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ABSTRACT

The acute toxicity of Cr(VI) upon 96 h of continuous exposure of the ten-spotted live-bearing  fish Cnester-
odon decemmaculatus (Jenyns 1842)  was evaluated (LC50/96h) in the concentration from 0 to 45.5 mg L-1 
Cr(VI) and found to be 21 mg L-1; Upon 24, 48, 72, and 96 h of exposure,  the LC50 values are 35.1, 27.5, 
and 24.0 and 21.4 mg L-1, respectively. No mortality was observed for controls or for the fish exposed at 3.2 
mg L-1. Mortality at the highest Cr(VI) concentration within 24 h exposure was 63 % Cr(VI) is suggested to 
be used as positive control agent in piscine toxicity assessment, at least when C. decemmaculatus is involved.
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RESUMEN

Se evaluó la toxicidad aguda del Cr(VI) durante 96 h de exposición continua en ejemplares de madrecitas 
de agua, Cnesterodon decemmaculatus (Jenyns 1842), pez ovovivíparo de amplia distribución neotropical. Se 
evaluó la CL50/24-96h por exposición a concentraciones de 0-45,5 mg L-1 de Cr(VI). Los resultados mostraron 
que la CL-50 alcanzó valores de 35,1, 27,5, 24,0 y 21,4 mg L-1 luego de 24, 48, 72 y 96 h de exposición, 
respectivamente. No se observó mortalidad tanto en los controles como en aquellos peces expuestos a 3,2 
mg L-1. Sin embargo, dicho parámetro alcanzó valores del 63% en aquellos ejemplares expuestos a la mayor 
concentración luego de 24 h de exposición. Estos resultados sugieren que Cr(VI) podría ser utilizado control 
positivo en la evaluación de la toxicidad en peces, al menos cuando C. decemmaculatus es empleado como 
modelo experimental.
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1. INTRODUCTION

The ten-spotted live-bearing fish Cnesterodon 
decemmaculatus (Jenyns 1842) (Pisces: 
Poeciliidae) is an endemic member of the 
fish family Poeciliidae with an extensive 

distribution in Neotropical America. It 
attains high densities in a large variety of 
water-bodies within the whole La Plata 
River and other South American basins 
(Menni The ten-spotted live-bearing fish 
Cnesterodon decemmaculatus (Jenyns 1842) 
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(Menni et al., 1996). It is a small ovovivip-
arous, microomnivorous, benthic-pelagic, 
and non-migratory fish (maximum size, 
≈25 mm and 45 mm for       and     , re-
spectively), often being the most abundant 
and sometimes the sole species present in 
small watercourses. This species is easy to 
handle and acclimatize to laboratory condi-
tions. Its wide range of tolerance to many 
environmental parameters, e.g., tempera-
ture, salinity, and pH, means great advan-
tages for its use in toxicity test (Menni et 
al., 1996). Furthermore, several reports 
found this species suitable as a test organism 
in both acute and chronic toxicity bioassays 
(Carriquiriborde et al., 2007; de la Torre et 
al., 2005, 2007; Di Marzio et al., 1996, 1998, 
2001, 2005; García et al., 1999; Gómez et 
al., 1998; Gutierrez et al., 2008; Marchese et 
al., 2008; Parma et al., 2008; Vera-Candioti 
et al., 2010b; Villar et al., 2000).

Chromium (Cr) is a metal most com-
monly found in oxidized,  trivalent ion-
ic state in the environment whereas its 
hexavalent form [Cr(VI)] is present in 
smaller quantities (WHO, 2000) which 
is, however, considerably more toxic. Due 
to anthropogenic activities, the primary 
sources of Cr(VI) in the atmosphere are, 
among others, chromate chemicals used as 
rust inhibitors in cooling towers and emit-
ted as mists, particulate matter delivered 
during manufacture and use of metal chro-
mates, chromic acid mist from the plating 
industry, waste from the manufacture of 
steel and other alloys, bricks in furnaces, 
dyes and pigments, and effluents from 
leather tanning industry and wood preserv-
ing (ATSDR, 1993d).

