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Abstract. In the case of the metallurgical, mining and engineering industries the instrumental studies results of
disperse composition of the emissions are described, normalized fractions PM, 5 and PM,, are isolated. Values of
the sedimentation coefficients for fine particles with different properties are clarified. It is shown that the use of
data on dust dispersed composition and reasonable sedimentation coefficients improves the accuracy of
calculations by 1.5-2.5 times. The described approach can improve the accuracy of influence zones for industrial
enterprises dust emissions and exposure assessment.
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The danger of fine particles for human health has been proved by various multi-year
Russian and foreign studies [6, 9, 13—15, 17, 22]. It was determined that the size of particles as
wells as their chemical conent and shape is an important factor in determining the health effects
[13, 14, 22]. The studies show that fine particle fractions — sized less than 10 (PM10) and 2.5
micron (PM2.5) present the biggest health hazard because of their prolonged presence in the
atmosphere, long-range transportation and ability to penetrate in the lower pulmonary passages,
and reach the bronchi and alveole [9, 15, 17].

Today consistent assessment of public exposure to fine particles in the Russian
Federation is challenged by the lack of real data on particle size distribution of industrial
emissions. Available information is not consistent with the technological processes and used
materials [10]. The Decree of the RF Ministry of Natural Resources of December 31, 2010 No579
On Establishing Sources of Hazardous Emissions (Air Pollutants) Subject to State Registration and
Regulation, and of the List of Hazardous Substances Subject to State Registration and Regulation
that approves the regulation of dust emission with the account for particle size is not implemented

well. For example, Rospotrebnadzor in Perm Region reports that as of 2013, none of the
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enterprises in Prikamie included the data on the size content of dust emissions in the inventory list
of emission and discharge sources and, accordingly, fine dust was not taken into account when
developing the standards for the maximum permissible concentrations in the sanitary-protection
areas.

Current situation prevents consistent hygienic assessment of possible effects of the
atmospheric air chemicals in the area of close proximity to the solid particle industrial emission
sources.

The purpose of the research was to develop methodical approaches to the assessment of
health effects of fine dust in the areas of exposure to industrial stationary pollution sources based on a
scientific analysis of the particle size distribution and component composition of dust-and-gas mixes.

To reach this objective, we took the following steps: determined the fraction composition
of dust-gas emissions indicating the regulated PM,s and PM,, fractions; determined the mass
emission of PMys and PM;, particles (g/s, t/year); validated the correct sedimentation
coefficients depending on the particle-size distribution of dust and emission factors; and, finally,
assessed public exposure in the affected areas.

The objects of the research include machine-building, mining and iron-and-steel
enterprises in Perm and Perm Region.

Materials and methods. Production processes at the industrial enterprises were studied
based on the analysis of technical documentation followed by a field study of the industrial
facilities to identify the sources of dust emission, analyze their technological characteristics and
operation environment. On the sources of dust emission, we conducted a direct instrumental
survey of the emissions. The selection was made with the use of a twin-cyclone separator in
successive separation of the particles of various fractions and filters with respective pore sizes
and characteristics that allow maintaining the particle size of emissions. The period of sample
selection was determined by the intensity of dust release on the source and constituted 2-20
minutes; the sampling rate totaled 20 in’/min. Air sampling was conducting was conducted at
the maximum proximity to the source of dust release. We probed up to 5 repeat samples on
each source, created one averaged (proportionated) sample which served as the base for all
the calculations.

Evaluation of the total volume of dust released per unit of time was conducted with the
use of gravitational method. The particle content of dust emission was determined with the help
of laser particle size analyzer Microtrac S3500 (with a size range from 20 nm to 2000 um). The
results of the particle size analysis are used to calculate the mass concentration of PM, s and PM;,

particle fractions.
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The shape of the dust particles was determined with the use of a high resolution scanning
electronic microscope (magnification range 5-300,000X; accelerating voltage — 0.3-30 KV) with
a S3400N HITACHI X-ray fluorescent attachment (detection range — 10-5 mass%, minimum
analysis area — 100 pm) at the Center of Collective Use of Perm National Research Polytechnic
University.

