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Abstract

Thallium is a metal with a high rate of accumulation in the environment and at the same time there is a

very large dispersion of it. Heavy metal studies and its bioaccumulation and concentration in organisms and

health implications are still not well known. The aim of this study was to demonstrate the importance of this

element as an intoxicant of living organisms, especially on laying hens. Four groups of ISA Brown hens were

used in this study. Experimental groups received feed containing thallium as thallium sulfate (T1,SO,).

Concentrations and metal accumulation in the animals were determined periodically, analyzing the eggs and

animal blood. After the experiment, concentrations of thallium in the tissues was determined post-mortem. The

studies showed a proportional accumulation of thallium in the body of the animals in relation to exposure time,

and doses with the highest concentrations in the bones, kidneys, muscles, liver, and blood.
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Introduction

Thallium (TI) is a metal in the boron group (I1IA) of the
periodic table. It is a commonly found element in the nat-
ural environment, but in a highly dispersed form. The mean
content of thallium in the earth crust is in the range of 0.1-
1.7 mg/kg. This chemical element coexists with sulfur ores
of heavy metals as zinc, copper, iron or lead [1-5]. Other
thallium minerals such as crookesite (T1, Cu, Ag),Se, loran-
dite TIAsS,, and hutchinsonite (Tl, Ag),Pb(AsS,), (with
thallium content of over 60%) are very rare in nature [6-8].
Thallium was scored to the group of trace elements with the
highest accumulation factor in the environment, in addition
to elements such as mercury, cadmium, lead, zinc, and
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chromium. Increased levels of this element in the natural
environment are mainly correlated with anthropogenic
sources [9-11] and the estimated half-life in humans is up to
3 days [31]. According to American Conference of
Governmental Industrial Hygienists (ACGIH) and
Occupational Safety and Health Administration (OSHA)
estimations, permissible concentrations of thallium in con-
fined spaces may oscillate up to 0.1 mg/m® [8, 12, 13].
Typically, metal toxicity varies among species, metals, and
physico-chemical conditions [19].

In the farm animal species, the heavy metal studies and
its bioaccumulation and concentration in the organisms and
health implications are still not well known. Moreover,
there are limited materials in this field in scientific sources.
Therefore, the aim of this study was to determine the influ-
ence of chronic thallium intoxication (in experimental con-
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ditions) of laying hens to an accumulation of this element
in the tissues, organs, and eggs, as well as the chosen
haematological and biochemical blood parameters in hens
during chronic thallium poisoning.

Materials and Methods

Studies on the effect of different doses of thallium in the
body of ISA Brown laying hens was carried out in a vivar-
ium of the Department of Environmental Hygiene and
Animal Welfare at Wroctaw University of Environmental
and Life Sciences. All the experimental procedures were
reviewed and accepted by the 2™ Local Ethics Committee
(Wroctaw, Poland). The age of the laying hens at the start
of the experiment was 52 weeks, after two weeks of adap-
tation to the caging system. A total of 64 animals were used
in this study. The laying hens were divided into 4 groups of
16 animals. The first group, the control (I), was fed by a
standard feed, the second group (II) was fed with the addi-
tion of 2.6 mg Tl/kg, the third group (III) with the addition
of 8 mg Tl/kg, and fodder in the fourth group (IV) con-
tained the addition of 16 mg Tl/kg. Mentioned thallium
concentrations in groups II, III and IV corresponded to a
daily intake dose of thallium -0.14, 0.38, and 0.74
mg/kg/day, respectively. The content of thallium in fodder
with daily intake was presented in Table 1. The experiment
was carried out over 8 weeks. The birds were kept in the
battery system, two laying hens per cage. The environmen-
tal conditions (temperature, lighting, ventilation) in the
experimental room met the requirements for laying hens.
Hens were fed with a standard feed for laying hens (DJ).
The feed for the experimental groups (11, I1I, IV) contained
the thallium as thallium sulfate (T1,SO,). During each
experiment the eggs as well as the blood samples were col-
lected for testing at days 1, 14, 28, 42, and 56 of the exper-
iment. At day 56 of the experiment the birds were slaugh-
tered and the samples were taken from the following tissues
and organs: liver (right lobe of liver — lobus dexter hepatis),
kidney (renes), breast muscle (musculus pectoralis major),
thigh muscles (biceps femoris — musculus biceps femoris),
and thigh bone (femur stem — diapysis os femori). Blood
samples were collected in tubes containing EDTA
(Arabinda) from the basilic vein (vena basilica). The exper-
iments were performed with the quantitative analysis of
thallium in the blood, its content in the eggs, liver, kidney,
breast muscle, thigh muscle, and femur, and markings and
haematological, and biochemical parameters: the number
of red blood cells, white blood cells, haemoglobin, and
haematocrit, as well as the activity of the glutamic
oxoloacetic transaminase (GOT) and the glutamic pyruvic
transferase (GPT), creatinine, glucose, and electrolytes
(Na', K', CI"). Sample mineralization used to determine the
thallium levels was performed by spectrally pure nitric acid
in a high-pressure CEM microwave labstation oven (USA).
The thallium notation levels were determined by plasma
spectrometry ICP-MS (Varian Ultramass 700) [14]. To cal-
culate the number of erythrocytes and leukocytes the
Thoma-Zeiss chamber was used [15]. The activity of the

