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Abstract

Background and Aim: The quality of food, especially animal-based food, is crucial for human health. However, the quality
of milk and other animal products has become an acute cause for concern in Kazakhstan. Technogenic dispersion of heavy
metals (HMs) causes adverse effects on living organisms and creates unfavorable conditions for the existence of humans,
animals, and plants. The purpose of this study was to analyze the content of several HMs in samples of soil, horse feed
(hay, mixed feed, and bran), mare’s milk, and manure to assess bioaccumulation and possible adverse effects on the bodies
of horses. An additional purpose was to identify areas with acceptable conditions for obtaining environmentally safe horse
breeding products in the agricultural zones of the Almaty region, Kazakhstan.

Materials and Methods: Samples were obtained from two farms in the Almaty region in 2020 (spring, summer, and
autumn). In total, 72 soil samples were analyzed, which were taken from the upper humus horizon to the depth of the
arable layer. Eighty-six samples were taken from the feed of horses. Green feed was represented by perennial and annual
grasses (alsike clover, Medicago sativa, sweet yellow clover, as well as pea and oat mix). Barley and wheat bran stored in
the warehouses of the farm were sampled for the research as feed supplements. The mixed feed comprised components
such as maize and sunflower. In addition, 46 samples of mare’s milk and 28 samples of horse manure were collected. The
HM analysis was performed in the laboratory of the Kazakh-Japanese Innovation Center. The residual amounts of HMs
were determined using an absorption spectrometer with a voltammetric analyzer. The content of cadmium (Cd), lead (Pb),
mercury (Hg), and arsenic (As) in all the studied samples of soil, feed, mare’s milk, and manure did not exceed the threshold
limit values (TLVs), suggesting that the intake of these toxic elements into the human body with food was low.

Results: The average Cd concentration was in the range of 0.29-0.31 mg/kg in soil samples and in the range of
0.20-0.27 mg/kg in feed samples. In milk, the Cd concentration varied from 0.01 to 0.02 mg/L and was lower in summer
and higher in fall. The total average Cd content in horse manure was 0.1844 mg/kg. The concentration of Pb in soil samples
ranged from 1.09 to 1.30 mg/kg with the lowest value in spring and the highest in fall. In the feed, the concentration of Pb
varied from 0.14 to 0.76 mg/kg and in milk from 0.03 to 0.15 mg/L. The average concentrations of Hg and As in soil samples
averaged 0.022 and 0.019 mg/kg, respectively, and were within the TLVs.

Conclusion: In the study areas, the calculated transition rates in the soil-feed-milk—manure system revealed that the
greatest transition of HMs was observed for Pb and Cd, and a smaller migration was observed for Hg and As. The tendency
of accumulation of trace elements continued in the feed.

Keywords: feed, heavy metals, milk, soil.

Introduction horses of thoroughbred horse breeds. Local breeds are

Horses are an integral part of Kazakh culture typically resistant to diseases such as piroplasmosis

and history. The Ministry of Agriculture, Kazakhstan,
maintains a program for the intensive development
of horse breeding for the preservation and improve-
ment of the gene pool of the Mugalzhar, Kushum, and
“Kazakh Jabe” breeds and the breeding of pedigree
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and necrobacillosis, which can cause great damage to
horses of other breeds imported to Kazakhstan [1,2].
Paratypical factors greatly influence horse
fertility, the most important of which is the level
and quality of feeding. Clearly, feed and feed
quantity should not endanger animal health [3,4].
Anthropogenic terrestrial pollution of numerous
farms has led to changes in the natural composition
of soils, reservoirs, and vegetation, which, in turn,
negatively affects the reproductive functions of ani-
mals [5]. The most dangerous toxicants with a direct
negative effect on humans and animals (e.g., through
synergistic effects in the bodies) are heavy metals
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(HMs) [6]. HMs are a group of chemical elements
with a density of more than 5 g/cm® or a relative
atomic mass of more than 40. Within this group, sev-
eral metals are toxic. This group comprises mercury
(Hg), arsenic (As), cadmium (Cd), and lead (Pb)
[7]. HMs fundamentally change the intake of trace
elements in plants that perform essential biochem-
ical functions and that are organically associated
with increasingan organism’s resistance to ionizing
radiation. This behavior is relevant for the effects of
radioactive contamination.

Hg residues originate from the substance’s use in
fungicides [8]. Pb accumulating in the soil and plants
originates mainly from the exhaust gases of internal
combustion engines associated with traffic. Its toxic
effect on plants begins to manifest at concentrations
of approximately 5 mg/kg of soil. However, Pb com-
pounds are harmful to plants at all concentrations [9].
Cd is characterized by high toxicity relative to soil
organisms. Cd can act as zinc in numerous biochem-
ical processes. It disrupts the functioning of enzymes
associated with respiration and other physiological
processes (carbonic anhydrase, various dehydroge-
nases, and phosphatases), as well as those involved
in the protein (proteinase and peptidase) and nucleic
metabolisms. This leads to high phytotoxicity of Cd.
As a chemical analog of zinc, Cd replaces it, which is
necessary for the phosphorization of glucose and the
process of forming and metabolizing carbohydrates.
Cd typically originates from the widespread use of
phosphates in agriculture.

A widely accepted maximum concentration of
Cd is in the range of 0.2-2.0 mg/kg of soil, depend-
ing on the present level of soil fertility [10]. Under
comparable conditions, the level of Pb and Cd absor-
bance varies with plant species. For example, green
onions, carrots, beets, cabbage, potatoes, and toma-
toes typically exhibit increased accumulation of Pb
and Cd [10].

However, in all cases, agricultural areas are
exposed to local pollution originating from traffic.
Thus, the contamination of soil cover occurs consis-
tently through a semi-elemental composition of toxic
substances. Agricultural produce grown on radionu-
clide-contaminated soils must therefore be analyzed
regarding the contents of Pb, Cd, As, and Hg. HMs
enter agricultural plants through the following sub-
stances: Sewage sludge, sewage, and household gar-
bage. In general, in all countries, the main sources of
anthropogenic atmospheric pollution are thermal and
other power plants, the ferrous and nonferrous met-
allurgy industry, oil production, traffic, and the con-
struction materials industry [11].

The purpose of this study was to determine
the composition and quality of local key biological
resources — soil, feed, and horse organism — in two
agricultural sites in the Almaty region, Kazakhstan.
Bioaccumulation of HMs and the impact on the organ-
1sm of horses were assessed. In addition, areas with

acceptable conditions for obtaining environmentally
safe horse products were identified.

