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STUDY OF THE FEATURES OF THE FORMATION AND ACCUMULATION
OF UDMH AND NDMA IN PLANTS

The article provides a brief overview of current trends in studying the environmental impact of rock-
et and space activity. The effect of rocket fuel is disclosed, where the main toxicants are unsymmetrical
dimethylhydrazine (UDMH) and its transformation products: nitrosodimethylamine (NDMA), dimethyl-
amine, tetramethyltetrazene. The entry of rocket fuel components into the environment contributes to
the formation of local biochemical surface anomalies. The results of studies on the behavior of rocket
fuel components in the natural landscapes of the areas of falling of separated rocket carrier parts are
considered. The results on the formation and accumulation of UDMH and NDMA by plants at the sites
of accidental crashes of launch vehicles, with the results of a quantitative chemical analysis of samples
of plants and soils are summarized.

The work shows that in the soil at the places of emergency falls of the pH the contamination with the
products of the decomposition of UDMH, including NDMA, persists for a long time. There is a periodic
appearance of NDMA in plants in the absence of NDMG and NDMA in the soil, re-contamination of
the soil and vegetation cover of NDMG and NDMA after their absence for several years is also noted,
while the area of contamination of vegetation cover is tens of times higher than the area of identified soil
contamination by the RFC and their transformation products

It has been established that the formation and accumulation of UDMH by plants at the sites of SP
LV fallings depends on a number of factors: on the season of the year (humidity, temperature), on the
family of plants, on the geochemical conditions of their habitats, on the proximity of sources of intake
of UDMH, and that UDMH can be stored in plants, at the places of heptyl spills at the level of regional
pollution for more than ten years.

Key words: unsymmetrical dimethylhydrazine (UDMH), N-Nitrosodimethylamine (NDMA), rocket
and space activity, rocket fuel, soil pollution, formation and accumulation of UDMH and NDMA.
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Ocimaikrepae CEAMI xoHe HAMA KaAbINTacTbIpy XKoHe XXMHAKTay epeKLIeAiKTepiH 3epTrey

Makanasa FapbllTbIK-3bIMbIPAH KbI3METIHIH KOpLUAaFaH opTaFa acepiH 3epTTeyre OGafFblTTaAFaH
©3eKTi MBCEAEAEPTe LLOAY KEATIPIAreH. 3bIMbIpaH OTbIHbI KOMIMOHEHTTEPIHIH acepi, OHbIH GacTbl TOK-
CUKaAHTTapbl CUMMETPUSIAbI eMeC AumeTnArnapasuH (CEAMI) MeH eHiM eHiMAepi eKeHi aliKbIHAQAADI:
HUTpo3oAuMeTUAaMUH (HAMA), AMMETUMAAMWH, TeTpamMeTUATETpPaseH. 3biMblpaH OTbIHbl KOMIO-
HEeHTTEePiHiH KOplUaFaH opTara TYCETiH KOMIMOHEHTI >KEpriAikTi OGeTKenMAiK OUMOXMMMSABIK Oy3bl-
AbICTAPAbI Ty3yre KabiAeTTi. 3biMblpaH anatbl GOAFaH >KepAeri TabuFn AaHALLATaFbl OHbIH JKEKeAereH
TaCbIMAAAQYLLbIAAPbIHbIH, >K8HE OTbIHbl KOMMOHEHTTEPIHIH CcumaTTamaAapbl OOMbIHIIA 3epTTey >Ky-
MbICTapbIHbIH, HOTMXEAEPI KapacTbIpbIAAbI. TOMbIpaKTaH >KOHE OCIMAIKTEH aAblHFAH YATiAep OOMbIH-
LA XMMMSIABIK, TAAAQYAbIH CaHAbIK, KOPCETKILLUTepPiHiH HOTMXKEAEpi, 3biMbIpaH anatbl GOAFaH XXepAeri
TacbiMaAAayLLbIAapAbIH eciMaikTepaeri HAMA >xeve CEAMI XXnHaKTaAybl MeH Ty3iAyi 60MbIHLIA HO-
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THxeAepi TaapaHAbl. XKXymbicta 3T anatbl 60AFaH aiMMakTbiH TOMbIparbiHAA y3ak, yakbT CEAMI >keHe
HAMA eHimaepiMeH AacTaHy cakTaAaTbiHbl kepceTiaai. Tonbipakta CEAMI >xeHe HAMA 6oAmaraH
>KaFAaMAQ, OCIMAIKTIH KypambiHAQ y3Aikcis HAMA Tabbiayaa, coHaai-ak, bipHelle xbiaaaH kentiH CEA-
M >xeHe HAMA 6oAmMaraH Ke3AiH 63iHAE TOoMbIpak, 6CIMAIK XKaMbIAFbICbIHbIH, €KiHLLI PeT KaiTaAaHbIr
AaCTaHybl 6anKaAAbl, COHbIMEH KaTap AaCTaHy aiMarbiHAQ ©CIMAIK XKaMbIAFbICbIHbIH, PAKeTaHbIH XKaHap
>KaFap MarblHbIH KellEeHAEPIMEH >KOHe OHbIH ©3repreH eHIMAEpiMeH AacTaHybl aHbIKTAAFaH AACTaHy
KOpCeTKIlLTepiHEH OH ece acbin KeTKeHi GeAriAi GOAAbI.

