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Abstract
To assess the effect of copper pollution meadow on grazing Wumeng semi-fine wool sheep and
find an action plan to solve copper pollution, two experiments (grazing and sulfur supplementation)
were conducted on copper pollution meadow at Wumeng mountainous area in Weining County
of Guizhou Province. The contents of heavy metal elements were analyzed by inductively coupled
plasma atomic emission spectroscopy (ICP-AES) in soil, pasture, and animal tissues, and the blood
parameter was determined by automatic blood cell analyzer. The results of grazing experiments showed
that the content of copper and zinc in animal tissues when Wumeng semi-fine wool sheep grazed
in the copper-polluted meadow were significantly increased (P<0.01), but the molybdenum content
in animal tissues significantly decreased (P<0.01). At the end of experiment, the Hb, PCV, and RBC
of the experimental Wumeng semi-fine wool sheep were significantly lower than control group (P<0.01),
and mean corpuscular volume (MCV) was significantly lower than the control group (P<0.05), and
the wool yield and length were significantly lower than not the control group (P<0.01). The results
of the sulfur supplementation experiment showed that the supplementation of sodium sulfate
significantly reduced the copper element content in blood and liver of Wumeng semi-fine wool sheep,
the hemoglobin (Hb), packed cell volume (PCV), and red blood cell count (RBC) in blood
of the experimental Wumeng semi-fine wool sheep were significantly higher than the control group
(P<0.01), and the blood parameter reached the normal range at the end of the experiment. The content
of copper element in blood and liver of the control group continued to increase, and the content
of molybdenum in the animal tissues continued to decrease (P<0.01). The Hb, PCV, RBC, and MCV
of the experimental Wumeng semi-fine wool sheep continued to decline, and hemolytic anemia
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was seen in Wumeng semi-fine wool sheep from control group at the end of experiment. However,
sulfur supplementation had no significant effect on the relevant indicators of wool quality. Conclusion:
copper pollution meadow seriously affect the mineral metabolism of Wumeng semi-fine wool sheep,
and we can utilize the antagonism of sulfur and copper in the food chain to achieve the goal of harmless
utilization of copper pollution meadow.

Keywords: Wumeng semi-fine wool sheep, copper pollution meadow, sodium sulfate, content of heavy
metal elements, mineral metabolism

Introduction
The Wumeng semi-fine wool sheep industry is the
pillar industry in Wumeng mountainous area, which is
the material basis for the survival and development of
ethnic minorities in this area. It has the characteristics
of high wool yield, good meat performance, early
maturity, rough feed resistance, and strong adaptability,
and it plays a key role in the development of grassland
animal husbandry in Wumeng mountainous area [1-2].
The Wumeng semi-fine wool sheep has been cultivated
for 44 years, it unites the efforts and sweat of several
generations of scientists and technicians, and fills the
gaps in the animal species without artificial cultivation
in Guizhou. Wumeng semi-fine wool sheep is a breed
that can produce meat and wool by crossbreeding local
(mountain Tibetan coarse wool sheep) and Corriedale
sheep, Sinkiang semi-fine wool sheep, and Lincoln
sheep’s blood, and a breeding herd of sheep has been
formed with relatively good production performance
and relatively stable heredity performance through
grading up from 1974 to 1982, crossing fixation from
1982 to 1990, and expanding the herd from 1990 to
2007 [3]. Since 2007, we have further developed the
cultivation of Wumeng semi-fine wool sheep on the
basis of the research of the older generation of scientists
and technicians, a new breed of sheep (Wumeng semifine wool sheep) with excellent production performance
and stable heredity performance had been bred by 2017,
and its production performance is obviously higher than
other local breeds. Wumeng semi-fine wool sheep is the
main source of local people’s productive life information
in Wumeng mountainous area.
Heavy metal pollution refers to the pollution caused
by heavy metals or their compounds to the environment
[4-6]. Heavy metals have carcinogenic, teratogenic,
and mutagenic effects. Heavy metals are difficult to
decompose, which not only causes direct damage to
organisms, but also endangers the whole ecosystem by
accumulating along the food chain [4-5]. The climate of
Wumeng mountainous area is warm and humid, winter
is without cold, and summer is without heat. It has rich
feed resources and unique natural conditions to develop
grassland animal husbandry, and it is the cornucopia
of mineral resources in western China. In recent years,
due to the rapid development of the national economy
and society, the demand for various mineral resources
has been rapidly increasing, the scale of exploitation

