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34 strains of aerobic chemoorganotrophic microorganisms were isolated from 23 soil and plant samples
selected from highland biotopes of Ecuador - Andes massif (Papallacta, 4020 m), ash at the foot of the volcano
Tungurahua, mountainous jungle (La Favorita, 1600 m), as well as in humid tropic botanical garden (state
Puyo, 950 m). In mountain jungle samples the high number of bacteria - 10°-10" CFU/g of sample were rep-
resented by 2-5 morphotypes. In highland (4020 m) samples the bacterial counts made from 10° to 10" CFU/g
of sample.

The current study describes resistance of isolated strains to high salinity, UV radiation and toxic metal
ions. The majority of isolated strains were halotolerant. Isolates from volcanic ash showed high resistance
level to UV radiation - LD, made 1000-1440 J/m?; resistance level for isolates from the soil of Puyo Botani-
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cal Garden and isolates from rock lichen (Papallacta) LD,,,, made 1160 and 800 J/m’ respectively. Strains

isolated from mountain jungle (La Favorita) showed lower UV- resistance. In highland biotopes of Ecuador
occurred bacteria resistant to toxic metal ions. The highest resistance to Hg>" was shown by isolate of lichen
from mountain jungle, the maximal growth concentration was 0.025 g/L; to Cr(VI) - by isolate from lichen rock
massif— 3,0 g/L. Correlation between metal-resistance, halotolerace and UV resistance for studied strains was
not detected, probably because of different microbial cell damage/repair mechanisms under the action of these
factors.

Keywords. Ecuador, microorganisms, quantitative counting, resistance, UV, NaCl, toxic metals.

Traditionally studies of resistance to extreme factors examine the effect of the single one. How-
ever, under natural conditions, microorganisms may be exposed to several extreme factors simulta-
neously. Therefore, we studied resistance of microbial isolates from Ecuadorian ecosystems to UV
radiation, NaCl, and toxic metals. Previously, we isolated highly resistant to extreme factors (UV
and toxic metals) microorganisms from terrestrial ecosystems of the Dead Sea [14] and coastal Ant-
arctica [15, 17, 18] which are extreme regions possessing high level of solar radiation. The current
study is devoted research of microorganisms of Ecuador ecosystems, located in the northwest of
South America and also characterized with the high level of solar radiation. At a distance of 25 km
north from the capital Quito the country crosses the equator. In the west along the Pacific coast
stretched lowlands and foothills of the Andes; Andes located in the center of the country, include
two parallel ridges (Western and Eastern Cordillera) with cones of extinct and active volcanoes.
One of the highest volcanoes is an active volcano Tungurahua (altitude 5023 m). The eastern part
of the country lies within the Amazon. Natural zones are savanna, woodlands, semi-arid, desert and
of altitudinal zones.

The climate is characterized by absence of seasonality (25° C in July, 24° C in January). By cli-
matic and biological features Ecuador is divided into four areas: the Costa (coast), Sierra (mountain
side), Oriente (Amazonia - jungle) and the Galapagos Islands. Microbiological studies in Ecuador
cover various groups of microorganisms: yeast [7, 9], pathogenic bacteria [6], and viruses [11].
There also papers that concern taxonomic position and other aspects of the biology of saprophytic
bacteria [10, 13, 16], antibiotic resistance [5], the formation of biofilms that grow on wet surfaces
benthos [4]. Among effects of physico-chemical factors and xenobiotics on the bacteria, the influ-
ence of water regime on the bacteria in highland forests in Ecuador [8], the effect of oil pollution
on the number of bacteria in the Ecuadorian Amazon [2] and organophosphorus pesticides on soil
microflora [3] are studied.
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The aim of this study is investigation occurrence of aerobic chemoorganotrophic bacteria in
mountain Ecuador ecosystems and isolation of dominant representatives; study resistance of isolates
from specified ecosystems including the ashes of the volcano Tungurahua to extreme factors such as
UV radiation, NaCI and toxic metals.