3T Kb anattbl amarbiHaa CEAMI— eciMAiKTe XXMHAKTaAybl MEH Ty3iAyi GipHelue hakTopAapAbIH,
KaTapbiHa TOYEAAl eKkeHi OeKiTiAAL: >KbIAAbIH Mep3iMiHe (bIAFaAFa, Temrepartypara), ©CIMAIKTIH Ty-
KbIMAQCBIHA, >KEPTiAIKTI XepAiH reoxmmnsiablk, xarsaraapbiHa, CEAMI Tycy KesiHiH apakallblKTbl-
FblHA, 3bIMbIPaH OTbIHbIHbIH, OCIMAIKKE >K8HE TOmMbIPaK, >KaMbIAFbICbIHA Tycy Mealepi, HAMI rentua
TOriAreH arlMakTarbl ©CIMAIKTIH KypaMbIHAQ XKEPTiAIKTI AaCcTaHy AeHreni GOMbIHLIA OH XKbIAAAM acTam
YaKbIT CaKTaAybl MYMKIiH.

TyiiH ce3aep: CUMMETPUSIAbI eMeC AMMETUATMAPA3KH, HUTPO3OAMMETUAAMMH, Fapblll-3bIMbIpaH
KbI3METi, 3bIMbIPAH OTbIHbI, TOMbIPaKTbIH AacTaHybl, CEAMI >xeHe HAMA Ty3iAyi >keHe >KMHaKTaAybl.
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N3yyeHne ocobeHHocTel 06paszoBaHms U HakonAeHuss HAMI u HAMA B pactenmsix

B ctaTbe npuBeaAeH KpaTkmii 0630p aKTyaAbHbIX HAMPABAEHWI M3y4YeHWs BO3AEWCTBUS PAKeTHO-
KOCMMYECKOM AeSTEAbHOCTM Ha OKpY>Kalolllylo cpeAy. PackpbITo BO3AECTBME PAaKeTHOro TOMAMBA,
A€ FAABHbIMW TOKCUMKAHTaMM SBASIOTCS HECUMMETPUYHOTO AMMeTUArnapasmHa (HAMI) 1 npoaykTbl
ero TpaHcdopmaumm: HUTpodoanmeTuaammd (HAMA), AMMeTnAaMUH, TeTpameTuATeTpaseH. [Monaaa-
HMEe KOMMOHEHTOB PAKETHOMO TOMAMBA B OKPY>KAIOLLYIO CPeAY CMOCOOCTBYET 06pa3oBaHMI0 AOKAAbHbIX
OUMOXMMNYECKMX MOBEPXHOCTHBIX aHOMaAMii. PaccMoTpeHbl pe3yAbTaTbl MCCAEAOBAHWI MO M3YUYeHUIO
noBeAeH s KOMIMOHEHTOB PaKeTHOro TOMAMBA B MPUPOAHbIX AaHALLA)TAX PAaiOHOB MaAEHWUS OTAEASIO-
LMXCS vacTen paker-HocuTeaen. O606LIeHbl pe3yAbTaThbl Mo 06pasoBaHMio M HakonAeHio HAMI u
HAMA pacTeHVsMM Ha MecTax aBapuiHbIX MaAEHUI paKkeT-HOCUTEAEN C pe3yAbTaTaMu KOAMYECTBEH-
HOrO XMMMYECKOro aHaAm3a npo6 pacTeHui 1 NoYB.

B paboTe nokasaHo, 4To B oYBe Ha MECTax aBapuiHbIX MaaeHuin PH AAMTEAbHOE Bpems CoXpaHsieT-
C9 3arpsg3HeHune npoayktamm pacrnasa HAMI, B Tom uncae HAMA. OTmeuvaeTtcs nepuoamyeckoe
nossaeHne HAMA B pactenmsix npu otcytcteBum HAMI 1 HAMA B nouBe, Tak>ke OTMeYeHO MoBTOp-
HOe 3arpsg3HeHune NnoYBeHHo-pacTuTeAbHoro nokposa HAMI 1 HAMA nocae mx oTCyTCTBUS B TeUeHMe
HECKOABKMX AET, MPY 3TOM, MAOLLAAN 3arpPsi3HEHUS PACTUTEABHOIO MOKPOBA B AECITKM Pa3 MpeBblLLaAn
MAOLLLAAM BbISIBAEHHOTO 3arpsidHeHms nousbl KPT 1 npoaykTamm nx TpaHcgopmaumm.