Materials and Methods

Ethical approval

The work was approved by the Bioethics
Commission of the Kazakh National Agrarian
Research University, and the analyses comply with
the Code of Professional Ethics of Veterinarians, the
ethical principles of animal research established by the
European Convention for the protection of vertebrates
used for experimental and other scientific purposes.

Study period and location

The sampling of objects and the study of resid-
ual amounts of heavy metals in them were carried out
from March to October 2020 at two different sites,
each in a distinct region of the Almaty region.

Site 1: Alem Trade farm (KZ LLP) is located out-
side the industrial mountainous zoneapproximately
5 km from the city of Almaty.

Site 2: Aydarbayev farm is located in the Almaty
region, Enbekshikazakhsky district, the village of
Saimasai. The farm is located next to the central high-
way in an industrial area.

The climate in both regions is characterized
by hot and rainy summers and humid winters. The
average annual temperature and precipitation at the
first and second sites are 19.5°C and 1,400 mm and
21.9°C and 1290 mm, respectively. Detailed data on
horses (i.e., gender, age, breed, weight, and main use)
and the farms were obtained at the sampling sites.
Then, the animals were physically examined to deter-
mine the state of nutrition, degree of hydration, color
of the mucous membrane, time of filling of the capil-
laries, as well as heart rate and respiration.

The horses from Site 1 were only females of the
“Kazakh Jabe” breeds. The horses from Site 2 com-
prised both sexes of the “Mugaljar” breed (3-12 years,
average 4.5 years). Each group comprised ten ran-
domly selected clinically healthy animals, from which
samples of feed and feed additives, milk, and manure
were obtained 3 times per year (at the beginning of the
spring, in summer, and in fall).

Grazing horses had free access to water and were
fed hay and full-fledged horse food, which consists
of feed rations that contain all the substances neces-
sary for the animal and are also capable of ensuring its
normal vital functions. The maintenance, feeding, and
watering of the mares, as well microclimate param-
eters, were identical at both sites and corresponded
to the zootechnical standards for this type of animal.
The biochemical analyses of soil, feed, milk, blood,
and manure were conducted in the laboratory of the
Kazakh-Japanese Innovation Center, Kazakh National
Agrarian Research University.

The content of HMs in the soil, plants, and feed
was determined through conjugate analysis. The tran-
sition of HMs through the food chain was assessed
through the refinement of their coefficients. Finally,
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the spectrum of toxicants (Pb, Cd, Hg, and As), their
levels in relation to the TLVs (ratio), and the influence
of soil conditions on the accumulation of HMs was
evaluated. Through determining the quantitative and
migratory nature of HMs in the food chain and iden-
tifying the influence of various factors on it, the accu-
mulation and transition rates (TRs) of HMs in thesoil—
feed—horse system of the mare were determined.

The TRs of HM from soil to food and the ani-
mal’s body were determined by the formula (1):

a

(4
(s) (M

—

TR =

p—

i
i

a

where, TR is the transition rate of the i — goele-
ment from the daily ration to the milk of the ani-
mal; C(4) — the content of the i — goelement in feed,
manure (mg/kg), milk (mg/L); C(S) — the content of
the i — goelement in the soil, mg/kg.

Standard analyses of distinct variation series
were performed using the generally accepted methods
of variation statistics. The reliability of the differences
was evaluated accordingly using the Student’s 1-crite-
rion. The results of the analysis were considered sta-
tistically significant at p<0.05.

Soil

To determine the levels of HMs in the soil, sam-
ples were taken from the upper humus horizon to
the depth of the arable layer (0-30 c¢cm) according to
standard methods in soil science [12]. Soil sampling
(400 g per sample) was performed 3 times per year: At
the beginning of spring (after the snow had melted),
in summer, and in fall (during harvest). The concen-
tration of HMs was determined using the following
method [13]: 2.0 g of the analyzed sample were placed
in a glass beaker; 10 cm? of nitric acid with a molar
concentration of 0.5 mol/dm? were added; the mixture
was stirred and kept at a temperature of 90°C while
continuing stirring for 3 h. The sample was then fil-
tered through a paper filter into a 100 cm® measuring
flask. The volume was adjusted to 100 cm?® with bidis-
tilled water. The resulting solution was analyzed for
AAS.

The mass fraction of the element to be determined in
the sample for each determination (X**%), million™, was
calculated by the formula (2):

XiAAC — (Cmi - Cx ) : V : k (2)

m

Where:

C , — Mass concentration of an element in the
analyzed solution, found from the calibration charac-
teristic, mg/dm?;

C, — Mass concentration of the element in
the blank solution, found by the calibration char-
acteristic, mg/dm?;

V—the volume of the analyzed solution,
(F =100 cm®);

k — dilution ratio (from 1 to 1000);

t — the weight of the sample weight, g.

Feed

Feed comprised perennial and annual grasses
(alsike clover, Medicago sativa, sweet yellow clover,
as well as pea and oat mix). Samples were obtained
from feed harvested directly on the farms that formed
the basis for the feed ration. Samples of the mixed
feed were obtained from the warehouse. Grasses
from the pastures were collected monthly, from June
to September, from 10 accounted patches of 1 m?
located diagonally on the plot. The grass was mowed
at the height of 3-5 cm. All feed additives (wheat bran
and barley), as well as mixed feed, which consisted
of a mixture of corn and sunflower, were stored in
the warehouses of the studied farms. Sampling from
mixed feed and feed additives was carried out using
the following method [14]: Spot samples were taken
with a barn probe of objects. The entire surface of the
feed was divided into squares of 4-5 m? each. Samples
were taken from the center of each square (at the height
of the square of up to 0.75 m—from the upper and
lower layers and at the height of over 0.75 m—from
the upper, middle, and lower layers). From the mixed
feed kept in closed bags point samples were taken
with a bag probe from the top and bottom thirds of the
bag. The probe was inserted with the groove facing
downward, turned 180°, and then retrieved. Five per-
cent of all bags were sampled. A total of 86 samples
of animal feed were taken, of which: 25 samples from
hay and freshly cut grasses, 9 samples from alfalfa,
8 and 23 samples from bran, and 21 samples of barley
from the mixed feed. The raw materials were dried
immediately after collection by air drying to avoid the
destruction of substances. The conditions of collection
and storage were identical for all feed samples.

