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Abstract Acute toxicity tests with Cd, Pb, Hg, and
methyl parathion were developed to compare the sensitiv-
ity of the rotifer Euchlanis dilatata with other model
organisms used in aquatic ecotoxicology. Cd was the most
toxic chemical (LC50 = 14.8 ug L"), while methyl
parathion was the least toxic (LC50 = 864.2 ug L™h.
E. dilatata was more sensitive that other rotifer species,
particularly of the genera Brachionus and Lecane. How-
ever, E. dilatata was less sensitive to mercury and methyl
parathion than the crustacean, Daphnia magna. The high
sensitivity of E. dilatata suggests that it may be an ade-
quate benthic model to use in toxicity assessments of
metal-contaminated sediments.

Keywords Aquatic toxicology - Metal toxicity -
Pesticide toxicity - LC50 - Rotifer

Metals and pesticides are important chemical contaminants
of aquatic environments. They are derived from mining,
agro-industrial activities, and emissions from fossil fuel
combustion (Fairbrother et al. 2007). They are responsible
for adverse effects on biota due to their toxicity,
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persistence and bioavailability (DeForest et al. 2007),
affecting biota’s behavior, growth, and reproductive
capacity (Fairbrother et al. 2007). Methyl parathion is
widely used in Mexico and worldwide to eliminate
domestic and agricultural pests (Sarma et al. 2001a; Sarma
et al. 2001b). It is highly toxic to aquatic organisms and has
been classified as extremely hazardous for the environment
by the WHO (2004), and as a restricted-use pesticide by the
U.S. Environmental Protection Agency (EPA) (Milam
et al. 2004). Its toxicity to rotifers of the genera Brachi-
onus, Lecane and Asplanchna have been documented with
reference to the median lethal concentration (LC50)
(Fernandez-Casalderrey et al. 1992; Pérez-Legaspi et al.
2010). Metal pollution in aquatic ecosystems is also a
critical problem in Mexico (Soto-Jiménez and Pdez-Osuna
2001). Cadmium, lead, and mercury, are among the non-
essential metals of greatest ecotoxicological importance
(Castané et al. 2003), being highly reported as causing
impairment to water quality (Reiley 2007). Their adverse
effects include alterations of physiological and biochemical
processes in invertebrates (Sarma et al. 2000; Juarez-
Franco et al. 2007) such as nerve impulse transmission and
enzyme activity (Castafié et al. 2003). These metals can
strongly compete with calcium, since they have a similar
atomic ratio and the same valence (Reiley 2007).

The presence of these pollutants in the water—sediment
interface and porewater (Salvadé et al. 2006), restricts the
traditional use of planktonic invertebrates (Daphnia
magna, Brachionus calyciflorus) as model organisms to
assess sediment toxicity (Pérez-Legaspi and Rico-Martinez
2001). These species could be less affected than non-
planktonic rotifers if toxicants have a tendency to settle
(Sarma et al. 2001b). Euchlanis dilatata is a cosmopolitan,
littoral and periphytic species, of large size and slow
movement that lives in association with sediments (Segers
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2008) and submerged vegetation (Walsh 1995). Due to its
association with the habitat of the water—sediment inter-
face, E. dilatata would appear to be a useful invertebrate
species for assessing possible toxic effects of sediment-
associated contaminants.

Lethality is a biologically important response with a
direct impact on population size. For invertebrates, it is
toxicologically estimated as the concentration where 50%
mortality of test organisms occurs (LC50 value), usually at
exposure times of 24 or 48 h (Milam et al. 2004). Data for
rotifers consist primarily of LC50 values for metals, pes-
ticides and herbicides (Sarma et al. 2001b). Snell and
Janssen (1995) reviewed the lethal and chronic responses
of rotifers exposed to metals and organic compounds.
Exposure to cadmium, lead, and mercury has been evalu-
ated with 24-h acute tests in B. calyciflorus (Janssen et al.
1994; Sarma et al. 2006; Kegley et al. 2010), B. patulus
(Sarma et al. 2006; Garcia-Garcia et al. 2007), B. macr-
acanthus (Nandini et al. 2007), and Philodina acuticornis
(Kegley et al. 2010). Pérez-Legaspi and Rico-Martinez
(2001) found differential sensitivity in three species of the
genus Lecane exposed to six metals in 48-h acute tests.

