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ABSTRACT

Laboratories study on the toxicity of the difenoconazole compound in the triazole fungicide group was conducted on
freshwater shrimp, Palaemonetes Paludosus species. These freshwater shrimps were exposed to five different
concentrations of the difenoconazole compound. The concentrations of difenoconazole were 0.33, 0.65, 1.30, 3.25 and 6.50
mg/L respectively. The estimated LC50 of P. Paludosus was 2.987mg/L. This study shows that difenoconazole in the
fungicide group has potential toxicity onto non-targeted organism particularly freshwater shrimp, Palaemonetes Paludosus.
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INTRODUCTION

After World War I, pesticide was introduced nationwide to kill or control unwanted organisms including insects, weeds,
fungi and nematodes. During the early generation of pesticides, the rate of toxicity was too high and dangerous. Nowadays,
pesticide usage is more focusing on the negative effects to the environment and human health [1]. Pesticides are also
potentially toxic to aquatic life and usage of pesticides will affect the water quality [2]. Pesticides can be grouped into
different types, including pesticides formulations which consist of more than eight hundred active ingredients [3]. The use of
pesticides at paddy fields is reported to be more than 90% [4]. The use of pesticides in the agricultural sector in Malaysia has
been increasing over the years. Few of the aged farmers still maintains the use of pheromone and biological pest control
methods for certain pests [5]. These pesticides can be classified into various and different types of chemicals with over eight
hundred active ingredients in over tens of thousands of formulations [4]. They can roughly be divided based on the
organisms intended to kill such as fungicides, insecticides, herbicides, molluscicides, nematocides, rodenticides and others
[6].

For the paddy plantation, fungicide is one of the crucial groups of pesticide that are being used by the farmers. Controlling
diseases caused by fungi, fungicides are used at paddy field [7]. A number of fungicides produced to control diseases caused
by fungi [8]. Various fungicide products in the market recommend the time of use is in between reproductive and harvesting
stage. Difenoconazole is a fungicide used in many countries as well as Malaysia due to the ability of this compound to
control fungal disease. IUPAC name of difenoconazole is cis, trans-3-chloro-4-[4-methyl-2-(1H-1, 2,4-triazol-1-yimethyl)-
1,3-dioxolan-2-y] pheny-4-chlorophenylether) and it has a good ability to interfere with the mycelia growth and inhibit the
spore germination of pathogens due to the systemic sterol demethylation (DMI) that will ultimately result in inhibiting
fungal growth [9]. Difenoconazole is relatively a persistent fungicide and degrades just 15% after two months and may
sustain in water over long distance [10]. Basically, pesticides will be applied directly to the surface water of the paddy field.
After the application or during the application of pesticides, these substances may accidentally transport via spray drift or
runoff into nearby surface water [11]. The water flow from paddy field will carry along pesticides residues used from paddy
fields [12]. Higher amount of rainfall after using of pesticides will increase the runoff rate of pesticides into water systems
[13].

Difenoconazole fungicide is potentially toxic to the aquatic organism, therefore is one of the factors that contributes to the
decreasing number of aquatic species in the river. In addition, difenoconazole may also be a threat to human by causing eye
irritation. Even though difenoconazole aims to kill the fungi at the rice plant but the impact of the chemical towards non-
targeted organisms is a main concern. Year by year, the decreasing number of shrimp production has been recorded [14].
The river or irrigation channel that is contaminated with pesticide residues can destroy freshwater shrimp population. The
pesticide can easily penetrate other organisms or substrate like human, soil, meat and animal and can be transferred or
migrated further than predicted due to the persistency of the pesticide [15]. So, it is important to evaluate the potential
toxicology effect of pesticides on freshwater shrimp. There are many test methods to determine the toxicity of pesticides,
chemicals and the effluent to aquatic organisms [16,17,18]. However, the standard method for the toxicity of freshwater
shrimp is still unavailable. The aims of this study are as follows: determine the relationship between dosage of
difenoconazole and time exposure and lastly to determine the lethal concentration (LCs,) of difenoconazole on freshwater
shrimp, P. paludosus. Simple dilution was used to find five different concentrations of difenoconazole that were used for the
toxicity study. Statistical analysis was conducted using One-Way ANOVA to analyze data obtained from this study.
METHODOLOGY

Shrimp collection and maintenance of culture

P. paludosus were purchased from the local fish shop and transferred to the laboratory. P. paludosus were transferred to a
big aquarium tank containing dechlorinated tap water. Tap water was allowed to stand for at least 1 week to de-chlorinate the
tap water. Water temperature was maintained in the range of 26-27° C.
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Test chemical

