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Abstract This research was designed to investigate
the acute toxic effect of cadmium chloride on fresh-
water turtle Mauremys reevesii. Mauremys reevesiis
were exposed to a wide range of cadmium chloride by
intraperitoneal injection for 7 days and the survival
numbers of the animals were noted to determine the
dose of cadmium chloride for 0% mortality rate (Dn)
and the dose of cadmium chloride for 100% mortal-
ity rate (Dm). Karber’s method was used to test the
LD;, of cadmium chloride in Mauremys reevesii. The
results showed that cadmium has acute toxic effect
on freshwater turtle Mauremys reevesii. Dm and
Dn were 500 and 20 mg-kg™' separately. The LDx,
value was 89.8 mg-kg™! for cadmium chloride, with
the 95% confidence limit of 85.2-98.5 mg-kg™!. The
results indicated that cadmium had acute toxicity on
turtle Mauremys reevesii.
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Introduction

Cadmium (Cd) is a worldwide pollutant in aquatic
systems (Helen et al. 2011; Jarup et al. 1998). Cad-
mium enters animals from breathing, food, water
(Zelikoff et al. 1995).

Due to the lack of elimination mechanisms in ani-
mals, cadmium can accumulate in the body and has a
biological half-life of 15-20 years (Joseph. 2009). So,
the toxic effects of cadmium are accumulated through
the food web (Fowler. 2009; Jarup et al. 1998; Rose
et al. 2015; Waalkes 2003). It induces morphological
deformities, physiological dysfunctions and biochem-
ical alterations (Dieter et al. 2014; Lei et al. 2011).

Cadmium is able to accumulate in the water
environment and be transported through the food
chain (Simon et al. 2000). High levels of cadmium
are found in some marine turtles (Cortés-Gomez
et al. 2014, 2017, 2021; Ehsanpour et al. 2014; Ley-
Quin"o nez et al. 2013; Macédo et al. 2015; Maffucci
et al. 2005; Rie et al. 2001; Ross et al. 2016; Storelli
et al. 2008). However, toxicological information on
cadmium contamination in freshwater turtles is lim-
ited (Dayna et al. 2016; Dong et al. 2021a, b, 2023a,
b; Huo et al. 2017a, b, 2018, 2020a, b; Noppadon
et al. 2008; Yu et al. 2011; Yu et al. 2013).

Turtles have been used for traditional medicine,
nutriment and pets in some countries in the world for
many years, (Fordhama et al. 2007; Xu et al. 2014).
From Japan to southern China, the turtle Mauremys
reevesii is usually found in some ponds, rivers and
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lakes in East Asia (Hoshi and Nakao 2008). Turtle
Mauremys reevesii is one of the most valuable aqua-
culture species in China (Du et al. 2007).

This research was designed to investigate the acute
toxic effect of cadmium on turtle Mauremys reevesii
and determined the LDs, of cadmium on the turtle
Mauremys reevesii.

Materials and methods
Materials

Cadmium chloride (CdCl,, batch number: 20150504)
was purchased from Tianjin guangfu technology
development co., LTD. Sterilized saline solution
(batch number: 31215073109) was purchased from
Shijiazhuang Pharmaceutical Group Company.

105 Mauremys reevesii with 130+10 g in weight
was purchased from Taiyuan birds and fish market.

Methods
Dn and Dm determined

The dose of cadmium chloride of 0% mortality rate
on turtle Mauremys reevesii (Dn) and the dose of cad-
mium chloride of 100% mortality rate on turtle Mau-
remys reevesii (Dm) for subsequent experiment of
LDs, were determined.

Twenty five Mauremys reevesii were randomly
divided into five groups (Ethical and collected permit
numbers (SXZYYDXLL022)). After fasting for one
day, they were injected intraperitoneally with differ-
ent concentration (500, 100, 20, 4, and 0 mg-kg_l) of
sterilized CdCl, solution. After 7 days of observation
with three times a day, the numbers of dead Maure-
mys reevesii from each group were noted. Then, the
minimum dose that could cause the death of all tur-
tle in the experimental group was considered as lethal
dose Dm. The maximum dose that did not induce any
death of the turtle in the experimental group was Dn.