It is well known that Cr(VI) is a can-
cer-, mutation-, and malformation-causing 
agent classified as a Group I carcinogen by 
the International Agency for Research on 
Cancer (Eisler, 1986; IARC, 1990). 

A wide range of adverse effects of Cr(VI) 

in aquatic organisms have been reported 
such as reduced fecundity and survival, 
growth inhibition, and abnormal move-
ment patterns of benthic invertebrates 
(EPA, 1998), or reduced growth, disease 
resistance, morphological changes as well as 
chromosomal aberrations in fishes (Eisler, 
1986). Furthermore, Cr(VI) inhibits growth 
in duckweed and algae and reduces growth 
of embryos and fingerlings of freshwater 
fish and amphibians (Eisler, 1986). 

Fishes have been extensively used as test 
organisms for acute toxicity bioassays due 
to several advantages. According to U.S. 
Environmental Protection Agency, they are 
easily maintained under laboratory con-
ditions, and they are sensitive to a variety 
of pollutants as well as generally available 
throughout the year from both commercial 
and natural sources (EPA, 2002).

In the present study we evaluated the 
acute toxicity of Cr(VI) to C. decemmacu-
latus exposed under laboratory conditions.

2. MATERIALS AND METHODS 

1.1. Chemicals

Potassium dichromate (K2Cr2O7, CAS 
7778-50-9) was obtained from Merck 
KGaA (Darmstadt, Germany).

1.2. Quality control 

Chemical analysis of Cr(VI) in test solutions 
was verified by atomic absorption spectro-
photometry – direct air-acetylene flame 
method (Method 3111 B) (APHA, 1998) 
corresponding to solutions from the initial 
time and 24 h after treatment as reported 
elsewhere (Vera-Candioti et al., 2010a). Ex-
perimental concentrations of test compound 
assessed throughout the study represent the 
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measured Cr(VI) concentrations (mg L-1).
Water used for test solutions was La 

Plata tap water (pH 6.9–7.5, conductivity  
994 µS cm-1, alkalinity 259 mg CaCO3 L

-1, 
hardness 143 mg CaCO3 L-1). Chemical 
parameters were determined according to 
standardized methods (APHA et al., 1998). 

1.3. Organisms

Specimens of C. decemmaculatus were col-
lected from a permanent pond free from 
pluvial runoff from agricultural areas in 
the vicinity of La Plata City (Buenos Aires 
Province, Argentina). Adults were trans-
ported to the laboratory and then accli-
matized for 30 days at 16:08 h light/dark 
cycles in aquaria at 20 ± 1°C with dechlori-
nated tap water (pH 6.9-7.5, conductivity 
994 µS cm-1, alkalinity 259 mg CaCO3 L

-1, 
hardness 143 mg CaCO3 L

-1) with artificial 
aeration and daily supply of fish food (Tet-
raMin®, TetraWerke, Germany) until the 
beginning of the experiments.

1.4. Determination of LC-50

Acute toxicity assessment experiments were 
conducted following the recommendations 
proposed by the United States Environ-
mental Protection Agency standardized 
methods (EPA, 1975). For each experi-
mental point, 10 fishes were maintained in 
a 1L polypropylene jars filled with 1L of 
testing water and exposed to seven different 
concentrations of Cr(VI) (0, 3.2, 6.8, 11.4, 
17.1, 22.7, 31.8, and 45.5 mg L-1) over 
96 h, reading mortality every 24 h (EPA, 
1975). A negative control in dechlorinat-
ed tap water (pH 6.88-7.55, conductivity 
994 µS cm-1, alkalinity 259 mg CaCO3 L

-1, 
hardness 143 mg CaCO3 L

-1) was run si-

multaneously with Cr(VI)-exposed fish. 
Toxicity test type was semi-static and all 
test solutions were prepared immediately 
before using and were replaced every 24 h. 
Fish were not fed throughout the experi-
ment. They were visually examined daily 
and considered dead when either no respi-
ratory movement was observed or there was 
no sudden swimming in response to gentle 
touching in regard to control organisms. 
Each experimental point was performed in 
triplicate.

