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The paper presents the research results of the territory contamination of the shooting and stand com-
plex of the North Caucasus Military District Military Hunting Society, the interregional sports organization,
operating in Rostov-on-Don since 1992. This object is identified as a source of contacting environment con-
tamination with lead and its compounds, since the lead shot is used at the complex shooting areas. Series of
soil samples were selected at different distances from the targets in accordance with the requirements of
regulatory documents, taken from the surface layer to the depth of 10-15 cm. The acidity level was meas-
ured, in the aqueous extract, which on average had a pH value of ~ 7 corresponding to a neutral medium.
Visually lead shot of various degradation degree is found in the samples. 2,5 grams of lead were extracted
mechanically from 1 kg of the composite sample, which significantly exceeds the established standard
(0.032 g / kg). A gualitative chemical analysis of aqueous extract confirmed the presence of lead com-
pounds. Quantitative chemical analysis of lead mobile acid-soluble forms was carried out by inversion vol-
tammetry according to the procedure of MU 08-47 / 56 on the TA-Lab device in extracts obtained by treating
the 1 M of soil sample with HNO; solution. The average concentration of lead ions in the selected samples
was 65 g / kg. Considering that apartment block is situated near the contaminated area, the necessity of its
clearing from pollutant is evident. It was suggested to recultivate the top layer of the soil by removing it and
complex processing, firstly by a physical method to extract metallic lead, and then by reagent to remove lead
compounds. The composition and concentration of reagents depends on the type of soil and the level of its
contamination with lead.
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[[Mycmoeasi J1.E., Bopman A.3., BamymuH 3.H., Xne6yHoe C.A. lNpo6nemMbl MOHUTOPUHra
3arpsAA3HeHU No4YBbl FOPOACKUX TeppUTOpUi I. PocToBa-Ha-[loHY]

MpuBogATCca pes3ynbTaTbl UCCNEAOBaHWUS 3arpsi3HEHUST TEPPUTOPUM CTPENIKOBO-CTEHAOBOIO KOM-
nriekca BOEHHO-OXOTHWNYbEro obulecTBa CeBepo-KaBkasckoro BoeHHoro Okpyra — MeXpervoHarnsHoW crnop-
TMBHOWM oOLecTBeHHON opraHusaumm (BOO CKB-MCOO), dyHkumnoHupytouwero B r. PoctoBe-Ha-[oHy C
1992 r. 3TOT OOBEKT MAEHTUPULNPOBAH KakK UCTOYHUK 3arpsa3HEHUS KOHTAKTUPYIOLWMX cpel CBMHLIOM U ero
COEOUHEHUAMUW, TaK Kak Ha CTPenKoBbIX MNoLafKkax KOMMIeKca WMCMonb3yeTcs CBUHLOBasi Apobb. Bbinu
oTobpaHbl cepum Npob No4YBbl Ha Pas3nUYHOM PacCTOSHWM OT MULLEHEN B COOTBETCTBUM C TpeboBaHUSMU
HOPMAaTUBHBIX AOKYMEHTOB, B3ATble C MOBEPXHOCTHOIO crnosi Ao rnybuHel 10-15 cm. B BogHOW BbITSXKE M3-
MepSANN ypoBEHb KMCITOTHOCTU, KOTOPLIN B CpeaHEM umer 3HadeHune pH~7, cooTBeTCTBYIOLEE HENTParbHON
cpege. BusyanbHo B npobax obHapyxeHa cBuHUOBasA Opobb B pa3Homn cteneHu gerpagaumu. U3 1 kr co-
CTaBHOW Npobbl MeXaHW4YeckMM nyTem M3Bneknu 2,5 r cBuHUA, YTO CYLLECTBEHHO MpEeBbIaeT yCTaHOBMEH-
Hbln HopmaTtue (0,032 r/kr). KauecTBEHHbIN XMMUYECKUI aHanu3 BOAHOW BbITSXKKM NOATBEPAUN Hanuyne co-
eavHeHun cenHua. KonmyecTBEHHbIN XMMUYECKMIA aHanns3 rnoABUXKHBIX KUCNOTOPacTBOPUMBLIX (OOPM CBUHLA
NPOBOAWMM METOAOM WUHBEPCUOHHOW BONbTamnepomMeTpum no metoguke MY 08-47/56 Ha npubope TA-Lab B
BbITSDKKaX, nonyyaembix 06paboTkoi ob6pasua noussl 1 M pactBopoM HNO;. CpegHsast KOHLEHTpaLMs MOHOB
CBUHLA B 0TOGpaHHbIX Npobax cocTtaBuna 65 r/kr. YunTtbiBasi, YTO psi4oOM C 3arps3HEHHOW TeppUTOpPUEN Ha-
XOAMTCSA Xunas 3acTpovika, o4eBMaHaA HEOOXOAMMOCTb ee OYUCTKM OT nonmnTaHTa. MpeanoXxeHo pekynbTu-
BMPOBaTb BEPXHWIA CIOM NOYBbLI NYTEM €r0 U3bATUSA N KOMMNIEKCHON 06paboTkM cHavYana uanyeckum MeTo-
OOM AN U3BfevYeHns MeTanfnyeckoro CBUHLa, a 3aTteM peareHTHbIM — Ans yaaneHuss CoeanHeHU CBMHLLa.
CocTaB 1 KOHLEHTpaLms peareHToB 3aBMCUT OT TUMa NOYBbI N YPOBHS €€ 3arpsa3HeHNsi CBUHLIOM.