The content of HMs was determined through
the atomic absorption method according to the fol-
lowing method [15]: A sample weight of 10-20 g was
placed in a crucible. Then, the crucible was placed in
a cold muffle furnace, and the temperature was raised
to 250-300°C and subsequently cooled. The ash was
moistened with a few drops of distilled water; 5 cm?
hydrochloric acid solution was added, and then the
mixture was diluted with distilled water at the ratio of
1:1. Next, the crucible was placed in a boiling water
bath or electric stove and evaporated to achieve a wet
state, preventing the spray and calcination of the sed-
iment. A total of 10-15 cm?® of a nitric acid solution
was poured into the crucible using a dispenser. The
mix was diluted with distilled water at the ratio of 1:1;
then, the crucible was covered with a watch glass and
heated on an electric stove to boiling point and then
kept in a boiling water bath for 30 min. After cooling,
the ash solution was filtered into a volumetric flask
with a capacity of 50 cm® through a paper filter. The
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filter was first thoroughly washed with a solution of
nitric acid diluted with distilled water at the ratio of
1:1. The crucible was rinsed several times with hot
distilled water and drained onto the filter. The fil-
ter was thoroughly washed with distilled water. The
volume of the solution in the flask was topped up to
50 ¢™3 with distilled water and mixed. The sediment
was allowed to settle. The liquid above the sediment
was carefully retrieved for analysis. Determination of
the mass concentration of metals in the ash solution
was performed using the following analytical lines
(sensitive absorption lines of elements) with the fol-
lowing wavelengths, nm: Pb—217.0; Cd—228.8.

The mass fraction of the metal in the test sample
(mg/kg) was calculated by the formula (3):

V(cl —co)
m

X= 3)

Where:

¢, —mass concentration of metal in the ash solu-
tion, found according to the calibration schedule,
mg/dm;

¢, — mass concentration of metal in the solution
of the control experiment, mg/dm;

V — the volume of the initial ash solution, cm;

m — sample weight, g.
Milk

The volume of each milk sample ranged from
300 to 500 mL. Milk samples from the flasks were
obtained using the following method [16]: A clean and
dry tube was immersed in the milk and retrieved while
closing the upper end with the thumb. The retrieved
milk was poured into a clean and dry bottle, which
was closed with a rubber stopper. Bottles with milk
samples were labeled and stored in the refrigerator
at a temperature of 4°C until the next day. A total of
36 milk samples were analyzed.

Manure

Samples of horse manure were retrieved directly
from the rectum through the anal opening using a cus-
tomized bucket attached to a stick and stored in clean
plastic bags. Horses were never touched, stimulated,
or forced to excrete feces or urine. Equal amounts of
horse feces were pooled, homogenized, and stored
at —20°C. The concentration of Pb, Cd, Hg, and As
in horse feces was determined by atomic absorption
spectrometry.

Measuring instruments and analysis

The quantitative determination of HMs (Cd, Pb,
As, and Hg) was performed on a novAA350 atomic
absorption spectrometer (Analytik Jena, novAA®
350, spectral range 185-900 nm, Jena, Germany) with
a TaLab voltammetric analyzer (Tomsk, Russia).

Sample preparation
Sample preparation was performed by dry and
acid mineralization. Nitric acid solution (HNO,, Alita

LLP, Kazakhstan) was added to the suspension of the
feed, soil, and manure at the rate of 1 mL per 50 g of
the product; the solution was then mixed, placed on
an electric stove, and carefully charred until all smoke
disappeared. Then, the bowl was placed in an elec-
tric furnace (muffle furnace PE-4820 [7.21/1000°C,
JSC Ekroschem, Saint Petersburg, Russia]) pre-
heated to approximately 250°C. Simultaneously, the
bowl with the sample suspension was heated using
an infrared lamp. Then, ethyl alcohol was added to
the bowl containing the sample at a rate of 5 mL per
1 g of dry matter; it was then covered with a watch
glass and incubated for 36 h. Next, charring was per-
formed. After charring, the mineralization of samples
was performed in an electric furnace by increasing
the temperature gradually (by 50°C every 30 min) to
450°C. Mineralization continued at this temperature
until gray ash was obtained. The bowl with ash was
retrieved from the electric furnace after 10-15 h of
ashing, cooled down to 15-18°C, and then, the con-
tent was moistened by drops with 2-3 drops of nitric
acid solution. The acid was entirely evaporated in a
water bath; the next incubation in a desiccator was
performed at 140°C. After cooling, the bowl with
the sample was placed in the cooled electric furnace
again. The temperature was gradually increased to
300°C, and the sample was incubated for 0.5 h. This
cycle was repeated three times in duplicate [17].

To determine the concentration of Pb and Cd,
the ash was dissolved in a crucible by heating it in
nitric acid (1:1) by volume at a rate of 1-5 cm?® of acid
per sample, depending on the ash content of the prod-
uct. The solution was evaporated to wet salts. The
precipitate was dissolved in 15-20 cm? of nitric acid
(mass fraction of 1%), transferred quantitatively to a
25 cm?® volumetric flask, and topped up to 25 cm® with
the same acid. Then, the spectrometer was prepared
for operation and the measurement conditions were
selected [18].

The mass concentration of As in the sample was
determined by adding a certified mixture of As (III) to
the analyzed solution. The total concentration of As
was determined after reduction of As (V) compounds to
As (IIT) with sodium pyrosulfite or sulfuric acid hydra-
zine during evaporation of the sample in the presence
of sulfuric acid. To determine the content of As (V) in
the milk, the sample was evaporated to dryness with the
addition of concentrated hydrochloric acid (HCI, Alita
LLP, Kazakhstan). The dry residue was incubated in a
furnace (muftle furnace PE-4820 [7.2L/1000°C, LLC
Ekroschem]) at >450°C. As (V) preserved in the sam-
ple was reduced to As (I1I) by sodium pyrosulfite; then,
As (IIT) was determined in the mineralization product.
The mass concentration of As (III) was defined as the
difference between the total As concentration and the
mass concentration of As (V) [19].

The mass concentration of Hg was determined by
inversion voltammetry after pretreatment of the sam-
ple through ozonation (1.5-2.5 min). The ozonation
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of samples was performed directly in the cells of the
analyzer with the use of an ozonizing device Chisto-TA
(attachment to voltammetric analyzer TA-Lab, LLP
Elementum, Kazakhstan). The mass concentration of
Hg in the test samples was determined by adding cer-
tified mixtures with a specified content of Hg [20].
Analyses were performed in two repetitions.

The concentrations of the detected elements
in the samples were calculated using the metro-
logical processing of the results of the subsequent
method [17]: Under the conditions of repeatability,
two groups of measurements were performed — the
first group, which gave n, measurement results with
an arithmetic mean of ,, and the second group, which
gave n, measurement results with an arithmetic mean
of ¥,, and the standard deviation of the difference
(¥,- ¥,) was the following (4):

/ , 1 1
o= Ur(n—lJrn—z)s 4)

the critical difference for (¥,- ¥,) was calculated
as follows (5):

CD=2.80'r L+L, (5)
2n, 2n,

at a 95% probability level.

