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INTENSITY OF HEAVY METAL CONTAMINATION
OF FODDER GRAIN OBTAINED IN THE CONDITIONS
OF THE RIGHT BANK FOREST STEPPE
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Vinnytsia National Agrarian University
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In the conditions of technogenic load on the environment, one of the priority areas is the monitoring of heavy metals in the trophic
chain: «soil — plant (feed) — animal — product — humany. In order to prevent poisoning of agricultural animals with heavy metals,
it is recommended to systematically monitor the presence of toxic metals in the feed ration. Of particular concern is the production
of poultry meat at home, where it has free access to natural minerals, most of which contain heavy metals and other toxicants. Based
on this, there is a need for constant monitoring of the contamination of the fodder base of poultry kept at home and the use of control
measures to increase the safety of domestic products. The content of heavy metals in meat is one of the most important sanitary
indicators of its safety in conditions of contamination of feed with heavy metals. to improve the sanitary safety of poultry products
by the level of cadmium and lead. For the correct organization of poultry feeding, it is necessary to take into account, first of all,
the nutritional value of feed and its quality. The basis of the ration of agricultural poultry is grain feed (55-80% of the ration), which
is part of compound feed. In order to control feed safety, it is necessary to conduct monitoring at all stages of production: starting with
the production of raw materials and components, their further processing, storage, transportation and before use. A soil sample taken
in the conditions of the Right Bank Forest-Steppe of Ukraine was studied and analyzed, and an excess of the MPC in it and vegetative
mass for cadmium by 1.28 and 1.5 times, respectively. barley, corn and sunflower meal. At the same time, exceedances of maximum
permissible concentrations were investigated. In particular, in wheat grain, which, among the concentrated feeds of poultry kept
at home, makes up 55% on average, an excess of cadmium and copper was found by 2.1 times and 2.0 times, respectively. An excess
of the maximum permissible concentrations by 3.0 times was also observed in sunflower meal. The lowest level of heavy metals such
as lead, cadmium, zinc and copper was observed in corn grain. Key words: soil, fodder grain, heavy metals, coefficient of danger.

InTeHCHBHICTH 3a0pyTHeHHSI BaKKMMH MeTajlaMH (pypakHOro 3epHa orpumaHoro B ymoBax Jlicocremy IIpaBoGepeskHoro.
Bpaniii O.1.