Materials and Methods. Research objects were microorganisms isolated from Ecuador ecosys-
tem. Yeast strains (Candida krusei 736, C. albicans 2681, Rhodotorula glutinis 63), obtained from
the collection (Department of Industrial Microorganisms Physiology, Institute of Microbiology and
Virology of the National Academy of Science of Ukraine) were used as control to compare resis-
tance to extreme factors.

The sampling sites. Samples for microbiological studies were collected from 4 typical mountain
ecosystems Ecuador (sampled in Oct.2013 and stored at 22°C) - (1) mountain massif (Andes near
Papallacta, altitude 4020 m); (2) mountain jungle (research base La Favorita, Northern Technical
University, altitude 1600 m); (3) volcanic ash after the eruption (the foot of the active volcano
Tungurahua, altitude 4020 m); (4) Botanical Garden “Las Orquideas” Humid Tropics (state Puyo,
altitude 950 m).

Isolation of microorganisms. Sample preparation was carried out by standard methods. For iso-
lation and counting of aerobic chemoorganotrophic bacteria was used NA medium (Nutrient Agar,
HiMedia Laboratories Pvt. Ltd), cultivation parameters - 30°C during 1-3 days. To suppress micro-
mycete growth 50 mg/L of nystatin was added to nutrient medium.

The number of microorganisms in the samples was determined by inoculating serial ten-fold
dilutions on NA and cultivating at 30°C. In Petri dished where CFU number didn’t exceed 50 were
carried microbiological counting and evaluated morphotype diversity. The main criteria for morpho-
type identification were the features: colony form, size (mm), pigmentation, water-soluble pigment
and mucus production, texture, the presence of air and the substrate mycelium etc. Counting was
carried out daily. As a result there were collected data about highly occurred microbial morphotypes
dominating in studied sample.

Resistance to UV radiation (UV-C"). The strains were cultivated in tubes containing 5 ml of
liquid NB medium (Nutrient broth HiMedia Laboratories Pvt. Ltd), on the shaker (220 rpm., 20 h,
30°C). Ten-fold dilutions (from 10 to 10°) of microbial suspension was plated (100 uL) in Petri
dishes containing NA medium and dispensed with a spatula across agar surface. Open cups were
placed at a distance of 1 m from the UV radiation source (bulb BUV-15 A= 254 nm). The dose range
of UV irradiation was 40-2400 J/m?. After irradiation microorganisms were incubated at 30°C in
the dark to avoid photoreparation. The counting of survived CFU was carried out in 1-3 days and
compared to control plates - the same serial tenfold sample suspension dilutions on NA that were not
irradiated. Survival ability of the microorganisms and also lethal dose was evaluated by the change
in the percentage of surviving cells after UV irradiation from their original amount. To compare
sensitivity of isolated strains to UV radiation was used dose curve method representing relationship
between the number of surviving cells and UV dose and calculated two lethal doses: LD, - UV dose
which causes damage of 90% cells; and LD, ,,- UV dose which causes damage of 99.99% cells.

Halotolerant microorganisms were studied using standard methods by growing isolates on NA
medium containing 1, 25, 50, 100, 150 and 200 g NaCl/L.

Resistance to toxic metals®. Toxic metal solutions were prepared as described previously [17].
Toxic effect of metal ions towards strains was studied on liquid medium Nutrient broth (NB). Metal
solutions were sterilized for 10 minutes in a boiling water bath, and then cooled to 30°C. In nutrient
media it was prepared 5 monometal solutions containing following concentration range (in g/L):
Hg*" — 0.005-0.05; Cu*" — 0.05-1.0; Ni** — 0.05-1.0; Co*" — 0.05-1.0; Cr(VI) in a form of CrO,> —
0.05-4.0. Then, in metal-containing nutrient media was added bacterial suspension and cultivated
in tubes (10 ml of NB, 21 days, 30°C). Beginning of bacterial growth was monitored visually by
increasing of the culture liquid optical density. The test was performed in three replicates. Results
were compared to 3 controls: (1) a sterile medium without inoculum and metals; (2) sterile metal-
containing medium without inoculum; (3) metal-free medium inoculated with sample bacteria.