YcTtaHoBAeHO, UTO 0b6pa3oBaHue u HakornaeHne HAMI pacteHnsmu Ha mecTtax nasexduin OY PH
3aBMCAT OT pgAa (PaKTOPOB: OT Ce30Ha roaad (BAAXXHOCTM, TemrepaTypbl), OT CEeMeiCTBa pacTeHui,
reoXMMMUYECKMX YCAOBUIA MECT MX MpomM3pacTaHmsi, 6GAM30CTU MCTOUYHMKOB nocTynAeHms HAMI, koan-
YyecTBa MOCTYMNUBLLUErO Ha NMOBEPXHOCTb MOYB M PacTeHMn TONAMBA, 1, YTO HAMI MoXeT coxpaHaTbcs
B paCTeHMsIX, Ha MeCTax NMPOAVBOB renT1Aa Ha YPOBHE PErMOHAAbHOMO 3arps3HeHnst GoAee AECATU AeT.

KAtoueBble cAoBa: HECMMETPUYUHBIA AMMETUATMAPA3UH, HUTPO30ANMMETUAAMIMH, PaKETHO-KOCMM-
yeckas AESITEAbHOCTb, PaKETHOE TOMAMBO, 3arpsi3HeHKe noyuBbl, obpasoBaHue u HakornAeHrne HAMI u
HAMA.

Introduction

Intensive development of the rocket and space
activity (RCA) began in the 60s of the XX century.
Now it is one of the most important intellectual and
technical activities of humankind in the interests of
solving national economic, scientific and defense
tasks. At an early stage of its development, the main
attention was paid to the creation of rocket and space

technology proper, but as more and more powerful
and modern space systems appeared, gaining experi-
ence in their operation, it is understood that the space
industry is a specific source of environmental pollu-
tion. Like any industry, the rocket and space complex
have an impact on many components of the surround-
ing nature, especially in the areas where the space-
port operates and the fall of the first stages of launch
vehicles (Batyrbekova, 2004: 124-130). The environ-
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mental impact of the RCA on the environment is very
diverse — chemical, mechanical, acoustic, thermal,
electromagnetic. Some of these types of effects are
interrelated and their contribution to the general dis-
turbance of the environment can have a synergistic
effect. The areas for the position area of the Baikonur
Cosmodrome — 6.7 thousand km? and 22 zones of in-
cidence of depleted launch vehicle stages, including
46 areas of fall — 41.3 thousand km? (Batyrbekova,
2004: 124-130; Zhubatov, 2011: 74-79).

During of the Baikonur cosmodrome operation,
space objects of various purposes were launched.
The major components of rocket propellant for mis-
sile heavy class (Proton and etc.) are unsymmetrical
dimethylhydrazine (UDMH, heptyl) and nitrogen
tetroxide (NT, amyl), the main toxicants are UDMH
and the products of its transformation: nitrosodi-
methylamine, dimethylamine, metiltriazol, dimeth-
ylformamide, formaldehyde, oxides of nitrogen,
hey are classified as hazard class 1 (Dogovor arendy
kompleksa «Bajkonur» mezhdu Pravitel’stvom Ros-
sijskoj Federacii i Pravitel’stvom Respubliki Kazah-
stan, 1994).

The entry of rocket fuel components into the en-
vironment contributes to the formation of local bio-
chemical surface anomalies. The negative effect of
the rocket and space activity (RSA) in Kazakhstan is
intensifying due to climatic and geographical condi-

tions. The areas around the Baikonur Cosmodrome
belong to the desert and semi-desert zones and are
characterized by low annual precipitation, frequent
winds. (Batyrbekova, 2004, 124-130).

According to the results of many years of
research conducted by the RSE «SRC Garysh-
Ekologiya» together with the Russian side in the
field of accidents of the RS-20 «Dnepr» space rock-
et in 2006 and the «Proton-M» launch vehicle (LV)
in 2007 in the Karaganda region, it was found that
2-3 years after repeated detoxification of soils con-
taminated with heptyl to the MPC level, not only
UDMH derivatives (nitrosodimethylamine, dimeth-
ylamine, methyltriazole, dimethylformamide, form-
aldehyde, nitrogen oxides) appear in the soil, but
and often the UDMH itself. In addition, contamina-
tion of the vegetation cover of UDMH and NDMA
in an area exceeding the soil contamination area
hundreds of times was found around the place of the
strait of heptyl. At the sites of the emergency fall
of fragments of the Proton-M PH in 2007 in more
than 50% of the plant samples, in 2009, UDMH was
detected in concentrations from 0.16 to 1.9 mg/kg,
and NDMA was absent. On the contrary, in the fol-
lowing 2010, UDMG was not detected in plants, and
in 83% of samples NDMA was recorded in the range
of 0.1-6.9 mg/kg (Table 1) (Zhubatov, 2011, 74-79;
Bajtulin, 2006, 30-40).

