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To a question of methodologies of assessment and management
of public health risks related to environmental pollution

Material according to pollution of atmospheric air by risk assessment given in article to health of the popula-
tion, new approaches to methods of calculation of probability are offered damage the health of the population
from pollution of atmospheric air. The taxonomical clustering of residential zones of the industrial city is car-
ried out. The offered algorithm of assessment and control of risk for health can serve as the methodological
tool for reasons for acceptance of administrative decisions in the sphere of environmental protection, allows
to carry out the analysis of nature protection activities taking into account the state of the population health.
The obtained values of the unit cost of reducing emissions of suspended and toxic substances in air pool of
the city. The key issue in non-threshold risk assessment non-carcinogenic toxic effects of atmospheric pollu-
tants is the method of calculating individual risk factors, i.e. risk per unit concentration of the pollutant.

Keywords: risk assessment, discriminant function, a cluster, specific cost, bursts in atmospheric air.

Russian scientists very commonly used method of evaluation to individual coefficients, which is based
on regression increased morbidity of the population by increasing pollution per unit amount relationship
concentrations of contaminants to their average daily MPC [1], the researchers propose the calculation of a
risk quotient for each chemical, based on the assumption that in relations to the MPC, the total concentration
of all substances equal to one and giving a set percentage of additional growth in the number of cases of
morbidity and can be represented by only one of the substances amount [2]. This method of establishing in-
dividual factors are not relevant carcinogenic risk for the hygienic research, however, we propose to com-
plement with the use of some techniques to multivariate statistical analysis as the increment of incidence,
calculated on the basis of increase per unit to each major component (or each of the main factors) of the at-
mospheric pollution. It is necessary to obtain the multiple regression equation between the effective signs of
morbidity and the main components that are not correlated [3] and, thus, the issue regarding multicollinearity
concentrations of chemical compounds of atmospheric pollutants characteristic of multiple regression analy-
sis in the «population health — air pollution». To accurately determine whether the regression on the main
components the advantage over the regression summation of pollutants cannot be argued, but it should be
noted that this consideration is not one contributing factor, but several.

It is possible to isolate components, and thus the pollutants themselves, having given the specific cir-
cumstances, a weak linear dependence with the incidence rate and require the use of nonlinear regression
methods. Second, the possible calculation of increase in incidence with increasing per unit values of the dis-
criminant functions. Linear regression between the indicator of the health status of the population and the
value of the discriminant function characterizing the air pollution can be applied to calculate the unit risk
factors for individual atmospheric impurities, as between their concentrations and parameter discrimination
is the functional relation. The dendrite is represented by a polyline that can diverge, but cannot contain
closed broken line. This method get a non-linear ordering of the objects under consideration when you build
dendrites, based on indicators of air pollution based on our research. Thus, the assessment of individual risk
factors non-carcinogenic effects, the use of multivariate statistical analysis believe it is possible to clarify the
influence of particular atmospheric pollutants on the health of population in industrial centers.

Materials and methods

When you build dendrites districts of Novokuznetsk-based indicators of air pollution, the method of the
Wroclaw taxonomy [4], which was adopted by the administrative districts in the city of Novokuznetsk, as
well as the features that characterize the objects that were used the average and maximum levels of atmos-
pheric air pollution in these residential areas. Between objects taxonomy (city) is calculated Euclidean dis-
tance, was formulated matrix of Euclidean distances, and then by the Wroclaw taxonomy was based den-
drite.
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Risk management — focused events to reduce individual and population risks based on risk analysis
[3]. Risk management includes: definition of the object of risk management; defining the purpose of risk
management; development of managerial decisions aimed at the elimination or reduction of risk, carried out
a comparative economic analysis.

In the analysis of economic efficiency of atmosphere protecting measures, proposed for implementation
in the period 2009-2016 industrial enterprises of the city, for different investment projects to determine the
net present value, which allows to bring the cost of their implementation to the same point in time [4, 5].
Was evaluated for the reduction of toxic emissions in the air basin after the implementation of each of these
activities. Projects differentiated in magnitude to costs of abatement. The life cycle of the projects were made
for 10 years.

Net present value is determined by the formula

PYC=> K, *(1/(1+r)),

where PVC — net value of the project; K; — the cost of the project in the i-th year; » — the interest rate re-
flecting the opportunity cost of benefits distribution of money to a certain project (the loss of benefits from
another project).