1.5. Statistical analyses 

The median lethal concentration and 95% 
confidence limits were estimated by Probit 
analysis (Finney, 1971) using the Probit 
Analysis Program, version 1.5 (www.epa.
gov). The different LC-50 values obtained 
at present study and LC-50 values from the 
literature registered on C. decemmaculatus 
were analyzed using one-way ANOVA fol-
lowed by Tukey’s HSD post-hoc test. Cor-
relation analysis was also used to compared 
data of survival and tested Cr(VI) concen-
tration. All data were analyzed with Stat-
graphics 5.1 Plus software. Significant dif-
ferences were considered at p < 0.05.

3. RESULTS

Results of chemical analyses showed no 
changes in Cr(VI) concentration in treat-
ments during the 24 h interval renewals of 
the testing solutions. 

Probit analysis of mortality data al-
lowed determination of toxicity values (mg 
Cr(VI) L-1) and their respective 95% confi-
dence limits: LC-5024 h = 35.1, LC-5048 h  = 
27.5, LC-5072 h = 24.0 and LC-5096 h = 21.4 
(Table 1). 
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Table 1. Mean lethal concentration (LC-50) of Cr(VI) (mg L-1) for Cnesterodon decemmaculatus (Pisces, 
Poeciliidae) after 24, 48, 72, and 96 h treatment.

Exposure time (h) LC-50 (mg L-1) 95% confidence interval (mg L-1)

24 35.1 30.0-44.2

48 27.5 23.7-32.8

72 24.0 20.9-28.0

96 21.4 18.9-24.3

Figure 1. Survival (%) of Cnesterodon decemmaculatus (Pisces, Poeciliidae) speci-
mens exposed to Cr(VI) (mg L-1) for 24, 48, 72, and 96 h after initial treatment.

The no observed effect concentration 
(NOEC) was 3.2 mg Cr(VI) L-1 with no 
mortality throughout the experiment. At 
24 h of initial treatment, a significant de-
crease in the survival rate was found when 
fishes were exposed to 45.5 mg Cr(VI) 
L-1-the highest concentration tested-. At 

this experimental point, survival decreased 
63% in regard to control values. Overall, 
correlation analysis revealed a significant 
and negative relationship between survival 
and tested Cr(VI) concentration (r = -0.98, 
p < 0.001) (Fig. 1).
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4. DISCUSSION

In the present study, we clearly demon-
strated that Cr(VI) induced acute lethal 
effects on C. decemmaculatus exposed un-
der laboratory conditions. According to 
our findings on the species selected for this 
study and following the criteria proposed 
by FAO/UNESCO/WHO committee 
(Sprague, 1973) and the Office of Pollu-
tion Prevention and Toxic Substances of 
the USEPA (Smrchek et al., 1993; Wagner 
et al., 1995), the test compound could be 
ranked from toxic to slightly toxic in the 
scale of toxicity, respectively. 

Our current findings demonstrated that 
C. decemmaculatus is sensitive to Cr(VI), 
decreasing its survival capacity when in-
creasing the exposure time. Similar results 
have been previously reported by Gutierrez 
and collaborators (Gutierrez et al., 2008), 
suggested that this effect must indicate that 
Cr(VI) is accumulated by  this Poeciliidae. 
Our results accords with this observation.

