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Articles and Statements

Environmental Policy in a Changing World
Evgenia Gordeeva 2"
aRWTH Aachen University, Mies-van-der-Rohe-Straf3e 10, 52074 Aachen, Germany

Abstract

This article focuses on the question of how the effectiveness of environmental preservation
policy can be increased in order to turn to a more sustainable way of human development.
The answer was found to lie in the three-fold approach covering normative, economic and political
measures. The normative measure is the provision of a proper environmental education, which
should help creating a global public concern with the intactness of the natural environment.
The economic measure refers to the linkage between the goals of environmental preservation and
the goals of the economy as to remove the contradiction between the two domains of human
activity. The political measure is the regionalization of environmental policy with a gradual transfer
of environmental political functions from the national towards the supranational level of a
civilizational bloc. This measure would allow to combine the effective implementation of the state-
level with the advantage to cover a greater territory and to reduce the number of global
environmental actors.

Keywords: environmental policy, sustainable development, regionalism, civilizations,
supranational policy level.

1. Introduction

In its constant evolution, mankind has undergone different forms of societal organization
depending on the respective modes of production each echoing the corresponding levels of
technological development. Today, technology has interconnected the planet in a network of
communication and transportation making societies interdependent through mainly economic
mechanisms and ’shrinking’ the world through the so-called 'time-space compression’ — a concept
introduced by David Harvey in his “The Condition of Postmodernity” (Harvey, 1990) and referring
to a phenomenon describing the decreasing amount of time required to travel and/or communicate
from one point to another, by this ’shrinking’ the space and ’accelerating’ the time.

While technology was required to globalize the domains of society and the economy, the
environmental domain has always been “global” and, hence, mankind has always been undeniably
and obviously interlinked through the natural environment. Since the beginning of sedentary life,
people have started to transform the natural environment. With the technological revolution,
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however, the role of men as a determining factor of the biosphere has significantly increased
creating what V. Vernadsky referred to as the 'noosphere’ — a concept describing a point in our
planet’s evolution when the reasoned activities of men become a determining factor in the
development of its biosphere (Vernadsky, 1944).

Yet, the reasoned activities of men can be referred to as truly “reasoned” only partly, as their
current general course might finally result in the destruction or heavy damage of the biosphere,
thus, of life itself. This self-destructive manner of most current human interferences with the
natural processes on our planet generally result out of a neglect of the importance of the notion of
environmental security, which is — despite any logic — still treated as an issue of low politics.

Being the zone of life on our planet, the biosphere should be regarded by mankind as its most
valuable resource which is to be protected for the very sake of our survival. As argued by Andrew
Hurrell “a political theory of the environment is concerned not simply with the ideas of the “good
life”, but also with the means to ensure human survival best” (Hurrell, 1995: 130). However,
despite the undeniably great amount of requests for an upgrade of the importance of
environmental safety from scientific, civil, as well as political circles, when it comes to day-to-day
politics, decision makers often tend to rather focus on the immediate issues and irrationally leave
out the fundamental long-term problem of how to preserve the intactness of the environment.
Given the above elaborations, this article shall be dedicated to the question of what ways mankind
has developed to attack the problem of environmental degradation, and whether and how those
approaches can be made more effective.

2. Discussion and Results

The concept of sustainable development

The two World Wars fought in the 20th century, certainly, slowed down the general
realization of the fundamental and — potentially — fatal role human beings play in the
transformation of the properties of its living environment resulting out of the contradiction
between the growing needs of the world community and the biosphere’s inability to provide those.
These topics periodically emerged on the political agenda of the different countries of the world, yet
an institutionalized environmental policy can generally be regarded as a product of the 20th
century. In Western Europe, for example, environmental preservation started to gain in
importance since the 1970s when acid rains fell in Great Britain and environmentalists managed to
successfully attract the interest of mass media (Hannigan, 1995). The environment as a policy
domain became subject to international discussion and legalization at the 1972 United Nations
Conference of the Human Environment (UNCHE) (Keohane et al., 1995).

Yet, the formulation of a global concept of environmental preservation took place only in
1992 when it was institutionalized in the Declaration of the UN Conference on environment and
development, informally known as the ’Earth Summit’. During the Conference, virtually all states
of the Earth adopted three agreements: Agenda 21 — a comprehensive programme for global action
in all areas of sustainable development; The Rio Declaration on Environment and Development —
a series of principles defining the rights and responsibilities of states; and The Statement of Forest
Principles — a set of principles to underlie the sustainable management of forests worldwide; as
well as two legally binding conventions agreed upon during the Conference: the United Nations
Framework Convention on Climate Change and The Convention on Biological Diversity.
The resulting global regime aimed at what became to be known as ’sustainable development’ — a
concept consisting of three interdependent building blocks: society, economy and ecology
(Figure 1). The social domain referred to the human moral and values, their relationships and
institutions. These have to be in favour of sustainable development so that it can function.
The economic domain concerned the allocation and distribution of resources and capital in such a
way as to make sustainable development possible. The third pillar was ecology and involved the
contribution of both the economic and the social domains to the preservation of the environment
(Baker, 2006: 7).
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Sustainable
development

Source: based on Baker, 2006: 10
Fig. 1. Sustainable development: linking economy, ecology and society

When talking about the preservation of the environment, the main emphasis lies on the
attempt to ensure — excluding unpredictable large-scale natural catastrophes — that unlimited
natural resources, such as sunlight, air or water, remain unlimited, and on the using of limited
natural resources in a way that would provide that those resources remain available for future
generations. For clarification it is important to note that limited resources are additionally divided
into renewable and non-renewable ones. Renewable resources can be created or re-create
themselves after a certain period of time. An example for this category would be mineral resources.
Non-renewable resources are, for example, soils or animals — they cannot be renewed or re-created
once they are gone.

In most cases, the major obstacle towards sustainable development is a conflict between
economic and environmental considerations, whereby in most cases the former outweigh the latter.
The free market economy aims at the gaining of maximal profits with the smallest input in the
shortest period of time, but it does not take into consideration the environment. However, natural
resources, which are necessarily used for production, have their own possibility frontiers.
Once they are crossed, the productivity of these factors starts to decrease until their partly or even
full destruction. A perfect example here is the degradation of soils, which can be balanced with an
increase of the use of another factor of production — of capital (the use of machines, fertilizer etc.),
but only up to a certain point. After this, land gets unfertile and can even become so-called ’dead
land’ which cannot be used for agricultural purposes. Furthermore, capital inputs also have their
possibility frontiers. To make an example, phosphorites used for fertilizers belong to the non-
renewable resources meaning that someday they will be gone.

Hereby, one should further accentuate that the sole investments into ecological safety may
not lead to the desired goal. To make an example, in the 20 years between the UN Conferences on
the Environment in Stockholm (1972) and the Earth Summit in Rio de Janeiro (1992), the global
environmental situation considerably worsened, although more than 1,3 trillion US Dollar were
spent on the conservation of the environment (Lukina, Lukin, 2011). In order to calculate a realistic
“value” of sustainable development, conventional economic indicators such as the growth rate, the
GDP or the intensity of the use of resources are not sufficient. In order to gain relevant results,
these solely economic indicators should be correlated with ecological and social ones. Those are the
employment rate, the costs of environmental preservation, the efficiency of resource exploitation
and the use of new technologies to increase environment safety.

The conflict described above can be approached by three main instruments used in
environmental policy. The first instrument is of a ’command and control’-type and “entails
legislation to fix norms and environmental standards that have to be complied with. This may take
the form of a prohibition of certain products or substances, or emission standards combined with
requirements to use certain types of technology” (Senior, 2009: 325). The other instrument is
market-based and refers to the carrying out of cost and benefit analyses and to the setting of
standards, which determine whether to offer a firm a financial incentive for the compliance with
the standards, or to tax the production of negative externalities. Negative externalities are
emissions into the environment caused by the actions of an industry. The tax for negative
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externalities is also known as the Pigovean tax and can be best described by means of a figure
(Figure 2) (Senior, 2009).

P3

P2

P1

==y | J lQ1 |Q2

Negative externality Positive externalit

Source: based on Senior, 2009: 313
Fig. 2. Negative and positive externalities

Pigou’s solution lies in the ’internalization’ of the negative externality through a respective
tax. On the figure, where private marginal benefits (PMB) intersect the private marginal costs
(PMC), there is the market optimum of demand and supply, which the regular economist pays
attention to. Through the introduction of the social marginal costs (SMC) and the social marginal
benefits (SMB), the identification of negative and positive externalities of a producer becomes
possible. Following thereout, where the social marginal costs exceed the private marginal costs,
there is oversupply of the activity causing the externality, as quantity 1 is supplied instead of
quantity 3. So, there is a negative externality produced. This would mean that this industry should
be taxed so that the negative externality is internalized. If, on the other hand, the social marginal
benefits exceed private marginal benefits, thus, quantity 1 is supplied instead of quantity 2, there is
an underproduction of the activity causing the externality, thus, a positive externality. According to
this market determined instrument, in that case, the producer should get a financial incentive to
internalize the positive externality.

Another instrument used in environmental politics refers to voluntary agreements between
producers to reduce their emissions and to introduce more environmentally friendly technologies.
Their motivation is mostly the wish to improve their image or a desired increase in competitiveness
(Senior, 2009). Additionally, I would argue that a proper environmental education also constitutes
an effective environmental instrument — if not a key instrument —, acting through the normative
dimension and addressing the root of the problem, namely, the lack of concern with the intactness
of the natural environment.

The three classical levels of environmental policy

Environmental policy is carried out on three major levels — the international, the national
and the regional. However, relatively recently, a fourth “supranational” level was created.
The following section deals with the advantages and disadvantages of these levels of environmental
political activity.

International environmental legislation is created during multinational environmental
conferences (MEAs) and can be legally binding upon the member states who are party to the
respective MEA (Fauchald, 2011). The body within the United Nations (UN) responsible for the
definition of international environmental norms is the Division of Environmental Law and
Conventions (DELC) within the United Nations Environmental Program (UNEP) (United Nations
Environmental Programme). The organ itself, though, has no power to create a piece of
international environmental law. This power is only with the member states participating in an
international environmental conference. There, they can decide whether or not the MEA is going to

7
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be legally binding. In case of a binding agreement, the implementation takes place on the national
level. Despite its function to set standards of international environmental laws, the DELC has to
support national and regional projects through the provision of resources aimed at a strengthening
of local environmental initiatives. Although the economic support might serve as an incentive for a
member state and, by this, could be seen as a soft mechanism of enforcement, it is unlikely that it
can be regarded as an effective means to ensure implementation due to its insignificance vis-a-vis
the possible costs faced by a country during the implementation process. Thus, considering the lack
of any hard power in the UN, the only layer that the UNEP has at its disposal is its normative
power, which is often and, more or less, successfully used by the UNEP.

Furthermore, it is important to acknowledge that MEAs are negotiated between states,
whereby the bargaining position of the state varies according to its relative power vis-a-vis the
other states, as well as the current state of affairs in the international system. That means that the
outcome of the negotiation might reflect, or, at least, favour the position of the most powerful state,
or a group of such, who dominates the respective conference. This fact coupled with the lack of any
effective enforcement instruments at the UN’s disposal leads to a rather voluntary compliance by
the member states. A good example to this state of affairs is the famous ‘Earth Summit’ that took
place in Rio de Janeiro in 1992 (United Nations Declarations). During this International
Conference, the today so popularly used concept of ‘sustainable development’ was officially
introduced. Although the principles of the Earth Summit were recognized by its participants, the
threshold for emissions set by the summit was too low to realistically be achieved by the world
community of states. In the absence of any enforcement mechanisms available to the UN, its
provisions had to be relaxed in the Johannesburg Conference in 2002, during which it was
reformulated in such a way that left each member state the freedom to interpret the concept of
‘sustainable development’ almost freely according to its respective needs.

National environmental politics can be ranked as more successful, because national
governments do have means of enforcement at their disposal. However, while theoretically
available, the effectiveness of these mechanisms depends on the other two dimensions of human
activity: the economy and the society. Thus, society needs to be in favour of protecting the
environment, while on the dimension on the economy, environmental concerns need to be given a
value and connected to the long-term goals of production. Furthermore, one should keep in mind
that any action taken by a state can only affect the respective state’s territory, however, nature does
not limit itself to national boundaries and, hence, in order to be truly effective, environmental
policy should be carried out on the planetary level. Apart from global biosphere with its general
problems, single nature objects can be located on the territories of several states, which would
require at least some coordination of actions between those states so that these objects can
effectively be protected.

The regional level of environmental policy can mean two things: it either can refer to the
local, subnational level, concerning a specific region within a country; or it can mean a region
encompassing several countries, thus, be international, and concern, for example, a nature object
or a territory located on the territories of several states. The local level certainly profits from the
enforcement power of the state, as well as from being carried out “on the spot”, which allows
formulating the goals of a local environmental undertaking in the most precise way. As for global
environmental issues, the local level of environmental policy — when standing alone — is rather
insufficient. When, on the other hand, a regional environmental undertaking is carried out by
means of bi-or multilateral agreements between states, it can easily become the “victim of
sovereignty”, as each state will carry out the agreement in a way it finds appropriate, and there will
be no way to ensure effective implementation in accordance with the initial intentions of the
agreement.

Linking global and local — the fourth level of environmental policy

Thus, the international level of environmental policy meets the needs of globality in tackling
environmental issues, while lacks any hard means of enforcement, which would ensure effective
implementation of a piece of international environmental law according to its intention; on the
national and regional levels, effective implementation is possible in case it coincides with the state’s
interests, while the problem of spatial limitation does not allow to effectively protect transboundary
nature objects, or counteract global degradation processes of the natural environment, such as
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global warming, the loss of biodiversity and alike. The problem of how to balance the effective
implementation possible at the state-level with the requirement to act transnationally, might be
solved, or at least approached, on the supranational level of a ‘civilizational’ bloc (Gordeeva, 2016).

Indeed, when taking into account the global processes of regionalization in international
relations coupled with a strong tendency of a strengthening of intra-civilizational ties, a shift in the
political center from the national towards the supranational level can be prognosticated.
The prototype of such a regional “bloc” was the Soviet Union; the nowadays best example of an
economically and politically highly integrated regional bloc can be given on the European Union
(EU). Overall, today, 7 civilizations can be separated in the international system, I would argue.
These 7 civilizations are the American, the European, the Russian, the Latin American, the Arab,
the Indic and the Chinese. If we consider them as “to-be blocs”, we have to take into account that
their current levels of economic and political integration differ from civilization to civilization.
Japan can be distinguished as a separate player primarily due to its economic power (Figure 3).
Some scholars further distinguish several African and even a Buddhist civilization.

e

Bl American BN Russian Wl Arab [ Chinese
E Latin American @l European [ Indic B Japan

Source: Gordeeva, E., 2016, p. 6
Fig. 3. Civilizations

Being currently the only politically highly integrated federative bloc among the delineated
civilizations, the European Union provides the best real-life example of the supranational level of
environmental policy-making. Hereby, until the Single European Act (1987), there was no common
EU environmental policy, but just single directives, which legal basis was sometimes contestable
(Barrington, 1993). Since then, EU environmental policy has evolved, most remarkably with the
amendments made in the Treaty of Maastricht (1992), and is now an area of ’shared competences’
between the EU and its Member States. That means that both the EU and the Member States can
adopt legally binding acts, however, the Member States can do so only in areas from which the EU
has chosen to withdraw. In areas, in which the EU has adopted a legally binding act, the Member
State has to comply, and in case it does not, the European Commission may open the infringement
procedure and legally enforce its decision through the European Court of Justice. In its action,
however, the EU has to follow the so-called ‘subsidiarity principle’ meaning that the EU can take
action “[...] only if and in so far as the objectives of the proposed action cannot be sufficiently
achieved by the Member States [...]” (Treaty on European Union). Despite its complexity, EU
environmental policy can generally be seen as successful.