Table 1 — Results of the quantitative chemical analysis of samples of plants taken at the places of fall (06.09.07y.), 2007-2011yy.

Zr}llg ar)epti;rr::irtti(?rf;lh soﬁpgtitiii «Briz-M» upper stage and part of Second stage of the
P the spacecraft launch vehicle «Proton-M»
of the spacecraft
Survey year
total samples with UDMH total samples with UDMH total samples with UDMH
samples and NDMA samples and NDMA samples and NDMA
P (concentration mg/kg) p (concentration mg/kg) P (concentration mg/kg)
2007 4 n?) : (c)lelt‘e‘;&izn]e d 12 not determined 11 not determined
2009 45 23(0.16-19 33 7(0.2-1.9 37 2 ((1) 3%?(?37)
3(0,30-1,00) H/0 e
2010 s 56 (0.1-6.9) " S (00 o 527) g not determined
not determined U 8 (0,11-1,44)
not determined
2011 12 12(0.11-0.21) 51 - - -

Note: in the numerator — the data of laboratory studies of the Kazakh side, in the denominator — the Russian side.
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Initial data and research methods

Studies on the effects of chemical pollution
on the ecological state of the environment began
to be conducted in 1991 in most areas of falling
of separating parts of launch vehicles located in
Central Kazakhstan, Russian Federation. The
methodological basis for assessing the ecological
status of areas of falling of separating parts of
launch vehicles was an analysis of asymmetric
accumulation and migration. dimethylhydrazine in
landscape systems (Kasimov, 1994: 110-120).

The object of research at the sites of emergency
falls of the «Proton-M» LV in 2013 in the position
area of the Baikonur cosmodrome and in 2007 in
the territory of the Ulytau district of the Karaganda
region was soil and vegetation. The floristic study
of vegetation was carried out in the general system
of field observations, since in order to identify the
trend of development and changes in vegetation,
information is needed on other components of
ecosystems and their parameters. The vegetation
subsystem is the main functioning natural block
of ecosystems. It induces any changes to other
components, including man-made. The inherent
properties of vegetation in excess of informativeness
and physiognomy in the landscape make it possible
to visually assess the destructive changes in
ecosystems.

The state of vegetation is determined by
the specific type of habitat with all its peculiar
processes and phenomena. Therefore, the
ecosystem or landscape-dynamic approach was
used as a theoretical research platform, which
allows a comprehensive approach to assessing the
state of vegetation and to identify relationships of
interaction with other components (soils, waters,
etc.) (Kasimov, 1994: 110-120).

As a methodological basis, traditional methods
of geobotanical research were used: descriptions
of phytocenoses, landscape-ecological profiling.
Special attention was paid to the study of the
spatial distribution (structure) of vegetation in its
relationship with other components of the landscape
(relief, soil, etc.), assessment of the state of
phytocenoses, identification of rare, endemic species
and communities, assessment of biodiversity.

Results

The results of the first studies on the behavior
of rocket fuel components in natural landscapes
of the areas of falling of separating parts of launch

vehicles (SP LV) were considered in the works of
Russian authors (Lavrenko, 1959-1972: 1805).

It is known that the main toxicants of rocket
fuel are asymmetric dimethylhydrazine (UDMH)
and its derivatives, which are included in the
register of hazardous chemical compounds of the
US Environmental Protection Agency. UDMH
belongs to the group of carcinogenic and mutagenic
substances and causes undesirable effects in the
environment and in the population, who constantly
are exposed to it (Transformation of unsymmetrical
dimethylhydrazine in soils using chromatography/
mass spectrometry, 2010: 1266-1272; Kozlovskij,
2018: 134).

The main paths for the entry of rocket fuel
components into landscapes are aerogenic dispersion
and spills both in the case of the SP LV on the ground
and in case of accidental falls. Most of the incoming
fuel burns and evaporates in the atmosphere. The
smaller one is captured by vegetation, penetrates
the soil, and dissolves in water. In contrast to the
soils, which are mostly polluted in the places of
heptyl spills when the SP LV fall, the vegetation is
polluted on a larger area. As a result of the fallout
of toxicants from the atmosphere, extensive regional
surface anomalies are formed at the sites of the fall
of the SP LV beyond them.

A number of experiments studying the
distribution of UDMH in plant organs (aboveground
and underground parts) confirms this. Washes
were made with distilled water from the surface of
vegetative organs of plants, the presence of UDMH
in this solution and its presence of UDMH in
vegetative organs after washing with distilled water
was determined (Table 1) (Lavrenko, 1959-1972:
1805; Ayvazyan, 1979: 42-47; Ensing, 2003: 5722-
5731; Kozlovskij, 2018: 134).

