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Abstract. Pollution of water bodies with heavy metals can lead to the death of fish and other aquatic
organisms, a decrease in biodiversity and a threat to ecosystems, emphasising the importance
of preserving the natural environment; pollution of water bodies can have serious economic
consequences, in particular, a decrease in profits from fishing, tourism, and other activities related
to water use, which requires the development of water management strategies. The purpose of the
study was to determine the general trends in the content of heavy metals in the surface waters
of the Teteriv River and fattening pond No. 1 of the LLC “SHF INTERRYBHOSP”. Water samples
were taken at the stream of the Teteriv River (Vidsichne Reservoir) and in the fattening pond No. 1
at a depth of 0.2-0.5 m from the surface for further laboratory analysis of the content of heavy
metal ions (HM). The atomic absorption method of analysis was used to study water. Laboratory
studies of surface waters in the Teteriv River and pond were performed according to the following
indicators: hydrogen index (pH), lead, cadmium, manganese, zinc, and iron content. The results
of the study of the content of heavy metals in the Teteriv River are presented, which showed that
the content of such heavy metals as: Pb, Cd, Mn, Zn and Fe, in river water, with the exception of
iron, exceed the limits of maximum admissible values of water quality indicators for fishery water
bodies. Background HM indicators from fattening pond No. 1 did not show an excess of the MAC
(maximum admissible concentration). High concentrations of lead, cadmium, manganese, and
iron are explained by powerful anthropogenic pollution, the source of which is agricultural and
industrial complexes of Zhytomyr Oblast. The results can be used to establish effective monitoring
of water quality in reservoirs and develop strategies to reduce pollution in aquatic ecosystems
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Introduction

Rivers perform various ecological functions,
such as water transport, ecotourism, aquacul-
ture, and influence the restoration of ecological
balance (Ali et al., 2022). The studies by V. Agha-
dadashi et al. (2019), L.M. Cai et al. (2019) and
M. Hossain et al. (2020) found that heavy metals
(HM) such as lead, cadmium, mercury, chromi-
um, nickel, etc., can accumulate in biological
systems and be toxic even at low concentrations.
Heavy metals pose a serious environmental
threat to living organisms and aquatic ecosys-
tems due to their inability to decompose, bioac-
cumulate, environmental stability, persistence,
and biotoxicity. According to Y. He et al. (2019),
HMs affect the physical and chemical proper-
ties of sediment and water, inhibiting microbial
activity after release from the source. The study
by M. Lian et al. (2019) indicates that HMs are
harmful to the ecological environment through
the food chain and have acute and chronic
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effects on the human body. Studies conduct-
ed by M.]. Kang et al. (2019) and H.E. Nour et
al. (2019) confirm that HMs that do not de-
compose accumulate and remain in surface
sediments for a long time, causing numerous
diseases and complications in the human body.

Natural activities (e.g. geological weather-
ing, precipitation, wave erosion, wind and bi-
oturbation) and anthropogenic activities (e.g.
rapid industrialisation, urbanisation, and agri-
cultural runoff) play a key role in the spread
of HMs in aquatic ecosystems such as rivers.
In addition, human activity, which can cause
industrial emissions, household waste genera-
tion, and extensive use of chemical fertilisers
and pesticides, contributes to the accumula-
tion and deposition of HMs in the surface sed-
iments of aquatic ecosystems — this was con-
firmed by P.K. Lee et al. (2019), J. Rinklebe et
al. (2019). Water quality is negatively affected
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by HMs entering the water column, and surface
sediments that change environmental parame-
ters such as pH, temperature, salinity, etc.

The use of water resources is usually ac-
companied by a deterioration in their quality
due to anthropogenic stress. This is mani-
fested not only in changes in the physical and
chemical composition of waters, but also in
the quantitative and qualitative characteris-
tics of aquatic organisms inhabiting reservoirs
and watercourses. Rivers experience different
anthropogenic loads depending on econom-
ic activity in the regions. This can include ex-
hausting water abstraction for the needs of
the population and households, discharge of
wastewater from enterprises and housing and
communal services, use of rivers as navigable
arteries, construction of hydraulic engineering
structures, etc. (Mosiienko, 2022a).

