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Abstract. Biogeocoenotic pathology refers to the widespread occurrence of disease not only in animals but also
in humans and plants. Such conditions arise as a result of adverse changes in the environment. In this context,
the timely investigation of the ecosystem of the Chiiy Region of Kyrgyzstan as an aetiological factor, along
with early detection of pathologies in cattle resulting from these changes, has become particularly important.
This study aimed to examine biogeocoenotic pathology in Alatau breed cows in the Chily Region, to carry out
monitoring based on the “soil plant animal” system concerning the content of biogenic macro-and micronutrients
as well as toxic metals, and to develop recommendations for establishing an innovative ecological centre to
support ecosystem optimisation in Kyrgyzstan The experimental study involved Alatau cows in the second half of
gestation, with soil and plants used as key environmental components. The soil, plants and animal blood samples
were analysed using an atomic emission spectrophotometer. At the same time, key metabolic indicators in the
experimental and control groups of cows were assessed using standardised and unified methods. Analysis of soil,
forage plants and blood from cows kept in environmentally disadvantaged areas of the Chuly Region revealed a
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significant imbalance in the levels of macronutrients, micronutrients and heavy (toxic) metals. This imbalance
in the biochemical trophic chain has disrupted the circulation of substances within the specific biogeocoenosis
of the Chiiy zone, a phenomenon linked to ecological degradation - particularly in areas where major industrial
enterprises are concentrated. To support timely ecosystem monitoring in Kyrgyzstan, the authors have proposed
the establishment of an innovative scientific and educational ecological centre focused on protecting the health
of humans and animals. The findings of this study may be applied in medicine, agriculture, veterinary science,
ecology, and within both academic and research institutions

Keywords: cow; soil; plant; blood; innovative scientific and educational ecological centre; toxic metals

Introduction

Kyrgyzstan is a developing mountainous country, with
mountains covering up to 95% of its total territo-
ry. The country stretches approximately 900 km from
east to west and 410 km from north to south, lying be-
tween 39° and 43° N latitude. Its total area is near-
ly 200,000 square kilometres. The climate is sharply
continental, with extreme temperature fluctuations -
from as low as -53.6°C in winter to as high as +44°C
in summer. Annual precipitation ranges from 150 to
650 mm. Snow cover can vary from 4 to 200 cm, while
permafrost occupies around 34% of the country’s ter-
ritory. Solar radiation levels reach between 136 and
161 kcal/cm?2. Kyrgyzstan possesses extensive natural
pastures - around 9.2 million hectares, or 86% of all
agricultural land. However, over 60% of these pastures
have experienced various forms of degradation (Oru-
zbayeva, 1982). At the 29" Conference of the Parties
to the United Nations Framework Convention on Cli-
mate Change, attended by around 100 heads of state
and government, the President of the Kyrgyz Repub-
lic, S. Japarov, stated that glaciers in Kyrgyzstan are
melting at an unprecedented rate. Over the past 50 to
70 years, the total glacier area has decreased by 16%
due to climate change within the country (United Na-
tions Climate Change Conference, 2024). Speaking at
the international conference Global Mountain Dialogue
for Sustainable Development: Towards the Bishkek +25
Summit on 24 April 2025, President S. Japarov once
again drew the international community’s attention to
climate change, extreme weather events, natural dis-
asters, accelerated ecosystem degradation, and glacier
melt in mountainous regions (S.Japarov spoke..., 2025).

The main causes of these changes include global
warming, loss of biodiversity, ozone layer depletion,
air and water pollution, accumulation of industrial
and domestic waste, and greenhouse gas emissions,
among others (Essack, 2018; Eskew et al., 2020). In Kyr-
gyzstan, these issues ultimately lead to climate change
and the emergence of new pathologies affecting not
only plants and animals but also humans. Biogeocoe-
notic pathology is a field that studies mass diseases in
animals arising from adverse environmental changes
within ecosystems (biogeocoenoses). It views animal
diseases as closely linked to shifts in environmen-
tal conditions - such as climate change, ecotoxicants,

radioactive metals, and toxic gases - in ecosystems al-
tered by human activity. These diseases, along with the
resulting decline in the quality of livestock products,
pose a threat not only to animal health but also to hu-
man health (Elenshleger, 2016; Moskalchuk, 2021).

