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Abstract: The acute toxic effects of two pesticides on Budioggrrizans tadpoles were investigated in order to
provide a scientific basis for the monitoring oiatic environments and proper use of pesticidepeEmen-

tal methods designed to determine the acute eftdctpecific agents on aquatic organisms were tsek-
plore acute toxic effects of single exposure obghyrifos-trichlorphon mixture and acetochlor onf@gar-
garizans tadpoles. For chlorpyrifos-trichlorphorxtuie, at 24, 48, 72, and 96 h, median lethal cotmagons
(LC50) for Bufo gargarizans tadpoles were 12.02899, 4.977, and 2.799/L, while for acetochlor were
0.064, 0.049, 0.043, and 0.026 mg/L. The safe aurations (SC) were 0.848/L and 0.009ul/L for chlor-
pyrifos- trichlorphon mixture and acetochlor, regpeely. These results show that the toxicity oé@achlor
against B. gargarizans tadpoles was more toxic thahof chlorpyrifos- trichlorphon mixture, andiill

provide a basis for proper use of these two pelstsi
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1. Introduction

Biodiversity is declining at worldwide scale, anuhi-
bians represent the prime example of the moderdi-bio
versity crisis since they are the most threateneti ra-
pidly decline vertebrate group, disappearing fraffed
ent habitats on a global scale (Stuart et al., 2B@44inds
et al., 2006; Bruhl et al., 2013). Pesticide udeeaay
considered one of the important factors in the ideabf
the amphibian species (Collins and Storfer et2403;
Hayes et al., 2006; Bruhl et al., 2013). China poms
and uses more pesticide than any other countrjen t
world. Pesticides play an extremely important role
controlling agricultural pests and diseases arnddreas-
ing crop yield. However, improper use can causmger
damage to aquatic environments due to the higlitgxi
and high rates of retention and accumulation ofe¢he
agents (Hu et al., 2008). This threatens amphibéans
other aquatic organisms. During the larval (tadpsiage,
tailless amphibians live in aquatic environmentbeil
skin lacks protective structures and is highly peabie.
When amphibians’ habitats are polluted with pedési
tadpole mortality increases and physiological dsfec
may appear (Li et al., 2010; Lin et al., 2009).récent
years, the decline of amphibian populations worttbwi

has become more and more serious. Studies havanshow

that, for amphibians that live near farmland, emwvinen-
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tal pollution caused by improper use of pesticigesne
of the most important causes of this phenomenon €tVu
al., 2004).

Amphibian tadpoles are suitable for use as biokdgic
indicators for monitoring aquatic environment ptda.

In recent years, there have been a large numbrepofts
on the impact of agricultural pollutants on ampits in
China and other countries (Li et al., 2010; Liraket2009;
Wu et al., 2004; Bruhl et al., 2013). These studiege
significant implications for environmental protext
pollutant management, and proper use of pestickie®.
gargarizans belongs to family Bufonidae, Order Anur
Class Amphibia, and is distributed in an extremeige
range in China (Lin et al., 2009; Yan et al., 2009)
serves as an experimental material in many scientif
studies. It can also be used as a biological iholicaf
water pollution. In this way, in the present stutig tox-

ic effects of two pesticides that are widely usedarm-
lands in southwest China, chlorpyrifos-trichlorphoix-
ture and acetochlor, on Bufo gargarizans were tives
gated. These findings may provide a basis for imipgp
environmental protection and facilitating propese us
pesticides.

2. Materials and Methods

2.1. Experimental Materials
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The chlorpyrifos-trichlorphon mixture (Chemical rfiou-