Regarding methyl parathion, some studies have indi-
cated a lethal sensitivity range between 636 pg L™' for
B. angularis (Gama-Flores et al. 2004) and 8.8 mg L~! for
B. patulus (Sarma et al. 2001a). Pérez-Legaspi et al. (2010)
estimated a 48-h LC50 value of 9.5 mg L™ for this pes-
ticide with the benthic rotifer Lecane quadridentata. LC50
values have been obtained for several species of rotifers
with emphasis on the genera Brachionus and Lecane. Since
the LC50 value is a relevant index of direct environmental
stress and a starting point for ecotoxicological tests, it is
important to expand the number of rotifer species in which
LC50 values are calculated.

The aim of this study was to compare the lethal sensi-
tivity of the freshwater rotifer E. dilatata by exposure to
the pesticide methyl parathion and the metals cadmium,
lead, and mercury with others model invertebrates used in
aquatic ecotoxicology, and to evaluate the potential use of
this rotifer as a bioindicator organism for determining
toxicity in the water—sediment interface area.

Materials and Methods

The freshwater rotifer E. dilatata was collected in a
reservoir (21°44’13.7” N, 102°21’3.3” W) in the city of
Aguascalientes, Mexico. Cultures were established and
maintained in Petri dishes with EPA medium (96 mg
NaHCO;, 60 mg CaS04.2H,0, 60 mg MgSO,4 and 4 mg
KClI per liter of deionized water, US EPA 2002), which is
synthetic moderately hard water (80—100 mg CaCO; L™,
pH 7.5), at a temperature of 25 £ 2°C and a photoperiod of

16:8 h of light:darkness in a bioclimatic chamber (Revco
Scientific, Asheville, NC, USA). Cultures were fed every
two days with the microalgae Nannochloris oculata
(1 x 10° cell mL™', UTEX strain LB2194) grown in
Bold’s Basal Medium (Nichols 1973). Deionized water
was obtained from a Water Pro System (Labconco Co.,
Kansas City, USA) at 18 MQ. The hatching percentage of
amictic eggs at 24-h under the culture conditions men-
tioned above was always higher than 95% (cultures in log
phase growth), which ensured the availability of neonates
for testing. The toxicants evaluated were reference
chemicals of the highest purity available: mercury chlo-
ride (99.8%, Sigma Co., USA), methyl parathion
(1,000 pg mL ™! dissolved in acetone, Supelco Co., USA),
and atomic absorption standards of cadmium and lead
(dissolved in 1% HNO;, Sigma Co., USA). Exposure
concentrations were prepared in EPA medium and then
stored at 4°C in the darkness. Methyl parathion was pre-
viously dissolved in acetone (J.T. Baker Co., USA) before
preparation of stock solutions.

Acute toxicity tests followed the protocol developed by
Pérez-Legaspi and Rico-Martinez (2001) with small mod-
ifications. Briefly, neonate females less than 24-h-old hat-
ched from amictic eggs were placed in each well of 24-well
polystyrene plates (Costar Co., USA) and filled with a test
volume of 1 mL. This was a static test of 48-h, without
feeding or renewal of the medium. Plates were sealed with
transparent adhesive tape to prevent loss of the toxicant
and/or of the solvent due to volatilization. We performed
range-finding tests for each toxicant and a negative control.
Mortality was recorded as immobilized organisms or
without motion in the mastax after mechanical stimulation
during 20 s. The definitive tests included the following
concentrations: Cd(NOs),: 0.1, 0.5, 1.0, 50, 100, 250,
500 pg L™'; Pb(NOs),: 0.1, 0.5, 50, 100, 250, 1,000,
2,500 pg L™'; HgCly: 10, 25, 50, 150, 250, 500,
1,000 pg L™'; Methyl parathion: 0.1, 1.0, 5.0, 50, 100,
500, 1,500 pg L™'. Fifty test animals (10 per well, five
replicates) were used for each negative control and toxicant
concentration. Tests were considered valid only when
mortality in the negative control was less than 10%. We
included solvent controls of deionized water and 1% HNO;
for the metal tests, and the highest acetone concentration
used for each methyl parathion test to monitor the toxicity
due to solvents. Mortality data were analyzed with DL50
software (S.B.L.-I.LR.C.T. Montpellier, France), which esti-
mates the LC50 values with Probit Analysis and performs a
chi-square to test the validity of the linearity of the
regression (p < 0.05). It also calculates the 95% confidence
limits, the coefficients of determination, and the regression
line equation. We used one-way analysis of variance
(ANOVA) with Statistica 7.0 software (Statsoft Inc., 2004)
to establish significant differences between treatments and
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controls, and to obtain NOEC (No Observed Effect Con-
centration) and LOEC (Lowest Observed Effect Concen-
tration) values using Duncan’s test.

