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ABSTRACT

Objective: This study aimed at assessing acute toxicity of Monocalm 400SL (monocrotophos) and Profenalm
720EC (profenofos), two organophosphorous pesticides widely used in the Far North region of Cameroon, to
fight against insects and mites parasitizing cotton, rice, maize, sorghum, beans and potatoes.

Methodology and results: A 48 h static acute toxicity test was carried out, to determine the LCso of commercial
formulations of monocrotophos (Monocalm 400SL) and profenofos (Profenalm 720EC) on the freshwater
Oreochromis niloticus and its behaviours, during the exposition. The fishes were exposed to increasing
concentrations of the two pesticides, in a non-renewed medium. The numbers of dead fishes were recorded,
after 48 h and the behaviours observed, during the exposition. The 48h-LCsq values, estimated by probit
analysis, were of 20.42 and 0.046 mgL-!, for monocrotophos and profenofos, respectively. Lowest Observed
Effect Concentration (LOEC) means were of 10 and 0.02 mgL-", for monocrotophos and profenofos,
respectively. Elsewhere, fish behaviours such as slow opercular movements, loss of balance, increased
surfacing activities, loss of pigmentation; increased aggression and erratic swimming were observed, during
exposition to the pesticides.

Conclusion and application of results: Monocrotophos was found to be slightly toxic and profenophos highly
toxic to Oreochromis niloticus. Water contamination with these products can represent a great threat for fish
and aquatic invertebrates. So it is recommended to apply these pesticides with caution.
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INTRODUCTION

In order to reduce food shortage, according to the cotton farmers use a lot of insecticides due to insects
objectives of the Millennium Development Goals, and dust mites attacking cotton and to boost their
most African countries have opted for revolutionary production (Roberts, 1987; Dilmler 1993; Mamadou
agricultural policies (Mayet, 2009) which require a et al., 2001). The Monocalm 400SL and Profenalm
varied and important range of pesticides. In the 720EC are two organophosphorous pesticides
savannah zone of Central Africa (Cameroon, Chad widely used in the Far North region of Cameroon, to
and Central African Republic), insecticides alone fight against insects and mites parasitizing cotton,
represent 48 % of pesticides used (Sougnabe et al., rice, maize, sorghum, beans, and potatoes
2009). In the region of the Far North of Cameroon, (Sougnabe et al., 2009). Monocalm 400SL and
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Profenalm 720EC, have monocrotophos and
profenofos, as active substances, respectively (PAN-
UK, 1997). These substances, off-farm plots, may
become toxic to non-target organisms. In the cotton
regions of Paraguay, monocrotophos has been
identified as a cause of paralysis in children. It was
found that the paralysis appeared after two to three
weeks of exposure (Dinham, 1993). In agricultural
areas, huge amounts of pesticides can be drained by
storm water and discharged into nearby rivers
plantations, jeopardizing, not only the survival of
exposed organisms, but also the quality of these
waters (Marchand, 1989; Monkiedje et al., 2004;
Babut et al., 2006). Tests performed in laboratory
microcosm, had previously shown different levels of
tolerance of aquatic organisms to pesticides
exposure (Monod, 2001). Tilapia (Oreochromis
niloticus) is a useful model for ecotoxicological
studies (Jos et al., 2005). Its level of antioxidant
enzymes may be used as a biomarker of exposure to
pollutants in water (Prieto et al., 2007). This fish can
spawn in all types of water, withstand extreme water
temperatures and low dissolved oxygen amount
(Assiah, 1996). Determining degrees of tolerance,
including lethal concentrations of Monocalm 400SL
and Profenalm 720EC towards O. niloticus, may

MATERIAL AND METHODS

Fish acclimatization: The study was conducted in
laboratory microcosms in the Center of Inland Fisheries of
Maga (Far North Cameroon). The freshwater
Oreochromis niloticus fingerlings, with a mean length of
6.41 + 0.87 cm and mean weight of 8.01+ 0.52 g, were
obtained from the Center of Inland Fisheries of Maga (Far
North Cameroon). Fingerlings were transferredtoa 1 m3
plastic aquarium filled with 0.25 m3 of a local drilling water
and acclimated to laboratory conditions for 4 days, prior
to experimentation. They were fed, once a day, with rice
ground bran, supplied by the Center of Inland Fisheries
and the medium was change daily. The fry feeding was
stopped 24 hours before the test (OCDE, 1992).