Quantitative indicators of the research results
were processed by variational and statistical analysis
using the Microsoft Excel, Statgraf, and Statgraf Plus
software packages.

Results
Soil

The entry of HMs into the soil occurs through
atmospheric sediments, metal-containing pesticides
(Hg), and fertilizers [18]. Table-1 presents the gross
contents of HMs at the study sites.

The average content of Cd in the soil samples
from Site 1 was 0.0501£0.1 mg/kg, 0.114+0.4 less
than that observed in the samples from Site 2. In
summer, the value for samples from Site 1 was

0.017+£0.1 mg/kg. By contrast, in autumn, the value
was higher, 0.0443+0.08 mg/kg. The average concen-
tration of Cd in the soil of Site 1 was 0.2869 mg/kg,
which does not exceed the respective TLV for abso-
lutely dry soil matter. The soil from Site 2 contained
on average Cd at 0.3158 mg/kg. The average amounts
of Pb were 1.086 and 1.3043 mg/kg in the soil of Sites
1 and 2, respectively.

The annual average Hg concentrations in the
soils of Sites 1 and 2 were 0.0163 and 0.0296 mg/kg,
respectively, both of which do not exceed the TLVs.
At Site 2, the largest share of the tested toxic elements
was exhibited by Cd with 16.4%. The amount of Hg
in the soil of Site 2 was 20.9% higher as compared
to Site 1. These findings reveal that the research
sites exhibited different degrees and combinations of
contaminants.

The sample analysis revealed that the levels of
HMs were close to the existing background values.
In addition, an excess of Pb content was observed in
samples obtained in fall. The samples of the research
sites were characterized according to the ratio of HMs
concentration to the corresponding TLVs; accordingly,
the increase progressed as follows: Pb>Cd>Hg>As
(1.195, 0.301, 0.022, and 0.019, respectively). Our
results indicate that the contents of Hg, Pb, Cd, and As
in the soils of the study sites did not exceed the TLVs.

Feed

In plants, HMs are unevenly distributed in
organs and tissues. The level of HM accumulation in
the reproductive organs of plants is markedly lower
than that in the vegetative ones. Accumulation is gen-
erally determined by the biological characteristics
of the plant, the physiological role of the element in
question, its content in the soil, and the abundance
of plants. Knowledge regarding the specific pattern
of accumulation of HMs in feed can aid in limiting
their uptake into the body of fed animals and subse-
quently humans and so aid in minimizing adverse con-
sequences [19].

Thus, as presented in Table-2, the Cd and Pb
content in the studied areas was lower than the back-
ground values, but the Pb concentration at Site 1 in fall
was 2.5-3 times higher than those in spring and sum-
mer. Regarding the feed of farm animals, standards

Table-1: Average content of heavy metals in soil samples by season, mg/kg (M£m).

Season Economy Heavy metals, TLV (mg/kg)
Cadmium Lead Arsenic Mercury
1.0 3.2 2.0 2.1
Spring No. 1 0.0501+0.1 0.1549+0.1 0.0450+0.4 0.0311+0.2
No. 2 0.1641+0.5 0.2434+0.11 0.0429+0.6 0.0661+0.31
Summer No. 1 0.0869+0.4 0.0395+0.32 0.0062+0.1 0.0094+0.12
No. 2 0.1039+0.14 0.0396+0.15 0.0078+0.3 0.0115+0.02
Fall No. 1 0.7237+0.1 3.0636+0.02 0.0059+0.12 0.0083+0.2
No. 2 0.6794+0.02 3.6301+0.4 0.0088+0.14 0.0112+0.1
Average number No. 1 0.2869+0.31 1.086+0.14 0.0190+0.15 0.0163+0.4
No. 2 0.3158+0.21 1.3043+0.13 0.0198+0.3 0.0296+0.6
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Table-2: The concentration of HM in horse feed produced in two farms of the Almaty region.

Farm No. Sampling season Type of feed HM concentration in the feed, mg/kg
Cadmium Lead Arsenic Mercury
MEtm Mtm MEtm MEtm
1 Spring Hay 0.3691+1.2 0.1463+0.13 + -
Mixed feed 0.2456+1.3* 0.1523+0.5 - -
Wheat bran 0.1562+0.1 0.1142+0.6* - -
Summer Grass clipping 0.2744%£0.7 0.1771+£0.03 - -
Barley 0.1621+1.3% 0.1064+0.8* -
Mixed feed 0.2521+0.8 0.1431+£1.2%* - -
Alfalfa 0.2042+0.1 0.1548+0.4 - -
Fall Bran 0.3851+0.6 0.1348+0.3 + -
Hay 0.4198+0.2 0.1376+0.1 - -
Average quantity 0.2767+0.03 0.1407+0.1 + -
2 Spring Hay 0.1521+0.2 0.0862+0.1 - +
Mixed feed 0.1548+0.1 0.1062+0.2 - -
Summer Alfalfa 0.1137+003* 0.0476+0.8* -
Barley 0.1632+0.1 0.0588+0.01 - -
Hay 0.0426+1.2%* 0.0722+0.2 - -
Mixed feed 0.1428+1.4% 0.0922+0.4 - -
Fall Hay 0.5811+0.1 2.86+0.24% - +
Mixed feed 0.2935+0.6* 2.76+0.3 - -
Average number 0.2055+0.8 0.7604+0.02 + +
TLV 0.3 3.2 0.5 .0

*p<0.05; () - trace of an element. TLV=Threshold level value, HM=Heavy metals

for the content of HMs has been established. These
were adopted as the TLVs for various types of feed
(coarse and juicy, grain feed) in this study [20]. The
observed contents of HMs in various types of feed
(hay, fresh-cut grass, and mixed feed) in the study
areas indicate a change in the indicators between
the two surveyed farms within narrow limits: From
0.2055 to 0.2767 mg/kg for Cd and from 0.1407 to
0.7604 mg/kg for Pb (Table-2).

The concentrations of As and Hg in all types of
feed were insignificant. In other words, only traces of
these elements were found. In addition, the maximum
observed Pb content was typical for feed produced at
Site 1. At both sites, the Pb content in pasture grasses
increased toward the end of the vegetation period.
Still, the observed values of Pb and Cd were below the
corresponding TLVs. In general, the feed produced at
Site 2, which is located in a nonindustrial area of the
Almaty region, exhibited the lowest contamination
with HMs.