Actual exposure concentrations of metals were deter-
mined through digestion with HNO3/H,SO, and atomic
absorption spectrophotometry, following the recommended
analytical method (WPCF, AWWA, APHA 1989): graphite
furnace for cadmium (3030E) and lead (3113B), and
hydride generation for mercury (3112B). The detection
limits with the AAnalyst 100 Spectrometer (PerkinElmer,
Inc.) for cadmium, lead, and mercury were 0.05, 1.50, and
0.30 pg L™, respectively. To determinate actual values of
methyl parathion, we used High Performance Liquid
Chromatography with a VARIAN Chromatograph model
CP3800 (CP-Sil5 column). The analytical method was
8321A (US EPA 1989) with a detection limit of
0.10 pg L%

Results and Discussion

Although the LC50 value is used as an endpoint to evaluate
the effects of anthropogenic toxicants in aquatic environ-
ments, there is scarce information on 48-h standardized
tests that use rotifer neonates hatched from asexual eggs.
Most of the available information on LC50 values in roti-
fers comes from 24-h standardized tests with neonates
hatched from cysts, especially of the genus Brachionus
(Snell and Janssen 1995; Preston and Snell 2001; Huang
et al. 2007; Snell and Hicks 2009; Kyriakopoulou et al.
2009). In this study, the acute response of E. dilatata varied
widely amongst the studied test chemicals, with a high
sensitivity to cadmium, followed by an intermediate sen-
sitivity for lead and mercury chloride, and a low sensitivity
for methyl parathion. The 48-h LC50 values, estimated
with analytically measured concentrations, ranged from
14.8 to 864.2 pug L™' (Table 1). The coefficients of deter-
mination (rz) varied between 0.74 (HgCl,) to 0.97
(Pb[NOs],), which indicates a good adjustment of the
mortality data (probit units) in response to the logarithm
(logyp) of the actual concentrations for each toxicant
assessed (Table 1). The mean percentage mortality for

deionized water, acetone and 1% HNO; was 1.7 &+ 4.1,
33452, and 1.7 £4.1 (mean & one SD, n = 6),
respectively. The mortality recorded in each solvent control
was less than 10%, which validates the results of the acute
toxicity tests. The recovery efficiency for cadmium, lead,
and mercury chloride was 82.1 £ 7.1%, 90.5 £ 1.8%, and
74.4 £ 8.5% (mean £ one SD, n = 6), respectively. For
methyl parathion, we obtained a recovery efficiency of
93.8 + 13.5% (n = 10).

The 48-h LC50 values of E. dilatata were usually lower
than the LC50 values for other rotifer species. For instance,
the LC50 value of cadmium for E. dilatata is lower than the
LC50 values for B. calyciflorus and B. plicatilis, which
ranged between 0.81 and 1.30 mg L™ and between 39.0
and 56.8 mg L™, respectively (Snell and Janssen 1995).
Also, other species were reported to be less sensitive to
cadmium than E. dilatata, such as B. patulus (0.09 mg L_l,
Sarma et al. 2000), B. macracanthus (0.19 mg L~!, Nandini
et al. 2007), and B. havanaensis (0.41 mg L™, Juirez-
Franco et al. 2007). The value obtained with our test species
compares well with that of McDaniel and Snell (1999), who
reported a 24-h LC50 value of 10 pg L™" for E. dilatata
using a similar test protocol. Our test strain had a higher
sensitivity to cadmium when compared to other species
studied by those authors, ranging from 2-fold (Trichocerca
pusilla, 30 pg L™") to 18-fold (B. calyciflorus, 270 pg L™").
Regarding Pb, B. plicatilis and B. calyciflorus with
LC50 > 4.0 mg L™" (Snell and Janssen 1995) and B. patu-
lus with LC50 of 6.15 mg L! (Garcia-Garcia et al. 2007),
were less sensitive than E. dilatata (Table 1). Cadmium and
lead LC50 values of E. dilatata are lower than those of three
Lecane species (Pérez-Legaspi and Rico-Martinez 2001).
E. dilatata is 4-fold more sensitive than L. luna for lead and
15-fold more sensitive than L. hamata for cadmium. For
mercury chloride, E. dilatata showed a moderate sensitivity.
Some species such as B. calyciflorus and B. plicatilis have
LC50 values around 60 pg L™ (Snell and Janssen 1995),
while L. quadridentata and L. hamata are 3 to 11-fold less
sensitive (Pérez-Legaspi and Rico-Martinez 2001) than
E. dilatata. These results indicate existence of interspecific
variation in the sensitivity to some toxicants, even among
organisms that share the same habitat. It also suggests

