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HaK CUCTMEMT MORLmMopmrHed wiu28rh0:2022 va2dbsysir seuyecma» (om 29.10.2022 Ne 3240-p).
Cosdanure cucBremsl yueEma IMUCCUL Bo2I0MEHUR Yeiepoda 6 Ha3eMHbLE IKOCUCTIEMA OblLI0
nopyuerno rescopyuymny «PHTM yeoepdbitpgilbismAridn-c.rm), ¢ B2nopsid souwcw 22 naywro-
UCcLedoBamMessCENE OPaRUTYULY GHICULLE YUelHble 3acedernus Crmpatl. [ 00810 Opearuan-
yuell KoHCoOPYUYMa Aeasdncs [enmp no npodiemar sKL0SUY U nPpodyrmuerocmy Lecos Poc-
cutltcrolt axdientul alfe (LIIILT PAH). Koopdumnikpyem padomy xoncopyuyma dupermap LI
A H wnen-roppecnondenm PAL, dorxmaop 6Rorozuvecrus nayr Hamanes Bacurbesna Jyruna.

cocras 8Toro KoHcopumyma sowen OUL Komw HL
YpO PAH. OctoBHan eaere paloT Mo 3apmayaM, MocTas-
NeMHsIM BYKOBOACTBOMe KeHcopumyma nepen @YU Komu
HLL YpQ #AH, Bbinomxserca Ha 6ase Wcmrtyra Guonormm
Komm HayuyHoro LeHTpa *Ypanbckero orpenerms Poccumid-
CK®IA akameMyU MayK, UMEIOLLEr0 MHOrONETHWI OmbIT pa-
Oo%bl*B DaHHoM HanpasineHui. B etoil pafore ywacTeyloT
Kpyrelmes otgensl AHcTMTyTa: OTOENn necobMonormHe-
cxse npo&iem, Cesepa, ovOer movsoBEeOeHUs, oTgen d¢ro-
pel W pactuTefbHocTy Cesepa ¢ HayuHbIM repbapuem, or-
Een 3KonPrvivexuBoTIbD.. BhrbLluoh 0BbEM aHamMTIMECKMX
pabomeBbINonHAe®CcA Ha Oa3e *3KoaranuTUYecKon nabopa-
Topuu MHcTuTyTa.

B20R24 remy cneumanmcrsl WHciryTa Buomorvn pato-
TAOT Ma-BBYX RQNVICHAS OTOPbIE HEXONATCA Ha Teppu-
TOpVK *Pecrybnmien oMM.cOpWH M3 3TWX MOMWIOHOB Opra-
HPI30BaH Ha TePPYTOpMVe 3aKasHuMea pecybnykaHckoro sHa-
veHust<] lambermiif 8 KHaKmerocTekom.paiioHe PecryGrmky.
Vicemenosarmamm ©ykosogut CeetRaHa ButansesHa 3arm-
poBa, 3s@emyielllan OTOEIOM TecoBManoruIeckux npodnem
€eBepa, nokTop OMenorgueckux Hayk., Ha Teppuropwn no-
mmroma fand@@eo 30eAGCTORMMLD® MPOOHLIX MIoLLanei, Ha

KoTepbix OyOey MpeBooMTECR OenreBpeMeHHbI Ha3eMHbIA
Ve OMCTaHMOHHbIH #IOHUTOPIMHT MADHUKOBGLIX 3308 W 3ara-
COB YIMEPOLA B-DACTEHWU®E | NoUBe NecHsX (UTOLEH030B
yrnepoféo TeppuUropKAOaHHGIO MOFMIOHA XapaKTepusyer-
CA ovemb BBLIGCOKMM pasHooDpasnemM MovBEHHOro M pacTh-
TENbHOMO MPKPOBE, YTO ODYCIJOBNEHO PENbedoM, YCIOoBUA-
MW YEN@XHEHWS Y WCTOPU®A OCBOSHWR STOW TEPPUTOPWK

Bropo¥i mormroHf pacnonoied B YcTb-Kynomckom paid-
oHe PecmyOrmKm, Pykosoour peforamy Ha STOM MOMMIO-
He BemyLLMie HaywHbIN sCOTRYOHMK QTOENa NoYBOBEOEHWS,
#oKTOP BMorieruHecku HaykeAne@el Anexcarnposny [bi-
MOE.*3pech nectosieHsie MpeOHEIe MNOLLANM 3anoMeHsl Ha
TP yuaeTKax, *KOTOPLe (FaCnenoMeHbl Ha BO3BbILLIEHHOCTA
Bofefaim TNep [O0%eoro: Tumara: Ha FepPUTOPMW Maro-
HapYLLEHHOro enpBoro neta, BOCEHUIETHER U BOCEMHAL-
LaTuneTHell BbIpyOole- Ha KOTOpBDX BOCCTAHOBMEHWE meca
PIDOMEXODMT eCYeeTERHHLM MyTéiM. Be3 OLEHKM OMHAMUKN
COOFpiaHns OPraHVYECKOMD BELLECTBA B MOYBE W PacTu-
TEeNbHOM MOKPOBE Ha YepPBUTORHI® PasHOBO3PaCTHBIX BbIDY-
OoK Me MOMYYUTCA ©OCTaBUTh ameKBaTHYIO OLEHKY criocob-
HOCTW HELLUMX JECHBIX *3KOCUETEM K TMOITIOLIEHWIO YITIepo-
#a 43 aymocepbl.

B Sermme nasenseblIxg SucmenyLonnELE nabaodenud, cosdannsie no pesyasma-
A PaoombL ke cex nevifzoramisoncopyuyra «PUTM yerepodar, Oydym urnmezpu-
poeanbl 6 euryro BHIBOPMAYUOHKO-THAAUINULECKON CUCIEMY MOHUIIOPUNRM KAUMa~
TUSECTSYS UISTNILEHBIT BEIYECTIG Y UCMOALIOBRIIL] 6 KAUMAINULECHu Mmodeans. B nepcner-
IUGE IAKATL CUCINENG MOGEN? O Omeensl i, 03MONCHO, HOBLIE GPYMEHINEL G CIO-
POE OTNHOCUIMELNLHO GHINPONOZEKKOZ0 CRAGIN 6 2A00TAbHOE NOMENLEHUE, NO2AOUYEIO-
el cnocodrocmutrecos u dpiEEiBrocucmens a marice dghgermueHocm PasalHEIE
meTHON02UL OerapOOHU3aUILLL.
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Modern industrial livestock production is accompanied by emissions into the environment of a wide range of odor-
forming substances (OFS), which negatively affect the health and quality of life of the population. The problem of pro-
tecting atmospheric air from odour pollution (OP) is of high relevance and practical significance. The review critically
appraises scientific publications on the control of OP from livestock and poultry farms. Methods of control include the
processing of manure with deodorizing materials (reagents, sorbents, enzymes, etc.); inoculation with microorganism
strains; adjustment of animal diets; air purification from pollutants; optimization of dispersion; isolation of € sources;
and odor masking. Agriculturess focus on adopting green technologies has increased interest in searching environmentally
friendly methods of odor control. These are the use of plant extracts, natural sorbents, effective microorganism strains,
biofilters, bioscrubbers, biogas plants, planting of protective forest belts that promote the absorption of dust and disper
sion of OFS. Each method of OP control has both advantages and disadvantages. Modern “green” methods effectivel
eliminate odors in large farms, but require high investment and operating costs, which limits their implementation in
practice, and relatively low-cost methods (the use of reagents, sorbents, flavoring agents, feed additives) are usually
not effective enough. An acceptable result can be obtained by combining various methods of limiting the OFS emission.

Control strategies should be selected based on the source of the odor, the effectiveness of the technology on the particul
farm, and the cost/benefit ratio of the odor control technology into practice.

Keywords: livestock farming, poultry farming, manure, bird droppings, odor, odor reduction methods.
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The paper analyzes the distribution of the Amur tiger ( Panthera tigris altaica) tracks in the Primorsky Krai municipalities
according to observations obtained during the one-time winter count organized by the Pacific Institute of Geography of the Far
Eastern Branch of the Russian Academy of Sciences in 2005. This task is related to the need to calculate the number of animals
based on the tracks of their vital activity. Based on the initial data we form a sample to analyze a set of tracks to identify inter
section areas of various tiger habitats in Primorsky Krai. The map of Primorsky Krai municipalities was presented in the form
of a planar graph to identify their intersections. A recurrent algorithm for identifying tiger clusters was developed using graph
theory methods. According to them, the territory of Primorsky Krai is divided into northern, central, southern and southwestern
zones with intersections. The districts of Primorsky Krai included in the designated zones are listed. The total number of tracks
in intersecting adjacent zones was counted to identify possible tiger migrations in Primorsky Krai. A quantitative assessment
of the degree of intersection of the selected zones by the number of tiger tracks is giveithe proposed calculation scheme can be
20 used to clarify and verify the results of modeling the spatial distribution and total population size of the Amur tiger.

Keywords: tiger clusters, planar graphs, number of tracks, zones of influence.
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The number of the Panthera tigris altaica tracks in the regions of Primorsky Krai
AR ,
No. of .
district Municipal ities of Primorsky Krai Total number of tiger tracks recorded
by census takers
1 / Anuchinsky 3815
I * , ./ Arseniev, district 64
\Y] ™ o .. 477
Dalnegorsk, district
2 ™ o 402
Dalnerechensky
Xl «* f | ZATO Fokino 62
3 422
Kavalerovsky
4 / Kirovsky 455
5 3155
Krasnoarmeisky
6 / Lazovsky 3196
VI . 544
Lesozavodsk, district
7 z / Mikhailovsky 710
8 ' / Nadezhdinsky 716
10 . / Olginsky 2574
VI . . 245
Partizansk, district
11 . / Partizanskiy 1677
13 . / Pozharsky 9526
14 - / Spassky 321
15 . / Terney 5874
X ) , - 2374
Ussuriysk, district
17 %o / Khasansky 1404
20 & / Chuguevsky 3699
21 > | Shkotovsky 3206
22 z / Yakovlevsky 448
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G e — 2/ Table 2
The total number of tige'r tracks at the vertices of the graﬁh G,
; G,
The set of districts at the Total number Intersection of collections
vertices of the graphG, of tracks of districts The total number
of tracks in the
intersection
{2,3,5,13,15,IV} 19856 {2,3,5,13,15,IV} / and 1301
{2,4,20,Iv,3,10,6,11,22,1,1}
{2,4,20,1v,3,10,6,11,22,1,1} 17229 {14,4,22,1,20,1} / and 8481
{2,4,20,Iv,3,10,6,11,22,1,1}
{14,4,22,1,20,1} 8802 {4V1,2} [/ and 857
{2,4,20,Iv,3,10,6,11,22,1,1}
{4, V1,2} 1401 {1,11,vIIl,21} /and 5492
{2,4,20,Iv,3,10,6,11,22,1,1}
{1,12,vIII,21} 8943 {1,12,vi,21} / and 4883
{11,XI11,21}
{11,XI11,21} 4945 {1,22,viIl,21} / and{7,21,1} 7021
{7,21,1} 7731 {7,21,1} / and{X,7,21} 3916
{X,7,21} 6290 / no 0
{8} 716 / no 0
{17} 1404 / no 0
e — 3/ Table 3
- , G "
The total number of tiger tracks in the vertices of graph G, included in the selected zones
< - . R
Zone Set of districts in the zone Total number of tracks
- / Northern {2,3,5,13,15,1V} 19856
- / Central | {2.4,20,IV,3,10,6,11,22,1,1}, {14,4,22,1,20,1}, {4,VI ,2} 18177
e /  South {1,11,VII,21}, {7,21,1}, {11,X11,21} 9715
® -
South-western X.7.21} {8}, {17} 8410

.o . .g57
{7,121} {1,11,21, VIl {2,4,20,1V,3,10,6,11,22,1,1}.
1,21, .
™ . ° :t -
Z e ( .3) .-
. (19856 1
)+ . (18177 ), ef,
@715 ) - (8410 Se e . [17].
) (- 3). :
{2,3,5,13,15, IV}. — =« ..
{2,4.20, IV,3,10,6,11,22,1, I}, . [18].

{14,4,22,1,20,1}, {4,VI,2},
{14,4,22,1,20,1} -,

8802 -

(19856 ) +

(8481 )
{2,4,20,1V,3,10,6,11,22,1,1}. , (18177) 1301
1401 {4Vv1,2} -, .
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Fig. 5. Tiger habitat areas in Primorsky Krai (see Table 1 for district numbers)
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Determination of the values of feeding coefficient
and the coefficient of feed utilization by planktonophagous fish
in the lower reaches of the Vychegda River
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This paper presents the results of studies of the aquatic ecosystem components of the lower reaches of the Vychegda River.

During 2022 growing season we found 234 species of various microalgae belonging to 8 departments. The phytoplankton com
munity is diatom-green with small forms of organisms from other departments. 45 taxonomic units represented the zooplankton
community over the entire period of research. We identified 20 taxa of Cladocera, 11 taxa of Copepoda, and 14 taxa of Rotatoria.
Widespread Palearctic organisms formed the community. According to the results of control catches, six species of fish were
identified: roach, perch, bream, ruff, silver bream and walleye. Perch and roach dominated the catches (87.7% of the catch).
Material on 150 larvae and fry of bleak and ruff was obtained. The coefficient of feed utilization (K.) for phytoplankton
averaged 0.033, for zooplankton ~0.11. The coefficient of assimilated food by zooplankton (K) corresponded to an average
of 0.348 (34.8%), the same indicator for planktonophagous fish was not above 0.3 (30%). The feeding coefficients of phyte
plankton and zooplankton for the lower reaches of the VVychegda River averaged 30 and 9, respectively. Thus, the obtained
feeding coefficients in 2022 growing season are close to the zonal ones for the Northern Fisheries Basin. The research results
can be used to develop measures for the conservation of aquatic biological resources and their habitat.

Keywords: the Vychegda River, feeding coefficient, feed utilization coefficient, coefficient of assimilated food, phy
toplankton, zooplankton.
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1 stage 2 stage 3 stage 4 stage 5 stage
Cladocera 3,2£0,5 2,34+0,13 3,16+0,21 2,22+0,13 1,17+0,12
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e 2022 ./ Seasonal changes in phytoplankton feeding coefficient ( phil)
for the lower reaches of the Vychegda River in 2022
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Stages Duration of the period, days /[ 3 /3
mg/m 2 period mg/m 2 period
1, / spring 30 42,51 1350,39 32
2, / summer 30 21,87 714,81
3, / summer 30 122,97 3871,20 32
4, / summer 30 75,69 2496,39
5 ¢ [ autumn 30 29,61 648,00 22
e — 3/Table 3
. ’ e 2022 .
Seasonal changes in the calculated indicators used for zooplankton feeding coefficients forming
in the lower reaches of the Vychegda River in 2022
€ 172 273 34. 45
Calculated indicators Stages 172 Stages 273 Stages 374 Stages4™5
[e [ .
C mglind /day. 2,32 7,21 17,21 10,47
P, /e ./
P_.., mg/ind./day 0,29 0,71 2,60 0,84
ay
R, ™ [e |/
R, Jiind./day 1,94 8,57 8,57 24,73
, ™ e ]
' Jlind./day 1,80 3,09 12,96 3,48
’TM /
p
, JImg 2,02 2,02 2,02 3,37
w I S 0,08 0,06 0,04 0,01
C,, mg/ind./day ' ’ ’ ’
Wy I 2,28 6,85 18,50 142,90
W., mg/ind. ! ! ! '
Wy 1 6,85 18,50 142,90 160,50
W, mg/ind. ' ' ’ ’
W, T 4,56 12,50 80,53 151,70
W |, mg/ind. ' ' ’ ’
Water temperature, C 20 26 10 !
q 1 0,61 2,5 3,98
(t,t), ./day 16 15 47 21
200 8 10 7 12
200 0,12 0,1 0,15 0,08
3200 0,28 0,27 0,53 0,12

Note: see the text for a breakdown of the calculated indicators.
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Antioxidant activity (AOA) is an important indicator of the evaluation of plant raw materials (RM), which are
widely used in medicine to obtain various medicines. The use of RM at the present stage of the pharmaceutical industry
development allows avoiding large-scale production of synthetic medicines, accompanied by a negative impact on the
environment. For an objective assessment of AOA, it is necessary to apply methods that allow determining not only
the content of the active substance, but also generally characterizing the functional activity of RM. The article presents
data on the AOA of aqueous extracts from the leaves and fruits oHippophae rhamnoided.., Aronia melanocarpal.
The determination of antioxidant activity was performed by biochemiluminiscence (B-HL) using serum from white
mongrel rats as a model environment (M”). The evaluation criteria were the maximum intensity (I ) and the light
sum of the glow (S). The results obtained were compared with the data of the analysis of BCHL without ME, as well as
with the data of alternative methods for quantifying the antioxidant potential of RM (coulometric titration, direct titra -
tion, spectrophotometry). According to the criteria for assessing the intensity of free radical oxidation (I ) using the
BCHL method without ME, it was found that aqueous extracts from the leaves and fruits of A. melanocarpg as well as
H. rhamnoidesleaves, have a high antioxidant potential (343, 274 and 268 mV, respectively), and fromH. rhamnoides
fruits ~ more short. BCHL results showed that the amount of radicals in blood serum decreased upon contact with
extracts from vegetable raw materials. Among the studied samples, extracts from the fruits ofA. melanocarpawere
characterized by the highest AOA (S=2006+137 mV:s). At the same time, according to alternative methods, they
occupy an intermediate position in terms of the quantitative content of biologically active substances (BAS) with
antioxidant properties. Based on the weak correlation between the data of the B-HL method and alternative methods
for determining AOA, it is concluded that it is necessary to take into account the possibility of an indirect relationship
between the content of BAS in RM and the effect manifested in conditions as close as possible to biological systems.
The measurement of AOA by the B-HL method is actually an assessment of the function, as well as the effectiveness
of BAS, and complements quantitative methods for assessing the antioxidant activity of ME.

Keywords: biochemiluminiscence, blood serum, Aronia melanocarpa Hippophae rhamnoidescoulometric titration,
direct titration, spectrophotometry.
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e — 1/Tablel
- / Composition of the test product
' / Name ¥, /Volume, m L
T€€ H,0 - .
BRS Blood serum Extract
f . [/ Background, water 0,2 i ~
Control with a model environment 2,0 0.1 0.1
f / Background, extract 0,1 i 0,1
/ Test ~ 0,1 0,1

Note: BRS — base reaction solution; a dash means the absence of a component in the environment.