Being politically and economically less integrated than the EU, the other civilizational blocs
delineated above have much less harmonized common environmental policies. To make an
example, in the Russian civilizational bloc, the Commonwealth of Independent States Free Trade
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Area (CISFTA) can be seen as a beginning of bloc-integration. Just as in the EU, initial integration
is economy-centred and just as in the EU, it can be expected to deepen and widen its integration
from mere economic to increasingly political issues and to include effective and harmonized
environmental policy at some point. As for now, there is an Agreement of 2013, the so-called
“Agreement on cooperation in the field of environmental protection among the member-states of
the Commonwealth of Independent States”. This Agreement, however, is formulated rather vaguely
to be effectively followed. Apart from the agreement, there are a number of bi-and multilateral
agreements of measures of environmental preservation between the CIS countries (Boklan, 2015).

In the American civilizational bloc, there is a number of bi-and multilateral environmental
agreements, such as the US-Canada environmental partnership (US Environmental...) or the joint
statements on environmental cooperation between the US and Australia (Australian Government);
in Latin America — the Community of Latin American and Caribbean States (CELAC) has
formulated a number of statements on environmental preservation (Community of Latin
American...); in the Arab bloc, the League of Arab states has signed an Agreement with the UNEP
to cooperate on environmental issues (United Nations Environmental), which provides a good
example of how regional federative unions can ease the provision of assistance in environmental
issues; in the Indic region, it is the South Asia Association for Regional Cooperation (SAARC)
which provides evidence for regionalism in environmental policies (South Asia Association); in the
Chinese region, the most relevant regional environmental cooperation is that between China and
the Association of Southeast Asian Nations (ASEAN) (Association of Southeast...); in Africa, the
UNEP supports several regional environmental undertakings, such as the African Ministerial
Conference of the Environment (AMCEN) or the African Ministerial Council on Water (AMCOW)
(United Nations Environmental Programme).

The supranational level of environmental policy-making certainly increases the overall
effectiveness of environmental actions, as it harmonizes environmental policies among the bloc’s
member states, provides the monitoring necessary to control effective implementation and
counteract deficiencies, be it through the provision of monetary help in case a state’s economic
situation does not allow it to effectively implement a law, administrative assistance, or through
normative up to legal means of enforcement in case the deficiency derives from a lack of
governmental concern with the issue.

Thus, in case the core state within each bloc (or a replacing body as in the case with the
European Commission) defines common environmental goals for its bloc and manages to ensure
effective implementation, the number of political environmental actors in the international system
would significantly decrease from 193 states (official members of the UN) to 7 to 10 regions.
The reduction in number of environmental actors will substantially ease the coordination and
carrying out of global environmental policy. So, each civilizational bloc would define the major
environmental problems within its territory, and its core state (or replacing administrative body)
would approach the major obstacles towards implementation faced by the states within its sphere
of influence. Then, on the global level, the identification of the main environmental issues of each
region and the provision of assistance in overcoming the major obstacles a region may face in
implementation will be substantially eased due to a reduction in the number of actors. So, the local
and the global levels would be linked in a more efficient way as they are now, avoiding the state
level and overcoming the problem of excessive complexity.

The three Pillars of Ecological Safety

In light of the preceding discussion, it can be concluded that in order to increase the
effectiveness of global environmental policy and turn to a more sustainable way of development,
mankind should focus on three key measures (Figure 4): 1. A proper ecological education staring
from an early age needs to be provided for the global population. This normative measure will
significantly improve the general understanding of our natural environment and its key role in the
maintenance of life on Earth, so that people can develop a more caring attitude towards it.
2. The other measure is an economic instrument for the rise of the effectiveness of measures of
environmental preservation and refers to the assignment of a calculable value to environmental
preservation and its connection to the goals of an economic actor. This can be done through the
introduction of a tax for the production of negative externalities (Pigovean tax) and the provision of
economic incentives for the compliance with the ecological standards. 3. The final measure is
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political and presupposes a gradual transfer of environmental political functions from the national
towards the supranational level of a region. This measure is important insofar as it allows to
combine the effective implementation of the state-level with the advantages of having harmonized
environmental policies carried out on a greater territory, as well as of a reduction in number of
global environmental actors.

ECOLOGICAL SAFETY

S
Ecolo Acco Regiona
gical untab lization
educa ility of
tion of environ
econ mental
omy policy
—

Fig. 4. The Three Pillars of Ecological Safety

3. Conclusion

This article was dedicated to the question of how the effectiveness of environmental policy
can be increased. For this propose, the concept of sustainable development was shortly outlined
under consideration of the conflict embedded in the men-nature system and instruments aimed at
its resolution, while the different levels of environmental policy were examined with regard to their
advantages and disadvantages.

The analysis has shown that the major obstacle towards a more sustainable way of human
development is the incompatibility of pure economic and pure environmental goals. The solution to
this problem was found to lie in the merging of societal, economic and environmental goals.
In practice that means: 1. a proper environmental education, which would allow people to
understand the importance of an intact biosphere; 2. the giving of a countable ’value’ to
environmental concerns and to connect them to the goals of production, which would inspire
economic actors to increase resource-efficiency and to reduce emissions; 3. the formulation and
implementation of suitable environmental legislation.

The question of how to balance the requirement of globality in environmental preservation —
given at the international level — with the need of instruments of enforcement to ensure
implementation — given at the state-level —, was found to be answered by the supranational
political level. Considering the trend of civilization-based region building in the international
system, the development of region-based environmental policy can be expected to be not long in
coming. Although the only currently effective common bloc-wide environmental policy is to be
found in the EU, the other civilizational regions have begun to take initial steps towards a common
environmental policy. The regionalization of the domain of environmental policy is also supported
by the UNEP, which actively promotes regionalism in environmental undertakings.
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Abstract

The development and growth of economic in Indonesia shows a positive result, but the
inequality between regions and quality of environment is still a major problem. Economic activity
is centered on the Java Island, while other areas in eastern Indonesia lag behind. This study
focuses on estimating the impact of inter-regional spillover and feedback. The data used is inter-
regional input output data in 2005, then projected to year 2011 using the RAS technique.
The research is conducted in Sulawesi (consisting of North Sulawesi, Gorontalo, Central Sulawesi
and Southeast Sulawesi), South Sulawesi, East Java and East Kalimantan as well as ROI (rest of
Indonesia). The result shows that the region of South Sulawesi produces the greatest spillover effect
to other regions. It indicates South Sulawesi region can be a bridge with other regions to improve
linkages and economic performance between regions. East Java generates the smallest spillover
effect compared with other regions, but it produces a greatest feedback effect. The surprising result is
south Sulawesi gives a little spillover effect to other Sulawesi areas, and vice versa. It shows that both
regions have a weak interaction compared to the interaction with eastern Java.

Keywords: development, assesing, feedback, inter-regional, spillover.

1. Introduction

Economic disparities between different areas become the main problems in the economy and
environment of Indonesia, where the area of Java controls over 60 % of gross domestic product
(GDP). On the other hand, the economic contributions Kalimantan and Sulawesi each estimated to
be about 9 % and 4 %. Aritenang (2008) showed that disparities in development between regions
in Indonesia are still severe, even though economic decentralization is already running.
Development gaps are quite severe in parts of eastern Indonesia, except in Sulawesi (Hill et al.,
2008). Indonesia western section (comprised of Java and Sumatera) plays a dominant role in
Indonesian economy, contributing around 80 %, while eastern Indonesia plays a very minor role
(Kuncoro, 2013). Rustiadi and Priyarsono (2010) stated that imbalances between regions are the
main problem to be solved by the government, as well as effects of development on environment
conditions.

Amita and Kameron (2004) have showed the biggest obstacles that led to the development
and industrialization of strategic industries outside Java due to the benefits of agglomeration are
quite strong in Java. Java becomes a potential market for different types of industries that drive the
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industry grow rapidly in the region. Challenges to accelerate the process of development among
regions are to pay attention and understand Indonesia’s growth pole, leading sectors in each
province, backward regions, phenomena debottlenecking infrastructure and financial matters
(Kuncoro, 2013).

Various studies on inequality in Indonesia less touche the spatial and economic interaction.
This study emphasizes that the spatial aspects and interactions to assess the pattern of
interregional linkages as a result of economic disparities between regions in Indonesia. Trade
relations between the regions become a fundamental part to assess the extent of the economic
impact across regions. This study aims to assess the spillover effect and the effect of feedback
obtained due to the interaction of economic territory. Interdependent relationship of the various
parts of the economic system is the most fundamental thing in economic analysis (Leontief, 1936).
Isard (1951) say that there are two things that cause inter-regional economic relations, there are (1)
because of the inequality of population distribution, income, in the broad sense of resources and
(2) the existence of large-scale economic activity in certain regions. Demographic factors provide
the most powerful influences on final demand (Feldman, et al., 1987). Chenery, et al (1962) reveal
that changes in every industrial output in the region is caused by four things: (1) changes in the
composition of domestic demand, (2) changes in the volume of exports, (3) changes in the volume
of imports and (4) changes in technology and organization.

Trinh et al (2000) explain that the flow of goods between regions vary greatly affect the
economic development of the region. Effect of inter-regional spillover is an important factor in the
growth of output area. Big city such as Huabei region in China is a region gain enormous spillover
effects from other regions, but relatively small impact spillover to other regions (Meng, Qu, 2007).
In the contrary, interregional economic often face constraints caused by the imperfect factor
mobility, imperfect factor divisibility and imperfect mobility of goods and services (Hoover,
Giarratni, 1999). Often inter-regional trade creates asymmetric development of the region. Hughes
and Holland (1994) found that in the Washington area has occurred impact backwash effects and
spread effect between the core-periphery in the region. Spread effect of core-periphery to the
region is not strong. The results of the analysis of trade and industry indicate that the added value
of prime importance in the core region of influence of weak backward linkages to the periphery.
In contrast, economic growth in the periphery is more likely to be felt by core region due to the
magnitude of the backward linkages of the periphery.

Besides demographic factors, spatial and export-import affecting the economic performance
of the region, the more important factor is human resources. Superior human resources are
capable in stimulating and produce variety of innovations and new technologies. Technological
invention and innovation will stimulate economic diversification, creating a chain of economy;
generate more complex economy and stable (Hausman, et al., 2011).

The newest study of this research is to assess the economic benefits that occur between
regions due to the economic interaction between the regions. The results show that there is an
economic paradox occurred in eastern Indonesia, especially in the region of Sulawesi and East
Kalimantan. Both regions rich in natural resources in agriculture, fishery, plantation and mining
but is still a small contribution to the development of Indonesia. So far the economic disparities are
often seen as the impact of development, but in this study further explore how inter-regional
linkage pattern as a result of imbalances between regions. This research is expected to enrich the
study of the economic linkages between the regions. On the other hand, the results of the study are
expected to provide information and give you the option of government in formulating economic
development between regions in Indonesia.

The method used to answer the research questions is inter-regional input-output (IRIO).
IRIO is not only to estimate the stimulus production region of origin due to the increase in the final
demand of other regions, but also the effect of final demand from other regions (Kwangmoon et al.,
2010). The IRIO method can only be estimated and simulated in the table of final demand, while
the intermediate input cannot be used as a basis to conduct inter-regional policy simulations.
Therefore, further research is strongly recommended using the Computable General Equilibrium
(CGE).
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2. Data and Method

2.1 Data

The data used in this research is secondary data inter-regional input-output (IRIO) sourced
from the Central Statistics Agency (BPS), Indonesia. The IRIO data used is the data in year 2005
because the data for the year 2011 is not yet available. Furthermore, the data are adjusted and
estimated to the Year 2011 by using the technique of RAS. To meet the RAS technique, Gross
Domestic Product data is collected from every region. The data are used to estimate and project the
IRIO data in 2011. The estimated data is the data in 1 period, that is year 2011.

2.2 Method

The method is non-survey research or indirectly approach with a technique using RAS. RAS

method is required to estimate coefficients of technology and trade between regions (Miller, Blair,
2005; Capello, Nijkamp, 2009). Leontief (1936) coefficient of technology is the basis to justify and
estimate the value of the coefficient multiplier. The value of the coefficient multiplier is the ratio of
inputs used in a particular sector and region ROI (rest of Indonesia) to the total use of inputs in the
area.

AA AB
AAA — —XIJ - AB — —XU
J X A ’ ] X B e reeerreee e sesesesnnnens (1)

AA
Ao The coefficient input from the i sector in A region used j sector in A region
X

i =The used of i input sector from A region by j sector in A region
A
Xj = The total of use in i input sector by j sector in certain region

AB
Aj =The coefficient input in trade between region

AB

Xi" —The use of sector i output from A region, as the j input sector in B region
B

Xj —The total of use in input of j sector in B region

A

=The matirx of input coefficient

Based on Isard (1951), Miller and Blair (2009) the 10 inter-regional model with 5 regions
can be formulated:

X =(1—-A)'Y =BY (2)

Where X, A, Y and B each of them is the output vector, matrix coefficient of inter-regional
input, final demand vector and invers matrix of inter-regional leontief.

2.3 Data Projection

The IRIO data in 2005 can be estimated to Year 2011 with a number of considerations: (1)
technology is relatively stable coefficient and (2) the structure of the economy of the region has not
changed. Some of these considerations do not interfere with the basic assumption that the analysis
of input-output (1) Linearity, (2) and proportionality (3) additivity and (4) homogeneity.
The number of sectors is projected to consist of 35 sectors.

3. Results And Discussion

The economic linkages is based on the analysis of the region around sulawesi, South
Sulawesi, East Java dan East Kalimantan.

3.1 Around Sulawesi

The results of this study is to describe the relationship and interaction between the region of
South Sulawesi, the region around Sulawesi, East Kalimantan and East Java, as well as the entire
region. Relations between the regions reflected on the effect of spillover, the feedback and inter-
regional multiplier.

The region around Sulawesi is characterized as an agricultural region. The agricultural sector
is the sector that produces the largest output in the economy. However, the sector has smaller
added value than the other sectors. The sectors that generate most major spillover effect on the
economy of the region around Sulawesi are the sector of air transport, electricity, gas and water,

15




—— International Journal of Environmental Problems, 2017, 3(1)

construction and pulp and paper industries. In details the value of interregional multiplier effect,
spillover and feedback in the region around Sulawesi are presented in Table 1.

Table 1. Impact of interregional, spillover and feedback in the region around Sulawesi

No Sector Interregional Feedback Spillover Total Multiplier
Multiplier Effect Effect Effect Effect
1 Air transportation 1.8504 0.0002 0.5483 2.3989
2 Building/Infrastructure 1.6426 0.0002 0.4929 2.1358
3 Electricity, gas & water  1.6852 0.0002 0.4661 2.1514
4 Pulp & Paper Industry  1.1317 0.0004 0.4535 1.5856
5 Footwear Industry 1.2842 0.0007 0.3830 1.6679
6 Land Industry 1.5005 0.0001 0.3296 1.8302
7 Rubber Industry 1.1408 0.0007 0.3116 1.4531
8 Water Transportation 1.3827 0.0001 0.2848 1.6677
9 Hotel & Restaurant 1.5932 0.0002 0.2437 1.8371
10 Iron & Steel Industry 1.7124 0.0002 0.2393 1.9519
Total multiplier 45.103 0.0057 6.4478 51.556

Source: Table IRIO-RAS 2011 after being processed

Based on the estimation in Table 1 above, it shows the total interregional multiplier effect,
feedback and spillover to the economy of the region around Sulawesi with other regions amounted
to 45.103 respectively, 0.0057 and 6.4478. That influence reflects that if final demand across all
sectors each increased by 1 in the region around Sulawesi then the output of the economy in the
region around Sulawesi will increase by 45 103. The increase in economic output around Sulawesi
region will give a spillover effect on other regions (South Sulawesi, East Java, East Kalimantan and
ROI) of 6.4478. The increase in output of other regions gives feedback to the economic output of
the regions around Sulawesi in 0.0057.

