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Abstract

In the past 10 years, the level of heavy metals has sharply increased in the Jiangxigou farm in the
Qinghai Lake basin, which has seriously affected the health of Przewalski’s gazelle. Nano-potassium
molybdate (nano-K,MoO,), as a new nano-fertilizer, has been applied in agriculture. To study the
effect of applying different levels of nano-K MoO, fertilization (8 kg/hm?, group I; 9 kg/hm?, group II;
10 kg/hm?, group III) on preventing heavy metal toxicity in Przewalski’s gazelle. The samples of soil,
forage, and animal tissues were collected for testing heavy metals and mineral contents, oxidative stress,
and blood indexes. The empirical findings showed that the contents of selenium (Se) and copper (Cu) in
the tested forage were significantly higher than those in the control group (p<0.01). The levels of Cu and
lead (Pb) in the blood and liver of the tested Przewalski’s gazelles were remarkably higher than those
in the control animals (p < 0.01), but the levels of molybdenum (Mo) and Pb were remarkably lower
than those in the control animals (p < 0.01). The levels of hemoglobin (Hb), platelets (PLT), and red
blood cells (RBC) in the tested Przewalski’s gazelles were remarkably higher than those in the control
animals (p<0.01). The enzymatic activities of glutathione peroxidase (GSH-Px), superoxide dismutase
(SOD), catalase (CAT), and total antioxidant capacity (T-AOC) in the serum of the tested Przewalski’s
gazelles exhibited a significant increase in comparison to the control animals (p<0.01), but the content
of malondialdehyde (MDA) was lower than that in the control animals (p<0.01). In summary, the
application of nano-K,MoO, not only significantly improved the antioxidant capacity and alleviated
effectively the anemia symptoms of Przewalski’s gazelle, but also reduced the heavy-metal toxicity of

Przewalski’s gazelle in the fertilization areas.
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Introduction

The Przewalski’s gazelle (Procapra przewalskii)
belongs to the order Artiodactyla, Bovis, Antelopelae,
and Procapra genus. It is a first-class national protected
animal on the Qinghai-Tibet Plateau in China and is
listed as an “endangered species” on the Red List of
the International Union for Conservation of Nature and
Natural Resources (IUCN) [1]. Historically, Przewalski’s
gazelle was widely distributed in Tibet, Inner Mongolia,
Gansu, Ningxia, Qinghai, Shanxi, and Xinjiang [2].
In recent years, with the increase in human activities
and the change in the environment, the distribution
areas and the number of Przewalski’s gazelles have
been shrinking. Now, it can only be found in the desert
around Qinghai Lake on the Tibetan Plateau [3].

During the previous ten years, the application of
sewage irrigation and increased exhaust emissions have
resulted in widespread soil and forage contamination
by heavy metals on the Jiangxigou farm [4-6]. In the
polluted areas, notably higher concentrations of Cu,
zinc (Zn), cadmium (Cd), hydrargyrum (Hg), and Pb
were detected in the soil samples as compared to the
uncontaminated areas [7-9]. The planting potential
of the soil was significantly reduced, and the quality
of the forage was also significantly reduced [10, 11].
Heavy metal pollution not only poses a serious risk to
the health of plants and animals, but also causes serious
environmental pollution [11, 12].

Heavy metals are characterized by their coverability,
non-degradability, and irreversibility, making it difficult
to repair soil contaminated with heavy metals [13]. Many
heavy metals serve as crucial micronutrients for the
growth and development of animals and humans [14].
Nevertheless, excessive levels can result in substantial
and severe harm to organisms. The accumulation of
heavy metals in the soil can significantly reduce the
quality and yield of forage [14, 15].

According to previous reports, heavy metal
accumulation reduced the peristalsis of the digestive
tract and, at the same time, gave a strong stimulation
to the mucous membrane of the digestive tract,
causing gastroenteritis and loss of appetite, leading
to a reduction in daily intake [16, 17]. Heavy metal
accumulation can cause oxidative stress, a state in which
the balance of oxidation and antioxidants in the body is
broken, which not only harms the health of animals, but
also reduces their reproductive efficiency [18]. Toxicity
of heavy metals has been observed in most gazelles in
the contaminated areas [19].

Therefore, the aim of this research was to investigate
the effect of fertilizer application of nano-K MoO, on
heavy metal poisoning of Przewalski’s gazelle and to
find a new way to protect endangered species in heavy
metal polluted habitats. This may provide a basis for
the research and prevention of heavy metal poisoning
in Przewalski’s gazelle.

Materials and Methods
Study Farm

The study sites are located in Gonghe County
(35°46'-37°10'N, 98°54'-101°22'E) in the northeast of
Qinghai Province, China. The tested areas are located
in the Jiangxigou farm, Gonghe (36°33’N, 100°32’E).
The concentrations of Cu, Zn, Cd, Hg, and Pb in the
soil in the contaminated areas (Jiangxigou farm) were
6.76, 3.37, 6.77, 576, and 11.67 times higher than
those concentrations in the healthy areas, respectively
(Table 1). All the other elements were within the normal
range. The pH value in the soil in the contaminated
areas was higher than 7.0 (pH>7.0). The analysis did not
show any significant difference in soil physicochemical
characteristics between polluted and healthy areas
(Table 2).