The crash site (CS) of the «Proton-My»
launch vehicle in 2007 in the Ulytau district
of the Karaganda region of the upper part of
the «Briz-M» upper stage (US) and part of
the spacecraft (SC) transition compartment is
characterized by a complex of patches of bare soils
with heterogeneous in all points from the center of
the CS by a highly sparse vegetation cover in the
form of dry groups of annual salmon, weedy forbs
and roots of wormwood with single vegetative
individuals of Tatar iksilirion and mountaineer
with a protective cover of 1-3%, with an average
height of those plants 10-15 cm. The dry shoots
indeterminate plant is covered with a height of 15-
20% of dry shoots of 10-20 cm (Fig. 1).
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Figure 1 — General view of the crash site of the «Briz-M» upper part and part of the spacecraft transitional compartment

The crash site of the LV «Proton-M» 2013 in
the Kyzylorda region in the summer of 2018 was a
more or less flattened surface with the presence of
furrows, which was the result of plowing during the
remediation in autumn 2017, gradually rising to the
south of the CS.

In the territory of the immediate site of the fall,
in the autumn period, sparse groups marked over-
grown disturbed lands and individual specimens of
ruderal one-year-old salt worms, such as the hodge-
podge and ebelek, with projective soil cover from
3% to 10%.

The average height of plants is 15-25 cm,
sometimes reaching 40 cm. The presence of dry
ephemeral grasses (Tatar rhubarb) is noted. As
the distance from the place of fall increases, the
projective soil cover increases to 15%. Visual ob-
servation of abnormal changes in the morphologi-
cal structure of plants, such as gigantism, did not
reveal a change in the color of leaves and stems
(Figure 2).

The airborne route of entry of a pollutant into
plants is indicated by the presence of UDMH in
washes and its absence after flushing, which can
be traced back to examples of plant species such as
Anabasis salsa, the Mature and Festuca sulcata fam-
ily, the Cereal family, the Artemisia pauciflora fam-
ily, the Compositae family, and in the place of fall,
and at a sufficiently large distance from the place
of fall (MP). The presence of UDMH in the sample

ISSN 1563-0234

after flushing and its absence in flushing confirms
the soil route of entry (Stipa Lessingiana, Artemisia
pauciflora). In the case of the presence of UDMH,
both in the washout and in plants after the washout
(Atriplex Sapa, Artemisia pauciflora), the presence
of two possible ways of entering UDMH in plants is
confirmed (Lavrenko, 1959-1972: 1805; Ermakov,
1996: 15-19).

Thus, it is noted that plants are capable of ab-
sorbing UDMH with all their organs from different
phases of the external environment (gaseous, sol-
id), and dead plants can be a long-time supplier of
UDMH to the natural environment. In addition, veg-
etation is the best indicator to determine the area of
dispersion of UDMH, in an area where there are no
conditions for its conservation in the soil (Kasimov,
1988: 254; Kozlovskij, 2018: 134).

It is known that NDMH, entering the
surrounding natural environment, can remain
unchanged or bind with natural substances, mainly
organic (fulvic acids, humic substances, etc.),
and partially transformed into N-nitrosoamines,
including nitrosodimethylamine (NDMA). This can
form tetramethyltetrazene (TMT), methylmethylene
hydrazine (MMG), dimethylamine (DMA).
The final products of transformation of UDMH
in environmental objects are nitrates, nitrites,
formaldehyde, hydrazincarboxylic acids and other
substances (Himiya, 1973: 187-190; Powell, 2002:
1-31; Smolenkov, 2005: 344).
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Figure 2 — Place of emergency fall of the «Proton-M» LV 2013 in September 2018

Table 2 — The presence of UDMH in washes from the surface of plants and after washout

Genus and species of plants Place of selection UDMH in flushing, mg / dm? UDMH;fg;’li;usmng’
Anabasis salsa CS 0,16 H/0O
Atriplex cana CS 5,8 0,8
Artemisia pauciflora CS 0,04 4,44
Atriplex cama 250 m from CS 0,02 0,52
Lasiagrostis splendens 300 m from CS H/O H/O
Stipa Lessingiana 500 m from CS H/0 0,20
Artemisia pauciflora 1000 m from CS H/0 0,36
Artemisia pauciflora 1500 m from CS 0,01 H/0
Festuca sulcata 1750 m from CS 25,2 H/0

The Plants are able to actively absorb UDMH
from the soil; the decomposition of UDMH in them
occurs without the formation of NDMA, and TMT,
the composition of the soft tissues of the plant af-
fects the ability to bind heptyl.

The study of UDMH in the soil-plant system
indicates the selective biochemical specialization of
vegetation in relation to UDMH. The degree of con-
centration of UDMH in plants depends on a num-
ber of factors: the type of plant, the geochemistry
of growing areas, and the intensity of pollution. The

ingress of UDMH into plants occurs both from the
soil through the root system and directly from the
atmosphere (Vorozhejkin, 2000, 56; Keneson, 2010,
32-39; Puzanov, 2007, 21-25).