In this context, Kyrgyzstan endorsed the agree-
ment on the seventeen Sustainable Development Goals
(SDGs) to be achieved by 2030, adopted in Paris in 2015
(The 17 Goals, 2015).This document was signed by near-
ly 200 countries, including Kyrgyzstan. Industrial cities
such as Bishkek, Kant, Tokmok, and Kara-Balta have
particularly polluted atmospheres, contaminated by
emissions of heavy metals and toxic mixtures of smoke,
fog and dust (smog). According to reputable interna-
tional organisations, air quality in Bishkek is among the
most hazardous, with an Air Quality Index (AQI) rating
of 229. The average annual concentration of PM 2.5
is approximately 153.5 ug/m3, significantly exceeding
both national and international hygienic standards by
as much as 3.6 times (United Nations, 2022; 1QAir, n.d.).
Certain heavy metals, such as lead, mercury and arse-
nic, are classified as highly hazardous substances. Once
deposited in the bones, they lead to gradual degenera-
tion and accumulate in parenchymal organs such as the
liver, kidneys and heart. These toxicants can reduce the
immune system’s responsiveness, contribute to chronic
neurological disorders and, in some cases, cause cancer
(Skugoreva et al., 2016; Pourret & Hursthouse, 2019).

The ecological issue of biogeocoenotic pathology
in animals should be addressed through a comprehen-
sive approach aimed at improving environmental con-
ditions, involving experts from a range of fields, includ-
ing ecology, toxicology, technology, agrochemistry, land
reclamation, medicine and veterinary science. To inves-
tigate this problem in Kyrgyzstan in a holistic manner,
the authors of this article set the aim of studying cli-
mate change in the Chuy zone - an area with high lev-
els of atmospheric pollution caused by transport and
industrial emissions. The study involved monitoring the
“soil-plant-animal” system for macronutrients, micro-
nutrients and heavy metals; identifying biogeocoenotic
pathologies in Alatau breed cows; and developing pro-
posals for the establishment of an innovative ecologi-
cal centre dedicated to safeguarding the health of both
humans and animals.
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Materials and Methods

The experimental studies were conducted between Oc-
tober 2018 and July 2022 within a specific biogeocoe-
nosis — the Chiiy zone of Kyrgyzstan - at farms most af-
fected by anthropogenic influences: Vetka AC, Chabrets
Farm, and Kyrgyz IFIBS. These sites are located within 3
kilometres of the country’s main North-South highway,
as well as near major industrial cities such as Bishkek,
Kant and Kara-Balta The experiment involved Alatau
breed cows in the second half of gestation (10 animals
in total), divided into experimental (5 cows) and control
(5 cows) groups. The animals were selected based on
average body weight and external conformation meas-
urements. They were kept in open feeding and exercise
areas under identical feeding conditions. During the
autumn and winter months, the live weight of the cows
ranged on average from 361 to 368 kg.

The content of macronutrients, micronutrients
and heavy metals in the “soil-plant (forage)animal
(blood)” system was analysed using atomic emis-
sion spectrophotometry (ICP-AES OPTIMA 5300 DV
and ICP-MS Elan DRS). Sampling of experimental and
control specimens, including soil and forage plants,
was carried out following GOST 17.4.1.02-83 (1985),
GOST 17.4.3.01-2017 (2017),and SanPiN 42-123-4089-
86 (1986). Blood samples were collected following the
recommendations of the I. Kondrakhin et al. (1985). For
morphobiochemical analysis, blood from both experi-
mental and control cows was drawn in the morning be-
fore feeding. The parameters measured included eryth-
rocyte and leukocyte counts, haemoglobin, glucose,
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lymphocytes, total protein, carotene, phosphorus and
calcium levels, using standardised and unified method-
ologies (Kondrakhin et al., 1985).All results were metic-
ulously recorded and documented in a specially bound
laboratory journal. The data were processed using
MS Excel software on a TRUCRED computer, and sta-
tistical analysis was conducted using Student’s t-test,
with significance thresholds of P<0.05 and P<0.5.The
experiment was conducted following the ethical stand-
ards outlined in the Code of Practice for the Housing
and Care of Animals Bred, Supplied or Used for Scientif-
ic Purposes (2014).