Experimental Design

Forty healthy Przewalski’s gazelles (1.5 years) were
selected from the Jiangxigou farm and were randomly
divided into four groups (10 animals/group). The test
duration lasted 180 days.

The treatments consisted of group C (no fertilizer
group), group I (8.00 kg of nano-K_MoO, /hm?), group I1
(9.00 kg of nano-K ,MoO, /hm?), and group III (10.00 kg
of nano-K,MoO, /hm?). The fertilized groups accepted
the foliar fertilization method.

Sample Collections

In July 2022, samples of soil, forage, and animal
tissues were taken from the areas contaminated by
heavy metals. No animals were injured during the
sampling (Table 3).

Table 1. The contents of heavy metals in the soil from tested and
healthy districts.

Elements (mg/kg) | Polluted district Healthy district
Zinc (Zn) 200.95+11.57* 59.63+5.37
MOI‘(VIBI‘JL‘“’)H“H’ 1.2740.12 1.35£0.11
Selenium (Se) 0.12+0.00 0.13+0.00
Copper (Cu) 116.47+11.89* 17.23£1.63
Cadmium (Cd) 3.59+0.23* 0.53+0.04
Chromium (Cr) 6.83+0.69 6.69+0.61
Hydrargyrum (Hg) 0.29+0.03* 0.05+0.17
Lead (Pb) 97.68+9.67* 8.37+0.83

* indicated the soil environmental quality risk control
standard of soil contamination of agricultural land (GB
15618-2018, China).
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Table 2. The physical and chemical properties in the soil from
tested and healthy districts.

Items Polluted district Healthy district
OM (g/kg) 36.93+2.62 37.96+3.31
TS (mg/kg) 5577.77+43.67 5317.00+48.83

OM: organic matter; TS: total salt.

Sample Analysis

The samples were tested for mineral contents on
25 June 2020. Hematological and biochemical analyses
were performed on 29 June 2020 (Table 4).

Statistical Analyses

These data were shown as mean+standard deviation.
The data were performed using the Statistical Package
for the Social Sciences analyzed (SPSS, version 23.0,
Inc., IL, USA). The differences between the two groups
were analyzed by applying the T- test. The very extreme
difference was indicated by **p<0.01.

Table 3. Samples of collection method.

Results and Discussion
Detection of Nutritional Value in Forages

The values of CP and EE in the forage from
fertilized areas were remarkably higher than those
from the control group (p<0.01, Table 5). In contrast,
the value of N in the forage from fertilized areas was
remarkably higher (p<0.01) than that from the control
areas. The value of S in the forage from fertilized
areas was remarkably lower (p<0.01) than that from
the control group. No significant difference in the other
indicators was found.

Detection of Heavy Metal Content in Forages

Compared to the control group, the levels of Se
and Cu in the forage from the fertilized areas were
remarkably higher (p<0.01, Table 6). On the other hand,
the levels of Mo and Pb in the fertilized forages were
significantly lower than those in the control forages.
There were no major differences observed in the levels
of other elements.

Samples

Collection method

Soil samples

The samples of soil were gleaned from surface layer in randomly distributed locations in each farm. The soils were
dried at 20-25°C until analysis [20].

Forage samples

The samples of forages were gleaned by using a mower, dried in a forced-air oven at 80°C, and ground to pass a
0.5-mm screen [4].

Tissue samples

The blood samples were collected from the jugular vein by vacuum blood collection tubes with EDTA-K, [21].
The samples of blood were stored at 4°C until analysis. The serum samples were separated by centrifuge
of 3 000 g for 15 min, and were stored at —20°C until analysis. Liver samples collections were performed
by a trained technician, and stored at —20°C for analysis.

Table 4. The analysis of methods in the samples.

Indicators

Determination methods

Heavy metals

The analysis of heavy metals, including Cu, Zn, Cd, Pb, Hg, Se, and chromium, using an AA-7000
absorption spectrophotometer (Shimadzu Corporation, Japan) [3]. Mo was analyzed by using atomic
absorption spectrophotometer (Perkin-Elmer 3030 graphite furnace with a Zeeman background correction).

The organic matter (OM) in the soil was analyzed by potassium dichromate sulfuric acid oxidation titration,
and the TS in the soil was analyzed by drying residue mass method, and the water-soil ratio was 5:1 [5].

Soil properties The pH value in the soil solution (water-soil ratio, 5:1) was analyzed with potentiometric method (PHS-3C,
Shanghai Precision Scientific Instrument Co., Ltd) [22].
The blood indexes, including hemoglobin (Hb), red blood cell count (RBC), packed cell volume (PCV),
Physiology index mean corpuscular hemoglobin (MCH), mean corpuscular volume (MCV), mean corpuscular hemoglobin

concentration (MCHC), white blood cell count (WBC) and platelet count (PLT), were analyzed by automatic
blood cell analyzer (SF-3000, Sysmex-Toa Medical Electronics, Kobe, Japan) [23].

