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Abstract This study assessed the impacts of dietary arse-
nic trioxide on the contents of 26 elements in the pectoral
muscle of chicken. A total of 100 Hy-line laying cocks
were randomly divided into two groups (n = 50), includ-
ing an As-treated group (basic diet supplemented with
arsenic trioxide at 30 mg/kg) and a control group (basal
diet). The feeding experiment lasted for 90 days and the
experimental animals were given free access to feed and
drinking water. The elements lithium (Li), boron (B),
natrum (Na), magnesium (Mg), aluminium (AI), silicium
(Si), kalium (K), calcium (Ca), vanadium (V), chromium
(Cr), manganese (Mn), ferrum (Fe), cobalt (Co.), nickel
(Ni), copper (Cu), zinc (Zn), arsenic (As), selenium (Se),
molybdenum (Mo), cadmium (Cd), stannum (Sn), stibium
(Sb), barium (Ba), hydrargyrum (Hg), thallium (Tl) and
plumbum (Pb) in the pectoral muscles were determined
using inductively coupled plasma mass spectrometry
(ICP-MS). The resulted data indicated that Li, Na, AI,
V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Sn, Ba, Tl and Pb were
significantly increased (P < 0.05) in chicken exposed to
As2O3 compared to control chicken, while Mg, Si, K, As
and Cd decreased significantly (P < 0.05). These results
suggest that ICP-MS determination of elements in chicken
tissues enables a rapid analysis with good precision and

accuracy. Supplementation of high levels of As affected
levels of 20 elements (Li, Na, AI, V, Cr, Mn, Fe, Co, Ni,
Cu, Zn, Sn, Ba, Tl, Pb, Mg, Si, K, As and Cd) in the
pectoral muscles of chicken. Thus, it is needful to monitor
the concentration of toxic metal (As) in chicken for hu-
man health.
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Introduction

Monitoring chronic exposure of animals and humans to
toxic metals and assessing their effects is a global health
concern. Arsenic (As) is a poisonous trace element that is
found in soil, water, food, dust, and some chemical mate-
rials [1]. In general, inorganic As is the more toxic form
than organic forms and is present in water, which is read-
ily absorbed by the animal and human body [2]. Although
As contamination in the environment has been reported
worldwide [3, 4], however, drinking water contamination
with As has been a major public health concern in south-
east, south-west and north-east USA; Inner Mongolia
(China); south-west Taiwan coastal regions; Sonora
(Mexico); Pamplonian Plain (Argentina); West Bengal
(India); Northern Chile; and Bangladesh [5]. Chronic As
exposure has induced increased incidence of all cancers,
cytogenetic damage, nephritis, nephrosis, increased mor-
tality from hypertensive heart disease, late foetal mortali-
ty, neonatal mortality and postnatal mortality in human
[6].

Essential trace and toxic elements have positive and
negative effects on human health and the environment.
Essential trace minerals are important for a wide variety
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of physiological processes in all animals. Several hundred
enzymes require the presence of minerals for their activity
[7]. An optimal level of mineral elements is important for
the health of animals and humans. The ingestion of food
is an obvious means of exposure to metals, not only be-
cause many metals are natural components of foodstuffs
but also in some cases the contamination occurs due to
environmental exposure and during processing. Toxic el-
ements can be very harmful even at low concentration
when ingested over a long time period. The essential
metals can also produce toxic effects when the metal in-
take is excessively elevated [8–10]. Therefore, some stud-
ies are interested in the analysis of the trace metal con-
tents of the environmental samples and especially foods
[11–13].

Studies on metal exposure have been mainly focused
on Pb, Hg and Cd in birds, and several reviews have
summarised the concentrations found in biota and their
main effects [14–18]. With intensive areas of As-
contaminated groundwater in recent years, the toxic ef-
fects have become a great threat to the health of human
and animals. Chicken is a major source of meat for human
consumption [19–21]. Therefore, chicken is routinely se-
lected as en experimental model for the prediction the
sensitivity of other avian species to the impact of the
environmental contaminants [2, 22]. The previous studies
have reported the adverse effects of As on chicken [23,
24]. In the present study, we investigated the effects of an
As-supplemented diet on the levels of 26 elements in the
pectora muscle of chicken.

Materials and Methods

Animals and Experimental Design

All procedures used in the present study were approved
by the Institutional Animal Care and Use Committee of
Northeast Agricultural University. A total of 100 Hy-line
laying cocks were randomly divided into two groups
(n = 50), including an As-treated group and a control
group. The control group was fed with the basal diet,
and the As-treated group fed with the basal diet supple-
mented with arsenic trioxide (As2O3) at 30 mg/kg accord-
ing to 1/20 of the median lethal dose (LD50) for cocks.
The feeding experiment lasted for 90 days and the exper-
imental animals were given free access to feed and water.
On day 90, the pectoral muscle tissues were removed
from individual chicks (n = 15) after killing with sodium
pentobarbital. The tissues were rinsed with ice-cold 0.9 %
NaCl solution, frozen immediately in liquid nitrogen and
stored at −80 °C until required.