In order to determine the levels of UDMH in
the vegetation cover, while studying the behavior of
rocket fuel components in soils, waters and plants,
in 1994, 240 the plants samples from 15 families
were selected and analyzed. As a result, species
differentiation in the accumulation of UDMH by
plants was revealed: its occurrence in cereals (fes-
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cue, wheat grass, cobweed) accounted for 35% of
the samples of this family, in hard-to-grow (worm-
wood) — 42%, in specimens (cockpeck, keyreuk,
izen) — 50%. In spring, UDMH was found in 50% of
ephemeroid samples. Two years later, similar stud-
ies on plant tolerance to RFC were conducted and it
was noted that plants from the family of Composi-
tae and Mature plants growing on solonetz, meadow
solonchaks and meadow-marsh soils, especially in-
tensively absorb UDMH (Smolenkov, 2001a: 1769-
1772) (Smolenkov, 2005b: 1089-1100).

During the growing season of plants and
sufficiently high temperatures, UDMH actively
evaporates and is captured by young shoots of
plants, both from the soil and from the surface layer
of air. In the spring, UDMH is recorded in almost all
plant species. As for microelements, the levels of its
concentration depend on the species biogeochemical
specialization of plants (Santos, 2009: 736-742;
Bajtulin, 2007: 55-65).

In 2000, the results of the newly carried out
works on the basis studies of the SP LV fall in
1991-2000 about the effect of RFC on plants also
confirmed that the components of rocket fuel
are accumulated mainly by the plants species of
the Mature family (Chenopodiacea gray quinoa
(Atriplex cana), Compositae (Asteraceae) — white-
ground wormwood (Artemisia terrae-alba) and
Cereals (Poaceae). The greatest interest in these
landscapes is the biogeochemistry of cereals
(Poaceae), which dominant in the composition of
many steppe plant communities (Ensing, 2003:
5722-5731; Vorozhejkin, 2000: 24-31).

Similar work on the maintenance and
accumulation of UDMH plants was carried out
by scientists, in addition, plants were identified —
indicators of RFC contamination and their indication
signs (Bisarieva, 2012: 108-115; Bajtulin, 2006: 30-
40; Denisov, 2004: 452-456).

It was also established that plants could use small
concentrations of heptyl as an additional source
of nitrogen and carbon, while large concentrations
negatively  affect plants, causing certain
morphological and anatomical changes. UDMH
initiates all types of chromosomal abnormalities in
plants (Nurusheva, 2006: 99-102; Carlsen, 2008, 11-
12; Salthammer, 2010: 2536-2572).

In the steppe ecosystems at the end of spring,
there is an increased content of nitrates in the soils.
This is due to the death of ephemera and ephemeroids.
This dramatically increases the proportion of
organic compounds, therefore, increases the activity
of heterotrophic microorganisms in nitrification,
that is, we can expect an increase in the content of
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hydroxylamines (Kondratyev, 2005: 16; Umarov,
2007: 138).

In the summer, the steppe wormwood has a
specific peculiarity of nutrition — they quickly
absorb substances from the soil and return them to
the natural circulation with the end of the life cycle.
Biirgun communities also behave. NDMA may
form in the process of nitrogen transformation in the
steppe zone in the warm period in plants (Carlsen,
2008: 11-12; Salthammer, 2010: 2536-2572;
Kondratyev, 2005, 16).

Soil pollution by UDMH has an impact on plants,
causing changes at all levels of their organization
for a long time. According to the degree of load on
plants and related biota, UDMH concentrations are
classified as low — less than 0.1 g / kg, moderate
- 1.0, 2.5 and 5.0 g / kg, high — 10-50 g / kg, and
very high — 100 g / kg of soil. At low levels of soil
content UDMH observed stimulation of growth,
development, increase plant productivity; increase
their resistance to adverse environmental factors;
with moderate ones, a short-term slowdown in
growth and development, a decrease in some
productivity indicators, further followed by their
increase. At high levels of soil contamination, there
is a significant slowdown in development and a
decline in most of the growth and productivity of
plants. At the maximum concentration of UDMH
in the soil, the plants die. The result of exposure
to UDMH in moderate and high doses on plants
is similar to the observed effect with an excess of
nitrogen in the soil (Morgenstern, 2001: 219-237;
Carlsen, 2009: 415-423).

As a result, it can be said that the formation and
accumulation of UDMH by plants at the sites of HF
PH drops depends on a number of factors: on the
season of the year (humidity, temperature), on the
family of plants, on the geochemical conditions of
their habitats, on the proximity of the sources of
NDMG input and plant fuel, and that UDMH can
persist in plants of the places of falls at the level
of regional pollution for more than ten years. An
important indication is the increase in the level of
UDMH in plants at the end of the growing season.