Considering the described events, the rele-
vance of assessing the content of heavy metals
in the surface waters of the Teteriv River is con-
firmed. The discharge of untreated wastewater
containing heavy metals into the Teteriv River
channel results in the saturation of water envi-
ronment and aquatic life with toxic substanc-
es. The harmful effects of toxic HMs cover not
only water, but also aquatic organisms and peo-
ple who constantly use water and fish for food.
Therefore, practical studies were conducted in
the context of assessing the content of heavy
metals in water and their impact on aquaculture.

Materials and Methods

The study was conducted in 2023, the water
temperature of the Teteriv River at the time of
sampling was +18°C, and the hydrogen index
(pH) — 7.70 units. The water temperature from
the pond was +16°C, the hydrogen index (pH) —
7.38 units. The object of the study was the sur-
face waters of the Teteriv River and the surface
waters of the fattening pond No. 1.

Water sampling was carried out accord-
ing to the generally accepted method (Ar-
san et al., 2006). Samples were collected at the

stream of the Teteriv River (Vidsichne Reser-
voir), 2.5 km downstream of Zhytomyr, and in
the fattening pond No. 1. Random elements
(the surface layer of water with random pol-
lutants) were excluded during the selection
process. Samples were taken below the surface
layers (0.2-0.5 m) using a wide-mouth beaker
with a rod. The volume of the water sample was
2 litres. The main sample was taken in plastic
bottles. The main condition for taking water
samples was clean dishes. The dishes were
thoroughly washed in advance with a chromi-
um mixture (0.3 n solution of potassium bi-
chromate in concentrated sulphuric acid) and
rinsed with tap water, after which they were
washed at least three times with distilled water
and dried in a drying cabinet. The same applied
to plugs. Before taking the sample, the dishes
were rinsed several times with water that was
taken for analysis. Each water sample was la-
belled with the place, time, depth, sampling
horizon, temperature, and the name of the per-
son who took the sample.

The research was conducted in the Meas-
urement Laboratory of the Educational and Sci-
entific Centre for Ecology and Environmental
Protection, located at the Polissia National Uni-
versity. Laboratory studies of surface waters in
the Teteriv River were performed according to
the following indicators: hydrogen index (pH),
lead, cadmium, manganese, zinc, and iron con-
tent. A portable DLS-02 pH meter was used
to determine the hydrogen index (ph). Before
measuring, the electrode was first washed with
distilled water, and then with test water, and
only then immersed in the sample. Before im-
mersion of the electrode, a sample of water was
mixed so that its composition on the surface of
the electrode corresponded to the general com-
position. In addition, a WSD-12 thermometer
was immersed in the sample together with the
electrodes to measure the temperature.

Samples were analysed for heavy met-
al content in accordance with the methods
(Pupyshev, 2014) using atomic absorption
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spectrophotometry (AAS) on the C-115M1 in-
strument. The atomic absorption method was
used for water analysis, as this method has a
high sensitivity of element determination, al-
lows conducting an analysis with a high salt con-
tent, can be used in the emission mode, is high-
ly reliable, has an automatic gas system, a light
optical system, displays information on a digi-
tal indicator in units of optical density or con-
centration, and has electrothermal atomisation
at a speed of 3-4 minutes. Statistical data anal-
ysis and chart generation were performed in the
Statistica and Microsoft Excel software suites.

Results and Discussion
The Teteriv River, a right-bank tributary of the
Dnipro, stretches for 365 km and has a water
intake area of 15,100 km?. Its water regime
mainly depends on meltwater, which leads to
high spring floods and low summer-autumn
low water, which are often disturbed by short-
term rain floods. Geographically, the Teteriv
basin is located on the territory of the Ukraini-
an Shield and its slope, which extends into the
Dnipro-Donetsk depression. This led to a high-
er hypsometric position of the river in compar-
ison with other areas of the Ukrainian Polissia,
and to the appearance of narrow and deeply
embedded river valleys and a small number of
swamps (only 4.5% of the total area of the river

basin). The soil cover of the basin includes
northern chernozems in the upper reaches and
podzolic soils in the middle and lower reaches
(Kuzminchuk & Shcherback, 2004).