Results and Discussion
The results of the experimental study indicated that the
primary cause of biogeocoenotic pathologies in cows is
an imbalance of specific biogenic macro- and micronu-
trients, as well as heavy metals, in soil and forage. Sim-
ilar conclusions have been drawn by other researchers,
including V. Baturin et al. (1998) and M. Wrzecinska et
al. (2021), who reported that environmental contamina-
tion by toxic waste is one of the key factors contributing
to the development of biogeocoenotic pathologies in an-
imals. S. Mukhacheva & V. Bezel (2015) further asserted
that ecotoxicants (particularly heavy metals) affect not
only the mother but also the foetus, within the “moth-
er-placenta-foetus-offspring” system. This finding is
supported by the research of R. Nogoibaeva et al. (2020).
The results of the comparative analysis of macro- and
micronutrient content in soil, forage and the blood of
experimental cows are presented in Figures 1, 2, and 3.
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Figure 1. Content of macro- and micronutrients in the soil from the environment of experimental cows

Source: developed by the authors based on original research

Based on the data in Figure 1, it can be assumed
that the levels of certain macro- and micronutrients
in the soil of the environmentally compromised bio-
geocoenosis differ significantly from baseline values.
For example, the concentrations of manganese, iron,
cobalt, and selenium are considerably lower, where-
as the levels of calcium, phosphorus, and magnesium

are higher than the threshold concentrations. Figure 2
presents data on the macro- and micronutrient con-
tent in forage.

The concentrations of calcium and magnesium in
the forage increased by 24.2% and 39.3%, respectively,
compared with standard levels. However, other essential
elements - phosphorus, iron, manganese, zinc, selenium,
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and cobalt - were significantly lower than those found

in the control samples within this biogeocoenosis.
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Figure 3 presents data on the macro- and micronu-
trient content in the blood of the experimental cows.
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Figure 2. Content of macro- and micronutrients in the forage consumed by experimental cows

Source: developed by the authors based on original research
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Figure 3. Content of macro- and micronutrients in the blood of the experimental cows

Source: developed by the authors based on original research

In the blood of the experimental cows, the total cal-
cium level was at the lower limit of the physiological
norm, while the phosphorus concentration decreased
to 2.9 mg% compared with 6.9 mg% in the control
group. This suggests a potential disruption in the cal-
cium-to-phosphorus ratio (optimal ratio: 2:1). Further-
more, analysis of micronutrient levels in the blood in-
dicates that nearly all values were significantly lower
than those in the control group, pointing to impaired
metabolism in the experimental cows (Urazaev, 2000;
Elenshleger, 2003).

As noted by A. Sindreva (2012), E. Skorykh (2014),
and G. Samoilenko et al. (2018), an imbalance of certain
essential micronutrients in the “soil-plant-animal” sys-
tem can lead to metabolic disorders in animals. Within
the framework of this study, the authors examined the
presence of toxic elements such as lead, mercury, cad-
mium, nickel, and arsenic in the soil, forage, and blood
of the experimental cows. Similar studies were con-
ducted in Kazakhstan by A. Farmer & A. Farmer (2000).

According to the present findings, the average concen-
trations of heavy metals in the soil and forage did not
exceed the maximum permissible levels. Only the con-
centration of arsenic in the soil exceeded the MPL by
0.1 mg/kg, while in plants it reached a peak value of
0.3 mg/kg compared to 0.25 mg/kg in the control sam-
ples. In the blood, no exceedance of the maximum per-
missible concentrations was observed for lead, mercury,
cadmium, or nickel. However, the concentration of ar-
senic was found to be eight times higher, at 0.40 mg/L
versus 0.05 mg/L in the control animals. The harmful
effects of arsenic on both human and animal health
have been reported by T. Abdulmutalimova et al. (2019).
Thus, the imbalance of macro- and micronutrients
and heavy metals acts as an ecological factor in the
“soil-forage-animal” system, affecting animal health
(Gortazar et al., 2007; Duskaev et al., 2014; Gertman et
al.,2020). The results of the comparative analysis of the
morphobiochemical composition of the blood in the
experimental cows are presented in Figure 4.
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Figure 4. Comparative indicators of the morphobiochemical composition of blood in experimental cows

Source: developed by the authors based on original research

Based on the data presented in Figure 4, the num-
ber of erythrocytes decreased by 10.7%, white blood
cells by 21.3%, haemoglobin by 12.0%, and lymphocytes
by 17.6% (P £0.05). Significant changes were also ob-
served in glucose concentration (a decrease of 13.3%).
Conversely, the level of calcium increased by 12.0%,
while the levels of phosphorus, total protein, and caro-
tene decreased by 19.2%, 6.5%, and 4.4%, respectively
(P<0.05). These findings are consistent with the results
of previous studies by I. Shkuratova (2000), I. Donnik et
al. (2012), and M. Nogoibaev et al. (2023).

