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ASPECTS REGARDING A NEW FIELD OF KNOWLEDGE
REPRESENTED BY THE METALLURGICAL
ECOSOCIOLOGY

Bogdan Florin STROE', Avram NICOLAE®

This paper deals with the intersystem knowledge as objective of new
disciplines, such as: Ecometallurgy, Ecosociology and Econology, which study the
events occurring in the convergence areas of the four fundamental systems, i.e.
natural-ecological (ECOL), social (SOC), economical (ECON) and technological
(TEHN), represented by the metallic materials system META. Some of the treated
subjects are: specific intersystem disciplines; characterisation of Metallurgical
Ecosociology; the need to study the correlations between the social system
(represented by human health) and the technological system (represented by
particulate matter generation - PM); historical development of the META system
from technological system to ecosociotechnological system,; metallurgical research
tools for studying the environmental and social events (environmental & social
quantities, characterization of particulate matters by concentration and
granulometric structure.
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1. Introduction

The durable-sustainable development (DSD) is the concept that
currently designs and characterizes the evolution in the megasystem (MS) of
human existence, result of the interactions and inter-conditionings occurring in
the convergence areas of the four fundamental systems: natural-ecological,
social, economical and technological. The DSD study aims the knowledge of two
main targets:

— the durability, which measures the system strength ability in time,

including for the next generations;

— the sustainability, which measures the system’s ability to create,

sustain and maintain tailored evolution processes within the MS [1].

The durable-sustainable co-development (DSCD) is the concept that

characterizes the evolution in the convergence areas of the four systems [2].
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The interdisciplinarity and multidisciplinarity are the main means of
studying the DSCD.

The intersystem disciplines are the disciplines studying events developed
in the convergence areas of the systems [3]. Thus, the investigations regarding the
ecology-economy inter-conditionings (ECOL-ECON correlations) led to the
foundation of certain subjects of study, such as Natural Resource Economics and
Environmental Economics. [4, 5, 6] Lately, this correlation has been completed
with the energy factor, fact that characterizes a new sphere of knowledge: the
ecology-economics-energy correlations (ECOL-ECON-ENERG correlations, or
3E correlations, or E® correlations). This area has become the object of study for
a new discipline, called Econology [7]. In the same context, there are reported a
growing number of more and more important concerns regarding the ecological-
sociological inter-conditionings (ECOL-SOC correlations), which became the
object of knowledge for a new discipline, called Environmental Sociology or
General Eco-Sociology [8, 9].

2. Specific intersystem disciplines. Characterisation of Metallurgical
Ecosociology

For the materials engineer (in particular, the metallurgical engineer), the
disciplines mentioned above become specific disciplines, because they deal with
events held in the metallurgical industry, as a component of the technological
system. Therefore, certain new disciplines have emerged, such as those listed
below.

The Ecometallurgy is the discipline studying the co-development in the
convergence area between the natural-ecological (ECOL) and technological
(TEHN) systems, represented by the metallurgical industry (META). It is
analysed the operationalisation of technologies and techniques, in order to obtain
environmentally efficient products and metal goods [10-12].

The Metallurgical Ecosociology is the science studying the co-
development in the convergence area of the natural-ecological (ECOL),
economical (ECON) and technological (TEHN) systems, represented by
metallurgy (META). It examines the technologies and techniques for obtaining
environmentally efficient metal products, in terms of increased economic
efficiency [7].

The Metallurgical Ecosociology studies the co-development in the
convergence area of the natural-ecological (ECOL), social (SOC) and
technological (TEHN) systems, represented by metallurgy (META) [13, 14]. It
analyzes the influence of the technical and technological environmental
transformation measures on the quality of life, as shown in Figure 1.
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Fig. 1: Flow studied by Metallurgical Eco-Sociology.

The quality of life is assessed using social indicators which relate to
various aspects regarding the accomplishment of the social needs.
The health status is the social system element analyzed in this paper.

