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Abstract: Dichlorodiphenyltrichloroethane (DDT ) and Benzo[ a] pyrene (BaP) are ubiquitous contaminants in
the environment. Acute toxic effects of DDT and BaP on a model unicellular eukaryotic organism P aramecium
caudatum were studied and a dose-dependent increase in toxicities was observed. The median lethal concentra-
tion (LCso) of DDT in 1h is 126. 012 mg°L ' and that of BaP is 180. 167 mg°L '. There exists a good linear
relationship between probit and logarithm of concentrations of contaminants. Exposed to DDT and BaP at dif-
ferent concentrations, Paramecia caudatum exhibited some shapes. Comparably, DDT is more toxic to Para-
mecium caudatum than that of BaP. Sensitive to both DDT and BaP suggests that Paramecium caudatum can
be used as a sensitive indicator for early risk assessment of long-term hazards of POPs. These results provide
a novel approach for developing a strategy for the abatement of water pollution and maintenance of ecosystem
viability. Finally, the toxicity mechanism of two typical POPs in Paramecium caudatum is discussed.
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1 Introduction

Persistent organic pollutants(POPs) are a type of toxic
chemicals and have become ubiquitous in the environment
(Iwata et al., 1993). The toxidty of POPs can be bio-
magnified through the food chain in the tissues of living
organisms (Wania and Mackay, 1996; Jones and De
Voogt, 1999). Many diseases may be induced by POPs in
animals and human, such as cancer, damage to the nerv-
ous system, reproductive disorders, etc. POPs are easily
introduced to aquatic ecosystem as well (Koumanova,
2007; Samara, 2007).

DDT and BaP are two widespread typical POPs and
their application has been uncontrolled for several decades
(Wang et al., 2007). DDT is used as insecticide world-
wide. Due to its stability and bioaccumulation ahility,
DDT is found in animal and human bodies releasing seri-
ously negative effects(Turusov etal., 2002). DDT possi-
bly increases the risks of cancers at various sites, to affect
neurobehavioral functions and to be associated with prema-
ture births (Longnecker ef al., 2001; Van Wendel de
Joode et al., 2001). The presence and persistence and
metabolites make DDE and DDD still a worldwide problem
of great relevance to public health (Turusov et al., 2002).
As is known, BaP is ubiquitous in the atmosphere and
present in a wide variety of food items. BaP is reported as
the most potent carcinogenic polycyclic aromatic hydrocar-
bon (PAH) cardnogen in animal experiments (Howard
and Fazio, 1980), and it is also embryotoxic and terato-
genic in animals (Smoke and Smoking, 2004). BaP can in-
crease the incidence of tumors at several sites particularly
in the upper gastrointestinal tract (Kazerouni et al.,
2001). Unfortunately, to date there is still no effective
and rapid monitoring method to detect these types of POPs
in aquatic environment.

Paramecium caudatum (P. caudatum) distribute wide-
ly as one of the typical microorganisms, which is easy ac-
cessed and cultured and sensitive to water environment.
Also, P. awudatum can improve water quality (Shiny et
al., 2005). Therefore, it is a perfect organism to evaluate
the quality of water. Compared with chemical and physical
methods, bioindicator such as P. caudatum can reflect the
toxidty of POPs vividly and really. P. caudatum has been

used in rapid toxicity assessment of pesticides (Komala,

1992; Juchelka and Srell, 1995; Miyoshi et al., 2003;

Rouabhi efal., 2006; Garad et al., 2007). However, lit-
tle work has been done regarding the toxic effect of DDT
and BaP on P. caudatum . The main purpose of this work
was to determine the 1-hour LC» of DDT and BaP for P.
caudatum and to observe the stress response of P. cauda-

tum to these chemicals at different concentrations.

2 Materials and Methods
2.1 Materials

DDT and BaP were purchased from Sigma (St. Louis
MO). Dimethyl sulfoxide (DMSO ) was obtained from
Amresco Inc. (Solon, OH) which were used to dissolve
these two POPs.

The test species P. awudatum was collected and isolated
from fresh water pond within the vidnity of Hainan Uni-
versity, Haikou, China. P. awudatum was cultured in
sterilized hay infusion medium (pH=7.5—28.0) at room
temperature (2512 ‘O, with a photo period of 12 h light
and 12 h dark in the laboratory, and then a pure line cul-
ture was obtained. The organisms were harvested at the
mid-logarithmic phase of growth and the logarithmic phase
cultures were used for the present study.