As in our case, the decision on the allocation of money takes the enterprise itself (atmosphere protecting
activities proposed for implementation of environmental services companies), the interest rate r should be
equal to the income from a relatively safe investment funds in the Russian Federation. In the evaluation of
net present value we have assumed that the interest rate r on each of the projects is 10 %, directly in the cal-
culations the value used is 0.1 (fraction). It was assumed that costs (for the year) was carried out at the be-
ginning of each year, i.e., i =0, ..., 9. The unit cost of abatement is determined by the formula

PVC

Iz
dV=(10-T)

where Z — is the per-unit cost, RUB/t; dV/— annual reduction in emissions after implementation of the pro-

ject, t/year; T — project implementation period, years.

Results and discussion

The joint effect of atmospheric pollution and meteorological conditions on the performance of appeal

ability of the population to medical institutions can be characterized by the following regression equation:

Y=b1*P+ b2*S + a,

where P is the complex index of air pollution; S — the stiffness of the weather; b1 and b2 — the coefficients
of multiple regression; ¥ — intense daily index of appeal ability of the population for emergency medical
care (this indicator is only available for analysis in most medical research centers of the Russian cities). The
above equation approximity good of the relationship in the transitional period of the year, despite the possi-
ble correlation between the level of pollution and humidity. The quality factor signs should be used as cur-
rent values P and S and their lagged values. In the winter and summer seasons there is a close correlation
between the air temperature and level of pollution of a ground layer of air. In this regard, there is the problem
of multicollinearity factor signs.

This problem can be solved by the following methods:

1) the transition to the combined regression equation, reflecting not only the factors but also their inter-
action: it is possible to build the following combined equation:

Y=b1*P+ b2¥S + b12*P*S + a;

2) the transition equations are forms for this in the regression equation substituted this factor through
the expression from the other equation: thus, the rigidity of the weather regression to Express through such
meteorological parameters as wind speed (in the presence of dangerous wind speeds that characterize high-
altitude sources in most cities of the Russian Federation, a linear correlation of this parameter with the level
of air pollution is absent), interdiurnal variability temperature changes, atmospheric pressure (using them as
the current values and lagged values). If the equation of a significant number of factor signs should encour-
age methods that reduce to zero cross-factor correlation — the transition from the original variables to their
linear combinations are uncorrelated with each other (principal component method) [6, 7]. Thus, the multiple
regression analysis using multivariate statistical methods can be used to characterize the joint effect of mete-
orological and anthropogenic factors on the population health.

Dendrite areas of the city of Novokuznetsk, built on average 10 concentrations of atmospheric pollu-
tants, showed that all these residential areas are in the same cluster, the Euclidean distance between
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Novolinskiy and Kuibyshev districts close to the critical one, because of the difference of the structure of air
pollution in the Kuibyshev district of the structure of the contamination of other residential arecas that
yelizarovo proximity to coke and chemical production iron and steel plant (Fig. 1).
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I — Central; IT — Factory; IIT — Kuznetsk; IV — Kuibyshev; V — Novoilyinsky; VI — Ordzhonikidzevsky

Figure 1. The dendrite of districts of Novokuznetsk constructed on average concentration
of 10 atmospheric impurity (the critical Euclidean distance is equal to 1.37)

Dendrite constructed by the maximum concentrations also showed a single cluster residential zones, the
Euclidean distance between Ordzhonikidzevsky and Factory areas close to critical, due to the difference be-
tween the structure of emissions in the air pool on the territory of the Ordzhonikidzevsky area (the predomi-
nance of small boiler-houses) on the structure of emissions from other residential areas (Fig. 2).
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Figure 2. Dendrite areas of the city of Novokuznetsk, built on the average of the maximum concentrations
of 11 atmospheric pollutants (critical Euclidean distance is equal to 1.93)

Existing water treatment facilities in many urban enterprises produce cleaning of industrial off-air mix-
ture only from the solid particles and do not eliminate the gaseous emissions. Virtually no, the question was
raised about the need to reduce emissions of specific substances (hydrogen sulfide, ammonia,
benzo(a)pyrene) as the solution of this problem requires a restructuring of existing production facilities, in-
troduction of low-waste technologies. At the enterprises of Novokuznetsk due to use of obsolete technology,
significant low fugitive emissions. In many enterprises, the wastewater treatment apparatus of morally and
physically worn out, often out of order. Of window openings and doors of industrial premises are allocated
fugitive emissions during the nighttime with a certain frequency followed by a volley emissions. In surface
layer of atmospheric air getting dozens of harmful substances, creating adverse living environment.