N L)
” 9t

il ° )’
° (é ‘006, «é = ° 1] .!
- », € ) ° - .
[20]. - i - € . RS
J _ 14.11.2023 [22].
(+55300-S, «S§ - - .
» € ).Z -€£8.736-2011.
®* - L] L[] y ™ i
, ° (r) .
f - ¢ . € o Microsoft Excel. ™
é ”nn - -
. ” - Z'> %o
e« [21]. < %o... (I max S) -
( .2).
e — 2/ Table 2
Biochemiluminiscence assessment indicators
. . Coox - / Average value
Test Sample Conditions | e o/ MV S, o /mV-s
f /Background o [ water 1 22+3 106432
Control with a model environment Serum 2 837x124 4485+321
, C /L 1 268+29 1965+153
Hippophaes rhamnoides eaves 2 376%25 4284+334
./ Fruit 1 19831254 12511+830
2 1224+144 13925+1212
» C/L 1 343150 20494341
Aronia melanocarpa caves 2 650164 4202+303
./ Fruit 1 274+19 1880+86
2 268+48 2006+137

40

x] - o 2— .
Note: * 1 — without model environment; 2 — with a model environment.
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e — 3/Table 3

Antioxidantse content in agueous extracts from plant raw materials, mg/mL

Z
Method of analysis

Hippophaes rhamnoides

Aronia melanocarpa

Leaves

Fruit

Leaves

Fruit

0,0690+0,0033

0,0410+0,0023

0,0243+0,0012

0,0260+0,0013

Coulometric
titration
* . N 1,00+0,05 0,310+0,007 0,306+0,011 0,340+0,006
Direct titration
- 2,77+0,20 0,7022+0,0016 0,647+0,026 0,854+0,013
Spectrophotometry
: ° ° * + ° o,
Note: The table shows means * standard deviations.
z ° ~ ° (I max) - ~
(S) Z- %o... € 7-
, 38 . .
42 . e -£ Z-
° %0"1, (| max S) U
€- Z- ., Z-
- . 7-
7 -
max S’ ° ’ S y
L] - L] L] -€ ,
T %o..., - e
, [25]‘ T%o...,
() .o
S , ° . - _
%o.. S " o £- o
[23]. 8 , , .
LR | , ° H €- e < :
° ° [24] < < °
° %o. (| max S) - - , (
° - )’ ° <
i) ° 1 L <
° < ° ,
. . £, (
° ” N o - ) ( . 3)
€- . Z- °
, . - o ( r=0,99) ,
! I max S Z- ! ! °
, 2,53 . .
25 ( * )
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e — 4/ Table 4

» » | A matrix of correlation coefficients
for indicators obtained by various methods of antioxidant activity analysis

. ¢ / Index 1 2 3 4
1 - 0,06* "0,37* "0,38*
2 ~0,08** - 0,92* 0,92*
3 "0,43** 0,92* - 0,99*
4 70,44 0,92* 0,99** -
11— . .2 - ,3— . ,
4 — . * _ o o o Kk _ o o . .

Note: 1 — biochemiluminiscence, 2 — coulometric titration, 3 — direct titration, 4 — spectrophotometry, * — without model
environment, ** — with a model environment, a dash mean that indicator was not calculated.
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Application of adsorption models
in the study of nickel ion absorption by soil

© 2024 M A Shum”ova ORCID: 0000-0001-5582-0258 ’
Udmurt Federal Research Center of the Ural Branch
of the Russian Academy of Sciences,
34, T. Baramzinoy St., Izhevsk, Russia, 426067,
e-mail: shumilovama@udman.ru

The aim of the presented work is to study the absorption of nickel ions by soils of the Udmurt Republic using four
sorption models. Humus horizons (0720 cm) of Albeluvisols Umbric, Leptosols Rendzinic and Phaeozems Albic soils
widely distributed in Udmurtia were selected as objects of nickel adsorption research. According to the Langmuir model,
good sorbents are characterized by high A_ values and low ~ K , therefore, the best sorbent of nickel ions is Albeluvisols
Umbric (A ,,=0.0562 mol/kg, K =2075.19 dm*mol), and a weaker absorber is Phaeozems Albic (A =0.0192 mol/kg,
K, =19474.48 dm*/mol), Leptosols Rendzinic occupies an intermediate position (A _=0.0289 mol/kg,
K =14766.47 dm?/mol). The negative value of the Gibbs energy ('G="17.97 kJ/mol for Albeluvisols Umbric,
"22.59 kJ/mol for Leptosols Rendzinic and “23.24 kJ/mol for Phaeozems Albic) indicates the spontaneous nickel
adsorption by soil absorbing complex (SAC). In accordance with the Freundlich model, in all types of studied soils, the
nickel ion ™ SAC binding energy decreases as the surface is filled, herewith the studied soils are characterized by hetero
geneity of sorption centers. The approximation coefficient of the Temkin model is in the range of 0.8070.85, therefore,
the discrepancy between the experimental data of the theoretical model indicates the absence of interaction between
the adsorbed particles. The Dubinin ™ Radushkevich model allows us to determine the nature of adsorption forces, as
well as the value of the average free energy of adsorption: E=8,325 kJ/mol in Albeluvisols Umbric, 9.5477 kJ/mol in
Leptosols Rendzinic and 9.6296 kJ/mol in Phaeozems Albic. Consequently, chemisorption is characteristic of all soils,
and proceeds by an ion-exchange mechanism.

Keywords: nickel ions, soil, adsorption isotherms, Langmuir model, Freundlich model, Temkin model, Dubinin ™
Radushkevich model.
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f - / Physico-chemical parameters of soils
° ,0/0 ’ - l /
/ Soil type Humus, % Metal content, mg/ kg
H,O KCl Mn Fe Al
1™ - 1,58+0,13 6,23 5,22 2,89 149,27 4620,40
Albeluvisols Umbric *
2 |\™ - 3,28+0,05 6,63 5,57 2,10 150,56 6753,20
Leptosols Rendzinic
3 |- 4,74+0,01 6,41 5,37 2,22 131,98 4175,80
PhaeozemsAlbic

<ok

for Soll Résources (WRB).
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‘ » / Equations of adsorption models
Model Non-linear form Linear form Chart Literature
e " K, C 11 1 11 (8
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1 L] L] y
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e — 3/Table 3
Parameters of the'l'_'angmuir adsorption isotherm of nickel ions by Udmurtia soils
° " max’ KL’ R2 I:RL ” max e ! i |G’
Soil type o |/ 5 e o/ ™ [ e
mol/kg dm3/mol " maxexper’ kJ/mol
mol/kg
™ - 0,0562 2075,19 0,999 0,331 0,0550 17,97
Albeluvisols Umbric
™ - 0,0289 14766,47 0,978 0,115 0,0255 22,59
Leptosols Rendzinic
- 0,0192 19474,48 0,992 0,092 0,0188 23,24
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e — 4/ Table 4
Constants of equation of sorption isotherms of nickel ions by Udmurtia soils
Soil type the Freundlich equation the Temkin equation
K n 1/n R? A b, R2
3 . 3 e ™ /[
dm3/mol dm?®/ mol kJ/ mol
™ - 4,915 1,420 | 0,704 | 0,992 33702,2 144,303 0,859
Albeluvisols Umbric
™ - 4,040 1,619 | 0,618 | 0,996 147582 265,925 0,794
Leptosols Rendzinic
- 3,398 1,610 | 0,621 | 0,997 133642 313,869 0,807
PhaeozemsAlbic
e — 5/Table 5
™ "€ , [ Parameters of the Dubinin © Radushkevich model
. / Soil type N N S L R2 |7, ™/ e
mol/kg mol?/kJ kJ/ mol
™. / Albeluvisols Umbric 0,3311 0,0072 0,999 8,33
™ - / Leptosols Rendzinic 0,2461 0,0055 0, 989 9,55
- / PhaeozemsAlbic 0,1888 0,0054 0,996 9,63
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Correlation of nickel adsorption parameters with some soil properties
. . , % ' Mn Fe Al
Adsorption parameter Humus, %
. . . R +0,934 -0,882 | +0,922 | +0,657 | -0,106
Maximum adsorption value, ,
S ) Bond energy, ~ +0,912 +0,771 | -0,981 | -0,495 | +0,301
S , "G/ Gibbs Energy, 'G +0,934 +0,807 | -0,968 | -0,544 | -0,106
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Studying the concentration of biogenic and toxic microelements in the body tissues of wild animals is relevant for

organizing regional environmental monitoring, assessing the state of populations and ensuring the safety of meat and wild
54 products. The studies were carried out to determine the content of biogenic and toxic elements in the organs and tissues
of the willow ptarmigan in the north of the Krasnoyarsk Region, Russia, where different levels of technogenic pollution
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are expected. The iron, copper, nickel, lead, and cadmium content in the pectoral muscles and liver of willow ptarmigan
(Lagopus lagopud..) (n=162), bagged during five hunting seasons in 200572019, were determined using atomic absorp-
tion spectrometry. The levels of lead, cadmium and iron in the tissues were significantly higher in contaminated areas,
while the copper levels did not differ. Element concentrations in liver and skeletal muscle in impact areas were highly
correlated with each other. This may be related to common sources of pollutant emissions. Sex differences in micronu
trient content can be determined by spatial differentiation of the sexes during migration, seasonal feeding patterns, and
the specific birdse metabolism in reproductive period. Cadmium and lead content in liver and muscle tissue samples from
impact areas exceeded current food hygiene standards, which may pose a threat to consumers. Probably, high levels of
lead and cadmium reflect the increased content of metals in food items primarily willow sprouts and buds, which are the
most important winter food for ptarmigan.

Keywords: willow ptarmigan, trace elements, heavy metals, pollution, lead, cadmium, copper, ecotoxicology, hunt
ing, game meat.
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. * — /Table
Z - (/
/ Trace element composition (mg/kg ww) of muscles
and liver of willow ptarmigan on background and polluted territories of the
. n | e Cd Cu Ni Pb Fe
Sex I ndicators
‘ iw ® , ® / Area near Ananino village, liver of willow ptarmiga n
- 10 | fmin"max 0,5270,74 9,2712,20 0,2870,48 0,31°1,74 | 248,007521,00
Males M+SD 0,61+0,07 | 10,38+0,87 | 0,38+0,069 | 0,58+0,55 | 401,00+85,77
Med 0,62 10,50 0,40 0,34 405,00-
- 10 | , min"max 0,4270,95 | 8,50713,50 0,3370,43 0,1870,37 | 175,00°612,00
Females M+SD 0,66+0,15 | 10,95+1,69 | 0,37+0,03 | 0,28+0,06 | 297,00+149,67
Med 0,64 11,25 0,37 0,26 243,50~
‘ R . / Area near Ananino village, muscles of willow ptarmigan
- 10 | f min"max 0,4570,95 | 4,40711,20 0,2570,64 0,4271,15 65,007180,00
Males M+SD 0,68+0,17 | 7,48+2,28 0,41+0,12 | 0,69+0,21 | 134,00+34,33
Med 0,67 7,85~ 0,41F 0,64~ 134,00
- 10 | , min"max 0,1570,96 | 5,60718,50 0,2170,62 0,65™1,10 52,007165,00
Females M+SD 0,53+0,27 | 10,92+3,74 | 0,35+0,12 | 0,80+0,12 92,80+39,97
Med 0,57° 10,90~ 0,32F 0,78~ 83,00
Floodplain area Verkhnaya Agapa River, musclesof willow ptarmigan
- 30 | f min"max 0,0870,84 4,1076,50 0,1270,32 0,1670,35 85,007185,00
Males M+SD 0,47+0,23 | 4,94+0,79 0,17+0,03 | 0,26+0,06 | 127,53+22,21
Med 0,56~ P 4,80 0,18* 0,27~ P 126,50~ P
- 27 |, min"max 0,0770,94 4,2078,60 0,1370,25 0,1270,48 76,007185,00
Females M+SD 0,50+0,29 | 6,27+1,43 0,17+0,03 | 0,29+0,11 | 116,92+26,33
Med 0,52° 6,30"" 0,16F 0,28~ 124,00°
Floodplain areaAgapa River mouth, musclesof willow ptarmigan
- . 10 | f min"max 0,8270,95 | 4,50710,40 0,1670,23 0,4170,54 74,007123,00
Males M+SD 0,89+0,04 | 6,22+1,59 0,18+0,02 | 0,46+0,04 96,60+13,93
Med 0,89-~ P 5,85 0,18* 0,46~ P 95,00°
- 10 | , min"max 0,6570,95 | 4,50711,60 0,1470,22 0,4270,68 74,007160,00
Females M+SD 0,78+0,10 | 8,01+2,89 0,18+0,02 | 0,54+0,09 | 119,20+37,57
Med 0,76-" 8,10 0,18* 0,54~ 134,50°
Floodplain areaNovaya River, musclesof willow ptarmigan
- . 23 | f min"max 0,0170,03 | 3,50710,50 - 0,0170,06 42,00796,00
Males M+SD 0,02+0,00 | 6,66+1,91 0,02+0,01 69,86+15,14
Med 0,02- 6,20 0,02- 67,00
- 22 | , min"max 0,0170,03 | 4,50711,60 - 0,0270,06 32,00796,00
Females M+SD 0,01+0,00 | 7,32+2,16 0,02+0,01 73,22+19,03
Med 0,02° 6,45 0,03" 82,50°
— oo oo (p<0,05), — oo oo
: . *(p<0,05); — e
o . , . * (p<0,05);D—
. o o e . eee- (p<0,05); — oo
oo oo oo L. e e (p<0,05); F— e
. .o o (p<0,05): . .

Note: A — the differences are significant between males and females (p<0.05); B — the differences are significant between
females in comparison with the background territory, the Novaya River floodplain area near Novaya village (p<0.05); C —the
differences are significant between males compared to the background territory, the Novaya River (p<0.05); D — differences
are significant between the Agapa River mouth floodplain area and Verkhnyaya Agapa River floodplain area (p<0.05);
E — differences are significant between Verkhnyaya Agapa River floodplain area and territory near former village of
Ananyino (p<0.05); F — differences are significant compared to territory near former village of Ananyino (p<0.05); a dash
indicates no data.
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‘ The results of soil studies of one of the medium-sized cities of the Russian European Northeast ~ Syktyvkar (Russia,
Komi Republic, middle taiga subzone) are presented in the article. The series from a podzolic soil with a microprofile of
podzol (Albic Retisol (Loamic, Protospodic)) typical for the region to various variants of its human transformation in
urban conditions ~ cultivated agrodernovo-podzolic soil (Eutric Albic Retisol (Loamic, Aric, Humic)), represented on
64 the site of the Botanical Garden, to urbodernovo-podzolic soil (Eutric Albic Retisol (Loamic, Humic, Transporti-Novic,
Thaptoaric)) and urbostratozem (Urbic Technosol (Loamic, Eutric, Humic Transport)) described in the central part of the
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city, included in the urban development in the first half of the XX century is considered. In urbo-soil and urbanostratozem
the thickness of urbogenic horizons is approximately 40 and 70 cm. It is shown the first stages of the development of the
territory of Syktyvkar city are associated with the agricultural impact. Subsequently, the arable horizons overlap with
the horizons of the urban cultural layer. In the considered series of soils, weak alkalinization, an increase in the absorbed
bases and the total mineralization of the soil solution were found. A noticeable increase in the concentration of organic
carbon in modern arable and urban horizons, as well as the thickness of horizons with the organic carbon content of more
than 0.6% was revealed. An indirect evidences of changes in the composition of iron and manganese minerals (due to an
increase in the pH) with partial preservation of zonal soil formation trends has been found. The revealed direction of soil
evolution is consistent with the one previously described in the cities of the European part of Russia.

Keywords: anthropogenic evolution of soils, urban soils, middle taiga, anthropogenic eutrophication of soils.
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1. (
https: //yandex ru/maps): 1 — -1¢(
;12— 2 e e
/ Fig. 1. Location of key sites (KS) within Syktyvkar city (satellite image obtained from

a publicly available electronic resource https://yandex.ru/maps): 1 — KS-1 (territory of the Botanical
Garden of Syktyvkar State University); 2 — KS-2 in the central part of the city
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. 2 e o te — o ° ® B — -
e ;C- -« ;D- o/ Fig. 2. Profiles of the studied soils:
A- podzollc with a mlcroproflle of podzol (Albic Retisol (Loamic, Protospodic)); B — agrodernovo-podzolic
(Eutric Albic Retisol (Loamic, Aric, Humic)); C — urbo-podzolic (Eutric Albic Retisol (Loamic, Humic,
Transporti-Novic, Thaptoaric)); D — urbostratozem (Urbic Technosol (Loamic, Eutric, Humic Transportic))
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We studied the content of polycyclic aromatic hydrocarbons (PAHS) in snow cover of protected northern areas
Komi Republic. PAHs in snow were determined by high-performance liquid chromatography. Insignificant PAHs
levels in the range of 30746 ng/L were found in the snow cover of protected areas. Naphthalene and phenanthrene were
the main PAHSs in the snow cover. Light PAHs were mainly present in dissolved form. The heavy PAHSs in the snow
cover were present in trace amounts and accumulated on the aerosol particles.ow toxicological activity was observed
in all tested samples. The natural, non-pyrogenic origin of the PAHs was established on the basis of their diagnostic
ratios. This may be an indication that PAHs enter the snowpack mainly through transformation of plant biomass and
global air mass transport. The PCA showed a significant similarity of the PAH composition of all investigated sites. All
the above facts allow relating the studied areas to backgroundIt was found that the level of low-volatility PAHs enter -
ing the protected areas in 2023 is the same as the level of entering the background areas of the taiga zone of the Komi
Republic in 200572007. The highest content of heavy PAHs and toxicological activity was found in the snow cover near
the Yaksha settlement in the Pechoro-llychsky Reserve. Aerosol polyarenes were the main contributors to PAH toxic-
ity. In comparison with low-intensity roads near the “Paraskiny Lakes” Reserve, it is shown that furnace heating has
a greater effect on the PAHs composition in the snow cover.

Keywords: olycyclic aromatic hydrocarbons, accumulation, origin, snow, protected areas.
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.1 / Fig. 1. Sampling map

.3 -

(1 0 (B)
Fig. 3. Maps of benzo[a]pyrene (A) and pyrene (B) distribution
in snow of background and protected areas




(1 )/ Fig. 4. Map of distribution of total toxicological activity indicator values (T | PAH)

B
.5. PCA , n=14.
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ANT - « FLA- ,PYR- CHR- ,BbF- [b] ,BkKF—[]
,BaP—- [] ,DahA- [ah] < ,BghiP—- [ghi] / Fig. 5. PCA of PAHs

content in the snow cover of protected areas, n=14. Symbols: Pechoro-llychsky Reserve: A — site 1, B — site 2, C — site 3,
D —site 4, E —site 5, F —site 6, G — site 7, H — site 8; v. Yaksha: | — site 1, J — site 2; Paraskiny Lakes Nature Reserve:
K —site 1, L —site 2, M —site 3, N — site 4. PAH: NP — Naphthalene, FL — Fluorene, PHE — Phenanthrene,
ANT — Anthracene, FLA —Fluoranthene, PYR — Pyrene, CHR — Chrysene, BbF — Benz [b]fluoranthene,
BkF —Benz [k]fluoranthene, BaP — Benz [a]pyrene, DahA —Dibenz[a,h]anthracene, BghiP —Benz[ghi]perylene
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Studies focused on maintaining high productivity and stability of artificial ecosystems that reproduce the processes of
natural cenoses are relevant and interesting. It seems to be effective to include decomposers, detritivores and vegetative waste
in model systems aimed at obtaining products. The use of earthworms as detritivores is promising because they utilize the
organic matter as well as enrich the substrates with microflora including those with antagonistic and growth-stimulating
activities. The aim of this study was to assess the prospects of preliminary bioconversion of wheat straw by basidiomycetes
(Lentinus tigrinus and Pleurotus ostreatus to increase the productivity of lettuce plants. The work was carried out in laboratory
conditions with model systems consisting of a substrate (peat, cattle manure and wheat straw with and without bioconver
sion), earthworms ( Eisenia fetida) and lettuce (Lactuca sativa var. crispacultivar Credo). The leaf area, the weight of each
plant (wet and dry), the productivity of lettuce plants, and the content of the main biogenic elements in the plant tissue and
substrate were evaluated. The number and weight of adult worms at the beginning and at the end of the experiment, and
the number of juvenile worms at the end of the experiment, the number of cocoons, as well as coprolite weight and yield
were considered. A significant phytotoxic effect when straw was added into the substrate was found. The addition of straw
processed by basidiomycetes (10%) in the substrate had a favorable effect on the earthworm population. Growing lettuce
on substrates with bioconverted straw and with the earthworm introduction increases the content of major macronutrients
(nitrogen, phosphorus, potassium) in plants. The introduction of earthworms contributed to a significant decrease in the
phytotoxicity of substrates. Thus, it is possible to recommend the inclusion of fungiculture wastes (such as substrates after
fruiting bodies obtaining) in green crop production systems together with the introduction of earthworms into substrates.