The quantitative evaluation of the particles of the regulated fractions was conducted by
determining their maximum one-time (g/s) or gross (t/year) emission in accordance with the
standard methods [6].

The proper coefficient of the dust sedimentation rate (F) was selected when preparing for
the calculation of emission dispersion of fine particles from industrial sources as a ratio between
the sedimentation rate of specific-size particles and critical wind velocity calculated in
accordance with standardized methods. The sedimentation rate of globule particles was
calculated based on the Stock’s law formula where the rate of particle sedimentation depends on
their diameter and density as well as the properties of the sedimentation medium. The shape of
the particles determined with the help of an electronic microscope was taken into account in the
Stock’s law formula by adding an equivalent diameter defined via y coefficient with a value of 1
through 2.9 [4].

The sedimentation rate of each dust fraction was calculated based on standardized methods
used in Russia [7] and programming tools that implement pollutant dispersion algorithms in the air.
The calculations were made in several points at the borders of sanitary protection zones of the
enterprises and at grid points of the enterprise location within a radius of two kilometers (area of
expected pollution).

When evaluating public exposure, we used the values of maximum one-time or daily
average maximum permissible concentrations MPC,,, and MPC,4, which total respectively 0.16
and 0.035 mg/m3 for PMys5; and 0.3 4nq 0.06 mg/m3 for PMm1 and are brought into accordance
with the reference levels recommended by the World Health Organization [9, 21].

The level of exposure was mapped and analyzed on the basis of ArcGIS 9.3 mapping
platform with the use of vector area maps that show the locations of stationary dust release sources,
the borders of sanitary protection zones, residential buildings, social, cultural and recreational

buildings as well as the number of residents.

! Hygienic Standard 2.1.6.2604-10 Addendum Ne 8 to Hygienic Standard 2.1.6.1338-03 Maximum Permissible Concentration (MPC)
for air pollutants in the residential areas.
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In 2011-2013, we analyzed over 600 dust samples released by technical devices,
machinery and other sources; we conducted over 200 exposure evaluations in the areas
affected by industrial enterprises.

Results and discussion. When analyzing the technical processes, we determined the
following:

— the sources of particulate emission at iron and steel enterprises include agglomerative
production (sintering plant), iron smelting, iron to steel processing, blast-furnace processing
(blast furnace, ore-blending plant, casting yard), open-hearth plants, converter steelmaking
plants, and coke-chemical plants;

— the sources of higher dust emission in mining dry sections include ore overturning and
finished products facilities, loading-and-unloading operations, rattling noise, bolting machines,
disintegration sections, and assembly lines;

—the sources of dust emission at machine-building enterprises include casting shops
(cupola furnaces, electric arc furnaces, induction furnaces, storage areas, batch and molding
material processing sections, casting removal and dressing sections), press and rolling-mill shops
(metal heating and processing processes), heat-treating shops (batch-heating furnace, shot-blasting
chambers), galvanizing plants (prior operations, mainly, mechanical cleaning), machine workshops
(mechanical processing of metal, lumber, fiberglass, black-chalk, etc.), metal welding and cutting
sections

Other sources of dust emission include auxiliary process sections: furnace rooms,
maintenance rooms, building workshops, etc.

See Table 1 for the fractional makeup of dust emissions at iron-and-steel enterprises.

