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Abstract: The effect of industrial sludge toxicity on the cell growth of a green paramecium, Paramecium
bursaria was examined. P. bursaria cells were cultured in a lettuce medium supplemented with various
concentrations of sludge suspension at 23 °C under LD (ligh and dark cycle) condition. Results suggested that
P. bursaria proliferates normally even at 1.5% sludge suspension. However, 1.5x10 % sludge suspension2

showed acute toxicity to P. bursaria. On the other hand, with 1.5x10 % sludge suspension pHwas raised up2

from 7.3 to 8.8 before the incubation, no lethal effect was found in the sludge suspension. To investigate the
lethal ingredient in the sludge, P. bursaria was treated in both sludge suspension and sludge supernatant
solution. The result indicated that P. bursaria was very sensitive to the former, but not the later even after 7
days of incubation. These results suggested that the lethal toxicity of 1.5x10 % sludge suspension is derived2

from suspended fine particles (insoluble parts). More research studies are required to elucidate the lethal
toxicity in those fine particles to P. bursaria.
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INTRODUCTION the dissolved organic matter in the sludge and by

Aquatic environment has been contaminated with protozoa are generally the most abundant group with a
toxicant discharges from industrial and municipal sewage density of about 10  cells/ml in the protozoan community
sludge. The sludge discharges from industry show large in the activated sludge plant. It has been reported that
fluctuations in terms of qualities and pollution load, they play an important role in the biological treatment
depending upon the use of row materials, types of processes of the activated sludge [5-8]. Moreover, the
manufactured materials and production methods. The protozoa community can be an effective biological
presence of pollutants in the industrial sewage sludge indicator of functional conditions of waste treatment plant
causes the reduction of the efficiency of biological [5-9].
wastewater treatments due to intoxication phenomena [1]. P. bursaria is a unicellular organism, which is widely
Heavy metals are toxic to most microorganisms even at distributed in aquatic environment. One green paramecium
moderate concentrations, but the mechanisms by which possesses several hundreds of green algae, which are
they affect the biological systems are not well-defined [1]. morphologically very similar to algae in the genus
The toxicity of heavy metals in activated sludge mixed Chlorella. Since P. bursaria can utilize the
liquor depends mainly upon two factors, namely metal photosynthetic products supplied by endosymbiotic
species and concentration. Other factors such as pH, algae as nutrient [10], the photosynthetic products enable
microorganism concentration, etc are also reported to P. bursaria to be alive in the starvation condition for food
affect the toxicity of metals, though to a lesser degree [2- organisms. Therefore, the culturing green paramecium is
4]. Additionally, it has been reported that only soluble much easier than that of other organisms including other
metal ions are toxic to the activated sludge microbiota [4]. protozoa and mammalian cell lines [11]. In the present

In activated sludge system, a mixed culture of study, the toxicity of sludge was investigated using P.
microorganisms in an aeration tank is used for the removal bursaria and the pH-dependent toxicity of sludge
of pollutants from wastewater. This community is suspension was shown but not shown by the sludge
composed by decomposers (bacteria, fungi etc) that utilize supernatant.

consumers (protozoan and small metazoans). The ciliated
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MATERIALS AND METHODS 1.5x10 , 1.5x10  and 1.5% sludge suspensions. At an

Ciliates: Two strains of P. bursaria syngen 1, MB-1 suspension was measured by a pH meter (Model HM-5ES,
(mating type I) and F1 generation (immaturity; described TOA Electronics Co. Ltd., Japan) as a natural pH. From
below) were used in this study. The strain, MB-1 was those pH values, highest and lowest pH values were also
derived from a single cell collected from Lake Biwa (Shiga selected for the experiment at an initial of culture. Using
Prefecture, Japan). The F1 generation was newly 0.1N KOH and 0.1N HCl, pH values were adjusted with the
produced by hybridization with two stocks, BWK-4 and desired highest and lowest pH values at an initial stage of
KN-21. Stock BWK-4 (mating type IV) and KN-21 (mating experiment. After 7-day of incubation at 23 °C under the
type III) were derived from a single cell collected from LD condition, the cells were counted and pH value of
Lake Biwa (Shiga Prefecture, Japan) and Kino-kawa River each culture was recorded.
(Wakayama Prefecture, Japan), respectively. Those stains
were cultured in lettuce infusion, containing the bacteria Comparative Study of Sludge Suspensions and Sludge
Klebsiella pneumoniae as food and growing under LD Supernatants: To clarify which is the lethal ingredient in
condition (12h light: 12h dark) at 23°C following the 1.5x10 % sludge suspension, P. bursaria (F1 generation)
methods previously described by Hosoya et al. [12]. was treated with various concentrations of sludge

Sludge: The industrial sludge samples were collected from was filled with 2 ml of fresh lettuce infusion containing
YSD Company (metal industry), at Higashi-Hiroshima various concentrations of sludge suspension (0-1.5%) or
City, Hiroshima, Japan. An aliquot of sludge sample was sludge supernatant solution (0-1.5%) and each culture
taken and weighed using an electronic balance (Sartorius, was started at an initial density of 1000 cells/ml. To
MC1 laboratory, Japan). The sample was dried up using compare the cell growth in two different supplemented
a gas heater around 20 min to completely evaporate water media, P. bursaria (F1 generation) was incubated for 7
content from sludge. The weight of dry sludge was days under the LD condition. After 1- and 7-day of
recorded and calculated 80% water contents in the sludge incubation, the cell number in each well was counted.
sample. Using 20 g sludge in 40 ml lettuce media (W/V) to
make 10% sludge suspension as stock. An aliquot of 10% RESULTS AND DISCUSSION
sludge suspension was centrifuged at 2000 rpm for 20 min
(KN-70, Kubota, Japan) and the sludge supernatant Determination of Cell Growth: The cell growth of P.
obtained was stocked at 4°C until use. bursaria in the lettuce media containing various sludge