B yMOBax TEXHOI'€HHOIO HABAHTAXXCHHS HA JOBKLUIA OAHHMM 3 MPIOPUTETHUX HAIPSIMKIB € MOHITOPUHI BaXXKHX METAJIB y TPO-
(iYHOMY JAHIIIOTY: «IPYHT — POCIHHA (KOPM) —TBapHHA —IPOAYKIis —JIIONUHA». 3 METOIO MOIEPEKEHHS OTPYEHD CITbCHKO-
rOCIO/IAPCHKUX TBAPUH BOKKHMHU METAJIaMU PEKOMEH/IY€EThCSl CHCTEMaTHYHO MIPOBOAUTH KOHTPOJIb 32 HASIBHICTIO TOKCHYHUX METAJIiB
y KOpMOBOMY paiiioHi. OcoOnuBe 3aHCTIOKOEHHS BUKIIMKA€ BUPOOHHUIITBO M’sica NTHII B JOMAIIHIX YMOBAaX, /Ic BOHA Ma€ BUIbHHUI
JOCTYTI JI0 IPUPOTHHUX MiHEPaJIiB, OLIBIIICTE 3 IKUX MICTHTh BasKKi METAJH Ta 1HII TOKCHKaHTH. BUXOISYM 3 IHOTO, BUHUKAE HEOOXi/1-
HICTh MOCTIHHOTO MOHITOPHHTY 3apa)KEHOCTI KOpMOBOi 0a3u MTHUIIi, 10 YTPUMYETHCSA B JOMAIIHIX YMOBaX, Ta 3aCTOCYBaHHS 3aX0/IiB
KOHTPOJIIO /IS MiZBUIIEHHS O€3MeKH BITYN3HIHOI MPOAYKIii. BMICT Ba)KKUX MeTaliB y M’sCi € OJHMM i3 HalBa)XXJIMBIIINX CaHiTap-
HUX ITOKa3HHKIB HOro Ge3NeKHu B yMOBax 3a0pyJHEHHs KOPMIB Ba)KKUMH METaJaMH Ta ITJBHIIEHHS CaHITapHOI OE3MeKH MPOIyKIIil
NTaxXiBHUIITBA 32 BMICTOM KaJaMil0 Ta CBUHI. J[JIsl MpaBHIbHOI OpraHi3alii TOAiBIl NTUIl HEOOXIJHO BpaxoByBaTH, IEPII 3a BCE,
MOKUBHICTh KOPMY Ta HOro sIKicTb. OCHOBY palliOHy ClTCHKOTOCHOAAPCHKOT MTHII CKIaAaloTh 3epHOBI Kopmu (55-80% pariony),
SIKi BXOZISITH JI0 CKJIay KoMOikopMiB. J{i1si KOHTpOITIO Oe3MMeUHOCTI KOPMiB HEOOXIHO MPOBOANTH MOHITOPUHI Ha BCIX eTamax BUPOO-
HUITBA: TIOYMHAIOYH 3 BUPOOHUIITBA CHPOBHHH Ta KOMIIOHEHTIB, 1X MOAAbIIOl 00poOKH, 30epiraHHs, TPAHCIIOPTYBAHHS 1 1O BUKOPH-
cranHs. JlocimipKkeHo Ta MpoaHaIi30BaHo MpoOu IPyHTY, BiniOpanux B ymoBax [IpaBobepesknoro Jlicocteny YkpaiHu, BUSBICHO Tepe-
umieHHs [ JIK y rpyHTi Ta BeretatuBHii Maci o kaaMmito y 1,28 Ta 1,5 pa3 BiAmoBiAHO y 3epHI SUMEHIO, KyKYPYA3H Ta COHSALITHUKOBOTO
mpoty. [Ipu 1iboMy J10CTIKYBAITHCS IEPEBUILCHHS TPAHUYHO AOMYCTUMHX KOHIIEHTpALiil. 30KpeMa, Y 3epHi MIICHHULI, SIKE SBISETHCS
KOHIIEHTPOBAHMM KOPMOM ITHIII, 110 YTPUMY€ETHCS B JOMAIIHIX YMOBAX i CTAHOBHTH y CEPEIHBOMY 55%, BHSBICHO NEPEBUILCHHS
BMicTy Kaamito y 2,1 ta miai y 2,0 pasu BinnoBigHo. [lepeBHIICHHS TpaHIYHO JOMYCTHMHUX KOHIIEHTpamiid y 3,0 pa3u BUSBICHO TAKOK
Y COHSILIIHUKOBOMY IIPOTi. HaliMeHImuii BMICT Ba)KKHUX METaliB, TAKHX SK CBUHELb, KQJMiH, IUHK 1 MiJlb, COCTEPIraBcs B 3e€pHi KyKy-
pynsu. Knrouogi crosa: rpyHT, QypaxkHe 3epHO, BaXKKi METaJH, KoeQilieHT HeOe3IeKu.

Formulation of the problem. The man-made year, creating certain problems regarding the quality of

activity of the population has led to the pollution of the
natural environment with various toxicants, including
heavy metals, which move along the trophic chains from
the soil to the plants, significantly affecting the quality of
the harvest. A particular problem is the growing intensity
of pollution of agricultural soils due to the high level
of chemicalization in the field of crop production. As a
result, heavy metals are introduced into the soil every

crop production [2, 33].

Currently, a powerful source of heavy metal
contamination of agricultural soils is mineral fertilizers
and means of combating weeds and plant pests, which
are used in agriculture. About 130 million tons of
fertilizers are applied to the soil every year, including
more than 70 million tons of nitrogen, 39 million tons of
phosphorus, and 26 million tons of potassium fertilizers
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[3, 32]. The use of organic fertilizers in crop production
also pollutes the soil with heavy metals [4, 10] In
particular, about 25 g of zinc, 4 g of copper and 0.3 g
of cobalt enter the soil with one ton of litter manure.
It is known that one kilogram of dry mass of organic
fertilizers contains lead — 6.6-16 mg, zinc 15-250,
copper — 2-60, cadmium — 0.3-0.8, manganese —
30-550, nickel — 7.8-30 milligrams [7, 8].