KnioyeBble CroBa: MOHMWTOPWHI, 3arpsi3HEHME MOYB, TsHKEMble MeTannbl, CBUWHEL, peKynsTuBauus,
cTpenbbuiye, CBUHLOBas Opobb.

Larisa E. Pustovaya — candidate of Chemistry, associate professor. Don state technical university. Rostov-
on-Don, Russian Federation.
Anna E. Borman — student. Don state technical university. Rostov-on-Don, Russian Federation.

74


mailto:science-almanac@mail.ru

HayuHbIn anbMmaHax cTpaH [pnyepHoMopbsi
2017. Tom 10. Ne 2

Zakhar N. Vatutin — student. Don state technical university. Rostov-on-Don, Russian Federation.
Sergey A. Khlebunov — candidate of technical sciences, associate professor. Don state technical university.
Rostov-on-Don, Russian Federation.

lNycmoeasi Jlapuca EezeHbesHa — kaHOudam XuUMUYECKUX Hayk, doueHm. [JoHCKolU aocydapcmeeHHbIl
mexHu4Yeckul yHugepcumem. 2. Pocmos-Ha-/oHy, Poccus.

bopmaH AHHa OdeuHosHa — cmydeHm. [JoHCKoU eocydapcmeeHHbIl MmexXHUYeCcKul yHueepcumem. 2.
Pocmoes-Ha-[JoHy, Poccus.

BamymuH 3axap Hukonaeeu4y — cmydeHm. [JoHckoU 20cydapCmeeHHbIU mexHU4YecKul yHusepcumem. e.
Pocmos-Ha-[JoHy, Poccus.

XnebyHoe Cepzeli AHamonbesuy — kaHOudam mexHu4Yyeckux Hayk, douyeHm. [JoHckol eocydapcmeeHHbIl
mexHuyecKkuli yHugepcumem. 2. Pocmos-Ha-/LoHy, Poccus.

Efforts undertaken by the government of the Russian Federation and city authorities
to create an enabling environment in cities and to improve the efficiency of urban resource
use, greatly contribute to the development of the Russian economy, but not sufficiently and
far from the necessary one and, moreover, the maximally possible. According to the
classification of the Russian Federation Regional Development Ministry, Rostov-on-Don
takes the tenth place according to the population number among Russian cities and has
environmental problems typical for large cities. According to the official data, published by
the Rostov region government [2] one marks the higher level of atmosphere air
contamination with suspended substances (dust), fluorine hydride, soot, formaldehyde and
nitrogen dioxide in Rostov-on-Don. The basic contribution to the outbreaks from stationary
sources in the atmosphere are deposited by MUE “Teplocommunenergo”, JSC “TGK-8”
the branch “Rostov city generation”, LLC “Combine plant “Rostselmash”, LLC “Rostov
casting plant’”, JSC “RHPC “Rostvertol”, the branch of NCRW JSC “‘RRW”, LLC
“‘Rostselmashenergo”, LLC “Aristotel”, CHSC “Yug Rusi”, JSC “KOMAT”, JSC “GPZ 10”.