To the best of our knowledge, Cr(VI) 
LC-50 values have been reported for a lim-
ited number of species (Al-Akel and Sham-
si, 1996; Brungs, 1978; Carriquiriborde 
and Ronco, 2006; Di Marzio, 1999; Dorn 
et al., 1987; EPA, 1985; 2004; Mishra and 
Mohanty, 2008; Nath and Kumar, 1988; 
Prabakaran et al., 2006; Svecevicius, 2006; 
Velma et al., 2009). When comparing the 
LC-5096 h values found in the current study 
with those aforementioned values, C. de-
cemmaculatus could be considered as one of 
the most sensitive species to Cr(VI). This 
Poeciliidae member can be located within 
the range between the most and least sen-
sitive species studied so far: Odontesthes 
bonariensis (Atherinopsidae) (Carriquiri-
borde and Ronco, 2006) and Puntius con-
chonius (Cyprinidae) (Pant and Gill, 1982) 
showing LC-5096 h values of 8.2 and 331.4 

mg Cr(VI) L-1, respectively. Available data 
on Cr(VI)-induced fish lethality is scarce. 
However, it could be suggested that mem-
bers of the Poeciliidae family are, in gen-
eral, more sensitive to Cr(VI) than other 
families, e.g., Cyprinidae and Characidae. 
In addition, the sensitivity of C. decem-
maculatus to Cr(VI) was higher than that 
reported to other metals like Zn with a LC-
5096 h = 102.2 mg L-1 (Di Marzio, 1999), 
but lower than that reported to Cu (LC-
5096 h = 0.16 µg L-1) (Villar et al., 2000).

Years ago, Di Marzio (1999) reported 
the LC-5096 h values obtained on C. decem-
maculatus for several pollutants, including 
Cr(VI). He reported a LC-5096 h value of 
13.7 mg Cr(VI) L-1 (8.4-23.2 mg Cr(VI) 
L-1). When comparing our findings with 
those reported by the latter, our results sug-
gest that the specimens of C. decemmacula-
tus we analyzed appear less sensitive being 
1.5 orders of magnitude lower (Table 1). 
Although confidence intervals overlap, an 
analysis of variance revealed significant dif-
ferences (F = 20.16, p < 0.01) between the 
LC-5096 h value from the present study and 
that obtained by Di Marzio (1999).

Several laboratory and toxicity assay 
variables can be mentioned as putative 
factors for explaining the aforementioned 
discrepancy. These differences may be due 
to different physicochemical parameters of 
test water used in the laboratory studies. It 
is well known that Cr(VI)-induced toxic 
effects on aquatic organisms vary upon wa-
ter pH (Carriquiriborde and Ronco, 2002; 
Svecevicius, 2006; Velma et al., 2009). An 
increase in the K2Cr2O7 concentration in 
test water and a concomitant decrease in the 
corresponding water pH has been recently 
demonstrated (Svecevicius, 2006; Velma et 
al., 2009). Averages pH for test solutions 
employed in the study reported by Di Mar-
zio (1999) was 8.2 while a lower value char-
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acterized the water employed in the current 
study (pH = 7.2). Assuming this possibility 
and taking into account the experimental 
conditions of our study, for a given Cr(VI) 
concentration a higher mortality should 
have been registered than that found for 
the same concentration at a higher pH, 
e.g., the experimental conditions employed 
by Di Marzio (1999). However, we ob-
served even at a lower pH than that of the 
water employed by Di Marzio, that it was 
necessary to increase the Cr(VI) concentra-
tion to achieve the same results previously 
found (Di Marzio, 1999). Then, the possi-
bility that only a lower pH of the test water 
could be responsible for the lower sensibil-
ity of the specimens we studied could be 
ruled out. Recently, it has been reported 
that Cr(VI) and Cu(II) induced mortality 
on the aquatic invertebrate Daphnia magna 
depends upon the hardness of the test wa-
ter (Gutierrez et al., 2008; Marchese et al., 
2008). However, the possibility that the 
hardness of the experimental water could 
explain the discrepancies found between 
our current observations and those re-
ported by Di Marzio (1999) could be ruled 
out since both studies were performed in 
water with a similar hardness. Most prob-
ably, such discrepancies should be commit-
ted to inherent characteristics/properties of 
the individuals from the population of C. 
decemmaculatus we employed and/or labo-
ratory conditions rather than being only 
related to variations in the pH of the ex-
perimental test water. Among them, purity 
of the xenobiotics tested in the bioassays, 
general organisms’ health, age and/or food 
quality, can be included.