Keywords: Eisenia fetida, Lactuca sativa, Lentinus tigrinus, Pleurotus ostreatus vegetative waste recycling.
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e — 1/Tablel
(*)

. . " Eisenia fetida (M 9 / Vegetative growth parameters
of lettuce plants in a laboratory experiment when growing on a peat and manure substrate (PM) with
unprocessed straw bioconverted by bacidiomycetes and introducinggisenia fetida earthworms (M ¢

- ° , . ° zZ Z . o,
Substrate Height, cm . v , , /[ 2
Number of , 2| Fresh Dry Productivity ,
leaves, psc. Leaf surface |weight, g|weight, g kg/m 2
area, cm?
T . / Without earthworms in substrates
o |PM 25,075 18,0 513,45 13,15 0,56 3,25
(10%) 21,012 15,5 358,84* 7,54 0,33 2,21*
PM and straw
(10%)
PM and 12,637* 10,0* 86,83* 1,908* | 0,084* 0,47*
Pleurotus
ostreatus
on straw
(10%)| 8,275* 10,5* 63,99* 1,34* 0,084* 0,33*
PM and Lentinus
tigrinus on straw
- . / With introduction of earthworms in substrates
* |PM 24,975 16,9 375,94 8,89 0,38" 2,197
(10%) 23,19 15,1 334,98 7,54 0,33 1,86
PM and straw
(10%)
PM and 19,24*1 12,3*~ 163,09*" 3,40* 0,15*~ 0,84*»
Pleurotus
ostreatus
on straw
(10%) 13,275*" 11,0* 106,00*" 2,16* 0,10* 0,53*
PM and Lentinus
tigrinus on straw
(oo o 2,3,4) % — . . -
( o) <0105; N . . . -

<0,05.
Note (here and further in tables 2, 3, 4): * — differences with control (peat and manure substrate) are significant at p<0.05;
~ — differences with the substrate without earthworms at p<0.05.

. E. fetida . Brassica juncea
. [19] , -
° ° [17] ,
Aporrectodea caliginosaE. fetida, Lumbricus E. fetida
rubellus
36 R P a
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The main characteristics of Eisenia fetida population in a laboratory experiment with lettuce plants

[6, 7, 11].

(*)

L]

[14, 16].
s .

5, 21, 22]. «

Eisenia fetida

e — 2/ Table 2

Eisenia fetida

M 9

on a peat and manure substrate (PM) with unprocessed straw bioconverted by bacidiomycetes

and introducing earthworms ( M ¢

- . E . E . . ° °
Substrate . , , , %
; , . i Worm casts, %
Weight gain . Number of
in adults, g Number of cocoons psc. Fecundity of
juvenile worms, adults, psc./adult
psc. worm
'/ PM 0,031 33,0 35,5 6,85 14,5
- (10%) . " .
PM and straw 0,040 57,5 52,0 11,0 10,7
(10%) * * * * *
PM and Pleurotus 0,019 47,5 45,0 9,25 19,4
ostreatuson straw
(10%) . " .
PM and Lentinus 0,042 66,0 445 11,1 14,0
tigrinus on straw
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(*)

 — 3/ Table 3

Eisenia fetida (M+95% ,f )/ The content of mobile forms of the nutrients in the peat and manure

substrate (PM) in a laboratory experiment with unprocessed straw bioconverted by bacidiomycetes before

and after lettuce cultivation and introducing Eisenia fetida earthworms (M+95% CI)

- PH | - , 1100
Substrate The content of mobile forms of elements, mg per 100 g
of substrate absolutely dry matter
N-NH, N-NO, P,O K.,O
S / Initial substrate parameters
o |/ PM 6,910,1 278129 7117 450£70 152+31
o’ 0,
(10%) | 71401 | 151416 77:8 37060 153+32
PM and straw
(10%)
PM and Pleurotus 7,1£0,1 220+23 61+6 350+50 167+35
ostreatuson straw
(10%)
PM and Lentinus 7,1+£0,1 199+21 80+8 300+40 133+28
tigrinus | on straw
Substrate parametersafter lettuce cultivation without earthworms
o |/ PM 7,240,1 56+10 222+28 47590 59+16
o (10%)
7,1+0,1 6319 124+19* 360+70* 101+21*
PM and straw
(10%) *
PM and Pleurotus 7,1£0,1 68+10 184+33 480+80 200+40
ostreatuson straw
0,
(10%) 7,2+0,1 48+11 240+40 450460 240+50*
PM and Lentinus
tigrinus on straw
Substrate parametersafter lettuce cultivation with introduction of earthworms
o /PM 7,1£0,1 64+12 267277 400450 99+16"
o (10%)
7,3+0,1 91+17*7 153+14*n 430460 121+22
PM and straw
0,
(10%) 7,2£0,1 53+10" 239+23n 440+50 178+29*
PM and Pleurotus
ostreatuson straw
0,
(10%) | 75101 e5+117 23625 410£50 200+40*
PM and Lentinus
tigrinus on straw
L] L] [22]. L] -
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(
(1,8

1,5 )
)( . 3).

(1,314 ).

(1,314

' The content of the main nutrients in the lettuce biomass in

)

*)

( <0,05)

L} uf f
, 2
221
E. fetida
2
6.6
(..
Co(13
)-°
e — 4/ Table 4

Eisenia fetida (M+95% ,f )
a laboratory experiment

on a peat and manure substrate (PM) with unprocessed straw bioconverted by bacidiomycetes
and introducing Eisenia fetida earthworms (M+95% CI)

, % / Content of elements, %

Substrate
Total nitrogen Total phosphorus | Total potassium

t . / Without earthworms in substrates
o |PM 0,57+£0,05 1,25+0,14 7,78+£0,48
o (10%) / PM and straw 0,66+0,06* 1,16+0,15 8,00+0,32
- (10%) 0,74+0,03* 1,40+0,06* 8,14+0,19
PM and Pleurotus ostreatuson straw ' ' ' ' ' '
: (10%) 0,62+0,03 1,19+0,07 7,71+0,21

PM and Lentinus tigrinus on straw

/ With introduction

of earthworms in substrates

o |PM 0,63+0,06 1,26+0,16 8,45+0,33"
o (10%) / PM and straw 0,68+0,03 1,19+0,13 8,27+0,25
o (10%) + A
PM and Pleurotus ostreatuson straw 0,74£0,03 1,04£0,08 8,50£0,20"
5 (10%) )

0,78+0,03*~ 1,41+0,08" 8,60+0,23"

PM and Lentinus tigrinus on straw
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92

In connection with ongoing climate change, an important factor in the development of the global energy is reducing
its carbon footprint. Hydrogen energy may be the answer to the transition to environmentally friendly and resource-
saving energy. The article presents an analytical review of promising methods of hydrogen production on the example
of the Saratov region, as well as its potential consumers in the real and long term. The review content was selected by
analyzing scientific articles published in various databases, electronic scientific libraries and media articles published
on the internet. It was concluded that hydrogen produced in the Saratov region will be consumed to a greater extent in
the same territory. The production of phosphate fertilizers and the utilization of hydrogen-containing gases in the oil
reforming process will be the drivers of hydrogen energy development in the region. In the long term, the use of hydrogen
as fuel will be developed. A high-tech autonomous hydrogen energy complex implemented at the Balakovo NPP will
be capable of producing and supplying electricity to the electric power system during in the peak hours. It is noted that
the Saratov region has the potential to produce biohydrogen obtained by processing agricultural waste. State measures
to stimulate hydrogen producers and consumers in the region will play a decisive role in increasing the efficiency of
hydrogen energy development in the Saratov region.

Keywords: hydrogen energy, alternative energy, biohydrogen, hydrogen, prospects for the use of hydrogen, Saratov
region.
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Preparation of heteropoly acid quaternary ammonium salt
eco-friendly catalyst for diesel oil deep oxidative desulfurization
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Hydrodesulfurization (HDS) is the most widely used method for fuel oil desulfurization, which can easily remove
mercaptan and thiophene from diesel oil, but the removal rate of dibenzothiophene (DBT) and its alkylated derivatives
is low. Compared with traditional HDS technology, oxidative desulfurization (ODS) technology has the advantages of
less investment, mild reaction conditions, and high ODS activity for DBT and its derivatives. Heteropoly acid (salt)/H ,O,
system is highly efficient and the oxidation product of hydrogen peroxide is water, making them green catalysts. A new
type of polyoxometalates phase transfer catalyst, [(GH..(CH ) )N] ,-HPW | VO, , was synthesized through ion exchange
method. It was applied to the catalytic oxidative desulfurization of model diesel oil using H,O, as oxidant. The influencing
factors of reaction were investigated in detail. The catalyst exhibits the dibenzothiophene conversion rate of 100% and
excellent reusability and retrievability with 99.97% conversion after five times reaction in mild reaction conditions of
n(catalyst)/n(DBT)=1/80,n(H ,0,)/n(DBT)=8/1, 50 °C, and atmospheric pressure in 3 h. The catalyst could be quickly
separated and recycled by centrifugation after reaction and hence be promising in the low-sulfur fuel production.

Keywords: oxidative desulfurization, vanadium-substituted phosphotungstic acid, phase transfer catalyst, dibenzothiophene.
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After the combustion of sulfur-containing
compounds in diesel oil, sulfur oxide compounds
(SO,) formed is an important reason of acid rain
and haze. So ultra-low-sulfur diesel, with sulfur
content lower than 10 or 15 ppmw, is applicable
in China, Europe and North America [173]. Hy -
drodesulfurization (HDS) is the most widely used
method for fuel oil desulfurization, which can easily
remove mercaptan and thiophene from diesel oll,
but the removal rate of dibenzothiophene (DBT)
and its alkylated derivatives is low. Compared with
traditional HDS technology, oxidative desulfuriza -
tion (ODS) technology has the advantages of less
investment, mild reaction conditions, and high
ODS activity for DBT and its derivatives [1, 2].

Heteropoly acid (salt) catalysts are dual-
function catalysts that are both acidic and
redox in nature, with unique hexagonal cage-
like structures and pseudo-liquid-like behavior
characteristics. The catalytic performance can
be modulated by changing the central atom
and coordination atom, which is beneficial for
catalyst design. Heteropoly acid (salt)/H ,O,
system have attracted more attention of many
researchers because they are highly efficient
and the oxidation product of hydrogen peroxide
is water, making them green catalysts [376].
However, the heteropoly acid /H,O, system is
carried out in a two-phase system, and the aque
ous H,0, and sulfur-containing compounds in
fuel have high interphase resistance and low
mass transfer rate, which affects the oxidation
reaction rate and desulfurization effect. The ap
plication of quaternary ammonium salt phase
transfer catalyst can help transfer the reactants
from one phase to another, reduce the reaction
resistance, and accelerate the reaction rate of the
hetero-phase system [2, 4].

Objects and methods of research

Different heteropoly acid (salt) catalysts
have different oxidative ability [7, 8]. Similarly,
different quaternary ammonium salts have dif-
ferent phase transfer abilities [4]. Our purpose is
to prepare a new type of polyoxometalate phase
transfer catalyst with good amphiphilic and oxi -
dizing properties.In this study, vanadium-sub -
stituted ternary heteropolyacid (H ,[PW VO, ])
was first synthesized and then reacted with dif
ferent proportions of cetyltrimethyl ammonium
bromide (CTAB) by ion exchange method to
obtain a series of phase transfer catalysts with
different compositions. The ODS activity and re-
usability of catalysts, optimum catalyst composi -
tion and reaction conditions were investigated.

oS  f

H,[PW VO, ] was synthesized according
to the literature [5]. The phase transfer cata-
lysts with different composition were prepared
by ion exchange method. Taking (CTAB) H,
JPW VO, ] for example. 0.8, 0.6, 0.4 and 0.2
mmol CTAB were dissolved in 20 mL distilled
water to form solution A, respectively. 0.55 g
(0.2 mmol) of H,[PW VO, | was dissolved in
30 mL distilled water to form solution B, which
was added dropwise to solution A and stirred at
50 - for 5 h, producing milky precipitate. After
cooling at room temperature, it was filtered and
washed with deionized water until Br was not
present. The powder solids were dried at 110-
to obtain different compositions catalysts,
which were denoted as (CTAB),[PW VO, ],
(CTAB) H[PW VO, ], (CTAB) H,[PW VO, ],
(CTAB)H[PW VO, |, respectively.

In a typical DBT oxidation experiment, 40 mL
of model fuel (1.0 wt.%DBT in n-octane) was
added to a three-neck flask with a magnetic stir-
ring device, and then a certain amount of catalyst
and H,0,. The reaction was carried out in a con
stant temperature water bath at 50 - for 1~3 h.
Evaluation of catalyst activity was measured by
DBT conversion. Both raw material and products
were analyzed on Agilent 6890N gas chromate
graph, equipped with HP-5 capillary column
(30 mx0.32 mmx0.25 pum), and FID detector.
Infrared spectra of catalysts were measured
by Beijing Beifen-Ruili WQF-510A FT/IR
spectrometer during the wavenumber range
40074000 cm " using KBr pellet.

Results and discussion

Figure 1 shows FT-IR spectra of
H,[PW VO,], CTAB, (CTAB) H[PW VO, ]
before and after reaction. In the infrared spectra
of fresh H,[PW VO, ], there are four character-
istic vibrational bands at 804, 893, 982 and 1080
cm*, which are assignedto _ (P-O ), .(M=0)),
«M-0 -M)and _(M-O -M)(M=W, V), respec -
tively.- Those four well-known characteristic
bands prove the presence of Keggin-type het
eropoly anion (HPA) [5]. In the infrared spec -
tra of CTAB, the absorption peaks at 2920 cmt
and 2849 cm?® are attributed to the stretching
vibration of -CH , and -CH,, respectively, while
1475 cm® and 720 cm* are due to the deforma

tion vibration peaks of -CH [4]. Moreover the
characteristic peaks of Keggin-type heteropoly
acid and alkyl can be seen from the IR-spectra of
(CTAB) ,H[PW VO, ], indicating that the exis -
tence of quaternary ammonium cation group and
heteropoly anion groups in the obtained phase
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Fig. 1. FT-IR spectra of the samples:
a”H [PW _VO,], b~ CTAB, c " fresh
(CTAB) H[PW VO, ], d " spent
(CTAB) H[PW VO, ]

transfer catalyst. Compared with fresh catalyst,
the IR spectra of spent catalyst remained almost
unchanged after the fivefold reaction, indicating
good catalyst stability.

The oxidative desulfurization performance
of different catalysts were evaluated and shown
in Table 1. The conversion rate of DBT in the
absence of catalyst is 3.37%, indicating that the
reaction rate is very slow (Table 1). The DBT
conversions of HPW O, and HPW VO,
catalysts were 24.38% and 36.15%, respectively.
The low conversions were mainly attributed to
the high mass transfer resistance in the oil-water
two-phase system, which affected the reaction

rate and desulfurization efficiency. Under the
same conditions, the DBT removal rates of
(CTAB) ,PW 0O, and (CTAB) HPW VO, cata-
lysts were 2.96 times and 2.39 times higher than
those of H,PW ,0,,and H,PW VO, catalysts,
respectively, indicating that the phase transfer
catalysts reduced the mass transfer resistance of
oil-water two-phase system, and the desulfuriza
tion efficiency is significantly improved.

Different composition of catalysts also
affects the oxidative desulfurization activ-
ity of DBT, which is probably due to the fact
that different composition leads to different
mass transfer rates (Table 1). The appropriate
n(CTAB)/n(PW | VO, ) ratio is conducive to
the formation of stable emulsion drops and full
contact of reactants, reducing mass transfer
resistance. (CTAB) ,HPW VO, has the best
catalytic performance.

Table 1 also shows the influence of different
oxygen-sulfur ratio (n(H ,0,)/n(S)) on DBT
conversion rate. When oxygen-sulfur ratio is 2,
DBT conversion rate is 82.67%. When the ratio
of oxygen to sulfur was 4:1, the conversion rate
of DBT increased, but not significantly. When
the ratio of oxygen to sulfur is 8:1, the desulfur-
ization rate can reach 99.96% after 3 h, which is
close to the complete reaction.

The influence of catalyst dosage (calculated
by molar ratio of n(catalyst)/n(S)) on DBT con -
version is shown in Table 1. In addition to the
catalyst with a molar ratio of 1/100, the other

Table 1

Comparison of catalytic efficiency for ODS of DBT on different catalysts

No. Catalyst T, "K | t, h | n(catalyst)/n(s) n(H,0,):n(S) | DBT conversion, %
1 without catalyst 50 3 0 4:1 3.37
2 H,PW O, 50 3 1/20 4:1 24.38
3 H,PW VO, 50 31 1/20 4:1 26.15
4 (CTAB) ,PW 0, 50 3 1/20 4:1 72.26
5 (CTAB)H . PW VO, 50 3 1/20 4:1 62.15
6 (CTAB) H,PW VO, 50 3 1/20 4:1 83.22
7 (CTAB) ,HPW VO, 50 3 1/20 4:1 86.41
8 (CTAB) ,PW VO, 50 3 1/20 4:1 77.68
9 (CTAB) ,HPW VO, 50 3 1/20 2:1 82.67
10 (CTAB) ,HPW VO, 50 3 1/20 8:1 99.96
11 (CTAB) ,HPW VO, 50 3 1/40 8:1 100
12 (CTAB) ,HPW VO, 50 3 1/80 8:1 100
13 (CTAB) ,HPW VO, 50 3 1/100 8:1 96.63
14 (CTAB) ,HPW VO, 50 2 1/80 8:1 97.86
15 (CTAB) ,HPW VO, 40 2 1/80 8:1 91.12
16 (CTAB) ,HPW VO, 30 2 1/80 8:1 45.66
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Fig. 2. ODS mechanism of DBT using (C

N(CH) ,) ,HPW VO,  catalyst

16H 33

Fig. 3. Diagram of catalytic oxidative desulfurization process of DBT:
a, b, ¢ " before, during, and at the end of the reaction, respectively

catalysts can achieve more than 99% desulfur
ization after 3 h, so the catalyst with a molar ratio
of 1/80 is selected as the best dosage.