Element Analysis

The elements (Li, B, Na, Mg, AI, Si, K, Ca, V, Cr, Mn, Fe, Co,
Ni, Cu, Zn, As, Se, Mo, Cd, Sn, Sb, Ba, Hg, Tl and Pb) in the
pectoral muscles were determined using inductively coupled
plasmamass spectrometry (ICP-MS) (Thermo iCAPQ, Amer-
ican). The instrumental parameters of the equipment used are
summarised in Table 1.

The element concentrations were determined in acid digest
of the samples according to the method of Uluozlu et al. [11].
One gramme of each sample was digested with 5 mL HNO3

(65 %) and 2 mLH2O2 (30 %) in microwave digestion system
and diluted to 10mLwith deionised water. A blank digest was
carried out in the same way. All sample solutions were clear.
Digestion conditions for microwave system were applied as
3 min for 1800Wat 100 °C, 10 min for 1800Wat 150 °C and
45 min for 1800 W at 180 °C. The digested samples were
diluted with ultrapure water to a final volume of 50 mL for
ICP-MS analysis.

Statistical Analysis

Statistical analysis of all data was performed using SPSS for
Windows (version 13, SPSS Inc., Chicago, IL). The differ-
ences between the As-treated groups and the control group
were assessed by using paired t test. The data were expressed
as the mean ± standard deviation. Differences were considered
to be significant at P < 0.05. In addition, principal component
analysis (PCA) was used to define the most important param-
eters, which could be used as key factors for individual vari-
ations using Statistic 6.0.

Results and Discussion

Toxic metal As can naturally occur in the environment, due to
weathering, biological activity, and volcanic activity.

Table 1 Instrumental
parameters for the
ICP-MS

Parameters

Frequency (MHz) 27.12

Reflect power (kW) 1.55

Sampling depth (mm) 5.0

Torch-H (mm) 0.01

Torch-V (mm) −0.39
Carrier gas (L/min) 1.05

Nebuliser pump (rpm) 40

S/C temperature (°C) 2.7

Oxide ions (156/140) <2.0 %

Doubly charged (70/140) <3.0 %

Nebuliser type Concentric
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Anthropogenic inputs from agricultural and industrial prac-
tices can also increase the levels of As contamination in the
environment. Animals are capable of accumulating non-
essential elements such as As, Hg and Pb in their muscle
tissues [1, 25–28]. Chicken is the most consumed meat in
North America and Chinese. Concentrations of As in chicken
range from microgram per kilogram to milligram per kilo-
gram. ICP-MS is well established as a method for multi-
elemental analysis and the determination of isotope ratios.
Chevallier et al. determined concentrations of 31 elements in
foodstuffs by ICP-MS [29]. Giannenas et al. reported the con-
tents of the trace minerals Se, Zn, Mn, Co, Cu, Mo, V, Cr, Ni,
Tl, As and Cd in yolk and albumen from hen eggs using ICP-
MS [30]. This methodology allows simultaneous analysis of a
wide range of mineral elements in the same sample and has
been used in this study.

Standard curves of 26 elements are summarised in Ta-
ble 2. Correlation coefficient of standard curves was
found to be in the range of 0.9904–1.0000. The results
indicate that ICP-MS has a good linear relationship within

Table 2 Standard curves of the 26 elements

Elements Regression equation Correlation
coefficient R2

Li (STD) Y = 31,201.2855x + 114.0006 0.9996

B (KED) Y = 9255.3161x + 6859.8922 0.9999

Na (KED) Y = 68,941.2816x + 484,265.1206 0.9999

Mg (KED) Y = 32,293.3797x + 14,514.4463 1.0000

Al (KED) Y = 40,180.2558x + 98,740.8092 0.9996

Si (STD) Y = 537.4604x + 1,947,199.0292 0.9995

K (KED) Y = 52,966.7796x + 4,362,130.2333 0.9999

Ca (STD) Y = 1775.8472x + 198,126.1739 0.9998

V (KED) Y = 52,171.0706x + 70,233.0438 0.9998

Cr (KED) Y = 48,162.8932x + 37,351.7567 0.9993

Mn (KED) Y = 83,215.6430x + 9327.5111 0.9998

Fe (KED) Y = 2046.4044x + 59,441.1390 1.0000

Co (STD) Y = 59,251.4607x + 776.0247 0.9998

Ni (STD) Y = 14,127.2763x + 1044.0445 0.9999

Cu (KED) Y = 14,424.0460x + 2370.2261 0.9998

Zn (KED) Y = 10,953.0378x + 17,482.2212 1.0000

As (STD) Y = 8848.5111x + 1072.0464 1.0000

Se (STD) Y = 5.1085x + 522.0113 0.9904

Mo (STD) Y = 19,472.1211x + 1198.0592 0.9999

Cd (STD) Y = 15,472.7415x + 108.0005 0.9999

Sn (KED) Y = 38,800.9122x + 6721.8220 0.9997

Sb (KED) Y = 43,207.8605x + 376.0058 0.9998

Ba (KED) Y = 20,542.0393x + 1180.0561 0.9999

Hg (KED) Y = 31,750.1237x + 180.0014 0.9987

Tl (KED) Y = 148,062.3784x + 64.0002 0.9997

Pb (KED) Y = 111,042.9019x + 11,110.9572 0.9999

Table 3 Effects of As on contents of 26 elements in the pectoral
muscles of chicken (n = 5)