LD, determined
Group interval (i, the different dose logarithm

between the two groups) was calculated from the
formula
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i = (log Dm —log Dn)/(n— 1)

where Dm=100% mortality rate, Dn=0% mortality
rate, n=the number of treatment groups.

The dosage ratio (k) was calculated from the
formula

k=10""

where i =group interval.

The Karber method (Klassen. 1991) was used
to investigate LDs, of CdCl, on turtle Maure-
mys reevesii. Regardless of gender, 80 Mauremys
reevesii were used in the study. They were divided
into eight groups, which included one control group
and seven treatment groups (Table 1). After fasting
for one day, the control group was injected intra-
peritoneally with 1 ml sterilized saline solution
and the seven treatment groups were injected intra-
peritoneally with sterilized CdCl, solution: 500,
290, 168, 97, 56, 32, and 19 mg‘kg_l. Throughout
the seven-day test cycle, the turtles were carefully
observed for changes in behavior, signs of poisoning
or death, and the incubation period for death. All
the dead turtles Mauremys reevesii were promptly
get out with plastic tweezers to avert potential meta-
morphic of the quality of the water. The turtles were
feed with fodder during the assay. After 7 days of
observation, the numbers of dead turtles Mauremys
reevesii from each group were noted.

The mortality percentages of turtles Mauremys
reevesii in each concentration of CdCl, after 7 days
of exposure were counted. The values and the confi-
dence limits (CLs, 95%) of LDs, were counted.

Table 1 Cumulative mortality of turtles Mauremys reevesii in
acute poisoning of CdCl,

Dose (mg-kg™! bw) Mortality (%)

Control 0
19 0
32 20
56 40
97 50
168 70
290 90
500 100
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The LDs, was calculated from the following
formula:

LDy, = log™! [Xm ~i(Xp- 0.5)]

where Xm=the logarithm of the Maximum dose,
i=group interval, ) p=the sum of mortality of treat-
ment groups.

The standard error (Sys,) was calculated from the
formula:

Sxso0 = i\/ Z pq/n

where i = group interval, p =the mortality rate of each
treatment group, g=the survival rate of each treat-
ment group, n=the number of the turtles in each
group.

The 95% CLs for LDs, were estimated using the
formula:

LD4((95% CL) = log™" (LDs, + 1.96 X Sxs)

Results

The acute signs effect of cadmium on freshwater
turtle Mauremys reevesii

The turtles Mauremys reevesii injected with higher
dose cadmium had some symptoms such as vomit,
diarrhea, asynergy, even death. But the turtles Mau-
remys reevesii injected with lower dose cadmium had
lighter symptoms such as anepithymia.

The Dm and Dn of cadmium on the turtle Mauremys
reevesii

The minimum dose that could cause the death of all
turtles in the experimental group (the dose of cad-
mium chloride of 100% mortality rate on turtle Mau-
remys reevesii) was considered as lethal dose Dm.
The maximum dose that did not induce any death
of the turtle in the experimental group (the dose of
cadmium chloride of 0% mortality rate on turtle Mau-
remys reevesii) was Dn. Dm and Dn were 500 and
20 mg-kg™! separately.

The LD5, of cadmium on the turtle Mauremys
reevesii

Mortality of studied turtles Mauremys reevesii
for cadmium doses 500, 290, 168, 97, 56, 32, and
19 mgkg™' were investigated within the time of
treated on 1, 2, 3,4, 5, 6, and 7 d (Table 1, Fig. 1).

Although the test period was 7 days, the main
time of turtle death was 24-72 h after the adminis-
tration of cadmium. In the turtles Mauremys reevesii
injected with CdCl,, the number of dead individuals
increased significantly within 24—72 h as the concen-
tration increased. There was a statistically significant
difference in the number of deaths within 24—72 h in
each group. All the turtles Mauremys reevesii died
100% within 24 h at a concentration of 500 mg-kg™!
for all the Mauremys reevesii, and no mortality at
19 mg-kg™! within the exposure times. Dead turtles
for 500, 290, 168, 97, 56, 32, and 19 mg~kg_l group
were 10,9, 7,5,4, 2, 0.

