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IIposedeno Odocnioncenns 6nauey GaNCKUX
Mmemanie, a came Kaomiro i [lnmombymy na opeanizm
MON0OHAKA céunell ma eexmusnocmi 3acody 3 none-
peodcenns inmoxcuxauii 6axckumu memanamu. Bascxi
Memanu 320008Y68AUCy OKPeMO i CYMicHO, Yy do3ax,
WO nepesuwyIomMs 2PAHUMHO OONYCMUMI KOHUeHmpa-
uii y xopmax y 10 ma 20 pasie. Tum camum, 3mode-
Ab06aNH0 npouec inmoxcuxauii 6ionoziunozo 06’exmy
(céuni) eaxckumu memanamu, w0 Modxce CMAMUCH
8HACNI00K 3a0pyonenns doskians. locaioicenms npo-
600UNUCS 3 MEMOI0 BUSHAMEHHS HANPAMY i cmyne-
HI0 GNIUGY BANCKUX MEMAJi8 HA HCUBY MACY, MACY
BHYMPIWHIX OpeaHié MEapuH, CMynino HAKONUUEH-
H Yy Npooyxuii ceunapcmeda, a mMaxoxic 6uUHaueH-
Ha epexmuenocmi anmumoxcuunoi 000a6Ku 6 KO-
cmi demoxcuxanmy saxckux memanie. Cmamucmuuna
00pobKa ompumanux danux 0o3eonuna noodyoyeamu
Mamemamuuni modeni i 6CmMaHOBUMU KOPeNAUTUHUU
36'30K MidNC 6UBUAEMUMU Pakmopamu.

Bcmanosaeno, wo eaxcki memanu maiomo cym-
meeull HezaMueHUl 6NJIUE HA THMEHCUBHICMb pocmy
meapun i cuaa 6naugy 3pocmac iz 003010. Ile niomeep-
0xcye i 6UCOKULL KOPENAUIUHUNL 36°A30K MINC UUMU
osnaxamu (xoeiuienm xopeasauii (r) dopisnioe 0,854.
Tax, scusa maca ceuneii nanpuxinyi docaioy sx 6 I-ii
max i y II-iii cepii 3a 0ii xemomoxcuxanmie 3meu-
wyeanacs na 5,5-14,8 % nopienano 3 xoumponem.
Cuna énauey 3anexcana i 6i0 camozo moxcuny. Tax,
HauOibwWull Heeamuenull epexm cnocmepizagcs 3a
0ii camozo Kaomiro ma Kaomito i Ilmomoymy pazom.
Teapunu, axi na Qoui inmoxcuxauii Ilnromoymom
i Kaomiem ompumyeanu anumumoxcuuny kKopmogy
dobaexy 36epicanu inmencuenicmv pocmy Ha pieHi
Koumpoaro, a 3a pesyaomamamu I-oi cepii nepeeu-
wyeanu o020 noxasnuxu. Baxcki memanu ¢ Ginvwii
Mipi HAKONUMYBANUCA 8 NeuiHui i HUPKAX, HaAUMeH-
we - 6 nezensx, cepui i mazax. Illobyodosani pienanns
pezpecii noxasanu, wo 2071068HUL 6NAUE HA 30INbULEHHS
emicmy Kaomiro i Ilmombymy y opeanax i m’aci 6ioi-
epae 3pocmanns 003u 6i0N06i0HO20 eemenmy Y Kop-
max. Buicm ITniombymy y xopmax énauease na emicm
Kaomiro y m’aci — i3 36iavuennam tiozo KoHyenmpauii,
emicm Kaomito y m’saci smenmyeascs.

Ompumani 6 pezyaomami 0ocaioxcens dani daromo
YA6Y npo Hanpam i cmynine 0ii 6ANCKUX Memaié Ha
oionozivni 06’exmu. Mamemamuuni mooeni Moycymo
BUKOPUCMOBYBAMUCH OJI1 NPOZHO3YGAHHS 6Micmy
moxcunie y npooyxuii ceunapcmea

Knrouosi cnosa: exouuonuii énaueg, mizpayis xce-
HoGiomuxie, anmumorxcuuna doéasxa, 6esneuna npo-
dykuyis ceunapcmea

u 0

1. Introduction

Studies in recent years have testified to the critical
state of the environment that is caused by an increase
in the number of different pollutants not inherent to the
environment before [1]. Among these pollutants, special
group is the heavy metals. Conditionally named “heavy
metals” are understood to represent a group of metals
that have a density above 6 g/cm?® and a relative atomic
weight exceeding 50 a. u. m. [2], most of which are toxic
(zinc, cadmium, mercury, plumbum, and others) [3]. These
xenobiotics quickly migrate and accumulate in the compo-
nents of the biosphere (air, water, soil — plants — animals),
thereby hindering the production of environmentally safe

agricultural products [4].
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It is known that human health directly depends on the
quality and environmental safety of products that are con-
sumed; therefore, this issue requires special attention [5].