In animal husbandry, feed additives are typically
used to improve weight gain, feeding efficiency, and
the pigmentation of animals [4]. According to Zhou
etal.[21], Cd is not added as a feed additive for animal
growth. Cd is often present in mineral additives such
as phosphates, Zn sulfate, and Zn oxide as an impurity.
Hence, Cd can enter into the animal body through such
feed ingredients. According to Li et al. [22], the aver-
age Cd content in feed for cattle was 2.79 mg/kg. We
obtained data that a high amount of cadmium is not
only found in animal feed but can also accumulate in
sufficient quantities in animal byproducts [23].

In the feed samples from Site 1, the aver-
age amounts of Cd were 0.2569+0.86 mg/kg
in spring, 0.22324+0.12 mg/kg in summer, and

0.40254£0.4 mg/kg in autumn. Average values of Cd
in the feed samples at Site 2 averaged 0.1534+0.15,
0.1156+1.13, and 0.4373+0.35 mg/kg in spring, sum-
mer, and autumn, respectively. The highest Cd content
was observed in the feed produced at Site 1.

At the same time, the ratios of HM concentra-
tions to the corresponding values of MPC for different
feeds of farm Nel change as follows:

Hay (Cd: Pb: As: Hg=0.39: 0.14:+:-);
Mixed feed (Cd: Pb: As: Hg=0.25: 0.15:-:-);
Bran (Cd: Pb: As: Hg=0.27: 0.12:+:-);
Fresh grass (Cd: Pb: As: Hg=0.27: 0.18:-:-);
Barley (Cd: Pb: As: Hg=0.16: 0.11:-:-);
Medicago (Cd: Pb: As: Hg=0.20: 0.15:-:-).

An excess of Cd concentration over the corre-
sponding MPC values in the feed and feed supplements
at Site 1 was observed. The Pb content in the feed (hay,
mixed feed) at Site 1 in terms of excess ranked second.
Its amount was within 0.11-0.18 mg/kg, respectively.
Thus, controlling the content of Pb and Cd in the pas-
ture grasses at this site is necessary. In addition, it is
necessary to identify other types of HM concentrators
(and primarily Pb).

Milk

HMs were detected in the samples of mare’s
milk. Cd and Pb were measured in various concen-
trations, whereas Hg and As were not detected. The
highest amount of Pb (0.3831 mg/L) at Site 2 was
observed in fall (Table-3). The average amount of Cd
and Pb in the milk samples for the entire study period
was 0.0053 mg/L. The increases in the concentration
of Cd and Pb in winter and summer were accompa-
nied by an increase in their content in the feed and also
depended on the soil and climatic conditions.
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Table-3: Content levels of HM in samples of mare’s milk (saumal) of the studied farms, M+m.

Number of Threshold Economy
HM L | I val

»ma/ evel value No. 1 No. 2

Spring Summer Fall Spring Summer Fall

Cadmium 0.03 0.0153+0.1 0.0048+0.02 0.0058%+0.2 0.0132+0.02 0.0070+0.13 0.0201+0.4
Lead 0.1 0.0816+0.03 0.0124+0.1 0.0053+0.4 0.0652%+0.5 0.0149+0.1 0.3831+0.02
Lead 0.1 - - - - - -
Mercury 0.05 - - - - - -

-=Not found, HM=Heavy metals

Boudebbouz et al. [24] reviewed 60 original
articles published since 2010 reporting Pb levels in
raw cow’s milk worldwide. The highest levels of Pb
(60 mg/L) were reported in an area consisting of gran-
ite and granite gneiss in India. Shahbazi et al. [25]
reported that the accumulation of heavy and toxic
metals in milk and dairy products may depend on the
location of the farms. Numerous studies have assessed
the content of metals in milk from different regions.

The concentration of Pb in milk differs according
to country and local contexts. For example, the TLVs
of Pb in cow’s milk are 0.05, 0.02, and 0.1 mL/L, in
Germany and Holland, Turkey, and Russia, respec-
tively [26]. The concentration of As in milk varies
depending on the sampling location [27].

The content of Pb and Cd in mare’s milk at Site
1 did not exceed the MPC, and the average indices
were: Cd 0.0153+0.01 mg/L, Pb 0.0816+0.03 mg/L;
Cd 0.0048+0.02 mg/L, Pb 0.0124+0.1 mg/L; and Cd
0.0058+0.2 mg/L, Pb 0.0053+0.4 mg/L in spring, sum-
mer,andautumn, respectively. ThecontentofHMsinmilk
at Site 2 did not exceed the MPC; the average of each ele-
ment was Cd 0.0132+0.02 mg/L, Pb 0.0652+0.5 mg/L;
Cd 0.0070+0.13 mg/L, Pb 0.0149+0.1 mg/L;
and Cd 0.0201+£0.4 mg/L, Pb 0.3831+0.02 mg/L in
spring, summer, and autumn, respectively. Of all the
samples tested for environmental safety, the maximum
amount of HMs (Cd, Pb) was detected in the milk of
Site 2. The concentration of elements increased in the
following order: Pb>Cd>As=Hg (0.154:0.013:Nil:
Nil).

Manure

Numerous studies have examined the content
of various metals in pig and cattle manure [28,29].
By contrast, few studies have examined the feces
and urine from horses, which are economically less
important. Table-4 presents the content of four HMs
(Cd, Pb, As, and Hg) in the manure of various farms.
In this study, the Cd and Pb content in horse manure
was 0.1745-0.2044 and 0.1246-0.6445 mg/kg, respec-
tively. The total average content of Cd and Pb in the
surveyed farms of the Almaty region was 0.1844
and 0.3845 mg/kg. As in the feed, the highest metal
content in cattle manure comprised Cd and Pb. In a
previous study [28], significant correlations between
Cd concentrations in animal feed and manure were
reported. Thus, the addition of Cd to animal feed Pb

Table-4: The average content of heavy metals in horse
feces samples, mg/kg.

Heavy metals Farm No. 1 Farm No. 2

n=10 n=10
Cadmium 0.1745+0.03 0.2044+0.05
Lead 0.1246+0.1 0.6445+0.04
Arsenic + +
Mercury - +
-=Not found

to high Cd residues in the manure, which creates a
high risk of contamination of agricultural land [30].
Besides Pb, no significant differences were found in
the contents of HMs at Site 2.

The content of HMs in animal manure largely
reflects the content of HMs in the feed consumed by
the animals and the efficiency of animal feed conver-
sion. The use of As-containing additives in animal
feed has led to the appearance of various As residues
in manure [31]. In Austria, the average As content in
cattle manure was 0.44 mg/kg [32], which is substan-
tially higher than the content observed in this study. In
our study, only traces of As and Hg were observed in
horse manure.