The sector, which generates a multiplier effect, is the transportation sector. The second and
third sectors that give major contribution to the region are the sector of infrastructure and the
electricity, gas and water. On the other hand, the value of the feedback effect of these three sectors
is smaller than the footwear and rubber industry. It means that the performance of the
transportation sector, electricity and infrastructure provide a good influence to other regions, but
the feedback effect is still smaller than the footwear industry and rubber industry. It shows that the
economic performance of other regions provides a better effect on the footwear and rubber
industry compare to transportation, infrastructure and electricity sectors.

The role of the air transportation sector is driven by the growing needs. Currently, the
industry and infrastructure of aviation develop in the region of Sulawesi. The transport sector is
opened in order to open access and facilitate investment in various regions in Indonesia.
The development of the transportation sector is expected to improve the economic performance of
the region and reduce economic disparities between regions. The development of the air
transportation sector followed by the development of the infrastructure sector and the electricity
and water sectors. To strengthen inter-regional connectivity, the development of infrastructure
becomes a priority. The infrastructure sector linearly follows the performance of air transportation.
Furthermore, the electricity and water sector follow the development of the air transportation and
infrastructure sector.

The result indicates that the spillover effect the around Sulawesi to the whole region
(Indonesia) is about 6.4478. On the other hand, the entire region (Indonesia) gives small feedback
effects (0.0057) to the region around Sulawesi. It shows the economic benefit received by the
region around Sulawesi is still low. That happens because other regions are able to meet between
the sources of the home region than any other regions. On the other hand, the region around
Sulawesi requires relatively large intermediate inputs from other regions. The economy interaction
becomes not symmetric due to the influence of economic power between regions and industries.
Although some sectors in the region around Sulawesi has a good performance, but the economy
interaction is still weak. It also indicates that the area around Sulawesi still relatively dependent on
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3.2 South Sulawesi

South Sulawesi region has started to develop into a regional industrialization and trade
(initially still agriculture). However, the agricultural sector has not been able to participate to the
maximum in driving regional economic output. There are three main sectors that produce spillover
effect and the multiplier effect that the air transport sector, the sector of electricity, gas and water,
as well as the textile industry. The influence of interregional, spillover, feedback in South Sulawesi

presented in Table 2.

Table 2. Effect interregional, spillover and feedback in South Sulawesi

Interregional . Total
No Sector Multiplier ngi(gt)ad( gl;;lc(iver Multiplier

Effect Effect
1 Air transportation 1.3989 0.0003 0.7488 2.1481
2 Building/Infrastructure 1.2789 0.0003 0.6081 1.8874
3  Electricity, gas & water  1.4458 0.0007 0.5654 2.0118
4  Pulp & Paper Industry 1.3605 0.0012 0.5653 1.9271
5 Footwear Industry 1.2204 0.0002 0.4691 1.6897
6  Land Industry 1.2094 0.0006 0.4534 1.6633
7 Rubber Industry 1.3233 0.0002 0.4489 1.7725
8  Water Transportation 1.4920 0.0005 0.4315 1.9241
9 Hotel & Restaurant 1.2110 0.0014 0.3982 1.6106
10 Iron & Steel Industry 1.6120 0.0003 0.3617 1.9739
Total multiplier 44.727 0.0098 8.6444 53.381

Source: Table IRIO-RAS 2011 after being processed
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Based on the estimation in Table 2, it shows that the total interregional multiplier effect,
feedback and spillover to the economy of South Sulawesi with other regions amounted to 44.727,
0.0098 and 8.6444. These values reflect the increase in economic output in South Sulawesi region
will provide spillover impact in Indonesia (the region around Sulawesi, East Java, East Kalimantan
and ROI) of 8644. The increase in output throughout the region (Indonesia) provides feedback to
the output of economic in South Sulawesi region about 0.0098.

As in around Sulawesi, the air transportation sector in South Sulawesi begins to grow
compared to other sectors. South Sulawesi region is a transit area of the flight path from western to
eastern Indonesia, and vice versa. Low volume increased significantly due to the influence of
investment, the mobility of people and the economic development of the region. Along with the
development of the air transportation sector and investment and development of the region, the
need for electricity and water sector increase. But the performance of these two sectors has a
feedback effect that is still smaller than the other regions.

The sectors, which have a better feedback effect is the textile, rubber and petrochemical industry.
These three sectors are not only influenced by the economic performance of the area of origin, but also
by other regions. It reflects the economic linkages between regions provide substantial benefits to those
industries. The development of the industrial sector in South Sulawesi has developed because of
agglomeration economies have been formed. The industrial area in South Sulawesi (as a growth pole)
gradually gives spread effect and creates economic linkages between regions.

In general, the estimation results indicate that South Sulawesi is a region that most influence
spillover to other regions (greater than in the areas of Sulawesi, East Java and East Kalimantan).
However, the number of the feedback effect of the whole region (Indonesia) to the South Sulawesi
at 0.0098. The feedback influence of South Sulawesi is still greater than the area around Sulawesi.
It shows that the economic interaction of South Sulawesi is still better than other area around
Sulawesi. However, the value of the effect of feedback in South Sulawesi is still low compared to
East Java. It shows the economic performance of East Java is better than South Sulawesi. In detail
the total interregional multiplier effect, spillover and feedback in South Sulawesi is presented in
Figure 2.
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Fig. 2. Total interregional multiplier, spillover and feedback in South Sulawesi
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3.3 East Java

East Java is an area, which, is very strong and complex of industrial agglomeration and
economic activity. The economic output of East Java is far surpasses than other areas. The role of
East Java in Java Island and Indonesia is very important to support the provision of inputs among
other areas. The greatest impact of spillover to other areas is the industrial sector of electrical
machinery and electrical equipment, the palm oil industry and air transportation. Those three
sectors provide a high feedback to East Java region. The influence of interregional, spillover and
feedback in East Java are presented in Table 3.

Table 3. The Effect of inter-regional, spillover and feedback in East Java

Interregional g gpack  Spillover Total Multiplier
No Sector Multiplier Effect Effect Effect p
Effect
1 fﬁgﬁgg;l Machinery 1.3580 0.0118 0.7604 2.1302
2 Oil Palm Industry 1.3893 0.0063 0.6012 1.9969
3  Air Transportation 1.6268 0.0057 0.4383 2.0708
4  Rubber Industry 1.5216 0.0033 0.3582 1.8830
5 vater 1.2331 0.0042 0.3399 15772
Transportation ) ) ) )
6 Textile Industry 1.2756 0.0025 0.3049 1.5829
7 %igrmty’ Gas & 1.6669 0.0020 0.1765 1.8454
8 Building 1.7336 0.0036 0.1520 1.8892
Seafood Processing L4106 3
9 Industry 419 0.0015 0.1384 1.5595
10 Land Transportation 1.0590 0.0017 0.1324 1.1931
Total multiplier 46.782 0.0762 4.7758 51.721

Source: Table IRIO-RAS after being processed

Based on the estimation in Table 3 shows the total interregional multiplier effect, feedback
and spillover to the economy of East Java with other regions about to 46 782 respectively, 0.0762
and 4.7758. That influence reflects that the economy of East Java will provide spillover effect on
the entire territory or Indonesia (Sulawesi, East Kalimantan and ROI) of 4.7758. The increase in
output throughout the region (Indonesia) gives the feedback effects to the economic output of the
East Java region of 0.0762.

However, the total value of the spillover effect of the East Java region to other regions is
much lower than South Sulawesi region, the region around Sulawesi and East Kalimantan. On the
other hand, the feedback effects of sectors in East Java are relatively better than other regions
(South Sulawesi, the region around Sulawesi and East Kalimantan). This reflects that the East
Java’s economy gives a little spread effect on the economy of the entire region. East Java's economy
tends to give a backwash effect to other regions. The region in East Java gets big benefit and
advantage from interactions with regions in Indonesia.

The advantages are; first, the area of East Java gets benefit from the economic performance
of other regions. It shows from the value of the feedback effect (0.0762) in the East Java region.
Second, economic performance provides a large output of the East Java region but little impact on
the economies of other regions. Third, the economic development of East Java will continue to
stimulate the economic development of the area, but other areas will be difficult to accelerate when
there is no innovation and change in national policy.

The condition of economic and industry are better than any other regions (Sulawesi and
Kalimantan). The economic activity in East Java has the effect of forward linkage and backward
linkage better than other regions. It shows that inputs for industrial activity are available in larger
quantities and industrial output can be absorbed by the import and export market. Demographics
and technology factors in East Java provides a better economic scale and scope than other regions.
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It causes economic agglomeration to grow and develop thereby increasing industrial investment.
This situation led the East Java region grows faster than other regions. The asymmetrical
developments led to economic imbalances between the regions. In details, the total effect of
interregional, spillover and feedback in East Java is presented in Figure 3.
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3.4 East Kalimantan

Unlike the three areas previously discussed, East Kalimantan is a region characterized by the
extraction of natural resource economics. More than 40 % of the economy of East Kalimantan
region comes from coal mining and oil. But the performance of the mining sector only encourages
the economic performance of the supply side but it is still smaller than the demand side. Some
factors that may cause the performance of the coal sector to be low on the supply side are (1)
production for coal mines is not into the domestic market, (2) the product is sold exports, (3) the
product is marketed in the form of raw material that has low value added, and (4) the use of coal by
another country or region is larger than the region of origin.

Unfortunately, the potential of mining in East Kalimantan has not been optimally used by the
government. That’s why East Kalimantan has not been able to reduce disparities with other regions
in Indonesia. The government prefers raw materials to be exported, without considering the
construction of coal processing industry. Coal actually can be used as a source of energy that can
propel industrial and economic development. Government needs to have strict regulations so that
coal is not exported to other countries in the form of raw materials. This regulation is expected to
increase the use of coal energy for processing a wide variety of industries in Kalimantan. It will also
create inter-regional linkage is more strategic in Indonesia.

The sectors that provide the biggest spillover effect to other areas are the industrial sector
and improved transportation, textile industry and husbandry. Many activities of coal mining, oil
palm plantation and industrial tree plantations led to an increased need for transportation in East
Kalimantan. It makes the industrial transportation sector in East Kalimantan give a large spillover
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effect on other regions (especially in East Java). The sector that gets the feedback effect in East
Kalimantan is the textile industry and husbandry. The interregional multiplier effect, spillover and
feedback in East Kalimantan are presented in Table 4.

Table 4. The impact of interregional, spillover and feedback di East Kalimantan

. . Total
Interregional Feedback Spillover < 3s
No  Sector Multiplier Effect Effect  Effect %‘f‘fﬂt‘l’he"
ect

Transportation

1 Equipment 1.3683 0.0004 0.4905 1.8592
Industry

2 Textile Industry 1.3122 0.0012 0.4426 1.7560

3 Animal Husbandry 1.3970 0.0009 0.3586 1.7565

4 Footwear Industry  2.0377 0.0003 0.3359 2.3739
Iron & Steel

5 Industry 2.0377 0.0003 0.3359 2.3739

6 Metal Industry 2.0377 0.0003 0.3359 2.3739
Electric Machine

7 Industry 2.0377 0.0003 0.3359 2.3739

8 Cement Industry 1.0377 0.0003 0.3359 1.3739

9 Hotel & Restaurant 1.5066 0.0008 0.2962 1.8036

10  Air Transportation 1.6485 0.0006 0.2866 1.9357

Total multiplier 49.321 0.0112 5.4608 54.793

Source: Table IRIO-RAS 2011 after being processed

Based on the estimation in Table 4 above shows the total multiplier effect of interregional,
feedback and spillover to the economy of East Kalimantan with other regions amounted to 49.321
respectively, 0.0112 and 5.4608. The influence reflects that the increasing output of the economy of
East Kalimantan will provide spillover effects on other regions (South, East Java and ROI) of
5.4608. The increase in output of other regions provides feedback effect on the output of the
regional economy in East Kalimantan at 0.0112.

In general, the estimation results in East Kalimantan shows that the effect of spillover to
other regions is smaller than the area around Sulawesi and South Sulawesi, but larger than the area
of East Java. The feedback effects obtained by the East Kalimantan region is 0.0112.
The performance of the mining sector in East Kalimantan is not yet optimal in boosting the
regional economy. The interregional total multiplier effect, spillover and feedback in East
Kalimantan are presented in Figure 4.
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Fig. 4. The impact of interregional, spillover and feedback in East Kalimantan

Based on the analysis in each region, the important findings in the research are presented in
the Table 5 below.

Table 5. Important findings in the research

Interregional . Total
No Sector Multiplier E;feecilt)ack gl;;élc(;ver Multiplier
Effect Effect

The Around Sulawesi
1 Air transportation 1.8504 0.0002 0.5483 2.3989

Building/Infrastructur

o 1.6426 0.0002 0.4929 2.1358
3 Electricity, gas & water  1.6852 0.0002 0.4661 2.1514
South Sulawesi
1 Air transportation 1.3989 0.0003 0.7488 2.1481

eBuﬂdmg/ Infrastructur 1.2789 0.0003 0.6081 1.8874
3 Electricity, gas & water  1.4458 0.0007 0.5654 2.0118
East Java

Electrical Machinery

Industry 1.3580 0.0118 0.7604 2.1302
2 Oil Palm Industry 1.3893 0.0063 0.6012 1.9969
3 Air Transportation 1.6268 0.0057 0.4383 2.0708
East Kalimantan

Transportation
1 Equipment Industry 1.3683 0.0004 0.4905 1.8592
2 Textile Industry 1.3122 0.0012 0.4426 1.7560
3 Animal Husbandry 1.3970 0.0009 0.3586 1.7565
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4. Conclusion

This study has been assessing the economic linkages between regions in Indonesia through
the projection IRIO 2005 to 2011. This estimation is based on the pattern and inter-regional
economic interaction in Indonesia. Patterns and interactions that occur in the area around
Sulawesi with other regions yet give better feedback effect. It appears once; the economic
performance of the region around Sulawesi is lower than in other regions (see spillover effect and
feedback) even though in some sectors the economic performance is quite good. It also shows how
the quality of the region’s economy around Sulawesi with another region is.

East Java region gives contribution and influence to the Indonesian economy. Unfortunately,
the economic impact on the region of East Java has led to another backwash effect. That means the
economic growth of East Java provides little effect on other regions. However, economic growth of
Sulawesi gives large spillover effect on the region of East Java.

East Java is still very dominant in the economic dimension because of agglomeration and
industrialization is very strong. East Java generate spillover effect of the smallest compared with
other regions, but it produces a feedback effect is greatest. It shows the area of East Java provides a
spread effect is relatively small compared with other regions, but tends to cause backwash effect.
Economic activity in East Java appears to be more efficient and effective because of the
agglomeration is still very strong.

The influence of agglomeration provides enormous benefits to the economy in East Java.
Industry in East Java has a forward linkage and backward linkage better than other regions.
It encourages investment and growing industries in East Java, while other regions are relatively
slow development (except in South Sulawesi).

South Sulawesi region's position is very strategic, because it is able to bridge in eastern
Indonesia. That is why South Sulawesi gives the greatest spillover affect compared with other areas
and obtains feedback effect is better than the area around Sulawesi. In addition, South Sulawesi
gives the feedback effect better than the area around Sulawesi.

Although the mining sector in East Kalimantan is a major sector, but the sector has not been
able to push to the maximum economic performance in East Kalimantan and other regions. Inter-
regional spillover and feedback in East Kalimantan is more influenced by the industry.

