disadvantage of using protozoans to monitor 
toxicity concerns the concentrated growth medium required 
to obtain good laboratory growth and the medium constit- 
uents. Complexation by organic chelators in the medium 
may reduce the toxicity of metals, e.g. of chromium, 
copper, and zinc. STEEMAN-NIELSEN & KAMP-NIELSEN (1970) 
noted in studies with the alga Chlorella that for every 
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mg of protein hydrolyzate (e.g., tryptone and yeast ex- 
tract) in the medium approximately 0.01 mg of copper may 
be bound; they observed that this binding was most pro- 
nounced during the first 24 h. SUNDA & LEWIS (1978) have 
also noted that copper toxicity to the unicellular green 
alga Monochrysis lutheri decreased because of binding 
by natural organic ligands. Various researchers have 
attempted to circumvent this problem by using dilute media 
(e.g., HANNAN & PATOUILLET 1972, GRAY & VENTILLA 1973). 
This approach may be useful if the organism is not de- 
pendent solely on soluble foods as a nutritional source. 
Further tests with protozoans would best be carried out 
in a dilute assay medium capable of supporting log-phase 
growth for several days yet simulate the organic content 
of most natural surface waters. In addition, since auto- 
claving of dosed medium may affect the availability of 
metals by causing precipitation or enhancing binding with 
components of the medium, dosing could be carried out 
after the medium is sterilized. Also, investigators 
should note that high cell concentrations alone can mediat~ 
toxic effects (STEEMAN-NIELSEN et al. 1969). One must 
also be aware that protozoans as a group vary greatly in 
their sensitivity to toxic substances, and that consid- 
erable differences may exist within a species in its 
response to toxicants (CAIRNS 1974). For example, our 
preliminary observations of the ciliate Tetrahymena 
pyri~ormis (also in a concentrated organic medium) at 
20-25oc indicated no growth rate reduction at concentra- 
tions of 500 mg/L Cr § 500 mg/L Cu ++, and 500 mg/L 
Zn ++. This can be compared to marked growth rate re- 
duction of ~hilomonas paramecium at less than 50 mg/L 
for each of these metals. 
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