Determination of Cell Growth: To determine the effect of bursaria is gradually decreasing with the increasing
sludge suspension on the cell growth, P. bursaria was concentrations of sludge suspension, however the
cultured in 12-well microplate (flat bottom and exception of the response to the specific concentration of
polystyrene-treated plates; Asahi glass Co. Ltd., Japan). 1.5x10  sludge suspension. The results indicated that P.
Each well was filled with 2 ml of fresh lettuce infusion bursaria (strain MB-1) is very sensitive to 1.5x10 % of
containing various concentrations (0-1.5%) of sludge sludge suspension (Fig. 1A and B). At concentrations of
suspension without K. pneumoniae and each culture was sludge suspension higher than 1.5x10 %, the cell growth
started at an initial density of 1000 cells/ml under the LD of P. bursaria was not affected drastically as it is shown
condition at 23 °C. For each suspension, two replicates in Fig. 1A and B. 
were placed in a culture plate and a total of two In the present study, P. bursaria proliferated in high
independent assays were done. After incubation, the sludge suspension (1.5%), however, the cell numbers
number of P. bursaria in each well was counted under a decreased drastically in the presence of 1.5x10 % sludge
binocular microscope (Model C-DS, Nikon, Japan). To suspension within 7 days. This indicated that 1.5x10 %
determine the chronic toxicity, the number of P. bursaria sludge  suspension shows acute toxic (all cells are died)
(MB-1) in each well was counted at every 24-h for next 7 to P. bursaria (MB-1). Calabrese and Baldwin [13]
days of incubation. reported that a dose-response relationship phenomenon

Observation of pH Effect on P. bursaria: To evaluate the inhibition has been frequently observed in properly
effect of pH on the toxicity of sludge in P. bursaria, the designed studies and is broadly generalizable as being
cells were cultured in a lettuce medium containing 0, independent  of chemical and physical agent, biological
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suspension and sludge supernatant solution. Each well

suspensions is shown in the Fig. 1. The proliferation of P.
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Fig. 1: Cell growth of P. bursaria (MB-1) to episodic changes in sludge suspension, (A) mean cell number (cells/ml)
counted each day for the next 7 days and (B) mean cell number after 7-days of incubation

(a) (b)

Fig. 2: Cell growth of P. bursaria (F1 generation) in lettuce media supplemented with different concentration of sludge
suspension, (A) and sludge supernatant (B) at 1-and 7-day of incubation

model  and  endpoint  measure.  The  same observation Observation of pH effect on P. bursaria: The toxicity of
has been found in the present study for sludge sludge was significantly influenced by abiotic variables
suspension.   but   not   in   the   sludge  supernatant. such as, pH, salinity, temperature, etc. To evaluate the
Low-dose  stimulatory  responses were observed with effect  of  pH  on  the  cell growth of P. bursaria, pH
high frequency and display specific concentrations values of lettuce infusion supplemented with various
features  [14].  This   discrepancy   encouraged   us  for concentrations of sludge suspension with P. bursaria
the further experiments to elucidate the mechanisms of were measured before and after the initiation of culture.
acute toxicity in this specific concentration of sludge The initial moment of the experiment (natural pH value),
suspension. the  pH value of each culture was ranged from 6.7±0.1 to
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Table 1: pH values and growth of P. bursaria (MB-1) in lettuce media supplemented with sludge suspension at initial cell density was 1000 cells/ml

Concentration Average pH (N=4) Growth of P. bursaria (cells/ml) (N=4)

of sludge -------------------------------------------------------------------------------- ----------------------------------------------------

suspension (%) pH condition Initial (Mean±SD) After 7-day treatment (Mean±SD) After 7-day treatment (Mean±SD)

0 Natural pH 6.7±0.1 7.1±0.0 2517±251

1.5x10 7.3±0.1 7.2±0.0 0±02

1.5x10 8.3±0.3 7.8±0.1 1331±1851

1.5 8.8±0.1 8.5±0.1 1050±8

0 Adjusted pH 8.8±0.2 7.2±0.1 2319±334

1.5x10 7.5±0.1 978±1662

1.5x10 8.0±0.1 1180±2011

0 Adjusted pH 7.3±0.2 7.2±0.1 2433±133

1.5x10 7.8±0.4 1039±1171

1.5 8.1±0.1 998±200

8.8±0.1 for 0 to 1.5% sludge suspension, respectively. suspension are also induced acute toxicity in a specific
After 7-day incubation, the pH values were ranged from concentration of sludge suspension. This information is
7.1±0.1 to 8.5±0.1 for 0 to 1.5% sludge suspension, important in establishing the toxicological reality of
respectively (Table 1). hormesis and some of it dose-response features. More

The pH depended toxicity of sludge was observed in research studies are required to elucidate the mechanisms
the present study. The results showed that the natural pH of acute toxicity of 1.5x10 % sludge suspension in
value of 1.5x10 % sludge suspension was adjusted from symbiotic P. bursaria.2

7.3  to  8.8, the 1.5x10 % sludge suspension did not2
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