Indonesia's economy would create imbalances of development and environmental limitations
when there is no strategic policy of the government. Strategic policy to build in the eastern
Indonesian region is (1) Encourage the increase of capital expenditure of the central government to
the island of Sulawesi and East Kalimantan, (2) Encourage private investment in the industrial
sector and production base in the island of Sulawesi and East Kalimantan, (3) Encourage South
Sulawesi region as an economic hub towards other regions, especially the eastern part of Indonesia,
(4) increase and improve inter-connectivity between South Sulawesi region by region around
Sulawesi in order to create economic linkages across the region, (5) encourage the inter-regional
capital movement to Sulawesi and East Kalimantan to ensure equal distribution of development
and stable environment among regions, (6) create linkage sectors (downstream industry) mining
(East Kalimantan) and plantations (Sulawesi) within and between regions, and (8) Strengthen
economic territory of interregional Linkage toward interregional Partnership.
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Appendix
The formulation:
XA xif“ xifB xg‘c xij‘D xij‘E YA Bi;‘A Bij"B BijAC BifD BifE
X B X2 X" xijBC X XE Y8 B* B BijBC B® B*
CA CB cC CD CE CA CB cC CcD CE
X=[XC A= X X5 XE© X XE Y =|y¢ | B=|B* Bi® B B B;
XP Xt XES XP© X XgE yP B B B/ BX B*
XE XEA XEB XEC XED XEE YE BEA BEB BEC BED BEE

If X represents each sector and region, then matrix B can be decomposed into three parts,
there are:
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B* B;" B B B) ((1-A*)" 0 0 0 0
BijBA Bi?B Bich Bi?D BijBE 0 (l —~A® )_1 0 0 0
BijCA BijCB BijcC BijCD Bi?E = 0 0 (l —A“C )71 0 0 +
B B™ B™ BX™ BX 0 0 0o (1-A®)" 0
B B® BP® BP® BF 0 0 0 0 (1-A%)"
B —(1-A* )" 0 0 0 0
0 B® —(1-A%)" 0 0 0
0 0 B — (1A% 0 0 +
0 0 0 B—(1-A%)" 0
0 0 0 0 B—(1-A%)"
0 B B BP BE
Bi* 0 B B® B
Bi* Bi° 0 B® B
B B® B® 0 BX
B® B2 BX BP 0

ijij
The output of region A can get by combining the equation (2) with the equation above with this
formulation:

XA =(1-AM)"Y +[B—(| _ AAA)‘l}r +
[BABYZ+BACY3+BADY4+BAEY5] .................................. (3)

The equation (3) contains with three parts, there are (1) reflecting the inter-regional
multiplier effect, (2) feedback effect and (3) interregional spillover effect. The interregional
spillover effect reflects the total added value as the result from one sector towards the economy due
to the high final demand. Interregional spillover effect reflects the effect of economy output as the
result of certain sector in a region due to the output demand from another sector. Feedback effect
reflects the feedback from the region, which have the spillover effect. Feedback effect is the
interaction effect of both inter-regional trades.
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Abstract

Background. This study assessed the effects of slaughterhouse activities on the health of
surrounding residents in Osogbo Nigeria. This was with a view to suggesting policy response
capable of enhancing healthy environment in the city and others with similar background.

Materials and Methods. A total of thirty three slaughterhouses identified in the study area
out of which fifteen (45 %) were randomly selected for questionnaire administration. This is
followed by stratification of 500metre radial distance from the respective residences surrounding
them into 1-250 metres and 251-500 metres. In the strata, questionnaires were administered on
98 residents comprising 44 and 54 in the first and second strata respectively. Data analysis was
done using cross tabulation and Chi-square tests.

Results. Findings revealed that slaughterhouse activities pollute the environment and this
inevitably had negative impacts on the health of the surrounding residents. From the findings,
80 % of the slaughterhouses were located near water bodies. The study also found that most of the
surrounding residences were infested by flies and mosquitoes with varying degrees as distance
increases from the slaughterhouses. This study established that the quality of the environment
varied with distance from the slaughterhouses. Similarly, the proportion of residents that treated
malaria and diarrhoea continually in the study areas was 69.4 % and 70.4 % respectively.

Conclusion: These findings have implications for policy making towards planning effective
and sustainable intervention strategies for slaughterhouse activities in Osogbo and other cities with
similar background.

Keywords: Slaughterhouse, Solid waste, Effluents, Pathogens, Carcass, Osogbo, Nigeria.

1. Introduction

Slaughterhouses are known all over the world to pollute the environment either directly or
indirectly from their various processes. They are frequently located near urban centres and
enormous amount of waste are produced (Adeyemo, 2002). The location of facilities and services
such as slaughterhouses in the neighbourhood is very important. This is because it provides
residents with easy access to purchase of meats for household consumption. However, its activities
pose danger on the immediate environment and health of surrounding residents (Bello, Oyedemi,
2009) due to the negation of the principle of separation of incompatible land uses upheld by
physical planning. This is no doubt prevalent in developing countries where enforcement of
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development control is at its lowest ebb (Kawu et al., 2012). The dilution of residential
neighbourhoods with slaughterhouses has left residents with no choice than to live with the fatal
hazards associated with the slaughterhouse activities in their vicinity.

Pollution emanating from slaughterhouse operations in Nigeria has become a source of
concern because conventional methods for disposal of waste are inadequate (Adeyemo, 2002;
Kawu et al., 2012; Olowoporoku, 2013). Nwanta et al (Daramola, 2006) also noted that the
numerous wastes produced by slaughterhouse operation not only pose a significant challenge to
effective environmental management, they are also associated with decrease in air quality of the
environment and transferable of several infectious diseases. The major concern is the risks to
health of residents living with these fatal choices in their neighbourhoods.

Slaughterhouses generate significant quantities of secondary wastes which are not
environmentally friendly. For instance, Aniebo, Wekhe and Okoli (Nwanta et al., 2008) noted that
the blood from a single cow carcass if discharge directly into a sewer line, the effluent load would
be equivalent to the total sewage produced by 50 people on average day. These wastes are highly
organic with relatively high levels of suspended solid, liquid and fat. The solid wastes include
condemn meat, undigested ingesta, bones, horns, hairs, aborted foetuses and grit while the liquid
wastes usually compose dissolved solid, blood gut contents, undigested feed, urine and wastewater
(Aniebo et al., 2009). In Nigeria, these wastes are indiscriminately and improperly discharged.
This makes the environment unsightly, occupy useful space and odorous which in turn attracts
flies, mosquitoes, rodents and other disease vectors thus causing nuisance in the neighbourhood.

Another peculiar issue in Nigerian cities is the location of slaughterhouses. Due to their
required large quantity of water (Adeyemo et al., 2002), slaughterhouses are usually located near
water bodies or places with high water table in order to gain unhampered access to water for
processing of their activities (Kuyeli, 2007). Effluents from these slaughterhouses are directly
discharged into streams and rivers without any form of treatment and the slaughtered meat is
washed with the contaminated water (Kosamu et al., 2011). This could lead to transmission of
pathogens to humans causing infections such as Coli, Bacillus, Salmonella infections, Brucellosis,
methemoglobinemia and Helminthic diseases (Adelagan, 2002). This is aside the heat, smoke and
noise which emanates from slaughterhouse.

These fatal issues related to slaughterhouse activities have aroused the interest of researchers
in Nigeria (Daramola, 2006; Aniebo et al., 2009; Esona, 2004). However, they have only focused
on the impact of slaughterhouse activities on nearby water bodies and the health effect of the water
pollution. Other studies in this regard include Omole and Ogbiye (Omole, Longe, 2008), Afon and
Fadare (Omole, Ogbiye, 2013) and Bello and Oyedemi (Bello, Oyedemi, 2009). These past studies
did not extensively discuss the pollution and health effects with due consideration for the
surrounding residents. Also, effects of distance on pollution and health effects were not extensively
considered. The intent of this study is therefore to establish the variation in polluting and health
effects based on distances from slaughterhouses and residences surrounding them in Osogbo
Nigeria. Also, the study discussed the socio-economic attributes of the surrounding residents.
This type of study is imperative as it will elucidate the fatal choices confronting residents living
with slaughterhouses in their neighbourhoods.

2. Materials and Methods

The study area is Osogbo, the capital of Osun State, located in south-western part of Nigeria.
Following the creation of Osun State in 1991, Osogbo assumed the status of a state capital. It has
two local government areas (LGAs) which are Osogbo and Olorunda. Over the years, Osogbo has
witnessed tremendous growth both spatially and demographically. Its nature as a nodal settlement
and initial establishment of a railway station are factors in the growth of Osogbo. According to the
2006 population census, Osogbo had 287,156 inhabitants (Federal Government of Nigeria, 2007).

This research was carried out on slaughterhouses in Osogbo and their vicinities. As common
to most Nigerian cities, slaughterhouses are located in different areas of Osogbo township. They are
characterized with locations among residences with no regards for their compatibility. This is
against the existence of legislations governing the location and operations of slaughterhouses both
at the state and federal level. For instance the federal level, the government promulgated the
National Environmental Standard and Regulation Enforcement act on sanitation and waste
control. Notwithstanding the existence of these legislation, the yearnings of the growing population
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for meat coupled with the laxity on the part of the government have made the location and
operations of slaughterhouses unfriendly.

A total of thirty-three slaughterhouses were identified in Osogbo, Nigeria. For this study
fifteen slaughterhouses were randomly selected for questionnaire administration and field
observation. Simple random technique was adopted in sourcing information from an operator in
each of the slaughterhouses selected. Thus, fifteen operators were sampled on which questionnaire
were administered. Data collected through the survey include number of cow’s slaughtered daily,
purpose of location of slaughterhouses, waste handling practices in the slaughterhouses and
complaints by surrounding slaughterhouse operators.

Residential buildings within 500metre radius around the slaughterhouses were selected for
questionnaire administration. The residential buildings were further stratified into 1-250metres
and 251-500metres radius from the selected slaughterhouses. In the stratified distance from the
slaughterhouses, every s5th residential building was sampled sequel to enumeration of buildings
based on street numbering system and counting of buildings where houses were not numbered.
Questionnaire was administered on an adult in each of the each of the selected residential
buildings. A total of 98 residents were selected from the 98 selected buildings on which
questionnaires were administered. The sample comprises 44 respondents within 1-250metres
radius from the slaughterhouse and 54 respondents within 251-500metres radius from the
slaughterhouses. Data collected through the questionnaire survey are socio-economic attributes of
the residents, level of prevalence of infestation of disease vectors, and health conditions. Analysis of
the data was done using cross tabulation and Chi-square Test.

3. Results and Discussions

This section discusses the profile of slaughterhouses and their activities, profile of the
respondents, effects of slaughterhouse activities on residents and residents’ reported health
condition in the study area.

Profile of Slaughterhouses

Findings made on the number of cows slaughtered in the slaughterhouses daily and the
purpose of location of the slaughterhouses. Findings revealed that 60.0 % of the slaughterhouses
slaughtered between 1-3 cows daily, 26.6 % slaughtered 4-7 cows daily and the remaining 13.4 %
slaughtered more than seven cows daily. Further findings revealed that majority of the
slaughterhouses slaughter between 1-3 cows daily. The average number of cows slaughtered daily
in the study area is two.

Investigations were made on the rationale behind the location of slaughterhouses in the
respective neighbourhood within the city. Respondents were allowed to tick multiple responses as a
combination of factors could be responsible for locating a slaughterhouse in a particular area.
Findings revealed that 36.4 % of the slaughterhouses were located due to proximity to a
river/stream, 27.3 % were sited because the area is with a high water table, 12.1 % were located
because of closeness to the market and availability of land was responsible for the location of
15.2 % of the slaughterhouses. Further investigations revealed 80 % of the slaughterhouses were
sited in their location because of the presence of a nearby water body while 60% of the
slaughterhouses were located in places with high water table. These findings confirmed the studies
of (Kuyeli, 2007) and (Adeyemo et al., 2002) that slaughterhouses in the developing world are
usually located near water bodies because of huge volume of water used for their activities. Physical
observation revealed that majority of the slaughterhouses contravened the physical planning laws.
This is because they were located within lands allocated as setbacks along river courses.

Table 1. Waste Disposal Practices in Slaughterhouses

Practices ] Frequency (%)
Solid Waste Disposal
Burning 3 (10.0%)
Dump on Vacant Land ( Beside Slaughterhouse) 15 (50.0%)
Dump in Nearby Bush 2(6.7%)
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Dump along Drainage 3 (10.0%)
Collected on Request 7(23.3%)
Total **230 (100.0%)

Liquid Waste Disposal

Channel to Nearby Stream 11(55.0%)
Channel to Nearby Drainage 9 (45.0%)
Total **1~ (100.0%)

Complaint By Surrounding Residents

Foul Odour 15 (78.9%)
Foul Odour and Air Pollution 4 (21.1%)
Total ** 19 (100.0%)

*These were more than the number of questionnaires administered because respondents were
allowed to choose multiple options

Findings on waste disposal methods in the slaughterhouse are contained in Table 1.
Slaughterhouse operators were allowed to select the various solid waste disposal methods they
employed. Findings revealed that 10.0 % of the operators burned their waste, 50.0 % dumped their
waste on vacant land in the premises of the slaughterhouses, 6.7 % dumped their waste in the bush,
10.0 % dumped in the drainage while 23.3 % gave their waste out on request. Further findings
revealed that all the slaughterhouses dumped their solid waste on the vacant land in the premises
of the slaughterhouses. Physical observation revealed that undigested ingesta, dungs, aborted
foetus, bones and horns are the major solid wastes generated in Nigerian slaughterhouses. All the
waste disposal methods employed by the operators fall short of the waste disposal standard
enacted by the Federal Government of Nigeria. The dump of this waste around the slaughterhouses
could be responsible for the highly pungent odour, infestation of flies and diseases vectors in the
neighbourhoods where these slaughterhouses are located.

Investigations were made into the management of wastewater in the slaughterhouses.
Two methods of waste water management were identified in the study area. Findings revealed that
55.0 % of the slaughterhouses discharged their liquid waste into the nearby water bodies while
45.0 % discharged their liquid waste into nearby drains in their neighbourhood. The indiscriminate
discharge of waste water could contaminate the nearby water bodies and also cause drains around
the slaughterhouses to be filled with slaughterhouse effluents. This could be responsible for the
highly unpleasant odour emanating several metres away from the premise of the slaughterhouses.

Findings from slaughterhouses on complaints about their activities by surrounding residents
revealed that 78.9 % of the neighbouring residents have complained about the foul odour
emanating from the slaughterhouses while 21.1 % of the operators claimed residents have
complained about foul odour and air pollution emanating from the slaughterhouses. These
odourous emissions from slaughterhouses could cause eye, nose and throat irritation, headache,
nausea, diarrhoea, cough, chest tightness shortness of breath, stress, drowsiness and alterations of
mood (Afon, Fadare, 2011). All these health symptoms can occur at the time of exposure and may
persist for longer periods of time as well as aggravate existing medical conditions in sensitive
individuals such as asthmatic patients.

Profile of the Surrounding Residents

The profile of the respondents discussed consists of gender, age, educational attainment,
income status and type of building. Investigation into gender distribution of respondents across the
two residential strata around the slaughterhouses revealed that the percentage of male and female
living within 1-250 metres radius from the slaughterhouses were 38.6 % and 61.4 % respectively
while the percentage of male and female respondents who live within 251-500 metrs radius from
the slaughterhouses stood at 39.8 % and 60.2 % respectively. Closely associated with gender is age.
The age of the respondents was grouped into four: teenagers (those with less than 20 years); young
adults (21 to 39 years); elderly adults (40 to 59 years) and old people 60 years and above). Across
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the two strata, majority of the residents (80.6 %) were adults (21 to 59 years), 8.2 % were teenagers
and 10.1 % were old people (60 years and above). The overall mean age was 40years. This indicates
that respondents were of age that could make them environmentally-conscious of what happens in
their neighbourhood.