Acute toxicity tests: Toxicity tests were conducted in
accordance with the static test model of APHA (1998) and
USEPA (1996) protocol. Preliminary tests were
conducted, to find out the range of concentrations to be
used in the bioassays (OCDE, 1992). Stock solutions of
monochrotophos and profenophos were prepared by
diluting their respective commercial formulations
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serve as a warning signal for other less robust
bodies. In Cameroon and, specifically in the Far
North region, tilapia occupies an important place in
aquaculture production and it is bred in ponds and
diversion dam. With the increased use of pesticides
in agriculture in warmer regions of Cameroon, water
pollution by organophosphorous as Monocalm
400SL and Profenalm 720EC may represent a
serious hazard to aquatic animal communities. Few
studies reveal toxic effects of monocrotophos or
profenofos on Oreochromis niloticus (Phommakone,
2004; Muthukumaravel et al., 2013). Moreover, most
existing studies use separate active ingredients, or
aquatic media measurements highlight that it is a
mixture of two or more compounds that exerts toxic
effects (Babut et al., 2001). The overall objective of
this study was to evaluate the acute toxicity of
Monocalm 400SL (Monocrotophos ) and Profenalm
720EC (Profenofos ) to tilapia (Oreochromis
niloticus) . To do so, No Observed Effect
Concentration (NOEC), Lowest Observed Effect
Concentration (LOEC), 48h- LCso (Lethal
Concentration for 50 % of tested individuals, after
48h) of Profenalm 720EC and Monocalm 400SL
towards tilapia were evaluated.

(obtained from Maroua market) Monocalm 400SL (400g/l
of monochrotophos, ALM International/Agrochem,
France) and Profenalm 720EC (720g/l of profenophos,
ALM International/Agrochem, France) with boring water.
The nominal test concentrations were of 0, 10, 16, 24, 32
and 40 mg/l, for monocrotophos and of 0, 0.02, 0.04,
0.06, 0.08 and 0.1 mg/l, for profenophos. In both cases,
each concentration was tested in triplicate and 10
specimens of fish were placed in an 18-litres transparent
plastic aquarium, filled with 12 litres of test solution. Small
mesh net was used to cover the aquariums, to prevent
the specimens jumping out of the test solutions. The
behaviour of the fries was observed every 3 hours and
death was recorded after 24 and 48 hours. The dead
fishes were promptly removed and preserved in a healthy
medium for observations. An essay with the binary
mixture Monocalm 400SL-Profenalm 720EC was also,
run, to evaluate the potential effects of the mixture of
monocrotophos and profenofos on fish. Some physico-
chemical parameters of the experimental drilling water
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were measured. Temperature was taken with an Exteck oxygenmeter and total hardness was measured,
EC 400 model digital apparatus. Levels of TDS (Total according to APHA (1998).

Dissolved Solids) and electrical conductivity were Data Analysis: The LCso was calculated according to the
measured, using a Wagtech model, 3937-40 series digital method of Litchfield and Wilcoxon (1949). Per cent
conductivimeter. Turbidity was measured using a digital mortality was calculated and the values obtained were
Wagtech model, 3999-76 series digital turbidimeter. The transferred into probit scale. Regression lines of probit
pH was measured, using a Wagtech model, 3916-55 against logarithmic transformation of concentrations were
series digital pH-meter. Free and total Chlorine levels made, using the Microsoft Office Excel 2007 software.
were measured by calorimetry with a Wagtech model, 95%-Confidential limits (upper and lower) of the CLs, with
series 1024-C3 el photometer, dissolved oxygen was chi square test were calculated, according to the method
measured with an Exteck DO 400 model digital of Litchfield and Wilcoxon (1949) too.

RESULTS AND DISCUSSION
Experimental water quality: The physico-chemical chemical characteristics tolerable by O. niloticus and
parameters of the drilling water are shown in Table 1. several other species of fish. Moreover, the absence of

These parameters show that the water is of an enough deaths in the control aquaria, during testing, shows that
good quality, as the OCDE (2007) recommends the use the experimental water supplies the demands of the
of awater with a total hardness between 10 and 250 mgL- fingerlings for their survival and that our tests can be
" of CaCOs, a pH between 6.0 and 8.5 and a residual validated.

chlorine < 10 pgL'. The used waters have physico-

Table 1: Physico-chemical parameters of the drilling experimental water.