SC “Vodokanal Rostov-on-Don” is the main contaminant of the river Don artery. The
level increase of brinishness and turbidity is marked. The river lost its former recreational
significance. It is not possible to exclude unauthorized discharge of sewage into the river
Temernik and beams (stream) Bezymyannaya, as well as unauthorized landfills. There is
also a tendency to deterioration of drinking water quality, especially on microbiological
indicators in the summer period. Precipitation (snow, rain with snow, rain) have a slightly
acidic environment. The average annual air temperature is above the norm on 1.0-1.9 ° C.
Researches of the state monitoring service showed a stable degradation of soils.
Unfortunately, continuous monitoring of the ecological and toxicological situation in the
Rostov region, though is considered to be one of the priority tasks of the agrochemical
services of the region, but its objects are only soils of agricultural land, the lands of urban
areas are not included in it. The World Health Organization regards soil infection with lead,
mercury and cadmium to be the most dangerous of all. This predetermines research
topicality of lead content in soils of Rostov-on-Don.

Work results analysis of regional authorities ecological inspection and state
observation service for the environment condition allows drawing a conclusion about that
Rostov-on-Don industrial enterprises are not the suppliers of above norm lead income.
However, unauthorized dumps of lead-containing waste, or specific objects that are not
within the scope of state control can be the source of this pollutant. In this paper, the
shooting and stand complex of the Military Hunting Society of the North Caucasus Military
District, an interregional sports non-governmental organization (MHS NCMD ISSO),
operating in Rostov-on-Don since 1992, was defined as such an object. The complex
includes 6 shooting sites for trap-shooting and 2 sites for bullet shooting. The platforms are
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equipped with modern missile equipment and allow the following shooting disciplines to be
implemented: skeet, trap, d-trap, sporting [18], which use lead shot.

The decision about complete prohibition of lead shot using at hunt in all advanced
countries was accepted in the beginning of the 90-s in connection with ecological
standards stiffening on environment contamination with lead. In the early 2000s a number
of countries imposed a ban on the use of lead shot also for sports shooting. But the
features of trap-shooting do not allow replacing the lead shot with steel [17]. In our country,
great attention is paid to the development of Olympic sports, so it is necessary to develop
ways to operate shooting areas, eliminating pollution of the environment with lead for the
successful development of trap-shooting in Russia. At the same time, the Russian
government tightens standards for environmental pollution by lead. In accordance with
Hygienic standards [3], the maximum permissible concentration (MAC) of lead in the soil of
settlements in Russia is 32 mg / kg. According to [16], lead refers to the first class of
hazard of chemical pollutants. The maximum indicator of harmfulness of lead is 260 mg /
kg [3]. The danger of soil contamination with lead is determined primarily by the level of its
possible negative impact on contacting media (water, air), food products and directly or
indirectly on humans, as well as biological soil activity and self-purification processes [11,
14]. Considering that the apartment block is situated in 50 m from the polygon, the
research of lead content on its territory considers to be topical.

To carry out soil monitoring at the polygon, a series of soil samples were selected at
different distances from the targets in accordance with the requirements of normative
documents [4-6], taken from the surface layer to a depth of 10-15 cm. Visual inspection
showed that the soil structure is loose, homogeneous, the color is black. Using the pH
meter, the acidity of the soil was determined from the aqueous extract according to the
procedure [7]. On the average, the acidity of the soils is pH=7. These data make it possible
to classify the soil of the polygon as chernozem.