TRs of HMs in the soil-feed—-milk-manure system

Table-5 presents the data on the migration of
HMs in the soil-feed—milk—manure system. On the
basis of the content of HMs in the soil and their accu-
mulation in the feed, milk, and manure of mares, the
TRs of HMs were calculated. These allow predicting
the intake of toxic elements and aid in developing
measures aimed at reducing the intake of toxic ele-
ments by adjusting the diet or using sorbents. TRs
varied widely and depended on the characteristics of
the metabolism of toxic elements in the body of the
animals. The TR value in the soil-feed—milk—-manure
system was highest for Cd and lowest for Pb.

A comparative assessment of the transition of
HMs from the diet to the body of horses revealed that
the migratory amounts of Cd ions were significantly
reduced (in the case of the transition to manure, by
28.4%). Pb ions actively migrate to animal manure,
which was clearly illustrated by a slight decrease in
the coefficient by 8.3%. The migration of elements
such as Hg and As from the diet to the product was
less affected by the technology of harvesting feed
(mowing, selection of feed, pressing, transportation,
storage, compaction, sealing, and introduction of
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Table-5: Comparative assessment of the transition rates of heavy metals in the system “soil-feed-mare’s milk-manure.”

Heavy Metal content level
metals . :
In the soil of In feed, mg/kg In milk, mL/L In manure, mg/kg
pastures
Average content, Average TR, % Average TR, % Average content, TR, %
mg/kg content, content, mg/I mg/kg
TR, % mg/kg
Farm No. 1
cd 0.2869 0.2767 0.96 0.0086 0.03 0.1745 0.6
Pb 1.086 0.1407 0.12 0.0331 0.03 0.1246 0.11
As 0.0190 0* - 0 - 0* -
Hg 0.0163 0 - 0 - 0 -
Farm No. 2
cd 0.3158 0.2055 0.65 0.0134 0.06 0.2044 0.64
Pb 1.3043 0.7604 0.58 0.1544 0.2 0.6445 0.49
As 0.0198 0* - 0 - 0* -
Hg 0.0296 0* - 0 - 0* -

0*=Minor traces of the element, (-)=No transition rate. Cd=Cadmium, Pb=Lead, As=Arsenic, Hg=Mercury,

TR=Transition rate

biological products or feed additives). The migration
of elements from diet to milk was influenced not only
by different preparation but also by the agroclimatic
conditions of feed cultivation. The migration of Pb to
milk was the lowest for the diet provided at Site 1 (by
0.03%). Regarding the rations of Site 1, the TRs of
HMs, such as Cd and Pb, in milk were high (on aver-
age by 0.13%). By contrast, no TRs were observed for
Hg and As.

The calculated transition coefficients in the
soil-feed—milk—manure system indicate that the great-
est transition of HMs was exhibited by Cd; slightly
less migration was observed for Pb. At Site 1, the
average Cd TR was 0.53% and that for Pb was 0.09%.
At Site 2, the average TR for Cd was 0.45% and that
for Pb was 0.42%. Transition coefficients for As and
Hg were not calculated, because only traces of these
elements were observed in the samples. In the feed
and feed supplements, the tendency of accumulation
of trace elements persisted. The analysis of the con-
tent of HMs in the samples revealed that the distri-
bution occurred in descending order: Cd>Pb>As=Hg.

Discussion

The statistical analysis revealed a considerable
difference in the concentration of Cd and Pb in the
samples of soil, feed, milk, and horse manure and
depending on the sampling time. Seasonal varia-
tions in Cd content were significant. In the soil sam-
ples, the average Cd concentration was in the range
of 0.29-0.31 mg/kg for all seasons. Although the Cd
levels in the soil were lower in spring and higher
during fall, the observed levels were lower than those
reported by Zhou et al. [21]. The observed Cd concen-
tration corresponded to the TLVs. Potential sources of
Cd in the soil are the use of synthetic fertilizers and
the presence of household waste in the water.

The concentration of Pb in the soil samples
was 1.09-1.30 mg/kg with the lowest value in spring
and the highest in fall. The recorded level of Pb in

the soil samples was considerably lower than the
concentration reported by Martin et al. [33]. The aver-
age annual concentrations of Hg and As in the soil sam-
ples at the two sites averaged 0.02239 and 0.0194 mg/
kg, respectively, and did not exceed the TLVs.

In the feed samples, the amount of Cd was in the
range of 0.20-0.27 mg/kg, exhibiting a lower value in
spring and a higher value in fall. According to Adamse
et al. [34], feed is mainly of plant origin and has a low
level of HMs. However, when plants grow in a highly
polluted environment; the concentration of HMs
in plant-derived feed materials may increase either
because of plant uptake or due to soil particles adher-
ing to the plants, which can cause increased levels in
the feed [34]. However, the observed Cd concentra-
tion in the hay samples was higher than the TLVs in
fall (0.58 mg/kg). This level can cause the poisoning
of livestock. Higher Cd concentrations in feed sam-
ples can be caused by ingestion of feed grown in
Cd-contaminated soil as well as by grazing near road-
ways and contaminated water.

The concentration of Pb in the feed varied from
0.14 to 0.76 mg/kg throughout the study period, with
the lower concentrations in spring and summer and
higher concentrations in fall. According to Dai, high
concentrations of Pb were observed in mineral feed
additives that are used to enrich the main animal
feed [35]. However, the Pb level in the feed samples
at Site 1 was closer to the TLV in fall (2.8 mg/kg). The
concentrations of As and Hg in all the samples of feed
were insignificant. In other words, only traces of these
elements were observed.

In the milk, the Cd concentration varied from 0.01
to 0.02 mg/L and was lower in summer and higher in
fall. These values were significantly lower than those
reported by Shahbazi et al. [25]. The observed Cd val-
ues in milk were almost the same as those reported by
Eleboudi et al. [36]. The TLV for Cd content in milk
samples is 0.03 mg/L, and the results obtained in this
study were lower for all seasons.
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The Pb concentration in the milk samples varied
from 0.03 to 0.15 mg/L. The lowest concentration
of Pb was recorded in the summer and the highest
in fall. Literature on HM in the food chain is scarce.
According to Christophoridis et al. [37], the content
of HMs in milk and dairy products varies significantly
depending on the season of the year. In general, the Pb
level in the milk samples did not exceed the TLV of
0.1 mg/L.

HMs can be deposited in agricultural soil
through manure. Adding organic waste to agricultural
soils increases organic matter, contributes nutrients,
improves the soil structure, and increases nutrient
uptake by plants, which improves soil fertility and
quality [38]. Despite the significant fertilizing value
of the suspension, it can be rich in Zn, Cu, and other
HMs obtained as a result of animal consumption [29].
The total average Cd content in horse manure at the
study sites was 0.1844 mg/kg. As in the feed, the high-
est abundance of HMs was exhibited by Cd.