With the aim of reducing the harmful effects of atmospheric pollution in recent years in the city of No-
vokuznetsk have started work on planning atmosphere protecting of activities developed by the environmen-
tal program for the city under section «Protection of atmospheric air». At the enterprises of ferrous metallur-
gy are invited to perform air quality 7 events, 3 of them in the Novokuznetsk metallurgical combine
(NKMC), 3 — the West Siberian metallurgical combine (WSMC), 1 Ferroalloy plant. Projects at NKMK
require the installation of gas purification systems and in foundry coke production and installation of systems
of cooling of coke oven gas. Events in the enterprise require the reduction of emissions of harmful substanc-
es in air pool of the city in the amount of 11 tons/year (draft A3 — setting system for the purification of am-
monia from coke oven gas phosphate method of capture) up to 520 tons/year (draft A1 — installation of gas
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purification from the casting yard of a blast furnace Ne 5), and their net present value is in the range of 16.86
to 74.96 RUB million (Table 1).

Table 1

Unit costs for the reduction of emissions of the atmosphere protecting activities

at the enterprises of ferrous metallurgy in Novokuznetsk

The symbol The net discounted Reduction of emissions Specific costs
of atmosphere value of an action, to the atmosphere as a result of decrease in emissions,
protecting action thousand rubles of realization of an action, ton/year thousand rubles/t

Al 54545 520 13.11
A2 16864 400 5.27
A3 74966 11 973.6
A4 35000 2932 1.33
A5 3471 1227 0.4

A6 6198 16800 0.05
A7 90000 6086 1.64

The unit cost of abatement project Al are 13.11 RUB/t, the project A2 (installation of closed cycle final
cooling of coke gas) — 5.27 RUB/ton, A3 — 973.6 RUB/t High unit cost of emission reduction by the pro-
ject of A3 is explained by the fact that this event involves the construction of a system for purification of
waste gases from ammonia, which is a specific component of gaseous emissions from coke-chemical produc-
tion.

Air quality events in the West Siberian metallurgical plant involve the decommissioning of coke batter-
ies, and reconstruction of the other coke oven battery and replacement of equipment in the sinter production.
These projects are relatively low cost — the cost of reducing 1 ton of emissions is in the range of 0.05 RUB/t
(project A6 was the replacement of complex equipment of sinter machine Ne 2 sinter machine, a new version
with a transfer to the technology of sintering of high layer and gas cleaning in electrostatic precipitators) to
1.33 RUB /MT (project A4 — decommissioning coke battery Ne 4), their implementation will lead to a sig-
nificant reduction of emissions of polluting substances in atmospheric air (planned reduction equals A4 —
2932 t/year, AS (reconstruction of coke oven battery in coke building Ne2) — 1227 t/a, A6 —
16800 tons/year).

Environmental service of Novokuznetsk aluminum factory (NKAF) will be held 7 atmosphere protect-
ing projects with a total reduction in emissions in the air pool in number 4423 t/year. Net present value
measures on NKAF ranges from about 4.09 to 199.1 million RUB, technically, these activities involve the
gasification of the production, the beginning of the use of «dry» anode mass in the furnaces, increase the KPI
for the development, the reconstruction of a number of technological systems and the construction systems
of gas treatment in electrolytic production. The unit cost of abatement project at this plant are limited in the
range of 2.86 RUB/t (project B4 — reconstruction of the irrigation system with replacement injectors and
increased density of irrigation with increased ECE of cleaning scrubbers electrolysis Ne 1), 197.5 RUB/t
(project B5 — reconstruction of equipment UPAM-2 for the technology of «dry» anode) (Table 2).