has been on the increase, mining processing enterprises
mushroomed vigorously, and a large number of
pollutants have been released, causing serious damage
to the ecological environment. In addition, pollution
also harms the animal and human health through the
food chain [5-9]. Copper pollution is one of the main
pollution forms in Wumeng mountainous area, and
the copper content of soil and pasture in the polluted
area is seriously over the standard, and the copper
content in some areas is 3-5 times the normal content,
accompanied by cadmium, lead, zinc, and other
pollutants [9-10], it has had a serious impact on local
grassland animal husbandry, especially the Wumeng
semi-fine wool sheep industry. In order to find out
the technology and method of harmless utilization of
copper pollution for grassland and reduce the influence
of copper pollution on the industry of Wumeng semifine wool sheep, we carried out research on the effect of
grazing to copper pollution meadow on mineral element
metabolism in the sheep.

Materials and Methods
Experimental Design
Selecting 18 Wumeng semi-fine wool 1-year-old
rams randomly, their weight was 35±2.5 kg and clinical
testing was healthy. The experimental meadow was
18 hm2.
Grazing Experiment
Experimental group: 12 hm2 copper-polluted
grassland were selected in Mogu Town, Hezhang
County of Guizhou Province, the fences were divided
into two equal parts, and six Wumeng semi-fine wool
sheep were grazed in each part for 60 days. Control
group: 6 hm2 of non-polluting grassland were selected in
Liangshuigou, Weining County, Guizhou Province, and
grazing 6 Wumeng semi-fine wool sheep.
Sulfur Supplementation Experiment
At the end of the grazing experiment, 12 Wumeng
semi-fine wool sheep were grazed on copper pollution
grassland, and were randomly divided into two
groups (experimental group and control group) and
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continued to graze on the same polluted pasture.
Experimental group: Wumeng semi-fine wool sheep was
supplemented with sodium sulfate (Na2SO4), and each
sheep was supplemented with 10 g every day and this
experiment was continued for 15 days. Control group:
no processing.

Sample Collection
Soil Sample Collection
30 soil samples from 0-20 cm were randomly
collected (10 in each experimental group, 20 in total;
10 in control group). The samples were collected in
quadrats of l × l m, each quadrat interval was 100 m,
one sample was collected from each quadrat, and each
sample was 200 g. The sample was used to analyze the
content of heavy metal elements and mark the sample
points to prepare for collecting forage samples at the
same location.
Pasture Sample Collection
30 sample of mixed plants were collected
randomly (10 in each treatment group, 20 in total;
10 in control group). In order to reduce the influence
of different pasture species on the mineral content,
taking the soil sample point as the center of the circle,
selecting 10 points evenly distributed 100 m from
the center of the circle (each point was 200 m from
each other), collecting 20 g grass at each point,
10 points of mixed pasture form a 200 g sample of
forage, the pasture was collected from the ground more
than 0.1 cm to reduce the influence of soil pollution on
forage.
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0.5-1 mL to wash out the skin and subcutaneous tissue
that might have existed in the liver puncture needle
cavity and avoid blockage of the needle. Drawing the
needle bolt to 5-6 mL scale of syringe to cause and
maintain negative pressure in the needle. At the moment
of the animal holding its breath, the liver tissue was
punctured vertically, and the depth of puncture was
about 4-6 cm. After pulling out the liver puncture
needle, the needle was covered with aseptic gauze, the
puncture site was pressed for a few minutes, fixed with
adhesive plaster, placed with a sand bag to pressurize
and tighten the abdominal belt, and the obtained liver
tissue was injected into the specimen bottle to be fixed
for inspection [11].

Sample Processing
The microwave digestion method that was used
to heat the digestion liquid in the closed container
by microwave heating and each sample was quickly
dissolved in the high temperature pressurization
condition. The soil, forage, and animal tissues were
dried to constant weight at room temperature, the
soil was screened by 200 mesh, and the soil was
heated by microwave heating with nitric acid (HNO3),
perchloric acid (HClO4) and hydrofluoric acid (HF)
(5:2:5) mixture to dissolve the sample. The forage and
animal tissues were heated by microwave heating with
nitric acid and perchloric acid (4:1) mixture to dissolve
the sample [12].

