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Annotation. The purpose of the article — investigation of one of the most unusual coasts of
the Caspian Sea in the Kazakhstan area, not only as the place chosen by JSC " KazMunayGas " for
construction of a shipyard, but also as a territory on which land is suitable for the development of
vegetable and melon crops growing. In this article, sites No. 1 and No. 2 are considered as the
alternatives for the shipyard construction. For us, the most interesting area for investigation is site
No. 2, where a large variety of edaphic types of desert communities predominates in comparison
with the site No. 1, which is located near the salt valley Ashisor. The studies are made due to the
poor knowledge of this part of the Mangistau region, and the wide spread of desert communities
with the involvement of cereals (Agropyron fragile, S. oaapia, S. sareptana - the latter occurs in the
middle desert).

Subject of research — assessment of the impact of the planned shipyard construction on soil
condition of local vegetation. The increased content of some heavy metals (Cu, Cr, and Zn) in the
soils of the chosen area is substantiated. The research was conducted in accordance with generally
accepted methods, taking into account the experience of similar work carried out in 2012-2015 on
the condition of some environmental components in the coastal zone of the Caspian Sea.

Cartographic materials are completed using GIS software products: Marmfo Professional
v.10.2 SAS. Planet 160707.

Key words: Caspian Sea, Kashagan, Mangistau, Kuryk, Azerbaijan, transport, oil, plant,
shipbuilding, ship repair, desert, soil, vegetation, wormwood, communities, monitoring, heavy
metals, oil products.

Introduction

Environmental protection and safety issues of the Caspian Sea and its coastal zones are
reflected in the main directions of economic and social development of the Republic of Kazakhstan
for the period up to 2050 [1 ]. Mangistau region is one of the hydrocarbon production areas, where
large offshore and onshore oil fields are concentrated. Prospects for the development of a system of
crude oil transportation by sea have led to the need to forecast new shipbuilding facilities required
for the construction of new vessels. The most preferable site, according to the recommendation of
KazMunayGas JSC, was chosen to be the area of the Kuryk settlement, since, within the framework
of the industrial development of the Republic of Kazakhstan, the coastal part of the Kuryk
settlement should become the third base for maritime operations along with the ports of Bautino and
Aktau [2]. In the feasibility study for the shipbuilding and ship repair yard in the settlement of
Kuryk, the following were considered (Figure 1):

- plot 1, located approximately 2.5 km from the village of Kuryk, in the area of the Ersai
shipyard, in particular, ERSAI Caspian LLC Contractor (ERSAI) LLC);

- plot 2, located at a distance of about 12.5 km from the village of Kuryk.

Based on the results of studies of the planned shipyard construction sites, specialists from
Terra Remote Sensing and GIS Center LLC reached the following conclusions [. ]JFrom an
environmental perspective, preference may be given to site No. 1, whose development will cause
less harm to wildlife compared to site No. 2. However, it should be noted that site No. 1 is located
near the Ersai shipyard. This could undoubtedly lead to increased environmental impacts due to
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cumulative impacts. At the same time, from an economic perspective, building a shipyard on site
No. 1 will require significantly less investment in access roads, power lines, etc.

We are studying the soil conditions during the shipyard's construction at two sites, but Site 2
is of particular interest to us. The data obtained from this research can serve as a basis for further
research and environmental monitoring in the areas of oil fields located in the coastal zone of the
Caspian Sea.
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Figure 1 — Diagram of the planned construction sites of the shipyard in Kuryk

The region under consideration belongs to the middle Mangyshlak desert. According to
[[3,4] ], middle deserts are common throughout most of the Mangystau region. They are
distinguished by their more diverse information composition than that of the southern deserts. The
boundary between these deserts crosses the Mangyshlak plateau just north of the Kuanda and
Basgurly basins and runs just north of 43 °°N (Figure 2).
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Figure 2 — Location of the study area by desert types in Mangyshlak

The vegetation cover of the study area consists of communities of 10 formations: In the
southern deserts, the diversity of these 10 formations is half as great. Wormwood deserts include
various edaphic variants, of which hemipsammophytic and hemipetrophytic pelitophytic species
predominate over petrophytic and hemipetrophytic pelitophytic species [4,5].