As can be seen from Table 1, temperature
is the key factor affecting the conversion rate of
DBT. The conversion rate of DBT at 30 - in 2h
is 45.66%. When the reaction temperature was
increased to 40 and 50°C, the conversion rate of
DBT increased significantly, reaching 91.12%
and 97.86%, respectively. When the reaction
time was increased from 2 to 3 h, the conver
sion rate of DBT reached 100%, indicating that
the thermodynamic equilibrium was reached
after 3 h. Therefore, 50°C and 3 h are the best
reaction temperature and reaction time from
the perspective of reaction equilibrium time and
DBT conversion.

The mechanism of the phase transfer
catalytic oxidative desulfurization reaction
can be explained by Figure 2. Heteropolyacid

anion Y-and quaternary ammonium cation Q*
exist in the reaction system in the form of ion
pairs. Heteropolyacid anion Y- is a hydrophilic
group, which is oxidized by H,O, in the aque-
ous phase to become an active peroxy hetero
polyacid anion Y-[O]. Quaternary ammonium
cation Q* is a lipophilic group, which can bring
the oxidized heteropolyacid anion Y[O] into
the oil phase. The sulfur compound DBT in
the oil was catalyzed to become the more po
lar dibenzothiophene sulfone, and the peroxy
heteropoly anion was reduced to heteropoly
anion and re-entered the water phase, finish
ing a catalytic cycle.

It is assumed that heteropoly acid (HPA)
anion provided catalytic activity, while quater -
nary ammonium cation provided phase transfer
ability, which not only improved catalytic ac -
tivity, but also facilitated the recovery of cata-
lysts. The oxidative desulphurization process

e .2024. 3/ Theoretical and Applied Ecology. 2024. No. 3

105



106

i

of DBT over the phase transfer catalyst was
shown from Figure 3. At the beginning of the
reaction, the catalyst was solid at the bottom of
the reactor and forms a heterogeneous system
(Fig. 3a). When the reaction temperature was
rised to 50 °C under stirring, the catalyst and
reactants formed a microemulsion system and
behave like homogeneous mixture during reac
tion (Fig. 3b). At the end of the reaction, the
catalyst was cooled and settled at the bottom
of the reactor (Fig. 3c). The catalyst could be
quickly separated and recycled by centrifuga
tion. It was proved that the conversion rate of
DBT hardly changes after five runs, indicating
that the catalyst has good reusability.

Conclusion

[(C ,H.,(CH,))N] ;HPW VO, with amphi -
philic and oxidizing properties was synthesized
through ion exchange method .It was proved to
be efficient and reusable phase transfer catalyst
for ODS of DBT. The catalyst exhibits DBT
conversion rate of 100% and excellent reusability
with 99.97% conversion after five times reaction
under mild reaction conditions of n(catalyst)/
n(DBT)=1/80, n(H ,0,)/n(DBT)=8/1, 50  C,
and atmospheric pressure in 3 h. The catalyst
could be quickly separated and recycled by cen
trifugation after reaction and hence be promising
in the low-sulfur fuel production.

The study was supported by grant from cePhar
maceutical cleaner production and industrialization
innovation team of Liaoning Institute of Science and
TechnologyZz, grant number XKT202304.
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Crop productivity and yield are negatively affected by the deficiency of phosphorus in agricultural soil. Phosphate
fertilizers are widely used to improve crop yields globally. Therefore, there is an urgent need to increase plant-available
phosphorus in soil using feasible environmentally friendly technologies. Isolation and screening of strains with increased
phosphate-solubilzing activity are necessary stages of research to intensify the phosphorus nutrition of plants by pre-
sowing inoculation of seeds with effective microorganisms. 50 isolates of microorganisms (49 bacterial and 1 yeast)
were isolated from the rhizosphere and rhizoplane of agricultural plants in arid ecosystems of the Astrakhan region.
Bacterial isolates are morphologically represented by Gram-positive spore-forming (3 pcs.) and non-spore-forming
(43 pcs.) rod-like bacteria and cocci (3 pcs.). Preliminary screening of phosphate solubilization by isolates on solid
nutrient media revealed a group of 6 isolates with maximum specific phosphate mobilization (the specific phosphate
mobilization coefficient " K “value was 2.0°6.9 units) and the ability to reduce the pH of the medium. Determina -
tion of the dynamics of mobile phosphate content allowed us to identify an isolate capable of maintaining the mobile
phosphorus amount at up to 6pumol/ml and lowering in pH up to 4.73 in the medium. The studied isolate should be
recommended as the basis of a biological preparation for optimizing the mineral nutrition of plants.

Keywords: arid ecosystems, rhizosphere and rhizoplane microorganisms, phosphate solubilization.
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Grampositive rod-like bacteria
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1. Z
Fig. 1. Morphological forms of isolated microorganisms
e — [/ Table
f . / Phosphate-mobilizing activity of isolates
S € , € K (e . - ’
Isolate | Zoneradius, mm , / Lowering
Colony radius, | K_(coefficient of specific phosphate in pH of the
mm dissolving activity ) medium
S (m ) / Solubilizing phosphate isolates (l1l group)
2 (/1) 4,6+0,6 1,7+0,1 2,70+0,35 +
10 (111/2) 3,8+0,4 1,9+0,2 2,00+0,02 +
14 (11/3) 5,9+0,6 2,6+0,5 2,30+0,13 +
22 (111/4) 3,4+0,8 2,0+0,1 1,70+0,02 +
30 (111/5) 12,5+0,4 1,8+0,2 6,90+0,39 +
38 (lll/6) 5,0+0,6 2,440,2 2,10+0,04 +
S ( I )/ Weakly solubilizing phosphate isolates (Il group)
4 0,5+0,1 1,5+0,2 0,30+0,03 +
6 0,5+0,1 2,2+0,4 0,20+0,02 +
9 1,0£0,1 1,8+0,2 0,55+0,05 ”
11 1,540,2 2,8+0,2 0,53+0,05 ”
13 0,5+0,1 2,1+0,5 0,24+0,02
17 1,0£0,1 1,7£0,4 0,58+0,06 -
18 0,5+0,1 2,1+0,3 0,24+0,02
20 1,040,2 1,5+0,1 0,67+0,06 ~
21 0,5+0,1 1,74£0,2 0,29+0,03
23 1,2+0,3 2,0+0,2 0,60+0,05 -
24 1,04£0,2 2,3+0,1 0,43+0,04 ”
28 1,04£0,2 2,7+0,4 0,37+0,03
29 1,5+0,2 2,340,1 0,65+0,06 -
34 0,5+0,1 1,740,1 0,29+0,02
36 1,040,2 1,2+0,1 0,76+0,07 ”
39 1,04£0,1 2,8+0,2 0,36+0,03 ”
40 1,0+0,1 3,0+0,2 0,33+0,03 +
44 0,5+0,1 1,2+0,1 0,42+0,04 +
45 0,5+0,2 1,5+0,2 0,33+0,03 ”
47 0,8+0,2 1,9+0,1 0,42+0,06
49 1,5+0,3 1,5+0,1 1,10+0,01 -
50 2,0£0,2 2,1+0,3 0,85+0,04 ~
110 T aE» — o e e i—»— . o ./ Note: “+" —lowering in pH of the medium;

“~" —no lowering in pH.
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The article presents the results of determining the species and quantitative composition of algae and cyanobacteria in
terrestrial growths under wheat crops. The wheat seeds were inoculated with various microorganisms in mono-, binary and
triple combinations before sowing. Algocyanoflora of the “blooming” soil was represented by 24 species: Cyanobacteria™ 7;
Chlorophyta + Streptophyta ~ 12; Bacillariophyta ~ 5. The inoculants were representatives of prokaryotic and eukaryotic
microorganisms ~ antagonists of Fischerella muscicola, Trichodermasp. and the phytopathogenFusarium culmorum. In one
of the experimental variants, pre-sowing treatment with the fungicide “Maksim”® was used. It has been shown that during
the formation of soil “blooming” the dominant microbiomes are green algae (Chlorococcum infusionumKlebsormidium flac-
cidum) and cyanobacteria (species of the gener&eptolyngbya Phormidium). When determining the number of phototrophic
populations, it was found that their density ranges from 1.8 to 8.1 million cells/cm 2. At the same time, the maximum develop
ment of phototrophs was found in the control variant, and the minimum number was found in the variant with a chemical
disinfectant. In variants with microbial inoculation, the peak development of microphototrophs is typical for treatment with
a triple mixture and a binary mixture of Fischerella + Trichoderma. Determination of the structure of microbial populations
showed that the strongest dominance of cyanobacteria (80,2%) was detected on an artificial infectious background caused by
pre-sowing inoculation of wheat seeds with the phytopathogenF. culmorum. A relatively high content of cyanobacteria (up to
60%) is observed in 4 experimental variants (Fischerella, Fischerella + Trichoderma, Trichoderma + Fusarium, Fischerella +
Fusarium) and in the remaining 4 variants there is some dominance of microscopic algae ranging from 52 to 58%. Therefore,
according to the results obtained, microbial inoculation does not lead to radical changes in the state of terrestrial phototrophic
microbial communities, while chemical fungicide significantly suppresses the development of algae and cyanobateria.

Keywords: soil “blooming”, biological products, cyanobacteria, algae, species composition, number of microphototrophs.
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e ( Triticum aestivum L.) F. culmorum, (8,90+0,34)-10° ./ [14,
2023 . f e 15]. -
. e, € o - 4- :
- . Trichoderma spp. F. culmorum
.. .>, . -
LY : . F. muscicol ~ -
. : - 6 .o 5
.. Trichoderma spp.+
- , , F. muscicola R
- 6,7,8" -
( . F. culmorum, -
0,83). ,, - « .S Trichoderma spp.
: ~ 3,56%:; - F. culmorum
© 3347349 / .
© 2327304 |/ ; ..
pH “5,0°5,4. . F. muscicola
™ . . MPW -302 (¢ ,).
3, - . e 3 , -
- .S 9000 ./ .[16].
-01e, o« » -
AR «E » 5 J 9 -
: o o 2023 .- ,
. Trichoderma -
[13] . :t . ° -o . ,
Fischerella muscicola (Thur.) Gom. , 2024 . -
300, - . . :
, - * [3].S
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° (e » , -
(60 ),
60% .
4- , ™
° . E , °
172 ° _ . , 4- -
.S . -
[4] .
Z'> %o e
° o o «e -
» 24 ,
Cyanobacteria™ 7; Chlorophyta +
Streptophyta ™ 12; Bacillariophyta "5 ( .1).

( 5 Leptolyngbya Phor-

midium). S -
Hantzschiaamphioxys Luticola mutica.
Leptolyngbya foveolarum, Leptolyngbya bo

ryana, Klebsormidium flaccidum, Chlorococcum in

fusionum, Hantzschia amphioxys, Luticola mutica.
™

Klebsormidium flaccidum, Chlorococcuminfifisiie-
num e . Leptolyngbyafoveolarum,
Leptolyngbyaboryana, Phormidium autumnale.
: Fischerella muscicola,
Trichodermasp., = .° - -
: Fusarium culmo-
rum, Trichodermasp., Trichoderma + Fusarium
culmorum Trichoderma+ Fusarium culmorum,

Fischerella muscicola Fusarium
culmorum + Fischerella muscicola; Trichoder-
masp. Fischerellamuscicola -

Fischerellamuscicola e ; Fusarium
culmorum + Trichoderma+ Fischerellamuscicola

e ( .2)

1 2 3). Z . .
(, 8
/ 2) . .
., 2-
( ) ) -
F. culmorum ( , 5 / ). Z -
1 ) 4 i) . -
F. culmorum _
& ,
’ . ( .
. ). .
’ (.4
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e — 1/Tablel
Species composition of algocyanoflora in the control and experimental variants
' . / Variants
Species name 123|456 ]7]8]09

Cyanobacteria
1 Leptolyngbya angustissima + + + - + + + b b

(W.et G.S. West) Anagn. et Kom.
2 Leptolyngbyahenningsii Lem. + ” + + ” + + + |+
3 Leptolyngbya foveolarum + + + + + + + + |+

(Rabenhorst ex Gom.) Anagn. et Kom.
4 Leptolyngbya hollerbachiana + - ~ - - ~ - - -

(Elenk.) Anagn. et Kom.
5 Leptolyngbya boryana(Gom.) Anagn. et Kom. - + + - + + + |+
6 Phormidium autumnale (Ag.) Gom. - + + + + - + |+
7 Phormidium jadinianum Gom. i i ” i + ” + i i
. Cyanobacteria/ Total Cyanobacteria 4 4 5 3 5 5 5 4 | 3
Chlorophyta + Streptophyta
8 Chlamydomonas gloeogam&orsch. in Pasch. + i ” i i + i + | 7
9 Chlorella vulgaris Beijer. var. vulgaris + ~ + + ~ ~ + +
10 Chlorococcuminfusionum (Schrank) Menegh. + + + + + + |+
11 Cosmarium ancepd.und + i ” i i ” i i i
12 Cosmariumsp. ~ ~ ~ ~ ~ ~ + + |7
13 Chlorophyta sp. - ~ + + + + + |+
14 Follicularia paradoxalis Miller - + ~ + + |+
15 GongrosiradebaryanaRabenh. i i ” + + ” i i i
16 Protosiphonsp. - + + - ~ + ~ ~ -
17 Klebsormidium flaccidum (K Utz.) Silva et al. + + + + + |+ + + |+
18 Klebsormidium nitens + + + + R ~ + |+

(Meneg. in K {tz.) Lokhorst
19 Klebsormidium rivulare (K itz.) comb. nova + ~ ~ + - ~ ~ ~
. Chlorophyta + Streptophyta 8 5 7 7 5 5 6 7 |6
Total Chlorophyta + Streptophyta
Bacillariophyta
20 Hantzschia amphioxys + + + + + + + + |+

(Ehr.) Grun. in Cleve et Grun.
21 Luticola mutica (K Gtz.) Mann in Round et al. + + + + + |+
22 Navicula pelliculosa (Breb.) Hilse i + ~ i ~ i i i
23 Pinnularia intermedia Lagerst. + + ~ ~ ~ ~ ~ ~ ~
24 Pinnularia borealis Ehrenberg + + + | 7 + | 7 + | 7 ”
. Bacillariophyta / Total Bacillariophyta 4 5 3 2 4 2 3 2 2
. / Total 16 | 14 | 15| 12 | 14 | 12 | 14 | 13 | 11

11— e; 2 — ...richoderma; 3 — Ficherella muscicola; 4 — Fusarium culmorum; 5 — ...richoderma +
Ficherella muscicola; 6 — ...richoderma + Fusarium culmorum; 7 — Fusarium culmorum + Ficherella muscicola; 8 — Fu
sarium culmorum + ...richoderma + Ficherella muscicola; 9 — fungicide. T «+» , . .,
K—=» — ° ° .
Note: 1 — control; 2 — ...richoderma; 3 — Ficherella muscicola; 4 — Fusarium culmorum; 5 — ...richoderma + Ficherella

muscicola; 6 — ...richoderma + Fusarium culmorum; 7 — Fusarium culmorum + Ficherella muscicola; 8 — Fusarium culmo
rum + ...richoderma + Ficherella muscicola; 9 — fungicide. “+” — the species is detected, “—" — the species is not detected.
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»

e — 2/ Table 2

Jaccard indexes of algal-cyanobacterial complexes of the soil “blooming”

. . Trich - |Fische- |[Fusa- |Trichoder-|Tricho- Fusarium |Fusarium f -
Variant Control |derma [rella rium ma + Fi- |derma+ |culmorum +culmorum + |e
sp. musci- |culmo- |scherella |Fusarium |Fischerella |Trichoderma +Fungi-
cola rum muscicola culmorum |muscicola |Fischerella |cide
muscicola
: 85,7 92,8 60,0 52,9 60,0 85,7 78,6 91,7
Control
Trichoder- 813 | 368 | 647 52,9 55,5 58,8 66,7
ma sp.
Fischerella 58,8 | 450 68,7 70,6 75,0 100
muscicola
Fusarium 44,4 50,0 44,4 56,3 76,9
culmorum
Trichoderma +
Fischerella 52,9 64,7 50,0 56,3
muscicola
Trichoderma +
Fusarium 52,9 66,7 64,3
culmorum
Fusarium
culmorum + 50,0 78,6
Fischerella
muscicola
Fusarium
culmorum +
Trichodermat+ 100
Fischerella
muscicola
f °
Fungicide
e — 3/ Table 3
. (./ 210%) / The effect of introduced into soil
microorganisms on algae and cyanobacteria abundance in surface growths (cells/cri-108)
. . / Algae — *
Variant Cyanobacteria Total
diatom
green unicellular | green filamentous
. / Control 930+200 3000+300 300+15 3870+150 8100+665
Trichodermasp. 1100+100 1230+30 270450 2370230 4970+660
Fischerella muscicola 830+25 1270+£200 26745 27304500 50974730
Fusarium culmorum 760+150 170+10 100+0 4170+£160 5200+320
Trichoderma + 700+120 1230+£150 230450 3000+140 5160+460
Fischerella muscicola
Trichoderma + 630+100 1230+13 230%15 2730£250 4420+495
Fusarium culmorum
Fusarium culmorum + 930+150 760+16 130+15 1931+200 3751+525
Fischerella muscicola
Fusarium culmorum + 64050 2800400 100+0 2530+250 6070+700
Trichoderma +
Fischerella muscicola
f e / Fungicide 470+100 47040 1000+0 770150 1810+£350
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e — 4/ Table 4
(%) / The effect of microorganisms introduced into the soil
on the structure of phototrophic microbiomes in surface growths (%)
e |/ Variant . / Algae — / Cyanobacteria
. / Control 52,2 47,8
Trichoderma sp. 53,7 46,7
Fischerella muscicola 40.1 59,9
Fusarium culmorum 19,8 80,2
Trichoderma + Fischerella muscicola 41,9 58,1
Trichoderma + Fusarium culmorum 45,0 55,0
Fusarium culmorum + Fischerella 48,5 51,5
muscicola
Fusarium culmorum + Trichoderma+ 58,3 41,7
Fischerella muscicola
f o1 Fungicide 57,5 42,5
, . -
[ ]
[ ] , - L] -
[ ]
f%o" %o o 5, :
S - o tee £ o _
[ ] - « -
s - L S0
, § 122040100032-5.
. ‘
[ ] -
, o 1. Bristol Roach B.M. On the algae some nor
- - mal English soils // J. Agric. Sci . 1927.V. 17. No. 4.
, P. 563" 588. doi: 10.1017/S0021859600018839
. . 2. 27..5> &, -
. . ,1969. 228 .
. . 3.> S§.,., 2.2.% -
° - .Z:0 1976, 143 .
° 4, ™ S «— » -
«e » . €,’, 2005. 336 .
° ° - 5.> é_”' . . -
. L It . 1990.
. e. 75. 4.-.4417453.
, °, . 6.1 . e, ™ A.‘.,
, - I «Z » [l e -
. e e .2021. 2.-.81788.
. - doi: 10.25750/1995-4301-2021-2-081-088
7. e, ™ "6 7 . -
° o ° /K . . 2022.
° - 1.-.84790. doi: 10.25750/1995-4301-2022-1-084-090
F. culmorum, - 8. Belnap J., Phillips S.L., Witwicki D.L., Mil-
o ler M.E. Visually assessing the level of development and 121
soil surface stability of cyanobacterially dominated bio-
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The logging equipment effect on the dynamics of natural reforestation
of after cutting mixed coniferous-deciduous stand in the middle taiga

A. V. Manov
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The work presents the results of experimental studies on assessment of preliminary and subsequent reforestation
depending on the disturbance of the soil cover by logging equipment. The initial survey of the reforestation in the clear
ing showed the uneven settlement of the territory by woody plants in most parts and individual technological elements.
According to morphological characteristics and a set of soil genetic horizons, the soil can be classified as typical Albic
Retisols, which develop on loamy soil-forming rocks in well-drained landscapes. We found that the soil of the skidding
trail is morphologically close to the original soil. The drag soils have undergone both morphological and chemical changes.
The key difference is the change in the composition of the organic horizon following the arrival of a large amount of felt
ing residues and changes in the composition of the ground cover plants. The morphometric parameters of the trees in the
mixed stand and undergrowth are of high lability. The stand was dominated by small trees and small undergrowth. The
stand and undergrowth are characterized as “healthy”. Relatively good uniformity of its settlement by woody plants was
revealed only on portages in ruts with a predominant regeneration of small-leaved species. When the trails are heavily
littered, there is no appearance of woody plants. There is no regeneration in the reclaimed felling areas in the first and
second years. There is no resumption in sections with aligned tracks in the first and second year.