Nutrition values

Crude protein (CP) and crude fat (EE) of the forage were analyzed by kjeldahl method and Soxhlet extractor
method, respectively. Crude fiber (CF) in the forage was analyzed by crude fiber analyzed apparatus
(CXC-06, Wuhan Glemo Testing Equipment Co., Ltd).

Digestibility

The digestibility of the forage was analyzed with in vitro gas production technique [3]. Organic matter
digestibility (OMD) and metabolic energy (ME) in the forage were calculated by gas production.
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Detection of Heavy Metal Content in the Blood

Compared to group C, the levels of Cu and Cd in
the blood of Przewalski’s gazelle from the fertilized
areas were significantly elevated (p<0.01, Table 7). The
levels of Mo and Pb in the blood of Przewalski’s gazelle

from fertilized arecas were greatly decreased (p<0.01,
Table 7). There were no significant differences observed
in the levels of other heavy metals in the blood of
Przewalski’s gazelle.

Table 5. Effect of nano-K,MoO, on the nutrition values of polluted forages.

Items Group C Group 1 Group 11 Group 111
CP (%) 11.37+1.23%* 19.35£1.72 21.1242.17 21.37+£2.35
EE (%) 1.97+0.17*%* 3.97+0.29 4.37+0.43 4.51+0.47
CF (%) 23.61£2.31 24.32+3.22 24.57+2.31 24.75+2.27

S (%) 0.31£0.01%%* 0.17+0.02 0.16+0.02 0.15+0.01

N (mg/kg) 2.23+0.21%* 3.17+0.31 3.23+0.36 3.37+0.41
OMD (%) 47.17+4.33 46.37+4.26 47.99+4.35 47.66+4.21
ME (MJ/kg) 6.64+0.62 6.59+0.63 6.73+0.61 6.71+0.53

CP: Crude protein; EE: ether extract; CF: crude fiber; S: sulfur; N: nitrogen; OMD: organic matter digestibility; ME: metabolic

energy. **indicated significant difference (p<0.01).

Table 6. Effect of nano-K,MoO, on the contents of heavy metals in polluted forages.

Elements (mg/kg) Group C Group | Group II Group IIT
Zinc (Zn) 286.69+22.89 288.00+34.81 286.83+22.63 287.20+23.84
Molybdenum (Mo) 211.32+21.57** 157.35£15.47 159.29+15.49 151.79+15.27
Selenium (Se) 1.35+0.12%* 2.93+0.24 2.94+0.23 2.97+0.25
Copper (Cu) 1.14+0.11%* 2.3240.21 2.34+0.19 2.33+0.22
Cadmium (Cd) 6.27+0.71 6.31+0.53 6.29+0.59 6.33+0.57
Chromium (Cr) 2.19+0.27 2.22+0.23 2.27+0.25 2.19+0.24
Hydrargyrum (Hg) 0.73+0.07 0.69+0.06 0.71£0.05 0.68+0.04
Lead (Pb) 97.63+8.33%* 77.77£7.13 77.71£7.21 77.59+7.24

** indicated significant differences (p<0.01).

Table 7. Effect of nano-K,MoO, on the contents of heavy metals in the blood of the Przewalski’s gazelle from the polluted animals.

Items (mg/kg) Group C Group [ Group 11 Group III
Zinc (Zn) 51.83+3.31 57.75+5.43 55.32+2.57 57.23+7.63
Molybdenum (Mo) 8.50+0.77** 5.14+0.53 5.13+0.59 5.11+0.52
Selenium (Se) 0.35+0.03 0.37+0.02 0.36+0.01 0.36+0.02
Copper (Cu) 0.17+0.01%** 0.37+0.02 0.36+0.02 0.39+0.03
Cadmium (Cd) 0.18+0.01** 0.31+0.03 0.32+0.02 0.31+0.02
Chromium (Cr) 0.23+0.01 0.22+0.02 0.22+0.02 0.21+0.01
Hydrargyrum (Hg) 0.33+0.02 0.35+0.03 0.34+0.03 0.31£0.02
Lead (Pb) 0.5740.04** 0.39+0.03 0.37+0.05 0.38+0.04

** indicated significant differences (p<0.01).
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Detection of Heavy Metal Content in Livers

The levels of Cu and Cd in the liver of Przewalski’s
gazelle from the fertilized areas were significantly
higher than those from the control group (p<0.01,
Table 8). Additionally, the contents of Mo, Se, and Pb
in the liver of Przewalski’s gazelle from the fertilized
areas were notably reduced (p<0.01, Table 8). However,
no significant differences were observed in the levels of
other heavy metals in the liver.

Detection of Blood Indexes

The levels of Hb, RBC, PCV, and PLT in the blood
of Przewalski’s gazelle from fertilization areas were
significantly higher than those in group C (p<0.01,
Table 9). This indicated a substantial improvement in
anemia among Przewalski’s gazelles from the polluted
areas.