Our results give further support that 
C. decemmaculatus provides a suitable and 
useful experimental model for biomonitor-
ing aquatic ecosystems and environmental 
pollutants. Furthermore, they also reveal 
that chromium could be considered as an 
appropriate agent to be used as positive 

control in short term toxicity bioassays to 
assess mortality at least when this neotropi-
cal native species as C. decemmaculatus is 
employed as target organisms.

ACKNOWLEDGEMENTS 

This study was supported by grants from 
the National University of La Plata (Grants 
Number 11/N564, 11/N619) and the 
National Council for Scientific and Tech-
nological Research (CONICET, PIP N° 
0106) from Argentina. 

REFERENCES

AL-AKEL, A.S. and SHAMSI, M.J.K. (1996), 
Hexavalent chromium: toxicity and impact 
on carbohydrate metabolism and haemato-
logical parameters of carp (Cyprinus carpio 
L.) from Saudi Arabia. Aquat. Sci. 58, 24-
30.

APHA, AWWA and WPCF (1998), Standard 
methods for the examination of water and 
wastewater. American Public Health Asso-
ciation, Washington DC 20th Edition. 

ATSDR (1993), Toxicological Profile for Chro-
mium. U.S. Dept. Health & Human Ser-
vices, Agency for Toxic Substances and Dis-
ease Registry TP-92/08, 227 p.

BRUNGS, W.A. (1978), Effects of pollution 
on freshwater fishes. J. Water Pollut. Con-
trol Fed. 49, 1425-1493.

CARRIQUIRIBORDE, P. and RONCO, A. 
(2002), Sensitivity of the neotropical Tele-
ost Odonthestes bonariensis (Pisces, Atherini-
dae) to chromium(VI), copper(II), and 
cadmium(II). Bull. Environ. Contam. Toxi-
col. 69, 294-301.

CARRIQUIRIBORDE, P. and RONCO, A. 
(2006), Ecotoxicological studies on the 
pejerrey (Odontesthes bonariensis, Pisces 
Atherinopsidae). Biocell 30, 97-109.

CARRIQUIRIBORDE, P., DÍAZ, J., MUG-
NI, H., BONETTO, C. and RONCO, 
A.E. (2007), Impact of cypermethrin on 



87

stream fish populations under field-use in 
biotech-soybean production. Chemosphere 
68, 613-621.

DE LA TORRE, F.R., FERRARI, L. and SAL-
IBIÁN, A (2005), Biomarkers of a native 
fish species (Cnesterodon decemmaculatus) 
application to the water toxicity assessment 
of a peri-urban polluted river of Argentina. 
Chemosphere 59, 577–583.

DE LA TORRE, F.R., SALIBIÁN, A. and 
FERRARI, L. (2007), Assessment of the 
pollution impact on biomarkers of effect of 
a freshwater fish. Chemosphere 68, 1582–
1590.

DI MARZIO, W.D., SÁENZ, M.E., AL-
BERDI, J.L. and TORTORELLI, M.D.C. 
(1996), Protocolo para evaluar la toxicidad 
aguda sobre Cnesterodon decemmaculatus 
(Pisces, Poeciliidae). Acta Toxicol. Argent. 
4, 54.

DI MARZIO, W.D., ALBERDI, J.L., SÁENZ, 
M.E. and TORTORELLI, M.D.C. (1998), 
Effects of paraquat (Osaquat® formulation) 
on survival and total cholinesterase activity 
in male and female adults of Cnesterodon de-
cemmaculatus (Pisces, Poeciliidae). Environ. 
Toxicol. Water Qual. 13, 55-59.