la:  C9H11CI3NO3PS/ C4H8CI304P, m. w.
350.5/257.45 respectively)used in the experimemt- co
tained commercial 40% emulsifiers for combined ipest
cides (EC) including 20% chlorpyrifos and 20% ttarh
phon, manufactured by Zhongjin Chemical Co., Ltd.
(Shanxi, China). It was now widely used to kill ihheect
pests in farming, forestry, and environment. Ackloc
(90%, EC), was obtained from Nongken Pesticide Ghem
ical Co., Ltd. (Jiangsu, China) (Chemical formula
C14H20CINO2 m. w. 269.77). Acetochlor is a widely
used herbicide in China and is mainly used to cbrtr
wide range of annual grasses and some broadleafswee
It can be used in seedbeds and seed transplahd fisl
well as in some crop fields such as wheat, babtegt,
cotton rape, vegetables and peanut (Geng et 85820
The experiment was conducted during mid to lateilApr
2012. Bufo gargarizans were collected from farmland
ditches in Qingyuan Village, Yucheng District, City
Ya'an, Sichuan, China. Prior to the experimenidptdes
were maintained in buckets of tap water that haghbe
aerated for one day before tadpole placement. thd, to
undamaged tadpoles (Stage 26th) of the same bedy si
were used in the experiment (Zhao et al., 1991gs&h
were maintained in buckets in the laboratory fae¢h
days to allow the tadpoles to fully adapt to tHzolatory
environment (Zhou et al., 1989). One day beforeethe
periment, feeding was stopped, tadpoles were neaito
and dead individuals were cleared out in a timedyner.

2.2. Experimental Methods

(1) Preliminary experiments

The 96 h hydrostatic method was used (Peng €2Gi19).

A set of chlorpyrifos-trichlorphon mixture and amettlor
concentrations with rather large concentration isgac
was used. At 24, 48, 72, and 96 h, the status anthln

ty of Bufo gargarizans were observed. Dead indiislu
were promptly removed, and the mortality rate wals c
culated. Based on these data, minimum absolutalleth
concentration at 24 h (24 h LC100) and maximum zero
death concentration at 96 h (96 h LCO) were detezthi
These were used as references for the main experime
The criteria used to determine tadpole death werla
lows: no reaction when the head and tail of theaéel
were touched with a glass rod; and no response thfte
tadpole was placed in toxin-free water for 5 mimddg

et al., 2007).

(2) Acute toxicity testing

The acute toxicity test is quick to perform and gadh-
cate the strength of the toxins (Peng et al., 2009bhis
way, in the main experiment, standard methodsstiiig
acute toxic effects of toxic substances on aquatian-
isms were used. According to the results of prelany
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experiment, in the range between LCO and LC10@&ta s
of arithmetic concentration gradients was estabtistor
chlorpyrifos- trichlorphon mixture and acetochldtor
chlorpyrifos-trichlorphon  mixture, 5 concentration
groups, 5, 10, 15, 20, and RBL and a blank control
group were established. For acetochlor, 5 condamtra
groups, 0.04, 0.05, 0.06, 0.07, and QuO8, were estab-
lished. Three replicates were performed per conatoh
group. There were 30 tadpoles per bucket.

During the experiment, which lasted 96 h in totadpe-
rimental solutions were changed every 24 h. Togacs
tions and deaths of tadpoles were monitored aratded.

2.3. Data analysis

SPSS 16.0 (SPSS, Microsoft, Redmond, WA, U.S.) was
used for data analysis. The specific steps wefellasvs.
First, the Probit method was used to calculate 1SC&0
24, 48, 72, and 96 h, respectively. Here, LC5Giésdon-
centration corresponding to Prob. 0.5. SC was tatted
using the formula SC = 48 h LC50*0.3/(24 h LC50M8
LC50)2(zZhou et al., 1989). Next, concentrationdgsok
prothiolane and dimethoate were log transformede Th
cumulative relative mortality of the tadpoles weans-
formed into cumulative probability of death. Thémehlr
regression was performed on log concentration aed t
probability of death was calculated to producetthéci-

ty regression equation. P<0.05 was considerecttafr

ly significant; P<0.01 was considered to be of grant
statistical significance.

3. Results

The acute toxic effects of chlorpyrifos-trichlorphomix-
ture and acetochlor on Bufo gargarizans are shawn i
Table 1. It can be seen that during the same tieneg
tadpole mortality increased as chlorpyrifos-tricplwon
mixture/acetochlor. concentration increased. Thig-s
gests that within certain concentration range, rpiyia-
fos-trichlorphon mixture and acetochlor have ad¢aiéc
effect on Bufo gargarizans. In addition, for thensacon-
centration of same pesticide, mortality tendechtwdase
the exposure duration increased. This suggeststlibat
two pesticides have cumulative effects on Bufo garg
zans.