Detection of Antioxidant Capacity

In this research, it can be concluded that the levels of
serum GSH-Px, T-AOC, CAT, and SOD of Przewalski’s
gazelle from the fertilized areas were significantly
higher than those from group C (p<0.01, Table 10).
Additionally, the content of MDA in Przewalski’s gazelle
from the fertilized areas was notably reduced (p<0.01,
Table 10). This indicated a substantial improvement in
antioxidant function among Przewalski’s gazelles from
the polluted areas.

Discussion

Mo is a crucial micronutrient for plants and animals
within the natural ecosystem, as it plays a pivotal role
in various biological processes. Specifically, Mo is
intimately related to N metabolism in plants, whereby
it facilitates biological nitrogen fixation and is involved
in the reduction process of nitric acid. Given its integral

Table 8. Effect of nano-K,MoO, on the contents of heavy metals in the liver of the Przewalski’s gazelle from the polluted animals.

Items (mg/kg) Group C Group I Group II Group 111
Zinc (Zn) 365.95+33.53 369.32+37.82 371.57+41.87 374.97445.26
Molybdenum (Mo) 935.56+76.93%* 471.57+42.37 463.314+44.73 476.37+45.73
Selenium (Se) 6.67+0.67** 4.71£0.73 4.59+0.68 4.13£0.71
Copper (Cu) 5.18+0.57** 7.85+1.39 7.68+1.41 7.57+1.37
Cadmium (Cd) 0.79+0.00** 2.11+0.23 2.13+0.25 2.21+0.19
Chromium (Cr) 1.13+0.12 1.21£0.13 1.26+0.11 1.19+0.15
Hydrargyrum (Hg) 4.17+0.37 4.21£0.39 4.2240.41 4.19+0.32
Plumbum (Pb) 17.35£2.11%* 12.11+1.83 12.65£1.79 12.53£1.63
** indicated significant differences (p<0.01).
Table 9. Effect of nano-K_MoO, on the gazelle’s blood indexes from the polluted animals.
Items Group C Group I Group II Group III
Hb (g /L) 87.83+11.23%* 121.17+£13.75 120.14+12.66 122.95+11.37
RBC (10" /L) 7.36£0.51%* 10.34+1.12 11.56+2.11 11.12+1.21
PCV (%) 35.33+£3.53%* 42.21£3.17 41.32+£3.23 42.21£3.25
WBC (10° /L) 8.11+0.82 8.21+0.73 8.23+0.78 8.34+0.77
MCV (fl) 47.43+4.21 46.41+4.11 46.36+4.22 46.35+4.15
MCH (pg) 17.61£1.35 17.53£1.47 17.43£1.67 17.35£1.58
MCHC (%) 24.67+2.11 25.15+2.56 25.26+2.37 25.37+£2.61
PLT (x10%L) 413.53432.67** 474.57+33.27 479.37+23.45 477.35433.24

Hb: hemoglobin; RBC: red blood cell; PCV: packed cell volume; WBC: white blood cell count; WBC: white blood cell count; MCV:
mean corpusular volume; MCH: mean corpusular hemoglobin; MCHC: mean corpusular hemoglobin concerntration; PLT: platelet.

** indicated significant differences (p<0.01).
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Table 10. Effect of nano-K,MoO, on the gazelle’s antioxidant parameters from the polluted animals.

Antioxidant capacities Group C

Group I

Group II Group III

GSH-Px (IU/L) 45.63 + 3.53%*

152.67+15.21

147.61+£14.27 153.78+15.37

MDA (pmol/L) 126.83+11.63** 53.66£5.73 33.66 +£3.35 33.66 £3.23
CAT (IU/L) 4.52 £ 0.63** 8.77+0.69 9.33+£0.78 9.22+0.83
SOD (IU/L) 55.77 £ 4.43%* 75.46 £ 6.55 83.46 £8.33 84.46 £8.77

T-AOC (U/mL) 3.32+£0.27** 7.76+ 0.83 17.66 + 1.66 17.77 £1.76

GSH-Px: glutathione peroxidase; MDA: malondialdehyde; SOD: superoxide dismutase; CAT: catalase; T-AOC: total antioxidant

capacity. ** indicated significant differences (p<0.01).

function in maintaining the overall ecological balance,
Mo is a crucial component of the soil nutrient profile [24,
25]. It has been reported that in healthy natural areas, the
application of Mo-containing fertilizer can significantly
increase the N, CP, and organic matter digestibility
(OMD) values of the forage [26, 27]. In our previous
research surveys, the utilization of nano-K MoO,
exhibited a notable impact on the levels of N, CP, and
EE, while also demonstrating a significant reduction in
S content within the grass samples in polluted regions.
This observed outcome might potentially arise from the
intricate interplay between S, Mo, and Cu within the
soil solution of areas afflicted by heavy metal pollution
[28, 29].