DI MARZIO, W.D. (1999), Estudio de los 
efectos de sustancias contaminantes sobre 
peces de agua dulce. Facultad de Ciencias 
Naturales y Museo, Universidad Nacional 
de La Plata. Doctoral Thesis. 

DI MARZIO, W.D., GALASSI, S., TO-
DESCHINI, R. and CONSOLARO, F. 
(2001), Traditional versus WHIM molecu-
lar descriptors in QSAR approaches applied 
to fish toxicity studies. Chemosphere 44, 
401-406.

DI MARZIO, W., SÁENZ, M., ALBERDI, 
J., TORTORELLI, M. and GALASSI, S. 
(2005), Riskassessment of domestic and in-
dustrial effluents unloaded into a freshwater 
environment. Ecotoxicol. Environ. Safety 
61, 380–391.

DORN, P.B., RAIA, J.C., RODGERS, J.H., 
JOP, K.M. and DICKSON, K.L. (1987), 
Hexavalent chromium as a reference toxi-
cant in effluent toxicity tests. Environ. Toxi-
col. Chem. 6, 435-444.

EISLER, R. (1986), Chromium hazards to 
fish, wildlife, and invertebrates: A synoptic 
review. Biol. Report 85, 1-38.

EPA (1975), Methods for acute toxicity tests 
with fish, macroinvertebrates, and amphib-
ians. EPA 660/3-75-009, 62.

EPA (1985), Ambient water quality criteria for 
chromium. EPA EPA 440/5-84-029, 

EPA (1998), Toxicological review of hexavalent 
chromium. U.S. Environmental Protection 
Agency Washington, DC. 

EPA (2002), Methods for measuring the acute 
toxicity of effluents and receiving waters to 
freshwater and marine organisms. Fifth edi-
tion. U.S. Environmental Protection Agen-
cy Report 821-R-02-012. 

EPA (2004), ECOTOX: Ecotoxicology Data-
base. USEPA/ORD/NHEERL, Mid-Con-
tinent Ecology Division. URL:http://www.
epa.gov/ecotox/ecotox_home.htm 

FINNEY, D.J. (1971), Hazard identification 
and risk assessment. Toxicol. Lett. 79, 67-73.

GARCÍA, M.E., CAPPELLETTI, C.A. and 
SALIBIÁN, A. (1999), Sublethal maternal 
pre-exposure of fish to cadmium. Effect on 
the survival of the newly hatched alevins. 
Arch. Physiol. Biochem. 107, 152-158.

GÓMEZ, S., VILLAR, C. and BONETTO, 
C. (1998), Zinc toxicity in the fish Cnester-
odon decemmaculatus in the Paraná River 
and Río de La Plata Estuary. Environ. Pol-
lut. 99, 159-165.

GUTIERREZ, M.F., GAGNETEN, A.M. and 
PARMA, M.J. (2008), Bioconcentration 
and trophic transfer of chromium in the 
Daphnia magna (Crustaceae: Cladocera)-
Cnesterodon decemmaculatus (Pisces, Poeci-
liidae) system. Fresenius Environ. Bull. 17, 
647-651.

IARC IAFROC (1990), Chromium, Nickel 
and Welding. Monographs on the Evalu-
ation of Carcinogenic Risks to Human. 
IARC Scientific Publications 49. 

MARCHESE, M., GAGNETEN, A.M., PAR-
MA, M.J. and PAVÉ, P.J. (2008), Accu-
mulation and elimination of chromium by 
freshwater species exposed to spiked sedi-
ments. Arch. Environ. Contam. Toxicol. 
55, 603-609.

Acute toxicity of chromium on Cnesterodon decemmaculatus (Pisces: Poeciliidae) / J. Vera-Candioti et al.



88

Theoria, Vol. 20 (1): 2011

MENNI, R.C., GÓMEZ, S.E. and LÓPEZ 
ARMENGOL, F. (1996), Subtle relation-
ships: freshwater fishes and the chemistry of 
water in southern South America. Hydro-
biologia 328, 173-197.

