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Abstract

Introduction: Chemical pollution of water has been introduced as one of the main threats to biological communities.
Amphibians have a close relationship with aquatic environments due to their biphasic life cycle, permeable skin and aquatic
larvae. In the present study, the effect of environmental pollutants in some amphibian habitats around Arak and Shazand
cities was investigated on egg hatching and survival of green toad larvae Bufotes sitibundus.

Methods: Egg samples of green toad B. sitibundus were collected and to observe and investigate the effect of physical and
chemical water pollution on these eggs, water samples were also taken from three site as a treatment and a control sample
was collected. Physicochemical parameters including PH, TDS, Salt, EC, DO, BOD, COD and elemental analysis using
ICP device in water samples and the number of six biological traits such as growth index, physical condition, incubation
period of embryo-larval stages, malformation, survival and mortality percentages were investigated in larval samples.

Results: The results of the present study showed a significant decrease in survival in all containers containing contaminated
water, a decrease in growth in some containers and an increase in growth in one of the treatment containers compared to
the control sample, as well as the occurrence of abnormalities in the larval period in treatment containers.

Conclusion: According to the previous researches and the significant results of the current research, the decrease in the
survival percentage, the increase in the occurrence of abnormalities, and the difference in the growth percentage in the
breeding containers can be attributed to the chemical pollution of the water (COD), presence of heavy metals, and water
salinity.

Keywords: Abnormality, Amphibian Extinction, Bufotes sitibundus, Green Toad Larvae, Growth Index, Water Chemical
Pollution
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Table 1- Study areas

Number of

Pollution Definition Symbol Site
water samples

unpolluted spring (control) spring water Control 1 Anbarte village
Contaminated well in the vicinity =~ Mubarak Abad well water 1~ M1 2 Mubarak Abad village
of sodium sulfate factory Mubarak Abad well water2 M2
Contaminated well in the vicinity
of petrochemical companies and  well water K 5
refineries

Sewage water WK 100 Kazaz village
Nistan wetland with village Sewage 50% WK50
sewage Sewage 75% WK75

seasonal water C
dcg.tgtzr:r:??;ec?o\;\;e” near the well water 2; 2 Sarsakhti village
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Table 2- Growth indices measured in the larval samples of the green toad Bufutes sitibundus
Definition Symbol
(Length of biggest larva) LBL
(Length at the beginning of metamorphosis) LBM
(Weight at the beginning of metamorphosis) WBM

(length at the end of metamorphosis) LEM
(Weight at the end of metamorphosis) WEM
Physical condition (222uL=vent lengthy SvL

weight W
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Figure 1- Changes of a) environmental temperature, b) humidity and c) water temperature during the incubation period
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Table 3- Dendrogram of water physicochemical indicators

Variable M1 M2 K S1&S2 KW50% C Control
PH 7.10 7.20 7.40 7.40 7.20 7.66 7.90
TDS 2980.00 1592.00 789.00 386.00 581.00 546.00 211.00
salt 2.40 1.20 0.50 0.20 0.40 0.30 0.10

EC 4520.00 2410.00 1204.00 587.00 878.00 824.00 321.00
DO 7.10 6.39 6.91 6.65 0.74 * 7.80
BOD 0.63 0.38 0.39 2.00 11.91 * 3.00

CoD 151.00  148.00  152.00  156.00 194.00 * 6.00
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Table 4- Results of elemental analysis of water samples using ICP device. Numbers are in milligrams per liter.

component control K WK50% S1&S2 M1l M2 C

Ca 78.64 73.65 73.1 70.36 71.27 725 75.21
Mn 0.075 0.0805 0.074 0.0732 0.0806 0.0793 0.0702
Mg 20.63 24.25 25.6 27.56 26.58 27.59 25.15
Cu 0.0002  0.00065 0.00097  0.00056  0.00054  0.0005 0.00096
Fe 0.09 0.135 0.11 0.123 0.1236 0.1159 0.1003
Zn 0.0053  0.00148  0.0069 0.00764  0.00125 0.00365  0.0068
Co 0.00036 0.00089  0.00025  0.00085  0.000269 0.000657 0.000254
Ba 0.00065 0.000682 0.00063  0.00058  0.00064  0.00062  0.00062
Sr 1.69 1.87 1.33 1.35 1.89 1.256 1.25