Within a plant’s biological system, the available
Mo in the soil solution undergoes a chemical reaction
with the soluble S element, ultimately forming Cu-
thiomolybdate, a highly insoluble complex [30, 31],
resulting in a notable decrease in the levels of soluble Cu
and S, consequently resulting in a significant reduction
in the absorption of these elements in forage plants.
This, in turn, contributed to lower concentrations of
Cu and S in the plant tissues [32, 33]. Simultaneously,
it is important to note that the molecular structures of S
and Se elements exhibit similarities, thereby competing
for the same absorption sites in plant roots within
the soil solution. The reduced availability of soluble
S leads to an augmented uptake of the Se nutrient,
consequently resulting in elevated Se levels in forage
plant compositions [34-36]. In our study, the contents
of Se and Cu in the forage from fertilized areas were
remarkably higher than those from the control group.
The Mo and Pb contents were significantly lower than
those from the control diet. It might be that nano-
k,MoO, applied in the diets competitively inhibited the
absorption, thus reducing the content in the forage.

The accumulation of heavy metals in animal tissues
is predominantly influenced by the composition of their
feed. However, it is pertinent to note that the rate at
which these heavy metal elements are absorbed is also
contingent upon the presence of other chemical elements
within the feed composition [37, 38]. In the digestive
system of gazelles, the S element interacts with the
Mo element to generate thiomolybdate compounds

within the rumen [39]. The results demonstrate that
thiomolybdate effectively inhibits the absorption of
Cu in the gut through the closure of absorption sites.
Furthermore, thiomolybdate effectively removes Cu
from metallothionein (MTs) in the liver, subsequently
inducing the excretion of stripped Cu via the blood
and bile. This process ultimately leads to a reduction
of Cu content within animal tissues [40, 41]. In this
study, the utilization of nano-K MoO, has demonstrated
a significant reduction in Mo and Pb contents while
concurrently increasing Cu and Cd contents in the
forage, blood, and liver. Remarkably, no prior research
has reported such a distinct reduction in Pb levels in the
forage, blood, and liver with the application of nano-
K,MoO, fertilization [42, 43].

Mo serves as a vital constituent of
molybdoflavoprotein in nitrogen-fixing bacteria found in
plants. It is also a principal component of plant nitrate
reductase, playing a crucial role in various enzymatic
processes. Additionally, Mo is involved in the utilization
of Fe within organisms and contributes to the alleviation
of anemia symptoms while simultaneously promoting
animal growth [44, 45]. Insufficient Mo levels in the
forage can lead to chronic Cu poisoning in ruminants.
It is important to note that different ruminant species
exhibit varying degrees of sensitivity to Cu, with
gazelles demonstrating a tolerance threshold of 25 mg/
kg [46, 47]. Excessive Cu in the forage can lead to
corrosion and ulceration of the gastrointestinal mucosa,
causing the onset of anorexia and decreasing feed intake
in animals. Furthermore, Se is also an integral mineral
essential for various biological functions in animals
[48, 49]. This study indicated a significant disparity in
the levels of Cu, Cd, Pb, and Hg in the soil between
the polluted areas and the healthy areas. Specifically,
the polluted areas exhibited substantially higher
concentrations of these elements compared to the healthy
areas. However, upon the application of nano-K MoO,
in the polluted areas, there was a marked reduction in
Mo and Pb levels, accompanied by a notable increase in
the Cu content observed in the forage, blood, and liver
samples.

Mo can participate in the composition and
metabolism of vitamin B12, promote RBC development
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and maturity, and prevent anemia. Hematological
parameters serve as reliable indicators for assessing
the severity of anemia in animals [50, 51]. The present
research demonstrated that heavy metal pollution
in the natural habitat of the gazelles had caused a
significant reduction in the levels of Hb, PLT, PCV, and
RBC, resulting in severe anemia among the animals.
Nevertheless, as evidenced by the markedly elevated
levels of Hb, PLT, PCV, and RBC in the gazelle from
the nano-K,MoO, fertilized areas as compared to
the control group. These findings suggested that the
application of nano-K MoO, to the polluted farm could
effectively reduce the toxicity of heavy metals in the
animal’s environment and significantly mitigate the
symptoms of anemia.

The antioxidant system of the animal body is a
defense system for the rapid removal of free radicals,
which mainly includes the non-enzyme system and
enzyme system [52, 53]. On the one hand, non-
enzymatic systems play a crucial role in antioxidant
defense mechanisms and consist of various components
such as vitamin E, vitamin C, GSH, Cu, Mn, Mo, Zn,
Fe, and Se. On the other hand, the enzymatic system is
composed of specific antioxidant enzymes, including
SOD, GSH-Px, and CAT. The assessment of GSH-Px,
MDA, CAT, SOD, and T-AOC provides insights into
the overall antioxidant function of the organism [54-
56]. The experimental investigations demonstrated that
heavy metal contamination had a substantially negative
impact on the functionality of antioxidant systems. It
was observed that this contamination rapidly disrupted
the delicate balance between oxidants and antioxidants.
Conversely, this result indicated that the fertilization
of nano-K,MoO, in heavy metal-polluted areas had
remarkably mitigated the decline of antioxidant capacity
in Przewalski’s gazelle.