Analytical Testing
Detection of Heavy Metal Element

From each animal we collected 10 mL blood f
rom the jugular vein. After the blood cooled, it was
placed for 8 hours at a low temperature of 4-8ºC and
carried back to the laboratory for further research and
analysis.

The contents of heavy metals in soils, pastures,
and animal tissues were analyzed by inductively
coupled plasma atomic emission spectroscopy
(ICP-AES) (12). The instrument used was an HK9600
inductively
coupled
plasma
atomic
emission
spectrometer (Huaketiancheng Co., Ltd, China).
The element types analyzed were Mn, Zn, Co, Cu, Fe,
P, and Mo.

Liver Biopsy Collection

Detecting Blood Parameters

The clotting time of animal platelets was measured
and the puncture point was located by ultrasound one
day before surgery. On the day of surgery, the sheep
was intramuscularly injected with 10 mg vitamin
K using codeine and phenobarbital sodium of each
0.03 g to anesthetize before operation. The operator
used a rubber tube to connect the 20 mL syringe and
the liver puncture needle, the syringe was sucked
3-5 mL with aseptic saline and we cleaned the gas in
the syringe. A puncture needle was used first to prick
holes in the skin, and then a liver puncture needle was
used to prick holes of 0.5-1 cm along the upper edge
of the rib. The saline in the syringe was injected into

We used an automatic blood cell analyzer for
animals to detect hemoglobin (Hb), white blood cell
count (WBC), red blood cell count (RBC), packed cell
volume (PCV), mean corpuscular volume (MCV), mean
corpuscular hemoglobin (MCH), and mean corpuscular
hemoglobin concentration (MCHC) [2].

Blood Sample Collection

Data Analysis
Using SPSS 22.0 to dispose of and analyze research
data, the data were analyzed by using independent
samples of t-test to evaluate the significant differences
among treatments.
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Table 1. Mineral content in soil and forage of copper pollution
meadow (ppm).
Experimental group

Element

Control group

Soil

Forage

Soil

Forage

Mn

125±24.5

66.8±15.6

127±37.2

67.9±17.1

Zn

37.0±6.27*

8.19±2.29*

34.9±6.31* 7.73±2.21*

Co

6.38±1.22

4.38±1.36

6.50±1.67

4.12±1.31

Cu

76.1±19.8

17.2±7.43

15.1±2.41

6.78±1.31**

Fe

3721±126

369±67.3

3823±135

353±76.7

P

53.8±6.97

426±58.7

67.8±7.31

466±56.9

Mo

2.74±0.57

2.23±0.31

2.86±0.55

2.27±0.23

Se

0.13±0.02

0.13±0.05

0.13±0.02

0.12±0.03

**

**

**

:indicate highly significant differences at P<0.01 level.
*:indicate significant differences at P<0.05 level, the same
below.

**

Results
Grazing Experiment of Copper Pollution Meadow

Table 3. Liver mineral content of animals (ppm).
Element

Experimental group

Control group

Mn

4.31±1.32

4.39±1.27

Zn

63.7±12.6

53.9±12.8

Co

6.95±1.27

6.93±1.17

Cu

**

577±34.7

137±12.7**

Fe

328±37.7**

338±37.9**

P

633±39.8

633±39.7

Mo

1.3 7±0.17

2.3 8±0.67**

Se

0.11±0.03

0.11±0.02

**

had no significant difference. In general, the highest
permitted limits for copper and zinc do not exceed
35 ppm and 100 ppm in soils, and the highest permitted
limits for copper and zinc do not exceed 10 ppm and
20 ppm in feeds (Table 1).
Effect of Copper Pollution on the Blood Mineral
Content of Animals

Grazing the copper pollution grassland had a
remarkable effect on the growth rate of the sheep
(P<0.01). During the whole trial period, the average
weight gain in the experimental group was 9.78±1.21
kg and in the control group 13.65±2.12 kg. Grazing the
polluted grassland had a remarkable effect on the copper
content of wool (P<0.01), with average copper content in
the experimental group being 8.79±0.72 ppm and in the
control group 5.51±1.32 ppm.