Having migration properties, heavy metals pollute all
components of the biosphere, namely: soil, water, and
air [9, 12]. In terms of toxicity, metals rank second after
pesticides. They rank first in the volume of emissions into
the natural environment. Such metals as lead, cadmium,
mercury are extremely toxic to humans and animals even
in very small concentrations. Some of these elements
play an important role, increasing the biological activity
of enzymes, hormones and vitamins. It should be noted
that lead is characterized by low migration properties.
Lead can accumulate in the soil in high concentrations.
This element is classified as a particularly dangerous
pollutant due to its toxicity and the intensity of its entry
into the environment.

The connection of the author’s work with
important scientific and practical tasks. It is known
that the average lead content in agricultural soils can
reach up to 10 mg/kg. Lead in agricultural soils is
unevenly distributed: up to 57-74% of this element
remains in the 0—10 c¢cm layer and from 3 to 8% — at
a depth of 3040 cm [14]. Cadmium is a highly toxic
chemical element. Solubility and migration of cadmium
in soils depends on their active acidity. In particular,
it has the greatest mobility in acidic soils in the range
of 4.5-5.5, while it is not mobile in alkaline soils.
Cadmium intensively migrates from the soil through
the root system into plants and their products [11, 16].
The concentration of cadmium in terms of dry matter
in plants is 1¥10%. The average content of cadmium
in the dry matter for cereal grain ranges from 0.013 to
0.22 mg/kg, in legumes — 0.08-0.28, in herbs —
0.07-0.27 mg/kg [17].

Copper is classified as a moderately toxic element.
It is widely wused, in particular, in mechanical
engineering, the chemical industry, and other branches
of the national economy. In agriculture, a number of
preparations containing copper compounds are used,
for example, fungicides, anti-helminths, etc. Unlike
other studied metals, copper is considered an element
necessary for life, as it is a component of the active
groups of many enzymes [15, 30]. Copper performs a
number of functions in the body, namely: participates in
hematopoiesis, promotes the transformation of iron into
an organically bound form, which in turn enhances the
synthesis of hemoglobin, participates in carbohydrate
and mineral metabolism.

Analysis of recent research and publications.
Among the heavy metals, cadmium and zinc are more
available elements for plants compared to lead, chromium
and mercury. Zinc is necessary for crop formation,

but in high concentrations it acts as a toxicant, which
negatively affects living organisms [29]. The soil is a
sorption barrier of heavy metals, especially its humus
layer. It was found that high-buffer carbonate horizons
fix about 99% of heavy metals that fell in a layer of
10-20 cm. In weakly acidic soils, migration can occur
to a depth of 40 cm. In low-buffer soils, the penetration
of heavy metals is observed up to 60—-80 cm. In general,
it was established, that horizontal migration occurs
3—4 times more intensively than vertical migration [28].

The increased content of heavy metals in the soil
contributes to their intensive migration into plants [18].
It is known that the concentration of heavy metals in
a plant can be tens or even hundreds of times higher
than their concentration in the soil. The main factors
that affect the migration of heavy metals from the soil
to plants include: the amount of organic matter, the
mechanical composition of the soil, acidity and the
content of phosphorous substances in it [27].

Acidic soils have a lower ability to retain metals than
neutral ones [19], although the main sorption of heavy
metals is observed in an alkaline environment. The
influence of strong dissociations of substances formed
during the interaction of the components of chemical
production emissions with atmospheric moisture, causes
a change in the pH of the soil solution, negatively affects
the soil absorption complex, the buffering capacity of
soils. Due to the insufficient amount of moisture, neutral
reaction, oxidizing conditions, stability of humus, the
mobility of metals is limited, which determines their
accumulation in the upper root humus horizon of soils
[26].