Conclusions

The application of nano-K,MoO, significantly
increased the concentrations of Se and Cu in the forage,
as well as the concentrations of Cu and Cd in both blood
and liver samples. While significant decreases in Mo and
Pb levels were observed in the forage, blood, and liver
samples, there were also significant increases in CP and
EE levels in the forage. Additionally, the intervention
with  nano-K,MoO, effectively mitigated anemia
symptoms, enhanced antioxidant capacity, and reduced
the toxicity of heavy metals within the fertilized areas.

Acknowledgments

This work was supported by the National Natural
Science Foundation of China (42171060), and the
Modern Agricultural Industry Technology System in
China (CARS-38).

Conflict of Interest

All authors have declared that they have no known
competing financial interests or personal relationships
which may influence the work reported in the paper.
The authors have no relevant financial or non-financial
interests to disclose, and the authors declare no conflicts
of interest.

References

1. HUO B., HE J., SHEN X.Y. Effects of Selenium-Deprived
Habitat on the Immune Index and Antioxidant Capacity of
Przewalski’s Gazelle. Biological Trace Element Research.
198 (1), 149, 2020.

2. SONG C.J., JIANG Q., SHEN X.Y. Responses of
Przewalski’s Gazelle (Procapra przewalskii) to Zinc
Nutrition in Physical Habitat. Biological Trace Element
Research. 199 (1), 142, 2021.

3. SHEN X.Y., ZHAO K., MO B.T. Effects of Molybdenosis
on Antioxidant Capacity in Endangered Przewalski’s
Gazelles in the Qinghai Lake National Nature Reserve
in the Northwestern China. Biological Trace Element
Research. 201 (8), 3804, 2023.

4. HUO B.,, WU T, XIAO H., SHEN Xl. Effect of
copper contaminated pasture on mineral metabolism
in the Wumeng semi-fine wool sheep. Asian Journal of
Ecotoxicology. 14 (06), 224, 2019.

5. NISHITO Y., KAMBE T. Absorption mechanisms of iron,
copper, and zinc: An overview. Journal of Nutritional
Science and Vitaminology. 64 (1), 1, 2018.

6. SHEN X.Y., SONG C.J. Responses of Chinese merino
sheep (Junken Type) on copper-deprived natural pasture.
Biological Trace Element Research. 199 (3), 989, 2021.

7. ZHANG L., JIAO T, ZHENG Z.C,, LIU C.Q., ZHOU
X.H., FENG R.L. Analysis of Se concentrations in study
farm of Sanjiaocheng in Qinghai at different seasons.
American Journal of Traditional Chinese Veterinary
Medicine. 4 (05), 17, 2005.

8. WILLSCHER S., JABLONSKI L., FONA Z., RAHMI
R., WITTIG J. Phytoremediation experiments with
helianthus tuberosus under different pH and heavy metal
soil concentrations. Hydrometallurgy. 168 (SI), 153, 2005.

9. KHAN Z.I, AHMAD K., ASHRAF I, KHAN A,
FARDOUS A., SHER M., AKRAM N.A., ASHRAF M.,
HAYAT Z., LAUDADIO V., TUFARELLI V., HUSSAIN
A., ARSHAD F., CAZZATO E. Appraisal of trace metal
elements in soil, forage and animal continuum: a case
study on pasture irrigated with sewage water. Philippine
Agricultural Scientist. 99 (1), 80, 2016.

10. JACOB JM., KARTHIK C., SARATALE RG,
KUMAR S.S., PRABAKAR D., KADIRVELU K.,
PUGAZHENDHI A. Biological approaches to tackle
heavy metal pollution: a survey of literature. Journal of
Environmental Management. 217, 56, 2018.

11. GALL J.E., BOYD R.S., RAJAKARUNA N. Transfer
of heavy metals through terrestrial food webs: A review.
Environmental Monitoring and Assessment. 187 (4), 201,
2015.

12. HUANG Y., CHEN Q.Q., DENG M.H., JAPENGA I,
LI T.Q., YANG X.E., HE Z.L. Heavy metal pollution
and health risk assessment of agricultural soils in a



936

Wanyi Zeng, et al.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

typical peri-urban district in southeast China. Journal of
Environmental Management. 207, 159, 2018.

JACOB JM. KARTHIK C., SARATALE R.G,
KUMAR S.S., PRABAKAR D, KADIRVELU K.,
PUGAZHENDHI A. Biological approaches to tackle
heavy metal pollution: a survey of literature. Journal of
Environmental Management. 217, 56, 2018.

ALLOWAY B.J. Heavy metals and metalloids as
micronutrients for plants and animals. Heavy metals in
soils. Environmental Pollution. 22, 195, 2013.

WANG Y.F., CHENG H.F. Soil heavy metal(loid) pollution
and health risk assessment of farmlands developed on
two different terrains on the Tibetan Plateau, China.
Chemosphere. 335, 139148, 2023.

SHEN X.Y., CHI Y.K., XIONG K.N. The effect of heavy
metal contamination on humans and animals in the
vicinity of a zinc smelting facility. PLos One. 14 (10),
¢0207423, 2020.