The calculated LDs,, the standard error (Sys)
and 95% confidence limits of CdCl, in turtles
Mauremys reevesii were 89.8 mg-kg_l, 0.0718,
85.20-98.50 mg-kg~! (Table 2).

Discussion

Dm was 500 mg-kg~! and Dn was 20 mg-kg™'. The
difference was 25 times, which indicated that the
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Fig. 1 Cumulative mortality of turtles Mauremys reevesii in
acute poisoning of CdCl,
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Table 2 The calculated parameters

parameter data

Group interval (i) 0.233

The dosage ratio (k) 0.58

The LDs, 89.8 mgkg™!

0.0718
85.20-98.50 mg-kg !

The standard error (Sysg)

95% confidence limits

tolerance range of turtles Mauremys reevesii to cad-
mium is very large.

From Table 1, it could be seen that the mortality of
the turtles increased with the increasing of the dose
of cadmium. The mortality of the turtles increased
from 20 to 40% (the mortality rate was increased by
onefold) with a 0.75-fold increasing of the dose of
cadmium. The mortality of the turtles increased from
40 to 50% (the mortality rate was increased by 0.25-
fold) with a 0.73-fold increasing of the dose of cad-
mium. The mortality of the turtles increased from 50
to 70% (the mortality rate was increased by 0.40-fold)
with a 0.73-fold increasing of the dose of cadmium.
The mortality of the turtles increased from 70 to 90%
(the mortality rate was increased by 0.28-fold) with
a 0.73-fold increasing of the dose of cadmium. The
mortality of the turtles increased from 90 to 100%
(the mortality rate was increased by 0.11-fold) with
a 0.72-fold increasing of the dose of cadmium. This
indicated that the mortality of the turtles changed
greatly when the magnitude of the increasing of the
dose changed very little. The mortality of the turtles
increased most significantly when the dose of cad-
mium increased from 32 mgkg™' bw to 56 mg-kg™!
bw. In addition, although the amplitude of dose
increased little, the increase of the mortality of the
turtles became smaller with the increase of the dose
of cadmium.

Cadmium had evident acute toxicity on turtle
Mauremys reevesii, which was similar with its poi-
sonousness to other animals (Fowler 2009; Lei et al.
2011). Cadmium have an acute toxicity of 88 mg-kg™!
(oral LDy, rat, Lehman 1951) and 72.4 mgkg ™'
(oral LDs(, mice, Li 1997). Cadmium have an acute
toxicity of 4.8 mg-kg™! (subcutaneous injection LDs,
mice, Feng 1981). But cadmium have an acute tox-
icity of 18.37 mgkg™' (intraperitoneal LDs,, rat,
Lu 2010) and 4.14 mgkg™' (intraperitoneal LDy,
mice, Li 2003) (Table 3). These results showed that
the acute toxicity of cadmium on different animal
in diverse administration was various. The value of
LDs, per g of body weight was 0.106 for mice (calcu-
lated as 20g body weight), 0.092 for rats (calculated
as 200g body weight) and 0.691 for turtle Mauremys
reevesii (calculated as 130g body weight), indicating
that the tolerance of turtle Mauremys reevesii to cad-
mium was significantly higher than that of mice and
rats (Table 3). From Table 3 and Fig. 2, we could see
that turtle Mauremys reevesii had more tolerance to
cadmium than other animals such as mice and rats.