In assessing the results, we considered concept of “maximal allowable concentration” (MAC) as
the metal concentration that allows surviving at least one strain from all sample microbial diversity.

! UV-C Germicidal Ultraviolet 280nm - 200nm
2 Hereinafter, the term "toxic metals" means " of toxic metal ions "
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Results and discussion. Environmental studies include characteristic of highland and soil-
plant ecosystems in specified Ecuador regions: soil with moss, soil at the foot of the cliff, soil in
the pockets of the rock cliffs (Papallacta, 4020 m), rainforest soil, volcanic soil (a mixture of vol-
canic ash and sand), humus soil with wood, white-brown or green-orange lichens and green moss
(Table 1). Given the fact that such ecosystems as moss and lichens contained a small amount of soil,
we considered them as plant-soil samples.

Each of the 23 samples showed presence 1-5 dominant morphotypes of microorganisms; gener-
ally from all samples using standard methods were isolated 34 strains (Table 1). Plant-soil samples
of mountain jungle contained a significant amount of microorganisms - 10°-10” CFU/g of sample.
In these samples were present from 2 to 5 dominant microbial morphotypes. In highland samples
(4020 m) revealed significant fluctuations in the microorganism number (10>-107 CFU/g of sample).
However, they contained the single dominant microbial morphotype (Table 1), which probably can
be explained by “severe” extreme physical and chemical conditions in highland ecosystems.

In volcanic ash at the foot of the volcano Tungurahua detected considerably lower number of
microorganisms (10°-10° CFU/g of sample). These samples contained the single dominant microbial
morphotype (Table 1). On the contrary, in the soil of the Botanic Garden in the Humid Tropics re-
vealed three dominant morphotypes, and the number of microorganisms was 10° CFU/g of sample.

All isolated bacteria were aerobic, chemoorganotrophic, didn’t produce extracellular pigments,
and didn’t form a mycelium. Most of them were Gram-positive rods, arranged separately or in
chains; oval rods and cocci, usually non-pigmented, but rarely occurring pigmented (orange, yel-
low) colony morphotypes. Up to 25% of studied strains were Gram-negative bacteria.

Table 1.
Number of aerobic chemoorganotrophic microorganisms in samples of typical Ecuador
ecosystems
Sampling site Sample description Number of
Morphotypes | CFU/g of sample
Dry lichen (white-brown) 3 1.3 x 10°
Lichen (green-ginger) 5 1.2 x107
L? F avorita., Dry lichen (green) 2 5.0 x 10°
:lltgitﬁzgc‘lgggfr‘;reSt’ Rock lichen 2 345 10°
Soil with green moss 3 2.0x10°
Soil from foot of the cliff 3 3.0 x 10°
Forest soil 2 2.3 x 10°
Andes mountain massif, foot of Volcanic ash 1 2.8 x10°
Tungurahua volcano, Sand and ash mixture 1 1.1 x10°
altimde 4020 m Black soil in the riverbed 1 1.9 % 10°
Black soil with moss 1 1.3 x 10°
Black soil with moss 1 1.8 x 10°
Green moss and black soil 1 3.8 x 10°
Andes near Papallacta, altitude Black soil with roots 1 9.7 x 107
4020 m Crustose white lichen, 1 12 % 10°
Soil under white-brown lichen 1 2.0 x 10?
White-brown lichen from the rock 1 4.0 x 10*
Lichen with rock particles 1 1.2 x10°
Soil with moss from rock cliff 3 4.8 x 10°
Botanic Garden “Las Orquideas”, | Soil with digested timber 3 1.1 x 10°
state Puyo, altitude 950 m

Significant characteristics of microbial ecophysiology are quantitative indicators of homeostasis,
i.e. ability of microorganisms to keep stability of their functioning under the influence of extreme
factors. We determined stability parameters for strains isolated from Ecuador ecosystems to high
levels of UV radiation, as well as high concentrations of NaCl and toxic metals.