According to Theodori and Luloff (Schiffman, 2006) and Fransson and Garling (Theodori,
Luloff, 2002), the level of education people raises their consciousness about what operates in their
surroundings. Findings on educational attainment revealed that all the respondents sampled
acquired a form of formal education. In the first stratum, respondents with primary, secondary and
tertiary education stood at 25.0 %, 56.8 % and 18.2 % respectively while the percentage of residents
with primary, secondary and tertiary education living within 251-500 metres, from the
slaughterhouses were 11.1 %, 38.9 % and 50.0 % respectively. This findings was further established
by Chi-square result (x2 =14.011; p=0.003) which indicated that a significant association exists
between educational level of the people and the distance of their residence to the slaughterhouses.
This means that educational level of people influence their residential decision to live around
slaughterhouses in the study area.

For easy understanding, residents’ monthly income was classified into three. Income below
N20,000 categorised as low income. The reason is that the minimum wage at the federal level in
Nigeria is N¥18,000 while it ranges from ¥15,000 to ¥20,000 in the states of the federation.
The medium monthly income was categorised from ¥21,000 to ¥60,000 while residents earning
N61,000 and above were categorised as high income earners. In the first stratum (1-250 metres),
81.8 % of the residents were low income earners. Those within the medium and high income group
were 13.6 % and 4.5 % respectively. In the second (251-500 metres), residents in the low, medium
and high income groups were 87.0 %, 7.4% and 5.6 % respectively. The overall mean monthly
income was ¥30,627.

Investigations were made into the household sizes of neighbours of slaughterhouses in the
study area. A household was defined as a person or group of people with shared cooking, sanitary
and living arrangements. Based on this, the household size of the residents was categorised into
three. The household sizes of one to five members were categorised as small, those with six to ten
members as medium while those with more than ten members was categorised as large. In the first
stratum (1-250metres), respondents with small, medium and large households stood at 43.2 %,
44.5 % and 2.3 % respectively while in the second stratum (251-500metres) respondents having
small and medium households were 61.1 % and 38.9 % respectively. The mean household sizes for
the first and second strata were six and five persons respectively.

Type of houses around the slaughterhouses was categorised into five: face-face (bungalow),
face-face (storey), Flat (bungalow), flat (storey) and duplex. Findings revealed that majority
(61.3 %) of the residents sampled lived in multi-habitation buildings (face-face) while the
remaining 39.6 % lived in single-family apartments. One important fact to note is that multi-
habitation buildings may have to do with is presence of many families living within the building.

Table 2. Profile of Respondents

Attribute 1-250 (m) 251-500 (m) Total
Frequency (%) Frequency (%) Frequency (%)
Gender
Male 17 (38.6) 22 (40.7) 39 (39.8)
Female 27(61.4) 32 (59.3) 59 (60.2)
Total 44 (100.0) 54 (100.0) 98 (100.0)
Age (years)
<20 3(6.8) 6 (11.1) 9(8.2)
21-39 20 (45.5) 20 (37.0) 40 (40.8)
40-59 15 (34.1) 24 (44.4) 39 (39.8)
60 = 6 (13.6) 4 (7.4) 10 (10.2)
Total 44 (100.0) 54 (100.0) 98 (100.0)
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Educational Level
Primary 11 (25.0) 6 (11.1) 17 (17.3)
Secondary 25 (56.8) 21(38.9) 46 (46.9)
Tertiary 8 (18.2) 27(50.0) 35 (35.8
Total 44 (100.0) 54 (100.0) 98 (100.0)
Average Monthly Income
<N20,000 36 (81.8) 47 (87.0) 83 (84.7)
N21,000- ¥60,000 6 (13.6) 4 (7.4) 10 (10.2)
>N61,000 2 (4.5) 3(5.6) 5(5.1)
Total 44 (100.0) 54 (100.0) 98 (100.0)
Household Size
1-5 19 (43.2) 33 (61.1) 52 (53.1)
6-10 24 (54.5) 21(38.9) 45 (45.9)
Above 10 1(2.3) 0 (0.0) 1(1.0)
Total 44 (100.0) 54 (100.0) 98 (100.0)
Type of Building
Face to face (Bungalow) 19 (43.2) 8 (14.8) 27 (27.6)
Face to face (Storey Building) 16 (13.4) 17 (31.5) 33(33.7)
Flat (Bungalow) 9 (20.5) 12 (22.2) 21 (21.4)
Flat (Storey Building) 0 (0.0) 15 (27.2) 15 (15.3)
Duplex 0 (0.0) 2(3.7) 2 (2.0)
Total 44 (100.0) 54 (100.0) 98 (100.0)

Prevalence of Infestation of Disease Vectors in Respondents Homes

Table 3 contained information on prevalence of disease vectors in respondents’ homes in the
stratified areas. It is imperative to consider the disease vectors the respondents are vulnerable to.
This is necessary because disease vectors may determine the infections respondents’ experience.

Table 3. Prevalence of Disease Vectors from Slaughterhouse Activities

Prevalence 1-250 (m) 251-500 (m) Total
Frequency (%) Frequency (%) Frequency (%)
Level of Prevalence of Flies
Always 41(93.2) 34 (63.0) 75 (76.5)
Sometimes 3(6.8) 20 (37.0) 23 (23.5)
Total 44 (100.0) 54 (100.0) 98 (100.0)
Level of Prevalence of Rodents
Always 12 (27.3) 8 (14.8) 20 (20.4)
Sometimes 29 (65.9) 42 (77.8) 71 (72.4)
Rarely 3(6.8) 4(7.4) 7(7.1)
Total 44 (100.0) 54 (100.0) 98 (100.0)
Level of Prevalence of Mosquitoes
Always 37 (84.1) 32 (59.3) 69 (70.4)
Sometimes 7(15.9) 22 (40.7) 29 (29.6)
Total 44 (100.0) 54 (100.0) 98 (100.0)

Investigation into level of prevalence of flies in residents’ homes revealed that 76.5 % of the
residents living around slaughterhouses were always infested by flies in their homes while 23.5 %
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were sometimes infested by flies in their homes. This overall percentage of residents always
infested by flies is less than the percentage of residents always infested by flies in the first stratum
(1-250 metres) (93.2 %) but greater than those always infested by flies in second stratum (63.10 %).
This was further established by Chi-square value (x2 =14.3; p=0.001) which indicated a significant
association between the level of prevalence of flies and the distance of respondents residence to the
slaughterhouses.

On the findings on infestation of rodents in respondents homes, 27.3 %, 65.9 % and 6.8 % of
the respondents living within 1-250 metres from the slaughterhouses were always, sometimes and
rarely infested by rodents while respondents living within 251-500 metres from the
slaughterhouses who were always, sometimes and rarely infested by rodents were 14.8 %, 77.8 %
and 7.4 % respectively. Findings on the level of prevalence of mosquitoes in respondents’ homes
revealed that 84.1 % and 15.9 % of the residents living within 1-250metres were always and
sometimes infested by mosquitoes in their homes while in the second stratum (251-500 metres)
59.3 % of the residents were always infested by mosquitoes while the remain 40.7 % were
sometimes infested by mosquitoes. These findings were further established by Chi-square results
(x2 =12.17; p=0.007) which indicates that a significant association exist between level of prevalence
of mosquitoes and the distance of their residence to the slaughterhouse.

Evaluation of Residents’ Reported Health Condition

Sequel to the investigation on level of prevalence of disease vectors in respondents’ houses,
Table 4 contains findings on slaughterhouse activities and respondent’s reported ill-health
condition across the two strata as at the time of the study.

Table 4. Reported Health Effects of Slaughterhouse Activities

Period of Infection 1-250 (m) 251-500 (m) Total
Frequency (%) Frequency (%) Frequency (%)
Last Time Member of Household was Infected by Malaria
3 months 34 (77.3) 34 (63.0) 68 (69.4)
6 months 9 (20.4) 19 (35.2) 28 (28.6)
Over 6 months 1(2.3) 1(1.8) 2 (2.0)
Total 44 (100.0) 54 (100.0) 98 (100.0)
Last Time Member of Household was Infected by Typhoid
3 months 17 (38.6) 8 (14.8) 25 (25.5)
6 months 21 (47.8) 34 (63.0) 55 (56.1)
Over 6 months 6 (13.6) 12 (22.2) 18 (18.4)
Total 44 (100.0) 54 (100.0) 98 (100.0)
Last Time Member of Household was Infected by Cholera
3 months 5 (11.4) 1(1.9) 6 (6.1)
6 months 13 (29.5) 13 (24.1) 26 (26.5)
Over 6 months 26 (59.1) 40 (74.0) 66 (67.4)
Total 44 (100.0) 54 (100.0) 98 (100.0)
Last Time Member of Household was Infected by Diarrhea
3 months 32 (72.8) 39 (72.2) 71 (72.4)
6 months 12 (27.2) 15 (27.8) 27 (27.6)
Total 44 (100.0) 54 (100.00 98 (100.0)

Findings were made on the last time household members were infected with diseases.
Findings from residents living within 1-250 metres from the slaughterhouses revealed that 77.3%,
20.5% and 2.3% of the residents treated malaria in their household in the last three months, six
months and above six months respectively. In the second stratum (251-500metres), 63.0% of the
respondents treated malaria 3months ago, 35.2% were infected with malaria six months ago while
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1.9% of the respondents were infected with malaria more than six months ago. Investigations were
made into the interval of infection of typhoid within the two residential strata. In the first stratum,
the percentage of respondents who were infected with typhoid three months ago, six months ago
and more than six months stood at 38.6%, 47.8% and 13.6% respectively while respondents within
251-500metre radius who contracted typhoid three months ago, six months ago and more than six
months ago stood at 14.8%, 63.0% and 22.2% respectively. This findings was further established
by Chi-square results (x2 =9.14; p= 0.027) which indicated that there is a significant association
between the last time the people were infected with typhoid and the distance of their residence to
the slaughterhouse.

Residents also expressed the last time were infected by cholera and diarrhoea in their
households. In the first stratum 11.4% of the households were infected with cholera in the last three
months, 29.5% were infected by cholera in the last six months, and 51.9% of the respondents did
not experience cholera in over six months. Respondents within 251-500metre radius whose
household were infected with cholera three months ago stood at 1.9%, 24.1% was infected six
months ago and 74.0% were infected in their households with cholera more than six months ago.
This findings was further established as Chi-square analysis (x> =8.03; p= 0.045) indicate a
significant association between the time the people were infected with cholera and the distance of
their residence to the slaughterhouses. Findings on last time a member of respondents household
were infected with diarrhoea. In the first 1-250metre radius around the slaughterhouse 78.2% of
the residents’ households were infected with diarrhoea in the last three months while the
remaining 27.2 % claimed they were infected by diarrhoea in the last six months. In the second
stratum, 72.2 % and 27.8 % of the respondents were infected with diarrhoea in the last three
months and six months respectively.

The average per household vulnerability to diseases (malaria, typhoid, diarrhoea and cholera)
was determined using the average household sizes in each residential zone. It was revealed that the
average per household susceptibility to diseases in the first stratum (1-250metre radius) was
264 persons while in the second stratum (251-500 metres) the average per household susceptibility
to disease was 270 persons. These findings are consistent with the results of some earlier studies
(Bello, Oyedemi, 2009; Olowoporoku, 2013) which have indicated that there is a significant
statistical association between meat industry activities and health quality of residents around it.

In order to examine the relationship between residents’ profile on prevalence of infestation of
flies and mosquitoes in respondents’ homes, cross tabulation was conducted on the variables.
Two socioeconomic characteristics (income and level of education) found in literature
(Olowoporoku, 2013) to be factors influencing the habitation of residences close to slaughterhouses
and its consequential health effects were examined. The analysis revealed that across the two
strata, 84.6 % of low income earners were constantly infested by flies in their homes and 83.6 %
were constantly infested by mosquitoes in their homes. This is in contrast to the proportion of
residents belonging to medium (10.2 %) and high income (5.1 %) categories. This could be
attributed to possible unavailability of insect resisting facilities in their homes due to their low
income. Also, findings revealed that across the two residential strata, residents with minimum of
secondary education were the most concerned about the presence of flies and mosquitoes in their
homes (82.6 %). This could be based on their better knowledge of the harm posed by these disease
vectors in their homes.

The relationship between residents’ income and their health status was also determined.
This was measured in terms of the last time the respondents were treated for malaria, typhoid,
diarrhoea and cholera. Findings across the two strata revealed that 84.6 % of low income groups
treated malaria, 83.6 % treated typhoid and 84.6 % treated diarrhoea frequently in a period of six
months to the time of the study. This finding is in tandem with reports of United States Embassy
Nigeria (2011) that the most inflicted income group by malaria in Nigeria is the low income group.
They account for 65 % of the population and are slaves to infectious diseases such as malaria,
typhoid, diarrhoea, cholera etc.
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4. Conclusion and Recommendations

This study assessed the relationship between the locations of slaughterhouses and the quality
of health of residents living around slaughterhouses in Osogbo. Also, the study examined the socio-
economic characteristics of residents as a determinant of their level of vulnerability to health
hazards emanating from slaughterhouses in their neighbourhood. This study revealed that
slaughterhouse activities pollute the environment and consequently have negative impact on the
health of its surrounding residents based on the distance of their residences to the slaughterhouses.
The study found out that the level of prevalence of infestation of mosquitoes and flies is more
predominant on residents whose homes are closer to the slaughterhouses.

Findings established that residents within the low income group felt the impact of the
prevalence of disease vectors. The study established that increase in the distance between
residents’ homes and slaughterhouses is directly proportional to the level of infestation of
residents’ homes by flies and mosquitoes. This implies that there is variation in environmental
deterioration as distance increases from the slaughterhouses. This may account for the incessant
infection of residents with typhoid, malaria and diarrhoea in the first stratum. It can therefore be
concluded that the farther the location of the residences to the slaughterhouses, the lesser the
degree of the respective polluting and health effects of the slaughterhouse activities on the
environment and residents in the study area.

These results on the assessment of the polluting and health effects of slaughterhouse have
policy implications for sustainable development both in Nigeria and countries of similar urban
settings. For instance, failure to manage the activities of these fatal choices in neighbouhoods could
lead to epidemics. Other associated implications of poor management of the fatal choices include
high financial and economic cost, direct medical cost associated with curbing epidemics and loss of
productivity. Therefore appropriate measures should be taken to reduce its impact on the health of
those who live with this conflicting necessity of life. The government should enforce existing laws
related to meat industry activities and promulgation of new ones. Also, due the nature and quantity
of waste generated from slaughterhouses, they should be considered as industrial waste and not
mixed with municipal waste.

Waste management facilities and services should be provided at slaughterhouses and operators
should be levied on waste generated based on the number of cows slaughtered. This will be a good
source of revenue for the government. Also, design standards and siting restriction such as setbacks
and buffers from residences and also from water bodies should be ensured. Residents’ education on
possible impacts of pollution from slaughterhouse waste should be embarked upon by both
governmental and non-governmental organizations with interest in environmental and public health.
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Abstract

An overview of the different generations of molecular genetic markers used to solve the
traditional problems of breeding work — exception errors of origin; determine the distribution of
genetic flow of agricultural animal species; the identification of genetic systems, polymorphism of
which is associated with variability of economically valuable traits are carried out. The history of
the use of genotypic characteristics as "signalview" to predict the desired manifestation of
economically valuable traits, starting with the works of A.S. Serebrovsky, are discussed. The need
for consistent study of the gene pools of native breeds with a unique capacity of adaptation to
specific ecological and geographical factors, in which farm animal breeding, is underlined. It is
noted the similarity of molecular-genetic systems involved in adaptation, in particular, to high-
altitude hypoxia, such mammal species as domestic horses and people. As an example of
adaptation to high-altitude conditions of breeding discusses the specificity of Karachai horses.
The different methods of genomic scanning (multigene genotyping) using as genomic anchors
randomly selected decanucleotide (RAPD-PCR), sequences of microsatellite loci (ISSR-PCR
markers), retrotransposons (IRAP-PCR markers) are discussed. It is noted the particularities of the
representation in animal genomes microsatellite loci, DNA and RNA transposons.