Macroscopically and microscopic changes of
cadmium on turtle Mauremys reevesii can be seen
in the major organs such as liver (Huo et al. 2017a,
2017b). In the 7.5 mg/kg cadmium treatment group,
the livers have lost luster and become light. The sur-
face of the liver has hemorrhagic spots. The liver is
slight congestion. However, the cells of the liver are
arranged closely and the outline of liver cells and
nucleus are clear. Hepatic cords and hepatic sinu-
soids are clearly visible. The nucleus of cell is round
with complete nuclear membrane and a homogene-
ous pattern of chromatin disperse throughout the
nucleus. The cytoplasm is rich in lipid drops. Most
mitochondria exhibit volume expansion and uneven
reduction of the metrical density. Apparent disten-
sion, twisting and fracture of rough endoplasmic

Table 3 LDy of different

. Animals Administration route LDs, (mg-kg™") 95% confidence

animals limits (mg-kg™")
Mice Intraperitoneal injection 2.12 1.71-2.67
Rat Intraperitoneal injection 18.37 16.56-20.38
Turtle Intraperitoneal injection 89.8 85.20-98.50
Mice Subcutaneous injection 4.8 3.47-4.79
Mice Oral 72.4 48.30-108.70
Rat Oral 88
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reticulum (RER) are observed. Incomplete micro-
villi and kupffer cell are also observed (Huo et al.
2017a). In the 15 mg/kg cadmium stress group,
liver surface has lesion plaques. Livers are swollen
and margins are obtuse. Liver tissue become seri-
ous congestion and light dye in partial region. Some
cells are swollen and show degeneration as well
as necrosis. The outline of liver cells and nucleus
are not clear. The nuclear envelope is dispersed or
outright missing accompanied by chromatin con-
densation and marginalization. Chromatin is con-
densed into large clumps under the periphery of the
nucleus.The cytoplasm are rich in lipid drops. Most
mitochondria exhibit volume expansion, swollen
matrix, membrane disintegration. Distension, twist-
ing and fracture of RER are also observed. Liver
cells show deformation and microvilli irregularity.
The number of organelles decrease and fat accumu-
late (Huo et al. 2017a). In the 30 mg/kg cadmium
stress group, livers are also swollen and margins
are obtuse. The color of the livers turn to yellow-
ish. Hydropic degeneration occurs, and the bound-
aries of the liver cells are fuzzy or disappeared.
Chromatin distributes along the nuclear membrane
side. Arrangements of hepatic cords and hepatic
sinusoids are not neat. Chromatin is condensed into
large clumps under the periphery of the nucleus and
the structure of the nuclear envelope is dispersed or
outright missing accompanied by chromatin con-
densation and marginalization. The cytoplasm is
rich in lipid drops. Many damages of mitochondrial

appear. Most mitochondria exhibit volume expan-
sion, swollen matrix, membrane disintegration, and
uneven reduction of the metrical density. Mitochon-
drial disassembly is observed. In a subset of mito-
chondria with ruptured membranes, some of the
cristae disappear and double-membrane-bounded
vesicles are noted. Apparent distension, twisting
and fracture of RER are observed, and a large num-
ber of ribosomes are detached from the surface of
the RER. Liver cells show deformation and micro-
villi deletion. Autolysosomes and large granular
lymphocyte significantly increase in liver cells (Huo
et al. 2017a).

Conclusions

Our results showed that cadmium caused acute
toxicity on turtle Mauremys reevesii. The value of
LDs, was 89.8 mg-kg™! for CdCl, on turtle Mau-
remys reevesii, with the 95% confidence limit of
85.2-98.5 mg-kg~!. So the mechanisms of cadmium
on turtle Mauremys reevesii should be studied later.

Acknowledgements This study was funded by Natu-
ral Science Foundation of Shanxi Province (grant number
202203021221200), Science and Technology Innovation Abil-
ity Cultivation Plan of "Taihang Materia Medica" special basic
and applied research of Shanxi University of Chinese Medi-
cine (grant number 2022PY-TH-53, 2022PY-TH-54), Scien-
tific Research Fund for the Doctoral Young Scholars, SXTCM
(grant number 2023BK44).

Authors contribution Aiguo Dong and Junfeng Huo
designed the study, performed the research, analyzed data, and
wrote the paper. Huidong Dong, Tianmiao Zhang, Xuejie Jing
and Hui He was a major contributor in writing the manuscript.