glutamic oxoloacetic transaminase (GOT) and the glutamic
pyruvic transferase (GPT) enzymes were determined by
kinetic methods using Cormay reagents [16]. Creatinine
levels were determined by photocolorometric method [16].
Determination of the haemoglobin was made by cyanid-
methaemoglobine methode [17]. A spectrophotometric
camera (UV-VIS Semco S.A.) was also used.
Determination of hematocrit was performed using a cen-
trifuge hematocrit [15]. The content of Na‘, K', and CI in
the serum was determined using ion-selective electrodes
(ISE) in the Ciba-Corning 865 apparatus. The mean values
were calculated (x) as well as the standard deviation (SD),
significant differences between the control and experimen-
tal groups and the significant differences between experi-
mental groups. Statistically significant differences (p <
0.05) and highly significant differences (p <0.01) were per-
formed with the analysis of variance and the results were
verified by Duncan's test. Moreover, the value of the corre-
lation coefficient (r) between the thallium content in the
feed and the concentration of this element in tissues and hen
organs was calculated, similarly to the concentrations of
thallium in various tissues and hen organs. Statistical analy-
sis was performed using STATGRAPHICS ver. 5.0 and
Microsoft Excel 2007.

Results
The Thallium Content in Blood

The analysis of thallium concentration in the blood at
various stages of the presented study showed an increase
trend in the content in all experimental groups (Group II-
IV). The mean content of thallium in the hens blood in the
control group (I) was 0.34 mg/l. In experimental groups II,
111, and 1V, intoxicated with increasing doses of thallium,
the mean content of this element in the blood reached
59.66, 157.66, and 248.87 mg/l, respectively. The largest
increase of thallium concentration in the blood, in all exper-
imental groups, was during the first period of the study
(days: 1-14). In these groups, after day 15 of the experi-
ment, the thallium content in the blood continued the
increase trend, but not so sharply. On the last day of the
experiment in group IV (with the highest intoxication
dose), the thallium concentration was 287.87 mg/l, which
was nearly 800 times higher than before intoxication. The
thallium content in the blood, in each experimental group
(II-1V), significantly increased (p < 0.01) together with
increasing doses of thallium in the feed. The value of the
correlation coefficient (r) between the thallium content in
the feed and in the blood was very high and amounted up to
0.9116 (p < 0.01). The content of thallium in hens blood as
well as in tissues and eggs was presented in Table 2.

The Content of Thallium in Tissues
The mean content of thallium in the breast muscles in

laying hens in the control group (I) was 0.013 mg/kg. The
level of thallium in breast muscles increased in each
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Table 1. The content of thallium in fodder with daily intake.

Group Thalllium content Mean daily intake Daily thallium @se Total tha.llium consumption duﬁng the
in fodder [g/capita] [mg/kg body weight] experiment [mg/kg body weight]
[mg/kg]
I - 119.7 - -
11 2.6 116.3 0.1374 7.7
I 8 105.7 0.3834 21.52
v 16 101.1 0.7353 41.18