UV-resistance. Taking into account the high level of solar radiation in mountainous regions
of Ecuador, we have assumed presence of UV-resistant microorganisms. As follows from the data
(Fig. 1), bacteria express various levels of UV-resistance.
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Fig. 1. Survival (%) of the bacteria isolated from the Andes mountain range, Papallacta, 4020 m

(strains 14e, 15e, 20e, 23e); ash of the volcano Tungurahua (strains 9e, 10e, 12¢); soil of Bo-

tanic Garden (strain 22¢); mountain jungle (strains 3e3, 3e5, 6e3, 8¢) at decreasing UV doses.
Symbols in figures correspond to the numbers of tested strains.

For comparative evaluation UV-resistance of different isolates have been calculated lethal UV
doses (LD, and LD, ) (Table 2). The high level of UV-resistance showed strains e, 10e (similar
to Actinobacteria) isolated from volcanic ash and sand after the eruption of Tungurahua volcano
(LD, ,,-1000-1440 J/m?) as well as cliff lichen isolate 20e (LD, ,,- 1160 J/m?) and isolate 22e from
soil of Botanical Garden (LD, ,, - 800 J/m?*). Spore-forming soil isolate from mountain jungle (6e3,
bacilli-shape morphotype) was moderately resistant to UV (LD, .- 500 J/m?). Other isolates from
soil and plant samples from mountain jungle (La Favorita) were less resistant to UV radiation (LD, ,,
- 280-400 J/m?). The most UV-sensitive were non-pigmented Gram-negative bacteria (14e, 15e, 236)
isolated respectively from moss, soil and biofilm collected from rock biotop near Papallacta (LD
- 80-120 J/m?) (Table 2).

The majority of studies strains were resistant to high concentrations of NaCl. Maximal
concentration of NaCl for their growth ranged from 25 to 100 g/L for various isolates (Table 2), i.e.
can be considered halotolerant.

One of the isolates (13e, soil from rock massif, Papallacta) - non-pigmented yeast was slightly
resistant to UV radiation (LD, , - 220 J/m?*) (Fig. 2). UV-resistance of Equador yeast isolate 13¢ was
compared to collection yeast strains (Candida krusei 736, C. albicans 2681, Rhodotorula glutinis 63).
Only pink-pigmented strain Rhodotorula glutinis 63 showed higher UV-resistance which made
LD,,,, - 850 J/m?. Survival of non-pigmented yeast (both collection strains and 13e isolate) were
similar (LD, ,, - 180-220 J/m?) (Fig. 2). Presumably pigments of R. glutinis 63 minimize cellular
damage under UV irradiation.
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Fig. 2. Survival (%) of yeast: isolate 13e and collection strains (Candida krusei 736, C. albicans
2681, Rhodotorula glutinis 63) at increasing UV doses. Symbols in figures correspond to the
numbers of tested strains.

Resistance to toxic metals. We hypothesized that Ecuador isolates resistant to high concentra-
tions of NaCl (up to 100 g/L) may also be resistant to toxic metals. Therefore 8 isolates from all
Ecuador regions were studied on the subject of metalresistance. Bacteria were isolated on the metal-
free medium and so were not adapted to their toxic effects.

We used five of the most toxic metal ions, possessing all described damage mechanisms: oxi-
dizing metal ion Cr (VI) in the form of CrO,*> (CrO,*, E ' = +555 mV), replacing metal ions (Ni**,
Co*) and metals of “combined action” (Hg?*, Cu?"), which exhibit the properties of both specified
mechanisms (£ for Hg**and Cu** is equal +920 and +440 mV, respectively)’ [12]. The negative
effect of metal ions with replacing properties appears in exchange of divalent cations in the active
enzyme sites and cellular structures to metal ion; oxidizing metals cause irreversible imbalance of
redox enzymes.