All authors read and approved the final manuscript.

Funding Natural Science  Foundation of  Shanxi

Province,202203021221200,Aiguo Dong
Data availability Not applicable.
Declarations

Conflict of interest The authors declare that they have no
competing interests.

Ethical approval This study was approved by Shanxi Univer-
sity of Chinese Medicine (permit number: SXZYYDXLL022).

Consent for publish Not applicable.

@ Springer



Aquat Ecol

References

Cortés-Gomez AA, Fuentes-Mascorro G, Romero D (2014)
Metals and metalloids in whole blood and tissues of
olive ridley turtles (Lepidochelys olivacea) from La
Escobilla Beach (Oaxaca, Mexico). Mar Pollut Bull
89:367-375

Cortés-Gomez AA, Girondot M, Romero D (2017) The current
situation of inorganic elements in marine turtles: a general
review and meta-analysis. Environ Pollut 229:567-585

Cortés-Gomez AA, Romero D, Santos J, Rivera-Hernandez
JR, Girondot M (2021) Inorganic elements in live vs
dead nesting olive ridley marine turtles in the Mexican
Pacific: Introducing a new statistical methodology in
ecotoxicology. Sci Total Environ 761:143249

Dieter IMDC, Jana A, Stephen G, Colin RJ, John KC, Joseph
RS, Karel ACDS (2014) Genome-wide transcription pro-
files reveal genotype-dependent responses of biological
pathways and genefamilies in Daphnia exposed to single
and mixed stressors. Environ Sci Technol 48:3513-3522

Dong AG, Huo JF, Yan JJ, Dong AL (2021a) Oxidative stress
in liver of turtle Mauremys reevesii caused by cadmium.
Environ Sci Pollut R 28:6405-6410

Dong AG, Huo JF, Yan JJ, Dong AL, Liu BW (2021b) Lipid
peroxidation of kidney of the turtle Mauremys reevesii
caused by cadmium. Environ Sci Pollut R 28:6811-6817

Dong AG, Dong HD, He H, Dong AL, Yan JJ, Huo JF
(2023a) Effects of cadmium on kidney function of the
freshwater turtles Mauremys reevesii. Biol Trace Elem
Res 201:3000-3005

Dong AG, He H, Zhang TM, Jing XJ, Ma YY, Wang YL,
Dong HD, Liu W, Fan KF, Huo JF (2023b) Effects of
cadmium on liver function in turtle Mauremys reevesii.
Environ Sci Pollut R 30:123827-123831

Du WG, Hu LJ, Lu JL, Zhu LJ (2007) Effects of incubation
temperature on embryonic development rate, sex ratio and
post-hatching growth in the Chinese three-keeled pond
turtle, Chinemys reevesii Gray. Aquaculture 272:747-753

Ehsanpour M, Afkhami M, Khoshnood R, Reich KJ (2014)
Determination and Maternal Transfer of Heavy Met-
als (Cd, Cu, Zn, Pb and Hg) in the Hawksbill Sea Tur-
tle (Eretmochelys imbricata) from a Nesting Colony
of Qeshm Island. Iran Bull Environ Contam Toxicol
92:667-673

Feng ZL, Guo MC, Lin YP, Liu J (1981) Toxicity of cad-
mium: determination of LD50 and pathological morpho-
logical changes. J China Med Univ 10(6):23-25

Fordhama DF, Georges A, Corey B (2007) Optimal conditions
for egg storage, incubation and post-hatching growth for
the freshwater turtle, Chelodina rugosa: science in support
of an indigenous enterprise. Aquaculture 270:105-114

Fowler BA (2009) Monitoring of human populations for
early markers of cadmium toxicity: a review. Toxicol
Appl Pharmacol 238:294-300

Helen CP, Nadine ST, Joshua H, Kimberly C, Sarah C, Can-
dace C, Leona S, Alexandre VL, Chris V, Mark RV
(2011) Metabolomics of microliter hemolymph samples
enables an improved understanding of the combined
metabolic and transcriptional responses of Daphnia
magna to cadmium. Environ Sci Technol 45:3710-3717