BIST P, CHOUDHARY S. Impact of Heavy Metal
Toxicity on the Gut Microbiota and Its Relationship with
Metabolites and Future Probiotics Strategy: a Review.
Biological Trace Element Research. 200 (12), 5328, 2021.
GB 15618-2018. Soil environmental quality risk control
standard of soil contamination of agricultural land (trial).
Beijing, Ministry of Ecology and Environment of the
People’s Republic of China. 2018.

ZHAO K., MIN X.., SHEN X.. Response of the
Wumeng sheep to phosphorus deprived environment in the
Southwest China. Polish Journal Environmental Studies.
30 (3), 2927, 2021.

BAO S.D. Soil agrochemical analysis, 3rd Edition.
Agricultural Publishing House, Beijing. 2000.

LI Y.F, HE J, SHEN X.. Effects of nano-selenium
poisoning on immune function in the Wumeng Semi-fine
wool sheep. Biological Trace Element Research. 199 (8),
2919, 2021.

LI YF, WANG Y.C., SHEN X.Y. Effects of sulfur
fertilization on antioxidant capacity of Wumeng semi-
fine wool sheep in the Wumeng Prairie. Polish Journal
Environmental Studies. 30 (5), 3919, 2021.

HUO B., WU T.,, SONG C.J., SHEN XY. Effects of
selenium deficiency in the environment on antioxidant
systems of Wumen semi-fine wool sheep. Polish Journal
Environmental Studies. 29 (2), 1649, 2020.

POTT E.B., HENRY P.R., ZANETTI M.A., RAO PV,
HINDERBERGER E.J.Jr, AMMERMAN C.B. Effects
of high dietary molybdenum concentration and duration
of feeding time on molybdenum and copper metabolism
in sheep. Animal Feed Science Technology. 79 (1-2), 93,
1999.

SOETAN K.O., OLAIYA C.0., OYEWOLE O.E. The
importance of mineral elements for humans, domestic
animals and plants: A review. African Journal of Food
Science. 4 (5), 200, 2010.

LI Y.F, LIU HW., HE J., SHEN X.Y., ZHAO K., WANG
Y.C. The Effects of oral administration of molybdenum
fertilizers on immune function of Nanjiang brown goat
grazing on natural pastures contaminated by mixed heavy
metal. Biological Trace Element Research. 200 (6), 2750,
2021.

HUO B., WU T, SONG C.J., SHEN XY. Studies
of selenium deficiency in the Wumeng semi-fine wool
sheep. Biological Trace Element Research. 194 (1), 152,
2020.

LI Y.F, WANG Y.C., SHEN XY., LIU FY. The
combinations of sulfur and molybdenum fertilizations

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

30.

40.

41.

42.

43.

improved antioxidant capacity of grazing Guizhou semi-
fine wool sheep under copper and cadmium stress.
Ecotoxicology and Environmental Safety. 222, 112520,
2021.

LATIF R., MALEK M., MIRMONSEF H. Cadmium and
lead accumulation in three endogeic earthworm species.
Bulletin of Environmental Contamination Toxicology. 90
4), 456, 2013.

SHEN X.Y., SONG C.J.,, WU T. Effects of Nano-copper
on antioxidant function in copper-deprived Guizhou black
goats. Biological Trace Element Research. 199 (6), 2201,
2020.

GOULD L., KENDALL N.R. Role of the rumen in
copper and thiomolybdate absorption. Nutrition Research
Reviews. 24 (2), 176, 2011.

SONG C.J., GAN S.Q., SHEN X.Y. Effects of Nano-copper
poisoning on immune and antioxidant function in the
Wumeng semi-fine wool sheep. Biological Trace Element
Research. 198 (2), 515, 2020.

OBIDA C.B., ALAN G.B., DUNCAN J.W., SEMPLE K.T.
Quantifying the exposure of humans and the environment
to oil pollution in the niger delta using advanced
geostatistical techniques. Environment International. 111,
32,2018.

SHEN X.Y., HUO B, LI Y.F, SONG C.J., WU T., HE J.
Response of the critically endangered Przewalski’s gazelle
(Procapra przewalskii) to selenium deprived environment.
Journal of Proteomics. 241, 104218, 2021.

HUO B.,, WU T, SONG C.J, SHEN XY. Effects
of selenium deficiency in alpine meadow on Blood
Biochemical Indexes and antioxidant systems of yaks.
China Animal Husbandry and Veterinary Medicine. 46
(04), 1053, 2019.

HUO B., HE J., SHEN X.Y. Effects of selenium-deprived
habitat on the immune index and antioxidant capacity of
Przewalski’s gazelle. Biological Trace Element Research.
198 (1), 149, 2020.

SHEN X.Y., CHI Y.K., XIONG K.N. The effect of heavy
metal contamination on humans and animals in the
vicinity of a zinc smelting facility. PLos One. 14 (10),
¢0207423, 2020.

WILKINSON JM., HILL 1J., PHILLIPS C.J. The
accumulation of potentially-toxic metals by grazing
ruminants. Proceedings of the Nutrition Society. 62 (2),
267,2003.