experimental group (II, III, and IV), together with an
increased content of this element in the feed. The highest
content of thallium in the breast muscle was observed in
group IV (p < 0.01): it was 2.70 mg/kg, more than 200
times higher than the concentration of thallium control
group. Similar results were observed in the thigh muscles.
The content of thallium in thigh muscle in group I was
0.011 mg/kg, but in the experimental groups the value
increased with increasing doses of thallium in the feed. The
highest concentration of thallium in the thigh muscle was
also observed in group IV, which was intoxicated with the
highest dose of this element (p < 0.01): it was 2.954 mg/kg,
which was nearly 270 times higher than in the control
group. The value of the correlation coefficient (r) between
the dose of thallium in the feed and the content of the ele-
ment in the muscle was high and for the breast muscles was
0.9887 and 0.9875 for the thigh muscles (p < 0.01). The
organ accumulating the smallest amounts of thallium was
the liver. The contents of this element in the liver in the con-
trol group were similar to other organs, and was 0.014
mg/kg. The content of thallium in the experimental groups
in the liver increased with increasing doses of thallium in
feed, which was the reason that its peak in group IV was
1.452 mg/kg.

The value of the correlation coefficient (r) between the
thallium concentrations in the feed and the content of the
liver was 0.9975 (p < 0.01). The content of thallium in the
kidneys as well as in other tissues increased in all of the
experimental groups with increasing doses of thallium in
the feed. The range of this content was 0.018 mg/kg in the
control group (I), up to 7.432 mg/kg in group IV. The level
of thallium in the kidneys in each group was lower only
when it was compared with the thallium level in the bones.
The level of thallium in the bones was growing in all exper-
imental groups (II-IV) compared to the control (p < 0.01).
This content was 0.022 mg/kg and was more than 430 times
lower than the content of group IV (9.496 mg/kg). The
value of the correlation coefficient (r) between the thallium
content in the feed and the content in the kidneys and bones
was high at the level of 0.9826 and 0.9969, respectively (p
<0.01). In conclusion, the thallium concentration was sig-
nificantly higher in the group intoxicated with higher doses
of thallium. Among the examined organs and tissues the
highest concentrations of thallium in all groups were found
in the bones, and then in the kidneys, muscle and the low-

est values in the livers. The value of this ratio was very
high, with a range 0.8437 up to 0.9981 (p <0.01). The low-
est value of the correlation coefficient was observed
between the thallium content in the blood and the concen-
tration in the thigh muscle, and the highest between the con-
tent of this element in the femur and in the liver.

The Content of Thallium in Eggs

The thallium level in the hen control group, in the entire
experiment, ranged from 0.010 up to 0.026 mg/kg. In exper-
imental groups with thallium intoxication (II, IIT and IV) an
increase content of this element in eggs was observed. The
content of thallium in the eggs in II group increased from
0.12 mg/kg at the first day to 0.543 mg/kg on the final, 56"
day of the experiment. In group III, the thallium content
increased from 0.019 to 1.699 mg/kg during the experimen-
tal procedure. The highest concentrations of thallium in eggs
were observed in group IV, where the level of this element
increased from 0.015 mg/kg (first day of intoxication) up to
3.287 mg/kg on the 56™ day of the experiment. During the
experiment the contents of thallium in eggs were higher in
the groups receiving fodder with a higher content of this ele-
ment. The differences in the concentration of thallium in
eggs between groups in different experimental periods were
statistically highly significant (p < 0.01). The changes in the
content of thallium in eggs, depending on the time and the
thallium concentration in the feed, were shaped like thallium
content in the blood. The value of the correlation coefficient
(r) between the thallium content in the feed and the contents
of the eggs was 0.9931 (p <0.01).

Haematological Parameters

The mean number of erythrocytes in the blood in the
control group was 2.55 mln/l, and in the experimental
groups ranged from 2.48-2.60 min/l. The differences
between the groups were not statistically significant. The
level of hemoglobin in the control group was 7.77 mmol/I,
while the values in groups II, III, and IV were slightly high-
er — group II: 8.01 mmol/l; group III: 8.07 mmol/l; group
IV: 8.34 mmol/l. However, the differences in the hemoglo-
bin values between the groups were not statistically signif-
icant. The mean number of leukocytes in the control group
was 31.18 thousand/l. In group II, the mean number of
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Table 2. The content of thallium in hen blood, tissue, and eggs.