@ Springer

Hoshi H, Nakao A (2008) Molecular Cloning of Full-Length
Dmrtl ¢cDNA of Reeves Turtle (Chinemys reevesii
Gray). J Vet Med Sci 70(7):687-692

Huo JF, Dong AG, Wang YH, Lee SQ, Ma CG, Wang L
(2017a) Cadmium induces histopathological injuries
and ultrastructural changes in the liver of freshwater tur-
tle (Chinemys reevesii). Chemosphere 186:459-465

Huo JF, Dong AG, Yan JJ, Wang L, Ma CG, Lee SQ (2017b)
Cadmium toxicokinetics in the freshwater turtle, Chine-
mys reevesii. Chemosphere 182:392-398

Huo JF, Dong AG, Niu XJ, Dong AL, Lee SQ, Ma CG, Wang
L (2018) Effects of cadmium on oxidative stress activi-
ties in plasma of freshwater turtle Chinemys reevesii.
Environ Sci Pollut R 25:8027-8034

Huo JF, Dong AG, Yan JJ, Dong AL (2020a) Effects of cad-
mium on the activities of ALT and AST as well as the
content of TP in plasma of freshwater turtle Mauremys
reevesii. Environ Sci Pollut Res 27:18025-18028

Huo JF, Dong AG, Yan JJ, Dong AL (2020b) Effects of cad-
mium on the gene transcription of the liver in the fresh-
water turtle (Chinemys reevesii). Environ Sci Pollut Res
27:8431-8438

Jarup L, Berglund M, Elinder CG, Nordberg G, Vahter M
(1998) Health effects of cadmium exposure-a review of
the literature and a risk estimate. Scand J Work Environ
Health 24:1-51

Joseph P (2009) Mechanisms of cadmium carcinogenesis.
Toxicol Appl Pharmacol 238:272-279

Klassen C (1991) Principles of toxicology. In: Gilman AG,
Tall TW, Nies AS, Taylor P (eds) Pharmacological basis
of therapeutics. McGraw-Hill, New York, pp 49-61

Lehman AJ (1951) Chemicals in foods: a report to the Asso-
ciation of Food and drug Officials on current develop-
ments. Part II. Pesticides. Section I. Introduction. Q Bull
Assoc Food Drug off U.s. 15(4):122-123

Lei W, Wang L, Liu D, Xu T, Luo J (2011) Histopathologi-
cal and biochemical alternations of the heart induced by
acute cadmium exposure in the freshwater crab Sinop-
otamon yangtsekiense. Chemosphere 84:689-694

Ley-Quifionez CP, Zavala-Norzagaray AA, Réndon-Mal-
donado JG, Espinosa-Carreén TL, Canizales-Roman
A, Escobedo-Urias DC, Leal-Acosta ML, Hart CE,
Aguirre AA (2013) Selected Heavy Metals and Sele-
nium in the Blood of Black Sea Turtle (Chelonia mydas
agasiizzi) from Sonora, Mexico. Bull Environ Con-
tam Toxicol 91(6):645-651. https://doi.org/10.1007/
s00128-013-1114-4

Li ZY (2003) Effects of different stress factors on metallothio-
nein synthesis in mouse liver. Dissertation for Master.
Hunan Agricultural University, Changsha

Li JX, Wang XM, Gao YM, Gao JS (1997) Toxicity of cad-
mium chloride: determination of LD50 and patho-
logical morphological changes. J Handan Med Coll
10(2):115-117

Lu Q, Lei YX, He CHC (2010) Acute toxicity experiment of
Sprague-Dawley rats exposed i.p. to cadmium chloride.
China Trop Med 10(7):796-797

Macédo GRd, Tarantino TB, Barbosa IS, Pires TT, Rostan G,
Goldberg DW, Pinto LFB, Korn MGA, Franke CR (2015)
Trace elements distribution in hawksbill turtle (Eret-
mochelys imbricata) and green turtle (Chelonia mydas)


https://doi.org/10.1007/s00128-013-1114-4
https://doi.org/10.1007/s00128-013-1114-4