The use of such grain as fodder contributes to
the accumulation of heavy metals in the body of
animals, including birds, which is accompanied by
contamination of the products produced from them [20].
The population’s consumption of livestock products
contaminated with heavy metals causes a number of
disorders, accompanied by the occurrence of various
diseases [25]. It has been proven that in the conditions
of zinc smelters and in the areas of lead and zinc ore
development and shale deposits, the transfer of heavy
metals into livestock products with feed is 16 times
higher, compared to a conditionally clean area [21].

A previously unsolved part of the overall problem.
Feed raw materials play a leading role in the poultry food
chain, and up to 95% of heavy metals enter the poultry
body mainly through the trophic chain, in particular, with
feed and water [24]. The most resistant to heavy metals
among agricultural plants are winter rye, winter wheat,
oats and barley. Rye adapts better to heavy metals, and
barley the least [22].

In order to reduce the migration of heavy metals
through food chains, a number of measures are being
introduced to reduce their mobility in the soil and reduce
their accumulation in agricultural products (Baggio
et al., 2016). Maize has a pronounced resistance to
heavy metals, which allows effective use of territories
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contaminated by these substances without removing
them from agricultural use. A positive relationship
between the accumulation of heavy metals in corn grain
and the amount of protein was revealed, with correlation
coefficients for lead of 0.95, cadmium — 0.88, and zinc —
0.77 [1].

In order to control the entry of toxic metals in
Ukraine, the Order of the Ministry of Agrarian Policy
and Food No. 131 dated 19.03.2012 approved the “List of
maximum permissible levels of undesirable substances
in fodder and feed raw materials for animals”, which
regulates the content of feed and feed raw materials for
animals heavy metals, mycotoxins, toxins of various
origins. Summarizing the analysis of primary sources, it
should be noted that in modern conditions of man-made
load on the soils of agricultural lands, there is a need for
constant monitoring of the migration of heavy metals in
the soil-plant-human organism system in order to predict
their movement in natural systems and the high level of
risk from these toxicants.

Research results. The analysis of the intensity of
pollution of agricultural land within the limits of local
man-made load (Fig. 1) showed that the concentration
of cadmium in the soil was 1.28 times higher compared
to the MPC, while that of lead, zinc, and copper was
1.2 times lower, 4.6 and 9.5 times, respectively.

The highest content of heavy metals in arable land
soils was Pb, compared to Cd, Zn, and Cuby 2.7, 3.8 and
1.0 times, respectively.

The results of studies on the intensity of heavy metal
contamination of feed raw materials for poultry (Table 1)
showed that the concentration of lead, cadmium, copper
and zinc in corn grain was lower, compared to the MPC,
by 7.1, 30.0, 44.0 respectively. 2.0 and 600.0 times, in
wheat grain the concentration of lead, copper and zinc
was lower than the MPC by 1.2, 4.2 and 1.9 times,
respectively, while cadmium exceeded the MPC by
2.1 times. In oat and barley grains, the concentration of
lead, cadmium, copper, and zinc was 16.7, 11.5, 19.2,
and 66.0 times lower than the MPC, respectively. In
sunflower meal, it was found that the content of lead,
zinc, and copper was 1.25, 7.0, and 30.3 times lower,
respectively, and cadmium was 3.0 times higher
compared to the MPC.

Compared to the MPC, the highest intensity of
contamination of feed raw materials of the poultry diet
was observed in wheat grain. Thus, in wheat grain, lead,
cadmium, zinc and copper were 5.7, 21.0, 239.4 and
22.6 times higher compared to similar raw materials of
corn, oats — by 4.4, 12.3, 5.1 and 1.9 times, barley — 1.3,
8.0, 2.6 and 2.3 times, respectively (Fig. 2).

Compared to wheat, sunflower meal had 12.0 times
lower zinc content, 3.6 times more copper, and 1.4 times
more cadmium.