Thallium content Thallium content in tissues [mg/kg] Thallium content
Group in blood fme/l - - - .
inblood [m@/l] | preast muscles | thigh muscles liver kindeys bones in eggs [mg/kg]
1 0.34 0.01 0.01 0.01 0.01 0.02 0.12
1T 59.66 0.76 0.74 0.24 1.55 2.17 0.54
i 157.66 1.72 1.76 0.79 3.84 5.23 1.68
v 248.87 2.70 2.95 145 7.43 9.49 3.29

white blood cells was 32.01 thousand/l and in group III
32.83 thousand/l. The highest level of leukocytes was
observed in the group IV, in which the white blood cell
number was 38.73 thousand/l. The difference between the
leukocytes in group IV, compared to the control group, was
statistically highly significant. The hematocrit index in the
control group was 24.54%. In the second group the index
was 25.73% and in group III 25.92%. In the last group (IV)
the hematocrit value was 27.56%, which was higher than
groups I (p <0.01) and II (p < 0.05).

Biochemical Parameters

The biochemical tests of blood have shown that the
level of GOT in the control group (I) was 174.67 U/,
whereas in the experimental groups this enzymatic activity
was slightly higher, with values between 193.73-200.05
U/l. However, mentioned differences were not statistically
significant. The level GPT in all groups was similar and
ranged from 19.96 (group I) up to 21.51 U/I (group II). The
creatinine concentration in the control group was 26.15
mmol/l. In the intoxicated groups (I, III, and I'V) the value
was almost twice higher than the control group (p < 0.01).
The concentration levels of creatinine in experimental
groups II-IV were not statistically different and were
noticed in a range of 47.40-55.29 mmol/l. Blood glucose
levels in groups treated with thallium (group II, III, IV)
were lower than the control group (p < 0.01 and p < 0.05).
This value in the control group was 12.22 mmol/l, while the
level of glucose in the intoxicated groups was in the range
of 11.03 (group II) up to 11.44 mmol/l (group III). There
were no statistically significant differences between the
experimental groups. Analyzing the level of the cations
sodium, potassium, and chloride anions, no statistically sig-
nificant differences between groups were observed. The
content of Na* peaked the values between 153.71-156.29
mmol/l, K* from 4.35-4.49 mmol/l, and the level of CI
ranged 122.37-125.39 mmol/l.

Discussion

The study showed that 8 weeks of hen intoxication by
the subtoxical thallium doses caused its accumulation in the
tissues, internal organs, and eggs of these birds, and the con-
centration was correlated with thallium content in the feed.

The experimental thallium concentrations in the feed (2.6-
16 mg/kg) corresponded to the mean content of this ele-
ment in the food products from the industrial areas [18-20].
The experimental concentrations correspond to a daily dose
of -0.14, 0.38, and 0.74 mg/kg/day in groups IL, 111, and IV,
respectively, and resulted in subtoxical doses that can make
an impact on them only after prolonged exposure and accu-
mulation in the body of this element. Unfortunately, the
human studies in the field are well known, but the comple-
mented animal experiments are rare. The lethal dose LD,
for children is only 8-15 mg/kg, 10-15 mg/kg in adult
humans [20, 21], while for laboratory animals such as mice,
rats, guinea pigs, and rabbits it’s 15-50 mg/kg [4], and 50
mg/kg for wild ducks [22]. Death and serious toxic effects
may also occur at lower doses [23-28].