Studying the mechanism of influence, the intensity of
migration throughout food chains and searching for ways
to reduce the content of heavy metals in products of animal
husbandry is of great practical importance. This is relevant
for the production of pork as well.

This is essential in those regions where it is impossible
to prevent the pollution of agrobiogeocenoses as a result
of strong anthropogenic influence and that leads to high
levels of accumulation of chemotoxicants in the fodder and
products of animal husbandry. Under these conditions, it is
important to know the mechanism of action of toxicants, the
intensity of migration throughout trophic chains, as well as




effective techniques for predicting and preventing the nega-
tive effect of heavy metals.

2. Literature review and problem statement

One of the major environmental problems of modern hu-
manity is the problem of the continued growth of the content
of compounds of heavy metals in the soil, water and atmo-
sphere of the industrially developed countries and cities. Of
all the pollutants of soils, the heavy metals account for about
60 % [6]. Moreover, in many cases the content of toxicants
that exceed MPC is observed not only around the sources of
industrial emissions of metals, but also in areas remote from
these places [7].

The anthropogenic sources of the presence of heavy met-
als in ecosystems are quite varied: emissions from industrial
enterprises, transport, combustion of fossil fuel, sewage, sol-
id waste landfills, mineral fertilizers [8].

The main danger of heavy metals is that they are capable
to gradually accumulate in the links of the food chain, with
the greatest concentration to be at its final link [9]. Thus,
the cattle that consume contaminated fodder accumulate
metals in specific organs and a person who takes meat and
dairy products from them gets a larger concentration of these
elements [10]. In addition, certain heavy metals are capable
of biotransformation, the result of which are metabolites that
have even greater toxicity than the original compounds [11].

Among the main heavy metals, the most toxic ones to
the organism of animals are Cd and Pb. These elements
demonstrate significantly more pronounced toxicological
properties, even at the lowest concentrations [12]. Every
year. biogeochemical cycles receive 3-10°t Pb, 2103t Cd.
Ukraine outperforms the United States and developed Eu-
ropean countries by 3.0—-6.5 times in terms of the anthropo-
genic chemical load [1].

Both toxicants are very toxic, they block the work of
enzymes that are important to the life activity of the body,
disrupt the performance of internal organs [13], reduce the
body’s resistance to disease [14], they exert negative impact
on heredity and destroy the red blood cells [15].

When excess amounts of cadmium and plumbum enter
the body, it disturbs the exchange of some essential elements
(ferrum, cuprum, sulfur, iodine) [16], increases the excretion
of calcium and phosphorus from the body and decreases the
strength of bones [17].

Heavy metals negatively affect the productivity of animals
[18], change the chemical composition, indicators of biological
value and sanitary quality of animal husbandry products [19].
Such products negatively affect health of people.

Most studies into the influence of heavy metals on the
body of animals are limited to studying the accumulation of
heavy metals in organs [20] and the physiological status of
animals at a slight excess in the content of heavy metals [21],
or even at the level of the maximally permissible concentra-
tions in fodder [22]. The impact of excessive doses of heavy
metals is often explored at laboratory animals, which do not
have any industrial value and provide for the understanding
the mechanism of action of toxins on biological objects [23].
Most research is directed at investigating a single toxin [22]
or a certain mix [24], which does not give any clear pattern
about the nature of interaction between heavy metals.

The development and implementation of means to pre-
vent the negative effect of heavy metals on the body of

animals is the pressing issue at present. There are quite a lot
of different preparations with such an effect [25]. However,
these are mostly the one-component preparations [26], which
are not capable to solve the problem because heavy metals
have a combined effect on the body. Natural adsorbents,
which are also widely used as detoxicants, along with heavy
metals actively remove essential elements (cuprum, zinc,
ferrum), required by animals for normal life activity [25].
Proven to have been effective are such synthetic prepara-
tions as unitiol, calcium thetacine [10], they, however, may
cause various side effects that make their long-term and
preventive application rather problematic [27]. Promising in
this direction is the development and application of compre-
hensive additives with natural components (herbs, vitamins,
microelements, organic compounds of microelements) [10].

Studying the impact of toxic doses of heavy metals when
they are jointly or separately applied makes it possible, by
constructing an imitation model of the ecocidal efffect, to
define the mechanism of action, the extent and character of
the accumulation of toxins in organs and meat. Statistical
processing of the acquired data enables establishing a correla-
tion relationship between these attributes and to construct
mathematical models of dependence of the content of heavy
metals in fodder on the concentration in meat and internal
organs. These mathematical models would make it possible,
based on the indicators of heavy metals content in one of the
links (fodder), to reliably predict the amount in the next one
(livestock products). Given this, there is a need to control
the content of heavy metals in trophic chains, specifically
“fodder—animal-animal products (meat)” for receiving more
environmentally safe products for the consumer.