Many studies have been conducted on
anthropogenic contamination of river waters
with both biogenic elements and surfactants
(synthetic surfactants), pesticides, etc. Most
of these studies were directly related to basins
of big (for example, Dnipro, Dnister) (Strokal
& Kovpak, 2021; Skyba et al., 2023), small
(Bosak et al., 2020; Nahaieva et al., 2020), and
medium-sized rivers in various regions (Loboda
& Kuza, 2023; Ukhan & Osadcha, 2023). Howev-
er, the topic of analysing water pollution in the
Zhytomyr Oblast remained rather neglected.

The analysis of the surface waters of the
Teteriv River revealed that the background
values of HMs were either at the MAC level or
above the admissible values (Fig. 1). Lead and
its compounds are essential components of sur-
face waters and significantly affect their quality
and functioning (Makarenko et al., 2021). Many
of these compounds are known for their muta-
genic and carcinogenic properties. Lead enters
rivers through wastewater from metallurgical
and chemical enterprises, and as a result of
coal burning, which was confirmed by M. Clar-
holm & U. Skyllberg, (2013), A.M. Iordache et
al. (2022); K. Mashkova et al. (2022).
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Figure 1. Comparison of HM concentrations in the water
of the Teteriv River (Vidsichne Reservoir) with the MAC

Source: developed by the author
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Based on the results of research, it can be
noted that the background indicator of lead in
the surface waters of the Teteriv River, which
affects the activity of certain enzymes and in-
tercellular communication in aquatic organ-
isms, corresponded to the MAC and amounted
to 0.0997 mg/1.

Cadmium in nature is mainly found in zinc
and lead ores. It often enters water bodies as
part of industrial wastewater from lead-zinc
plants, chemical industry enterprises, ore pro-
cessing facilities and metallurgical plants. The
cadmium content did not significantly exceed
the maximum admissible concentration of
0.007 mg/1, but this poses risks for structural
and functional changes in the gills, intestines,
liver and kidneys, stagnation and swelling of
blood vessels in fish.

Manganese is one of the biologically ac-
tive metals involved in the reactions of wa-
ter photolysis and photosynthesis. The most
common sources of manganese in a water
body are iron and manganese ores, wastewater
from metallurgical plants, water discharged
from chemical plants, and mine water. In ad-
dition, one of the sources of manganese in-
take is organic residues that remain after the
death of aquatic organisms and higher aquat-
ic plants (Makarenko et al., 2021; Mashkova et
al., 2022). Excess of manganese — 0.03 mg/1
according to the results of laboratory tests,
can affect the haematopoietic organs, which
negatively affects the haemolytic parameters
of fish blood.

Zinc, in terms of concentration in surface
fresh waters, ranks second after manganese.
The main source of zinc intake in water bod-
ies are the processes of rock destruction. Since
zinc is a biogenic metal, it is actively absorbed
by aquatic plants and participates in photo-
synthesis. Zinc is a vital metal, but it can be
toxic to fish, causing structural damage that
affects growth, development, behaviour, and
survival, as noted by O. Prokopchuk & V. Hru-
binko (2016) and A. Makarenko et al. (2021).

The content of zinc exceeded the maximum
admissible concentration and amounted to
0.0651 mg/l, its intake in the Teteriv River
could have occurred as a result of untreated
wastewater from a pulp and paper mill and a
cardboard factory. The accumulation of zinc,
unlike other metals, is associated with its geo-
chemical mobility.

Iron is one of the most common elements,
but its concentration in natural waters is ex-
tremely low due to its limited migration ca-
pacity. It plays an important role in the vital
activity of aquatic organisms and is largely
absorbed by them. Iron deficiency can cause a
number of diseases or even lead to death. Iron
mainly comes from agricultural complexes lo-
cated near the river, namely through drains
(Rabcheniuk, 2016). The background iron in-
dex corresponded to the MAC of 0.1 mg/l, but
was at the limit, which makes water of little
use for the life of aquatic organisms. The re-
sults of the study confirm the assumption
about the unsatisfactory state of water in the
Teteriv River, and as a result, its harmful effect
on aquatic organisms.

According to the results of laboratory
studies, the background indicators of lead,
cadmium, manganese, zinc, and iron in the
water from fattening pond No. 1 did not ex-
ceed the maximum admissible concentration
(MACQ), in contrast to the background HM in-
dicators in the Teteriv River. The maximum
admissible concentration of heavy metals in
fattening pond No. 1 indicates compliance
with the technological requirements of ponds
(Fig. 2).The analysis of the obtained concen-
trations of heavy metals in the reservoir shows
that the content of some of them in the Teteriv
River exceeded the MAC, which caused a viola-
tion of the ecological balance. After analysing
the literature sources, it can be concluded that
insufficient attention has been paid to studies
of the content of heavy metals in the reser-
voirs of the Zhytomyr Oblast. There are frag-
mentary data from similar studies.