The first stage The second stage The third stage
until the nineteenth century nineteenth century - present currently
Technological Eco-technological Eco-social-technological
manufacturing flows manufacturing flows manufacturing flows

Fig.2: The historical evolution of the metallic materials manufacturing flows
CA — convergence area; TS — Technological system; NES — Natural-ecological system;
SS — Social system

The Metallurgical Ecosociology is a recent discipline, arising as a result of
the historical development in the manufacture of metallic materials. Therefore, the
analysis of metallic materials manufacturing processes based on the sustainable
development principles points out that, historically speaking, they have evolved
over time. In this context, it can be stated that the purpose and content of metallic
materials manufacture undergone several stages (Fig. 2).

The first stage lasts from the first moments of the manufacture of metallic
materials (Bronze Age, Iron Age) to the nineteenth century. The manufacturers of
metallic materials were exclusively concerned about the technological
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performance. Therefore, it can be said that this activity was based on the
technological manufacturing flows.

The second stage lasts from the nineteenth century to the present. The
manufacturers of metallic materials realize the negative impact of their activities
on the environment, reason why they are concerned with minimizing this impact.
It can be said that, in this period, their work is based on eco-technological
manufacturing flows.

The third stage is characteristic to the present, when the manufacturers of
metallic materials realize the social importance of using such materials. It can be
said that in this period we are dealing with eco-social-technological
manufacturing flows.

Studying DSCD in the ECOL-SOC convergence areas became a major
concern for many researchers [15, 16].

The ECOL-SOC correlation represented by the correlation between the
particulate pollutants (the ECOL component) and health (the SOC component) is
already an important research topic. [17-23]

For the metallic materials engineers, it becomes important the intersystem
discipline called Metallurgical Ecosociology.

The ECOL-SOC-META correlation embodied in the correlation between
the population health (the SOC component) and the pollution with particulates
generated in metallurgy (the ECOL-META component) is the research theme
undertaken by the authors of this paper.

3. Methodological research tools for the environmental and social
events
3.1. Eco-social quantities

The study of ECOL-SOC-META correlations requires knowledge of
specific investigation tools.

The eco-social events are facts (represented by human activities and
actions) found in the areas of convergence between the natural-ecological and
social systems.

The ecosociotechnological events are facts (represented by human
activities and actions) found in the areas of convergence between the natural-
ecological, social and technological systems.

From the elements of the natural-ecological system, we have chosen for
this paper the emission and immission of particulate pollutants.

As social system element, we have chosen for this paper the health status
of the population, in particularly the health status of the steel workers.
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The ecosocial status is the quantity characterizing the level of meeting the
social needs of the members of a community, in conditions of natural-ecological
system pollution.

The ecosocial parameter is the quantity characterizing the process of
installing a social effect under ecological changes.

The health status is one of the quantities used to assess the eco-social
status.

The degree of disease and the number of diseases are the parameters
based on which we can make assessments regarding the health status.

The degree of disease is the parameter that characterizes the health effects
of pollution.

The risk of disease (written R.D. in this paper, for short) represents a
measure of disease probability for environmental reasons.

The disease risk curve (D.R.C.) is the locus of points that represent risks
of disease for the various analyzed situations.

The trend in the disease risk is given by the direction of the risk curve.

3.2. The characterisation of particulate matters

The particulate matters, also known as particulate materials or
particulate elements, or PM for short (the initials of the English name particulate
matter), are the solid components finely dispersed in the gaseous environment.

The properties of particulate materials generated in the metal materials
industry are already the subject of many papers [24-29]. Of all the properties, only
two have been considered in this paper.

3.2.1. The granulometric structure

The granulometric structure of the particulate matters is the property
characterizing the distribution of particles by class size, mass or number.
Analytically, it is characterized by defining size classes (fractions) and assigning
weights (usually percentage) referring to the mass or number of the particulate
matters.