The copper and zinc content of blood in the copperpolluted meadow was significantly higher than the
control group (P<0.01), molybdenum and iron content
was significantly lower than the control group (P<0.01),
and there were no significant differences between other
elements (Table 2).

Mineral Element Content of Soil and Forage
in a Copper-Polluted Meadow

The copper and zinc content of liver in the copperpolluted meadow was significantly higher than the
control group (P<0.01), molybdenum and iron content
was significantly lower than the control group (P<0.01),
and there were no significant differences between other
elements (Table 3).

Copper content of soils and forage in the copperpolluted meadow was significantly higher than the
control group (P<0.01). Zinc content was significantly
higher than the control group (P<0.05). Other elements

Table 2. Blood mineral content of animals (ppm).

Effect of Copper Pollution on the Liver Mineral
Content of Animals

Table 4. Effects of copper pollution on the blood parameters of
animals.

Element

Experimental group

Control group

Mn

0.73±0.18

0.75±0.13

Blood parameter

Experimental group

Control group

Zn

3.73±0.13

2.13±0.11

Hb(g/L)

82.6±13.7

117.2±12.7**

Co

0.69±0.12

0.71±0.21

RBC(1012/ L)

5.89±0.23**

7.93±0.24**

Cu

17.5±0.87**

1.79±0.31**

PCV (%)

31.1±3.92**

45.6±3.52**

Fe

219±27.9**

215±23.8**

MCV(fl)

52.8±4.73*

56.8±5.93*

P

243±23.7

241±21.7

MCH(pg)

14.0±2.36

14.8±2.97

Mo

0.11±0.02**

0.19±0.03**

MCHC (%)

26.6±4.27

25.7±4.11

Se

0.13±0.06

0.12±0.05

WBC(109/L)

9.65±0.79

9.37±0.62

**
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Table 5. Effect of copper pollution meadow on the quality and
yield of wool.
Wool

Experimental
group

Control
group

Yield (kg)

2.8.6±0.27**

3.72±0.28**

Net wool rate (%)

56.9±8.23

57.93±9.24

Fineness (μm)

27.1±3.92

26.6±3.52

Length (cm)

14.8±1.73***

15.18±2.13**

Effect of Copper Pollution on the Blood Parameters
of Animals
Hb, PCV, and RBC of sheep in the experimental
group were significantly lower than the control group
(P<0.01). MCV was significantly lower than the control
group (P<0.05), and there were no significant differences
in other indicators (Table 4).
Effect of Copper-Polluted Meadow on Wool
Quality and Yield
The yield and length of wool in the experimental
group were significantly lower than the control group
(P<0.01). There was no significant effect on the net
wool rate and fineness (Table 5).

Supplementary Mineral Experiments
in Animals
Sulfur supplementation had no significant effect
on yield, clean wool rate, fineness, length, and growth
rate of wool during the whole trial period. The average
weight gain of sheep in the experimental group
was 3.78±0.13 kg and that in the control group was
3.97±0.12 kg. Grazing the copper-polluted grassland
had no significant effect on the copper content of
wool, and the average copper content of sheep in

Table 6. Effect of sulfur supplementation on the blood mineral
content of animals (ppm).
Elements