For all strains were determined maximum allowable concentrations (MAC) of each metal. The
widest MAC range was shown for oxidizing Cr(VI) ion (E, = +555 mV) — the upper limit for strains
isolated from lichens 3e3 (mountain jungle, La Favorita) and 20e (rock, Papallacta) made 2.0 and
3.0 g/L, respectively; the lower limit for strain 15e (soil Papallacta) made 0.05 g/L. Strain 22e (soil
from tropic Botanic Garden ) comparing to other strains was sensitive to chromium ions: MAC
made 0.1 g/L (Table 2). At a concentration of 0.05 g/1 Cr (VI) it was observed growth of all strains,
but with increasing chromium concentrations the number of resistant bacteria reduced, only one
strain 20e grew at 3.0 g/L. Concentration of 4.0 g/L was lethal for all studied strains (Fig. 3).
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Fig. 3. Resistance of dominant bacteria of typical Ecuador ecosystem to concentration range
of representative toxic metals

Cobalt and nickel concentration of 0.05 g/L did not inhibit the growth of tested strains. But at a

concentration of 0.1 g/L Co*" the number of resistant strains decreased from 8 to 5 (Fig. 3). Strains

showed higher resistance to Ni** ions — at concentration of 0.1 g/L growth of 7 strains was observed.

Two strains 10e (isolated volcanic sample) and 22¢ (moist soil with wood, Botanic Garden) grew at

’  2Hg*+2e=Hg; E,=+920 mV, at pH=2,0 and 0, mM Hg*

2Cu**+ H,0 + 2e = Cu,0 + 2H": E, = +440 mV, at pH=4,0
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a concentration of 0.15 g/L of Ni** (Table 2). At the same time the equal concentration of Co*" was
lethal to other strains (Fig. 3). Strain 3e5 appeared the most sensitive to replacing metals - MAC of
Co?" and Ni*" ions made 0.05 g/L (Table 2).

Strains showed the lowest resistance level to mercury ions (metal of combined action, E, =
+920 mV). The only Hg?*concentration that didn’t inhibit strain growth made 0.005 g/L (Figure 3).
By increasing the concentration up to 0.01 g/L the number of resistant strains decreased from 8 to 2.
Strain 3e3 (lichen from mountain jungle) grew at Hg?* concentration 0.025 g/L (Table 2). It should
be mentioned that such mercury concentration is lethal for most chemoorganotrophic bacteria [1].

Copper cation also belongs to metal of combined action being high-potential oxidizing metal
(E',=+440 mV) and replacing ions in active enzyme sites [12]. All bacterial isolates showed similar
resistance to Cu*ions; MAC value made 0.10 - 0.15 g/L (Table 2).

Conclusion. From soil and plant samples of typical highland Ecuador ecosystems (mountain
massif, volcano foot, mountain jungle, and rainforest) are isolated dominant morphotypes of acrobic
chemoorganotrophic microorganisms and studied their resistance to a complex of extreme factors.
High altitude biotopes (4020 m) are characterized by the dominance of single morphotype. Presum-
ably, low biodiversity can be explained by simultaneous action of extreme physical and chemical
factors. In ecosystems with less extreme conditions observed higher diversity of microbial commu-
nities: from 2 to 5 morphotypes.

A considerable part of the strains isolated from representative Ecuador ecosystems showed
resistance to high UV doses, as well as increasing concentrations of NaCl and toxic metals.