It is also interesting to build mathematical models of the
content of heavy metals in trophic chains, which make it pos-
sible, based on the indicators of heavy metals content in one
of the links (soil, fodder), to reliably predict their quantity in
the next one (fodder, livestock products).

3. The aim and objectives of the study

The aim of this work is to explore the direction and the
extent of influence of xenobiotics, as well as techniques for
predicting and preventing their migration to the body of
young pigs.

To accomplish the aim, the following tasks have been set:

—to determine the extent of impact of the examined
heavy metals on the live weight and the weight of internal
organs of animals during experiment;

— to determine the degree of accumulation of cadmium and
plumbum in the internal organs and meat of young pigs during
fattening at different doses of these heavy metals in fodder and
the effect of an experimental fodder additive as a detoxicant;

— to construct mathematical models of dependence of the
live weight of animals, the weight of separate organs, and the
concentration of toxicants in meat and internal organs on
the dose of the consumed heavy metals;

— to perform a cluster analysis of research results in order
to categorize data and identify their specific structure.

4. Materials and methods of research

We studied the process of biogenic migration of heavy met-
als (cadmium and plumbum) within the system “fodder — body



of pig — products (meat)” under conditions of artificial ecocidal
impact, as well as the efficiency of application of the anti—toxic
fodder additive, at a farm in Poltava Oblast (Ukraine). The
scientific-industrial experiment was performed on the castrate
boars of large white breed at the age of 3.5 months. The starting
live weight was 30 kg. Based on the principle of pairs—analogs,
we formed 5 groups per 10 heads each. The first group was tak-
en to be control. Following a 15-day comparative period, the
diet of pigs from the examined groups was introduced with salts
of heavy metals, such as cadmium and lead, in the dosage that
exceeds the maximally permissible concentration for the mixed
fodder for pigs by 10 times, thus creating a model of the ecocid-
al impact that reflects the level of pollution at anthropogenic
areas. The animals from group V were additionally fed with
the antitoxic fodder additive in a dose of 30 g per head per day.
Composition of the additive included such components as dry
extract of oak, grass flour of herbs, metionats of cuprum, man-
ganese, zinc, and cobalt, vitamins A, C, D3 and E. The same
pattern was applied for the second series of our study, with a
dose of heavy metals exceeding the maximally permissible con-
centration for mixed feed for pigs by 20 times (Table 1).

Table 1

Experiment procedure

group. The concentration of plumbum and cadmium in fod-
ders and biological material was determined at the atom—ab-
sorbing spectrophotometer AAS—30 (Germany).

Table 2

Arrival of plumbum and cadmium to the body of the
examined young pigs

Series in experiment
I | 1
Group
1| o fmfv|v] 1 | o [mfiv]v

Indicator

Background con-
tent in fodder:
cadmium, mg/kg
plumbum, mg/kg 37 3.7
Added per 1 kg

0.109 0.109

of fodder: pure | — - 3.89 - - 7.89
cadmium, mg
pure plumbum, mg 46.3 46.3 96.3 96.3

1 kg of fodder after
addition of toxi-
cants contained:

pure cadmium, mg

pure plumbum, mg| 3.7 | 50 [3.7|50 (50| 3.7 | 100 |3.7{100{100

0.109(0.109( 4 | 4 | 40.109(0.109| 8 | 8 | 8

Quantity
of heads

Preparatory period, 15 days (in experimental series I and IT)

BD (basic diet) (fodder content of
Pb<5 mg/kg, Cd<0.4 mg/kg)

Main period, 138 days (in experimental series I and IT)

Group Conditions of experiment

I-v 10

Series I

BD (fodder content of
Pb<5 mg/kg, Cd<0.4 mg/kg)

BD+Pb (10MPC)
BD+Cd (10MPC)
BD+Pb (10MPC)+Cd (10MPC)

BD+Pb (10xMPC)+Cd (10MPC)+
+anti-toxic fodder additive

I (control)

IT (experiment)

IIT (experiment) 10

IV (experiment)

V (experiment)

Series I1

BD (fodder content of
Pb<5 mg/kg, Cd<0.4 mg/kg)

BD+Pb (20MPC)
BD+Cd (20MPC)
BD+Pb (20MPC)+Cd (20MPC)

BD+Pb (20MPC)+Cd (20MPC)+
+anti-toxic fodder additive

I (control)

IT (experiment)

IIT (experiment) 10

IV (experiment)

V (experiment)

Note: BD — basic diet

We fed experimental animals in group, two times. The diet
in terms of energy supply and nutrient substances correspond-
ed to acting norms. The content of cadmium and plumbum in
the mixed feed did not exceed MPC. The basic diet was daily
supplemented with acetic acid salts of plumbum and cadmium
in doses that matched the procedure of our research, taking
into consideration the content of these heavy metals in mixed
feed (Table 2). In the mixed feed, the content of plumbum and
cadmium was less than the maximally permissible concentra-
tion: plumbum — 3.7 mg/kg (MPC is 5 mg/kg), cadmium —
0.109 mg/kg (MPC is 0.4 mg/kg).