The particulate matters are symbolized on the basis of the mainly size
fraction (Table 1).
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Table 1

Proper classification of the total suspended particulate matters

Particulate matter size

Name Symbol
[pm]
Coarse particulate matters PM 35 more than 10
Large particulate matters PM 10 2.5-10
Fine particulate matters PM 2.5 0.1-2.5
PM 0.1
Ultra-fine particulate matters or less than 0.1
UFP,

The granulometric spectrum (g.s.), based on the diagram shown in Fig.
3, represents the successively and decreasingly presentation of the grain-size

fractions.

The spectrum shifting to the right means the increasing trend of the fine

and ultrafine fractions.

The spectrum shifting to the left means the increasing trend of the large

Fig. 3: Granulometric spectrum diagram

3.2.2. Concentration

fractions.
Mass Co
percentage Vo
% Coarse Large Fine Ultrafine
particulate particulate | particulate particulate
matters matters matters matters
PM 35 PM 10 PM 2,5 PM 0,1
PI PII PIII PIV
100 10 2,5 0,1 0
+—
Size [um]

The particulate matter concentration, c,, measures the mass of the
particulate matters existent in the mass or volume unit, for the three major
environmental factors (air, water, soil). It is measured in [ug/m3] or [ug/kg].
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Depending on the analysis place, the concentration may have different
meanings (Fig. 4).

The technological concentration, is the concentration measured within
the contour of the technological processes. It characterizes the technological
pollution (primary).

The concentration treatment, is the concentration measured within the
thermal system, which provides gas cleaning before discharging into the
fundamental environmental factors. It can be also called chimney concentration.

The dispersion concentration, is the concentration measured at a given
distance from the contour of air cleaning, resulting from the phenomena of natural
dispersion into the environment factors.

The deforming concentration (parasite) is the concentration generated
by other sources, but which, at a given distance from the contour of air cleaning,
overlaps the dispersion concentration.

contour treatment Environmental
technological factor (atmosphere)
concentration (primary) N\
H dispersion deformeq
o concentration |p~“concentration
TECHNOLOGICAL X \
PROCESS T <
(] ‘T\
i i *« defrorming
/ ] ' concentration
technological contour o )
/Concentration treatment

Fig. 4: Types of concentrations recorded in the generation and dispersion of metallurgical
particulate matters

The deformed concentration, is the concentration measured at a given
distance from the contour of air cleaning, which represents the overlapping
between the dispersion concentration and the concentration of the particulate
matters generated by other sources (deforming concentration).

The specific concentration, ¢, is the concentration defined by the
equation:
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where P is the metal material production, expressed in [t/year]. The use of such an
index would have the following advantages:
— it would also introduce in analyses the economic system, represented
by P, which is an important economic indicator;
— it would highlight the fact that the status of pollution depends also on
the production of material made in the year taken into consideration
for performing our analyses.

4. Future research directions

In the subsequent papers, we are going to present the results of
experiences on the concrete correlations found in the ECOL-SOC-META area.
Some papers highlighting the ECOL-SOC correlations have already appeared, or,
more specifically, highlighting the correlations between health and particulate
matters [17, 18, 30-32].

It is possible to establish ECOL-SOC-META correlations, because there
are direct correlations between the trend of the disease risk curve and the various
properties of the particulate matters (Fig. 5).

1 - particulate matter property
curve

S

r———»
Fig.5: Trends of variation for various sizes
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5. Conclusions

In the DSCD conditions, it becomes necessary that, within the MS made of
four systems (natural-ecologic, social, economic and technological), the materials
engineer (representative of the technological system) to penetrate the other
systems and to contribute to the development of global knowledge.

In the above context, the inter- and multi-disciplinary gain a particularly
significance, based on which the intersystem disciplines are operationalised.

The metal materials engineer must contribute to the development of
certain specific intersystem disciplines, such as: Ecometallurgy, Metallurgical
Econology and Metallurgical Ecosociology.

Within the Metallurgical Ecosociology, we have to investigate the ways
through which the technological processes and plants can lead to a positive
change of the correlation between health and particulate matter pollutants.
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