Keywords: mixed stands, cuttings, size structure, natural reforestation.
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TUR,
: - T
™ . [29731].
EL - .
Z'> %o
, (
100 ) LI
. ! ™ -
. ( Pinus sylvestrisL.), e
, (Picea obovataledeb.), ,
, (Betula pubescenghrh )
- (B.pendulaRoth.).= o - -
TUR ( Abies
S sibirica Ledeb.) ( Populustremula L.).
, - 2 . .-
e« — 1/Tablel
Taxation characteristics of the mixed stand and undergrowth
- . , < -/ Mean
Tree o ./
Cutting Composition species | Density, ,
components of forest stands trees/ha 3
and undergrowth Growing stock,
m3/ha
height, m
1,3 ,
diameter at
a height of
1.3 m,cm
™ 4-37211 . - 355 111 19 19
Stand B 1063 90 11 11
. 3 0,03 6 7
t 317 55 15 15
c 23 26 19 23
Total 1761 282
. 10°+t, B 2653 - 14 -
Undergrowth + 93 ~ 4.4 ~
93 ~ 0,4 ~
Total 2839
. L] L] - L] ( —_— ; —_— .,
— ;= . o F — ) - CFe -
10% °, - . » . T K+» — o o ° -
2_5%, & o.» (o ) — e o . o <2050, .

Note. The formula for the forest stand composition: — Pinus sylvestris; — Picea obovata; — Abies sibirica; — Betula
pubescens, B. pendula; ¥ — Populus tremula. One composition coefficient unit corresponds to 10% of the corresponding species
stock in the total growing stock. The participation share of species: “+"” — 2-5%; " «.” — <2%. Dash — indicates no data.
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t
| Statistical characteristics of forest stand structure
by trunk volume (m 3) and undergrowth by height (m) of a mixed forest stand

e — 2/ Table 2

°)

™ . . / Dominant trees
Statistical All trees .
Tree parameters Pinus sylvestris| Picea obovata | Betula pubescens
species B. pendula
™ . M+m 0,160+0,007 | 0,310+0,018 | 0,080+0,005 0,170+0,017
Trees Cv 123 70 120 107
» 2,7 11 2,5 2,4
" 12,7 1,6 7,2 8,2
. M+m,, 1,44+0,07 1,38+0,06 ~ ”
Undergrowth | CV 95 88 - -
" 1,7 14 ~ ”
B 2,9 14 3 ”
M= o ! M— * ° .o - o CV- "~
%; o — o " .

Note: M — mean value m, — standard error of the

E — excess. Dash indicates no data.

30 Y .. .
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. [32].
- o I
.o CV>100%) i
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(.1).° e e
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Amount of natural reforestation in clear cutting area, thousand pieces/ha

) ™ ~ TN

o ’ ” "1TM~ ’ 10 ’

f $17 2021 .,27 2022 ., 37 2022 ., 47 2023 .,
57 2023 .17 " | N A VAR B VA

Fig. The dynamics of natural reforestation in clearing: A ~ general in clearing, B ™ in the skidding trails,
C "indrags, D " in drags with 3 forwarder passes, E " in drags with 10 forwarder passes. Registration
of undergrowth: 1 ™ autumn 2021, 2 ~ spring 2022, 3~ autumn 2022, 4 ~ spring 2023, 5~ autumn 2023.

| " Total, I~ Betula, lll ™ Populus, IV~ Picea V"~ Pinus
« o » e 20,8 . ./ .«
« » & », 2022
2022 . , - )
. . § ,
( ). o 2021 ., .
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24,3 10,7 ./ () , . y o
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Effect of cationic, anionic and non-ionic surfactants
on soil oligochaetes Eisenia fetida andrey (Bouche, 1972)
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Results of studying the main types of surfactants effect on earthwormsEisenia fetida andrey (Bouche, 1972) are
presented. The worms were tested for survival and preference-avoidance behavioral reactions. Earthworms avoided
sodium dodecyl sulfate (SDS) at 0.02 g/kg and above, cetyltrimethylammonium bromide ~ at 0.1 g/kg and above, and
polysorbate 80 ~ at 30 mL/kg and above. The 100% mortality of earthworms occurred at 0.001, 0.01 and 0.02 g/kg
of SDS on day 30, at 1 g/kg ~ on day 25, and at 1 g/kg ~ on day 2 of the experiment. -etyltrimethylammonium bromide
at 0.001 and 0.01 g/kg caused the 100% mortality of worms on day 30; at 0.1 g/kg ™ on day 25; at 0.5 g/kg ~ on day 5;
and at 1.0 g/kg already on day 2 of the experiment. The 100% mortality of worms occurred at 0.1, 1 and 10 mL/kg
of polysorbate 80 on day 30 of incubation; at 20 or 30 mL/kg ~ on day 20; at 50 mL/kg ~ on day 10 of experience. The
following toxicity series (both in terms of g/L and in terms of g/mol) of the tested surfactants for earthworms was con -
structed on the basis of the results obtained (increasing toxicity): polysorbate 80 (non-ionic surfactant) < cetrimonium
bromide (cationic surfactant) < sodium dodecyl sulfate (anion-active surfactant).

Keywords: surfactants, soil pollution, sodium dodecy! sulfate, cetyltrimethylammonium bromide, polysorbate 80,
toxicity tolerance, survival of earthworms, bioassay.
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Surfactants comprise a highly prevalent
class of pollutants of various media. In particu-
lar, soils are subject to pollution with surfac-
tants. Along with the infiltration of domestic
wastewater through the soil, a significant
amount of surfactants entering soil horizons
is associated with their various applications in
the oil industry [173]. In addition, surfactants
are increasingly used in the reclamation of oil-
contaminated media [4710].

Once in the ground, surfactants can affect
the soil flora, fauna and microbiota. In this con -
nection, a fairly extensive body of research has
been devoted to studying the effect of surfactants
on microorganisms [11717]. However, the effect
of surfactants on soil worms is a less studied is
sue, as evidenced by the much smaller number of
works [18720]. At the same time, it is difficult
to overestimate the role of these invertebrates
in maintaining fertility to support normal life-
sustaining activity and allow revegetation of
polluted or disturbed soils.

In connection with the above, the purpose of
the present work is to study the biological effects
of representative anionic, cationic and non-ionic

surfactants on earthworms Eisenia fetida andrei
(Bouche, 1972).

Materials and research methods

The object of research was the red Califor
nian earthworm Eisenia fetida andrei (Bouche,
1972). The worms were bred in boxes in a labora
tory at a temperature of ~ 20 C and a humidity
of 80785%. The worms were fed by introducing
vegetable waste (potatoes, carrots, cabbage). In
the experiments we used sexually mature worms
of the same age with a girdle zone (clitellum),
8710 cm in length.

The studied surfactants are representatives of
three main classes of surfactants: cationic™” CTAB
(High Purity Grade, >99.0%); anionic ~ sodium
dodecyl sulfate (puriss grade); non-ionic ~ poly -
sorbate 80 (imp).

CTAB is a cationic surfactant of the quaterna-
ry ammonium compounds class. It comprises the
main component of the topical antiseptic cetrimide,
an effective remedy against bacteria and fungi.

Sodium dodecyl sulfate (sodium lauryl
sulfate) is a sodium salt of lauryl sulfuric acid.

e .2024. 3/ Theoretical and Applied Ecology. 2024. No. 3



This anion-active surfactant is widely used as
a strong detergent in industry, pharmacology,
and cosmetology.

Polysorbate 80 (Tween-80) is a polyoxy-
ethylene (POE) derived from sorbitan and oleic
acid. This non-ionic surfactant is an emulsifier
and solubilizer of fats. It is used in the cosmetics
and food industries, as well as in remediation of
oil-contaminated soils, etc.

In our experiments contamination of the
test substrates (soil, sand) was conducted by
applying liquid surfactants and thoroughly mix -
ing them in a Waring 800G laboratory blender
(Conair Corporation, USA).

To assess the survivability of earthworms
10 individuals were placed in containers with
50 g of a test sample of river sand contaminated
with surfactants. The sand was calcined and
thoroughly washed with distilled water prior to
the experiments. The sand without added pollut
ants was the control. The worms were exposed in
the experiment for 30 days in the same conditions
as their cultivation. During this time the number
of surviving individuals of E. fetida andrei was
periodically calculated.

In parallel the toxic effect of the tested com
pounds was evaluated by the behavioural reac
tion of preference-avoidance of the substrate
by E. fetida earthworms [21]. Rectangular
polyethylene containers (10.8 x 8.2 x 4.6 cm)
were divided into 2 compartments using a
plastic partition (Fig. 1). The height of the
latter was 1.572 times lower than the height
of the container sides. These compartments
were filled with equal volumes of test samples
of substrates: 1 ~ control (moistened up to
80% sand); 2 ~ experiment (moistened up to
80% sand contaminated with surfactants).

10 individual E. fetida andrei were placed in
each of the compartments.

After 4 hours from the start of the experi-
ment, the number of worm individuals in each of
the compartments was counted. The biological
effect of the test sample on the earthworm behav
ioural reaction was calculated using the formula:

Ko K

0
where T ~ biological effect (%); K, initial
number of worms placed in one compartment
(10 individuals) at the beginning of the experi -
ment; K. ~ the number of worms observed in the
experimental compartment at the time of taking
down the results of the experiment.

The parameter calculated by such formula
can reflect both preference (negativeT value)
and avoidance (positiveT value) reactions of the
E. fetida specimens.

The experiments were carried out in at least
5 independent experiments, with three repeti
tions in each. Statistical data processing was
carried out using the Microsoft Office software
package. The conclusions are made with the
probability of an error-free forecast P t0.95.

100%

Results and discussion

Studying the CTAB effect on earthworms.
At 0.001 g/kg CTAB stimulated the studied
behavioural response of oligochaetes. A sand
sample contaminated with CTAB of 0.001 g/kg
attracted 50+8% more worms than the control
sample (sand without added pollutants). CTAB
at a concentration of 0.01 g/kg did not cause sig
nificant changes in E. fetida test reaction in com-
parison with the control. However, an increase in

Fig. 1. Setup of experiment to evaluate the effects of tested sand samples contaminated with test toxicants
using a preference-avoidance reaction with wormsEisenia fetida andrei (Bouche, 1972)
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Fig. 2. The cationic surfactant CTAB effect on the preference-avoidance reaction
of earthworms (experiment duration ~ 4 h)

The CTAB cationic surfactant effect on the earthwormse viability Table d
CTAB content, Earthworms mortality, % of baseline
a/kg Day 1 Day 2 Day 5 Day 10 | Day 15 | Day 20 | Day 25 | Day 30

Control 0 0 0 0 0 0 0 0

0.001 0 0 0 0 0 0 15+5 100
0.01 0 0 0 0 0 0 55+8 100
0.1 0 0 0 0 0 15+5 100 100
0.5 0 0 100 100 100 100 100 100
1.0 0 100 100 100 100 100 100 100

the CTAB content in the substrate samples up to
0.1 g/kg induced a worm avoidance reaction. In
this case, theT indicator was 20%. The increase
in CTAB up to 0.5 g/kg increased T to 35+5%;
when 1 g/kg of the test surfactant was addedT
was 70+£10% (Fig. 2).

Incubation of earthworms for 30 days in
STAB contaminated sand samples revealed the
following. The complete death of worms in the
presence of 0.001 and 0.01 g/kg of CTAB was
observed on day 30 of the experiment. The pro
portion of dead individuals in these samples on
day 25 was 1515 and 55+8%, respectively. At
application of 0.1 g/L all worm individuals died
on day 25; at 0.5 g/kg " on day 5; at 1.0 g/kg ~
already on day 2 of the experiment (Table 1).

Studying the sodium dodecyl sulfate
(SDS) effect on earthworms. The anion-active
surfactant sodium dodecyl sulfate negatively afF
fected the preference response of earthworms at
0.02 g/kg content. A sand sample with the above
content of surfactant was avoided by 40+7%
of worms. With a subsequent increase in the

SDS content the avoidance response increased.
Thus, at a surfactant content of 0.03 g/kg
worms avoidance of the sample was 50+10% of
the total number of individuals taken in the ex -
periment; at 0.04 g/kg ~ 60+8%; at 0.05 g/kg ™
90+9 % of worms (Fig. 3).

Conversely, the lower SDS content ~©
0.0001 and 0.001 g/kg ™ attracted the earth -
worms. Thus, the samples with 0.0001 g/kg
of SDS were preferred by 30£5%, and with
0.001 g/kg ™ 20+6% of the individuals taken in
the experiment. The SDS addition of 0.01 g/kg
did not affect the behavioural response of
earthworms (Fig. 3).

In parallel, the SDS effect on the survivabil -
ity of earthworms was evaluated. This surfactant
caused 100% mortality of individuals at 0.001,
0.01 and 0.02 g/kg for 30 days; at 0.1 g/kg ~ for
25 days; at 1 g/kg ~ for 2 days of the experiment
(Table 2).

Studying the polysorbate 80 effect on
earthworms. The non-ionic surfactant polysor -
bate 80 also differently affects the behavioural

e .2024. 3/ Theoretical and Applied Ecology. 2024. No. 3



Fig. 3. The anion-active surfactant SDS effect on the preference-avoidance reaction
of earthworms (experiment duration ~ 4 h)

The SDS anion-active surfactant effect on the earthwormse viability Table 2
SDS content, Earthworms mortality, % of baseline
g/kg Day 1 Day 2 Day 5 Day 10 | Day 15 | Day 20 | Day 25 | Day 30

Control 0 0 0 0 0 0 0 0

0.001 0 0 0 0 0 20 45+8 100
0.01 0 0 0 0 0 10 30 100
0.02 0 0 0 0 0 5 15+3 100
0.1 0 0 0 20 855 658 100 100
1 0 100 100 100 100 100 100 100

reaction of earthworms depending on the con
centration. In concentration ranging from 0.1
to 10 mL/kg polysorbate 80 caused a prefer
ence reaction in worms, while 30 mL/kg and

active SDS had a higher toxicity (in terms of
both g/L and g/mol). It caused an avoidance
reaction in earthworms at 0.02 g/kg content.
The 100% mortality of individuals occurred

above led to an avoidance response to the tested when this surfactant was added at concentra

substrates. For example, sand samples with 0.1,
1 and 10 mL/kg of polysorbate 80 preferred re-
spectively 53+£3, 27+9 and 13+6% more worms
than control samples. The wormse behaviour was
not significantly affected by polysorbate 80 in the
substrate at 20 mL/kg. The number of individu -
als that chose this substrate was comparable to
that in the control. 20+6, 43+3 and 65+5% of
E. fetida individuals escaped from samples sup
plemented with 30, 40 and 50 mL/kg polysorba-
te 80, respectively (Fig. 4).

The 100% mortality of earthworms occurred
on day 30 of incubation at 0.1; 1 and 10 mL/kg
of polysorbate 80; with the addition of 20 and
30 mL/kg " on day 20, with 50 mL/kg of surfac -
tant ” on day 10 of experience (Table 3).

Thus, based on the concentrations at which
the tested surfactants had a negative effect on
earthworms, it can be concluded that the anion-

tions of 0.001, 0.01 and 0.02 g/kg on day 30; at
0.1 g/kg ~“on day 25; at 1 g/kg ~ on day 2 of the
experiment.

The cationic surfactant cetyltrimethylam -
monium bromide (CTAB) turned out to be
somewhat less toxic than sodium dodecyl sulfate
(SDS). The CTAB negatively affects the behav-
ioural reaction of oligochaetes at 0.1 g/kg. The
100% mortality of earthworms was observed
at 0.001 and 0.01 g/kg on day 30 of experience;
at 0.1 g/kg " on day 25; at 0.5 g/kg " on day 5;
at 1.0 g/kg " already on day 2 of experience.

The non-ionic polysorbate 80 was the least
aggressive of the three tested surfactants. Its ef
fect on the behavioural reactions of earthworms
depends on the concentration. Polysorbate 80
positively affected the studied behavioural re-
action at a range from 0.1 to 10 mL/kg, and
negatively affected ~ at 30 mL/kg and above.
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The 100% mortality of worms occurred at 0.1,
1 and 10 mL/kg of polysorbate 80 on day 30 of
incubation; at 20 or 30 mL/kg ~ on day 20; at
50 mL/kg ~ on day 10 of experience.

The resulting toxicity ratio of the surfactants
(belonging to three different types) used in the
work in relation to E. fetida turned out to be quite
similar to that obtained by us and other authors
earlier using other test organisms. For example, in
studies to evaluate the effect of surfactants on the
survival of Paramecium caudatumand Daphnia
magna[22], as well as on changes in the intensity
of bioluminescence of a cell culture of marine
luminous bacteria Photobacterium phosphoreum
and their enzyme system NAD(P)H:FMN oxi -
doreductase + luciferase (Red + Luc) [23]. The
similar results were shown in the works [24, 25]
to study the effect of surfactants on the release of
electrolytes from cells of plants ~ Beta vulgaris L.
and Elodea canadensis Other authors also re
ported lower toxicity of non-ionic surfactants
compared to ionic ones [26, 27].

T. Pescatore et al. [28] studied the effect of
sodium laureth sulfate (SLES) on E. fetida. It was
shown that 40% of worms were attracted to soil
contaminated with SLES at a concentration of
4 mg/kg. At the highest surfactant concentration
in soil tested by the authors (201 mg/kg), the
avoidance reaction increased significantly (up to
67%). This suggests that earthworms will avoid
such contaminated soil.

