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Acute Toxicity (LCso) Of Cyhalofop Butyl on Gambusia Holbrooki
Utku GUNERY

ABSTRACT: Cyhalofop butyl is a synthetic herbist. This herbicide is a systemic herbicide and is used
in weed control especially on celtic agriculture. In this study, the acute toxicity (LCso) of this herbiest
(Chillinger 200 EC 200, Cyhalofop butyl) was investigated, which is currently used intensely in the fight
against herbists in Thrace region, including Cyhalofop butyl. Acute toxicity (LCso value) for this
herbicide has been investigated in the common mosquito fish (Gambusia holbrooki) in Thrace Region.
Lethal Dose 50 experiments were performed in 3 replicates in static test runs (water temperature 27.70
+0.56 -C, water pH 8.88+ 0.37, and conductivity 718.25+21.113 phos). The experiment results obtained
for Chillinger 200 EC during the experiments were evaluated by Trimmed Spearman—Karber method.
96-hour LCs value for the mosquito fish Gambusia holbrooki was calculated as 4.140 ppm.
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OZET: Cyhalofop-butyl sentetik herbist grubundadir. Bu herbisit sistemik bir herbisit olup 6zelikle
celtik tariminda yabanci ot miicadelesinde kullanilmaktadir. Bu herbist sucul ekosistem igin oldukga
toksitir. Bu ¢alismada Cyhalofop butyl i¢eren halen Trakya bolgesinde herbist miicadelesinde yogun
olarak kullanilana bu herbistin (Chillinger 200 EC , 200 Cyhalofop butyl) akut toksitesi (LCso)
aragtirtlmistir.  Bu herbisit i¢in akut toksisite (LCso degeri) Trakya Bdlgesinde yaygin sivrisinek
baliginda (Gambusia holbrooki ) arastirilmistir. Lethal Doz 50 deneyleri 3 tekrarli olarak statik deney
kosularinda (su sicakligt 27.70 £0.56 °C, pH 8.88+ 0.37, iletkenlik 718.25+21.113 phos)
gerceklestirilmistir. Deneyler buyunca Chillinger 200 EC igin elde edilen deney sonuglart Trimmed
Spearman—Karber yontemiyle degerlendirilmistir. Sivrisinek baligi , Gambusia holbrooki, i¢in 96-saat
LCso degerleri 4.140 ppm olarak hesaplanmuistir.
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INTRODUCTION

In today's modern agriculture the use of herbicides (pesticides) is inevitable. However, when using
pesticides, both the protection of the product against diseases, pests and weeds and the negative effects
on human and ecosystem should be evaluated together. Pesticides not only can control pests but also
may have negative impact to the environment (Cebi, et al., 2017). Pesticides introduced into aquatic
ecosystems can cause massive death or diseases of fish (Giiner, 2012; Giiner, 2016). Herbicides are one
of the main groups of pesticides which are used in many parts of the western part of Turkey (Thrace
region) to control wide variety of rice at application. Unfortunately, herbicides are spreading in the areas
they are used and effected lakes, rivers and ponds creating hazardous effects to the aquatic fauna
including fish. These toxic chemicals have been reported to create major effects (acute and chronic)
especially on fish health (Atabey, 2016).

Cyhalofop butyl is a herbicide having outstanding selectivity between rice and Echinochloa sp. ,
even under conditions in which rice seedling roots are directly exposed to paddy water (Matsumoto, et
al. 1993). Cyhalofop-butyl, CAS number 122008-85-9, is an herbicide widely used in weed control,
especially in control of grasses in rice at application rates of 150 g ha*, mainly against almost all
Echinochloa sp. on western part of Turkey (Thrace Region). This herbicide is applied to pans that have
been watered by spraying with herbicides with appropriate spraying tools and equipment after weeding
against weeds that are especially problematic in paddy cultivation areas. Heavy use of agrochemicals,
especially pesticides, has been identified as one of the main problems in rice culture in Thrace region
(Inan, 2012).

The present test animal Gambusia holbrooki inhabits standing to slow-flowing water but are most
common in vegetated ponds, lakes, and rice culture areas (Ozulug,and Gaygusuz, 2013; Kurtul and Sar1,
2019).