Animal Science and Food Technology. 2024. Vol. 15, No. 2
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Figure 2. Comparison of HM concentrations in water from the fattening pond No. 1 with MAC

Source: developed by the authors

The research was conducted during the pe-
riod from 2006 to 2011 on the territory of the
Polissia part of the Zhytomyr Oblast. The object
of the study was the water of 13 small rivers. In
the rivers of Zhytomyr Polissia, which mainly
flow within the Ukrainian Shield, the water dur-
ing the summer-autumn low-water period con-
tained small concentrations of heavy metals,
such as copper (Cu), cadmium (Cd), lead (Pb),
zinc (Zn), Cobalt (Co), and nickel (Ni). Howev-
er, there is an exception for manganese (Mn)
and iron (Fe), whose concentrations exceed the
maximum admissible values by 1.2-6.8 times
and 1.5-12.3 times, respectively. This is condi-
tioned by natural factors, such as the conver-
sion of primary minerals to secondary ones,
which leads to the release of iron and manga-
nese compounds. In addition, iron and man-
ganese can be washed out of iron-manganese
nodules, which are often contained in the ilu-
vial horizon of sod-podzolic soils in the study
area, which was established by T.M. Myslyva &
I.S. Kot (2011). The highest content of manga-
nese, namely 0.63-0.68 mg/dm?®, was observed
in the Zlobych and Irshytsya rivers. As for iron,
the highest values, namely 2.12-3.71 mg/dm?,
were recorded in the Zheriv and Zlobych rivers.

In Korostyshiv District, the main water pol-
luters of the Teteriv River are the Korostyshiv
Municipal Utility Company “Vodokanal”, which
discharged 353.9 thousand m3 of wastewater

Animal Science and Food Technology. 2024. Vol. 15, No. 2

into water bodies in excess of the MAC, and
the Korostyshiv Distillery. General and specif-
ic indicators were selected to assess the water
quality of the Teteriv River. The research was
conducted during 2010-2013. It was found that
the manganese content significantly exceeded
the norm. The highest value of this indicator
was recorded in 2013, which was 0.068 mg/
dms3. The lowest rates were recorded in 2012,
which amounted to 0.022 mg/dm?3. The study
by N.S. Bordiug & L.M. Kostrytsia (2014) found
that the iron content in the water of the Teteriv
River in the Korostyshiv District exceeded the
established MAC, which is a consequence of
anthropogenic impact. In 2010, the highest
concentration of it was detected, which was
0.47 mg/dm?. It was found that in 2012, its con-
tent sharply decreased to the lowest value for
the entire study period — 0.3 mg/dm?.

When conducting studies of the Teteriv
River within the Radomyshl District of Zhyto-
myr Oblast from 2006 to 2015, a sharp increase
in the concentration of manganese was detect-
ed, in particular in 2014 and 2015, when its con-
tent in water was 7.3 and 8.8, compared to this,
in 2008 the lowest value was observed, only 1.4
in MAC units. As for iron, the maximum content
in general was recorded in 2008, when the indi-
cator was 4.9 in MAC units. Instead, the lowest
values were recorded in 2007 and 2015, when
iron concentrations were 3.1 and 3.6 in MAC
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units, respectively, as established by G.M. Mar-
teniuk (2013). According to the data obtained,
the concentration of manganese and iron in
the rivers of Polissia exceeds the maximum
admissible concentration by 2-12 times and
2-10 times, respectively.

In 2021, the Teteriv River, which is a source
of water supply for Zhytomyr Oblast, experi-
enced an eco-disaster due to extremely low
precipitation, which led to a critical drop in the
water level. Residents have about 1-1.5 months
of water supply left. Over the past two years, the
Teteriv River has been suffering from a large
amount of untreated sewage entering it. Zhy-
tomyr Oblast has a significant industrial and
agricultural complex, which are often sources
of pollution of water bodies, in particular the
Teteriv River. According to the ecological certif-
icate, there are 11 enterprises in the Zhytomyr
Oblast that are the most polluting and have a
negative impact on the region’s water resourc-
es (Mosiienko, 2022). Zhytomyr Thermal Insu-
lation Plant, Zhytomyr Cardboard Factory, PJSC
Beer-Non-Alcoholic Plant “Radomyshl”, PJSC
“Bio Med Sklo”, LLC “Cersanit Invest”, PJSC
“Ushitsky Construction Materials Plant”, PJSC
“Pershotravensk Electrotechnical Porcelain
Plant” and other facilities are environmentally
hazardous and can cause pollution of water ba-
sins in this region.