MISHRA, A.K. and MOHANTY, B. (2008), 
Acute toxicity impacts of hexavalent chro-
mium on behavior and histopathology of 
gill, kidney and liver of the freshwater fish, 
Channa punctatus (Bloch). Environ. Toxi-
col. Pharmacol. 26, 136-141.

NATH, K. and KUMAR, N. (1988), Hexava-
lent chromium: toxicity and its impact on 
certain aspects of carbohydrate metabolism 
of the freshwater teleost, Colisa fasciatus. 
Sci. Total Environ. 72, 175-181.

PANT, J.C. and GILL, T.S. (1982), On the 
toxicity of hexavalent chromium to the fish 
and tadpoles from Nainital Lake. Himala-
yan Res. Develop. 1, 149-152.

PARMA, M.J., CAMPANA, M. and LOTES-
TE, A. (2008), Uptake and elimination of 
chromium in Cnesterodon decemmaculatus; 
pisces: Poeciliidae, after sub-chronic experi-
mental exposure. Fresenius Environ. Bull. 
17, 293-297.

PRABAKARAN, M., BINURAMESH, C., 
STEINHAGEN, D. and MICHAEL, 
R.D. (2006), Immune response and dis-
ease resistance of Oreochromis mossambicus 
to Aeromonas hydrophila after exposure to 
hexavalent chromium. Dis. Aquat. Organ. 
68, 189-196.

SMRCHEK, J.C., CLEMENTS, R., MOR-
COCK, R. and ROBERT, W. (1993), As-
sessing ecological hazards under TSCA: 
methods and evaluation of data. Environ. 
Toxicol. Risk Assess. ASTM 22-39.

SPRAGUE, J.B. (1973), The ABC’s of pollu-
tions bioassay using fish. Biological meth-

ods for the assessment of water quality. Am. 
Soc. Test Mater. 528, 6-30.

SVECEVICIUS, G. (2006), Acute toxicity of 
hexavalent chromium to European fresh-
water fish. Bull. Environ. Contam. Toxicol. 
77, 741-747.

VELMA, V., VUTUKURU, S.S. and 
TCHOUNWOU, P.B. (2009), Ecotoxicol-
ogy of hexavalent chromium in freshwater 
fish: a critical review. Rev. Environ. Health 
24, 129–145.

VERA-CANDIOTI, J., NATALE, G., SO-
LONESKI, S., RONCO, A.E. and LAR-
RAMENDY, M.L. (2010a), Sublethal and 
lethal effects on Rhinella arenarum (An-
ura, Bufonidae) tadpoles exerted by the 
pirimicarb-containing technical formula-
tion insecticide Aficida®. Chemosphere 78, 
249–255.

VERA-CANDIOTI, J., SOLONESKI, S. and 
LARRAMENDY ML (2010b), Genotoxic 
and cytotoxic effects of the formulated in-
secticide Aficida® on Cnesterodon decemmac-
ulatus (Jenyns, 1842) (Pisces: Poeciliidae). 
Mutat. Res. 703, 180-186.

VILLAR, C.A., GÓMEZ, S.E. and BENTOS, 
C.A. (2000), Lethal Concentration of Cu in 
the Neotropical Fish Cnesterodon decemmac-
ulatus (Pisces, Cyprinodontiformes). Bull. 
Environ. Contam. Toxicol. 65, 465–469.

WAGNER, P.M., NABHOLZ, J.V. and 
KENT, R.J. (1995), The new chemicals 
process at the Environmental Protection 
Agency (EPA): structure-activity relation-
ships for hazard identification and risk as-
sessment. Toxicol. Lett. 79, 67–73.

WHO (2000), Chromium. Air Quality Guide-
lines - Second Edition. World Health Orga-
nization. Regional Office for Europe, Co-
penhagen, Denmark.