In our study the level of thallium in the blood clearly
depends on the level of dose as well as exposure time,
which was the result of constant animal feeding, which was
poisoned by thallium and its absorption from the gastroin-
testinal tracts with the higher impact on the animals’ body,
rather than a single dose of poison. The fast increase in the
level of thallium in eggs and blood in the first few weeks of
the experiment and a high correlation between thallium
content in the feed and the concentration of thallium in tis-
sues and between the levels of thallium in various tissues,
indicates the easy absorption of this element by the gas-
trointestinal tract and its rapid distribution in the body. The
distribution of this element from the blood into the tissues
occurs quickly. The biological half-life of thallium in the
blood of rats is less than 5 minutes [20]. The first symptoms
of thallium poisoning can be observed at least in 1-2 days
of the poison administration, which allows for early detec-
tion and avoidance of serious neurological symptoms [23,
17, 29-31]. The analysis of the distribution of thallium in
tissues of hens in our study clearly shows that the greatest
concentration of this element occurred in the bones and kid-
neys, muscles and livers. Similar results were noticed by
Ueberschér et al. [32], who analyzed bioconcentrations of
thallium in laying hens and broiler chicken tissues intoxi-
cated at a dose of 2 up to 40 mg per 1 kg of feed. The
authors demonstrated that this element was laid down
mainly in the kidneys, the bones, muscles, and livers, simi-
lar to our study. It should be noticed that the concentration
levels in the tissues of broilers was higher than in hens. The
high concentrations of thallium are observed in the kidneys,
which is a result of the renal filtration of intracellular accu-
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mulation of thallium [24]. It also has been reported that
bovines living in industrial areas have a thallium concen-
tration in the kidneys at a level of 24 mg/kg, in the liver 2.3
mg/kg, and in the muscles of 0.4 mg/kg [33]. Munch et al.
[34] during the analysis of the thallium content in fox tis-
sues showed the highest concentration in the liver in these
animals is 64 mg/kg and then in the intestines (55 mg/kg)
and kidneys (34 mg/kg). The literature also reports [19] that
the concentration of thallium in sheep in contaminated
regions was 29 mg/kg in kidneys and 15.8 mg/kg in livers,
and in pigs 1.2 mg/kg in livers, 1.2 mg/kg in kidneys, and
0.6 mg/kg in muscles. Similarly, other authors [13, 17, 26,
27, 35] have demonstrated that human beings poisoned by
thallium, the highest concentration was observed in the kid-
neys and bones, stomach and intestine, spleen, liver, mus-
cle, lung, and brain. In studies on the toxicity of thallium in
dogs the highest concentrations of thallium were noticed in
the blood cardiac muscle and kidney [29, 30]. Moreover,
the studies of the thallium distribution in various skeletal
muscles in rabbits and rats [36] at 1.5 and 24 hours after
thallium administration showed significant differences
between the accumulation of this element in the individual
muscles. However, in our study there were no significant
differences between the thallium concentration breast mus-
cle and the thigh muscle. During acute poisoning of the
wild ducks [22] it was also shown that the highest concen-
trations of thallium were observed in the kidneys, liver,
blood, muscle, heart, and lungs, but this element is not
shown in the bones. It should be noticed that this research
was made with acute poisoning as a result of the sudden
death of birds.

In our study it was shown that during the chronic thalli-
um intoxication in laying hens there was a strong accumula-
tion of this element in the eggs. The thallium content in the
eggs also depends on the dose and duration of exposure. In
the available literature [2, 3] there is only one report that in
the region close to a cement plant in Lengerich (Germany),
TI concentrations in whole eggs were 1.26 mg/kg fresh mat-
ter, 0.394 mg/kg of fresh matter in egg white and yolk, and
4.94 mg/kg of fresh matter in eggshells. Thallium is an ele-
ment that also passes through other barriers in the mammal-
s’ bodies, such as brain and the glands [17, 27, 35]. It was
also pointed out by Lapointe and Couture (2010) during the
case study on the fatted minnows that the results of dietary
metal accumulation may be different according to environ-
mental factors or animal species and its conditions [37]. In
the clinical trials there were no signs of acute toxicity of
thallium, which could be characteristic and well described in
the literature as the best syndromes of Tl intoxication. [35,
38, 39]. Even if acute toxicity appears, there is a strong cor-
relation with other non-typical factors as gastroenteritis,
bradycardia, dermatitis, or CNS pathology in humans [8, 27,
21, 35]. Moreover, in many countries there are no threshold
limits of thallium in the foodstuffs for millions of consumers
[39]. In animal studies, it was mentioned that sheep died
without any outward signs of disorders, the rabbits and hors-
es were reported to lose their hair because of heavy thalli-
um contamination. Nevertheless, there is little knowledge
about the small doses of this element in animals (II).

In the experimental animals (laying hens) the subclinical
changes in haematological and biochemical tests were
observed. These changes include an increased number of
white blood cells, creatinine, and hematocrit, as well as the
decrease in blood glucose levels. In studies on the effects of
chronic thallium intoxication in laboratory animals the
authors pointed to the similar changes in biochemical and
hematological blood parameters [40, 41]. The increase in
serum creatinine suggests that the high levels of thallium in
kidneys contribute to their dysfunction. Impaired renal fil-
tration processes will decrease thallium elimination from the
body and lead to further accumulation.

The results of this study indicate that the applied thalli-
um dose did not cause clinical signs of poisoning, but led to
accumulation of this element in the body and disorders in
the homeostasis of the hens’ bodies.