It was observed that Tween-80 additions
to soil changed the fractional distribution of
fluoranthene in soil and had a positive effect on
fluoranthene removal and vermiaccumulation
[19]. Some researchers have used worm survival
rate as a test to evaluate the effect of detergents
based on various surfactants [20, 29].

However, it should be noted that such
works are quite small in number and are not
comprehensive. In addition, a comparison of
the toxicity of surfactants belonging to differ -
ent classes toward<E. fetida has not previously
been carried out.

Fig. 4. The non-ionic polysorbate 80 surfactant effect on the preference-avoidance reaction
of earthworms (experiment duration ~ 4 h)

The non-ionic surfactant polysorbate 80 effect on the earthwormse viability fables

Polysorbate 80 Earthworms mortality, % of baseline

content, mL/kg Day 1 Day 2 Day5 | Day10 | Day 15 | Day 20 | Day 25 | Day 30
Control 0 0 0 0 0 0 0 0
0.1 0 0 0 0 0 5+1 100
1 0 0 0 0 0 0 20+6 100
10 0 0 0 0 0 0 50 100
20 0 0 0 0 30 100 100 100
30 0 0 0 0 40 100 100 100
50 0 0 1045 100 100 100 100 100
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Conclusion

The following toxicity series of test sur-
factants in relation to survival and preference-
avoidance behavioural reaction ofE. fetida was
constructed on the basis of the experimental
results (increasing the degree of toxicity):
polysorbate 80 (non-ionic surfactant) < CTAB
(cationic surfactant) < SDS (anion-active
surfactant).

The obtained data demonstrated that the
preference-avoidancebehavioural test reaction
of E. fetida provides valid information about the
toxicity of the tested surfactants at higher concen-
trations than in the assessment of worm survival.
This is due to the difference in the contact time of
the test organism with the toxicant (4 hours and
30 days, respectively). The sensitivity of acute
biotests is always lower than in chronic experi-
ments. However, despite the lower sensitivity of
the behavioural response compared to survival,
the significant advantage of the former is its ra-
pidity. The possibility of obtaining a test response
in a short time (4 hours) makes the preference-
avoidance worms reaction promising for certain
tasks of biological analysis, especially when
conducting a preliminary assessment of contami
nation. In addition, the described test reaction
makes it possible to detect not only the negative
effect (toxicity) of the tested compounds, but also
their stimulating effect (biological activity).

The work was conducted with the financial sup-
port of the RFBR grant 19-29-05213.
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Previously created laboratory models and commercially available BOD biosensors are usually formed using the
biomass of microorganisms obtained by centrifugation of the culture fluid. In this work we developed and tested BOD
biosensors based on lyophilized bacterigParacoccus yeeWVKM V-3302 and yeast Debaryomyces hanseniVKM Y-2482.
The use of a lyophilized form of microorganisms makes it possible to switch to a new analysis format ~ the use of easily
replaceable biosensitive elements with a short service life. It will simplify the introduction of BOD biosensors in environ -
mental laboratories, enterprises and organizations involved in the routine determination of BOD using a methodology
based on a 5-day sample incubation. The long shelf life (up to 2 years), low cost and easy applying of a dry preparation to
the electrode will greatly facilitate the transportation of biosensitive elements to the end user, allow analysis in the field
and at any time and will not require constant calibration of a sensor. It has been shown that the lyophilization process
does not lead to significant changes in the metabolic activity of microorganisms. The biosensors are characterized by high
sensitivity (the lower limit of BOD , determination is 0.5 mgO,/dm °), convergence of results (4.5%) and are not inferior 141
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to existing analogs in terms of basic characteristics. They make it possible to analyze water samples classified as “pure”
(BOD, range 0.0570.5 mg/dm %) and obtain results with a high correlation (R=0.9951) to the standard method. Thus,
the use of bacteriaP. yeeiand yeastD. hansenii in a lyophilized form as part of the sensitive elements of BOD biosensors
makes it possible to use them in prototypes of biosensors for mass production.

Keywords: biosensor, biochemical oxygen demand, lyophilized microorganisms, Paracoccus yeeiDebaryomyces
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(b) P. yeei
Fig. 3. Viability of lyophilized microorganisms during storage: (a) survival histograms of P. yeeibacteria
and D. hansenii yeast; (b) inoculation of P. yeeibacteria from the lyophilized preparation
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Fig. 4. Comparison of the spectrums of oxidizable substances 145
by P. yeeibacteria in “wet” and lyophilized forms
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D. hansenii / Main characteristics of BOD biosensors based on lyophilized bacteriaP. yeei
and yeastD. hansenii
%o / Characteristic z / Microorganism
P. yeei D. hansenii
! ° ° 1 2 3 4 5 6
No. of the biosensitive element
z :  10° 1 o5 | 38 | 50| 63 | 75 5,0
Mass of microorganisms on the electrode, kg-1¢ ' ' ' ’ ' ’
L] L] L] y ’1.10'5
Sensitivity coefficient , s110° 20,0£1,4/20,0+2,6| 100+6 | 50,0+2,2|30,0+2,3| 50+4
™ te / 3
51 ~ ~ ™~ ~ ~
Range of determined BOD contents, mg/dm?® 289011,2740/05744 10754 1 0,860 04" 14
. e (15 ), %
Operational stability (15 measurements), % 3.0 6.6 4.4 38 38 45
™ ° °
Long-time stability, days 9 6 12 6 ! 42
: . . ' . 6”8 68 | 57 577 6”8 577
Duration of single measurement, min
P.yeei e (14+1)-10 St/ - , ¢ * D.hansenii—

(20£1)10 ¢ t/- - .
Note: the titer of P. yeei bacteria was (14+1)-10 CFU/g of dry preparation, the titer of D. hansenii yeast was (20+1)-10 CFU/g 1 47
of dry preparation.
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e — 2/ Table 2
Comparison of the developed BOD biosensor characteristics with existing analogues
2 / ™ To 5 . . -
. /@ , Link
Microorganism / Range BOD,, o o
method of immobilization mg/dm 3 Operational and Measure-
long-time stability | ment time,
min
P. yeeiB-3302 / o
(710 ) 05744 12 4,7'30a/s 57 authors'
lyophilized / ncapsulation (CFU 7-1C) Y data
P. yeeiB-3302 / . ~ 7% ~
entrapment in gel 0,05%5,0 45 [/ days 4% [26]
D. hansenii Y-2482 / 0
( ~110 ) 04714 42 4}5d2 s 57 authors'
lyophilized / ncapsulation (CFU 1-10%) y data
D. hansenii/ . ~ 4,2% -
entrapment in gel 0,77208,7 20 /days ST (2]
D. hanserjn Y-2482 / ) 6.7% )
- ¢( 76,510 o) 0,575,0 40/ davs [27]
entrapment in sol-gel (CFU 6.5-10°) Y
Pseudo_monas putidd . 05" 10 10 /days 15 [28]
dsorption
Escherichia coli/ .
(a0%ij108 © 1 ) ™ 225 42 | days - [29]
adsorption (10°i10® CFU/mL)
T
/ . ~ 2,1%
Biofilm of microorganisms 264 60 /days 10 [30]
from waste water / ntrapment in gel
Pseudomona aeruginosa/
*(2:10 ° 7/ 2) 57100 3,6% 10 [31]
entrapment in gel (2:10% CFU/sm ?)
" / . ~ 2,9%
Activated sludge / ntrapment in gel 1100 65 /days 9 [32]
P. yeeiSPB1/ . - 2,9% -
adsorption 1,3°200 22 | days 4% [33]
Bacillus subFllls / . 4760 60 /days 15 [34]
entrapment in gel
Note: .a dash indicates no data.
Rmax S 0 > !
K. s S Q) Z o K, ( . 6b,
M 0 ° V) ’ . -
Rmax ¢ ®
( O’ L] L] . -
;KT Z : ,
. . . (S (C) <0,33).
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We analyze the distribution of potentially toxigenic cyanobacteria in water bodies and rivers of the East European
(Russian) Plain on the basis of relevant literature and the results of our studies. Special attention is paid to cyanotoxins:
microcystins, which are hepatotoxins, cylindrospermopsin, which is hepatotoxin and cytotoxin, and anatoxins and saxi-
toxins, which are neurotoxins. Microcystis and Dolichospermumare the most represented genera of potentially toxigenic
cyanobacteria, as well asAphanizomenon flos-aquadRalfs ex Bornet & Flahault and Planktothrix agardhii (Gomont)
Anagnostidis & Kom arek species. The above are the most commonly found in water bodies of the study area. The presence
of potentially toxigenic cyanobacteria in water bodies was confirmed by the results of phytoplankton studies using mo-
lecular genetic methods. The quantitative content of the dissolved in water and intracellular cyanotoxins was determined
using enzyme immunoassay methods, high-performance liquid chromatography, and mass spectrometry. It was noted
that microcystin- and anatoxin-a-producing cyanobacteria are the most common in most of the studied water bodies and
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streams, while saxitoxin- and cylindrospermopsin-producing cyanobacteria are less common. The total content of the
dissolved microcystins in different water bodies varies from trace amounts up to 1670 pg/L with SanPiN 1.2.3685-21
standard for microcystin-LR 1 pg/L. The maximum recorded anatoxin-a content was 0.600 pg/L. The preparation of
this review made it possible to supplement and summarize information on the distribution of toxigenic cyanobacteria and
cyanotoxins in rivers, lakes and reservoirs of temperate latitudes, as well as on the quantitative content of cyanotoxins
in water.

Keywords: water body, cyanobacteria, cyanotoxins, microcystin, saxitoxin, anatoxin, cylindrospermopsin.
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The degree of release from ointments and the toxicity of three zinc compounds were assessed to establish their
minimum sufficient concentration in antibacterial pharmaceutical and cosmetic products. The properties of zinc oxide
(Zn0), zinc pyrrolidone carboxylate (Zn€-,) and zinc salicylate (Zn(Sal)  ,-2H,) were compared. The release rate of
active substances from petrolatum-based ointments (the mass fraction of zinc compounds is 1%) was determined by the
Kruvchinsky method. A cellophane film for dialysis served as a semipermeable membrane, which was fixed on a glass
tube (length 15 cm, cross section 20 mn3). A sample of ointment (2.00 g) was applied to the inner surface of the mem
brane. The dialysis tube was inserted into a beaker with dialysis medium and immersed to a depth of no more than 3 mm.
The toxicity of aqueous solutions (distilled water) of zinc compounds was determined in a bioluminescent biotest using
“Ecolume” bacterial preparation based on a non-pathogenic strain of Escherichia coli. It was found that a high level of
toxicity of is achieved at 10° mol/dm ® zinc salts in a solution, zinc oxide ~ 10* mol/dm 2. A similar amount of Zn ?* dif-
fuses from ointments through a semipermeable cellophane membrane used for the study of dialysis into a 50% aqueous
alcohol solution. Zinc ion release from ointment with ZnO was only 0.31%, as well as from ointments with ZnPCA and
Zn(Sal) ,-2H, " 1.59% and 1.87% respectively. Thus, the tested approach is economically and environmentally effective,
as it allows you to determine the lowest effective concentration of active substances, reducing the burden on the human
microbiome and the environment.
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G. S. Tupikova

The article presents the results of studies of herbaceous plant communities in the Baikal basin, with the signifi-
cant participation of the diazotrophic cyanoprokaryota Nostoc communeThe territory of the investigation is located at
the foot of the Primorskiy range. There are developed mountain, typical steppe, and meadow communities on chestnut
soils. A high content of carbonates was found in the soils, and the pH of the upper horizons varied from slightly acidic
to alkaline. The composition of algae and cyanoprokaryota species living in and on soils has been revealed. In total, in
steppe and meadow communities we identified 71 species from five divisions: Cyanoprokaryota ~ 27, Bacillariophyta ™ 4,
Ochrophyta ™ 3, Chlorophyta ™ 34, and Charophyta ™ 3. 58 species have been found in steppe communities, 40 in meadow.
A predominance of cyanoprokaryota and green algae was noted. The composition of the studied phototrophic species
in steppe communities differed significantly from that of the meadow. In steppe communities Nostoc communéormed
macroscopic colonies, and its biomass production was low (about 2 g/m) comparable to that of a number of Asia arid
territories. The N. communebiomass formation was higher on the mountain slope and at its foot, where higher density
of soil composition, lower field humidity, as well as an increased content of calcium, magnesium, and sodium was found
in soils. The N. communebiomass was reduced in the site at a distance from the mountain slope where the content of the
above elements was lower. The regular sampling of macrocolonies had a negative impact on their renewal.

Keywords: steppe, diversity of soil algae,Nostoccommune southwest coast of the Lake Baikal, physico-chemical
172 properties of soils.
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%0

e — 1/Tablel

Characteristics of sites where soil samples with algae and cyanoprokaryota were collected

%0

es / No. of sampling site

Characteristic 1 2 3 4
7 .
Locality at the foot 1007150 T
at the bottom of the slope near the coast
of the mountain at a distance of of the Baikal Lake
slope 1007150 m
from the slope
., 4917520 4547461 4527458 [/ about450
Altitude, m
above sea level
£ o o . . .
Vegetation mountain steppe true steppe true steppe
raw tussock meadow
Soil type chestnut soil chestnut soil chestnut soil meadow-chestnut soll
o e 1,20+0,16 0,99+0,10 0,84+0,10 ~
/ 3%
Density of soll
composition, g/cm 2
o e 2,47+0,15 2,50+0,22 2,34+0,25 -
, / 3%
Density of the soll
solid phase, g/cm®
. o, %* 1745 21+10 26+12 -
Field humidity, %
. ., %* 51+8 60+4 64+11 -
Porosity, %
I 31+9 39+11 42+20 -
Aeration (P, %)
pHHzo »,0 7,63+0,04 7,16+0,35 6,23+0,04 ~
ol 8,03+0,07 7,76+0,21 6,63+0,20 8,12+0,13
PH, »,0 7,25+0,07 7,07+£0,36 5,98+0,04 "
o1 7,53+0,15 7,39+0,09 6,23+0,23 7,77+0,16
N ,% 0 0,67+0,04 0,60+0,10 1,25+0,10 ~
N s %0 w1 0,70+0,07 0,64+0,11 0,62+0,08 1,57+0,25
- % 0 5,55+0,10 4,1+1,2 3,77+0,07 -
Cor %0 o1 3,72+0,25 2,09+0,32 3,35+0,37 7,6+£0,7
, % »,0 9,57+0,17 7,1+2,3 6,51+0,12 ~
Humus, % ol 6,4+0,4 3,6+0,5 5,8+0,6 13,2+1,2
Na*, / »,0 11,3+1,5 15,9+1,2 9,9+0,4 ~
mg/kg ,1 23,8620,36 20,4+1,4 14,3+1,4 255+7
K+ / 0 473415 726+70 889+29 ~
mg/kg A1 323+7 1190+40 389+29 649+14
Mg?, |/ 0 3110£40 25744216 12107 ”
mg/kg w1 2690+360 2100+90 1521422 6840+50
Ce, |/ »,0 14962+7 13700+260 5898+36 ~
mg/kg ol 14790+310 13800+600 5665+590 65000+400
N-NO,, / »,0 15,1+14 47+40" 17,5+0,7 )
mg/kg .1 17,1+1,3 26,5+2,7 10,8+2,6 55+18
e .2024. 3/ Theoretical and Applied Ecology. 2024. No. 3




t 1
%o es |/ No. of sampling site
Characteristic 1 2 3
N-NH,, / 0 33,1+0,2 3145 44,610,7 ~
mg/kg 1 34,1+2.4 32,9+1,9 25,6+0,9 45+5
PO, / ,0 16,6+0,7 54+50" 11,7+0,7 ~
mg/kg 1 1745 37+11 12,1+2.3 61,815
K,0, |/ ,0 46,4+0,7 143+130" 452+1,4 ~
mg/kg 1 47,6+13 9345 38,4+2,0 167+14
- ie0— e 0-5 ;el— eee  5-10(15) ;*—-
. oo " 1 2 (n:5_10); +— . o

Notes: horizons: A0 — average sample, 0-5 cm; Al — average sample, 5-10 (15) cm; * — data are based on the calculation of

the average between the accounting sites in 1 (m=5-10); £ — shows the standard deviations; the dash means no information.

Soil algae and cyanoprokaryota of the studied herbaceous communities

e — 2/ Table 2

. E / Number of species
Taxon - « | Steppe \ ... | Meadow
es / No. of sampling site
1 2 | 3 4
Cyanoprokaryota

Aphanocapsanuscicola (Menegh.) Wille 1 1 1 1
Cf. Chroococcopsis 1 ” ” ”
Geitlerinema sp. 1 1 1 1
Cf. Funiculus sociatus(Anagn.) Moreira-Fernandes et al. 1 1 1 1
Jaaginema kuetzingianum(N &geli ex Gomont) Anagn. et Komarek i ” ” 1
Jaaginemasp. 1 1 1 1
Leptolyngbya foveolara(Gomont) Anagn. et Kom arek 1 ~ ~ ”
Leptolyngbya nostocorunfBornet ex Gomont) Anagn. et Kom arek 1 1 1 1
Cf. Limnothrix ~ ~ ~ 1

Lyngbyasp. 1 ~ ~
Microcoleus vaginatusGomont 1 1 1 1
Nostoccf. ellipsosporumRabenh. ex Bornet et Flahault 1 ” ” -
Nostoc commun&aucher ex Bornet et Flahault 1 1 1 1
Nostocsp. i ” ” 1
Oscillatoria sp. i ” ” 1
Phormidium sp. 1 1 1 1
Pseudoanabaenacf. minima (G.S.An) Anagn. 1 ” ” ”
Roholtiella cf. edaphicaBohunick a et Luke &va i ” ” 1
Schizothrix arenaria Gomont ” 1 ” ”
Scytonemamirabile Bornet 1 ~ ~ ~
Scytonema ocellatuniyngbye ex Bornet et Flahault 1 1 1 ”
Synechococcusf. elongatus(N &geli) N &geli 1 - - -
Synechocystisp. - ~ ~ 1
Timaviella edaphica (Elenkin ) O.M.Vinogradova et 1 1 1 -

Mikhailyuk
Tolypothrix tenuis K iitz. ex Bornet et Flahault i 1 ” ”
Trichormus sp. ” ” ” 1
Ochrophyta