Parameters Values
Temperature (°C) 282
pH 7.70+0,1
Turbidity (NTU) 0.22 +0.02
Electrical conductivity (uS/cm) 408 + 50
TDS (ppm) 202+ 28
Free chlorine (mg.L"") 0.08 £ 0.01
Dissolved oxygen (mg.L") 6.05+0,5
Total hardness 225+25
(mg.L" of CaCOs)

Total chlorine (mg.L") 0.22 £ 0.03

Observation of fish behaviours: Once in contact with by inhibition of  cholinesterase activity
the test solutions, the following malfunctions due to (acetylcholinesterase and non-specific esterase) in the
poisoning were observed: agitation and attempt to jump central nervous system and at the neuromuscular
out of aquariums, erratic swimming, abnormal posture, junctions (Hill, 2002). When the organophosphate binds
imbalance in posture (fishes swim rotated, diving to the to the cholinesterase, the connection is stable and
bottom of the tank before resurfacing again), morbidity prevents cholinesterase from deactivating the
(fishes fall on their sides at the bottom of the aquarium acetylcholine neurotransmitter. It is followed by an
and move only their covers and caudal fins). Dead fishes accumulation of acetylcholine and overstimulation of the
sank to the bottom of the aquarium and did not perform somatic nervous system, which would be reflected in the
any movement. Swelling and redness of the lids, a light signs of poisoning observed (Hudson et al, 1984,
gray colour and stretching or display of constitutive thorns Ecobichon, 1996; cited in Hill, 2002). These symptoms
of all the fins were, also observed. Signs of poisoning, are similar to those described by Santhakumar and Balaji
namely the imbalance, aggressiveness, progressive loss (2000) and Muthumaravel et al. (2013) who, when
of movement, spines erection and depigmentation may exposing, respectively, freshwater fishes Allabas
be explained by the fact that the toxic effects of testudineus and Labeo rohita to monocrotophos,
Monocalm and Profenalm are based on the interruption of observed behaviors such as slow opercular movements,
transmission of nerve impulses. This disruption would be loss of balance, increased surfacing activities, strong
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mucus secretion, increased aggression and erratic
swimming. The observed death, occurred when the
inhibition of cholinesterase in the brain reached 85 and 92
%, respectively, in male and female fish Aphanius iberus
(Varé et al., 2008).

Assessment of acute toxicity: According to the dose-
response curves, after 48h of exposition of Oreochromis
niloticus to monocrotophos (Figure 1) and to profenalm
(Figure 2), it appears that the LOEC is 10 mgL", for the
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first pesticide and 0.02 mgL, for the second. The results
obtained, do not give the exact values of the NOEC,
however, indicate that it is in the concentrations range [0-
10[mgL-", for monocrotophos and [0-0, 02[mgL-!, for
profenalm. The LOEC as the NOEC of profenalm are 500
times smaller than that of monocrotophos. The curves
have the appearance of a sigmoid and indicate that
mortality rate of exposed fishes increased, as the
concentration of pesticides increased.
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Figure 1: Dose-response curve, after 48h of exposition of Oreochromis niloticus o monocrotophos.

Based on the log concentration-probit regression lines
(Figures 3 and 4), 48h-LCsy were found to be 20.42 mgL-
1, with 95%-confidential limits of 15.59-26.75, for
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monocrotophos and 0.046 mgL-, with 95%-confidential
limits of 0.026-0.079, for profenalm (Table 2).
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Figure 2: Dose-response curve, after 48h of exposition of Oreochromis niloticus to profenophos.

These results show that profenalm is more toxic to
Oreochromis niloticus than monocalm. Monocrotophos,
Monocalm 400SL active substance, is known to be of low
toxicity to fish (Meister, 1992; Tomlin, 1994; RECORD,
2007). Previous studies on the toxicity of monocrotophos
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on fish indicate a 48h-LCso of 7 mgL-' and of 23 mgL",
respectively, on Oncorhynchus mykiss and Lepomis
macrochirus (bluegill). (Kidd and James, 1991; Tomlin,
1994). Cruz (2002) found a 48h-LCso of monocrotophos
equal to 400 mgL, for Astyanax altiparanae (Lambari).
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These findings, compared with those obtained in this
work; show that A. altiparanae and L. macrochirus are
more resistant to monocrotophos than O. niloticus, which
appears to be less sensitive than O. mykiss. Cruz (2002)

had also conducted a study on acute toxicity of
monocrotophos to O. niloticus and had found a 48h-LCsg
of 20 mgL". This value is noticeably close to that
obtained in the course of our work.