In order to investigate the intensity of accumulation of
heavy metals in the internal organs and tissues, we slaugh-
tered, at the end of the experiment, three animals from each

Materials of the research were processed using mathe-
matical-statistical methods employing the software packag-
es Excel-2010 (Microsoft Corp.) and Statistica-10 (Soft Stat
Inc.) [32, 33].

We constructed the mathematical model of dependence
of live weight of piglets Y or the weight of their separate or-
gans on a dose of the consumed heavy metals X applying the
package “Data Analysis” from the software MS Excel-2010.
We used the Regression tool and a method of selection of
the most informative variables (the largest value for deter-
mination factor R, the smallest value for significance level
by Fisher pr, under condition for the significance of all its
coefficients by Student at the level pg; not greater than 0.05).

5. Results of studying the effect of heavy metals on the
bodies of pigs and pig-derived products

5. 1. Degree and character of the effect of heavy met-
als on the live weight and the weight of internal organs

When setting animals for fattening, the piglets both
in series I and II in our experiment did not differ in the
live weight with no reliable difference between the series
registered. At the end of the experiment, the difference in
live weight between control group and the examined group
was reliable in two series of the experiment. Thus, the live
weight of animals from the examined groups II, I1T and IV
in series I of the research decreased in comparison to control,
respectively, by 2.8 % (P>0.95), 5.5 % (P>0.99) and 4.4 %
(P>0.99). The live weight of animals from the examined
group V, on the contrary, increased compared to control by
4.0 % (P>0.99), indicating the positive effect of the anti—
toxic plant additive.

In series II of the experiment, the live weight of animals
in the examined groups decreased even more that in control,
and a decrease in this indicator was observed also in the
animals from group V. Thus, the live weight of animals from
the examined groups II, ITI, TV, and V was less, in contrast



to control group, respectively, by 5.7 % (P>0.999), 9.0 %
(P>0.999), 10.8 % (P>0.999), 1.2 % (P>0.90) (Fig. 1).
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Fig. 1. Changes in weight: a — live; b— liver; ¢ — kidney; d —
spleen; e — heart; f — lungs — animals in the examined groups
(Table 1), and a degree of relation between indicators and an

increase in the dose of heavy metals
(between the two series of experiments)

A correlation analysis of the acquired data using the
tool “Correlation” revealed that between the live weight of
animals and the applied doses (indicators in series I, IT of
our experiments) of heavy metals there is a high correlation
relationship that is indicated by the value for correlation
coefficient 7=0.854.

Regarding the impact of various doses of heavy metals
on the weight of the internal organs of animals, it was found
that an increase in the dose of toxicants leads to a decrease
in the weight of the heart (Fig. 1, ¢) and lungs (Fig. 1, /). As
regards the weight of the liver (Fig. 1, b), kidney (Fig. 1, ¢)
and spleen (Fig. 1, d), the same dependence is observed only
when a dose of the toxicants exceeds MPC by 10 times.
With a further increase in the dose of heavy metals (up
to 20 MPC), the weight of these organs, on the contrary,
increases. However, in all cases we observe a strong compen-
sating effect from the developed anti-toxic fodder additive.

A correlation analysis of this data indicates that between
these two varying attributes (weight of the organ and a
dose) there are established relations of varying strength and

direction. Thus, the degree of correlation connection was
the highest between a dose of heavy metals and the weight
of heart and lungs (>0.8) (Fig. 1, ¢, /), a weak and a very
weak correlation was observed between a dose of toxicants
and the weight of kidney (#>0.4) (Fig. 1, ¢), a very weak neg-
ative correlation for the weight of liver (#>0.03) and spleen
>0.2) (Fig. 1, b, d).

When constructing a mathematical model of dependence
of the live weight of piglets or the weight of their specific
organs (demoted Y) on a dose of the consumed heavy metals,
the content of pure cadmium in fodder (that is, dosage) is
denoted X3, and the content of pure plumbum, respectively,
X5. We constructed the model using the software MS Ex-
cel-2010 applying the tool “Regression” from the package
“Data Analysis”. We employed the method of selection of
the most informative variables (the highest values for deter-
mination factor R? of the entire regression equation and the
lowest value for significance level of this equation by Fisher
Py, provided the significance level of all its coefficients by
Student is at level not larger than P<0.05). The regression
equation was derived in the following general form:

_ 2 2
Y=a,+a,X +a,X,+a,X; +a,X;,

that is, in the form of a second-degree polynomial based on
indicators X; and X,. When constructing the regression
equations, we discarded data on group V acquired from
experimental series I and II, because along with the heavy
metals the rations for these groups of piglets include the
antitoxic vegetable additive. Results for the two series of
experiments are given in Table 3.