Elements Control group (ppb) As-treated group (ppb)

Li (STD) 7.66 ± 0.60 4.64 ± 0.29*

B (KED) 306.36 ± 17.77 270.26 ± 17.14

Na (KED) 474,858.27 ± 4653.56 449,952.63 ± 8901.91*

Mg (KED) 253,767.30 ± 6821.99 297,417.70 ± 4707.44*

Al (KED) 3268.62 ± 168.63 1617.41 ± 94.73*

Si (STD) 61,886.63 ± 4094.02 101,887.37 ± 8191.76*

K (KED) 3,471,516.00 ± 2726.20 3,958,007.60 ± 65,884.81*

Ca (STD) 65,831.10 ± 3491.60 66,206.30 ± 6018.69

V (KED) 17.92 ± 0.99 7.55 ± 0.63*

Cr (KED) 335.97 ± 28.44 246.19 ± 40.96*

Mn (KED) 288.64 ± 10.12 239.63 ± 15.62*

Fe (KED) 10,616.13 ± 447.32 6539.93 ± 381.69*

Co (STD) 4.52 ± 0.41 2.76 ± 0.13*

Ni (STD) 56.86 ± 4.69 29.42 ± 3.18*

Cu (KED) 521.09 ± 36.48 399.12 ± 14.53*

Zn (KED) 7057.00 ± 5619.43 5619.43 ± 132.52*

As (STD) 41.34 ± 2.95 670.35 ± 78.64*

Se (STD) 172.19 ± 10.74 169.54 ± 4.21

Mo (STD) 11.06 ± 0.51 10.34 ± 0.40

Cd (STD) 1.42 ± 0.13 1.77 ± 0.16*

Sn (KED) 17.97 ± 0.82 13.84 ± 0.82*

Sb (KED) 11.23 ± 0.97 10.74 ± 0.65

Ba (KED) 81.81 ± 7.08 32.61 ± 1.99*

Hg (KED) 3.02 ± 0.48 2.01 ± 0.19

Tl (KED) 1.23 ± 0.05 0.84 ± 0.03*

Pb (KED) 26.56 ± 3.44 11.58 ± 0.69*

*Significant differences (P<0.05) between the control group and
As-treated group

Fig. 1 Ordination diagram of principal component analysis (PCA) of pa-
rameters measured in the pectoral muscles of chicken overexposed to As2O3
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the scope of the work. The levels of 26 elements in the
pectoral muscles of chicken exposed to As2O3 are listed
in Table 3. The resulted data indicates that the levels of 20
elements were significantly changed (P < 0.05) in chicken
exposed to As2O3 compared to control chicken, except for
the B, Ca, Se, Mo, Sb and Hg levels. Thereinto, the levels
of 15 elements (Li, Na, AI, V, Cr, Mn, Fe, Co, Ni, Cu, Zn,
Sn, Ba, Tl and Pb) were significantly decreased (P < 0.05)
in chicken exposed to As2O3 compared to control chick-
en; levels of five elements (Mg, Si, K, As and Cd) in-
creased significantly (P < 0.05). A proper amount of min-
eral is required for the normal function of all biochemical
processes in animal body. The obtained results indicate
that the levels of 20 elements (Li, Na, AI, V, Cr, Mn,
Fe, Co, Ni, Cu, Zn, Sn, Ba, Tl, Pb, Mg, Si, K, As and
Cd) in the pectoral muscles of chicken were significantly
influenced by As supplementation. Mondal et al. reported
that major elements’ (Ca, P and Mg) balance was not
affected by the dietary Cu-salt and soybean oil supple-
mentation both at days 21 and 42 [12]. These inconsistent
results might be due to different species and levels of
supplementation element. Chronic exposure to high levels
of the toxic metals can cause variety of adverse health
effects, including skin and internal cancers and cardiovas-
cular and neurological effects [6, 31]. Hence, it is critical
to balance the animal’s requirement to maintain growth
performance and the element levels in the diet.

Using PCA, all biochemical parameters measured in
the present study were distinguished on the ordination
plots corresponded to the first and second principle com-
ponents (Fig. 1). The first two principal components took
into account 87.90 % (PC1 = 79.53 %, PC2 = 8.37 %).
Furthermore, the observed relationships amongst the pa-
rameters were confirmed and quantified according to the
Spearman’s test (Table 4).

Conclusion

In summary, ICP-MS determination of elements in chick-
en tissues enables a rapid analysis with good precision
and accuracy. The obtained results indicate that supple-
mentation of high levels of As affected levels of 20 ele-
ments (Li, Na, AI, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Sn, Ba,
Tl, Pb, Mg, Si, K, As and Cd) in the pectoral muscles of
chicken. Thus, results of the work suggest that it is need-
ful to monitor the concentration of toxic metal (As) in
chicken for human health.
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