Cyhalofop-butyl is one of most used herbicide widely employed in paddy fields in Thrace region,
and can transfer into lakes and river environments via waterways. However, details of the environmental
risk and aquatic toxicity of Cyhalofop-butyl (especially these herbicide commercial formulations) have
not been fully investigated. Since it is a widespread organism and is used for biological control of
mosquito (and to demonstrate acute toxicity of non-target organisms), this study was undertaken to
evaluate acute effects of Cyhalofop-butyl on G. holbrooki under static test conditions.

MATERIALS AND METHODS

This test organism, G. holbrooki which has a wide distribution in Thrace region inhabits standing
to slow-flowing small water; most common in vegetated ponds and lakes, backwaters and quiet pools of
streams and paddy field.

In this study, about 100 adult G. holbrooki specimens were collected from Giillapoglu Lake,
Edirne. They were transported in well-aerated large containers (20 I) into the laboratory, and then kept
here for 7 days for acclimatization before the start of the experiments. The fish used were adults of both
females and males between 22 and 37 mm total length (about <1 g). They were transferred to glass
aquarium (stock aquarium dimensions 10x40x50 cm, 20 ) in the aquarium room and maintained at 26
°C and 16:8 light: dark regime (Giiner, 2009).

The experiments were conducted in 2 | disposable plastic tanks, each containing 2 | test solutions
with different concentrations of the test substances (Cyhalofop-butyl commercial formulation:
Chillinger 200 EC) or negative control, and 5 organisms were tested in one plastic tank. The
experimental fishes were divided into five groups. The first group was kept in fresh untreated water and
used as a control while the other four groups were exposed to the selected dose concentrations. The
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fishes were exposed to 1, 2.5, 5, 10 ppm of Cyhalofop-butyl for 5 days (96 hours) for LCso test. All
experiments were performed with three replicates. Tap water was aerated for dechlorinating pretreatment
by air pump for over 24 h. The exposure lasted for 96 hour, and symptoms and mortality were recorded
at 24, 48, and 96 hours post treatment.

The following herbicide was used in this study: Cyhalofop-butyl; molecular formula C20H20FNO4
(CAS no: 122008-85-9), emulsion concentration is 50 mgL* (fig 1). Commercial grade Cyhalofop-butyl
(Chillinger 200 ec, proved by Agrobest Grup, Turkey) was used in this study.

{8}

Figure 1. Cyhalofop-butyl (Chillinger 200 EC) 50 gL : butyl (2R)-2-[4-(4-cyano-2-
fluorophenoxy) phenoxy] propanoate.

Statistical analysis was performed using LCso Trimmed Spearman—Karber Program (1.5 version).
The median lethal concentrations, LCso (96 hour) and 95% confidence interval were calculated
statistically by the Trimmed Spearman—Karber method (Hamilton, Russo, & Thurston, 1977).

RESULT AND DISCUSSION

During the experiments, the physicochemical parameters of water were quite constant; dissolved
oxygen level 12.17+1.29 mgL™?, water temperature 27.70 £0.56 °C, water pH 8.88+ 0.37, and water
conductivity 718.25+21.113 phos. LCso experiments were performed with three replicates (Table 2). No
deaths were observed in the control group during the experiments (all three replicates). At the end of 96
hours, lethal concentration 50 was calculated with a special computer program (Hamilton et al., 1977)
(Table 1).

Table 1. Water physicochemical parameters.

Parameter Time Mean SD Max Min

Oh 24 h 48 h 72 h
pH 8.51 8.5 9.25 9.24 8.88 0.37 9.25 8.5
Condactive (phos) 704 717 753 699 718.25 21.11 753 704
Temparatute(°C) 275 28 26.9 28.4 27.70 0.56 28.4 26.9

The median lethal concentration, LCso (for 96 hour) and 95% confidence interval were calculated
as in Table 2.
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Table 2. Results of the LCx tests (R1, R2 and R3 are the replicates)

: Mortalities
Concentrations Number Exposed R1 R2 R3 Mean  Mortalite
0.0 ppm 5 0 0 0 0 %0
1.0 ppm 5 0 0 0 0 %0
2.5 ppm 5 0 0 0 0 %0
5.0 ppm 5 4 3 4 4 %80
10 ppm 5 5 5 5 5 %100

At the end of the tests (96 hours, three repetitions), calculated lethal dose 50 values and dose-
response graph of Cyhalofop butyl are shown in Table 3 and Figure 2.

Table 3. Calculated 96-hour LCsp values.