Table 3

Dependence models of the live weight of piglets and the weight
of their organs on a dose of the consumed heavy metals

Regression equations | R? >pr
Live weight, kg
Y =105,618-0,829X, —0,032X, | 0.92 0.002
Liver, kg
Y =1,943+0,00223X +0,0000136 X | 0.78 0.02
Kidney, g
Y =2377,595X, —493,322X’

(0,13< X, <4,7; 4,4<X,<58,8) 0.999 0.025

Y =2519,021X, — 264,662X} 0.996 0.044
(4,7<X,<9,4 588<X,<117,6)
Spleen, g

Y =194,709+0,00263X. | 0.54 | 0.038
Heart, g

Y = 384,447 - 5,731X, - 0,244X, | 0.88 | 0.005
Lungs, g

Y = 686,447 —7,513X, - 0,322X, | 0.89 | 0.004

Data from Table 3 indicate that the main influence on
the change in the live weight of piglets and the weight of
their individual organs (except for spleen) is exerted by the
concentration of pure cadmium X; (because for indicator
X the regression coefficients are by more than an order of
magnitude higher than that of X3). For liver, an in increase
in X1 leads to an increase in weight, and in all other cases —
to a decrease. For spleen, the main factor of the increase in



its weight is the increase in the concentration of plumbum
X,. Application of the two regression equations to determine
the weight of the kidneys over different ranges of change in
the doses of heavy metals is predetermined by the complex
nature of this dependence (Fig. 1, b), with the influence of X,
on the change in weight being negligible.

All the calculated regression equations are credible and
meaningful since the probability of the null hypothesis is low
pr<0.05. The determination factor testifies to the share of
influence of the independent variable on the dependent one,
and in all equations this indicator exceeds 70 %. That is, by
applying the proposed regression equations, it is possible,
with a high degree of reliable probability, to determine the
live weight of animals and the weight of internal organs
when altering the doses of heavy metals in fodder.

3. 2. Degree of accumulation of cadmium and plumbum
in meat and internal organs of animals

Examining the internal organs for the content of
plumbum and cadmium showed that most of these metals
accumulated in kidneys and liver, and less (in sequence) in
spleen, lungs, heart, and muscles (Fig. 2, 3, a—e).
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Fig. 2. Content of cadmium in: @ — meat; b — liver; ¢ — kidney;
d — spleen; e — heart; f — lungs of animals in the examined
groups (Table 1), and the degree of relation between
indicators and an increase in the dose of heavy metals
(between the two series of experiments)

Regarding cadmium, its largest concentration was
observed in the kidneys and liver of animals from the ex-
amined groups III and IV (Fig. 1, b, ¢), the lowest in mus-

cles, both in series I and II of experiments (Fig. 2, a). Also
significant was the accumulation of cadmium in the spleen
of the examined animals, especially animals from group IV,
which were fed cadmium and plumbum together (Fig. 2, g).

It should be noted that under the joint action of toxi-
cants in series I of experiments, the accumulation of cadmi-
um in the kidneys, liver, lungs was smaller in comparison
with indicators for group III (which were affected by cad-
mium only), which can be attributed to the antagonistic
action of plumbum on the accumulation and redistribution
of cadmium in the body (Fig. 2, a—f). The increasing dose
(series IT) led to the largest accumulation of cadmium in
the organs of pigs from group IV compared to animals
from other experimental groups for both series I and II
(Fig. 2, a—f).

The content of cadmium in animals from group V, where
the animals were fed, along with heavy metals, the experi-
mental fodder additive, decreased in the organs and tissue
compared to animals from examined group IV. However,
in series II of experiments we observed a sharp growth of
this heavy metal in the liver and kidneys, even compared
to piglets from group IV, which can indicate the activation
of the detoxification function in the body and the intense
discharge of heavy metals (Fig. 2, b, ¢).

A correlation analysis of the above data revealed a high
degree of relation between a dose of heavy metals and the
content of cadmium in meat (+=0.781), kidney (»=0.765),
spleen (r=0.842) and lungs (#=0.893). The medium and
weak statistical relationship was observed between a dose
of toxicants and the content of cadmium in the liver
(r=0.534) and heart (r=0.386).