On the rubble plains, they include Tasbiyurgungaceae ( Nanophyton erinaceum )
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communities. Such complexes belong to the hemipetrophytic type with the dominance of
wormwood [3]. The vegetation of solonchaks and solonchak soils in the study area is distinguished
by the presence of kokpekovye ( Atriplex) communities in the ecological series. cana) azhrekovykh
(A eluropus littoralis), but unfortunately, their spatial coverage has recently been poor [4]. In this
regard, it is important to assess the anthropogenic impact on soils in the area of the shipyard
construction in order to be able to predict changes in vegetation communities and the state of
environmental components [10].

Research materials and methods. The primary source of factual information is the results
of our own field research conducted on March 9 and 10, 2018, with specialists from the Department
of Ecology of the regional Department of Natural Resources and Rational Nature Management
(UPRIRP). Mangistau region.

Monitoring observations were carried out according to generally accepted methods, taking
into account the experience of similar work in the coastal zone of the Caspian Sea. The envelope
method was used for sampling. Samples were taken from depths of 5 and 20 cm. Soil samples were
packed in polyethylene bags and appropriate labels were attached. The sampling methodology for
monitoring general local soil pollution complies with GOST 28168-89; GOST 17.4.3.01.-83; GOST
17.4.4.02-84; GOST 17.1.5.01-80; GOST 26423-85 [6,7].

The vegetation condition was assessed using traditional methods employed in soil biological
research. The route-based method was used as the basis. Photographic recording of vegetation in
natural ecosystems growing on saline soils in the coastal zone of the Caspian Sea was conducted.
Soil samples were analyzed in the accredited environmental laboratory of the UPRiRP, which used
the following measurement methods: M03-03-2012 (kz.07.00.01668-2013) and MVI 20658-1917.

The maps of the research and sampling areas were created using GIS.

Research results and discussion. The heterogeneity of the soil cover of the study area is
due to both the nature of the relief and parent rocks, and the different bioclimatic conditions of soil
formation on the coast of the Caspian Sea [8,9]. According to the soil-geographic characteristics,
the described area, as noted above in the text, is located in the desert zone of the Mangistau region
and belongs to the middle desert (Fig. 2) with a predominance of brown soils [4,10].

Soil cover of plot No. 1. Plot No. 1 is located at a distance of 1.5 km from the village of
Kuryk and its soils have varying degrees of salinity and anthropogenic disturbance.

The area is a narrow coastal strip of sandy-shell rock saline sediments, which give way to
sandy-salt-marsh soils. Sandstone and shell rock sediments occupy a narrow coastal strip and the
coastal slope [8,9].

The date of soil sampling at point 1 of plot No. 1 was 03/09/2018.

Point 1 is located 10 m from the seashore within the distribution of coastal marsh
solonchaks with annual saltwort vegetation (Figure 1). Projective cover is 15%. The content of
heavy metals (HM) and petroleum products (PP) in the soil samples is given in Table 1 and Figure
3 [10 ]. Morphological description of the pit :

- 0-5 cm. The soil is brownish-gray, moist, slightly compacted, sandy, lumpy-granular with
small plant roots.

- 5-20 cm. The soil is grayish-brown, moist, compacted, sandy, granular-lumpy with sparse
plant roots.

Table 1 — Indicators of the degree of soil pollution by heavy metals and petroleum products
(site No. 1, point 1)

No. Coordinates Dept NP Heavy metals mg/kg

selection places h, Cu Zn Ni Co Cr Fe Pb
cm mg/kg | mg/kg | mg/k | mg/kg mg/kg mg/kg mg/kg
g
1 N43°11'01.8" 0-5 <0.5 1.05 6.15 1.20 0.31 0.35 0.73 3.84
E51°38'16.88" 5-20 | <0.5 1.32 7.51 1.84 0.48 0.27 0.23 2.73
MAC mg/kg 1000 3.0 23.0 4.0 6.0 0.05 backgro 32.0
und
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Figure 3 — Content of petroleum products and heavy metals at point 1, site No. 1.