The authors of this study concluded that, in order to
optimise the ecosystem in Kyrgyzstan, it is essential to
establish an innovative scientific-educational ecological
centre for the protection of human and animal health.
This centre should integrate existing, independently op-
erating institutions into a unified, modern research and
training hub capable of addressing key issues related to
ecosystem optimisation in Kyrgyzstan. Its core mission
would be the timely assessment of climatic and bio-
geocenotic (ecosystem) conditions, as well as the early
detection of climate change. The centre is envisioned
as a creative community of highly qualified specialists
and researchers, founded on shared professional inter-
ests and committed to the humanistic values of educa-
tion and science. In the long term, the effective opera-
tion of this innovative centre will require the training
and involvement of highly skilled biogeocenologists.

Conclusions
In the environmentally compromised areas of the Chuy
Region of Kyrgyzstan, an imbalance in the levels of
macro- and micronutrients, as well as toxic elements,
has been identified in the soil, forage plants, and the
blood of Alatau breed cows used in the study. It was
established that the quantities of essential macro- and
micronutrients within the biogeochemical trophic food
chain in the Chiy area differ significantly from base-
line values, particularly in the calcium-to-phosphorus
ratio. The average concentrations of toxic elements
such as lead, mercury, cadmium, and nickel in the “soil-
forageblood” system did not exceed the maximum

permissible levels, except arsenic, which reached
0.40 mg/L compared to 0.05 mg/L in the control animals.