Analysis of the data shown in Table 1 was performed
using SPSS 16.0. Results showed that, for Bufoagarg
zans, LC50s of chlorpyrifos-trichlorphon mixture2dt h,

48 h, 72 h, and 96 h were 12.023, 7.499, 4.977, and
2.799ul/L, respectively. SC was 0.878/L. The LC50s

of acetochlor at 24 h, 48 h, 72 h, and 96 h we@&4).
0.049, 0.043, and 0.026/L, respectively. SC was
0.009u/L (Table 2). Regression equations and correla-
tion coefficients of chlorpyrifos-trichlorphon mixte or
acetochlor and tadpole death probability obtaineanf
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linear regression analysis are shown in Table 2illAs
strated in Table 2, there was a significant linezirela-
tion between the probability of tadpole death ahd t
logarithm of pesticide concentration (P<0.05). Risson
LC50s suggest that the toxic effects of acetochioBu-
fo gargarizans are stronger than those of chidigsyi
trichlorphon mixture. In addition, SCs of chlorgdps-
trichlorphon mixture and acetochlor were 0.8if/h and

0.009ul/L, respectively, also suggesting that the influ-

centration of chlorpyrifos-trichlorphon mixture arioat
Bufo gargarizans are more sensitive to acetochkm to
the latter.

However, this study was performed in a laboratamyi-e
ronment, which is different from the tadpoles’ matu
environment, on which many influencing factors att
the same time. Different pollutants in the watery max
with chlorpyrifos-trichlorphon mixture or acetochland
enhance their toxic effects on the organisms that |

ence of acetochlor on environment is more pronadince there, possibly through synergistic effects. Faareple,

than that of chlorpyrifos-trichlorphon mixture.

4. Discussion

Due to the speed which with amphibians can be bre

using artificial means, their short life cycle, thase of
caring for and observing them, and their extrenresise
tivity to water-borne toxins during embryonic deyel

ment, amphibians can be ideal for toxicology stu-

dies(Peng et al., 2009; Yao et al., 2005; He ekaD7).
They have been used as biological indictors in &l
tions of water pollution (Xu et al, 2003). The taths of

Bufo gargarizans have also been used as experiment

materials in many toxicity studies (Liu et al., 300
Zhang et al., 2006).

Regression analysis showed there to be a positiearl
correlation between the probability of death amBudp
gargarizans and logarithms of pesticide concentrati
and the R values of all linear regression equatisase
above 0.8 (Table 2). In addition, the b value medr
regression equation of logarithm of pesticide cotree
tion and probability of tadpole death represengssiope.
As the independent variable (x) changes one und, t
dependent variable (y) changes an average of b. unit
the present study, as the logarithm of pesticideentra-
tion increased by one unit, the probability of talep
death increased by b units. In this way, b repitsstre
degree of heterogeneity of the sensitivity of bibal
populations to different pesticides. The smaller bhval-
ue, the greater the heterogeneity of the tadpghelption.
Specifically, the less uniform the responses opddal
population, the less sensitive the tadpoles weneekii-
cides (Zhang et al., 2009; Geng et al., 2005b; tual.,
2005). As shown in Table 2, the b value in the@sgion
equation of acetochlor concentration and tadpoteuta-
tive mortality is notably larger than that of thegression
equation of chlorpyrifos-trichlorphon mixture cont&-
tion and tadpole cumulative mortality. This suggehat,
for a given environment, increases in the concéatraf
acetochlor cause more damage than increase irothe c

a

at low concentrations, imidacloprid and trichlorfoio
not have toxic effects on Bufo gargarizans tadpdies
when they are both present in the same environrniey,

4 can greatly enhance each other’s toxic effectsefLal.,

2002). In addition, acute toxicity test results alsudo

not reflect the long-term effects of environmergallu-
tants on aquatic organisms. Although our data eflaat

the toxicity of chlorpyrifos-trichlorphon mixturend ace-
tochlor to a certain extent, the manner in whiokythf-
fect real ecosystems still merits further investaathat
might provide further data and a foundation for pine-
tection of amphibians and other organisms.