Table 2: 48h-LCs values of Monocalm and Profenalm to Oreochromis niloticus.

Pesticide 48h-LCs 95%-Confidential limits Calculated x2 Table x2value
(mgL+) Lower Upper

Monocalm 20.42 15.59 26.75 0.154 7.815

Profenalm 0.046 0.026 0.079 5.288 7.815

The high toxicity of Profenalm, compared to that of
Monocalm, may be explained by its ability to be absorbed
by the body and to form a more stable complex with
acetylcholine esterase (Elizabeth, 2008). According to
RECORD (2007) table of pesticides toxicity on fish and
aquatic invertebrates classification, Profenalm is very
toxic, whereas Monocalm is slightly toxic to fish.
Phommakone (2004), studying the effect of profenofos on
Nile tilapia, had found a 48h-LCsy of 0.046 mg.L",

y=4220x- 0537
R>=0.997

indicating, that the fish species they used, was more
sensitive to profenofos than the one used in this work.
Values of 96h-LCsq of 0.08 mgL-*, 0.09 mgL' and 0.3
mgL-" were determined, respectively, on Oncorhynchus
mykiss, crucian carp and Lepomis macrochirus (Tomlin,
1994). We obtained a value of 48h-LCsq of 0.045 mg L
for O. niloticus, indicating that this fish would be more
sensitive to profenofos than O. mykiss, crucian carp and

L. macrochirus.

Probit
[¥%]

logd8h-LCs,

0.8 1.2 1.6

log concentration (mgL1)

Figure 3: Regression line log concentration-Probit, after 48h of exposition of Oreochromis niloticus to monocrotophos.

Monocrotophos-profenofos mixture is characteristic of a
mixture of two products of the same family having the
same biological targets and different toxicity. A mortality
rate of 20% was observed at the mixture concentrations
of 16 mg L' + 0.04 mg L, near to those of the respective
48h-LCs of both pesticides. These results may be

explained by the fact that toxicities additivity tendency
may be reduced for a mixture of two products, if each is
at the half of its LCso (Warne and Hawker 1995). Studies
on mixtures of plant protection substances showed other
combined synergy effects, antagonism or no interaction
(Bianchi et al., 1994; Bianchi-Santamaria et al., 1997).
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The lack of mortality observed at the other concentrations
test might indicate a lack of toxicity because these two

v=4,0389x+ 10,405

products, at these concentrations, had interacted and
their toxicity had been neutralized.
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Figure 4: Regression line log concentration-Probit, after 48h of exposition of Oreochromis niloticus to profenophos.

CONCLUSION

Several mechanisms contribute to the transfer of
Monocalm 400 SL and Profenalm 720 EC in water
stream. It was, therefore, necessary to make an
ecotoxicity study of these two products. At the end of the
acute toxicity assessments of the two organophosphates
on tilapia, performed in microcosm, the 48h-LCs

amounted to 2042 mg L' and 0.046 mgL', for
Monocalm and Profenalm, respectively . According to the
classification table of the toxicity of substances on fish
and aquatic invertebrates, monocrotophos has low
toxicity and profenophos is highly toxic to Oreochromis
niloticus. Elsewhere, fish behaviors such as slow

ACKNOWLEDGEMENTS

The authors greatly thank Regional Delegate of
Environment and Nature Protection of the Far North
Cameroon and his collaborators, for apparatus supplies

REFERENCES

APHA: 1998. Standard Methods for the Examination of
Water and Wastewater. APHA, AWWA, WPCF
(Editors), 16" Edition, Washington DC, USA,
1268 pp.

6768

opercular movements, loss of balance, increased
surfacing activities, loss of pigmentation; increased
aggression and erratic swimming were observed, during
exposition to the pesticides. Water contamination with
these products can represent a great threat for fish and
aquatic invertebrates. So it is recommended to apply
these pesticides with caution. Following this study,
chronic toxicity tests to understand the nature of injuries
and the enzymatic mechanisms involved, during the
exposition and genotoxicity tests to investigate the ability
of the two products to generate DNA damage are
needed.

and the Center of Inland Fisheries of Maga (Far North
Cameroon) Laboratory and its staff, for the study lodging.