Keywords: molecular genetic markers, blood groups, electrophoretic variants of proteins,
microsatellites, transposons, endogenous retroviruses

1. BBegeHnue

B nokiazme 2007 roya OpraHu3anuu 110 MPOJA0BOJIBCTBUIO U ceJIbCKOMY X03satcTBy mpu OOH
(Food and Agriculture Organization — FAO, 2007, 2015) oTMe4aeTcsi, YTO /I0 CHX IIOp yIIpaBJIeHHe
TeHETUYEeCKUMH PecypcaMy >KHUBOTHBIX CEJIbCKOXO3SIMCTBEHHBIX BUJIOB B II06QIBHOM MaciiTabe
OTPAHUYUBAETCS OTCYTCTBHEM KOHIENTYaJIbHBIX pasdpaborok. FAO mosokwia Havasio
UEeHTU(UKAIIUA KJIIOYEBBIX 3JIEMEHTOB TAKOW KOHIEMIUU, HCIOJIB3YSA KAaK HCXOJHYIO TOUKY
oTpesieJieHuEe YCTOMUYMBOTO HCIIOJIb30BAaHUsA, IpeasiokeHHOe KoHBeHImeill mo Buosiormyeckomy
Paznoob6pasuto (Convention on Biological Diversity — CBD): “ycroiiunBoe HCIIOJIb30BAaHUE — 3TO
HCII0JIb30BaHNE KOMIIOHEHTOB OMOJIOTHYECKOT0 Pa3HOO0pa3us TAKUM IIyTeM U C TAKOH CKOPOCTHIO,
KOTOpBIE He IIPUBOJAT K JOJITOBPEMEHHOMY YMEHBIIIEHUI0 OHMOJIOTHYECKOT0 Pa3H000pa3us, TaKUM
o0pa3oM TMOAJIep>KUBas €ro IOTEHIHas, YTOObl YZOBJIETBOPATH IMOTPEOHOCTH U CTPEMJIEHUA
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HacrosAmux u Oyaymux mokosenuii” (Cratbss 2 CBD) (Kalinitchenko et al., 2014, 2016). B aToi
cBsa3u FAO BbIBUTaeT HEOOXOAWMOCTH BBISABJIEHHSA, H3YYEHUs] U COXPAHEHUS JIOKAIHHO
aZalITUPOBAHHBIX TOPOJ. IIpH3HAKH MPUCIIOCOOJEHHOCTH K KOHKPETHBIM CPEJOBBIM YCIOBUSIM
0c000 BaKHBI, IMOCKOJIbKY OHU HE MOTYT OBITh JIETKO CO3/aHbI OTOOPOM 3a KODOTKHH IIEPHO/T
BpemeHnH. [Ipemnoxkennsii FAO moaxo/ mpesrosiaraer, YTo reHeTUUYeCKOe YCOBEPIIIEHCTBOBaHUE
JIOJIKHO OBITH TECHO CBSI3aHO C BOBJIEUEHUEM B CEJIEKITHOHHYIO pabOTy JIOKAJIBHO aIallTHPOBAHHBIX
TeHETUYECKUX PpECypcoB, TMPENATCTBYS yTpare TeHO(GOHZOB IOPOJ C VHUKAJIbHBIMU
xapaktepuctukamu. MimenHo P® ocraercss ogHOW W3 cTpaH, Haubosiee OOTAThHIX T€HETUYECKHM
pa3HOOOpa3HeM KUBOTHBIX CEJIbCKOXO3SHCTBEHHBIX BHJIOB B CBS3M C OOJIBIIIUM pPa3MEPOM
TEPPUTOPUHA U OOUJIMEM Pa3HBIX KOJIOTO-TeorpaUUYECKUX YCJIOBUH pa3BeleHUs >KHUBOTHBIX.
B psime paboT oTMeuaercs, UTO MHOTHE OTEYECTBEHHBIE IIOPO/bI, HE3HAUUTEJIbHO YCTyIas
POJICTBEHHBIM MHOCTPAHHBIM I10 MPOAYKTHBHOCTH U TEXHOJIOTHYECKHM CBOMCTBAM, ITPEBOCXOJISIT
HUX II0 IPHUCIOCOOJEHHOCTH K MECTHBIM YCJIOBUSAM, JIOJITOJIETHIO, YCTOWUYHBOCTH K OTAETHHBIM
3a00JIeBaHUAM, BKYCOBBIM U OHOJIOTUYECKUM KaudecTBaM MPOAYKIMU H JAPYTHM IpU3HAKaM
(Kalashnikov et al., 2011).

B Hacrosiiee BpeMsi OCHOBHBIM BH/IOM HCIIOJIb30BAHUs JIOIIAEN B OOJIBIIMHCTBE PA3BUTHIX
CTpaH MHpa CTaJ KOHHBIN criopT. OAHUM M3 MOIYJISAPHBIX BUIOB KOHHOTO CIIOPTa BO BCEM MUPE
SIBJISIETCSI MCTAHIIMOHHBIA KOHHBIM IpoOer. B sToM Buje crmopra oOT Jiomajeid Tpebyercs
BBIHOCJIMBOCTh U XOPOIIIee 37I0POBhE. B HaIllell cTpaHe CYIIECTBYIOT OTE€UeCTBEHHBIE ITOPO/IbI,
COOTBETCTBYIOIIIME 3THUM TPeOOBAHUAM, OIHOH M3 KOTOPBIX SBJISAETCS KapadaeBcKas IIOpoja
Jlommazieli. BBICTYIUIEHMS KapayaeBCKUX JIOWMIAJIed B JUCTAHIMOHHBIX KOHHBIX THpoberax
yOequTeIbHO TOKAa3bIBAIOT, YTO OHU 00Ja[al0T OTJIHYHBIMH JUCTAHIIMOHHBIMHM 3aJaTKaMU
(Parphenov, Khotov, 2010).

[Momy isIOHHAsA TEHETHKA MTOPO/T JIOIIAZiel UMeeT 0co00e 3HaUeHUe ellle U /I BhIABIEHUA
MOJIEKYJIIPHO-TEHETUYECKUX MEXaHU3MOB aJIallTAIlliA KPYIIHBIX MJIEKOTTUTAIONIHNX, B TOM YHUCJIE U
YeJIOBEKa, K DKCTPEMAJIBHBIM YCJIOBUSIM BOCIPOU3BOJCTBA, B YAaCTHOCTH, K BBICOKOTOPHOM
TUIIOKCHUH.

BocIipon3BoCTBO KPYITHBIX TPABOSITHBIX Ha OOJIBIION BHICOTE HAJ YPOBHEM MOPS IIPUBOJTUT
K CYIIEeCTBEHHBIM (PU3UOJIOTHUECKUM U MeTa0OJIMYeCKUM HW3MEHEHHSM, CBA3aHHBIM C
WHTEHCUBHBIM CEJIEKIIMOHHBIM JIaBJIEHUEM OKHCJIMTEJIBHOTO crpecca, UV paauanuvl W JPyTUX
dbakTOpoB, 3aBUCAIINX OT cClIelU(PUUECKUX BUJIOBBIX XapaKTEPUCTUK. B 3TOH CBA3M 0COOOTO
BHUMAaHUS TPEOYIOT UCC/IEIOBAHHUSA T€HETUUECKUX CTPYKTYP TOPHBIX MIOPOJ, JIOIIA/EH, B TOM UKCIIE
U OTEYECTBEHHOW KapadyaeBCKOHW IOPObI, BHICOKO aJalNTHPOBAHHBIX K TOPHBIM YCJIOBHAM, YTO
MOZKET CII0COOCTBOBATh HE TOJIBKO KOHCOJIUAAIIUY TeHO(DOHIOB OO/, HO ¥ pacCMaTPUBAThCs KaK
MOZIEJIb JIJISI IOMCKOB T€HETUUECKUX OCHOB aIalTaIlK K BHICOKOTOPHBIM YCJIOBUAM Pa3HBIX BHUOB.

2. MarepuaJjbl 1 METOAbI

CpaBHUTEIBHBIN aHAJIN3 MOJIEKYJIAPHO-TEHETHUYECKUX MEXaHH3MOB aJIallTAllMM K TOPHBIM
YCJIOBUSM BOCIIPOM3BOJICTBA KPYITHBIX HA3€MHBIX MJIEKOIHUTAIIINX IO3BOJIWI OOHAPYKUTH
OIIpe/IeJIEHHOE CXOZCTBO MEXy OMOXMMUYECKUMU CUCTEMaMU, BOBJIEKAEMBIMU B 3TOT IIPOIIECC, Y
pPa3HbIX BUJIOB, B YaCTHOCTH, YeJIOBEKA M TOPHBIX Mopoy Jyommazaei no reny EPAS1 (Hendrickson
S.L., 2013). B pabore Hendrickson S.L. (2013) BBIIIOJTHEHO CpaBHEHUE Pe3yJILTATOB M'€HOMHOIO
CKAQaHMPOBAHUS MEXKAy OJWYABIIEH TMOMyJAIuer Jommazed AHJA, MOTOMKOB, 3aBE3€HHBIX W3
Wcnanuu B AHABI B 1500 TOZlaX, U NOPOJ, UX MCIIAHCKUX POJACTBEHHUKOB. B pesyibraTe aHainsa
50-tu ThicauHbIX JIHK mMuxpomarpui; ¢ MOHOHyKJIeoTHAHbIMH 3ameHaMH (Single Nucleotide
Polymorphism — SNPs) B reHoMax JioMalllHelH JIOIIAIA BHISIBJIEH 131 TeH — KaHAUIAT Ha yJyacTHe B
aZlaniTallid K BBICOKOTOPHBIM ycsioBusaM. Hanbosiee BhIpasKeHHOE OT/IMUME OOHAPY:KEHO IO TeHY
EPAS1 B meTabosimueckoM ImyTH, UHAYIUpyeMbiM runokcueid (Hypoxia-Induction-Pathway — HIF).
Omnuusi oOHApyKEeHbI TaKKe B CeMeNCTBE TEeHOB NHUTOXpoMa P450 3A, KOTOpble MOTYT
00OBACHATHCS BIUSHUEM DHIEMHUYECKOH PACTUTEBHOCTH B YCIOBHUSX BHICOKOTOPHS, UCIIOIb3YEMOM
JlomagbMu B KadecTBe Kopma. OTimuyus 1o reHy TeHyepuHy (tenuerin 2 — TENM2)
CBUJIETEJIBCTBYIOT O TOM, YTO HEPBHAs JESATEJbHOCTh TaKiKe BaKHA JUIA QJIallTallii K
BbICOKOrOopblo. Ha OocHOBaHMHM aHamn3a MOJIUMOpP(U3MA MO KOMUWHOCTH KOPOTKHUX T'€HOMHBIX
yuactkoB (Copy Number Variability — CNV) oGHapy»XeHO CXOJICTBO MEK/y BBICOKOTOPHBIMHU
IIOPOZIAMU JIOIIA/IE U UX OTIMYNE OT PABHUHHBIX; OTMEYAETCS, YTO B IOBBINIEHHYIO YacToTy CNV

37




—— International Journal of Environmental Problems, 2017, 3(1)

Yy 'OPHBIX IIOPOJ BOBJIEKAIOTCA paﬁOHbI JIOKaJIN3alu CEMU I'€HOB, IIPOAYKTBI KOTOPBIX YHACTBYIOT
B CBA3bIBAHHWH I'eMa, MeTaboiu3Me PETHUHOJIA, 4 TAKKE B TOM K€ MeTab0oJIMYEeCKOM IIyTH HIF.

3. Pe3ysbTaThl M1 X O0CYyXKAEHUE

B o0mem, mnosiyueHHbIE [JdaHHBIE CBUJIETEJIBCTBYIOT O TOM, YTO JJIA KPYITHBIX
MJIEKOTTUTAIONMINX IIPU MX aJalTallii K BBICOKOTOPHIO YHUBEDPCAJIbHYIO JJIs PA3HBIX BHUJIOB U
OTIpeIesIAIONIYyI0 PoJib HrpaeT Merabonmuueckwit myth HIF, omHako B 3TOT MpPOIECC MOTYT
BOBJIEKAThCS U JIPyTHUe MeTabOJIMYecKHe IyTH B CBA3U C OCOOEHHOCTHIO SBOJIIOIMU BHAA U
YHUKQIBHOU S5KOJIOTHENW BBICOKOTOPbs. Takum o0pa3oM, reHOMOHAbI OTE€YECTBEHHBIX TOPHBIX
IOpOoJ JIOIMIAZled MOTYT TIPEACTABJISATh CIEUAJIbHBI WHTEpPEC I JAaHHBIX HCCIeI0BAHUM.
K mpescTaBUTENIIM MECTHBIX OTEUYECTBEHHBIX IOPOJi OTHOCATCA TaKHe, KaKk KapadaeBcKass U
asrraiickas.

KapauaeBckas mopoa Jiolasiell yHuKaJbHa T€M, YTO OHA YHHUBEPCAJIbHA U YCIIEITHO MOKET
HCIOJIb30BAThCSA B CEJIBCKOXO3AMCTBEHHOM IPOU3BOJCTBE, JIJIsI MAcCOBOTO KOHHOTO CIIOpTa U
po6eroB, KOHHOH OXOThl W TypH3Ma, ITUPKa W IIpOKaTa, CIY»KObI B apMHUH W MIJIUIIHH.
J1o HaCTOAIIET0 BpEMEHM OHU OCTAIOTCS HE3aMEHUMBIMU JJIsi TOTPAHUYHBIX BOMCK, B TPYIHBIX
ropHbIx paiionax CpesHeit A3uu, 3akaBKa3bs U 3aKapIaThbs.

Jlomasm kapavyaeBCcKol opo/ibl pa3BoATcs B KapauaeBo-UepkeccKkoil peciyOyInKe, a TaK»Ke
3a ee mpeaenamMu. B pecnybnuke @yHKnupoHupyer KapauaeBCcKMI KOHHBIA 3aBOJ U
17 koHeBoiueckux (epm. B MuHucrepcrBe cenabckoro xossAiictBa KapauaeBo-Uepkecckoit
pecIryOJIMKH COBMECTHO ¢ Kadeapoit KoHeBoicTBa MOCKOBCKOM CETbCKOX03HCTBEHHOU aKaJleMUU
uM. K.A. TumupsseBa opraHn30BaH LIeHTPATIN30BAHHBIN IVIEMEHHOU yUeT Kapa4aeBCKUX JIOMIaen
u ux nacroptusanusa (Parphenov, Khotov, 2010). B mociieiHre roapl MHTEpeC K KapayaecKou
II0pO/ie BbINIEN 3a Mpezieasl pecrybsnuku. Co3zlaHbl IUIEMEHHBIE KOHEBOAYECKHUE XO3SUCTBA B
cienyronux paroHax: B IIpearopaom CraBporosbckoro Kpasi, Moskaiickom MoCKOBCKOM 06J1acTu
u B Apyrux. Kpome 3TOro pasBe/leHHEM KapayaeBCKOU IMOPOBI JIOIIAJIE 3aHUMAIOTCS YacCTHbIE
KOHHO3aBoAuMKU Yexuu u 'epmaHuu.