LCso value Trim %40.00
Estimates LCso value 4.14 £1.731 ppm
% 95 lower confidence 4.751 £ 0.250 ppm
% 95 upper confidence 0.113 £ 0.605 ppm
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Figure 2.Dose-response graph of Cyhalofop butyl herbicide.

This research evaluated the cytolofob -butyl acute toxic effect 96 hours LCso value. Low LCso
value indicates that the active substance has high acute toxicity. The LCso concentrations of cyhalofop-
butyl in 24 h, 48 h, and 96 h were 63.15, 51.91, and 34.41 ppm, respectively on Daphnia carinata.
Daphnia magna, 21-day NOEC (the no observed effect concentration) value was 0.13 ppm (Li and Yuan,
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2017). Another study showed that Daphnids (Daphnia magna; 48h ECso 63.62 ppm, measured), green
algae (Selenastrum capricornutum; 72h ECs0=9.71 ppm, measured), blue-green algae (Anabaena flos-
aquae; 72h ECs0>8.44 ppm, measured ester & acid)), duckweed (Lemna minor; 14d ECso >5.3 ppm,
measured ester & acid), and diatoms (Navicula pelliculosa; 120h ECs0=1.33 ppm).

Cyhalofop-butyl was toxic for fish and some aquatic animals. (LCso values from 1.0 to 10.0 ppm
in the most sensitive species). 96 hours LCso value of Cyhalofop-butyl was 11.0 ppm for Oncorhynchus
mykiss (Rainbow trout), on semi-static test (Authority, 2015). Acute toxicity of cyhalofop-butyl varies
by the organism type. Acute toxicity of Cyhalofop-butyl has been tested on a range of aquatic animals
including the rainbow trout (Oncorhynchus mykiss; 96h, LCso =1.65 ppm, nominal), the bluegill sunfish
(Lepomis macrochirus, 96h, LCs0=0.637 ppm, measured). Cyhalofop-butyl has toxicity to some aquatic
organisms, with a 96-h LCso value of 0.79 ppm to Lepomis macrochirus, and a 48-h LCso value of up to
2.7 ppm to Oncorhynchus mykiss (Zhu et al., 2015). 96-h LCso value of cyhalofop-butyl to clover
duckweed was 5.04 ppm. Another work tested the acute toxicity of Cyhalofop-butyl to Rana limnocharis
tadpoles and found that with 24 h and 48-h LCso values of 0.718 and 0.677 ppm, respectively (Wu et al.,
2011).

Cyhalofop-butyl causes acute toxic effects not only in adults but also in fish embryos. The 96 h-
LCso value of Cyhalofop-butyl to Danio rerio embryos was 0.57 ppm. Exposure to Cyhalofop-butyl also
caused developmental abnormalities, such as abnormal spontaneous movement hatching inhibition,
depressed heart rates, and growth regression (Zhu et al., 2015). The mortality rate of embryos of the
Yellow River carp (Cyprinus carpio var.) was increased on exposure to Cyhalofop-butyl and was
significantly higher in the 1.6 and 2.0 ppm treatment groups over 48 h. All of the embryos of the 2
mgL* treatment group died within the 48 h post-hatching stage (Xia et al., 2018).

The toxic mechanism of Cyhalofop butyl may be similar to that of organophosphorus pesticides
with their neurotoxic effects (Rajyalakshmi et al., 1996). The toxicity of organophosphates takes place
in the inactivations of acetylcholinesterase (AChE), where they combine with the enzyme that forms an
irreversible enzyme inhibitor complex. Another important toxic mechanism of action may be that
pesticides affect the resynthesize of Acetylcholinesterase (Colovic, et al., 2013)

Acute toxicity data are very important in the evaluation of toxic substances. In particular,
herbicides should be investigated for their acute toxicity of commercial formulations in natural fish
populations. Further studies with direct toxicity testing methods on fish will be very useful in assessing
the possible ecological risks of these pesticides due to changing physicochemical parameters and
chemical properties of pesticides.

In conclusion, the present study evaluated lethal dose for 96 hours effects of one of most used
synthetic herbisit on mosquitofish. This herbicide is often used in mosquito fish habitats. The calculated
value of the 96-hour LCso of Cyhalofop-butyl was 4.140 ppm (Table 3). It should be taken into
consideration that mosquito fish, which are biological control agents, will be affected by this herbicide
toxicity.
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