The Pb concentration in the manure samples
ranged from 0.12 to 0.64 mg/kg. The lowest Pb value in
the feed was observed in spring and the highest in fall.
The use of phosphorous fertilizers for crop production
may affect the Pb content in the feed. Consequently,
the Pb level may be higher in the manure. Proximity
to traffic can also cause an increase in the Pb levels in
soil and feed, which also increases the level of Pb in
manure.

According to the literature, the Almaty region
currently exhibits a low level of environmental pol-
lution [39]. The reasons for this are both the geo-
graphical location of the region and a low level of the
environmental impact of local industry, transport, and
agriculture [39]. Our findings suggest that in the stud-
ied administrative districts of the Almaty region, the
calculated TRs in the soil-feed—milk—manure system
indicate that the greatest transitions of HMs were for
Pb and Cd, and smaller migrations were observed for
Hg and As.

Therefore, the data indicate that the production
of environmentally safe dairy raw materials is possi-
ble only if systematic control of the farm environment
is ensured. Clearly, farms should not be contaminated
with toxic elements. Nevertheless, studies like this
provide useful data for guiding future initiatives for
monitoring and assessing environmental pollution.

Conclusion

The results of this study allow expanding the
scientific foundations of horse breeding, including
increasing the fertility of local horse breeds. The
established correlations and coefficients allow pre-
dicting the amount of TM in feed, and this enables
regulating their availability to animals. The compara-
tive analysis in this study of the actual content of toxic
elements in the feed and their TLVs suggests that the
farms of the Almaty region have the opportunity to
produce environmentally safe animal products. The

findings of this study can be used in the development
of practical regulatory documents on the use and reha-
bilitation of agricultural land with increased contam-
ination with HMs to create an appropriate feed base.

Authors’ Contributions

NK: Conception and design of the study, sta-
tistical analysis, and drafted the manuscript. NS:
Conception and design of the study. BL: Revised the
manuscript critically. ZK: Acquisition of data. All
authors read and approved the final manuscript.

Acknowledgments

The authors thank the Kazakh National Agrarian
Research University for providing research scholarships
and the Kazakhstan-Japan Innovation Center, as well as
AlemTradeKZ LLP, Kazakhstan and Aydarbayev Farm,
Kazakhstan for supporting the collection of samples.
This work was funded by the Ministry of Education and
Science of the Republic of Kazakhstan in a Ph.D. thesis
(grant number 104-D/August 25, 2018).

Competing Interests

The authors declare that they have no competing
interests.

Publisher’s Note

Veterinary World remains neutral with regard
to jurisdictional claims in published institutional
affiliation.

References

1. Raising Breeding Horses. Program for the Development of
Productive Employment and Mass Entrepreneurship (n.d.).
Available from: https://www.prz.enbek.gov.kz/ru/node/663.
Retrieved on 07-08-2020.

2. Nechaev, 1., Zhumagul, A., Rzabaevi, S., Kikebaev, N.,
Begimbetova, G., Sizonov, G.V. and Iskhan, K.Z. (2013)
Mugalzharskie Loshadi [Mugaljar Horses]. Nur-Print,
Almaty. p290.

3. Motovilov, K.Y., Bulatov, A.P., Poznyakovskii, V.M.,
Lantseva, N.N. and Mikolaichik, ILN. (2010) Ekspertiza
Kormov 1 Kormovykh Dobavok: Uchebno-Spravochnoe
Posobie. [Expertise of Feed and Feed Additives: Study
Guide]. Sibirskoe Universitetskoe Izdatelstvo, Moscow. p243.

4. Hejna, M., Gottardo, D., Baldi, A., Dell’Orto, V., Cheli, F.,
Zaninelli, M. and Rossi, L. (2018) Review: Nutritional
ecology of heavy metals. Animal, 12(10): 2156-2170.

5. Minkina, T.M., Mandzhieva, S.S., Burachevskaya, M.V.,
Bauer, T.V. and Sushkova, S.N. (2018) Method of determin-
ing loosely bound compounds of heavy metals in the soil.
Methods X, 5:217-226.

6. Sharifi, Z., Hossaini, S.M.T. and Renella, G. (2016) Risk
assessment for sediment and stream water polluted by
heavy metals released by a municipal solid waste compost-
ing plant. J. Geochem. Explor., 169:202-210.

7. Ibrahim, M..A., Mohamed, L.A, Mahmoud, M.G.,
Shaban, K.S., Fahmy, M.A. and Ebeid, M.H. (2019)
Potential ecological hazards assessment and prediction of
sediment heavy metals pollution along the Gulf of Suez,
Egypt. Egypt. J. Aquat. Res., 45(4): 329-335.

8. Ding, L., Zhao, K., Zhang, L., Liang, P., Wu, S., Wong, M.H.
and Tao, H. (2018) Distribution and speciation of mercury
affected by humic acid in mariculture sites at the Pearl River
estuary. Environ. Pollut., 240: 623-629.