Table 1 Acute toxicity (48-h, n = 5) of metals and methyl parathion on the freshwater rotifer Euchlanis dilatata

Toxicant NOEC LOEC LC50 CL95 I Regression equation

Cd 0.1 0.5 14.8 5.7-37.7 0.95 y = 0.6478x + 4.3124
Hg 10.0 25.0 122.0 88.5-167.4 0.74 y = 0.6239x 4 3.5162
Pb 0.1 0.5 353 13.5-91.4 0.97 y = 0.5508x + 4.2545
Methyl parathion 1.0 5.0 864.2 449.8-1,646 0.84 y = 0.5296x + 3.4696

NOEC No Observed Effect Concentration, LOEC Lowest Observed Effect Concentration, LC50 Lethal concentration for 50% tested organisms,
CL95 Confidence limits 95% for LC50 value, # Coefficient of determination, y Probit units, x decimal logarithm of actual concentrations. All

values in pg L™!
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that E. dilatata may be a suitable test organism for assessing
the presence of metals in the littoral zone and water—sedi-
ment interface of aquatic environments.

Our LC50 value for methyl parathion is more sensitive
than that estimated for B. calyciflorus (29.19 mg L™,
Fernandez-Casalderrey et al. 1992), B. patulus (24-h LC50:
8.8-10.4 mg L' depending on food density, Sarma et al.
2001a) or L. quadridentata (48-h LC50: 9.5 mg L
Pérez-Legaspi et al. 2010). Our E. dilatata LC50 value
(864.2 pg L") was less sensitive than that for B. angularis
of 636 ng L! (Gama-Flores et al. 2004). These results
could indicate an intermediate lethal sensitivity of
E. dilatata among rotifers for this pesticide.

Daphnia magna is a cladoceran that is widely used in
ecotoxicological studies in the U.S. and Canada. However,
it has never been found in any reservoir of Mexico. Most of
the freshwater reservoirs of Mexico are found in tropical
areas where the mean annual temperature is 25°C or
higher, and the D. magna toxicity tests are performed at
lower temperatures (15-20°C). These temperatures do not
reflect the natural conditions of Mexican aquatic ecosys-
tems (Martinez-Jeronimo and Mufioz-Mejia 2007). In a
comparison of cadmium sensitivity between E. dilatata and
D. magna or D. pulex (Rico-Martinez et al. 2000), the
rotifer was 12-fold more sensitive than the two cladoceran
species. However, the cladoceran Simocephalus vetulus
was almost as sensitive to Cd (30 pg L™") as E. dilatata
(14.8 pg L™Y). In the case of mercury, D. magna has a 24-h
LC50 of 12 pg Lfl, which is lower than that for E. dilatata
(Table 1), confirming reports that describe this cladoceran
as one of the most sensitive species to Hg (Atici et al.
2008). Similarly, others authors have found cladocerans to
be more sensitive than E. dilatata to methyl parathion.
Mangas-Ramirez et al. (2004) obtained a 48-h LC50 value
of 12.3 pg L™! for D. magna, and 24-h LC50 values of
0.37 and 50 pg L™ for Simocephalus sp. and Moina
macrocopa, respectively.

Although LC50 values allow the determination of the
relative sensitivity to toxicants among test species, the
concentrations found in E. dilatata must not be assumed as
constants. Many biotic factors, such as age, nutritional
state, metabolism, and history of exposure influence such
values. Abiotic factors, such as temperature, pH, photo-
period, and hardness may also influence the obtained LC50
values. Therefore, LC50 values and their confidence limits
are only valid for that particular species (or strain) and the
exposure time assessed under the specific conditions uti-
lized. E. dilatata showed greater sensitivity to the lethal
effects of cadmium and lead than the aquatic invertebrate
species traditionally used in toxicity testing. Its sensitivity
towards mercury chloride and methyl parathion was mod-
erate when compared to other cladoceran and rotifer spe-
cies. The results of our study suggest that E. dilatata may

serve as a sensitive test organism for toxicological
assessment of water—sediment interface where metals and
pesticides are present.

Acknowledgments The authors thank Laura Yamamoto and José
Luis Moreno for their help in the determinations of actual concen-
trations of toxicants. We thank the National Council for Science and
Technology of Mexico for providing a scholarship to J.C.A.-A.