However, despite the studies, the maximum
permissible concentrations of UDMH in plants
during 1991-2017 yy have not been established,
which was the reason for further study of the effect
of MCT pollution and its consequences at the sites of
launch vehicle accidents (Denisov, 2004, 452-456;
Carlsen, 2008, 11-20; Smirnov, 2010, 1266-1272).

Consequences of accidents of space rocket
(SR) RS-20 «Proton-M» in 2006 and in 2007,
launched from the Baikonur cosmodrome were
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characterized by violation of the integrity of land
cover and pollution by asymmetric dimethyl
hydrazine (UDMH) and its soil transformation
products and vegetation. On the degree of danger
of contamination of wild plants for wild and farm
animals, and ultimately for humans, there are still
no scientifically based conclusions.

Investigations conducted 6-7 years after the
«Proton-M» 2007 rocket crashes in the samples
of plants, UDMH and NDMA has found on an
area several times larger than the area of soil
contamination. At the same time, UDMG and
NDMA were detected in plants after a period of
their absence in the soil for several years (Zhubatov,
2011, 74-79; Bajtulin, 2006, 30-40).

Similar results on the presence of CMT in plants
were obtained in the area of the emergency fall of
the «Proton-M» LV in 2013 in the Kyzylorda region.
A year after the soil detoxification at the site of the
ILV accident, in 2014, 36 samples of plants were
collected — white-ground wormwood (Artemisia

terrae-albae, Compositae family) for the presence of
UDMH and NDMA. The scheme of sampling of soil
and plants at the site of an emergency drop of the
Proton-M LV shown in Figure 3 (Zhubatov, 2011:
74-79; Bajtulin, 2006: 30-40).

In all plant samples, the presence of UDMH and
NDMA was not detected within the sensitivity range of
the applied measurement procedures. Repeated studies
in the positional region of the Baikonur cosmodrome
were carried out 4 years after the accident of the
«Proton-M» LV in August 2017. The 34 samples of
plants and 34 samples of soil were selected.

In the soil samples, UDMH was detected with an
excess of MPC by 1.1 units (1 sample) and NDMA
in 4 samples with an excess of MPC by 5-8.4 units.
In 18 samples of vegetation, which is 53% of the
total number of samples, NDMA was found in a
concentration of 0.12-4.025 mg/kg with an increase
in the radius of contamination, up to the background
area (RF-5 point) with a concentration of 0.87 mg/
kg (Figure 3) (Smirnov, 2010: 1266-1272).
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Figure 3 — The scheme of soil and plant contamination at the crush site of the «Proton-M» LV (02.07.2013y.) in 2017 y.
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As it turned out, most of the contaminated
samples are plants of the Mature and Compositae
family. This once again confirms the version of the
Russian and Kazakh authors A.P. Vorozheykin, T.V.
Koroleva, A.V. Puzanov, Yu.V. Proskuryakov and etc.
(2000; 2007), 1.O. Baytulin, N.P. Ogar (2000; 2006),
who point to the selective biochemical specialization
of vegetation in relation to UDMH, that wild plants
of these families are more capable of forming and
accumulating RFC in their organs (Himiya, 1973:
187-190; Bajtulin, 2007: 55-65; Vorozhejkin, 2000:
24-31; Bisarieva, 2012: 108-115).

In addition, as a result of the research and
chemical analyzes, it was revealed that NDMA is
present in plants at some sampling points, while it

is not present in the soil (point’s P-44, P-25, P-39,
P-52, P-34, and PLI-4). At the same time, a situation
is observed where UDMH is present in the soil,
and it is not found in plants (points PLI-1, PLI-3)
(Table 3). This suggests that plants can accumulate
pollutant and airborne and soil (Zhubatov, 2011: 74-
79; Bajtulin, 2006: 30-40).

The similar results and conclusions about the
pathways of RFC entry into plants were also traced
in the works of Russian authors on the example of
such plant species as Anabasis salsa, Madness and
Festuca sulcate families, Cereals family, Artemisia
pauciflora, Composites family, and both at the place
of the fall, and at a sufficiently large distance from
the CS.

Table 3 — Results of the quantitative chemical analysis of samples of plants and soils taken at the crush site of «Proton-M» LV

(02.07.2013y.) in 2017 y.
The results of the analysis of relevant soil
Sample plants Deﬁnable MPC, Analysis of results, (Ofrl\r/?\rll) samples, mg/kg
indicator mg/kg mg / kg +,mg/ kg MPC, Analysis of results,
mg/kg mg / kg