The results of the soil sample analysis show that the content Cu, Pb, Ni, Fe, Co, Cr
significantly below the MAC. Their presence in soil samples is explained by contamination by
sediment from a sunken barge located 25 meters away. As for zinc, this can be explained by the fact
that, depending on their particle size distribution, soil-forming rocks, particularly coastal soils,
typically contain an average of 30.6 to 71.7 mg/kg. The highest average zinc values are
characteristic of [solonchaks ].

Point 2. Sampling date: 03/09/2018. At this point, Sandy-salt soils are rudimentary soil
formations, the formation of which is associated with the initial phase of soil-forming processes.
Sandy-salt soils of the coastal zone are formed by highly mineralized groundwater at a shallow
depth (1-1.5 m) and are characterized by a moist, layered, saline, variegated profile with signs of
gleying from a depth of 20-30 cm. The projective cover is up to 30%. These are the youngest soil
formations, containing an insignificant amount of humus (0.05-0.1%) in the surface horizon.

The content of heavy metals and petroleum products in soil samples is given in Table 2 and
Figure 4. Morphological description of the pit:

- 0-5 cm. The soil is gray, dry, loose, sandy, structureless with small roots of dried plants.

- 5-20 cm. The soil is the same as at a depth of 0-5 cm, but with rare plant roots.

Table 2 — Indicators of the degree of soil pollution by heavy metals and petroleum products
(point 2, site No. 1)

No. Coordinates | Depth, | NP Heavy metals mg/kg
selection cm Cu Zn Ni Co Cr Fe Pb
praces mg/kg | mg/kg | mg/kg mg/kg mg/kg | mg/kg mg/kg
1 N43°11'03.40' 0-5 <0. 4.88 13.28 7.92 2.51 0.62 0.81 2.93
' 5
E51°38'16.67" 5-20 <0. 431 14.2 8.11 3.61 0.41 0.73 2.17
5
MAC mg/kg 100 3.0 23.0 4.0 6.0 0.05 backgr 32.0
0 ound
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Figure 4 — Content of petroleum products and heavy metals at point 2, site No. 1.

(Zn) content in soil samples, within 0.7 MAC, at this point can be explained by the presence
of metallurgical waste and heavy vehicle traffic in this area near Yersai LLC. The nickel content
exceeding 2 MAC in the soil at point 2 is explained by the fact that nickel concentrations in sandy
soils can reach 8-15 mg/kg, and the waste also contains numerous empty paint cans. The high
copper (Cu) content (1.6 MAC in the 0-5 cm layer and 1.4 MAC in the 5-20 cm layer) and
chromium (Cr) content (more than 3 MAC) are explained by the storage of industrial waste and
welding slag near this point. Cobalt (Co) i1s a micronutrient found in fertilizers and, in small
concentrations (as at point 1), is essential for plant development, particularly for improving drought
resistance.

Soil cover of plot No. 2. The soil cover of plot No. 2, located approximately 15 km from the
village of Kuryk, is composed of coastal saline sands occupying elevated areas and sandy-salt soils,
the formation of which is associated with the initial phase of soil-forming processes. Sandy-shell
sediments form near the coastal strip.

Point 1. Sampling date: 03/09/2018. The soil cover of the described location is composed of
saline coastal sands. The sands have a layered profile with numerous inclusions of shell rock—up to
95-100%. The humus content in the upper layer is insignificant and decreases with depth. The
projective cover is 25%. The heavy metal and petroleum product contents in the soil samples are
presented in Table 3 and Figure 5. Morphological description of the soil:

- 0-5 cm. The soil is grayish-brown, slightly compacted, sandy, structureless with small plant
roots.