Difenoconazole was purchased from an agricultural store at Permatang Pauh, Penang, Malaysia. The composition of the
formulations of the active ingredients are 23% w/w; 250 g/l EC with trade name ARIMO 23EC from Advansia Sdn Bhd. All
working stock solutions were made immediately prior to use.
Toxicity test

Five different concentrations and a control were used in the toxicity test. 1L beaker was used for this toxicity test. 20
shrimp were used for each concentration and in the control. Each experiment was repeated three times. Conductivity, pH,
and dissolved oxygen were measured every day until the test ended. The beaker was covered with a plastic film to reduce
volatilization. The beaker was aerated to supply enough oxygen. Shrimps were not fed during the experiment. The humber of
dead shrimps was counted and removed every 12 hours for the end test of 96 hours. The criterion for death was the absence
of movement when shrimps were gently probed with the glass rod. The mortality of the shrimps was recorded after 24 hours
and 96-hour exposure.
RESULTS AND DISCUSSION
The relationship between the concentration of Difenoconazole used and time exposure

Table 1 shows the result of the number of freshwater shrimp P. paludosus that had died after being exposed for 96 hours
to different concentrations of difenoconazole pesticides. The mortality of the P. paludosus was recorded after 24h, 48h, 72h
and 96h exposure. The toxicity test had five different test concentrations and a control, with three replicates per treatment.

Table 1. Variable of Difenoconazole fungicide concentrations and means Mortality of P. paludosus (N=20)

Concentration Exposure duration Mean
of Mortality
Difenoconazole of
(mg/L) shrimp
died
24 48 72 96 Total
hour | hour | hour | hour
Control X X X X X
0.33 X X X X X
0.65 X X X X X
1.30 X X X X X
3.25 X 8 2 3 13
6.50 X 18 1 X 19

X = No mortality

Figure 1 shows the relationships between the concentrations of difenoconazole fungicide used with time exposure for the
mortality of P. paludosus. For the first 24-hour exposure, no mortality of shrimp was recorded for all concentrations
including control. At this duration exposure, for concentration 0.33 mg/L, 0.65 mg/L and 1.3 mg/L the shrimps were
observed to be in stable condition. For the concentration of 3.25 mg/L and 6.5 mg/L, the moving ability of shrimps was
getting lesser. For the 48-hour exposure, mortality of the shrimp was observed at concentration 3.25 mg/L and 6.5 mg/L. At
concentration 3.25 mg/L, the number of the dead shrimps was eight which is equivalent to 40% mortality. For concentration
6.5 mg/L, almost all shrimps had died which means 90% mortality was recorded. Mortality rate for 72 hrs exposure for 3.25
mg/L and 6.5 mg/L concentration is 10% and 5% respectively. For the first three concentrations, which are 0.33 mg/L, 0.65
mg/L and 1.3 mg/L, 0% mortality recorded. The shrimps could still adapt to these concentrations. For the last duration,
which is 96 hours’ exposure, the mortality for the first three concentrations were still 0% which means the probability for
concentration 0.325 mg/L, 0.65 mg/L and 0.65 mg/L causing death was low. For concentration 3.25 mg/L, the mortality
recorded was 15% and for concentration 6.5 mg/L is 0% mortality. P. paludosus shows sensitivity towards difenoconazole
where the effects can be observed within n 42 hours of exposure. The test with P. paludosus showed good control
performance, and reproducibility of difenoconazole toxicity was good. This proves that this freshwater shrimp is suitable as
standard toxicity test organism.

LC50 of Palaemonetes Paludosus.

The mortality rate was interpreted by using one-way ANOVA test and probit analysis. The probit analysis was used to
determine the lethal concentration (LC) for certain percent of the population left. After 96 hours’ exposure, LCs Value 2.987
mg/L. LCx is the concentration of difenoconazole that kills 50 % of P. paludosus. The value for LCs is 3.903mg/L with
95% confidence limit. There have been less published studies on toxicity study of difenoconazole onto P. paludosus but
according to The European Food Safety Authority, difenoconazole had a higher rate of toxicity to aquatic organisms based
on its high toxicity to Daphnia Magna [19]. Besides, difenoconazole has also a negative effect on Zebrafish during adult and
early life stages [20].
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Figure 1. Percentage of mortality against exposure duration, hr of P. paludosus at five difference concentrations of
difenoconazole fungicide.
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Figure 2. LCs, Difenoconazole onto P. paludosus