Al 0.125 0.1168 0.11 0.1145 0.1198 0.11247  0.1178
Cd 0.00058 0.000569 0.000556 0.00045  0.00045  0.000546 0.00052
Pb 0.036 0.03369  0.038 0.0354 0.0361 0.0324 0.0382
Cr 0.00065 0.000681 0.00061  0.00069  0.00065  0.000639 0.000682
Ni 0.00023 0.000187 0.00013  0.000156 0.000159 0.000187 0.000126
Na 50.36 52.369 52.2 52.98 51.968 52.78 54.36
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Figure 3- (a and b) Descriptive diagram of correlation between the elements present in the collected water samples.
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Figure 4- Dendrogram obtained from the classification of treated and control water samples, in terms of the correlation
of the elements obtained from the ICP-OES results
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Figure 5- Comparative curves of percentage of survival of green toad Bufotes sitibundus in different culture containers
from different water samples compared to the control group using the Kaplan-Meier test
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Mortality percentage in different life stages
(from egg to metamorphosis)
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Figure 6- Mortality rate of green toad (B.sitibundus) in different growth stages. N1: the amount of dead before hatching,
N2: the amount of dead between hatching and metamorphosis, N3: the amount of dead from the beginning of

metamorphosis to the observation of the hand, N4: the amount of dead from the observation of the hand to the
absorption of the tail, N5: complete metamorphosis
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Table 5- The results of the multivariate variance MANOVA test
Comparison type  Number of groups  Degrees of freedom (Ds)  p-value Eta2
Group 10 9 P <0.0001 0.91
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Table 4- The results of the univariate ANOVA variance estimation test to check the weight at the end of the

transformation of the physical condition (SVL/W), Df: degree of freedom, P value: significance
Ds F value P value




o £39 B9V 2 plioss w03 YT 136 / O1)Sod 9 9IS pussy

Group 4 47.43 P <0.001

31 e BSItIDUNAUS 5o €59 sladigas ;o ()59 4 Camd o Jsb i 02 3YL) (So5ed Comdy b o YL (b oo
‘k}"‘)” 09315 T )‘0)9.‘5-).3 )‘JLLM g.;jl.a.: }‘ K 9 J).HS dj).'o O 9990 6[&4.;943 A S aS ol sdwlin M1 3 ‘5......3..);.)
S Lme (29,5 50 2lesd 4 g aiols (JLiS Gl ay o (g lobine jolar 1) (S 508 Loy (e (e K B30 (sladigaes

(Y JSCo) s §

Sy g (w3553 ¢(59,¥ 0,93 Jgb
SIS Gloj 0S5 gy AD) JyS Bk 1o S5 S (e (r s (shogs Slo)loges a2 4z g3 b S0s (S5m

o 59, Ve 51 eS 50 b diges g 0l 1,SS Ioasme g ol Caway dme I linedsl g ST (6 138l 5 o eols jLas ST o
(N JS) ol b

== |

="

-
o

SVL /W (mmigr)
&

=

Control c K M1 M2 s2 WKS0
Group

J5S 09,5 5 009l (5o T L o jlows B. SIIDUNGUS cloaigns 53 (o) o 53 31 oy (54 309 Coprudy dumgliio -V JSC

Figure 7- Comparison of physical condition after metamorphosis (SVL/W) in samples of Bufotes sitibundus treated with
polluted water and control group
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Figure 8- Length of larval period, metamorphosis and incubation. The rhombus shapes indicate the time of onset of
metamorphosis as well as the completion of the larval period (when the first specimen from each container has begun

metamorphosis). Circles indicate the end of population metamorphosis (when the last sample from each container has
metamorphosed)
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Table 7- The number of abnormalities observed in each container

Breeding containers  Twisted intestine Edema short tail Bowel protrusion from the lower part Diagonal and curved tail

control 5 0 0 0 0

WK50 63 40 6 30 45
K 30 10 0 20 20
C 33 20 3 9 3

M1 41 76 0 32 35
M2 48 86 0 38 31
S 10 26 1 6 18
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