Correlation between occurrence of UV-resistant bacteria and the level of solar radiation was not
observed. UV-resistant isolates were detected both in samples of rock massiff (Papallacta, 4020 m)
with a high level of solar radiation and in gloomy mountain jungle (La Favorita). The highest UV-
resistance (LD, ,,- 800-1440 J/m*) showed isolates from volcanic ash and lichen from the rock, as
well as soil of tropical rainforest. Other isolates from soil and plant samples from mountain jungle
(La Favorita) showed lower UV-resistance (LD, ,, - 280-400 J/m?). The majority of strains were
halotolerant (growth at 50-100 g/L NaCl).

Among dominant bacteria isolated on nonselective metal-free medium were found out metal-
resistant strains. It can be noted that the most resistant to toxic metals from all tested strains was
isolate 3e3 from lichen of mountain jungle, which MACs (g/L) were 0.025 and 0.15 respectively for
Hg?* and Cu?', and 2.0 for Cr(VI). The most Cr(VI)-resistant isolate was strain 20e from rock lichen
(Papallacta): MAC - 3.0 g/L (Table 2). Previously, we studied metal-resistance of the West Antarctic
ecosystems dominant strains [18]. Comparing to Ecuador Antarctic bacteria were more resistant to
oxidative metals Cr(VI), resistance values were in range of 1.25-20.0 g/L. MACs of replacing metal
ions made Ni** - 2.0 g/L, Co?*" - 0.1 g/L. In the presence of metals of combined action Antarctic
strains grew in range: Hg?" - 0.005-0.05 g/L, Cu*- 0.1-1.25 g/L. We compared toxicity ranges of
specified metals towards bacteria of two regions differing in physical, chemical and climatic param-
eters (Ecuador and Antarctica), MAC (g/L) is indicated under the metal symbol.

Dominant bacteria of Ecuador biotopes:

Hg?*> Co?*> Ni**> Cu*" > Cr(VI).
0.025 0.1 0.15 0.15 3.0

Dominant bacteria of Anatrctic biotopes:

Hg?*> Co?*> Cu** > Ni*> Cr(VI).
005 0.1 125 20 200

Comparative analysis shows that the isolates from the West Antarctic are more resistant to toxic
metals than isolates from Ecuador.

Clear correlation between metal-resistance, halotolerance and UV-resistance for Ecuadorian
bacteria is not revealed. Thus, metal-resistant strain 3e3 was poorly resistant to UV radiation (LD, ,,
= 280 J/m?) and grown at 50 g NaCl/L, while one of the most metal-sensitive strain 9e showed
high halotolerance (100 g NaCl/L) and high UV-resistance (LD,,,, = 1000 J/m?) (Table 2). The
exception made strain 20e highly resistant to oxidative metals Cr (VI) (MAC =3.0 g/L), UV radia-
tion (LD, ,,= 1160 J/m?) and NaCl (50 g/L), which may indicate the simultaneous functioning of
the various protection mechanisms from these extreme factors. The lack of correlation between
metal-resistance, halotolerance and UV resistance for most of the studied isolates is expected, by
the reason that damaging mechanisms of these three extreme factors are different. Accordingly, the
mechanisms of cellular damage repair or protection may also vary.
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Received results testify to ability of microbial communities of typical ecosystems Ecuador to
keep their natural homeostasis under the influence of studied extreme factors. High level of metal-
resistance of selected strains provides perspectives for their application to environment protection
technologies.

O.b. Tawupes', B.C. ITiozopckuit', Muzens Hapanxo Topo?’, Muzenv I'yanomo’,

IB. I'aokd’, I 0. Tawupesa', I1.B. Poxumro', B.O. Pomanoscoka’

"Themumym mikpo6ionozii i éipyconozii im. JI.K. 3a6onomnozo HAH Ykpainu, Kuie
[Tieniunuu Texuiunuti Yuieepcumem, m. loappa, Exeadop