Table 1

Characteristics of the particle size distribution of dust from technological
operations at metallurgical enterprises

Particle weight fraction, % Median particle
Technical operation less than less than more than size,
2,5 um 10 ym 10 ym pm
Charing hole load 5,40 24,77 74,59 40,00
Single-component burden load 0,00 9,19 90,81 80,00
Smelter slag load 44,46 55,52 42,58 4,00
Batch mixing 11,40 31,14 68,16 30,00
Agglomeration 2,93 8,43 90,59 200,00
Agglomerate handling 5,24 15,41 82,33 20,00
Rehandling (local agglomerate) 4,07 25,57 74,43 20,00
Hot-metal tapping 78,53 84,34 15,66 1,00
Slag tapping 17,56 53,91 46,12 8,50
Blow-off of iron in a converter 1,22 10,79 89,21 8,50
Rolled raw stock at rolling mill 370 12,06 26,87 72,15 40,00
Rolled raw stock at rolling mill 550 0,00 8,58 91,42 90,00
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Lime roasting 6,06 40,98 62,67 10,00
Ferrovanadium smelting 4,71 26,95 73,05 20,00
Spring media blasting 35,51 47,91 52,09 10,00
Steel felling 12,79 29,44 70,56 20,00
Hot pressing 1,32 18,01 81,99 80,00
Drilling-out of rod stocks 0,37 11,06 88,94 90,00
Sand peeling 11,36 50,58 49,42 40,00
Steel-making in an electric furnace 16,71 38,22 61,78 20,00
qumatlon of mixes in a form-making 1,65 13,67 86.33 20,00
mixer

It was determined that for the dust produced at the metallurgical enterprise under study, the
median particle size ranged from 1.00 (‘smelter slag load’ procedure) to 200.00 um (‘agglomeration’
procedure). The content of PM 5 fractions ranged from 0 to 78%, PM; — from 8 to 84 % depending
on the technological operation and used raw materials.

See figure 1 for a sample bar chart that shows the particle size distribution of dust from
flushing of slag. The sizes of the particles in the emissions of dry sections at mining enterprises were
as follows: 0-21% - particles sized less than 2.5 pm; 0-49% - particles sized less than 10 pm; 51—
100% - particles sized more than 10 pm (Table 2).

The median particle size of dust for various technological processes was measured in the
range from 10.00 to 450.00 pm.

The fractional composition of the dust obtained in the course of studies at the machine-
building enterprises is shown in Table 3. The median particle size of dust in the emissions of
machine-building enterprises from various technological metal-working processes ranged from
80 to 300 pm.

Overall, based on the study of various technological operations, the emissions from
stationary sources at machine-building enterprises contain from 0 to 13 volume percent of PM; s
particles and from 0 to 40% PM,, particles. The biggest share of fine particles is registered at
the welding sections (up to 70%).

Emissions at all the enterprises under study contained particles of various shapes:

globular, angular, elongated, tabular, combined, etc (Figure 2).
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Figure 1. A bar chart of the particle size distribution of dust from flushing of slag
Table 2

Characteristics of the particle size distribution of dust from some technological
operations at dry sections of mining enterprises

Particle weight fraction, % Median
Technical operation less than less than more than particle size,
2,5 um 10 ym 10 ym pm
Overturning of ore at the belt conveyer 0,90 2,40 97,60 60,00
Overturning of ore at the belt conveyer 14,61 32,33 67,67 30,00
Overturning of ore at the belt conveyer 13,64 48,65 51,35 10,00
Dyring of the material by flue gases 0,00 0,00 100,00 60,00
Mixing of charge material in the conveyers 6,19 48,41 51,59 10,00
Overutrning of the finished products 2,32 14,90 85,10 80,00
Filtration of ore at the grater 6,12 36,36 63,64 20,00
Filtration of ore at the grater 14,25 43,76 56,24 20,00
Drymg.of granulateq mater}al at the shake- 9.51 3541 64.59 30,00
out drying-and-cooling station
Filtration of agglomerate 19,72 46,46 53,54 20,00
Stocking up of grain concentrate 9,84 20,80 79,20 50,00
Stocking up of grain concentrate 0,00 0,00 100,00 450,00
Stocking up of sylvinite 20,90 40,41 59,59 20,00
Table 3

Characteristics of the particle size distribution of dust from some technological operations
at machine-building enterprises