In addition to directly causing death, the toxiteefs of
pesticides on amphibians may also manifest by figc
animal behavior, decreasing the birth rate, blaglem-
docrine agents, and inducing immune inhibition. Err
ample, some common pesticides (Lu et al., 2002) can
induce embryonic malformation and tadpole death in
Rana nigromaculate, and some herbicides can cayise e
hrocyte micronucleus and nuclear abnormalities urfioB
gargarizans tadpoles.

In reality, improper use of pesticides will inevita se-
verely affect amphibian tadpoles. In this way, phesent
study provides reference material for the practisa of
chlorpyrifos-trichlorphon mixture and acetochlar.also
demonstrates the value of using amphibians forogiel
cal monitoring. In these ways, the results of ttisdy
may play a role in scientific and standardized afspes-
ticides, protection of aquatic environments, andlists of
the growth, development, and reproduction of amphi-
bians living in bodies of water near farmland.
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Table 1. Acute Toxic Effects of Chlorpyrifos-trichlorfon Mixture and Acetochlor on Bufo Gargarizans Tadpoés

Pesticide Concentra-
tion

Pesticide Name
poles

Number of Tad-

Cumulative Percent Mortality
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pl/L N 24 h 48 h 72h 96 h
Control group 30 0 0 0 0
5 30 13.3 26.7 50 73
chlorpyrifos- trichlorphon 10 30 36.7 60 76.7 83.3
mixture 15 30 66.7 90 100 100
20 30 73.3 100 100 100
25 30 83.3 100 100 100
Control group 30 0 0 0 0
0.04 30 10 16.7 33.3 66.7
acetochlor 0.05 30 3.87 56.7 66.7 100
0.06 30 33.3 73.3 100 100
0.07 30 56.7 100 100 100
0.08 30 83.3 100 100 100

Table 2. Linear Regression Parameters of Acute Toxigffects of Chlorpyrifos-trichlorphon Mixture and Ace tochlor Acting
on Bufo Gargarizans Tadpoles

- ) Toxicity Regression . - Median Lethal Safe Con-
Pesticide Time Et)cguati%n Correlation Coefficient P Concentration centration
(h) y=a+bx R LCoo (/L) SC (/L)
chlorpyri- 24 h Y=3.101x+1.748 0.989 0.000°" 12.023
TOS - 48 h Y=4.011x+1.491 0.968 0.002°" 7.499
”'C;‘('J%r‘ 72h Y=3.119x+2.827 0.925 0.009 " 4.977 0.875
mpixture 96 h Y=2.225x+4.005 0.873 0.020 2.799
24 h Y=7.411x+13.861 0.909 0.012 0.064
acetochlor 48 h Y=10.183x+18.318 0.961 0.003" 0.049 0.009
72 h Y=8.731x+16.950 0.871 0.020° 0.043 ’
96 h Y=5.203x+12.941 0.857 0.024 0.026
References [10] Liu HJ, Guo C, Liu JZ, et al. 2008. Cotoxicity raseh of

(1

(2
(3]
(4]
(5]

(6]

(7]

(8]

19

Brihl, CA., Schmidt, T., Pieper, S. & Alscher, A013.
Terrestrial pesticide exposure of amphibians: Adanastimated
cause of global decline? Science Report. 3,
DOI:10.1038/srep01135.

Collins, J.P. & Storfer, A. 2003. Global amphibideclines:
sorting the hypotheses.

Diversity and Distributions. 9, 89-98.

Geng BR., Yao D., Xue QQ. 2005a. Genotoxicity & presticide
dichlorvos and herbicide butachlor in
megacephalus tadpoles. Acta Zool Sinica, 51: 444-45

Geng BR, Yao D, Zhang QJ, et al. 2005b. The toffects of
dichlorvos and butachlor on Rana guentheri tadpo®sina
Environmental Science, 25(Suppl.): 118-121.