Experimental group

Control group

Start

Finish

Mn

0.71±0.17

0.72±0.12

0.70±0.13 0.73±0.18

Zn

3.33±0.19

3.13±0.13

3.51±0.15 3.73±0.13

Co

0.67±0.13

0.70±0.17

0.67±0.14 0.69±0.12

Cu

13.1±1.82

1.91±0.21

13.3±1.57 17.5±2.71

Fe

217±17.9

215±23.8

218±21.9

219±27.9

P

241±22.7

242±21.7

233±23.1

243±23.7

**

Start

**

Finish

Mo

0.11±0.02** 0.03±0.04** 0.11±0.01 0.05±0.02

Se

0.13±0.02

0.12±0.05

0.13±0.06 0.12±0.05

the experimental group was 8.79±0.72 ppm and that
in the control group was 8.58±0.18 ppm.
Effect of Sulfur Supplementation on the Blood Mineral
Content of Animals
Compared with the beginning of the experiment,
the copper content in the experimental group decreased
significantly (P<0.01) and was significantly lower than
the control group (P<0.01). Molybdenum content in the
experimental group decreased significantly (P<0.01), but
the difference with the control group was not obvious
at the end of the experiment. The copper content in
the control group continued to increase significantly
(P<0.01) and it was significantly higher than the
experimental group (P<0.01), but the other elements had
no significant difference (Table 6).
Effect of Sulfur Supplementation on the Blood
Parameters of Animals
At the end of the experiment, Hb, PCV, RBC,
and MCV of sheep in the experimental group were
significantly higher than the control group (P<0.01),
and it was also significantly higher than the beginning
of the experiment (P<0.01). The other indicators had no
significant difference. The Hb, PCV, RBC, and MCV
of Sheep in the control group were significantly higher
than the beginning of the experiment (P<0.01), and
hemolytic anemia appeared in the control group at the
end of the experiment (Table 7).
Effect of Sulfur Supplementation on the Liver Mineral
Content of Animals
At the end of the sulfur supplementation experiment,
the copper content of liver in the experimental group
basically reached the normal range, which was
significantly lower than the beginning of the experiment
(P<0.01), and it was also significantly lower than the
control group (P<0.01). Molybdenum content of liver
was significantly lower than at the beginning of the
experiment (P<0.01). At the end of the experiment,
the copper content of liver in the control group was
significantly higher than at the beginning of the
experiment (P<0.01), molybdenum content of liver
was significantly lower than at the beginning of the
experiment (P<0.01), and the other elements had no
significant difference (Table 8).

Discussion
Heavy metal pollution has become a focus of
attention all over the world. The research on methods
and mechanisms of heavy metal pollution control
is a research priority of environmental science [1315], and making full use of the interaction between
elements to reduce the impact of heavy metal pollution

1088

Chi Y., et al.

Table 7. Effect of mineral element supplementation on the blood parameters of animals.
Experimental group

Blood parameter

Control group

Start

Finish

Start

Finish

Hb (g/L)

72.1±11.3**

113±12.5**

72.6±11.7

62.6±10.1

RBC (10 / L)

4.79±0.27

7.74±0.21

4.89±0.21

3.89±0.81

PCV (%)

31.1±3.91

**

45.7±3.56

30.1±3.93

25.1±3.17

MCV (fl)

51.3±4.72*

56.2±3.27*

51.8±4.75

47.8±3.19

MCH (pg)

14.1±2.37

14.1±2.66

14.0±2.35

14.5±2.37

MCHC (%)

26.7±2.21

26.9±3.72

26.1±4.21

27.1±3.21

WBC (10 /L)

9.65±0.71

9.37±0.69

9.63±0.73

9.71±0.77

12

**

**

**

9

on animals is one of the effective control measures
to control heavy metal pollution [16-20]. Grazing a
copper-polluted meadow significantly increased the
copper content of blood and liver, and hemolytic
anemia was seen in sheep, which seriously affected the
growth and development of the animals. In the sulfur
supplementation experiment, the copper content of blood
and liver was effectively reduced by the interaction of
sulfur and copper, but there was no significant effect
on growth and development of animals. The author
thinks that the sulfur supplementation experiment was
only 15 days, and the animal was still in the recovery
of the poisoning state. If a long-term experiment were
to be carried out, the growth of the experimental animal
would be improved effectively, but further research is
urgently needed.

Effect of Grazing a Copper-Polluted Meadow
on Liver Mineral Content of Animals
Sheep are the main livestock in the Wumeng
Mountainous area, where heavy metal pollution is
widespread [20-22]. The heavy metals in animal tissues
are mainly from soil and pasture, and the main causes

Table 8. Effect of sulfur supplementation on the liver mineral
content of animals (ppm).
Elements