To ensure appropriate responses and early warning
of ecosystem changes, it is necessary to establish an in-
novative scientific-educational ecological centre in Kyr-
gyzstan dedicated to the protection of human and ani-
mal health. Looking ahead, the authors of this study aim
to continue indepth research on this issue across the
country and on other animal species. As Kyrgyzstan is
a highland country, climate change has become one of
the most significant and persistent factors contributing
to the emergence of various biogeocenotic pathologies
in animals. While the climatic conditions of lowland re-
gions have been thoroughly studied, the effects of cli-
mate change in other areas - such as Naryn, Issyk-Kul,
Osh and Talas - remain insufficiently explored. In this
regard, comprehensive climate research (including air
and water conditions, temperature changes, wind speed,
and other variables) is planned in the aforementioned
regions of Kyrgyzstan. The authors also intend to carry
out integrated monitoring of greenhouse gases, radio-
nuclides, and other toxic substances within the “soil-
water-air-plants-animals” system, and to investigate
the decline in the quality of livestock and crop produc-
tion. Experimental studies will include the manifesta-
tion of biogeocenotic pathologies in other animal spe-
cies,such as sheep, goats, and their young. The practical
value of this study lies in its status as the first compre-
hensive investigation into climate change in Kyrgyzstan
and the levels of macro- and micronutrients and heavy
(toxic) metals within the “soilplants (forage)-animals”
system under conditions of environmental contamina-
tion in the Chiy Region. It also marks the first devel-
opment and proposed implementation of the INUEC.
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AHHoTauusa. buoreoueHo3ayk natonorus — Oyn XanelpT TYpAe XaHblbapnapAblH raHa 3Mec, aflaM MeHeH
eCyMAYKTepAyH [Ha oopywy. byn oopyHyH nanpa 6Gonywy ainaHa-yerpenery >arbiMCbl3 e3repyynepayH
HaTbIMKacbiHAA 6ankanaT. Ywyra 6annanbiwtyy KbiprbiscTaHabliH Yyi 30HACbIHbIH 3KOCMCTEMACIH ©3 ybarbiHaa
UNIMKTEO, aHbl 3TMONOTUANBIK GaKTOp KaTapbl Kapan Ybiryy, OWOHAOM 31e YWyn e3repyynepayH HaTblikKacbiHAa
nanga 60nroH Mpu Mymysayy MangblH NaTONOrMANApbIH 3pTE aHbIKTaM, anfblH anyy e3reye akTyanayynykka 33
6onyyma. M3unpeeHyH Makcatbl — Yyi 30HACbIHAArbl anatay nopoAacbiHAarbl yinapablH 6uMoreoueHosmyk
NaToNorMACbIH M3MNAe6, ‘ToMypak-eCyMAyK-XaHbibap” cucreMachl GOKOHYA anapapblH KypaMbiHAarbl GuoreHamk
MaKpo- XaHa MWKPO3NEMEHTTEPAMH, OWOHAOW 3ne yynyy MeTanfapAblH AEHM33/IMH MOHUTOPMHE Kby >XaHa
Kbiprbi3cTaHAbIH 3KOCUMCTEMACHIH ONTUMANAALTLIPYY YY4YH MHHOBALMSAbIK 3KONOrMsanbik 6opbopay Ty3yy 60tHYa
CYHyWTapAabl mwTen ybiryy 6onay. SKCNepMMeHTaNablK TaXpbIiba YYYH CTENAMH 3KMHYM XKapbIMblHAArbl anatay
nopoaacbiHAarbl yinap KoAgoHyaay, an 3MU ainaHa-4emMpeHyH Hermsru KOMMOHEHTU KaTapbl TOMypak MeHeH
©CYMAYKTep anblHraH. Tonypak, 8CyMAYK XaHa XaHblbapnapablH KaHbl aTOMAYK-3MUCCUSBbIK CNEKTPOdOTOMETp
apKbINyy M3UNAEHAM, an 3MU Taxpbiiba >XaHa Ke3eMennery ymnapablH Hernsru metabonm3m KepceTKyuTepy
OUPAMKTYY YyHUbMUKauManaHraH metonnop 0O0wHYa aHbikTangpl. Yy 0BnyCyHYH XKarbiMCbl3 30HanapbiHAA
XaWralkaH Taxpbiibagarbl yrMnapAblH TOMyparbiHbIH, TOKT 6CYMAYKTOPYHYH >aHa KaHAApPbiHbIH aHaNU3UHUH
HaTbIAXaCbIHAA MAaKPO-, MUKPO3JIEMEHTTEP MEHEH 00p (YYy/nyy) MeTannaapAbiH Ma3MyHy 60t0HYa ONYyTTYy AMcbanaHc
aHbIkTanabl. byn 6Moxumusanbik TpoduMKanbiK YblHXbipAaarel aucbanaHc 6enrmnyy bup GuoreoueHo3no — TakTan
anTkaHaa, Kbiproi3ctaHabiH Yy 30HACbiHAA 3aT aAMallyy NPOLECCUMHUH By3ynyliyHa anbin KenreH, 6yn anpbikya
MPU BHBP Xal MLKaHanapbl TONTOATOH PAaMOHAOPAOTY 3KONMOrMsANbiK abangbiH By3ynywy mMeHeH GannaHbIWwTyy.
Kbiprbi3acTaHga 3kocucTeMaHbl ©3 ybarbiHOa M3MNAee MaKCaTblHAA aBTOPJOP afaM MeHeH >aHblbapnapabiH
CanamaTTbirblH KOProo 60HHYa WMHHOBALMANbIK WMAMMUI-OKYY 3KONOrMAnbiK 6opbopay Ty3yy CYHYLWYH wuwTen
YbIrbIWKaH. byn M3uMnaeeHyH XbIMbIHTbIKTapbl MeAMLMHAAA, albll 4YapbacbiHAa, BeTepuHApAblK MeauLMHAAa,
OLIOHA0M 3N1€e 3KON0orMsa TapMarbiHAa, OKYY XaHa UAUMKUIA MekeMenepae nanaanaHbiiblbl MyMKYH