Particle weight fraction, % Median particle
Technical operation less than less than more than size,
2,5 um 10 ym 10 pym pm
1 2 3 4 5
Steel part cutting using face grinders 0,00 4,93 95,07 300,00
Steel part cutting using slitting machines 7,07 32,97 67,02 200,00
Steel part cutting diamond grinding wheels 0,37 15,29 84,71 100,00
Steel part cutting using chain grinders 0,00 2,67 97,33 100,00
Steel part cutting using horizontal boring 035 19,77 80.23 200,00
machines
Steel part cutting using drill press 6,7 13,45 86,55 100,00
Steel part cutting using lathe tool 0,35 12,24 87,76 200,00
Steel part cutting using milling machines 5,22 38,78 61,22 300,00
Steel part grinding using glass dust 5,18 30,01 69,99 100,00
Steel part grinding in barreling machines 0,55 16,84 83,16 200,00
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Steel part grinding in blast cabinets 0,00 0,00 100,00 100,00
Processmg.of nonmetallic materials using 0.32 8.78 91.22 100,00
lathe machines
Sfemyautom.atlc steel welding in carbon 13,46 39,88 60.12 80,00
dioxide environment
Semi-automatic steel welding in argon 0.00 2.16 97.84 80,00

environment

Figure 2. Examples of dust particle shapes identified via electronic microscopy
(a — globular, b — combined, ¢ — elongated)

In most cases, dusts included a wide range of nano-sized particles (Figure 3).

The sedimentation coefficients calculated for separate types of dust fell in the range from
1 to 2.0. In a number of cases, the newly established coefficients were by 2.0-2.5 times different
from the ones used before; for the latter, the fractional composition was not determined which
had a great effect on the calculation of the atmospheric diffusion and, accordingly, on the values
of the ground-level doping concentrations.

Calculations of the dispersion of dust from the sources under study at the machine-
building enterprises with the account for the obtained data on the fractional composition

suggests that in unfavorable environmental conditions, the maximum ground level PM;g

concentration at the borders of the sanitary protection zone totaled 1,5 MPC paximum one-time-

Figure 3. Electronic photo of dust produced when rolling raw stock at rolling mill 550 (magn. x10 000)
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Figure 4. Isolines of dust dispersion in unfavorable environmental conditions (no-wind; ¢ 25 °C)
(a — with no account for disparity; b — with the account for disparity)

When integrating the calculation data for dispersion and electronic layers characterizing
the population, it was determined that 1286 people reside in an area with poor hygienic standards
just outside of the sanitary protection zone. Based on the data, we reviewed the results of earlier
sanitary-hygienic assessments which had revealed no hazardous air pollution levels (Figure 4).
The obtained data confirmed the hypothesis that it is necessary to take into account the particle
distribution of dust when validating the sanitary-protection zone projects and maximum
permissible concentration standards since in the areas of dust exposure, the distance of 50, 100
and 200 meters often might be considerable from the legal and hygienic points of view [2].

Conclusions. The majority of dust-and-gas emissions at the metallurgical, machine-
building and mining enterprises under study contained small dust fractions — up to 80% PM10
and up to 40% PM2,5. The particle distribution of emitted dust is heterogeneous and depends on
the specific technological process and used devices, tools, and raw materials.

Emissions from many technological processes contained nanoparticles. This fact requires
special-target studies to analyze their impact on the employees and the population at large.

The calculation of an adequate sedimentation coefficient for the dust particles of various
fractions and different characteristics allows for the increase of their ground-level concentrations

and, respectively, of public exposure.
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Reporting on the fractional composition of dusts significantly increases the accuracy of
the borders of exposure areas around the sources of emission as well as the accuracy of public
exposure to hazardous fractions of solid emissions.

Introduction of the assessment of fractional composition of dusts into the validation of
standards for maximum permissible concentrations and sanitary-protection zone projects should

be considered as a tool to improve public sanitary and epidemiological well-being.
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