The accumulation and distribution of plumbum in the
internal organs and tissues of animals from the examined
groups were uneven. Thus, its largest content was observed
in the liver, kidney, and spleen of animals from experimental
groups II, IV and V, which can be explained by the intensive
work of these organs when the body was exposed to the
heavy metal intoxication. An increase in the dose led to an
increase in the degree of accumulation of plumbum in the
internal organs. Feeding the experimental fodder additive
stimulated the discharge of plumbum from the body, re-
sulting in that its content in the internal organs and tissues
decreased (Fig. 3, a—f). In this case, we observed a very high
correlation relationship between a dose of heavy metals and
plumbum content in the spleen of the examined animals
(r=0.989). A high statistical relationship was observed be-
tween an indicator for a dose of heavy metals and plumbum
content in meat (r=0.741), liver (r=0.861), kidney (r=0.766),
and lungs (r=0.745).

3. 3. Mathematical models of dependence of the toxi-
cant concentration in meat and internal organs on a dose
of the consumed heavy metals

The mathematical models of dependence of the content
of cadmium and plumbum in the meat and organs of pigs
(denoted Y) from experimental groups on a dose in the fod-
der (X{ is the content of pure cadmium in fodder, X, is the
content of pure plumbum) (Tables 4, 5) were calculated in
the manner similar to that used to construct the mathemat-
ical model of dependence of the live weight of piglets or the
weight or their separate organs on a dose of the consumed
heavy metals (chapter 5.1).

Results of calculating the content of cadmium for two
series of experiments are summarized in Table 4.



=0,741 _ . . .. .
meke mgfkg r=0,861 plumbum in fodder, an increase in its concentration X,
6 leads to a decrease in the content of cadmium in meat
> (that is, plumbum replaces it).
4 Regression equations for the relationship between the
; content of plumbum in fodder and the degree of its accu-
: mulation in the organs and tissues of examined animals are
given in Table 5.
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Fig. 3. The content of plumbum in: @ — meat; b — liver;
¢ —kidney; d — spleen; e — heart; f — lungs of animals in the
examined groups (Table 1) and the degree of indicators’
relation to an increase in a doses of heavy metals (between
the two series of experiments)

Table 4

Dependence models of the content of cadmium in the tissues
of piglets on a dose of heavy metals in fodder

Org::jeznd Regression equations R? >pr
Meat Y =0,0119X, —-0,000437X, 0.93 0.0009
Liver Y =0,481X, 0.97  10.000004

Kidney Y =3,896X, 0.97  10.000006
Spleen Y =0,178X, 0.70 0.0066
Heart Y =0,0142X, 0.65 0.011
Lungs Y =0,0425X, 0.78 0.0024

Data from Table 4 show that all regression equations
are practically reduced to the pair-wise linear regression
equations (except for the first equation for a linear multi-
ple regression for indicators X; and X»). In this case, the
main effect on the increase in the content of cadmium
in the tissues of piglets is exerted by an increase in the
dose of this element in fodder (also shown in Fig. 2, a—f).
According to the first equation of regression, the content
of cadmium in meat is affected by the concentration of

5. 4. Cluster analysis of results of studying the de-
pendence of live weight of piglets and the weight of their
organs on a dose of the consumed heavy metals

To solve the task on data classification and to identify
certain patterns in their structure, we employed a cluster
analysis to process the results of studying the dependence of
live weight of piglets and the weight of their organs on a dose
of the consumed heavy metals. To this end, all 10 experimen-
tal groups for both series of our study were combined into
a single large sample. Clustering was based on the Ward’s
method, which makes it possible to distinguish between
clusters even of small size, using the software Statistica-10
(Soft Stat Inc.). The results are shown in Fig. 4 in the form
of a dendrogram.

A vertical axis of the dendrogram contains numbers of
groups (from 1 to 5 for experimental series I; numbers from
6 to 10 match groups from 1 to 5 for experimental series IT).
The horizontal axis denotes the so—called linkage distance —
the smaller it is the stronger the link between clusters. The
Figure shows that the strongest link exists between con-
trol groups 1 and 6, followed by 2 and 4 — in which we fed
separately plumbum (the dose is 10 MPC) and cadmium
and plumbum together (the dose is 10 MPC); they are then
joined by group III in which we fed only cadmium (the dose
is 10 MPC), that is, cluster (2; 4; 3) is composed of the exper-
imental groups exposed both to the joint and separate effect
of the toxicants in series I.

Next, one cluster is formed by groups 5 and 10 whose diet
was supplemented with the developed antitoxic plant addi-
tive. They have formed, together with control groups, cluster



(1; 6; 5; 10) in which the concentration of heavy metals is
minimal and compensated. Next, the cluster was formed by
groups 8 and 9 from series I1, in which we fed only cadmium,
and cadmium and plumbum jointly, in a dose of 20 MPC,
this cluster was joined by group 7 where the animals were fed
only plumbum in a dose of 20 MPC.