CyTb OCHOBHBIX 33J1a4, PENIEHUEM KOTOPBIX 3aHUMAEeTCs TOIYJIAIMOHHAs TeHETUKA, COCTOUT
B TOM, YTOOBI HAyYUTHCA IIOJydaTh OPTraHU3MbI C HEOOXOAMMBIMHU XO3SHCTBEHHO-IIEHHBIMHU
Mpu3HaKaMH, aJalITHPOBAHHBIE K KOHKPETHBIM arpO3KOJIOTMYECKUM pETMOHAM pa3BeJleHus, He
HUMEIOIIHE BPOKIEHHBIX MTaTOJIOTUH U BICOKOYCTOMYHMBBIE K Pa3/IMUYHBIM 3a00/IeBaHUAM. VIMEHHO
cefyac ceJIbCKOe XO3fIMCTBO OCTPO HYXKJaeTcs B PE3KOM YCKOPEHHUHU Ipoliecca CO3JaHMUsA HOBBIX
MIOPOJ, JKUBOTHBIX, COYETAIOIINX YCTOMYHUBOCTh K OMOTHUYECKHMM M a0HOTHYECKHM (aKTOpam
cTpecca ¢ BBICOKUM ToTeHITnaaom mpoaykrtuBHoctH (Kalinitchenko et al., 2014, 2016).

I[TonbITKM MAapKUPOBAHUA HACJEACTBEHHON MPEJIPACIIONIOKEHHOCTY K IMPOSBJIEHUIO
Pa3INYHBIX (PEHOTHUITNUECKUX IMPU3HAKOB B OTEUECTBEHHON T€HETHUKE CEJIbCKOXO3SHCTBEHHBIX
BuZ0B Havaimuch ¢ pabor A.C. CepebpoBckoro eme B 20-e roabl (CepebpoBckuii, 1928).
OH mpeUIOKUI  UCIOJIb30BaTh (PEHOTUIIMUECKUE TIPU3HAKHM C€ MOHOTEHHBIM XapaKTEpPOM
HAacJIeJIOBAHUs B KaUeCTBE «CUTHAIMH» — F€HEeTHYECKUX MapKEPOB — I 00JIETYEeHUsT KOHTPOJIS
rnepefayud ONpeeJIeHHOTO TeHETHYEeCKOTO MaTepuaja B TIIOKOJIEHHsAX, U, COOTBETCTBEHHO,
obJsieryenus moabopa U 0Tbopa OpraHU3MOB Npu (GOPMHUPOBAHUH XO3SIWCTBEHHO IIEHHBIX TPYIIIL.
Uneun, 3zanoxenHole A.C. CepeOpOBCKHUM, IIUPOKO IPHUMEHSAIOTCA B HACTOAIIEE BpEMS:
chOpMUPOBAHO HAIpPABJIEHHE, H3BECTHOE KaK «CeJIEKIHSA C IOMOIbI0 MapkepoB» (Marker
Assistant Selection — MAS). Ero cyrh 3akiouyaercs B TIONBITKAX BBISBJIEHUsS TeHETUYECKHUX
MapkepoB (reHoB wiau mociaenoBarenbHocTelr JIHK), koTopble ObBLIM OBl TECHO CIEIJIEHBI
C «TJIABHBIMU » T€HAMH XO3SIHUCTBEHHO-I[EHHBIX IPU3HAKOB, a TAKKe MOTJIX ObI MADKHUPOBATH M'EHBI,
WUTPAIOIIYE KJIIOUEBYI0 POJIb B Pa3BUTHHU Pa3/JIMYHBIX TeHETHYECKUX I1aTOJIOTHUH, HapyIIeHHH
IIPOIECCOB MeTab0TM3Ma, YCTOMIHUBOCTH K IIaTOTEHAM.

B xauecTBe OZHOr0O U3 IMEPBBIX IIOKOJIEHUH MOJIEKY/IIPHO-TEHETUYECKUX MAapKepPOB
HCIIOJIb30BAJIM TPYIIBI KPOBU. ECIM K NPUMEHEHUI0 TEPMHHA «HOBBIE METOIbI T€HETHKH»
MOJIXOJIUTh CO BCEH CTPOTOCTHIO, TO TEHOTUIHUPOBAHWE IO TPYIIaM KPOBH BPSJ JU MOXKHO
BKJIIOYUTh B WX YHUCJIO. Ba)KHBIM 3TarioM B Pa3BUTUM WMMYHOT€HETHKH »KUBOTHBIX ITPUHSATO
CYUTATh IPUMEHEHNE METO/IOB MCKYCCTBEHHOW MMMYHU3AIUH C I1€JIbI0 BBISIBJIEHUS aHTUTEHHOTO
cocTaBa 3pUTPOIUTOB. U ceifiuac MeTo ] TUITUPOBAHUS TPYIIT KPOBH HAXOIUT JJOCTATOYHO IITMPOKOE
MpaKTUYeCcKoe IpuMeHeHHe. VICroyib30BaHUs METOJ/Ia T€HOTHIIMPOBAHUS [0 TPyIIaM KpOBU
nmozipobHO paccmarpuBaeTcs B paborax K. CropmonTta. (Stormont, 1951, 1958, 1967; Stormont,
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Morris, 1992). OH HOYEPKUBAET, YTO IMPUMEHEHHE METOAUKU TUITUPOBAHHSA TPYHI KPOBH IS
uaeHTUGUKAINY UHAUBUAYYMOB UM YCTAaHOBJIEHUS OTIOBCTBA BHECJIO HEOIEHUMbBINH BKJIAL
B IPAaBUJIBHOE PETUCTPUPOBAHUE TOPOJ[ KPYIMHOTO poraroro ckorta. CxoaHble METO/Ibl
TECTUPOBAHUs KPOBU OBUIM 3aTeM IIOCIeA0BaTEJbHO aJIalITHPOBAHbl I pabOThI C OBIAMH,
CBUHBSIMH, JIOIIAAbMHU. VceiieZloBaHUA CUCTEM TPYIIT KPOBH JIOIIAJIEN Pa3HBIX MOPOJT TPOBOAATCS
B Poccun GoJsiee ueTpIpex iecATHIETHHA. 3a 3TO BpeMs HAKOIUIEHA YHUKIbHAsA MHPOpMAIMOHHAA
6a3a, B OCHOBHOM BO BcepoccuiickoM WHCTUTYTe KOHeBojacTBa. PopmupoBaHume Takoud 6a3bl
0COOEHHO BaKHO ISl MAaJIOUMCJIEHHBIX MOMYJIAIUNA, HaXOAAIIUXCA HA TPAaHU HCYE3HOBEHU,
MIOCKOJIBKY CIOCOOCTBYET Ppa3BUTHIO METO/IOB TeHETHYeCKHM OOOCHOBAHHBIX IIO/XOJIOB K
COXPAHEHUIO U COBEPIIEHCTBOBAHUIO MX TreHO(MOHIOB. ATOT METOJ UMEET U CBOW OTPAHUYEHMUS,
IIOCKOJIbKY aHAJIU3 TeHETHYECKOU M3MEHUYHBOCTH C IMPUMEHEHUEM HMMYHOJIOTHYECKUX METO/OB
BO3MOXKEH IPU HAJIMYUM JOHOPCKOTO CTa/Zia COOTBETCTBYIONIIETO BH/IA, OT KOTOPOTO MOYKHO
MOJIy4aTh 3TAJIOHHBIA HAOOp AHTUTEHOB I T€HOTUIIMPOBAHHUSA TPYNI KPOBHU, UTO SBJIAETCSA
JIOCTATOYHO CJIOXKHOM SKCIIEPUMEHTAIbHOM 3a7jauei.

CnenyomuM TMOKOJIEHUEM MOJIEKYJIIPHO-TEHETUYECKUX MAapKEPOB, NPUMEHSIEMbBIX IS
TeHOTHUIIUPOBAHUS JKHUBOTHBIX CEJIbCKOXO3SIMCTBEHHBIX BHUJIOB OBLIU 3J€KTPOGOPETHUECKUE
BapHUaHTHI OEJIKOB C U3BECTHOU OMOXUMUYECKOU PYyHKITHEH (reHeTUKO-OMOXUMHIYECKHE MapKephl).
Bpemsi BOBHUKHOBEHUS OMOXUMHYECKON T€HETUKH OTHOCHUTCS K 50-60 roJlaM | CBSI3aHO C TPYAaMU
Mapkeprta u coaBropoB (Hunter, Markert, 1957; Markert, Miller, 1959). Torga 6moxumuueckas
reHeTUKa 3aHUMaJIach WCCIIEIOBAHUAMU HCKIIOUUTENIHHO TOJIBKO JUKHUX BHUJOB, NPHU 3TOM
HCIIOJIB30BAJICA JIOBOJIBHO CKPOMHBIM HAbOp OHMOXMMHYECKMX MapkepoB. OFHAKO 3TO HOBOE
HaIpaBJIeHHE OKA3aJI0 OOJIBIIOE BIAUAHNE KaK Ha TPAAUIMOHHBIE HATIPABJIEHUs B OMOJIOTHH, TaK U
Ha pacIIupeHNe BUJIOB U TEHETUYECKUX CHCTEM, BOBJIEKAEMbBIX B HCCIEOBAHUSA, KOTOPBIE BEYTCSA
B CaMbIX Pa3HOOOPA3HBIX U PA3HOIIAHOBBIX HAIPABJIEHUAX: U3YIAETCS OHTOTEHE3, CIEIVIEHUE U
XPOMOCOMHAsI JIOKQJIM3allus TE€HOB, TKaHeBasg ¢ BHYTPUKJIETOUHAs CHENU(PUUHOCTh UX
SKCIIPECCUM, POJIb B3aMMOJIEUCTBUSA aJUIEJIBHBIX W Hea/UIeJIbHBIX TE€HOB, BJIMSAHHE Ha
TreHETUYECKYIO CTPYKTYPY HOMIYJIAIUY Pa3IMIHbIX (popM orOopa. ['eHeTnKa motuMop¢HBIX GETKOB
HaXOJIUT CBOE MPUWIOKEHNE B SBOJIIOIMOHHON U MOIYJIAIHUOHHON reHeTHKe. OJTHAaKO 0c060€e MeCTo
reHEeTUKO-O0MOXUMUUECKHEe MapKepbl 3aHSIU B T€HOTUIIMPOBAHUU JKUBOTHBIX
ceJIbCKoX03sAcTBeHHBIX BuzoB (I'1asko, CosmHoB, 1993; Kaminski, 2011). B ceseKkIuoHHOH
MpaKTUKe IPUMEHEHUE S5TUX MapKepPOB HOCUT OTPAHUYEHHBIM XapakTep, YTO OOYCJIOBJIEHO
HU3KUM TOJUMOP(PU3MOM, ITOCKOJIBKY B OOINEM, CpeAHsAs TeTePO3UTOTHOCTh MOIYJIAINH,
paccumTaHHasA MO 3TUM MapKepaM, OIlEHUBAaeTcd B 6 %. DTa olleHKa 3aHIKEHA M0 CPABHEHUIO C
HWCTUHHON TeTEPO3UTOTHOCTHIO TOMYJISIUIH, UTO OOBACHSIETCA ABYMs NMPUYMHAMU. BO-TIEpBBIX,
HEKOTOpble W3 AaMUHOKHUCJIOTHBIX 3aMeH He TMPUBOJAT K H3MEHEHHUAM CyMMAapHOTO
BJIEKTPUYECKOTO 3apsa WIN MOJIEKYSPHOU KOH(UTYpalWH, U, CJIeA0BaTEILHO, HE MOTYT OBITH
oOHapy:KeHbl MeTOZIOM 3JieKTpodopesa. Bo-BTOphIX, aHamu3 OEIKOB IO3BOJISET TECTUPOBATH
U3MEHEHUsI TOJBKO B OeJIOK-KOAMPYWINUX mocaenoBarenbHocTax JJHK skcmpeccupyromuxces
reHoB. Ho B reHoMe BBICHIMX 3yKApPUOT KOJUPYIOIIHE AaMUHOKHUCIOTHBIE ITOCIEA0BATETHHOCTH
COCTAaBJIAIOT OKOJIO 1% OT BCEro reHOMa, 3HAUYUTEJIbHYIO JIOJI0 COCTaBJIAIOT IOBTOPAIOIIVECS
MOCJIE/IOBATEILHOCTHA, CAMU CTPYKTYPHbBIE T€HbI UMEIOT SK30H-UHTPOHHYIO CTPYKTYpy. fcHO, 9TO
NpU aHaju3e OEIKOBOro MOJMMOp(H3Ma OT BHHUMAHUS HCCIEAOBaTENEHd YCKOJIb3aeT OOJIbIIast
yacTh reHomMa. IIpu 3TOM B COCTaB HeaHAJIU3UPYEMBIX IMOCIEN0BATEIbHOCTEH MOTYT BXOAUTH
(QYHKIIMOHAIPHO 3HAYMMBble YJacTKU. B 3To# cBaA3uW, OJyarofaps IMOABJIEHUIO IIOJIMMEPa3HON
nenHoii peaknumu (Mullis, Faloona, 1987), mosBossioiiedi HapabaTbIBaThb B JIOCTYITHOM JIJIS
reHOTHUIIUpOBaHUM Jitoboro yuactka JIHK, mosBwinch MeTOABI OIEHOK MOJUMOpdU3Ma
Pa3JIMYHBIX TEHOMHBIX 3JIEMEHTOB, B YACTHOCTH, JJTHH MHUKPOCATEJUTUTHBIX JIOKYCOB.

MuKpocaTeJUIUThl WX TIPOCThle TaHJAEMHBIe IOBTOPhI — mocaeaoBaTesbHOCTH JIHK,
COCTOSIII[HE U3 MHOTO Pa3 MOBTOPEHHBIX OJINTOHYKJIEOTH/IOB JUTMHOHN B 1—6 HYKJIEOTUAOB. [ HUX
XapaKkTepeH BBICOKHU YpPOBHeHb mnosmMmopdusma. Cpenu MHKPOCATEUTUTOB —Haunbosiee
pacrpoCcTpaHeHbl JAUHYKJIEOTHAHbIE MOBTOPHL. B MOIMyJIAIMOHHO-TEHETUYECKUX HCCIIEIOBAHUAX
IIpeIMETOM H3yUeHHs SABJAETCH MOJIUMOPGU3M MUKPOCATEJUIUTOB, COCTOAIIUX OT 10 /0 16 U
6osiee 16 AUHYKJIEOTUAHBIX MOBTOPOB. IlosmmMopduaM uX [JIUHBI MOXKET OBITh CJIeICTBHEM
OmMMOOK peIUINKAI[UU, YTO OBLIO MOATBEPK/IEHO HKCIEPUMEHTAIBHO IIPU U3YYEHUN MEXaHU3MOB
permukanuu in vitro (Ellegren et al.,, 1992). B G6GoybIIMHCTBE CIy4aeB MUKPOCATEJUIUTHI
BBIABJAIOTCA B Hekogupywoomux obsactsax JJHK. CkopocTb MyTHUPOBaHUS MHKPOCATEITUTHBIX
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JIOKYCOB I10 UX /IJINHE OIIEHUBAETCA B CPEeJIHEM, KaK 10-2 Ha JIOKYC 32 IIOKOJIEHHe, YTO B THICAYY pa3
BBIIIIE, YeM OLIEHKU YaCTOT MyTHPOBAHUSA JIOKYCOB, KOAMPYIOIINX CTPYKTYPHBIE OeIku. BeIIBUHYTO
npejJioKeHne, 4yTo Hanudue noBTopoB, Takux Kak GT, CA, CT, GA, GC wm AT, mosbiiaer
YacTOThl PEKOMOMHANIMH B reHax, CTUMYJIUPYs oOpasoBaHue cHelU(PUIHBIX BTOPUYHBIX CTPYKTYD
JOHK (Ellegren et al., 1992). li3MeHeHHEe KOJMYECTBA MOBTOPOB BHYTPH MHUKPOCATEJLIUTHBIX
JIOKYCOB TIPEZIIOJIOKUTEIBHO CBA3BIBAIOT C IPOIIECCOM PEKOMOMHAINU IIyTeM KPOCCHHTOBEpA.
HepaBHbIli KpOCCHHTOBED B KOMOWHAIIUHM CO CJIyYalHBIM TeHeTHUYeCcKUM apeiipom u orbopom
BJIMAIOT HAa HAKOIUIEHWE TaH/EMHBIX MOBTOPOB. [IOBBINIIEHHBIN WHTEPEC B HACTOSAIIEE BPEMSA
MPOABJIAETC K CTPYKTYPHO-(PYHKIIMOHAIBHBIM MeXaHU3MaM BO3AEHUCTBUU MHKDPOCATEJIUTHBIX
JIOKYCOB Ha mporiecc GOpMHUPOBaHUA reHOMa. VX ITMPOKO HCIOJIB3YIOT B KauecTBe MapKepOB B
paboTax 1O U3YyYEHHI0 OCOOEHHOCTEH TEeHETHYECKUX CTPYKTYp V PAa3JIMYHBIX BHJOB
MJIEKOIIUTAIONINX, KaK Ha MeXBHJOBOM, TaK ¥ Ha BHYTPUBHUJIOBOM YpOBHAX. B Poccun
reHOTUIINPOBAaHUEM JIOIIa/iell pa3HBIX MOPOJ II0 MHUKpOcaTe/UIUTaM 3aHuMaercs Tobko BHUN
KOHEBO/ICTBA, UMEIOIINN MeXAyHApOAHYI0 cepTU(GUKAIIUIO /IS BBIJJaUU TeHeTUYEeCKUX IaclOPTOB
JIOIIaieH.