1 P-78 UDMH - 0,32 0,08 0,01 n/d

2 P-5 UDMH - 0,32 0,08 0,01 n/d

3 P-10 UDMH - 0,20 0,05 0,01 n/d

4 P-3 UDMH - 0,76 0,19 0,01 n/d

5 PD-5 UDMH - 0,87 0,22 0,01 n/d

6 P-2 UDMH - 1,27 0,32 0,01 n/d

7 P-55 UDMH - 0,14 0,03 0,01 n/d

8 P-24 UDMH - 0,39 0,10 0,01 n/d

9 P-25 UDMH - 0,12 0,03 0,01 n/d

10 P-52 UDMH - 0,75 0,19 0,01 n/d

11 P-34 UDMH - 0,13 0,03 0,01 n/d

12 P44 UDMH - 0,61 0,15 0,01 n/d

13 P-39 UDMH - 0,62 0,155 0,01 n/d

- UDMH - 1,68 0,42 0,01 (5’(%187513(:)
UDMH - n/d - 0,1 (1’%\%},@

15  PL-2 UDMH - 1,765 0,44 0,01 0.058

(5.8 MPC)

UDMH - 0,72 0,18 0,01 -

A T . o wd 0,1 (50MPO)

17 PL-4 UDMH - 4,025 1,01 0,01 n/d

18  PI-5 UDMH - 0,203 0,051 0,01 (8,%%@
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As a research object (plant species), a spe-
cies list of wild plants capable of accumulation of
UDMH and NDMA was compiled: White-ground
wormwood (Artemisia terrac-albae, family Astera-
ceae), Oriental solyanka, keireuk (Salsola orientale,
family Chenopodiacea), Chinotus creeper (Agro-
pyron pectiniformee), Lessing’s Featherbird (Stipa
lessingiana, family Poacea), the choice of which is
justified by years of research, as well as their asso-
ciation with the peculiarities of the territory as in-
digenous species.

Based on the results of our own research on
eliminating the consequences of the accidental fall
of the «Proton-M» LV, it has been established that
contamination with the products of the decomposi-
tion of UDMH and NDMA persists for a long time
in the soil at the crush sithe of the LV. There is a pe-
riodic appearance of NDMA in plants in the absence
of of UDMH and NDMA in the soil, re-contamina-
tion of the soil and vegetation cover of UDMH and
NDMA after their absence for several years is also
noted, while the area of contamination of vegetation
cover is tens of times higher than the area of identi-
fied soil contamination of soil RFC products of their
transformation (Smirnov, 2010: 1266-1272).

Given the significant gaps in this matter, con-
ducting experimental research will expand the un-
derstanding of the nature of the pollution of UDMH
and NDMA plants, including repetitive, on the areas
subjected to historical pollution by rocket fuel com-
ponents and in the adjacent areas (Kozlovskij, 2018:
134).

Conclusions

Revealed significant differences in the accumula-
tion of UDMH by different plant species, in the field
of heptyl straits. Its content in cereals was 35% of the
samples of this family, in the color asbestos —42%, in
the haze — 50%. A species list of wild plants capable of
accumulation of UDMH and NDMA was compiled:
white wormwood (on the basis of artificial pathogens
(onionterae terrae-albae, family Asteraceae), East-
ern sapling, keyreuk (Salsola orientalele, and on the
family of Chenopodiacea), couch grass (Agropyron
pectinus), Agropyron pectinus, Agropyron pectinus,

and Chenopodiacea); lessingiana, family Poacea), the
choice of which is justified by years of research, as
well as their association with the characteristics of the
territory as indigenous species.

A comprehensive environmental survey of the
soil and vegetation cover at the sites of accidents of
«Proton-M» LV was carried out. A visual inspection
of the state of the vegetation cover, assessment of
the status of plant communities and assessment of
the level of soil and plant pollution by rocket fuel
components and their transformation products at the
sites of the «Proton-M» LV in 2007 and 2013 were
performed.

At the sites of accidents of the «Proton-M» LV in
2013 and 2007, respectively, 72 and 165 samples of
plants (with separation of the aerial and root parts)
were selected for quantitative chemical analysis of
the content of UDMH and NDMA. At the sampling
sites, 24 and 50 soil samples were also taken from
the surface layer of 0-25 cm, respectively, to deter-
mine the content of UDMH, NDMA, nitrate ions,
ammonium nitrogen, and pH.

Conducted quantitative chemical analyzes of
samples of environmental objects. According to the
results of the analyzes, residual contamination of
the soil of RFC and their transformation products
revealed:

— at the crash site of the 2013 «Proton-M» LV in
the position area of the Baikonur cosmodrome in 4
samples (2 points) of the soil, NDMA was detected
at 5-8 MPC, nitrate ion in 9 samples exceeds the
MPC (130 mg/kg) 1.1 — 4.5 units. The presence of
NDMA is not detected;

— at the crash site of the upper part of the upper
stage «Briz-M» and part of the transitional compart-
ment of the spacecraft UDMH in 4 points is within
the MPC, in 1 sample exceeds the MPC by 1.24
units. In present the NDMA is not detected.

According to the results of a quantitative
chemical analysis of plant samples, the presence of
UDMH and NDMA in all samples was not detected
within the sensitivity of the measurement procedure
(<0.1 mg/kg).

The study of factors contributing to the accu-
mulation in plants of UDMH and NDMA requires
further research.
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