Herusru cespep: yi; Tonypak; ©CyMAYK; KaH; MHHOBALMANbIK WIMMWIA-OKYY 3KONOTUSNbIK Gopbop; yynyy
MeTannaap
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AHHOTauusa. buoreoueHoTMueckas naTonorns — 3TO MaccoBoe 3aboneBaHWe He TOMbKO >XMBOTHbIX, HO
M yenoBeka M pacteHui. [aHHoe 3aboneBaHwe MposBNSETCS BCNeACTBME HeONaronpusTHbIX W3MEHEeHWH B
oKpyxatowen cpene. B 3Toi CBA3M CBOEBPEMEHHOE M3y4YeHMe 3KOoCUCTeMbl YyMcKoM 30HblI Kbiprbi3cTaHa Kak
3TMonorMyeckuii hakTop, a TakKe paHHee npenynpexneHne NaTonornii y KpynHoro poratoro CKOTa, BO3SHUKAKOLWMX
B pe3ynbTaTe 3TUX M3MEHeHMM, npuobpeno ocobyt akTyanbHOCTb. Llenbto uccnepoBaHus Obi1o M3yyeHue
61MOreoLLeHOTMYECKOM NAaTONOMMMN KOPOB anaTayCKmii Nopoabl B YyMCKoM 30He, NpoBeAeHNEe MOHUTOPMHIA MO CUCTEME
«MOYBA-PACTEHME-XKMBOTHOE» HA COAEPXKAHME B HUX BMOrEHHbIX MaKpo- U MMKPO3/1EMEHTOB, @ TakXXe TOKCUYHbIX
MeTannoB, M pazpaboTka pekoMeHAaLMi No CO34aHNUI0 MHHOBALMOHHOIO 3KOIOTMYECKOro LLeHTpa A8 ONTUMU3aLmm
skocucteMbl B KbipreidctaHe. [1ns 3KCNEpUMEHTANbHOrO OMbiTa WMCNOMb30BasM KOPOB anatayckon Mnopofbl
BO BTOPOM MONOBMHE CTENIbHOCTW, @ Kak OCHOBHOM KOMIMOHEHT OKpYyXatoLlweln cpeabl 6panu noysy W pacteHus.
MouBy, pacTeHUs U KPOBb XXMBOTHbIX UCCNEA0BAAM C MOMOLLbK aTOMHO-3MUCCMOHHOIO CrMeKTpodoTOMeTpa, a
uccnenoBaHMe OCHOBHbIX NMOKa3aTesie MeTabomM3Ma y OMbITHbIX U KOHTPOJIbHbIX KOPOB NMPOBOAMUIOCH MO €4UHbIM
YHUDULMPOBAHHBIM MeToauKaM. B pesynbTaTe aHanm3a MouBbl, KOPMOBbLIX PACTEHUIA U KPOBWU Y MOAOMbITHLIX
KOPOB, KOTOPblE HAXOAUNMUCb B HEGNAronpusaTHbIX 30Hax Yynckon 06nacTu, yCTaHOBNEH Cepbe3Hbli aucbanaHc no
COLEepXaHUI MaKpO-, MUKPO3NIEMEHTOB U TSXKENbIX (TOKCUYHBIX) MeTannoB. Takon aAmMcbanaHc B BUOXMMUYECKON
TpodUUECKOM Lenu NpuBen K U3IMEHEHUIO KPYroBOpOTa BeLLEeCTB B onpefefieHHOM buoreoueHose, T.e. B Yynckow
30He KbIprbi3cTaHa, YTO CBSI3aHO C HapyLeHWeM 3KONOorMyeckor O6CTaHOBKWM, OCOBEHHO B TeX paioHax, rae
COCpefoTOYEHbl KpyMHble NpoMblwaeHHble npeanpustusg. C Lenbld CBOEBPEMEHHOIO WM3YYEHUS 3KOCUCTEMbI
B KblprbisctaHe aBTopaMu pa3paboTaHbl peKkoMeHAauMu MNo CO343aHUI0 MHHOBALMOHHOIMO Hay4yHO-y4yebHOoro
3KONIOTMYECKOro LEeHTpa MO OXpaHe 34,0pOBbs YeIOBEKA M XKMBOTHbIX. Pe3ynbTaTbl JAHHOMO MCCNeA0BaHUS MOTYT
6bITb MCMONb30BaHbI B MeAMLIMHE, CENTIbCKOM XO35MCTBE, BETEPUHAPHOM MeMLUMHE, 3 TakKe B chepe 3KoNoruu, B
YUYEOHbIX U HAYYHbIX YUPEXAEHUSAX

Kniouesble cnosa: KOpOBad, NO4Ba, pacCTeHne; KpoBb, MHHOBALMOHHbIN HayHHO'yHE6HbIlZ 3KONOrMYeCKui LEHTP,
TOKCUYHbIE MeTaNibl
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