2.2 Methods

Test concentrations of DDT or BaP were chosen accord-
ing to the results of the initial experiments which deter-
mine the media lethal conentration (I.Cs0) for 1 h. DDT
was diluted to 90 110, 120 135, 145 150, 155 mg°L .
BaP was diluted to 150, 158, 167, 190 200, 210, 220 mg
°L'. P. caudatum was maintained in ImL rice straw
water in 12-w ell microplates for the toxicity test. Simulta-

reously, control experiments were performed without

POPs and 0.01% DMSO as a vehicle control. One addi-
tional higher concentration (400 mg°L ') was also set for
toxicity test for both DDT and BaP. Twenty active para-
mecia were put in each well and exposed to selected con-
centrations with four replicates. The inverted microscope
(Olympus IX81) was used to observe the change in behav-
ior and morphology of P. caudatum . One hour later
death number of P. caudatums in each concentration was
counted to estimate the [.Co values using probit analysis
(Finney, 1971). No movement showed the death of P.

caudatum .
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2.3 Statistical analy ses

The LCo of DDT and BaP were calculated by probit a-
nalysis (Finney, 1971), and the regression equation was
obtained at the same time. This method has been recom-
mended by the Organization for Emnomic Co-operation
and Development (OECD) guideline as appropriate statis-
tical method for toxicity data amalysis (Lilius et al.,
194). Data were expressed as mean +S.E. and analyzed
statistically using SPSS (version 16. 0) software. After
linearization of the concentration response curve by loga-
rithmic transformation of concentrations, 95% confidence
limits and slope function were calculated to provide a con-

sistent presentation of the toxidty data.

3 Results

Acute exposure eells showed deformities such as swell-
ing, oval shaped deformity, and shortening of longitudinal
axis in the body size at higher concentrations with blacken-
ing of cytoplasm ocairred. Leaking of cytoplasmic contents
was also observed.
3.1 Effect of DDT on P. caudatum

P. caudatums all lived well in the negative control and
0.01% DMSO (vehicle control) groups within one hour
and no death occurred at the end of the acute toxidty
tests. Acute toxiaty of DDT to P. caudatum is shown in
Table 1. The LCso (1 h) value of DDT is 126.012 mg °
L' A dose-dependent increase was observed for mortality
rate. Probit amalysis is shown in Fig. 1 and the equation of
linear regression is Y=—17.268+8.21X (R*=0.939).

Table 1 Acute toxicity of DDT to P. caudatum (1h)

ConcentrationCon cen tratio) eath numberMortality rate/ %

/(mg LD logarithm (MeantSE) Meantse —oPnY
90 1. 954 3.25+0.25 0.16 £0.01 0.13
110 2.041 5.75+0.85 0.29 +0.04 0. 30
120 2079 7.7540.85 0.39 £0.04  0.41
135 2.130 10.054+0.50 0.53 +0.03 0.58
145 2. 161 13.50+1.66 0.68 *0.08 0.70
150 2176 15.00+1.08 0.75 £0.05  0.75
155 2.190 17.00£1.22 0.85 +0.06 0.79

SE: Standard error of the mean

Probit of mortality rate

1;5 ZBU 2(']5 2:0 21'5 2'20
Log of DDT concentration

Fig. 1 Relationship between probit and logarithm

of concentration of DDT in 1 hour

The aberration observation is shown in Fig. 2,
where panel ais the normal body shape without DDT
treatment, panel b was treated with LCso, panel ¢

was treated with 400 mg°L '.

Fig. 2 P. caudatum was observed with microscope( 100). a; normal body shape without DDT treatment;

b: P. caudatum w as treated with LCsx of DDT; c¢: P. caudatum w as treated with 400 mg"L71 of DDT

3.2 Effect of BaP on P. caudatum
Similarly, no dead P. caudatum w as found in the whole

exposure duration of BaP in the negative control and O.