Tree Diagram for 10 Cases
Ward® s method
Euclidean distances

cause an increase in the dose led in some cases to a decrease, and
in some cases to an increase, in the weight of these organs. The
relationship between these attributes was of a weaker and the
smallest degree. That is, it is not correct to confidently argue
on that increasing the dose of cadmium and plumbum in fod-
der for animals leads to a decrease in all internal organs. This
statement may only relate to the weight of the
lungs and heart. Decrease in the live weight
and the weight of internal organs from animals

C_1
C_f :l
C_5

exposed to the action of heavy metals can be
explained by the mechanism of action of toxi-
cants, specifically a decrease in the activity of
enzymes, including the gastrointestinal tract,
the influence of the digestibility and metabo-
lism of nutrients. The growth of the weight of
liver, kidney, spleen in series I1 of experiments,
along with a decrease in these indicators in se-
ries I, can be explained by the intensification of
work of these organs-detoxicants in the body
with an increase in dose. This is also confirmed
by the character of distribution of heavy met-

als in internal organs.
Thus, it was established that cadmi-
um was mostly accumulated in kidneys

c_3
C_7
C_8
c_9
0 1 2 3 4 5 6 g 9

Linkage Distance

Fig. 4. Dendrogram of cluster analysis (10 groups of animals)

Thus, one cluster was formed in the absence of excessive
action of heavy metals and the compensating action of the plant
additive against the background of heavy metal intoxication;
two clusters —under the action of cadmium and plumbum, both
jointly and separately, in doses of 10 and 20 MPC.

6. Discussion of results of studying the effect of heavy
metals on the organism of pigs and pig-derived products

Feeding the animals with plumbum and cadmium, both
jointly and separately, in doses of 10 MPC and 20 MPC, had
an impact on the indicators of live weight and the weight of
internal organs from the examined animals. The resulting
live weight of the fattening pigs both in seriesI and II of
experiments, under the action of heavy metals, decreased
by 5.5-14.8 % in comparison with control, while the largest
negative effect was observed in the animals from experimental
group 3 in series I, and experimental group IV in series IT of ex-
periments. Animals that were treated, against the background
of plumbum and cadmium intoxication, with the antitoxic plant
additive demonstrated live weight at the level of control, and
even surpassed it in series I of experiments.

Thus, the data obtained indicate that an increase in a
dose of heavy metals enhances their negative effect on the live
weight of animals. This is also confirmed by the high correla-
tion link between these attributes (correlation coefficient (r) is
equal to 0.854 (Fig. 1, a).

An analysis of influence of cadmium and plumbum on the
weight of internal organs has revealed a clear-cut relationship
between a dose of the examined toxicants and the weight of
heart and lungs (increasing the dose reduced the weight of
these organs), which is confirmed by the high degree of correla-
tion (>0.8).

A complicated dependence emerged between the dose of
heavy metals and the weight of kidney, liver, and spleen, be-

(Fig. 2, ¢), and plumbum in liver and spleen
(Fig. 3, b, d). The least accumulation of these
xenobiotics was observed in lungs, skeleton
and heart muscles. A statistical analysis of
the acquired data has revealed that the level of the content of
heavy metals in fodder significantly affects the content of cad-
mium in meat, kidneys, spleen, and lungs, which is confirmed
by correlation coefficients, respectively r=0.781, r=0.765,
r=0.842, r=0.893. The medium and weak correlation rela-
tionship was observed between a dose of toxicants and the
content of cadmium in liver (r=0.534) and heart (+=0.386).
The largest plumbum content in fodder affected its content in
the spleen of examined animals (¥=0.989), in meat (r=0.741),
liver (r=0.861), kidney (#=0.766) and lungs (r=0.745).

The analysis confirms that cadmium and plumbum
mainly affect kidneys, liver, and spleen. In this case, changes
occurred both in their weight and the level of their accu-
mulation of toxicants. All this points to the fact that these
organs are the targets for the action of these heavy metals.

We observed a positive effect of the anti-toxic plant addi-
tive on reduction of the cumulation and improvement of the
elimination of plumbum and cadmium, both in series I and IT
of experiments. In addition, animals that were treated with
the plant additive had a larger weight of the internal organs
compared to control, due to the larger live weight and better
development of these animals. That is, the pharmacological
properties of the additive’s components and their combina-
tion ensure binding the toxins in the body and their quick
removal both in the digestive tract and in the metabolic
process, the activation of immune and antioxidant systems,
normalization of metabolism, hemopoiesis, and strengthen-
ing of the organism in general.