Lead shot was collected and weighed in selected samples by mechanical extraction.
The traces of various degradation degree are visually detected that points to translocation
transition of lead to the solil in the form of lead compounds. On the average about 2,59 of
metal lead were extracted from the 1 kg of the soil in various samples. For the detection of
lead compounds presence the soil was cultivated during 12 hours with acetic acid solution
with pH=5,5, imitating rainwater. After the settling the solution was drained through
decantation and qualitative reactions to lead cations with silver iodides were conducted:

Pb®™ + 21— Pbl,
colorless yellow

A characteristic yellow coloration was observed. Thus, the preliminary experiment
showed that the contamination with lead and its compounds at the shooting range is of a
sufficiently high level, so it is necessary to clarify its content and develop measures to
reduce its negative impact on the environment. It is necessary to determine the area of
contamination to develop specific recommendations. To do this by numerous and
expensive qualitative chemical analysis conducting is economically costly, that is why it is
advisably to preliminary build mathematical model of lead shot dispersion and calculate
the most probable places of lead shot accumulation at the concrete polygon.

The literature overview showed that there are mathematical models, describing
ballistics of shot flight from the shot to the target, or its destructive properties in the
organism. The shot behavior beyond the hitting area of damage at flight is described only
by some authors piecewise, while the data of the shot behavior vary greatly. Thus,
according to one data the max ordinate for shot charge No 7 — 165 m, according to the
other sources — 250 m [2, 8-10]. Preliminary calculations on dispersion and shot sheaf
width spread showed that maximum lead shot pollution zone is situated on 180 m from the

76



HayuHbIn anbMmaHax cTpaH [pnyepHoMopbsi
2017. Tom 10. Ne 2

shooter starting position and 80 m in width, several probes, united in one jointed, were
selected on this area. To determine the concentration of lead compounds in the soil, the
inversion voltammetry method was used according to the procedure of MU 08-47 / 56 on
the TA-Lab. The mobile acid-soluble forms of heavy metals, including lead Pb, are
determined in the extracts of 1 M HNO3. To this end, a soil sample weighing 5 g was
weighed with an accuracy of +/- 0.1 g and placed in a conical flask with a capacity of 200
cm3, 50 cm3 of 1 M HNO3 was added to the sample. The received suspension was
shaken on the rotator during 1 hour and infused during the 24 hours, in the closed flask.
The extract was then filtered through a dry fold filter “white tape”, pre-washed with 1 M
HNOS3. In connection with the high sensitivity of the voltammetric method, the degree of
dilution of the extract was determined experimentally, since the concentration of lead in it
was significantly higher than the background. For the analysis, 0.01 ml of extract was
taken per 200 ml of distilled water. The average concentration of lead ions in the selected
samples was 65 g / kg, which many times exceeds the established norms (0.032 g / kg).
Considering that apartment block is situated near the contaminated territory, it is necessary
to clear it from pollutant.

In Russia, works on the rehabilitation of heavily polluted areas are not practically
carried out due to low environmental and economic efficiency. Only in case of high conta-
mination degree some physical methods are applied, such as restriction of their migration
in the contact environments, impoverishment, verification, extraction and disposal of con-
taminated soil layers. From chemical methods one can mark lime treatment of acid soils,
placement of mineral and organic fertilizers, usage of zeolite, humic medications and other
absorbents for lead mobility decrease in the soil. It is also possible to extract lead from
soils by biological methods with the help of microorganisms, cultivation of plants capable
of accumulating lead in large quantities, followed by their removal from the territory,
processing or disposal. As a rule, combined methods have the most efficiency. For recla-
mation of lead-polluted territory, one proposes, for this case, to remove the topsoil layer to
a depth of 15 cm and extract metallic lead and its compounds from it, using the process
proposed in the Peterson patent (USA, 1977) [13] after its hardware modernization and
refinement.

The idea is concluded in the soil grinding, mixture it with water, obtaining
suspension and extraction of lead, fell on the ground. Water after settling is used
repeatedly, the soil can be returned to its original location. Lead can be re-started for
melting and production of shot. Further into the suspended soil, we suggest adding a
reagent that transfers lead contained in the soil as insoluble compounds to soluble forms,
after settling, drain the water for reagent treatment, removing lead compounds from it. After
centrifugation, the water is reused in the cleaning process. The composition and
concentration of reagents depends the soil type and the level of its contamination with lead.
Thus, it was experimentally shown that contamination with lead in hazardous quantities
takes place at the shooting polygon. The methods of contamination zone determination
and the method of polygon soils rehabilitation are offered [15].
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