References

Atici T, Ahiska S, Altindag A, Aydin D (2008) Ecological effects of
some heavy metals (Cd, Pb, Hg, Cr) pollution of phytoplanktonic
algae and zooplanktonic organisms in Sariyar Dam Reservoir in
Turkey. Afr J Biotechnol 7:1972-1977

Castaiié PM, Topalian ML, Cordero RR, Salibian A (2003) Influencia
de la especiacion de los metales pesados en medio acuatico como
determinante de su toxicidad. Rev Toxicol 20:13-18

DeForest DK, Brix KV, Adams WJ (2007) Assessing metal bioac-
cumulation in aquatic environments: the inverse relationship
between bioaccumulation factors, trophic transfer factors and
exposure concentration. Aquat Toxicol 84:236-246

Fairbrother A, Wenstel R, Sappington K, Wood W (2007) Framework
for metals risk assessment. Ecotoxicol Environ Saf 68:145-227

Fernandez-Casalderrey A, Ferrando MD, Andreu-Moliner E (1992)
Acute toxicity of several pesticides to rotifer Brachionus
calyciflorus. Bull Environ Contam Toxicol 48:14—17

Gama-Flores JL, Sarma SSS, Nandini S (2004) Acute and chronic
toxicity of the pesticide methyl parathion to the rotifer Brachi-
onus angularis (Rotifera) at different algal (Chlorella vulgaris)
food densities. Aquat Ecol 38:27-36

Garcia-Garcia G, Picazo-Paez EA, Nandini S, Sarma SSS (2007)
Combined effects of sediment and lead (PbCl,) on the demog-
raphy of Brachionus patulus (Rotifera: Brachionidae). Hydrobi-
ologia 593:209-218

Huang L, Xi Y-L, Zha C-W, Zhao L-L (2007) Effect of aldrin on life
history characteristics of rotifer Brachionus calyciflorus Pallas.
Bull Environ Contam Toxicol 79:524-552

Janssen CR, Ferrando MD, Persoone G (1994) Ecotoxicological
studies with the freshwater rotifer Brachionus calyciflorus IV.
Rotifer behavior as a sensitive and rapid sublethal test criterion.
Ecotoxicol Environ Saf 28:244-255

Juarez-Franco MF, Sarma SSS, Nandini S (2007) Effect of cadmium and
zinc on the population growth of Brachionus havanaensis (Rotif-
era: Brachionidae). J Environ Sci Health Part A 42:1489-1493

Kegley SE, Hill BR, Orme S, Choi AH (2010) PAN Pesticide
DataBase, Pesticide Action Network, North America. San
Francisco, CA, USA. http://www.pesticideinfo.org. Accessed
28 Jan 2011

Kyriakopoulou K, Anastasiadou P, Machera K (2009) Comparative
toxicities of fungicide and herbicide formulations on freshwater
and marine species. Bull Environ Contam Toxicol 82:290-295

Mangas-Ramirez E, Sarma SSS, Nandini S (2004) Recovery patterns
of Moina macrocopa exposed previously to different concentra-
tions of cadmium and methyl parathion: life-table demography
and population growth studies. Hydrobiologia 526:255-265

Martinez-Jeronimo F, Mufioz-Mejia G (2007) Evaluation of the
sensitivity of three cladoceran species widely distributed in
Mexico to three reference toxicants. J Environ Sci Health Part A
42:1417-1424

McDaniel M, Snell TW (1999) Probability distributions of toxicant
sensitivity for freshwater rotifer species. Environ Toxicol 14:
361-366

@ Springer


http://www.pesticideinfo.org

142

Bull Environ Contam Toxicol (2011) 87:138-142

Milam CD, Bouldin JL, Farris JL, Schulz R, Moore MT, Bennett ER,
Cooper CM, Smith S Jr (2004) Evaluating acute toxicity of
methyl parathion application in constructed wetland mesocosms.
Environ Toxicol 19:471-479

Nandini S, Chaparro-Herrera D, Cardenas-Arriola SL, Sarma SSS
(2007) Population growth of Brachionus macracanthus (Rotif-
era) in relation to cadmium toxicity: Influence of algal (Chlorella
vulgaris) density. J Environ Sci Health Part A 42:1467-1472

Nichols HW (1973) Growth media-freshwater. In: Stein JR (ed)
Handbook of phycological methods. Cambridge University
Press, Cambridge, MA, p 460