Assiah VF: 1996. La pisciculture en eau douce a petite
échelle. AGRODOK/AGROMISA 6 700 AA,
Centre technique de coopération agricole et



Vroumsiaetal. J. Appl. Biosci. 2014. Acute toxicity of monocalm 400sl and profenalm 720ec on Oreochromis

niloticus (Linnaeus, 1758)

rurale ACP/CEE/CTA, Wageningen, Pays-Bas,
81 pp.

Babut M., Delmas H., Bray M., Durrieu C., Perrodin Y.
and Garric J: 2006. Characterizing the risks to
aquatic ecosystems: a tentative approach in the
context of freshwater dredged material disposal.
Integrated Environmental Assessment and
Management 2: 330-343.

Babut M., Flammarion P. and Garric J: 2001. Les
conséquences des produits phytosanitaires
dans les cours deaux. Ingénieries-Eau-
Agriculture-Territoire, N° spécial
Phytosanitaires:  transferts, diagnostic et
solutions correctives: 5-13.

Bianchi L., Zannoli A., Pizzala R., Stivala LA., and
Chiesara E: 1994. Genotoxicity assay of five
pesticides and their mixtures in Saccharomyces
cerevisiae D7. Mutation Research 321: 203-211.

Bianchi-Santamaria A., Gobbi M., Cembran M., and
Arnaboldi:  1997. Human  lymphocyte
micronucleus genotoxicity test with mixtures of
phytochemicals in environmental concentrations.
Mutation Research 338; 27-32.

Cruz AL: 2002. Sub-lethal concentrations of
monocrotophos affect aggressive behaviour of
the fishes Astyanax altiparanae Garutti and
Britski (Teleostei, Characidae) and Oreochromis
niloticus (Linnaeus) (Teleostei, Cichlidae).
Revista Brasileira de Zoologia 19: 1131-1138.

Dinham B: 1993. The Pesticide Hazard: A global health
and environmental audit. Zed Books, London
and New Jersey, pp 87-88.

Dilmer C: 1993. Pesticides et agriculture tropicale:
dangers et alternatives. Dunod, Paris, France,
281 pp.

Ecobichon D. J: 1996. Toxic effects of pesticides,
Casarett and Doull's Toxicology: The Basic
Science of Poisons. Klaassen CD, Amdur MO
and Doull J. (Editors), 5 Edition, McGraw-Hill,
New York, 643 pp.

Elisabeth L: 2008. Matériaux mésomorphes a empreinte
moléculaire pour le développement d'un capteur
de pesticides. Thése de Doctorat, Université de
Toulouse, France, 226 pp.

Hill EF: 2002. Wildlife Toxicology of Organophosphorus
and Carbamate Pesticides. In: Handbook of
Ecotoxicology. Hoffman DJ, Rattner BA, Burton
A. and Cairns J. (Editors), 2n Edition, Lewis
publishers, Washington DC, pp 281-305.

Jos A, Pichardo S., Prieto Al, Repetto G., Vazquez CM,
Moreno |. and Camean AM: 2005. Toxic

6769

cyanobacterial cells containing microcystins
induce oxidative stress in exposed tilapia fish
(Oreochromis sp.) under laboratory conditions.
Aquatic Toxicology 72: 261-271.

Kidd H. and James DR: 1991. The Agrochemicals
Handbook. 3 Edition, Royal Society of
Chemistry Information Services, Cambridge, UK,
pp 5-14.

Litchfield JT. and Wilcoxon F: 1949. A simplified method
of evaluating dose-effect experiments. Journal of
Pharmacology and Experimental Therapeutics
96: 99-113.

Mamadou C., Fadimata H. and Abdramane T: 2001.
Etude Socio-économique de [lutilisation des
pesticides au Mali, INSAH: Les monographies
sahéliennes, série 12, 104 pp.

Marchand M: 1989. Contamination des eaux
continentales par les micropolluants organiques.
Revue des Sciences de 'Eau, 2: 229-264.

Mayet M: 2009. Africa’s Green Revolution rolls out the
Gene Revolution. African center for biosafety,
briefing paper 6: 1-9.