LI Y.F, SHEN X, LIU FY, LUO L., WANG Y.C.
Molybdenum fertilization improved antioxidant capacity
of grazing Nanjiang brown goat on copper-contaminated
pasture. Biological Trace Element Research. 200 (3), 1156,
2021.

SHEN X.Y., SONG C.J.,, WU T. Effects of Nano-copper
on antioxidant function in copper-deprived Guizhou black
goats. Biological Trace Element Research. 199 (6), 2201,
2020.

CASALINO E., CALZARETTI G., SBLANO C,
LANDRISCINA C. Molecular inhibitory mechanisms of
antioxidant enzymes in rat liver and kidney by cadmium.
Toxicology. 179 (1-2), 37, 2002.

ASADI F, MOHSENI M., NOSHAHR K.,
SOLEYMANI F.H., JALILVAND A., HEIDARI A. Effect
of Molybdenum Nanoparticles on Blood Cells, Liver
Enzymes, and Sexual Hormones in Male Rats. Biological
Trace Element Research. 175 (1), 50, 2017.

YAMAZAKI T., ENOSAWA S., TOKIWA T. Effect of
cryopreservation on the appearance and liver function of
hepatocyte-like cells in cultures of cirrhotic liver of biliary



Effects of Nano-Potassium Molybdate...

937

44.

45.

46.

47.

48.

49.

50.

51,

atresia. In Vitro Cellular and Developmental Biology —
Animal. 54 (6), 401, 2018.

HUO B., WU T., CHI Y.X., MIN X.Y., SHEN X.Y. Effect
of molybdenum fertilizer treatment to copper pollution
meadow on copper metabolism in Wumeng semi-fine wool
sheep. Journal of Domestic Animal Ecology. 40 (07), 44,
2019.

Song C.J., Shen X.Y. Effects of environmental zinc
deficiency on antioxidant system function in Wumeng
semi-fine wool sheep. Biological Trace Element Research.
195 (1), 110, 2020.

WU T.,, SONG M., SHEN X.Y. Seasonal dynamics of
copper deficiency in Wumeng semi-fine wool sheep.
Biological Trace Element Research. 197 (2), 487, 2020.
CHI Y.K., XIONG K.N., CHEN H., MIN XlY., XIAO
H., LTIAO J.J.,, SHEN X.Y. Effect of Grazing to Copper
Pollution Meadow on Copper Metabolism in Wumeng
Semi-fine Wool Sheep. Polish Journal Environmental
Studies. 28 (3), 1083, 2019.

SONG C.J., GAN S.Q., HE J., SHEN X.Y. Effects of nano-
zinc on immune function in Qianbei-Pockmarked goats.
Biological Trace Element Research. 199 (2), 578, 2020.
LOPEZ-ALONSO M., MIRANDA M. Copper
Supplementation, A Challenge in Cattle. Animals (Basel).
10 (10), 1890, 2020.

EDWARDS J.R., PROZIALECK W.C. Cadmium, diabetes
and chronic kidney disease. Toxicology and Applied
Pharmacology. 238 (3), 289, 2009.

CHUNG Y., DESIRAJU S., NAMACHIVAYAM K.,
GUZMAN P, HE L., MOHANKUMAR K. Hematological
changes in neonatal mice with phlebotomy-induced
anemia. Pediatric Research. 92 (6), 1575, 2022.

52.

53.

54.

55.

56.

ASHOUR M., MABROUK M.M., AYOUB H.F.,, EL-
FEKY M.M.M.M., ZAKI S.Z., HOSEINIFAR S.H., ROSSI
W. Jr, VAN DOAN H., EL-HAROUN E., GODA A.M.A-S.
Effect of dietary seaweed extract supplementation on
growth, fed uiliation, hematological indices, and non-
specific immunity of Nile Tilapia, Oreochromis nilticus
callenged with Aeromonas hydrophila. Journal of Applied
Phycology. 32 (5), 3467, 2020.

EL BOUII S., KAMIL N., BEIDOURI Z. Experimental
study of an osillting water column wave energy converter
based on regular waves. Marine Systems and Ocean
Technology. 17, 147, 2023.

DASS S., SIDDIQUI J.A., MULAVEESALA R.
Applicability of nanoparticle coating in bone density
evaluation using gassian-weighted linear frequengy-
modulated thermal wave imaging. Russian Journal of
Nondestructive Testing. 59, 228, 2023.

KUMAR B.S., SRIKANTH K. A study on properties
of pervious concrete with high-volume usage of
supplementary cementitious materials as substitutes for
cement. Asian Journal of Civil Engineering. 24, 1997,
2023.

MA Y.X., CHEN Q., ZHANG Y., XUE J.H., LIU QW.,
ZHAO YY., YANG Y.P, HUANG Y., FANG W.F,
HOU Z.G, LI S.R., WANG J., ZHANG L., ZHAO HY.
Pharmacokinetics, safety, tolerability, and feasibility of
apatinib in combination with gefitinib in stage [IIV EGFR-
mutated non-squamous NSCLC: a drug-drug interaction
study. Cancer Chemotherapy and Pharmacology. 92 (5),
411, 2023.