- 5-20. The description corresponds to the description of the depth of 0-5 cm.

In this research area, in the northern part of the ferry complex under construction and at a
distance of 13 km from the village of Kuryk, as expected, no excess of the maximum permissible
concentrations of petroleum products and heavy metals other than Cr and chromium were recorded.

The chromium content in the sample at site 1 exceeded the maximum permissible
concentration by 2.03 times. This can be explained by the slightly elevated location of site 1, which
leads to the accumulation of trace elements during dust storms. Furthermore, the soil sampling site
is located 25-30 meters from a parking lot for vehicles transporting chrome-plated items for
construction purposes. Also located near the parking lot is a container containing paint containers,
from which chromium can leach.
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Table 3 — Indicators of the degree of soil pollution by heavy metals and petroleum products
(point 1, site No. 2)

No. | Coordinates | Dept NP Heavy metals mg/kg
Se‘f“"’“ h, Cu Zn Ni Co Cr Fe Pb
places cm mg/kg | mg/kg | mg/kg | mg/kg mg/kg mg/kg mg/kg
1 N 0-5 <0.5 0.97 3.06 0.014 1.22 0.107 0.63 3.06
43°10'0.41" | 520 | <0.5 0.31 1.83 0.005 0.931 0.072 0.33 1.79
E

51°26'9.97"

MAC mg/kg 1000 3.0 23.0 4.0 6.0 0.05 backgr 32.0
ound

CTA /
YA
A\ /4
N A

of V N\

Cu Zn Ni Co Cr Fe Pb

L O
[
bt L

CO,HEP}KEHHE B MMOYEAX TAMEIBIX AMEMEHTOB, MI/ET
Q

Figure 5 — Content of petroleum products and heavy metals at point 1, site No. 2.

Point 2. Sampling date: March 10, 2018. The soil cover at point 2 is similar to point 1 and
consists of saline coastal sand. The heavy metal and petroleum product contents in the soil samples
are shown in Table 4 and Figure 6.

Morphological description of the soil:

- 0-5 cm. The soil is brownish-gray, loose, sandy, with small plant roots.

- 5-20 cm. The soil is similar but slightly compacted.

Table 4 — Indicators of the degree of soil pollution by heavy metals and petroleum
products (point 2, site No. 2)

No. | Coordinat | Depth, NP Heavy metals mg/kg
es cm Cu Zn Ni Co Cr Fe Pb
selection K K K K K /K K
places mg/kg | mg/kg | mgkg | mgkg | mg/kg mg/kg mg/kg
1 N 0-5 <0.5 1.2 2.14 3.16 0.51 0.431 1.97 3.17
43°10'3.20' 5-20 <0.5 0.73 1.84 2.97 0.07 0.226 0.38 2,331
E
51°25'50.3
6"
MAC mg/kg 1000 3.0 23.0 4.0 6.0 0.05 background 32.0

Cr chromium content in the samples at point 2 of the site above the MAC by 4.07 times is
explained by emissions from the concrete unit, which is located above point 2. The concrete unit
supplies hydraulic concrete for the construction of the breakwater.
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Figure 6 — Content of petroleum products and heavy metals at point 2, site No. 2.

Point 3. Sampling date: 10.03.2018. The soil cover of point 3 is characterized by sandy-salt
soils. Sandy The olanchak soils of the coastal zone are formed by highly mineralized groundwater
at a depth of 1-1.5 m and are characterized by a moist, layered, saline, variegated profile with signs
of gleying from a depth of 20-30 cm. The projective cover is up to 40%. These are the youngest soil
formations, containing a negligible amount of humus (0.05-0.1%) in the surface horizon. The
contents of heavy metals and petroleum products in soil samples are presented in Table 5 and
Figure 7.

Morphological description of the soil:

- 0-5 cm. The soil is gray, dry, loose, sandy, structureless with small roots.