AYTEKOJIOI'TSA MIKPOOPI'AHI3MIB TUITIOBUX EKOCUCTEM EKBAZIOPY

Pesmome

3 23 rpyHTOBO-pOCIMHHHX 3pa3kiB ExBanopy, BimiOpanux Ha BucoTi 4020 M TipcbKOro MacuBy AHIU
(m. Tamasixra), ByJIKaHigHOTO Toney Ois miHOKs BynkaHa TyHrypaya, B ripchkux JukyHnisix (JIa-dasopura,
1600 M), a Takoxk y OOTaHIYHOMY caJly 3 BOJIOTMM TpoIiuHUM KiimatoM (M. Ilyiio, Bucora 950 M), i30;150BaHO
34 mrramu aepoOHUX XeMOOPTaHOTPOPHUX MIKPOOPTaHi3MiB. Y POCIMHHO-TPYHTOBHX 3pa3Kax IipChbKHX [KYHIIIB
criocTepiranacsi BUCOKa KiTbKicTh Gakrepiit: mo 10°-107 wiiTuH/T 3paska, MpeacTaBieHnx 2-5 mopdoTumamu.
V Bucokoripuux (4020 M) 3paskax KibKicTb Gaxrepiit BapitoBana Big 10 no 107 kimitun/r 3paska. IIpakTuaHo
Bei pociimpkeni Gaktepii € ramoronepanTHumH. Bucoky pesucrenthicts o YO (JII,,,, cranosuma 1000-
1440 JHx/M*) moKasaiy i30JITH 3 BYJIKaHIYHOTO Torery Oinst migHbioks ByakaHa TyHrypaya, a Takox i30JsTH
3 HacKanbHOro juinaiinuka (Ianasikra) i 3 rpynty Boraniunoro cany (m. Ilyito), JIJL,,, cranosuma 1160 i
800 Jx/ M?, BiAMOBiHO. [305151TH 3 IPyHTOBO-POCIMHHUX 3pa3KiB ripcbkux MKyHIiB (Jla-PaBopuTa) nokasamm
Ol HU3BKY pe3ucTeHTHICTh 10 Y®. Cepen MiKpoOpraHi3MiB BHCOKOTIpHUX ekocucTeM ExBajopy BHsBICHI

2+

OakTepil, pe3UCTEHTHI 10 TOKCHMYHMX MertaniB. Haiibinbma crifikicte no Hg?" Oyna nokaszana juist isomsrty 3
JIUIIaHAKA TiPCHKUX JDKYHIIIB, MakCUMaJbHO nomyctuma koHreHtpauis (MK) cranosuna 0.025 r/x; no Cr
(VI) - s i30Ty 3 HACKAIBHOTO JIMIIAHHNKA PCHKOro MacHBy - 3.0 1/11. YV ociipkeHuX GakTepiii He BUSIBICHO
KOpeJALii MiXk METaIPE3UCTECHTHICTIO, TATIOTOJICPAHTHICTIO Ta YD-PE3UCTEHTHICTIO, MaOyTh TOMY, LII0 MEXaHI3MH
penapatiii KITITHHHUX TTOIIKO/UKEHb a00 3aXMCTY, sIKi pealli3yoTh KIITHHH NPH Ail X (aKTopiB, pi3Hi.
Knwuosi crosa: ExBanop, MiKpoopraHi3mu, KiIbKiCHUI 00MiK, pe3ucteHTHiCTh, Y@, NaCl, TokcuuHi

MECTaln.

A.B. Tawupes', B.C. Ilodzopckuii', Muzens Hapanxo Topo?, Muzens I'yanomao?,

IB. I'aoka’, A.A. Tamupesa’, I1.B. Pokumxo', B.A. Pomanosckasn’!