In 2021, the amount of conditionally clean
non-treated return water discharged increased
by 3.2% compared to 2020. The municipal en-
terprise of Zhytomyr in 2021 and in 2022 more
than once discharged untreated wastewater
from a sewage pumping station containing ex-
cess MAC of heavy metals in surface, return,
and wastewater. As a result of the discharge in
2021, almost 120,000 m3 of untreated waste-
water entered the river basins of the Zhytomyr
Oblast, which led to massive fish death, with
more than 15,000 fish specimens dying. The
water contained 4 times the normal amount of
lead, 3 times the normal amount of phosphate,
and 5 times the normal amount of nickel and

nitrate, which led to a massive fish death.
Among the aquatic inhabitants of the Teteriv
River, which suffered the most destructive ef-
fects of heavy metals, were the silver carp
(Hypophthalmichthys molitrix), common carp
(Cyprinus carpio), northern pike (Esox lucius),
European perch (Perca fluviatilis), etc. These fish
species are most sensitive to increased toxicity
in the aquatic environment. In August 2022, an
oxygen deficiency was recorded in the Vidsichne
Reservoir, and an excess of the concentration of
manganese by 2.7 times and iron by 12.3 times,
compared to the admissible values. Pollution of
aquatic ecosystems poses a serious threat to the
ichthyofauna, and can also lead to an excess of
pollutants in fish products, which poses a risk
to human health (Mosiienko, 2022b). Fish play
a key role in aquatic ecosystems, occupying the
upper trophic level. It is an important chain in
maintaining the ecological balance of aquatic
environments. However, through bioaccumu-
lation and biomagnification processes, fish can
accumulate pollutants, including heavy metals,
from the water or from the living organisms
it consumes. This creates a serious risk to the
health of the person who consumes such fish.
Therefore, it is important to control the level of
pollution of water bodies and take measures to
preserve their environmental integrity.

Conclusions
According to the results of the study, the back-
ground level of lead in the surface waters of the
Teteriv River met the MAC and was 0.0997 mg/1.
The cadmium content did not significantly ex-
ceed the MAC of 0.007 mg/1. The results of labo-
ratory tests revealed an excess of manganese of
0.03 mg/1. The zinc content exceeded the MAC
and amounted to 0.0651 mg/1. The background
iron level met the MAC of 0.1 mg/l, but was at
the limit. Studies confirm the assumption of
an unsatisfactory state of water in the Teteriv
River. This can lead to a decrease in the num-
ber and diversity of aquatic life, including fish,
invertebrates, and algae; disrupt the natural

Animal Science and Food Technology. 2024. Vol. 15, No. 2
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balance of the ecosystem and cause a decrease
in biodiversity.

The results of laboratory tests show that
the background values of lead, cadmium, man-
ganese, zinc, and iron in the test water from
the fattening pond No. 1 did not exceed the
maximum admissible concentration (MAC).
Low levels of heavy metals in the water indi-
cate that water from fattening pond No. 1 is
safe for human consumption and use. It can
be assumed that as a result of the armed ag-
gression against Ukraine, agriculture has suf-
fered heavy losses and reduced its capacity, but
still remains one of the key economic sectors
of Ukraine. The anthropogenic impact on the
Teteriv River channel was established. The ac-
tivities of enterprises and agriculture lead to
an increase in the accumulation of heavy met-
als in water, so it is recommended to establish
measures to reduce the anthropogenic load on
the ecosystem of the Teteriv River.