Pérez-Legaspi IA, Rico-Martinez R (2001) Acute toxicity tests on
three species of the genus Lecane (Rotifera: Monogononta).
Hydrobiologia 446(447):375-381

Pérez-Legaspi IA, Quintanar JL, Rico-Martinez R (2010) Comparing
toxicity endpoints on Lecane quadridentata (Rotifera: Monog-
ononta) exposed to two anticholinesterases pesticides. Environ
Toxicol (in press)

Preston BL, Snell TW (2001) Full life-cycle toxicity assessment using
rotifer resting egg production: implications for ecological risk
assessment. Environ Pollut 114:399-406

Reiley MC (2007) Science, policy, and trends of metals risk
assessment at EPA: how understanding metals bioavailability
has changed metals risk assessment at USEPA. Aquat Toxicol
84:292-298

Rico-Martinez R, Velazquez-Rojas CA, Pérez-Legaspi 1A, Santos-
Medrano GE (2000) The use of aquatic invertebrate toxicity tests
and invertebrate enzyme biomarkers to assess toxicity in the
states of Aguascalientes and Jalisco, Mexico. In: Butterworth
FM, Gunatilaka A, Gonsebatt ME (eds) Biomonitors and
biomarkers as indicators of environmental change, vol 2. Kluwer
Academic/Plenum Publishers, New York, p 427

Salvadé V, Quintana XD, Hidalgo M (2006) Monitoring of nutrients,
pesticides, and metals in waters, sediments, and fish of a
wetland. Arch Environ Contam Toxicol 51:377-386

Sarma SSS, Ramirez-Pérez T, Nandini S (2000) Comparison of the
sensitivity of Brachionus calyciflorus and Brachionus patulus
(Rotifera) to selected heavy metals under low and high food
(Chlorella vulgaris) levels. Bull Environ Contam Toxicol
64:735-739

@ Springer

Sarma SSS, Nandini S, Gama-Flores JL (2001a) Effect of methyl
parathion on the population growth of the rotifer Brachionus
patulus (O. F. Miiller) under different algal food (Chlorella
vulgaris) densities. Ecotoxicol Environ Saf 48:190-195

Sarma SSS, Nandini S, Gama-Flores JL, Fernandez-Araiza MA
(2001b) Population growth of Euchlanis dilatata (rotifera):
combined effect of methyl parathion and food (Chlorella
vulgaris). J Environ Sci Health 36:43-54

Sarma SSS, Martinez-Jeronimo F, Ramirez-Pérez T, Nandini S (2006)
Effect of cadmium and chromium toxicity on the demography
and population growth of Brachionus calyciflorus and Brachi-
onus patulus (Rotifera). J Environ Sci Health, Part A 41:543-558

Segers H (2008) Global diversity of rotifers (Rotifera) in freshwater.
Hydrobiologia 595:49-59

Snell TW, Hicks D (2009) Assessing toxicity of nanoparticles using
Brachionus manjavacas (Rotifera). Environ Toxicol. doi:
10.1002/tox.20538

Snell TW, Janssen CR (1995) Rotifers in ecotoxicology: a review.
Hydrobiologia 313(314):231-247

Soto-Jiménez MF, Paez-Osuna F (2001) Distribution and normaliza-
tion of heavy metal concentrations in mangrove and lagoonal
sediments from Mazatlan Harbor (SE Gulf of California). Estuar
Coast Shelf Sci 53:259-274

United States Environmental Protection Agency (1989) An LC/MS
performance evaluation study of organophosphorus pesticides.
EPA-600-X-89-006, Washington, D.C., USA

United States Environmental Protection Agency (2002) Methods for
measuring the acute toxicity of effluents and receiving waters to
freshwater and marine organisms. EPA-821-R-02-012, Wash-
ington, D.C., USA

Walsh EJ (1995) Habitat-specific predation susceptibilities of a
littoral rotifer to two invertebrate predators. Hydrobiologia
313(314):205-211

WHO (World Health Organization) (2004) The WHO recommended
classification of pesticides by hazard and guidelines to classifi-
cation. WHO, Geneva

WPCF, AWWA, APHA (1989) Standard methods for examination of
water and wastewater: including bottom sediments and sludges.
American Public Health Association, New York


http://dx.doi.org/10.1002/tox.20538

	Toxicity of Cadmium, Lead, Mercury and Methyl Parathion on Euchlanis dilatata Ehrenberg 1832 (Rotifera: Monogononta)
	Abstract
	Materials and Methods
	Results and Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