Aquat Ecol

tissues on the northern coast of Bahia, Brazil. Mar Pollut
Bull 94:284-289

Maffucci F, Caurant F, Bustamante P, Bentivegna F (2005)
Trace element (Cd, Cu, Hg, Se, Zn) accumulation and
tissue distribution in loggerhead turtles (Caretta caretta)
from the Western Mediterranean Sea (southern Italy).
Chemosphere 58:535-542

Noppadon K, Ian PC (2008) Effect of cadmium on gonadal
development in freshwater turtle (Trachemys scripta,
Chrysemys picta) embryos. J Environ Sci Heal A
43:262-271

Rie MT, Lendas KA, Callard IP (2001) Cadmium: tissue distri-
bution and binding protein induction in the painted turtle,
Chrysemys picta. Comp Biochem Phys C 130:41-51

Rose M, Fernandes A, Mortimer D, Baskaran C (2015) Con-
tamination of fish in UK fresh water systems: risk assess-
ment for human consumption. Chemosphere 122:183-189

Ross DA, Guzma'n HM, Hinsberg VJV, Potvin C (2016) Metal
contents of marine turtle eggs (Chelonia mydas; Lepido-
chelys olivacea) from the tropical eastern pacific and the
implications for human health. J Environ Sci Health B
51(10):675-687

Simon O, Ribeyre F, Boudou A (2000) Comparative experi-
mental study of cadmium and methylmercury trophic
transfers between the asiatic clam Corbicula fluminea and
the crayfish Astacus astacus. Arch Environ Contam Toxi-
col 38:317-326

Smith DL, Cooper MJ, Kosiara JM, Lamberti GA (2016) Body
burdens of heavy metals in Lake Michigan wetland tur-
tles. Environ Monit Assess 188:128

Storelli MM, Barone G, Storelli A, Marcotrigiano GO (2008)
Total and subcellular distribution of trace elements (Cd,

Cu and Zn) in the liver and kidney of green turtles (Che-
lonia mydas) from the Mediterranean Sea. Chemosphere
70:908-913

Waalkes MP (2003) Cadmium carcinogenesis. Mutat Res
533:107-120

Xu C, Xu W, Lu HL (2014) Compensatory growth responses
to food restriction in the Chinese three-keeled pond turtle,
Chinemys reevesii. Springerplus 3:687

Yu S, Halbrook RS, Sparling DW, Colombo R (2011) Metal
accumulation and evaluation of effects in a freshwater tur-
tle. Ecotoxicology 20:1801-1812

Yu S, Halbrook RS, Sparling DW (2013) Correlation between
heavy metals and turtle abundance in ponds near the Pad-
ucah gaseous diffusion plant, Kentucky, USA. Arch Envi-
ron Contam Toxicol 65:555-566

Zelikoff JT, Bowser D, Squibb KS, Frenkel K (1995) Immuno-
toxicity of low level cadmium exposure in fish: an alter-
native animal model for immunotoxicological studies. J
Toxicol Environ Health 45:235-248

Publisher’s Note Springer Nature remains neutral with regard
to jurisdictional claims in published maps and institutional
affiliations.

Springer Nature or its licensor (e.g. a society or other partner)
holds exclusive rights to this article under a publishing
agreement with the author(s) or other rightsholder(s); author
self-archiving of the accepted manuscript version of this article
is solely governed by the terms of such publishing agreement
and applicable law.

@ Springer



	The acute toxicity of cadmium on turtle Mauremys reevesii
	Abstract 
	Introduction
	Materials and methods
	Materials
	Methods
	Dn and Dm determined
	LD50 determined


	Results
	The acute signs effect of cadmium on freshwater turtle Mauremys reevesii
	The Dm and Dn of cadmium on the turtle Mauremys reevesii
	The LD50 of cadmium on the turtle Mauremys reevesii

	Discussion
	Conclusions
	Acknowledgements 
	References