-5-20 cm. The soil is brownish-gray, dry, slightly compacted, sandy, structureless with a small
number of plant roots.

Table 5 — Indicators of the degree of soil pollution by heavy metals and petroleum

products (site No. 2, point 3)

N | Coordinates Depth, NP Heavy metals mg/kg
0. selrctmn cm Cu Zn Ni Co Cr Fe Pb
praces mg/kg mg/kg mg/kg | mg/kg mg/kg mg/kg | mg/kg
1 N 0-5 <0.5 24 4.01 0.431 0.114 1,058 4.17 3.86
43°1024.25" 5-20 <0.5 0.73 2.97 0.272 0.039 0.618 2.51 2.13
E
51°25'58.02"
MAC mg/kg 1000 3.0 23.0 4.0 6.0 0.05 backgr 32.0
ound
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Figure 7 — Content of petroleum products and heavy metals at point 3, site No. 2.
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The increased content of chromium in samples from point 3 of the MAC area by 19 times is
explained again by emissions from the concrete plant.

Point 4. Sampling date: 10.03.2018. Point 4 is represented by sand and shell sediments with
sparse forb vegetation. The projective surface cover is 15%.

The content of heavy metals and petroleum products in soil samples is given in Table 6 and
Figure 8. Morphological description of the soil:

- 0-5 cm. The soil is gray, dry, loose, sandy, structureless with small roots.

- 5-20 cm. The soil is gray, dry, loose, sandy, structureless.

Table 6 — Indicators of the degree of soil pollution by heavy metals and petroleum products
(site No. 2, point 4)

N | Coordinates Depth, NP Heavy metals mg/kg
0. se‘f“‘"“ cm Cu Zn Ni Co Cr Fe Pb
places mg/kg | mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg
1 N 0-5 <0.5 2.1 3.44 0.104 0.17 0.566 3.49 3.18
43°1023.00" 5-20 <0.5 1.97 3.15 0.095 0.087 0.471 3.17 3.67
E
51°26'11.72"
MAC mg/kg 1000 3.0 23.0 4.0 6.0 0.05 backgro 32.0
und
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Figure 8 — Content of petroleum products and heavy metals at point 4, site No. 2.

The 11.2-fold excess of Cr and chromium in samples from point 4 is explained by point 4's
location near a cement warehouse and the presence of stored concrete blocks for the breakwater.
The concentrations of Zn, zinc, Co, cobalt, and nickel (Ni) at all soil sampling points in plot 2 are
below the MAC values. The soils are considered uncontaminated.

Using Mapinfo programs Professional v.10.2, SAS. Planet 160707, maps were created
showing the locations of sampling points at site No. 1 (Figure 9) and at site No. 2 (Figure 10) with
images of soils and vegetation.

Conclusions. It was established that in plot #2, which belongs to the central desert of the
region, the vegetation cover is formed by a community of formations consisting primarily of
wormwood (5 formations), Anabasis sabdariffa, Sakchaulchik, Black Boyalich, Haloxylon saxaul,
and succulent perennial Salsola, which is twice as diverse as in the southern deserts.

It has been established that the lands of this area are primarily occupied by farms, producing
open-field vegetables and fruit trees. Irrigation is provided by groundwater from wells
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approximately 50 meters deep, with a salinity of 3-4 g/dm?* These wells are characterized by high
nitrate and nitrite content (up to 144 mg/dm?). At Cape Peschaniy (Fig. 2), there were previously
nine production wells, drilled to a depth of 15 meters in the sands of the Khvalynsk terrace and
Pontic limestone. Therefore, to develop vegetable growing in this area, it is necessary to develop
measures to construct desalination plants for irrigation of existing and future agricultural lands.
Recently, their projective cover has been decreasing to 12-15%. This is due to natural factors,
but there is also an anthropogenic impact on vegetation due to land disturbance by earthworks and
traffic. Pollution can clog the stomata of plants and disrupt their physiological and biochemical

functioning. Chemical pollution of vegetation is associated with toxic emissions from exhaust gases
and fuel leaks.