01% DMSO (vehicle control) groups in one hour. The

LCso(1 h) value of BaP is 180.167 mg°L ' and the mor-
tality rate dose-dependently increases (Table 2). Fig. 3
exhibits the probit analysis and the equation of linear re-

gression is; Y=—32.614-14. 459X (R*=0.984).
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Table 2 Acute toxicity of BaP to P. caudatum (1 h)

ConcentratiorC oncentratioD eath numbertMortality rate/ %
Probit(Y)

/(mg°L™")  logarithm (Mean #SE) (Mean=SE)
150 2176 2.7540.85 0.14 £0.04  0.14
158 2.199  4.5040.87 0.23 +0.04  0.21
167 2.223  6.254+1.25 0.31 £0.06  0.31
190 2.279  11.00%=1.08 0.55 +0.05 0.6l
200 2.301  14.75+1.31 0.74 £0.07  0.74
210 2.322  17.00%0.58 0.85 0.03  0.84
220 2.342  18.50%0.65 0.93 £0.03  0.91

SE: Standard error of the mean

The aberration observation is shown in Fig. 4, where
panel a is normal body shape without BaP treatment, pan-
el b is treated with LCso, panel ¢ is treated with 400 mg °
L '. Round shape is found in panel b.

Probit of mortality rate

2, 1'5 2 EU 2 ,'7.5 2 50 2, 55
Log of Bap concentration

Fig. 3 Relationship betw een probit and

BaP logarithm of concentration in 1 hour

Fig. 4 P. caudatum was observed with microscope (100). a: normal body shape without BaP treatment;

b: P. caudatum was treated with LCy of BaP; c: P. caudatum was treated with 400 mg°L71 of BaP

4 Discussion

Although LCso values for small animals have been
generally accepted as indicators of the toxicity of
POPs, use of such animals in experiments seems
both time-consuming and costly. The types of POPs
increase rapidly and many complex experiments need
to be conducted to test their toxicities. Therefore,
we selected P. caudatum as a typical microorganism
to investigate the acute toxicity of two kinds of POPs
including DDT and BaP.

Rao et al. (2008) found that fenthion at concen-
tration of 76 mg° L ' (LCso for 2h) affected cellular
morphology of P. caudatum and inhibited its loco-
motion, as well as degraded the cytoskeleton leading
to cell destruction. The LCsovalues of monochroto-
phos and acephate at 2 h against P. caudatum are
40.6 mg°L ' and 300 mg°L ', respectively (Rao et
al., 2007; Venkateswara Rao ef al., 2006). From

Fig. 1 and Fig. 3, we can find that the death

number of P. caudatum increases with the augment
of POPs concentrations, and there exists a linear re-
lationship between probit and logarithm of concen-
tration. A dditionally, our results reveal that P.
caudatum is more sensitive to DDT than to BaP.
Garad etal. (2007) found that mohocrotophos can
reduce overall body length, length and breadth of cy-
topharynx, rate of feeding and cyclosis. Similarly,
we also found these phenomena in our experiments.
As shown in Fig. 2 and Fig. 4, it was surprisingly
observed that the body shape of P. caudatum was
round at the lethal range of DDT and BaP (20— 220
mg °L " and 120— 240 mg ° L ') but was in normal
shape at higher concentration (400 mg °L '). It was
found another interesting phenomenon that when P.
caudatums were exposed to DDT at the concentration of
190 mg °L. " within 1 h, most of them did not have ac-
tivity behavior. However it was found that some living

P. caudatums in the next morning, which suggests P.

caudatum might possess special tolerance mechanism a-
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gainst DDT.

What caused the morphology changes of P. cau-
datum ? We presume that there exists a protective
mechanism for P. caudatum . When exposed to haz-
ardous materials, such as DDT and BaP, P. cauda-
tums reduced the body surface through changing
their shape to round to avoid the damage of DDT and
BaP. However, at higher concentration (400 mg °
L ') they have not enough time to change their
shapes to reduce the damage of DDT and BaP.
Thus, toxicants immediately led to cell destruction.
On one hand, Catallo ef al. (1994) indicated that
the protective effect of calcium involved changes in
hazardous materials(quinoline) solubility and result-
ant decreasing in intracellular concentrations of calci-
um in P. caudatum . Moreover, the results of Iwa-
date and Nakaoka(2008) revealed that cell body con-
traction is regulated by Ca’ in a dose-dependent
manner in living P. caudatum . On the other hand,
our previous study (Zhou et al., 2009) showed that
the toxicology regulation mechanism of most POPs
mainly through aryl hydrocarbon receptor C(AhR)
pathway in almost all vertebrates and invertebrates.
What is the toxicology regulation mechanism of
POPsin P. caudatum ? It needs further research.

In conclusion, P. caudatum is a sensitive microor-
ganism to DDT and BaP and can be used as a potent
bioindicator for assessment of water quality and early
detection of water pollution. Also, it can be used as

a suitable toxicological tool for basic research.
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