' Hnemumym mukpobuonozuu u supyconozuu um. [.K. 3abonomnozo HAH Vipaunel, Kues
’Cesepnvii Texnuueckuil yHusepcumem, 2. Héappa, Jxeéadop

AYTIKOJIOI'USA MUKPOOPTAHNU3MOB TUITNYHBIX DKOCUCTEM
9KBAJI0OPA

Pesome

W3 23 mo4BeHHO-PAaCTUTENBHBIX 00pa3loB DKBajgopa, 0TOOpaHHbIX Ha BbicoTe 4020 M rOpHOro MaccuBa
Angpl (r. ITanasikra), ByJIKaHHYECKOTO IEIUIa y IOJHOXbs ByskaHa TyHrypaya, B TOpHBIX JUKYHIUIIX (Jla-Daso-
pura, 1600 M), a Takxke B OOTAHHIECKOM cajy ¢ BIAXHBIM TpormmdeckuM kimMaroM (T. Ilyifo, Beicota 950 M),
M307MPOBaHO 34 mTaMMa a3poOHBIX XeMOOPTaHOTPO(PHBIX MUKPOOPTaHU3MOB. B pacTUTENbHO-IOYBEHHBIX 00-
pasiax TOpHBIX JUKYHIJICH HAOJII0IaIOCh BRICOKOE KONMYecTBO Gakrepuit: 10 10°—107 kietok/r o6pasua, npej-
CTaBIICHHBIX 2—5 Mopdorunamu. B BeicokoropHbx (4020 M) oOpa3nax KonudecTBo OakTepuil BappbUpOBaIO OT
102 no 107 knetok/r oOpasua. [IpakTHYECKH BCe HCCIEI0BAHHbBIC OAKTEPUH SIBISIOTCS TAJIOTONCPAHTHBIME. BbI-

cokyto pesucrenTHOCTh K YO (JI . cocrasmsuia 1000-1440 JIx/M?) moKa3ainu M30JSTHl U3 BYJIKaHHYECKOTO

99,99
TieTia y NMOAHOXKbBS BYJIKaHa TyHrypaya, a TaKXKe M30JISITH U3 HACKAJIBHOTO JINIIAHIKA (Hanas{KTa) " U3 1o4-

Bbl Boranuueckoro cana (. [Tyiio), JI,, ., cocrasmsuia 1160 u 800 [x/m?, coorBeTcTBEHHO. M30514THI U3 MOY-

99,99
BEHHO-PACTHTEIBHBIX 00pa3LOB rOpHBIX KyHINeH (JIa-DaBopuTa) nokaszanu Oonee HU3KYIO PE3UCTEHTHOCTD
Kk YO. Cpequ MEKPOOPTaHU3MOB BBICOKOTOPHBIX JKOCHCTEM DKBaJ0pa BBIBICHBI OAaKTEpPUH, PE3UCTCHTHEBIE K

TOKCHYHBIM MeTaiaMm. Hanbopias ycroiunBocTs kK Hg?* Oblia MokaszaHa [uist M30JTa U3 JUIIafHIKa TOPHBIX
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JDKYHIVICH, MaKCHUMabHO gomyctuMas koHneHTpanust (M/IK) cocrasmsita 0.025 r/i; x Cr(VI) — niust m3omnsra u3
HACKaJIBHOTO JIMIIaHUKA TOpHOTo MaccuBa — 3.0 1/71. Y uccienoBaHHBIX OaKTEpUil HE BBISIBICHO KOPPEISLUK
MEXIy METaIPE3UCTEHTHOCTHIO, FaJ0TOJIEPAHTHOCTBIO U YD-Pe3UCTEHTHOCTBIO, BUIMMO IIOTOMY, YTO MeXa-
HU3MBI pelapanuy KJICTOYHBIX HOBPEXKICHUI WM 3alIUTHI, KOTOPhIE Pealu3yloT KIETKU MPHU ACHCTBUH 3THX
(haKTOpOB, Pa3IUYHBIL.

Knwuesvie cnosa: IkBasiop, MUKPOOPTaHU3MbI, KOJIMYECTBEHHBIH YUET, pe3ucTeHTHOCTD, Y®, NaCl, Tok-
CHYHBIC METAJIIBL.
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