Analyzing the coefficient of danger of heavy metals
in fodder grain (Table 2), it should be noted that this
indicator was the highest for lead in wheat grain and
sunflower meal. Specifically, compared to corn, oat, and

0 3

=

g 25

5

b 2

g

£ 15

2 2,5 24

s 1

=}

=

2 05

£ 0.9 0,65

=

§ 0

S Pb Cd Zn Cu
Soils of arable land

Fig. 1. Intensity of heavy metal contamination of arable land soils

Table 1
Concentration of heavy metals in fodder grain, mg/kg (x £+ SE, n =4)
Components of Pb MPC cd MPC Cu MPC Zn MPC
poultry diet

Corn 0.07 £0.04 5.0 0.01 £0.02 0.3 0.05+0.03 30.0 1.13+£0.02 50.0
Wheat 0.41+0.01 0.5 | 0.21+£0.03 0.1 |11.97+0.04| 30.0 |25.61+0.03| 50.0

Oat 0.09 £0.01 5.0 0.01 £0.02 0.3 2.34+0.05 30.0 | 13.12+0.01 | 50.0
Barley 0.33+0.03 50 | 0.02+0.02 03 | 453+0.01 | 30.0 | 11.32+0.03 | 50.0
Sunflower meal 0.42 +£0.02 0.5 0.32+0.03 0.1 0.99 +£0.03 30.0 7.12+0.02 50.0
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Table 2
The coefficient of danger of heavy metals in feed
Components of poultry diet in tl:? diet Pb Cd Zn Cu

Corn 30 0.014 0.01 0.05 1.13

Wheat 55 0.8 0.21 11.97 25.60

Oat 5 0.018 0.017 2.34 13.12

Barley 5 0.06 0.026 4.53 11.30

Sunflower meal 5 0.8 0.3 0.99 7.12

barley grains, the hazard ratio of lead in wheat and sun-
flower meal was 5.7, 44.4, and 13.3 times higher, respec-
tively. The highest hazard ratio of cadmium in fodder
grain was found in sunflower meal, which was 0.3 mg/kg.

Compared to corn, wheat, oat, and barley grains,
the hazard ratio of cadmium in sunflower meal was
30.0 times higher, 1.4, 17.6, and 11.5 times, respectively.
The highest zinc hazard ratio was in wheat grain com-
pared to corn grain, oat, barley, and sunflower meal at
239.4 times, 5.1, 2.6, and 12.1 times, respectively. The
copper hazard ratio was 22.6 times highest in corn grain,
1.9 times in oats, 2.3 times in barley, and 3.6 times in
sunflower meal compared to wheat grain.

That is, in the study areas of the Right Bank Forest
Steppe, an excess of heavy metals in fodder grain was
detected for cadmium in wheat grain and sunflower
meal. At the same time, it should be noted that wheat
and sunflower meal are characterized by a high content
of lead, although without exceeding the maximum per-
missible limit.

Main conclusions. In the conditions of the Right-
Bank Forest-Steppe of Ukraine, there is a 1.28- and
1.5-fold excess of the MPC in soil and vegetative mass
for cadmium, respectively.

In the fodder grain of the diet of poultry in the con-
ditions of the Right-Bank Forest-Steppe of Ukraine, an
excess of the MPC was found in poultry grain for cad-
mium and copper by 2.1 times and 2.0 times, respec-
tively, and in sunflower meal for cadmium by 3.0 times.

In the conditions of agricultural lands of gray forest
soils with soil content of Pb — 2.5 mg/kg, Cd — 0.9 mg/kg,
Zn — 0.65 mg/kg and Cu — 2.4 mg/kg in the produced
fodder grain exceeding the MPC of these toxicants was
not observed, except for Cd in poultry grain and sun-
flower meal. The highest content of Pb, Cd, Zn, and Cu
was found in fodder grain of winter wheat.

The discussions in this paper. Man-made pollution
of the environment with harmful substances, especially
agricultural soils, to one degree or another can affect
the safety of feed raw materials for poultry, the level
of which depends on the efficiency of its use in poul-
try farming. It is known that in technogenically polluted
territories, a certain part of heavy metals is translocated
in plants and their products, in particular, grain, which
occupies the main part of the diet of poultry.

Contamination of poultry feed with heavy metals on
its free access to soil minerals creates a danger of obtain-
ing high-quality poultry products.
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