Experimental group

Control group

Start

Finish

Mn

4.31±1.32

4.29±1.87

4.32±1.31 4.21±1.31

Zn

63.7±12.6

66.7±11.3

63.1±11.6 61.7±12.2

Co

6.95±1.27

7.12±1.37

6.93±1.25 6.93±1.23

Cu

577±34.7

135±22.7

576±31.8

777±71.7

Fe

328±37.7

319±36.8

325±37.1

318±32.7

P

633±39.8

619±31.2

631±37.8

637±37.6

Mo
Se

**

Start

**

Finish

1.3 6±0.15** 1.00±0.13** 1.3 7±0.16 1.31±0.17
0.11±0.03

0.12±0.02

0.13±0.03 0.12±0.03

of heavy metal poisoning or deficiency in animals
include two aspects: one is that the heavy metal content
of forage is too high, causing the heavy metal content
in animal tissues to exceed the standard; the second
is the excess or lack of some elements caused by the
interaction between elements [21-23]. In our study, the
copper content of soil and pasture in copper-polluted
grassland was significantly higher than the control
group (P<0.01), and it was also significantly higher
than the normal range. Copper pollution caused serious
damage to the grazing animals through the food chain,
and caused the copper content of blood and liver to be
significantly higher than the control group. The copper
content of liver in the experimental group was about
4.2 times that of the control group. The liver is the main
organ for storing copper in animals, and high levels of
copper can damage liver nuclear, mitochondria, and
subcellular structures of the liver serous, thus it caused
abnormal liver function [24-25].

Effect of Grazing Copper-Polluted Meadow
on Blood Parameters of Animals
At the end of the experiment, Hb, PCV, and RBC
of the grazing animals in copper-polluted grassland
were significantly lower than the control group
(P<0.01), MCV of the grazing animal in copper-polluted
grassland was significantly lower than the control group
(P<0.05), and hemolytic anemia appeared. When the
copper content of blood increases, the liver can take a
large amount of copper from the blood, and if the copper
content exceeds the tolerance limit, the activities of
various enzymes can be inhibited, which can make liver
cell denaturation necrotic and cause copper excretion
dysfunction. When the copper concentration of liver is
too high, it has a large number of copper released into
the blood, and then enters the red blood cells, and the
intracellular copper concentration continues to rise
so that the concentration of glutathione in red blood
cells is reduced, erythrocyte fragility is increased, and
tube hemolysis appears. Renal copper concentration is
increased, the renal tubules are blocked by hemoglobin,
and the renal unit is necrosis, eventually leading to
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renal failure and hematuria [26-31]. If the liver cells are
regenerated and sufficient to absorb the copper released
from the dead hepatocyte, the clinical manifestation
does not appear to be symptomatic and hemolysis even
if the intrahepatic copper content is high; if liver cells
cannot regenerate effectively, it will prompt the copper
to enter the blood rapidly, and the level of plasma copper
is raised, a large amount of erythrocytes destroyed and
hemolysis appears, which accelerates hepatic necrosis
and releases more copper into the bloodstream. In turn,
this situation starts all over again, which may cause
hemolytic anemia [24, 30, 32].
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is eventually reduced. In our study, the reduction of
copper in liver and blood was achieved by sodium
sulfate supplementation, the blood parameter of animal
returned to normal at the end of the supplementation
experiment.

Conclusion

The yield and length of wool in the experimental
group were significantly lower than the control group
(P<0.01). Sulfur is the most important nutrition for
animals and is a major component of protein (31). Wool
includes the scales, the cortex, and the medullary layer,
and their main component is protein, so the growth of
wool requires a lot of sulfur. In our study, the copper
content of soil and pasture was significantly higher than
the normal requirement. In the ruminant rumen, the
copper content of blood and liver can significantly affect
the absorption and utilization of sulfur, and fodder with
high copper will cause animal sulfur deficiency, which
will be an inevitable result affecting wool yield [1, 2].

Copper is an essential nutrient for animals and plants
in a certain range, but the copper content of environment
is too high which can produce an environmental copperpolluted, the copper content of environment is too low
which can cause copper deficiency of environment,
there is still a large amount of natural grassland and
cultivated land lacking of copper in our country
[43], and there are also many people suffering from
anemia caused by copper deficiency [44]. Through the
interference of sulfur elements and grazing regulation,
the high copper mutton can be produced in the condition
of guaranteeing the health in sheep to use as an
important copper supplement for the copper deficiency
population, the excreted copper can be converted into
functional organic fertilizer through organic processing
techniques to use as an important copper source for
natural grassland and farmland of copper deficiency.
However, our research has just begun, deep research
and exploration need to be further carried out to achieve
the research goal.

Effects of Sulfur Supplementation on Animal
Tissue and Blood Parameters
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the metal sulfur protein transfers and supplements the
copper to the other proteins. The copper is peeled off
again and this cycle starts all over again, which may
cause copper storage in the animal, and the copper
content of blood and the toxicity of copper pollution
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