Meister RT: 1992. Farm Chemicals Handbook'92, Meister
Publishing Company, Willoughby, Ohio.

Monkiedje A., Njine T., Meyabeme Elono AL, Zebaze SH,
Kemka N., Tchounwou PB and Djomo JE: 2004.
Freshwater Microcosms-based Assessment of
Ecotoxicological Effects of a Chemical Effluent
from the Pilcam Industry in Cameroon,
International Journal of Environmental Research
and Public Health 1: 111-123.

Monod G: 2001. Le poisson cible et révélateur de la
pollution chimique. In: L'eau dans l'espace rural:
vie et milieux aquatiques. Neveu A., Riou C.,
Bonhomme R., Chassin P. and Papy F.
(Editors), INRA Editions, Paris, France, pp 135-
156.

Muthukumaravel K., Sukumaran M. and Sathick O:
2013. Studies on the acute toxicity of
pesticides on the freshwater fish Labeo
Ronita. J. Pure Appl. Zool. 1: 185-192.

OCDE: 1992. Fish, Acute toxicity test, Report of test
Guideline N° 203, OCDE Guidelines for Testing
of Chemicals, Paris, France, 8 pp.

OCDE: 2007. Report of the OCDE guidelines for testing
of chemicals, Full List of Test Guidelines.
OCDE, Paris, France, 11 pp.

PAN-UK: 1997. Monocrotophos. Pesticides News 38: 20-
21.

Phommakone S: 2004. The toxic effects of pesticides
dimethoate and profenofos on Nile tilapia fry



Vroumsiaetal. J. Appl. Biosci. 2014. Acute toxicity of monocalm 400sl and profenalm 720ec on Oreochromis

niloticus (Linnaeus, 1758)

(Oreochromis niloticus) and water flea. Master of
Sciences Thesis, Institute of Technology, School
of Environment and Ressources Development,
Thailand, 81pp.

Prieto Al, Pichardo S., Jos A., Moreno |. and Camean
AM: 2007. Time-dependent oxidative stress
responses after acute exposure to toxic
cyanobacterial cells containing microcystins in
tilapia fish (Oreochromis niloticus) under
laboratory conditions. Aquatic Toxicology 84:
337-345.

RECORD: 2007. Etat des connaissances sur le devenir
des polluants organiques dans les sols, lors de
la  biodégradation naturelle et apres
biotraitements: Identification des composés «
métabolites » et des cinétiques. Rapport final N°
05-0513/1A, 148 pp.

Roberts DA: 1987. Pesticides et agriculture tropicale:
dangers et alternatives, Dunod, Paris, France,
281 pp.

Santhakumar M., and Balaji M: 2000. Acute toxicity of an
organophosphorus insecticide monocrotophos
and its effects on behaviour of an air-brathing
fish, Allabas testudineus (Bloch). Journal of
Environmental Biology 21: 121-123.

Seignobos C: 1982. Végétations anthropiques dans la
zone soudano-sahélienne: la problématique des
parcs. Revue de Géographie du Cameroun, 3:
1-23.

Sougnabe SP, Yanda A., Acheleke J., Brevault T,
Vaissayre M. and Ngartoubam LT: 2009.
Pratiques phytosanitaires paysannes dans les
savanes d'Afrique centrale. In: Innover pour
durer. Actes du colloque Savanes africaines en
développement. Seiny-Boukar L. and Boumard
P. (Editors), Garoua, Cameroun, pp 1-13.

Tomlin C: 1994. The Pesticide Manual: A World
Compendium. 10 Edition, British Crop
Protection Council, Surrey, United Kingdom, pp
940-994.

USEPA: 1972. Methods for Acute Toxicity Tests with
Fish, Macro invertebrates and Amphibians.
Ecological Research Series, EPA/660/4-75/009.

Var6 |., Amat F. and Navarro JC: 2008. Acute toxicity of
dichlorvos to Aphanius iberus (Cuvier and
Valenciennes, 1846) and its anti-cholinesterase
effects on this species. Aquatic Toxicology 88:
53-61.

Warne M. StJ., and Hawker DW: 1995. The number of
components in a mixture determines whether
synergistic and antagonistic or additive toxicity

6770

predominate:  The  funnel  hypothesis.
Ecotoxicology and Environmental Safety 31: 23-
28.