Figure 10 — Map of monitoring points at site No. 2.

Based on soil sample analysis at point 2 of site No. 1, located within the Ersai LLC work
zone, we determined that moderate soil contamination is caused by two elements: Ni (nickel) and
Cr (chromium). Mobile zinc (Zn) concentrations exceeded the maximum permissible concentration
(MPC) at all six sampling points. Based on the seven heavy metals analyzed, we determined that the
low level of contamination at site No. 1 is likely caused by five elements: Zn (zinc), Cu (copper),
Co (cobalt), Ni (nickel), and Fe (iron). The most hazardous heavy metals, Hg (mercury) and As
(arsenic), were not detected in samples from the two sites studied. Solid municipal waste and
unauthorized dumps directly on the Caspian Sea coast have been found to have a significant impact
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on the vegetation cover of the area.

It has been established that research is needed to assess the impact on soils in the shipyard
construction area and to compile a vegetation biodiversity database to predict changes in vegetation
communities and the state of environmental components [11]. Only compliance with existing
requirements for post-construction site cleanup and reclamation measures for disturbed lands will
preserve the natural soil and vegetation cover [10,11].
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Anparna. MaxkananslH MakcaTel-Kacrmii TeHiziniH KazakctaH aymarbIHIarbl €H €peKIie
x)aranaynapbiHelH OipiH "Kasmynaiiraz" AK keme jkacay 3aybITBIH cally YIIIH TaHJaraH Xep
peTiHie FaHa eMecC, COHBIMEH Karap jKep ydYacKeci peTiHJe Je 3epTTey.KOKOHIC koHe Oakiia
JTaKbUIIapbIH ecipyre skapamiabl. byl Makanmaga keMme jkacay 3aybITbIHBIH KYpbUIbICHIHA Oaama
peringe Nol sxone No2 yuackenep KapacTblpbliraH. bi3 ymrid teprey yuriH EH KbI3BIKTHI aiimak - Ne
CauT. 2, MYH/Ia allIUCOP TY3/Ibl ATKAOBIHBIH JKaHBIHA OpHaackaH Nol ydyackeMeH cajbICThIPFaH/Ia
el KaybIMIACTHIKTapAbIH HAaduKaiblK TYpJepiHiH aixyaH Typiautiri OaceiM. 3epTreyiep
MamnrpicTay OOJBICHIHBIH OCHI OOJITiH Hamap OuTyiHe >KOHE IOH[I AAKbUIIAPAbIH KAaTHICYBIMECH
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eJIII KaybIMAACTHIKTAp IbIH KeH TapalyblHa OailIaHbICThI JKYPTri3iial (agropyron fragile, S. oaapia,
S. sareptana - COHFBICHI OpTa IIOJIIE Ke3/1eCe/i).

3epTTey TMOHI-)KOCIApiiaHFaH KEeME JKacay 3aybITBIHBIH KYPBUIBICBIHBIH KEPTiTIKTI
OCIMIIKTEpIH TOMBIPAK XarAalblHa ocepiH Oaranmay. TanganFaH ayMakKThIH TOIBIPAKTAPbIHIAFbI
keioip aysip metannapasiH (Cu, Cr, Zn) MemmepiHiH KoFapbliaybl HerizaenreH. 3eprrey Kacnmii
TEHI31HIH Karajay ailMarblHAAFbl KOpIIAFaH OPTAaHBIH KeHOip KOMIIOHEHTTEpPiHIH JKal-KyWi
ooiipiama 2012-2015 >xpLigapbl KYPri3iIreH YKcac KYMBICTAp/IbIH TOXIPUOECIH €CKEpe OTHIPHIIL,
JKaJIbI KAOBUIIAHFaH JJICTepre COUKeC KYPri3iii.