9. Jafari, A., Kamarehie, B., Ghaderpoori, M.,

Veterinary World, EISSN: 2231-0916

2955



Available at www.veterinaryworld.org/Vol.14/November-2021/15.pdf

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Khoshnamvand, N. and Birjandi, M. (2018) The concen- 25. Shahbazi, Y., Ahmadi, F. and Fakhari, F. (2016)
tration data of heavy metals in Iranian grown and imported Voltammetric determination of Pb, Cd, Zn, Cu, and Se in
rice and human health hazard assessment. Data Brief, 16: milk and dairy products collected from Iran: An emphasis
453-459. on permissible limits and risk assessment of exposure to
Tepanosyan, G., Sahakyan, L., Belyaeva, O., Maghakyan, N. heavy metals. Food Chem., 192(1): 1060-1067.
and Saghatelyan, A. (2017) Human health risk assessment 26. Diacono, E., Faye, B., Meldebekova, A. and
and riskiest heavy metal origin identification in urban soils Konuspayeva, G. (2008) Plant, water and milk pollution in
of Yerevan, Armenia. Chemosphere, 184: 1230-1240. Kazakhstan. In: Faye, B. and Sinyavskiy, Y., editors. Impact
Bakradze, E., Vodyanitskii, Y., Urushadze, T., of Pollution on Animal Products. NATO Science for Peace
Chankseliani, Z. and Arabidze, M. (2018) About rationing and Security Series Series C: Environmental Security.
of the heavy metals in soils of Georgia. Ann. Agrarian Sci., Springer, Dordrecht. p107-116.
16(1): 1-6. 27. Gonzalez-Montana, J.R., Senis, E., Alonso, A.J.,
Committee of Standards. (1989) Measures and Measuring Alonso, M.E., Alonso, M.P. and Dominguez, J.C. (2019)
Instruments under the USSR Council of Ministers. GOST Some toxic metals (Al, As, Mo, Hg) from cow’s milk
28168-89. Soils. Sampling. Standartinform, Moscow. raised in a possibly contaminated area by different sources.
M-MVI-80-2008. (2008) Methods for Measuring the Environ. Sci. Pollut. Res. Int., 26(28): 28909-28918.
Mass Fraction of Elements in Samples of Soils, Grounds, 28. Qian, X., Wang, Z., Shen, G., Chen, X., Tang, Z., Guo, Ch.,
and Bottom Sediments by Atomic Emission and Atomic Gu, H. and Fu, K. (2018) Heavy metals accumulation in the
Absorption  Spectrometry. OOO  “Monitoring”,  St. soil after 4 years of continuous land application of swine
Petersburg. manure: A field-scale monitoring and modeling estimation.
Federal Agency for Technical Regulation and Metrology. Chemosphere, 210: 1029-1034.
(2016) GOST ISO 6497-2014. Stern Sample Selection. 29. Zhongqi, H.E., Pagliari, P.H. and Waldrip, H.M. (2016)
Standartinform, Moscow. Applied and environmental chemistry of animal manure:
State Committee of the Russian Federation for A review. Pedosphere, 26(6): 779-816.
Standardization and Metrology. (2001) GOST 30692- 30. Kazhmukhanbetkizi, Z.A., Eleubaevich, N.B. and
2000. Feed, Compound Feed, Compound Feed Raw Maksutovna, B.S. (2019) The content of heavy metals in the
Materials. Atomic Absorption Method for Determining grass, in water, and milk of Mares according to the season
the Content of Copper, Lead, Zinc, and Cadmium. IPK of the year. Ukr: J. Ecol., 9(1): 86-88.
Izdatel’stvostandartov, Moscow. 31.  Yang, X, Li, Q., Tang, Z., Zhang, W., Yu, G., Shen, Q. and
Federal Agency for Technical Regulation and Metrology. Zhao, F.J. (2017) Heavy metal concentrations and arsenic
(2014) GOST 26809.1-2014. Milk and Milk Products. speciation in animal manure composts in China. Waste
Acceptance Regulations, Methods of Sampling, and Sample Manag., 64: 333-339.
Preparation for Testing. Standartinform, Moscow. 32.  Sager, M. (2007) Trace and nutrient elements in manure,
State Committee of the Russian Federation for dung and compost samples in Austria. Soil Biol. Biochem.,
Standardization and Metrology. (2002)GOST R ISO 5725- 39(6): 1383-1390.
6-2002. Accuracy (Trueness and Precision) of Measurement 33.  Martin, A.P., Turnbull, R.E., Rissmann, C.W. and Rieger, P.
Methods and Results. Standartinform, Moscow. (2017) Heavy metal and metalloid concentrations in soils
Anjos, D.C., Hernandez, F.F.F., Bafiuelos, G.S., Dangi, S.R., under pasture of Southern New Zealand. Geod. Reg., 11:
Tirado-Corbald, R., da Silva, F.N. and Filho, P.F.M. (2018) 18-27.
Microbial community and heavy metals content in soils 34.  Adamse, P, Ine Van der Fels-Klerx, H.J. and de Jong, J.
along the Curu River in Ceard, Brazil. Geod. Reg., 14(10): (2017) Cadmium, lead, mercury and arsenic in animal feed
e00173. and feed materials trend analysis of monitoring results.
Hashemi, M. (2018) Heavy metal concentrations in bovine Food Addit. Contam. Part A Chem. Anal. Control Expo Risk
tissues (muscle, liver, and kidney) and their relationship Assess., 34(8): 1298-1311.
with heavy metal contents in consumed feed. Ecotoxicol. 35. Dai, S.Y., Jones, B., Lee, KM., Li, W., Post, L. and
Environ. Saf., 154: 263-267. Herrman, T.J. (2016) Heavy metal contamination of animal
Dafrge, N., de Vendomois, J.S. and Seralini, G.E. (2018) feed in Texas. J. Regul. Sci., 4(1): 21-32.
Toxicity of formulants and heavy metals in glypho- 36. Eleboudi, A.A., El-Makarem, H.A. and Hadour, H.H.A.
sate-based herbicides and other pesticides. Toxicol. Rep., 5: (2017) Heavy metals residues in some dairy products.
156-163. Alexandria J. Vet. Sci., 52(1): 334-346.
Zhou, X., Zheng, N., Su, C., Wang, J. and Soyeurt, H. 37.  Christophoridis, C., Kosma, A., Evgenakis, M. and
(2019) Relationships between Pb, As, Cr, and Cd in indi- Bourliva, A. (2019) Determination of heavy metals and
vidual cows’ milk and milk composition and heavy metal health risk assessment of cheese products consumed in
contents in water, silage, and soil. Environ. Pollut., 255(2): Greece. J. Food Compost. Anal., 82(1): 103238.
113322. 38. Leclerc, A. and Laurent, A. (2017) Framework for estimat-
Li, Y.X., Xiong, X., Lin, C.Y., Zhang, F.S., Li, W. and ing toxic releases from the application of manure on agri-
Han, W. (2010) Cadmium in animal production and its cultural soil: National release inventories for heavy metals
potential hazard on Beijing and Fux in farmlands. J. Hazard. in 2000-2014. Sci. Total Environ., 590-591: 452-460.
Mater., 177(1-3): 475-480. 39. Salimbaeva, R.A. (2015) Ekologicheskie problem yuzhnogo
Rajeshkumar, S. and Li, X. (2018) Bioaccumulation of Kazakhstanaii khvliy anienastroitel stvoekonomichesk-
heavy metals in fish species from the Meiliang Bay, Taihu ogo poyasavd ol novogoshel kovogoputi. [Environmental
Lake, China. Toxicol. Rep., 5: 288-295. problems of southern Kazakhstan and their impact on the
Boudebbouz, A., Boudalia, S., Bousbia, A., Habila, S., construction of an economic belt along the long silk road].
Boussadia, M.I. and Gueroui, Y. (2021) Heavy metals levels Mezhdunarodnyi  Zhurnal prikladnykh i fundamental-
in raw cow milk and health risk assessment across the globe: nykh issledovanii [International Journal of Applied and
A systematic review. Sci. Total Environ., 751: 141830. Fundamental Research], 12(6): 1105-1108.
seoskoskoskoskoskoskok

Veterinary World, EISSN: 2231-0916

2956