Table 2

Unit costs for the reduction of emissions in the atmosphere protecting the activities
at the enterprise of ferrous metallurgy in Novokuznetsk

The symbol The net discounted Reduction of emissions Specific costs
of atmosphere value of an action, to the atmosphere as a result of decrease in emissions,
protecting action thousand rubles of realization of an action, ton/year thousand rubles/t
Bl 4093 110 4.65
B2 25331 65 55.67
B3 26832 242 15.84
B4 6305 315 2.86
BS5 199105 144 197.5
B6 97164 1693 7.17
B7 96749 1854 7.45
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In thermal power plants are planned to implement 9 air protecting events, including 7 — Kuznetsk
CHP, 2 — the West-Siberian CHP. Kuznetsk CHP plant, the reconstruction of gas treatment systems de-
commissioning and a number of boilers; on the Western-Siberian thermal power plant — switch to 3-stage
fuel combustion and reconstruction of the electrostatic precipitator. Net present value atmosphere protecting
projects at enterprises of the industry ranges from 0.348 to 69.6 million rubles, while the total reduction of
emissions of harmful substances in air pool of the city is 2633 tons/year. The cost of reducing 1 ton of emis-
sions for activities for CHP is in the range of 0.25 RUB/t (project C3 — decommissioning of boilers Ne 11,
12, 14) to 47.6 RUB/t (project C6 — installation of ignition-safety devices of the burners in the boilers
Ne 15, 17) (Table 3).

Table 3
Unit costs for the reduction of emissions in the atmosphere protecting activities
at the thermal power plant in Novokuznetsk
The symbol The net discounted Reduction of emissions Specific costs
of atmosphere value of an action, to the atmosphere as a result of decrease in emissions,
protecting action thousand rubles of realization of an action, ton/year thousand rubles/t
Cl 12000 36 37.0
C2 5395 82 9.4
C3 348 196 0.25
C4 4475 480 1.33
C5 20750 210 14.1
C6 3000 7 47.6
C7 6225 82 10.8
C8 52525 1200 5.47
C9 69600 340 29.2

Thus, the analysis of economic efficiency of atmosphere protecting projects at enterprises of Novokuz-
netsk has allowed to establish the most favorable for the realization of the event. These include projects A4,
A5, A6 at the West Siberian metallurgical combine, projects B1 (gasification 2 sites of the plant) and B4
Novokuznetsk aluminum plant, the projects C3 and C4 (reconstruction of ash collectors with the installation
swirling gratings in the Venturi tube and irrigation insert at the outlet of the scrubber of boiler units Ne 15,
Ne 16, Ne 17) and Kuznetsk CHP, project A7 (repair of closed kiln Ne 10 with reconstruction of it to the open
kiln) on ferroalloys plant. The unit costs for reducing the emissions of pollutants according to the projects
accounted for less than 5 RUB/t. For the population of the city is also a priority of the following atmosphere
protecting outputs that require after its implementation, a sharp reduction in emissions in the air: project B6
(construction of gas cleaning system of the electrolysis case Ne 2) and B7 (building system «dry» gas treat-
ment in electrolytic production) at NKAF (1693 and 1854 tons/year, respectively), the project C8 (recon-
struction of the furnace of one of the boilers TP-87, with translation into 3-stage fuel combustion) in West
Siberian heat and power plant (1,200 t/year). Very important is the event A3 (installation of the system for
the purification of ammonia from coke oven gas phosphate method of capture) in the Novokuznetsk metal-
lurgical combine; so, its implementation will reduce the emission of such gaseous specific pollutant as am-
monia.

We propose the following algorithm of risk management in a large industrial city:

— in the first stage a risk assessment is conducted, the result of which is determined by the control object
(the dominant risk), and also is developing the complex of measures to reduce industrial emissions which can
be estimated by unit cost of reducing them (RUB per ton);

—1in a second step, an economic analysis of the effectiveness of these measures, which are prioritized
according to the criteria: cost effectiveness per unit reduction of risk; determines the amount of risk should
be reduced;

— the third stage is information support of the management of the businesses that the leading contribu-
tion to the formation of a health risk to the population, as well as those responsible for environmental policy
in the city;

— in the fourth stage is the implementation of those activities where additional benefits from risk reduc-
tion are higher than costs for their achievement, with the support of companies number of administrative
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measures: help in cash of ecological fund, the reduction in local tax rates. The result is the reduced risk to an
acceptable level at an optimal cost/benefit.