Botrydiopsis sp. 1 1 1 1
Vischeria magna(J.B.Petersen) Kryvenda et al. 1 1 1 1
Xanthonemacf. montanum (Visch.) Silva 1 1 1 ~
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¥ 2
. E / Number of species
Taxon - « | Steppe \ ... [ Meadow
es / No. of sampling site
1 2 | 3 | 4
Bacillariophyta
Cf. Achnanthes 1 1 1 1
Hantzschia amphioxys(Ehrenb.) Grunow 1 1 1 1
Cf. Navicula 1 1 1 ~
Pinnularia borealis Ehrenb. 1 1 1 ~
Chlorophyta
Actinochloris terrestris (Visch.) H.Ettl et G.Géartner 1 1 1 1
Bracteacoccus pseudomindd.W.Bischoff et Bold 1 1 1 1
Bracteacoccussp. 1 ~ ~ ~
Chlamydocapsasp. 1 1 1 1
Chlamydomonassp. 1 - - -
Chlorella vulgaris Beij. 1 ~ ~ 1
Chlorococcumsp.1 i ” ” 1
Chlorococcunsp.2 1 ” ” ~
Chloromonasaugustae(Skuja) T.Pr dschold et al. 1 1 1 1
Cholorosarcinopsis gelatinosa&Chantan. et H.C.Bold 1 1 1 1
Chlorosarcinopsissp. 1 ” ” ”
Coccomyxa subglobos@asher 1 - - -
Coccomyxaspp. 1 1 1 1
Coelastrellacf. aeroterrestricaA.Tschaikner, G.Gértner et W.Kofler 1 1 1 1
Edaphochlorella mirabilis (Andreeva) Darienko et Prdschold ” 1 1 1
Fottea stichococcoideblind &k i 1 ~ ”
cf. Heleochloris - ~ ~ 1
Leptosirasp. 1 1 1 1
Macrochloris sp. 1 1 1 ~
Microthamnion cf. strictissimum Rabenh. - ~ ~ 1
Mychonastes homosphaeréSkuja) Kalina et Pun [och. 1 ” ” ”
Myrmecia sp. 1 ~ ~ ~
Neocystissp. 1 ~ ~ ~
Parietochloris alveolaris (H.C.Bold) Shin Watan. et G.L.Floyd 1 1 1 1
Protosiphon botryoidegK (tz.) G.A.Klebs ” ” ” 1
Pleurastrum sarcinoideum Groover et Bold 1 1 1 1
Pleurastrum sp. - 1 ~ ~
cf. Pseudochlorella pringsheimii(Shihira et Krauss) Darienko et al. i ” 1 ”
Radiosphaera minutaHerndon 1 1 1 1
Scenedesmusp. i ” ” 1
Schizochlamydella minutissimaBroady 1 ” ”
Scotinosphaeraf. gibberosg\Voden. et Benderl.) Wujek et R.H.Thomps. ” ” ” 1
Spongiochloris spongios@Vischer) R.C.Starr 1 1 1 1
Stichococcus minoNageli 1 1 1 1
Tetracystis sp. 1 1 1 1
Charohyta
Interfilum terricola (J.B.Petersen) Mikhailyuk et al. - 1 ~ ~
Klebsormidium sp. 1 1 1 1
cf. Streptosarcina ” 1 - -
S /Intotal : 71| 50 40 35 42
178 11— &= — . / Note: 1 — presence of taxon, “-” — absence of taxon.
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The widespread and possessing extensive biotechnological potential xylotrophic basidiomycet&chizophyllum com
muneFr. has a significant genetic variability. This actualizes the study of the fungus various strains to solve a complex of
environmental problems, in particular, the disposal of plastic waste. The S. communestrain EO22 used in the work was
isolated from rotting Acer negundavood in the southern taiga subzone of the European Northeast (N5835", E49 69,
vicinity of Kirov). It is maintained in mycelial culture in laboratory conditions. The species identification was performed

e .2024. 3/ Theoretical and Applied Ecology. 2024. No. 3

185



based on the morphology and sequencing result of the ITS175.8S7ITS2 fragment nucleotide sequence. The features of
the growth and fruiting of mycelial culture EO22 on potato-sucrose and malt agar are described. The degradation poten
tial of the S. communestrain EO22 was established in the experiment on co-incubation with low-pressure polyethylene
(HDPE) film. HDPE is one of the most common environmental pollutants (64% of the total plastics production). The
process of HDPE biodegradation was carried out exclusively by the dikaryotic type of mycelium and was accompanied
by the forming of the fungus fruiting bodies. The results obtained are of interest in connection with the development of
technologies for food protein production in the process of plastic waste utilization.

Keywords: plastic waste, polyethylene, biodegradation, basidiomycetes.
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Schizophyllum commune EQO22
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1. S. commune (, b);
22 - (c,e) (d, f)
Fig. 1. S. commun€ruiting bodies on natural substrates (a, b); colonies
and basidiocarps of the strain 22 on potato-sucrose (c, €) and malt agar (d and f)

Vi




Schizophyllum commune EQO22

». . 185.

2. S. commune 22 : O),
( )(0), (),
* ( )(d), x400
Fig. 2. Microscopy of the S. communestrain EO22: monokaryotic mycelium (a),
spicules (cursor) (b), forming of dicaryotic mycelium (dicarization) (c),
dicaryotic mycelium with clamp connection (cursors) (d), x400
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4. ° . oo
S. commune 22 5(),8(b),9(c) (d). »
o e S. commune 22 (e);

(f)
Fig. 4. Microscopy of the DPE film surface after incubation with S. communeEO22 culture
in repetitions 5 (a), 8 (b), 9 (¢) and in control (d). Forming of S. communeEO22 macroscopic fruit
bodies on *DPE films by dicaryotic mycelium (e); monokaryotic mycelium unable to form fruit bodies (f)
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The cone length ofPicea obovataledeb. is closely related to the seeds quantity that causes the importance of full-scale

study of this indicator. Studies were carried out in the entire Russian part of the P. obovatarange from Murmansk region

to Transbaikalia and Yakutia. It was found that geographical variability of cone length is relatively small (44777 mm) and

significantly inferior to individual variability (45110 mm). The coefficient of a variation is 10 and 14%, respectively.

We found that in the total population of Picea abies(L.) H. Karst. and P. obovatadetermined by their strong introgres -

sive hybridization, cones of P. obovatais the category small and average. It is reasonable to distinguish an additional

category of very small cones. The established categories of cones are characterized by the following length: very small

50 (54 mm and less), small 60 (55"64 mm) and medium 70 (65 mm and more). The approximate number of full seeds

in them at good yields is 76 (less in extreme conditions of the Far North), 78792 and 947108 pieces, respectively. These

figures are important for assessing the processes of spruce forest regeneration. Geographical distribution of average cone
192 length in the studied territory it is not clearly expressed. The smallest cones are characteristic of spruce populations along

e .2024. 3/ Theoretical and Applied Ecology. 2024. No. 3



Arctic Circle and in the Polar Regions, while in populations of the southern part of the range they are much larger. The
majority of the Russian populations of P. obovata (about 2/3) have cones 65°70 mm long. The content of full seeds in

cones is rather small.

Keywords: Picea obovata species range, Russia, cone length, number of seeds in cones.
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69"t ,70" / Fig. 1. Location of points (1770) of collecting materials for studying of

variability of Picea obovatacones in the Russian part of its area: 1 ~ Monchegorsk, 5~ Apatity, 3~ Umba,
4~ Srednii, 5~ Koslan, 6 ~ Ukhta, 7 ~ Troitsko-Pechorsk, 8 ~ 1zhma, 9 ™ Ust-Tsilema, 10 ™ Pechora,
11 " Nyrob, 12 ~ Chusovoi, 13 ~ Tyoplaya Gora, 14 ~ Kytlym, 15 ™ Visim, 16 ~ Ekaterinburg, 17 ~ Yushala,
18 " Tugulym, 19 ~ Aribashevo, 20 ~ Krasnyi Klyuch, 21 ~ Asha, 22 ~ Nyazepetrovsk, 23 ~ Salekhard,
24~ Yamgort, 25 ~ Ovgort, 26 ~ Polui, 27 ~ Nadym, 28 ~ Novyi Urengoi, 29 ~ Samburg, 30 ~ Tazovskii,
31 " Krasnoselkup, 32~ Toleka, 33 ~ Ratta, 34 ~ Saranpaul, 35 ~ Khulga, 36 ~ Polnovat, 37 ~ Numto,
38 7 Kogalym, 39 ~ Treneka, 40 ~ Nyalino, 41 ~ Nizhnevartovsk, 42 ~ Ust-Maneya, 43 ~ Oktyabreskoye,
44~ Zelenoborsk, 45 ~ Mezhdurechenskii, 46 ~ Kuminskii, 47 ~ Chembakchina, 48 ~ Salym, 49 ~ Ugut,
50~ Levashi, 51 ~ Uspenskoye, 52 ~ Velizhany, 53 ~ Yantyk, 54 ~ Tobolesk, 55 ~ Uvat, 56 © Demeyanskoye,
57~ Vagai, 58 ~ Dubrovnoye, 59 ~ Kyshtovka, 60 ~ Gorno-Altaisk, 61 ~ Tomsk, 62 ~ Igarka, 63 ~ Podkamennaya
Tunguska, 64 ~ Yeniseisk, 65 ~ Krasnoyarsk, 66 ~ Bedoba, 67 ~ Derbina, 68~ Kyra, 69 ~ Bodaibo, 70 ~ Olyokminsk

Z'> %o o .

. . - (.2, .2).- oo e
- g10%, - . a4 77 |
(max) * (min) 1,671,7

, , , 65,0+0,8 .’ o,

e ( .1).- - (46 70)
. . - ,, 65770 ..
( 110 )
o o [17,18]. = - .

. 45) 24
194 . ( 1)4(10”18)%. .

e .2024. 3/ Theoretical and Applied Ecology. 2024. No. 3




10%. . . -
* (14%) , .,
€ .
° 1 (mln) - ( . 3).
e . . Picea abieqL.)
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. - P. obovata
° . Z . 1 (L C) . ° 1 ( -
min  max - , —€ 72 )
[ ] . 3 : 1
L. min . , 6 , 78 9
0,765+0,079, =« - o 7 [15]. >, -
0,749+0,081,; L . max 5
0,848+0,065 0,840+0,066 .S
. e — 1/ Tablel
S. . . . E ,
%o -Z ) / Variability of the cone length in the crowns of Picea obovata
(vicinity of the Chembakchina, Khanty-Mansi Autonomous Okrug)
L, /mm , AX t Ex t
Tree No. Lim X+S C % max/min
" v Attitude
max/min
1 38765 53,0+0,5 10 1,71 0,214 0,90 0,167 0,36
2 467 75 64,0£0,5 8 1,63 0,279 1,17 0,093 0,46
3 55793 73,0+0,7 10 1,69 0,519 2,14 0,163 0,35
Doeene 100 . fe e 2:L - , Lim —
o, XtS - " - e e = , min — .
max — . .VES , Ex - 7 © Lt = .
. t 00s=1,96.

Note: 100 cones were measured from each tree. Here and in table 2:done length, Lim — extreme values; X + S- aver-
age value and its standard error; C— coefficient of variation; min — minimum and max — maximum value; A — coefficient

of asymmetry; E — coefficient of excess; t — confidence indicator, t=1.96.
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of Picea obovatain the Russian part of its range
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(X, Min, Max, C

/ Geographical variability of average indicators
(X, Min, Max, C ) of Picea obovatacone length in the Russian part of its range

e — 2/ Table 2

. Lim, X+Sx C, Med AX t Ex t
Lim, mm
Index
X 50(44) i75 64,6+0,7 9 66 {0,709 2,49 0,014 i
Min 29156 44,9+0,7 13 45 {0,293 103 i0,327 Q60
Max 651110 88,1+0,9 9 90 i0,677 238 0,596 109
C, 10i18 13,7+0,19 12 14 {0,199 0,82 0,227 0,42
Med — -
Note: Med — median.
.3 .
., - 1754 , 11755764 111765
Fig . 3. Geographical variability of Picea obovatain the Russian part of its area
by cone length classes: | “ 54 mm and less, Il “ 55"64 mm, Il 65 mm and more
c e — 3/Table 3
Distribution of samples by length classes of cones oPicea obovatain the Russian part of the range
N -
. , " Sample No. . ,
Cone length The average vra
classes, mm | Conelength cone length, Estimated number
category mm of full seeds
in a cone, pcs.
50 (54 ) . 712,21,22, 23, 28, 29, 68 51,0+1,3 76
50 (54 and less) Very small 76 and less
60 (55 i64) z 27|1, 3,7,9,18, 19, 20, 24, 25,26, 62,0+0,5 87(78 92)
Small 27,30,31, 32,33, 34,41, 42, 44,
45, 47, 58, 60, 61, 62, 63, 69
70 (65 ) - 36/4,5, 6,8, 10,11, 12,13, 14,15, 69,0+0,4 98(94~ 108)
70 (65 and more)|Medium 16, 17, 35,36, 37, 38, 39, 40, 43,
46, 48, 49, 50, 5152, 53, 54, 55
56, 57, 59, 64, 65, 66, 67, 70
N -

Note: -N — number of samples.
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The article presents the results of studying phytomass, stem height and density of thickets (herbage) ofPhragmites
australis, one of the most common aerial-aquatic plant in the south of Western Siberia. This region is distinguished by a
rare combination of chloride, sulfate and soda lakes in a relatively small space. As an eurybiont, reed is highly resistant
to water and soil salinity, but high salinity adversely affects its growth and development. The aim of the work was to as
sess the degree of abiotic factors (pH, mineralization) effect on the quantitative characteristics of reed growing in water
bodies with different water mineralization: from 0.005 to 387.6 g/L. In total, we studied 59 freshwater, brackish-water
(oligo-, meso- and polyhaline) and hypersaline water bodies, located in various natural zones (southern taiga, forest,
forest-steppe, steppe and dry-steppe) in the south of Western Siberia. The studies were carried out in late July ~ early
August from 2012 to 2020 during the period of maximum vegetation of plants. As a result of the studies, it is shown
that the optimal for reed growth and development is water mineralization from 0.5 to 5.0 g/L, when the highest values
of biomass and plant height are observed. A model based on redundancy analysis (RDA) was built and a correlation
analysis was carried out to assess the dependence of phytomass, shoot height and herbage density on abiotic factors. We
took into account pH, salinity, and Ca?*, Na*, Mg**, K*, HCO,, CI and SO content. We found that pH and determined
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by C&* water hardness are the limiting factors in freshwater lakes. In brackish-water meso- and polyhaline, as well as
in saline hyperhaline water bodies reed phytomass is affected by a whole range of factors, while shoot height is affected
by pH, chlorides, and water hardness, and grass stand density is affected by chlorides and sulfates.

Keywords: Phragmites australis, phytomass, shoot height, density, salinity, pH.
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e — 1/Tablel

Hydrochemical characteristics of the studied groups of lakes

pH - e/ HCO, @ / Clg/ SOz, |/
Salinity class Salinity, g/ L mg/ L mg/ L mg/ L
. 5,079,9 0,00570,440 136,07429,2 1,2°71,6 2,3737,5
Freshwater
- / Saltish water
. . 8,279,7 0,575,0 119,576185,4 3,372256,0 11,471760,0
Oligohaline
Z - i 8,2710,1 5,4729,2 190711730 1241711536 48077304
Meso- and Polyhaline
- | Saline waters
. 7,479,9 58,27387,6 268741669 29987237936 | 2833760130
Hypersaline
e — 2/ Table 2
Reed quantitative indicators in lakes of different salinity classes
. o/ I ndicator FW OH MH+PH HS
f , ! 2 624+298 1170+550 434+£163 3941157
Phytomass, g/m?
o e , 115469 216+106 97170 197+94
A 2
Density, stem/ m?
e« , [Height,cm 136+35 165+41 105+44 81+23
‘FW—- ,OH-— -- ,MH+PH- - - HS-—- -

Note: FW — Frechwater, OH — Oligohaline, MH+PH — Meso- and Polyhaline, HS — Hypersaline.

1 f

(/ °)
FW, OH, MH, PH HS

e 2

Fig. 1. Phytomass (g/m 2) of Phragmites australis in lakes of different salinity classes.
See Table 2 for designations of FW, OH, MH, PH, and HS
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Fig. 2. Ordination chart based on the results of redundancy analysis
for Phragmites australis quantitative indicators in freshwater lakes
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Fig. 3. Ordination chart based on the results of redundancy analysis forPhragmites australis
guantitative indicators in meso- and polyhaline, and hypersaline lakes
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The studies were carried out on two small rivers ~ tributaries of the Kobra River (the Volga River basin), located on
the territory of Koygorodsky National Park. The structure, quantitative development of zoobenthos and fauna of benthic
invertebrates were studied. Hydrobiological sampling was carried out in June ~ July 2021. Standard methods were used
for sampling. 87 species and taxa of a higher rank of invertebrates were found in the benthic fauna. The most diverse were
caddisflies (21), mayflies (21), stoneflies (13) and oligochaetes (12 species). Quantitative development of the zoobenthos of
the Kobra River basin is comparable to the average for the rivers of the Vyatka River basin as a whole and was 19 thous. ind./fn
and 74.6 g/m? in the Suran River, and 14.1 thous. ind./m? and 19.2 g/m? in the Mytets River. The chironomids played
a leading role in benthic invertebrate communities, and accounted for an average of 26.3733.4% of the total zoobenthos
abundance. Mayfly larvae and leeches dominated in the Suran River by biomass, as well as molluscs and caddisflies ™ in the
Mytets River. The maximum quantitative characteristics were noted on the reaches of both rivers. The development of ben
thos was much poorer on the riffles. Three rare species from the orders of mayflies, stoneflies and dragonflies were identified.

Zooplankton in the small tributaries of the Kobra River was studied using standard methods: in the Suran River on
the early June and in the Mytets River ~ on the end of the July 2021. Plankton fauna was represented by 28 taxa, rotifers
and copepods prevailed. Plankton species diversity, abundance and biomass were lower in the Suran River (the beginning
of the vegetation season), which indicated the processes of zooplankton formation. The above indicators were higher in the
middle of the summer season in the Mytets River, and indicated the stability of plankton communities.

The presented data significantly expand the understanding of the biodiversity of aquatic ecosystems in the southern taiga zone.

Keywords: national park, small rivers, fauna, aquatic invertebrates, hydrochemistry.
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The Natterjack toad (Epidalea calamita) is widespread in Europe, but it is reducing in numbers, especially in the
north and east of its range. The paper presents the results of studying the effect of initial stocking density on survival,
development duration and body length ofE. calamita larvae in laboratory conditions. The experiments used containers with
the same bottom area (1092 cr), but with different water levels (14 and 28 cm). Larvae were grown at different stocking
densities per unit volume (173 larvae/L) of water and per unit area of the bottom (82.47494.5 larvae/m 2). The studied
larvae have very high survival rate (90.77100.0%) and show no differences in this parameter in groups in all variants of
cultivation. Animals from the lowest density groups were characterized by the shortest developmental duration. With

an increase in the stocking density per unit volume of water and bottom area the larval development duration increased.

There was a negative correlation of body length with the initial stocking density per unit volume of water (r=-0.52) and
bottom area (r=-0.62). The stocking density per the bottom area affected greater the larval developmental duration and
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body length of juvenile toads, than the stocking density per unit water volume. The authors note that it is advisable to
grow E. calamita larvae in laboratory conditions at maximum stocking density (3 larvae/L and 494.5 larvae/m ?2), as this
allows for a greater number of juvenile toads.