Conclusions

Chronic thallium intoxication with subtoxical doses
causes bioaccumulation of this element in the body of lay-
ing hens, proportionally to the duration of exposure and the
dose which was used. Moreover, it was proven that the
highest concentrations of thallium are presented firstly in
the bones and afterward it in the kidneys, muscles, livers,
and at last in the blood. The concentration of thallium in the
eggs was also proportional to the dose of this element in the
feed and the time of the experiment. Finally, it should be
pointed that chronic thallium intoxication with the use of
subtoxical doses in hens did not induce typical and clinical
symptoms of thalliosis, and the only subclinical signs of the
thallium presence in the organism was increased hemat-
ocrit, white blood cell numbers, and creatinine levels and a
decrease in blood glucose levels.

References

1. GRUDNIK T. The efficiency in reduction of thallium bioac-
cumulation in tissues and eggs of hens using selenium com-
pounds and aluminosilicate sorbents. Doctoral thesis.
Agricultural University, Wroctaw, 2006 [In Polish].

2. GRUDNIK T.,, KOLACZ R., DOBRZANSKI Z. The
Protective Effect of Aluminosilicates in Laying Hens
Chronically Intoxicated with Thallium. Pol. J. Environ.
Stud. 14, 739, 2005.

3. KEMPER F. H.,, BERTRAM H. P. Thallium. Metals and
Their Components in The Environment: Occurrence,
Analysis and Biological Relevance. VCH, Weinheim, pp.
1221-1241, 1991.

4. STOCKINGER H. E. Thallium. Patty's industrial hygiene
and toxicology: Vol 2A: Toxicology, 3rd ed., John Wiley and
Sons Publishing: New York, Chichester, Brisbane, Toronto,
pp. 1914-1931, 1987.

5. SURAI P. F. Selenium in poultry nutrition. World. Poultry
Sci. J. 4,431, 2002.

6. GALVAN-ARZATE S., SANTAMARIA A. Thallium toxic-
ity. Toxicol. Lett. 99, 1, 1998.

7.  KAZANTZIS G. Thallium in the environment and health
effects. Environ. Geochem. Hlth. 22, 275, 2000.



954 Cwynar P, et al.

8. PETER J. A. L., VIRARAGHAVAN T. Thallium: a review 26. LEONARD A., GERBER G. B. Mutagenicity, carcino-
of public health and environmental concerns. Environ. Int. genicity and teratogenicity of thallium compounds. Mutat.
31, 493, 2005. Res.-Rev. Mutat., 387, 47, 1997.

9. HEIM M., WAPPELHORST O., MARKERT B. Thallium 27. RAMSDEN D. Thallium. Mol Death 304, 2002.
in Terrestrial Environments-Occurrence and Effects 28. SENCZUK W. Toxicology 4" ed., PZWL: Warszawa, 2002
Ecotoxicology 11, 369, 2002. [In Polish].

10. NRIAGU J.O. Thallium. Chem. Eng. News 81, 153, 2003. 29. PUSCHNER B., BASSO M.M., GRAHAM T.W. Thallium

11. XIAO T, GUHA J.,, BOYLE D., LIU C., ZHENG B,, toxicosis in a dog consequent to ingestion of Mycoplasma
CHEN J. Environmental concerns related to high thallium agar plates. DOI: 10.1177/1040638711425941\ J. Vet.
levels in soils and thallium uptake by plants in southwest Diagn. Invest., 2012.

Guizhou, China. Sci. Total Environ. 318, 223, 2004. 30. VOLMER PA., MEROLA V., OSBORNE T., BAILEY

12. ATSDR (Agency for Toxic Substances and Disease K.L., MEERDINK G. Thallium toxicosis in a Pit Bull
Registry). Toxicological profile for thallium. U.S. Public Terrier. J. Vet. Diagn. Invest. 18, 134, 2006.

Health Service, 1992. 31. WANG Q., HUANG X., LIU L. Analysis of Nine Cases of

13.  LEONARD A., GERBER G.B. Mutagenicity, carcinogenic- Acute Thallium Poisoning. Journal of Huazhong University
ity and teratogenicity of thallium compounds. Mutat. Res. of Science and Technology 27, 213, 2007.

387,47, 1997. 32. UEBERSCHAR K. H., MATTHES S., VOGT H., ANKE

14. GORECKA H., GRORECKI J., DOBRZANSKI Z. An M., BAUMANN W., BRAUNLICH H., BRUCKNER C.,
application of plasma spectrometry ICP-OES and ISP-MS GROPPEL B. Influence of thallium additives to broiler and
for metal content analysis in biological and environmental layer feed. Proceedings of the 5" Symposium of Trace
samples. Chem Agric 2, 359, 2001. Elements, University of Jena, pp. 1233-1240, 1986.