Hayes, T.B. P. Case, S. Chui, D. Chung, C. Haekeléjaston,

M. Lee, V. Pheng Mai, Y. Marjuoa, J. Parker, andTgui. 2006.
Pesticide mixtures, endocrine disruption, and abiphideclines:
Are we underestimating the impact? Environ Healtrspect
114(suppl 1):40-50 (2006). doi:10.1289/ehp.805lilaie via

http://dx.doi.org/ [Online 24 January 2006]

He H, Zhang YH. 2007. Acute toxic effects of thigleenolic

chemicals on Rana tadpoles. Journal of Northwestedsity

(Natural Science Edition), 37(6): 1022-1025.

Hu LL, Liu HJ, Zhao Y. 2008. Safety evaluation @fsticides on
environmental organisms. Modern Agricultural Scies)c15(7):

36-38.

Li Z, Li PP, Xu QY, et al. 2010. Progress in thedses of toxic

effects of pesticides and fertilizers on anuranptédes. Asian
Journal of Ecotoxicology, 5(2): 287-294.

86

Rhacophoridae

(11]

1135;

(12]

(23]

(14]

(15]
(16]

(17]

(18]

(19]

(20]

(21]

dipterex and imidacloprid to Bufo gargarizans tddpoJournal
of Anhui Agricultural Science, 36(31): 13662-13663669.

Lin L, Yao D, Zhong BJ, et al. 2009. Genotoxicity the
herbicide butachlor on Bufo gargarizans gargariZéadpoles.
Journal of Fujian Normal University (Natural ScienEdition),
25(6): 65-70.

Lu XY, Chen HB, Han YP. 2002. Poisonous effect ofne
common pesticides on embryo and tadpole of Rana
nigromaculata. Sichuan Journal of Zoology, 21(2)38.

Peng DJ, Chen L, Chen YG, et al. 2009. Acute toxieind
combined toxicity of LAS and KMnO4 on Rana nigromiata
tadples. Journal of Hydroecology, 2(1): 36-39.

Pounds, JA. et al. 2006. Widespread amphibian &idims from
epidemic disease

driven by global warming. Nature 439, 161-167.

Stuart, S. N. et al. 2004. Status and trends ofhévign declines
and extinctions

worldwide. Science 306, 1783-1786.

Wu ZJ, Li YM. 2004. Cause and conservation straegdf
amphibian population declination. Chinese JourrfaEaology,
23(1): 140-146.

Xu SX, Li XD, Wang YZ. 2003. Study on amphibian as
bioindicator on biomonitoring water pollution. Ckse Journal
of Zoology, 25(5): 535-540.

Xue QQ, Yao D, Huang ZY, et al. 2005. Acute toxicitf
pesticide dichlorvos and herbicide butachlor to idliyla ornata
tadpoles. Sichuan Journal of Zoology, 24(2): 209-21

Yan ZJ, Zhang YX. 2009. Effects of carbonate-afkali on
growth development of Bufo gargarizan tadpoles.riau of
Anhui Agricultural Science, 37(35): 17535-17537.



Mingwang Zhang, Xinghai Jia, Zhimin Wei, Mingxian Yang
Huailiang Xu, Yongfang Yao, Qingyong Ni, Linjie Wang

[22]

(23]

[24]

Yao D. 2005. The study of toxic effects of dichlosvand [25] Zhao EM. 1991. Introduction to stages during thémonic and

butachlor on Polypedates megacephalus tadpoleteMesis. tadpole development of a type of frog. BulletinBiblogy, (1):
Fuzhou: Fujian Normal University. 13-15.

Zhang H, Yue XJ, Wang Y. 2006. Acute toxicity ofdD@um on [26] Zhou YX, Zhang ZS. 1989. Methods in toxicity tesing aquatic
toad tadpole (Bufo bufo).. Journal of Neijiang Tleers College, organisms. Beijing: China Agriculture Press, 26.

21(6): 58-60.

Zhang Q, Guo XY, Li MH, et al. 2007. Studies on theute
toxicity of dimethoate to tadpole of Rana chaochresis. Journal
of Yunnan Agricultural University, 22(5): 779-782.

87



Subscriptions and Individual Articles:

User Hard copy:
Institutional: 800 (HKDlyear)
Individual: 500 (HKDl/year)
Individual Article: 20 (HKD)

88