DISCUSSION
Sensitivity of Difenoconazole towards aquatic crustacean

There is no research conducted on acute toxicity test of difenoconazole towards P. paludosus. However, the toxicity of
difenoconazole on crustaceans such as Daphnia magna was widely reported. Geometric mean of LCs, between 430, 770, 830
940, and 1100 pg/L on parameter mortality/immobilisation for D. Magna was 778 ug/L [21]. Palaemonias alabama sp. in
Alabama state in USA was endangered by difenoconazole but was not categorized in critical habitat [22]. The LCs, after 96
hours’ exposure for Daphnia magna and mysid shrimp is 0.77 mg/l and 0.15 mg/l respectively [23]. The presence of
difenoconazole did not persist in a length of time that may be harmful to the environment [24]. Aquatic organisms at most of
the agriculture area have the probability to be exposed to a very low concentration of pesticides caused by runoff and spray
drift of pesticides [25].

Freshwater shrimp as acute toxicity test organism.

In Malaysia, the acute toxicity data on freshwater shrimp are limited. Toxicity test on fish and Daphnia magna were likely
to be found. This may be due to the abundance of toxicity data on these species that is usually conducted in temperate
environment. Daphnia is largely absent from the tropics and commonly inhabit the temperate region . Based on the standard
acute toxicity test, all species involved is commonly found in temperate region [26]. This creates a bias towards the tropical
ecosystem and may not represent the exact eco-toxicological risk. There are some differences between the organisms that
live in temperate and tropical climates such as the amount of light exposure, the light intensity and climate changes [27]. The
pesticides that showed high sensitivity towards freshwater shrimp were GABA-gated chloride channel antagonist and
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sodium channel modulator insecticides while for acetylcholinesterase inhibiting insecticides and fungicides, a moderate and
low sensitivity respectively was shown [28]. Previous study indicated that there is inadequate information regarding the
toxicity of difenoconazole on freshwater shrimp. There are several studies on the toxicity of other pesticides on freshwater
shrimp. The acute toxicity test using C. laevis may be a suitable alternative for determining the potential risk of chemicals
under tropical conditions after C. laevis showed similar sensitivity for diazinon and lambda cyhalothrin, much greater
sensitivity for endosulfan and paraquat and much lower sensitivity for carbofuran [29]. Carbaryl, chlorpyrifos, cypermethrin,
dimethoate, diuron and fenarimol to freshwater shrimp (Paratya australiensis) and after 96 hrs exposures, the pesticides that
were most toxic to the shrimp was cypermethrin [25]. It can be observed that the most sensitive pesticide towards various
freshwater shrimps came from the insecticide group followed by fungicide and herbicide.

Table 2. 96 h LCx, values for different pesticides during acute exposures towards different freshwater shrimps

Pesticide Class of Type of freshwater 96 hrs LCsx Sources
pesticide shrimp
Temephos Insecticide Leander tenuicornis sp. | 0.0112 mg/L [30]
s-Methoprene Insecticide 14.32 mg/L
Pyriproxyfen Insecticide 0.098 mg/L
Malathion Insecticide Palaemonetes pugio sp. 0.03819 mg/L [31]
Carbofuran Insecticide 0.95 mg/L
Diazinon Insecticide 1.32 ug/L
Endosulfan Insecticide 1.02 ug/L
Lambda cyhalothrin Insecticide - . 0.33 ug/L
Profenofos Insecticide Caridina laevis sp. 1.42 ZS/L [29]
2,4-D- Herbicide 872 mg/L
dimethylamine Herbicide 35.8 ug/L
Paraquat
Cypermethrin Insecticide 0.019 ug/L
Carbaryl Insecticide 12 ug/L
Chlorpyrifos Insecticide 0.063 ug/L
Dimethoate Insecticide Paratya australiensis sp. | 0.8 mg/L [25]
Diuron Herbicide 8.8 mg/L
Fenarimol Fungicide 3.4 mg/L
Glyphosate Herbicide Caridina nilotica P. Roux | 60.96 mg/L 3]
sp.

CONCLUSIONS

P. paludosus is a suitable test organism because this shrimp can act as a representative of the freshwater aquatic organism
that is available at the paddy field area. P. paludosus showed good control performance because 0% mortality recorded for
control test even the shrimps were not fed along 96 hours’ exposure. Results for this study showed that LCsy for the P.
paludosus is estimated to be at 2.987 mg/L. Besides, this study also shows that difenoconazole can kill non-target organisms.
Therefore, it is important for present researchers to carry out more studies about the negative effects of difenoconazole not
only to the aquatic organisms but also to humans and the environment.
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