The study highlights the need for meas-
ures to prevent further pollution of the region’s

river systems. In particular, these measures in-
clude: establishing systematic control over the
use of water by enterprises and organisations,
and monitoring the discharges of industrial
and agricultural waste; increasing attention
to issues related to the prevention of pollution
and salinisation of surface and underground
waters; conducting experimental studies of the
content of heavy metals. These measures focus
on preserving and protecting the region’s wa-
ter resources and ensuring an environmentally
friendly environment for aquatic life.
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AHoranis. 3a6pyTHeHHSI BOAOIM BakKKMMM MeTajJaMM MOXe MPU3BECTU A0 3arubeni pubu ta
iHIIMX BOZHMX OPTaHi3MiB, 3MeHILeHHS 6i0pi3HOMAaHITTSI Ta 3arp0o31 eKOCUCTeMaM, IO MiJKPeC/TI0e
BaK/IMBICTh 30€peKEHHS MPUPOSHOTO CEpeloBUINA; 3a0pyIHEHHS BOOAHUX OO’€KTiB MOXe MaTu
cepito3Hi eKOHOMIUHI HaCTiAKM, 30KpeMa 3HVDKeHHS TPUOYTKY Bif, pybaabCcTBa, TYPU3MY Ta iHIINX
IisTbHOCTEIA, MOB'I3aHUX 3 BUKOPUCTAHHSIM BOJM, [0 BMMAarae po3po6KM CTpaTeTiii yrpaB/IiHHS
BOIHMMM pecypcamy. MeTa po6OTH MoJAraia y BUSHAUEHHI 3aTaibHMX TeHJEHIIii BMiCTy BaXKKUX
MeTasIiB y oBepxHeBUX Bogax p. TeTepiB Ta HarynbHOMY cTaBy N21 TOB «CI'® «IHTeppubroct».
Bin6ip mpo6 Bomu MPOBOAMBCS Ha CTpyMeHi moToky p. TeTepiB (BomocxoBuile Binciune) Ta B
HarynbHOMY cTaBy N21 Ha mmbuui 0,2-0,5 M Big moBepxHi [JjIs1 TTOAAIBIIOTO J1aGOPATOPHOTO
aHai3y 100 BMICTY iOHiB BakkuxX meTtaniB (BM). [Ijis1 gocaigkeHHSI BOAM 3aCTOCOBAHO aTOMHO-
abcopOuifiunii Merton aHasisy. JlabopaTopHi HOCTiIKeHHS MOBepxXHeBUX Bon p. TerepiB Ta
CTaBy MPOBOAWIN 3a TaKMMM [MOKa3HMKaMM: BOJHEBMII Moka3HMK (pH), BMiCT CBMHIIIO, KaAMilo,
MapraHiiio, IMHKY Ta 3adisa. [IpencraBieHi pe3yabTaTy AOCTIIKEHHS BMiCTy BasKKMX MeTalliB y
p. TeTepiB, siki Moka3anu, [0 BMIiCT TaKMX BaXXKMUX MeTasiB sK: Pb, Cd, Mn, Zn Ta Fe, y piukoBiit
BOZIi, 32 BUHSITKOM 3aJ1i3a, ITIePeBUIILYIOTh MeXi TPAHUYHO AOTYCTMMMX 3HAU€Hb ITOKA3HUKIB SIKOCTi
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BOIIM J/Is1 pUGOTOCIIONAaPChKMX BomoiiM. @OHOBI moka3HuKM BM 3 HaryiapHOTO cTaBy N21 o6acti He
riokasanu nepesuineHHs ['IK (rpaHMYHO JOTTYyCTVIMAa KOHIIEHTPallist). BUCOKi KOHIIeHTpallii CBUHITIO,
KaaMilo, MapraHifio Ta 3aji3a IOSICHIOIOTbCS TOTY)KHMM aHTPOTIOTeHHUMMM 3a6pyaHEHHSIMH,
IIKepeyioM SIKMX € arpapHi Ta MPOMMCIOBI KoMIuiekcy JKUTOMUPIIMHA. Pe3ybTaTi MOKYTb OyTHU
BUKOPUCTAaHi AJIsI BCTAHOBJIEHHS €()eKTYBHOTO MOHITOPUHTY SIKOCTi BOJIM Y BOAOIMAXx Ta pO3po6KM
cTpaTeriit 3MeHIIeHHS 326pyJHEHHS BOIHUX €KOCUCTEM

Kiio4oBi cyioBa: BofHe cepeqoBuile; riipo6ioHTH; GOHOBI MOKa3HUKM; 3a0PyIHEHHS; PiUKM
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