15.  WACHNIK Z. Poultry diseases. PWN Warszawa, 1982 [In 33. FRERKING H., OSTERKAMP A., LINDFELD K. A.
Polish]. Adverse effects in cattle due to vaccination against foot-and

16. TIETZ N.W. Clinical Guide to Laboratory Tests 3" ed. mouth disease or poisoning by thallium. Dtsch Tierédrztl
Philadelphia USA, 1995. Wochenschr 97, 206, 1990.

17. KUO H.C., HUANG C.C.,, TSAI Y.T., CHU C.C., HSIEH 34.  MUNCH B., CLAUSEN B., CARLOG O. Thallium poison-
S.T., CHU N.S. Acute painful neuropathy in thallium poi- ing in red foxes (Vulpes vulpes) and badgers (Meles meles) in
soning. Neurology 65, 302, 2005. Denmark. Nordisk Veterinaermedicin 26, 323, 1974.

18. ARABINDAK., CHAKRABORTY R., LUISA CERVERA 35. YU-TAI T, CHIN-CHANG H., HUNG-CHOU K.,
M., GUARDIA M. Determination of thallium in biological HSUAN-MIN W., WU-SHIUN S., TUNG-SHENG S,
samples. Anal Bioanal Chem 385, 665, 2006. NAI-SHIN C. Central nervous system effects in acute thal-

19. LAND INSTITUTE FOR PROTECTION AGAINST lium poisoning. Neurotoxicology 27, 291, 2006.
EMISSIONS: Environmental burden by thallium — investi- 36. CAREAGA-OLIVARES J.,, MORALES-AGUILERA A.
gations in the neighborhood of the Dyckerhoff cement plant Differential accumulation of thallous ion by diverse rabbit
in Lengerich and other thallium-emitting plants in the coun- and at muscles. B. Environ. Contam. Tox. 51, 764, 1993.
try, Bonn University Press, Bonn, 1980. 37. LAPOINTE D., COUTURE P. Accumulation and effects of

20. TANGFU X., JAYANTA G., BOYLE D., CONG-QIANG nickel and thallium in early-life stages of fathead minnows
L., INGAN C. Environmental concerns related to high thal- (Pimpephales promelas). Ecotox. Environ. Safe., 73, 572,
lium levels in soils and thallium uptake by plants in south- 2010.
west Guizhou, China. Sci. Total Environ. 318, 223, 2004. 38. CHENG-HANG L., TSER-SHENG L. Acute toxicity of

21. SHARQUIE K.E., IBRAHIM G.A., NOAIMI A.A., trivalent thallium compounds to Daphnia magna. Ecotox.
HAMUDY H.XK. Outbreak of thallium poisoning among Environ. Safe. 61, 432, 2005.

Iraqi patients, J Saudi Soc Dermatol, 15, 29, 2011. 39. XIAOT., YANG E, LI S., ZHENG B., NING Z. Thallium

22. WARD J.C. Thallium poisoning in migratory birds. ] Am pollution in China: A geo-environmental perspective. Sci.
Pharm Assoc 12, 1272, 1931. Total Environ. 421, 51, 2012.

23. AMMENDOLA A., AMMENDOLA E., ARGENZIO F, 40. STOLTZ M. L., STEDHAM M. A., BROWN L. K, LABER
TEDESCHI G. Clinical and electrodiagnostic follow-up of L., EL-HAWARI A. M. Subchronic (90-day) toxicity of
an adolescent poisoned with thallium. Neurol Sci 28, 205, thallium (I) sulfate (CAS No. 7446-18-6) in Sprague-
2007. Dawley rats. Final Report. Project No. 8702-L(18), Prepared

24. BORGERS T. Toxicity Summary for Thallium, Oak Ridge for U.S. Environmental Protection Agency by Midwest
Reservation Environmental Restoration Program, 1994. Research Institute, 1986.

25. JAKUBOWSKA M., PASIECZNA A., ZEMBRZUSKI W.,, 41. LEUNG K. M. Studies on thallium toxicity, its tissue distri-

SWIT Z., LUKASZEWSKI Z. Thallium in fractions of soil
formed on floodplain terraces. Chemosphere 66, 611, 2007.

bution and histopathological effect in rats. Chemosphere 41,
155, 2000.