The goal of this research was to construct mathemati-
cal models of dependence of the examined indicators (live
weight, the weight of internal organs, the concentration of
heavy metals in internal organs and meat) on a dose of the
consumed heavy metals and various types of their effect
(separate and combined); the following results were obtained
in the course of research: the principal influence on a change
in the live weight of piglets and the weight of their separate



organs (except for spleen) is exerted by the concentration of
pure cadmium. For spleen, the main factor of its increase in
weight is the increase in the concentration of plumbum. All
computed regression equations are reliable and meaningful
(pr<0.05, R?>0.70), and thus could be used in order to predict
live weight of animals and weight of their internal organs at
different content of heavy metals in fodder.

The regression equations that we constructed, reflecting a
dependence of the content of toxicants in meat and internal or-
gans on their dose in fodder, demonstrated that the main influ-
ence on the increase in the content of cadmium and plumbum
in organs and meat is exerted by an increase in the dose of the
respective element in fodder. It was established that the content
of plumbum in fodder affects the content of cadmium in meat —
an increase in its concentration led to a decrease in the content
of cadmium in meat (that is, plumbum replaced it).

The constructed equations are reliable (pr<0.05) and
could be used to predict the content of cadmium and plumbum
in meat and internal organs.

In order to determine the homogeneity and to system-
atize the examined groups according to the degree of influ-
ence of the investigated factor (a dose of heavy metals on
the live weight and the weight of internal organs), we have
applied the method of cluster analysis.

The result was the identified 3 main clusters: cluster 1 com-
bined control groups (the influence of heavy metals is lacking)
and the groups in which we added the antitoxic plant additive;
clusters 2 and 3 were composed of the groups exposed to the
excessive effect of cadmium and plumbum, both jointly and
separately, in doses of 10 and 20 MPC.

The research results obtained elucidate the character of the
impact of heavy metals on the body of animal, a technique to
reduce the negative effect of toxins, and methods to forecast the
transition of heavy metals along the links of a trophic chain. The
advantage of this study, compared to analogs, is that we carried
it out under industrial conditions, engaging animals that are
valuable in production, and under the action of excessive doses
of different combinations of heavy metals. The research results
could be employed for improving a technology for obtaining
high-quality environmentally safe products of animal husband-
ry (pig production) under conditions of fodder contamination
with heavy metals. The mathematical models derived could be
applied to predict the direction of effect and the degree of accu-
mulation of chemotoxicants in the body of animals.

The study is limited by that it involved animals of the same
sex—age group, specifically fattening pigs. It would be interest-
ing to investigate the impact of heavy metals over the entire
cycle of growing animals and under the action of different
combinations of doses of cadmium and plumbum. The issue of
interaction between cadmium and plumbum at different ratios

of doses remains to be investigated. However, such a research is
characterized by a large-scale character and is rather complex
when undertaking it under industrial conditions.

7. Conclusions

1. It was established that under the action of heavy
metals in doses of 10 and 20 MPC there was a decrease in
the live weight of animals at the end of the experiment, by
5.5-14.8 %, and the degree of influence increased in pro-
portion to the dose (#=0.854) while depending on the metal
and the type of action. The action of heavy metals and an
increase in dose led to a decrease in the weight of heart and
lungs (#>0.8); the weight of liver, kidneys, and spleen, on the
contrary, increased. We used the experimental additive that
decelerated the negative effect of heavy metals on the body
with the best effect observed in series I of our experiments.

2.1t was established that heavy metals mostly accu-
mulated in liver (within 1.04-5.36 mg/kg) and kidney
(0.77-39.59 mg/kg), with the lowest content in heart
(0.08-1.86 mg/kg) and muscles (0.04-0.96 mg/kg). The
increasing dose of toxicants led to an increase in their con-
centration in meat, kidneys, spleen, lung, liver, which was
confirmed by strong correlation relationship (+>0.7). The
medium and weak correlation relationship was observed
between a dose of toxicants and the content of cadmium in
liver (r=0.534) and heart (=0.386). We observed, in the
groups in which animals were fed with heavy metals jointly,
a change in the pattern of accumulation of toxins, due to the
antagonistic mutual effect of cadmium and plumbum.

3. We have constructed mathematical models of depen-
dence of live weight, the weight of internal organs, and the
degree of accumulation of toxins in the body of animals, de-
pending on a dose of cadmium and plumbum in fodder and the
type of action. The equations derived are reliable (pr<0.05)
with the high values for determination factor, thus they could
be reasonably applied in order to predict the effect of chemo-
toxicants on the organism of animals and the accumulation in
pig-derived products.

4. We have performed a cluster analysis of the acquired
data using the Ward’s method. This method made it possible
to organize the experimental groups according to the degree
of influence of heavy metals on live weight and the weight
of internal organs; 3 homogeneous clusters were identified.
Control group formed cluster 1 with the groups where the
antitoxic plant additive was introduced, while clusters 2 and
3 were composed of the groups exposed to excessive effect of
cadmium and plumbum, both jointly and separately, in doses
of 10 and 20 MPC.
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