Thus, the proposed assessment methodology and risk management can be used in planning and envi-
ronmental measures to preserve and improve the health of the population in large industrial centers, in the
tasks of ecological and sanitary-epidemiological services.
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Kopmaran opTaHbIH JIacTaHYbIMEH 0alJIAHBICTHI XaJIbIKThIH J€HCAYJIbIFbIHA
Kayin-Karepai 0arasay koHe 0ackKapy dicTemeci Macesieci albl

Makanaza TYpPFBUIBIKTBI XaJIBIK JICHCAYJIBIFBIHA TOyeKeli Oaraiay apKbUibl aTMocdepalblK aya JacTaHybl
JeHreiti OOMbIHIIA MOIIMETTEp KENTIPUIreH OHIIPICTIK KaJlaHbIH CEIUTEOTIK aiiMaKTapbIHBIH TAKCOHOMUSIIBIK
JKIKTeNyi jKacajraH. YCBIHBUIBII OTBIPFaH JCHCAYNIBIK TOyeKeNnJepiH Oackapy jxoHe Oaranmay airopuTMi
KOpIIaraH OpTaHbI KOpFay cajlacklHa 6ackapy menriMaep/i KaObligayra ofiCHaMalbIK HeTi3aeMe TeTiri 6oma
aylajbl, COHBIMEH KaTap TYPFBUIBIKTHI XaJIBIKTBHIH JIEHCAYIbIK KaFJaliblH €CKepe OTBIPBII, TAOUFATTHI CaKTay
iC-opeKeTiH Tanjayra MyMKIHAIK TyFbI3aasl. KamanelH aya OacceifiHiHe yIIbl XKoHE MOJIIEPIICHIeH 3aTTap bl
IIBIFapyAbl a3alTyIbIH CAIIMAKTHIK Oara MOHJEP] aJbIHFaH, TOyeKeIJIiH OipeH-capaH (akTopiapbiH Oaranay
anicTeMeci YChIHBUTFaH.

Kinm ce30ep: xayin-karepai Oaranay, JUCKPUMHUHAHTTBHIK (QYHKIHS, KJIacTep, YICCTIK KYHBI, aTMOChHepalibK
aya IIBIFapbIHIbIIAPEL.

M.A. Mykamesa, B.Jl. Cypxukos, /[.B. Cypxukos, B.B. Kuciuupina, P.A. I'onrkos

K Bonpocy MeTOIMKH OlIeHKH U YIIPABJIEHUS] PUCKOM /1Jisl 310pOBbSI HaceJleHusl,
CBSI3AHHBIM C 3arpsi3HEHHEM OKPY:Kalollel cpeabl

B crarse mpuBeneH MarepHan IO OIEHKE 3arpsi3HEHHs] aTMOC(EPHOTOo BO3IyXa ITyTeM OLEHKH PHCKa 3710-
POBBIO HAaCENEHUs], IPEUI0KEHBI HOBBIE TTOAXOBI K CIOCO0aM pacueTa BEPOSITHOCTH YIEpOy 3J0pOBbsl Hace-
JEHUS OT 3arpsi3HeHus arMoc(epHoro Bosayxa. IIpoBeneHa TaKCOHOMMYECKas KIAaCTepHU3aLs CEeNUTCOHBIX
30H NMPOMBIIIIEHHOT0 ropoja. IIpeiokeHHbIil aIropuT™M OLUEHKH U YNPABIEHUS PUCKOM IJIsl 30POBbSI MO-
JKET CITyXKUTh METOAOJIOTUUECKUM HHCTPYMEHTOM JIsi 0O0CHOBAHMS MPUHATHS YIIPABICHIECKUX PEIIeHUH B
cepe oxpaHBI OKpYKAIOLIEeH CpeJIbl, TO3BOJISIET MPOBOIUTE aHAIN3 IPUPOIOOXPAHHOH JIESITELHOCTH C yde-
TOM COCTOSIHHSI 3/I0POBbsI HacedeHHs. [loaydeHBI 3HA4YeHHS YIETbHOH CTOMMOCTH CHIDKCHHUSI BBIOPOCOB
B3BEIICHHBIX U TOKCHYHBIX BEIIECTB B BO3AYLIHBII OacceifH ropona. KimoueBsiM BonpocoM npu Gecrioporo-
BOH OIIEHKE PHCKa HEKAHIIEPOTCHHBIX TOKCHYECKHUX BO3JEHCTBUH aTMOC(HEPHBIX MpUMecel SIBISEeTCS METo-
JIMKa MCYUCIICHHS eIMHIIHBIX (PAKTOPOB PUCKA, T.€. PICKOB HA €UHHILy KOHIIEHTPAIMH 3aTrPSI3HATEIIS.

Kniouegvie cnosa: oueHKa pHCKa, THCKPUMHUHAHTHAST (GyHKIMS, KiIacTep, yAeIbHAs CTOMMOCTb, BEIOPOCHI B
aTMocdepy.
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