Keywords: zooculture, captive breeding, tailless amphibians, density, survival.
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Epidalea calamita - ¥

/ Initial stocking density of

Epidalea calamita larvae per unit

of water volume and bottom area in different experimental groups

o . t
Group number Stocking density , ,®
o/ o / 2 Useful water volume Number of larvae
larvae/L larvae/m 2 in container, L in one container, ind.
1 1 82,4 9 9
2 2 164,8 9 18
3 3 247,3 9 27
4 0,5 82,4 18 9
5 1 164,8 18 18
6 1,5 247,3 18 27
7 2 329,6 18 36
8 3 494,5 18 54
. < 213 % .
. (F - —3,258;
o o . p=0,060) ( . 2).
o o o o ° ™ ° °
. (F 7’373=19,928;pc0,001). T,
(47 ° . ° ° -
[21]) ° o o . .
( L). T ( r=0,52; p<0,05),
- o r=0,57; p<0,05), o o
. o( .1).
OriginPro 2022. € - ,
(M£SD), (min"max) . .
. . (F 7’373=42,44O; p ®,001).’ .
- . . T r=-0,52,
. p<0,05) e r=-0,62, p<0,05).
(F), ’ (
. 11 ) , R
o (Q-value). . . , .
. , (
L] L] 10 ) .1
o - (). ™ e ( .2).-
o (r=0,79, . o o -
p<0,05) ( - .
t ° ) , *
o o 3( r=0,39, p<0,05), 5 (r=0,58, p<0,05),
, 6 (r=0,28, p<0,05) 7 ( r=0,42, p<0,05).
. E. calamita
Z‘ > %0 ° ‘( , ° .
o o e 1 (
. (90,77100,0%) e o Beta , ,
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Epidalea calamita
Indicators of Epidalea calamita larval development at different stocking density

e — 2/ Table 2

o . . e 0% ™ o ™
Replicate Survival, % , .
Group Larval length
number Larval developmental at land emergence, mm
duration, days
M£SD min“max M+SD min“max
1 100 50+4 45757 10,7+0,5 9,56™11,12
1 2 100 47+2 4351 11,2+0,6 | 10,43712,11
average 100 49+3 43757 10,9+0,6 9,56712,11
1 100 51+4 46759 10,4+0,8 8,74711,57
5 2 100 50+6 44767 10,4+0,7 9,17°11,91
100 51+5 44767 10,4+0,7 8,74711,91
average
1 96,3 53+5 44763 10,0+0,5 9,02711,24
3 2 85,2 50+4 45759 10,1+0,6 8,96711,33
90,8 52+4 44763 10,0+0,6 8,96711,33
average
1 100 45+2 42747 11,3+0,5 10,77712,16
4 2 100 44+2 42749 11,3+0,4 | 10,68711,63
100 44+2 42749 11,3+0,4 | 10,68712,16
average
1 100 48+3 43753 10,3+0,6 9,18™11,34
5 2 94,4 49+4 44759 10,2+0,5 9,12711,04
97,2 48+4 43759 10,2+0,6 9,12711,34
average
1 88,8 51+4 45763 10,3+0,5 9,09711,84
6 2 92,6 50+5 45771 10,0+0,8 8,54711,69
90,7 5115 45771 10,1+0,7 8,54711,84
average
1 94,4 53+6 45770 9,9+0,6 8,76711,10
7 2 94,4 53+5 46765 10,0+0,7 8,88711,75
94,4 53+6 45770 9,9+0,7 8,76711,75
average
1 100 56+6 46766 9,4+0,7 7,93710,76
8 2 100 6018 48780 8,9+0,7 7,91711,10
100 58+8 46780 9,2+0,7 7,91711,76
average
0,455 0,136 . [22724]. , -
,-0,570 -0,090 ). . E. calamita
100« ./ 2 o o , « f
e 2,76%0,21
(p ,001; R°=0,316), o o ™ e e
0,410+0,025 ( pd,001; R?=0,417)( .2). , .,
(4250 [25] 45760 [26])
. ( 47769[17] 80 [18)).
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.1.o™ , Epidalea calamita . .
. ( * 1)
Fig. 1. Dynamics of juvenile Epidalea calamita land emergence in different experimental groups
in the experiment (group descriptions are given in table 1)

2. ™ e e Epidalea calamita

Fig. 2. Larval development duration and body length of juvenile Epidalea calamita
depending on initial stocking density per bottom area
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The aim of this study was to assess the climatic changes in the annual river runoff of the Northern Okhotsk Sea
region within the Magadan region. In the present work the analyzed series end with data for 2019. Observation series
of river runoff at eight hydrological stations were used in this work. By the method of hydrological analogy, these series
were brought to a multiyear period by restoring year-on-year values. Thus, the series of annual runoff for 195872019
were analyzed. The research method was the analysis of runoff time series for the presence of homogeneity in the mean
(Studentes criterion), as well as spectral analysis. Comparison of mean long-term values of runoff layers for two periods
(195872000 and 200172019) showed that the “norm” increased by 5737%. It should be noted that these changes are

226 not random according to the Studentes criterion with significance level of 5%. The presence of a trend in long-term water
availability fluctuations is also evidenced by the time course of the dynamic mean annual runoff. Analysis of the runoff
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series, mean annual air temperature and total annual precipitation made it possible to conclude that annual runoff increase
is caused by climatic changes, mainly by an increase in precipitation. It is possible that runoff increase is also due to the
thawing of ice in the permafrost strata. But you should pay attention to the fact that with climate warming, moisture losses
for evapotranspiration increase, primarily due to the growth of trees and shrubs. Moreover, this effect is more noticeable
in large catchments. A 6-year cyclicity was revealed in the long-term fluctuations of annual runoff. These fluctuations are
most likely a non-stationary complex Markov process. The results of this work will be useful for hydrological calculations,
long-term and ultra-long-term runoff forecasts, and studying the river ~ sea ecosystems. Further hydrological studies
should be carried out with the obligatory study of evapotranspiration in various landscape conditions.

Keywords: climatic changes, cryolithozone, river runoff, evapotranspiration, time series, trend.
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“Zero” greenhouse gas (GHG) emissions is one of the most pressing climate protection goals worldwide. The most
important questions for the Russian Federation are about the significance and role of the countryes ecological systems in
achieving “carbon neutrality”: creating conditions to reduce emissions and increase the GHG absorption by ecosystems,
the implementation of natural climate projects to protect the climate in the country, and recognition climate outcomes
of such projects at the national and international levels. This article analyzes legal and economic aspects of the emerg
ing trend of Russian drained temperate peatlands rewetting as a new carbon offset strategy. We discuss the regulatory
context and evaluate non-climate benefits. Drained peatlands rewetting holds promise for substantial GHG reduction
in the country. However, further development of the methodology and alignment with relevant international standards
is required for international recognition of the national carbon offset projects focused on drained peatlands rewetting.

Keywords: carbon offsetting, greenhouse gas emissions, nature-based solutions to climate change, rewetting of
drained peatlands.
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Climate change is considered to be the
most significant and urgent issue of the 21st
century. The main international framework for
climate protection includes the UN Framework
Convention on Climate Change (UNFCCC) [1],
the Kyoto Protocol to the UNFCCC [2], and the
Paris Agreement (PA) [3]. As these instruments
are being implemented into national legal sys-
tems, some authors [477] have noted a myriad of
theoretical, regulatory, and practical challenges
have surfaced that require attention at both the
national and international levels. Achieving car -
bon neutrality (or “zero” greenhouse gas (GHG)
emissions) is a pivotal issue since the adoption
of the PA [8710].

The role and significance of the countryes
ecological systems in attaining carbon neutral-
ity holds particular importance for the Russian
Federation [11]. The country endorsed the PA,
underscoring its commitment to safeguarding
forests and other ecosystems, enhancing their
absorption capacity, and emphasizing the need to
consider this capacity extensively in implement-
ing the PA mechanisms [11].

The aim of our study is to consider legal and
economic aspects of a new approach to nature-
based carbon offset projects in Russia, aligning
with the PA. Specifically, the focus is on drained
temperate peatlands rewetting.

Materials and methods of research

The study examines the potential of the
countryes ecological systems to implement a
new approach to carbon offsetting = specifi-
cally, the rewetting of drained temperate peat
lands. Additionally, the study seeks to outline
the non-climate benefits associated with such
carbon offset initiatives and scrutinize the
regulatory framework in the context of this
emerging trend.

Our methodology adopts an empirical and
interdisciplinary approach. Information was
sourced from scientific articles, reports and sta
tistical materials of international organizations
and national authorities as well as materials of
scientific conferences, focusing on nature-based
solutions to climate change, with a particular
emphasis on drained peatlands rewetting car
bon offset projects. An extensive internet desk
research, conducted using Yandex and Google
scholar, involved targeted searches employ
ing keywords and their combinations, such as
“drained peatlands rewetting”, “carbon offset
projects”, and “nature-based solutions to climate
change”.

The preliminary findings of this study were
presented at the 25th Saint-Petersburg Interna-
tional Forestry Forum, specifically during the
session on the climate agenda for forest users
held in September 2023 in Saint-Petersburg,
Russia (https://spiff.ru/en/#agenda). At a later
stage, discussions took place during several ses
sion on “Drained peatlands rewetting in temper -
ate climate conditions” at the 28th Conference of
Parties to the UNFCCC in Dubai, United Arab
Emirates, in December 2023. The above forums
provided valuable platforms for exchanging in-
sights and refining the research direction.

Results and discussion

Within the overarching research objective of
this article, it is crucial to underscore Russias
continuous commitment to the “Convention on
Wetlands” (Ramsar, Iran, 1972), a commitment
upheld since 1977. The primary aim of this Con
vention is the “conservation and rational use of
all wetlands” (Article 2). Wetlands, as defined
by the convention, encompass areas of marsh,
fen, peatland, or water, whether natural or ar-
tificial, with static or flowing water, whether
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fresh, brackish, or salt, including marine areas
with a depth not exceeding six meters at low tide
(Article 1) [12].

Peatlands constitute approximately 3% of
the global land area, and hold twice the amount
found in all the worldes forests combined, or
nearly as much carbon as the atmosphere [13].
However, drained peatlands have the potential
to release stored over millennia carbon into the
atmosphere, primarily through management
and wildfires. Scientists view the rewetting of
drained peat deposits as a promising and effec
tive carbon offset project [14, 15].

Notably, there have been discussions in Rus
sia regarding the possibility of withdrawing from
the above Convention since 2023 due to the Reso
lution XIV.20 adopted by the Ramsar Conven-
tion in November 2022 [16]. But the scientific
community actively advocates for Russiaes con
tinued involvement in this pivotal international
treaty, which addresses the conservation and
sustainable use of wetlands. They emphasize that
at present, there are 96 specially protected areas
in Russian wetlands under Ramsar jurisdiction,
for which the international Ramsar status is an
additional protection. Moreover, some of the
Ramsar wetlands in Russia are outside the pre
tected areas boundaries and this international
status is the only guarantee of their conservation
and sustainable use [17].

The “Strategy of Socio-Economic Develop-
ment of the Russian Federation with Low Green-
house Gas Emissions until 2050” (Resolution of
the Government of the Russian Federation No.
3052-r from 29.10.2021) is a cornerstone of the
socio-economic development plan with low GHG
emissions until 2050. This document emphasizes
the paramount importance of researching the ca
pacity of water bodies to absorb and accumulate
GHGs. Special attention is paid to the advancing
applicable technologies and implementing addi
tional measures to augment GHG absorption by
water bodies throughout Russia. In order to imple-
ment the objectives outlined in both the current
and intensive scenarios of the Strategy, various
actions are deemed essential. Among these, the
strategy highlights the imperative to undertake the
rewetting of previously drained peatlands, ensur-
ing their fire safety and effectively managing their
water balance [18]. This strategic approach aligns
with the overarching goal of fostering sustainable
development with reduced GHG emissions, ern
phasizing the pivotal role of wetlands in mitigating
climate change impacts.

Peatlands occupy approximately 8% of Rus
sia, and when considering shallow peatlands,

this figure expands to over 20% of the countryes
territory [14]. Remarkably, Russia harbors over
30% of the worldes peatlands, covering an exten
sive area of 80 Mha. The peat reserves in Russia
alone amount to 175 Gt, constituting 35% of the
total global reserves.

However, the environmental challenge lies
in the fact that drained peatlands globally con-
tribute to over 6% of the total CO, emissions.
Carbon dioxide emissions from drained peat
lands, including those from fires, are more than
2 Gt a® [19]. This accounts for approximately
25730% of total emissions in the global agri -
culture and 5% in the industrial sector [20]. Ac -
cording to [19], GHG emissions associated with
drained peatlands may account for 12°41% of
GHG emissions in the 202072100. This empha-
sizes the critical role that managing peatlands,
particularly addressing their drainage, plays in
mitigating global carbon emissions.

In Russia, over 10 Mha of peatlands were
drained until 1990: more than 5 Mha for agricul -
ture, over 3 Mha for forestry and more than 1.5
Mha for peat extraction [14]. Presently, a con-
siderable portion of these previously disturbed
and drained peatlands remains abandoned or is
utilized inefficiently, often resulting in land deg -
radation, peat fires, heightened GHG emissions,
and other detrimental outcomes. Therefore, the
practice of rewetting drained abandoned peat
lands is assumed to be most effective in order
to prevent and/or remedy such adverse effects,
but primarily to prevent peat fires, which differ
from other natural fires in their duration, release
of combustion products dangerous to humans
and carbon loss [21]. The rewetting involves
restoring natural moisture levels to approximate
those found in undisturbed wetlands. A profes
sional and ecologically informed application of
the rewetting process besides reducing GHG
emissions also yields various positive “benefits”.
These benefits encompass the reinstatement of
the territoryes hydrological balance, restoring
unique flora and fauna habitats as well as bie
diversity of wetlands, diminished risk of peat
fires, and enhancements in the socio-economic
status of surrounding areas, etc. [10725]. Un -
fortunately, the majority of previously drained
Russian peatlands are not categorized as water
bodies, which complicates the legal approval of
rewetting measures [21].

Nature-based solutions to climate change
encompass deliberate human interventions
aimed at reducing emissions and enhane
ing GHG absorption in ecosystems [26].
Particularly, a carbon offset project focused
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on drained peatlands rewetting entails a
scientifically grounded set of measures to
manage the water regime. This set of actions
is directed at the restoration of degraded
lands, optimizing ecosystem management,
and thereby contributing to the mitigation
of GHG emissions while facilitating carbon
storage in the form of peat.

The implementation of a carbon offset prof
ect on drained peatlands rewetting typically
includes the following stages.

1. Mandatory research and surveys.

In-depth examination of information related
to selected peatlands, encompassing geomer
phology, geology, hydrogeology, stratigraphy,
and developmental history. Conducting com-
prehensive field surveys to provide a thorough
and reliable characterization of the current state
of the peatland. Pre-selection of project sites to
enhance project efficiency and alignment with
stakeholder objectives, including the local com-
munities.

2. Development of project documentation
and its validation.

Formulating detailed project design docu-
ment that outlines the strategies, methodologies,
and expected outcomes. Subjecting the project
documentation to a validation process, ensuring
its alignment with established methodologies
and standards.

3. Project implementation.

Execution of planned set of actions for
drained peatlands rewetting based on validated
project documentation.

4. Development and implementation of
monitoring:

Establishment of a robust monitoring
framework to systematically assess the proj
ectes progress and impact. Regular monitoring
activities to track ecological and climate-related
parameters.

5. Obtaining climate results and verification.

6. Registration of the project and climate
results.

These stages collectively constitute a com
prehensive and systematic approach to the suc
cessful implementation, validation and verifica -
tion of a carbon offset project focusing on drained
peatlands rewetting.

Previous scientific research demonstrated
that carbon offset projects focusing on ecosystem
restoration can yield substantial climate benefit
[19, 27729].

Scientists estimate that the climate impact
of a carbon offset project focused on drained
peatland rewetting can vary widely, ranging

2740 t CO ,-eq. ha' a* [14]. This variability is
influenced by diverse factors. The amalgamation
of a broad spectrum of positive effects encom
passing environmental, social, and economic
aspects contributes to elevating the market value
of carbon units generated through the implemen-
tation of such projects.

Recognizing drained peatland rewetting as
a promising category of carbon offset projects,
Russian scientists advocate for its inclusion in
the Operational Plan of the Low Carbon Develop
ment Strategy-2050 [14]. This recommendation
underscores the potential of such projects to not
only mitigate GHG emissions but also to deliver
a multifaceted array of benefits, reinforcing their
significance within the broader framework of
sustainable development.

Considering the positive impacts associated
with drained peatlands rewetting and recogniz-
ing the potential for implementing such carbon
offset projects in Russia, the Federal State Bud
getary Institution of Global Climate and Ecology
has formulated a national methodology for the
execution of carbon offset projects focusing on
the rewetting of drained temperate peatlands. In
July 2023, the draft methodology, titled “Rewet -
ting of Drained Temperate Peatlands”, under-
went extensive public consultations, including
solicitation of feedback on the official website of
the national registry of carbon units (https://
carbonreg.ru/en/). Until September 2023, the
draft methodology remained accessible online
for all interested stakeholders, providing an op-
portunity to submit comments and insights for
consideration.

The formulation of a methodology for carbon
offset projects focusing on drained peatlands
rewetting, along with its open discussion, holds
the potential to serve as a catalyst for the wide
spread implementation of such projects across
various regions in the country. According to
[21], the assessment of the program of rewetting
of fire-prone peatlands in the Moscow region
(201072013; the peatland area was 1.5 thou
sand ha) showed a whole reduction of carbon
emissions by 33.4 kt by 2022; this reduction can
reach almost 113 kt by 2050. This could have a
positive impact on reducing GHG emissions,
not only on a national scale but also globally.
Prominent industrial entities in Russia are al -
ready actively engaged in initiating pilot carbon
offset projects centered on drained peatlands
rewetting in various regions, exemplified by
Severstal in the Vologda region, SIBUR in the
Nizhny Novgorod region, and RUSAL in the
Leningrad region [14].
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Conclusion

In conclusion, the rewetting of drained
temperate peatlands emerges as a promising
trend for carbon offset projects in Russia. The
nation possesses substantial ecological poten
tial for the successful implementation of such
initiatives, supported by the development of a
national methodology. Noteworthy prominent
industrial entities are already actively pursuing
pilot carbon offset projects in various regions of
the country, signaling a tangible commitment
to this environmentally impactful endeavor. The
outcomes of these projects extend beyond the
reduction of GHG emissions and the long-term
sequestration of GHGs in peat. The outcomes
also encompass the mitigation of fire hazards
in regional landscapes and the restoration of
the unique biodiversity inherent to wetland
ecosystems.

Presently, we explore avenues to showcase
Russiaes potential for implementing such car-
bon offset projects at the international level.
This outreach seeks to garner attention from
international experts, scientists, and investors,
highlighting the novel trend of drained temper -
ate peatlands rewetting as a viable carbon offset
strategy in Russia.

The authors of this paper emphasize the
crucial need for continued efforts to ensure that
the results of carbon offset projects on drained
peatlands rewetting, implemented in accordance
with the national methodology within the coun -
tryes territories, may also satisfy international
standards. This underscores the importance of
ongoing collaboration, advocacy, and engage
ment with international entities to promote the
acknowledgment of the methodology on drained
temperate peatlands rewetting on a global scale.
The commitment to international recognition
aligns with the broader objective of contributing
to worldwide efforts for climate mitigation and
sustainable ecosystem management.
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