Kaprorpadusnpik  marepuanmap ['AX  OarmaprnaManblk — ©HIMACPIHIH — KOMETIMEH
TonTeIpbuiaabl: Marmfo Professional v. 10.2 SAS. ITnanera 160707.

Tyiiin ce3aep: Kacnuii Tenisi, Kamaran, Manrsictay, Kypsik, O3ipOaiikan, Kok, MyHai,
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AHHoTauus. llens craTbu — HUCCIEIOBaHME OJHOIO M3 CaMblX HEOOBIYHBIX MOOEpeRuit
Kacnuiickoro mopss Ha Tepputopuu KaszaxcraHa He TOIbBKO Kak Mecra, BblOpaHHOro AO
"KazMymnaiil'a3" ans crpoutenscTBa cynoBepdu, HO M KaK TEPPUTOPUH, HA KOTOPOH 3eMIIs
MIPUTO/IHA /ISl Pa3BUTHS BhIpAIIMBaHMsI OBOIIHBIX U 0aX4eBBIX KyJIbTYp. B 3TOl crarhe miuomanaku
Ne 1 u Ne 2 paccmaTpuBaroTcsi B KauecTBe albTEPHATUBHBIX BApUAHTOB CTPOUTEIbCTBA Bepu. /s
Hac HauOojiee MHTEPECHOW OO0JAcThIO JUIsl WCCIENOBaHUs sBIsieTcs tuiomiaaka Ne 2. 2, re
npeobianaer 6osploe pazHooOpasue 31ahUIeCKUX TUIIOB MMYCTBIHHBIX COOOIIECTB M0 CPABHEHUIO
¢ ydactkoM Ne 1, KOTOpBIN pacrloioKeH HEAAJIEKO OT COJSHOM moyimHbl Amucop. VccrnemoBanus
MIPOBOJIATCS. B CBSI3U CO CIIA00I M3yYEHHOCTHIO 3TOW 4acTH MaHrucTayckoil 00JIacTH U HIMPOKUM
pacnpocTpaHEHUEM ITyCThIHHBIX COOOILECTB C yUacTHeM 3J1akoBbIX (Agropyron fragile, S. oaapia, S.
sareptana - TIOCJIeJTHUI BCTpeYaeTcs B cpe/iHeil Mojioce MyCThIHU).

[IpenmMeT nccnenoBaHusl — OLIEHKA BIMSHUS IUIAHUPYEMOTO CTPOMTENLCTBA CyA0BephHU Ha
MIOYBEHHOE COCTOSTHME MECTHOH pacTtuTenbHOCTH. (OOOCHOBAHO MOBBIIIEHHOE COJEpKaHUE
HEKOTOphIX Tskenbix MetaiioB (Cu, Cr u Zn) B nmouBax BblOpaHHOW TeppuTopuu. Mccnenoanus
MPOBOJIMIIUCH B COOTBETCTBUU C OOUICTIPUHATHIMU METOJUKAMH C YYETOM OIbITa aHAJIOTUYHBIX
pabot, npoBeneHHbIX B 2012-2015 romax mo M3y4EHHUIO COCTOSHHUSI HEKOTOPHIX KOMIIOHEHTOB
OKpYy’Karollel cpebl B mpuoOpekHoii 30He Kacnuiickoro Mops.

Kaprorpadguueckue MaTepuanbl MOATOTOBIEHBI C HCIOJIB30BAaHUEM IPOrPaMMHBIX
npoaykro ['UC: Marmfo Professional v.10.2 SAS. Planet 160707.

KuroueBbie cioBa: Kacnuiickoe mope, Kamaran, Manrucray, Kypsik, AzepOaiimxaH,
TPaHCHOPT, HE(Th, 3aBOJBI, CYAOCTPOEHHUE, CYJOPEMOHT, MYCTBIHS, I0YBA, PACTUTEIBHOCTb,
TOJIBIHB, COOOIIECTBA, MOHUTOPUHT, TSXKEJbIE METAJUIbI, HE(PTEPOTYKTHI.
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