K mHacrosmeMmy BpeMeHH OIyOJIMKOBAaHO MHOXKECTBO paboT 1m0 reHOMOHAHBIM
XapaKTepUCTUKAM pPa3JNYHbIX IIOPOJi U BHYTPUIOPOJHBIX TPYNN JIOMIafiel, BKJIIOYAOIINX
pe3yJsbTaThl HCCIEJOBAHUN moguMopdu3Ma 10 MHKpOcaTe/UIUTaM, JIWJEpOM B  BTHUX
uccaemoBanusax takxke asasgerca BHUU koneBoacera (Kalashnikov et al., 2011; Khrabrova, 2011;
Zaitseva, 2010).

I'enomuble ckanupoBauusi (Feofilov et al., 2011) — ocHOBHas TeHJEHIUS COBPEMEHHOM
TIOMYJIAIIMOHHON T€HOMUKH. [[JIs 1esiell TeHOMHOTO CKAaHUPOBAHUS HCIIOJIB3YIOT OT HECKOJIBKUX
JIECATKOB MJIU COTEH MApKEPOB JI0 MIOJITHOTO TEHOMHOTO CKaHUPOBAHUS — CHKBEHC T€HOMA.

OnyH M3 METOJIOB TeHOMHOTO CKAaHUPOBaHMsA — TeHOTHNIMpoBaHue no ¢pparmentam [JHK
pasHoU JIUHBI, (JIAHKUPOBAHHBIX HWHBEPTUPOBAHHBIM IIOBTOPOM CJIy4allHO BBIOPAHHOTO
nekanykieotuza — Metosi RAPD (Random Amplified Polymorphic DNA) — nHanbosiee mpocToi u3s
METO/I0OB TeHOMHOI'O CKAaHUPOBAaHUA, B KOTOPOM, KaK IPaBUJIO, IPUMEHSAIOTCA IpaiiMepsl JUIMHON
10-20 II.H. C IIPOU3BOJIbHBIMU HYKJIEOTUAHBIMHU TocyiefoBaTesbHOCTAME (Caetano-Anolles, 1994,
1996). B pesynbrare mosmumepasHoii renHou peakiuu (I[P wim PCR) ammmmdunupyrorcs
a"HoHuMHble ydactku JIHK, [nHBI NpPOAYKTOB aMIUIMPUKANUU AHAIU3UPYIOT C IIOMOIIIBIO
asniekTpodopesa. OtTcyTcTBHe WM HaJW4dhe COOTBETCTBYIOINMX (parMeHTOB OIlpejiesiseT
nosnumopdusm RAPD-mapkepoB. Merogq RAPD OwICTpBIH, HEAOPOTOHM M JaeT BO3MOXKHOCTD
O/THOBPEMEHHOMU JIeTEKITUH OOJIBIIIOTO KOJIMYECTBA JIOKYCOB, OHAKO 3TOT METOJ| UyBCTBUTEJIEH K
YCJIOBHUSIM PEAKIIUU, UYTO MOXKET CHU3UTh BOCIPOU3BOJAMMOCTH PE3YJIBTATOB M OIIEHKU YPOBEHS
nosnumopdusma. Cumrtaercs, 4yto u3MeHUHMBOCTh RAPD-mapkepoB HelTpasibHa K dakTopam
orbopa, a TakXKe K DBOJIIOIMOHHBIM H3MeHEeHUsM, B IesoM. COOTBETCTBEHHO, 3TH MapKepbl
VIOOHBI /JII OIEHKH TeHETHMYECKUX B3aMMOCBA3€H MeXIy TreHODOHIaMU Ha OCHOBAaHUH
CKAaHUPOBAHUA OT/IE€JIbHBIX T€HOMOB II0 MHOTMM T'€HOMHBIM ydacTKaMm. Takue uccaenoBaHUA
BBINOJIHAJINCh U Ha reHodoHax Jomanu I[Ip:keBajibCKOTO, HEKOTOPBIX MOPOAAX JOMAallHeu
sommaau (Bailey, Lear, 1994).

Onmuumu u3 pasHoBujpHOocTed RAPD-mapkepoB sBisitorcsi ISSR-mapkepsr (Inter-Simple
Sequence Repeat) (Zietkiewicz et al., 1994). M3BecTHO, UTO MHKpPOCATE/UTUTHI OTHOCHUTEJIHHO
PaBHOMEPHO paclpe/iesieHbl II0 TeHOMAaM BBICHINX MJIEKOIIUTAIOIINX, YaCTOTa UX BCTPEUYaeMOCTH B
OoJIbllIel CTeleHU 3aBUCUT OT KOJIMYECTBA HYKJIEOTHU/IOB B 3JIEMEHTAPHOU €IMHUIIE TaHJEMHOTO
MOBTOpA (AMHYKJIEOTHAHbIE MUKDPOCATEJ/UTUTHI BCTPEYAIOTCSA Yallle, YeM TPUHYKJI€OTHAHBIE U T.J.),
MPUMEPHO 5 % W3 HUX (HOPMHPYIOT HHBEPTHUPOBAHHBIE MOBTOPHI HA CPABHUTEJIHHO KOPOTKHUX
paccrosaHUAX (100 ~ 2000 map OCHOBAaHUHM — 1.0.). B 2009 r. reHOM AoMaIIHEN JIOMIAAN ObLI
MIOJTHOCThIO CEKBEHHPOBAH, MOJAPOOHO MCC/IEIOBAH €ro HYKJIEOTUAHBIA COCTaB, XPOMOCOMHOE
pacripezieyieHre Pa3JIMYHbIX TaHJIEMHBIX U JUCIIEPTHPOBAHHBIX IIOBTOPOB, BHITIOJTHEHO CPABHEHHE
TeHOMOB TIPe/ICTaBUTEIEd pPa3HbIX IOPOJ, JIOMIAZEH, COCTaBJIEHA KapTa MOHOHYKJIEOTHIHBIX
nouMopdusmoB (Single Nuvleotide Polymorphisms) (Wade et al., 2009).

TaH/1IeMHBIe IOBTOPHI IIPEJICTABIEHBI HECKOJIBKUMU TUIIAMU ITOCJIE/I0BATEIFHOCTEN: YaCTh U3
HUX CKOHIIEHTPHPOBAaHA B OT/EJbHBIX MOP(QOJIOTHYECKUX y4YacTKaX XpOMOCOM, TaKHe Kak
TeJIOMepHbIE TOBTOPHI U MTOBTOPHI B FeTEPOXPOMATHHOBBIX MEPUIIEHTPOMEPHBIX yJacTKaX, Apyrue
TaH/IeMHbIe IOBTOPBI paccesHbI 0 BceMy reHoMy. K HanboJiee MIMPOKO MCCIielyeMbIM TaHAEMHBIM
IIOBTOpPaM B IIOCJIEJIHEE BpeMs OTHOCATCH IIOCJIEI0BATETbHOCTH MHKPOCATE/UTUTHBIX JIOKYCOB,
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noyiMop@U3M KOTOPBIX IIMPOKO HCIIOJIb3yeTcs INPH I0J00pe TeHeTHUYeCKMX MapKepoB B
reHeTUKO-TOIY/IAIIMOHHBIX UCCIeJOBAHUAX, IPU KAPTUPOBAHUY IJIABHBIX T€HOB KOJIMYECTBEHHBIX
IIPU3HAKOB, B OIPE/IEJIEHNH OTIIOBCTBA, IMATHOCTUKE HEKOTOPBIX HACJIE/ICTBEHHBIX 3a00JIeBaHUH,
B KPUMHUHAJIBHO-CJIEZICTBEHHOU 3KCIEPTU3E U T.II.

JucneprupoBaHHble IIOBTOPBI  INOZApa3fesAlOTCa Ha JBa kiacca: [ kmace -
perpoTtpaHcno3oHsl, 11 kracc — JIHK TpaHco30HbI. B reHOMax MJIEKOTTUTAIOINX OCHOBHOU BKJIA/
B JUCHEPTrUPOBAaHHBIE  IOBTOPHI  BHOCAT  PETPOTPAHCIIO30HBI. PerpoTpancno3oHbI
MIO/IPa3/essAI0TCs, B CBOIO OUepenib, Ha dHI0TeHHble peTpoBupychl (ERV), comep:kariue AnHHBIE
koHreBble 1OBTOpPHI (Long Terminal Repeats — LTR), smmennsie LTR ¢ reHom o6paTHOM
TpaHCKpHUNTasbl (pol) W MOIUANEHWIMPOBAHHBIM 3’ KOHIIOM JIMHHBIE JIUCIIEPTHPOBAHHbBIE
moBTophl (Long Interspersed Nuclear Elements) u HeaBTOHOMHBIE (06e3 reHa pol) KOpOTKHeE
nucneprupoBanable oBTOpbl (SINE). JTHK TpaHcno30HB! 3aHIMAIOT HEOOJIBIIYIO YacTh TeHOMa
JIOMAITHEN JIOMIa/IK, HAWOOJBIINN TMPOIEHT OT TeHOMa IPUXOAUTCA HA CEMEHCTBO
perporpancno3oHoB LINEL.

B cBA3M ¢ NIMPOKOU Ipe/ICTaBIEHHOCTHIO B TeHOMAaX MJIEKOIUTAIOIIUX YIAaCTKOB TOMOJIOTUU
K PpeTpoTpaHCIo30HaM, chHOPMHUPOBAHO CJIe[lylollee II0KOJIeHHe MOJIEKYIAPHO-TeHETHYeCKUX
MapkepoB. /[0CcTaTOYHO YZOOHBIM METOJIOM OKa3ajoCch HCIIOJIB30BAHHE B KauecTBe IIpaiiMepa
dparmenta LTR paszauuHbIX 3HJIOTeHHBIX peTpoBupycoB (Inter-Retrotransposon Amplificated
Polymorphisms — IRAP-PCR) (Liu et al., 2011; Van der Kuyl, 2011). Ciexyer oTMETHTH, UTO
pPacCIpOCTPAHEHHBIM fIBJIEHUEM SABJIAETCS JSJIMMUHAIMSA W3 TEHOMOB XO35IMHA BCEro TeJia
SHJIOTEHHOTO peTpoBupyca mpu coxpaHeHun LTR, Takue mocaesoBaTebHOCTH IOJIYUNIIN
nasanue LTR-Solo.

'eHOMBI TO3BOHOYHBIX, KaK MIPABUJIO, COAEPKAT OOJIBIIIOE KOJIMIECTBO DJIEMEHTOB, KOTOPHIE
ObLTH TIPUOOpPETEHHI BUIOM-XO3SMHOM B TeueHHe aoaroro BpemeHu (Yang, Bennetze, 2009).
TpaguLIMOHHO CUMUTAaeTCs, YTO SH/AOTEHHble PETPOBUPYCHl IIPOUCXOJAT OT SK30T€HHBIX
PETPOBHUPYCOB M aKTUBHO YYacTBYIOT B 5Bosonuu reHomoB (Horie, et al., 2010). Beigensior Tpu
KJlacca 3H/IOTEHHBIX peTpoBuUpycoB. Tak, mia ERV kiacca I mpeamnosiaraercsa TecHas CBA3B C
perpoBupycamu Gammaretrovirus u Epsilonretrovirus; mis ERV knacca II —Alpharetrovirus,
Betaretrovirus, Deltaretrovirus, uLentivirus; nyist ERV kiacca III — ¢ Spumavirus (Liu et al., 2011;
Van der Kuyl, 2011). OnucaHbl Takue IOCJIEIOBATEJIBHOCTA W B F€HOMAaX JOMAITHEHN JIOIIAIH
(Equus caballns) (Van der Kuyl, 2011).

CpaBHHUTEBLHBIA aHATN3 MPEICTABJIEHHOCTH TAHAEMHBIX U JUCIEPTHPOBAHHBIX IOBTOPOB B
reHoMe JIOMAalllHEH JIOMIa[N IO3BOJIAET TI0JIaraTh, UTO HCIIOJIB30BAaHHE METO/IOB TE€HOMHOTO
ckanupoBanusa ¢ npuMeHeHneM ISSR-PCR u IRAP-PCR mapkepoB MOKET MO3BOJIUTH OLIEHUTH
nosuMopdu3M Hanbosee U3MEHUHMBBIX TE€HOMHBIX JJIEMEHTOB B  I€JIAX  BBISABJIEHUA
opozocerupUIHBIX TeHODOH/THBIX XapAKTEPUCTHUK.

Eme ogHUM BBICOKO MOJTUMOP(HBIM T€HOMHBIM 3JIEMEHTOM, YYACTBYIOIIUM B TJIyOOKHX
TeHOMHBIX IpeoOpasoBanusax, saBisgerca JHK Ttpancnozon xenutpoH. Ilepemernienue
reHeTUYeCcKoro Marepuasga MeXXJy H30JIMPOBAHHBIMU BUJIAMU, Ha3BaHHOE TOPU30HTAJIbHBIM
IIepeHOCOM, OIMCAHO BO MHOTHUX paboTax. Y B5yKapuOT 3TO OBLIO BBIABJIEHO IO Ps/y TE€HOB
(Thomas et al., 2010), a Takke 1m0 TpaHcno3upyruMcs memenTaM (Van der Kuyl, 2011). Ocoboe
MECTO CpeAu TaKUX TPAHCIIO3UpPYHIIuxXcA 3jeMeHToB 3aHuMaroT JHK TpaHCcno3oHBI, KOTOpbIE
PeIUIUITUPYIOTCA 10 THUILy «KaTAIerocss Kojabpla». OHU MOJy4YWIM Ha3BaHUE XEJTUTPOHOB.
N ieHTUMUKAIMOHHBIM [TPU3HAKOM XEJIUTPOHOB ABJISETCA NMPUCYTCTBHE HyKIeoTuAoB 5 TC u 3’
CTRR Ha KoOHIIE, a TakKe TMaJMHAPOMA JJIMHON B 16 WM 20 Iap OCHOBaHUH (11.0.) 6JIU3KO0 OT 3
koHI[a. [IpuCyTCTBHE TaKHX IOC/IEI0BATEIbHOCTE BBISBJIEHO Y PAa3HBIX TAKCOHOB, OT TPHUOOB /10
mo3BoHOUHBIX (Liu et al., 2011; Thomas et al.,, 2010). IlociaemoBaTesbHOCTH IAJTHHAPOMA
(TCCCGTGC_GAT_GCACGGGA) u ¢iadru BBHICOKO KOHCEPBATUBHBI, BHYTPEHHsIS YacThb YacTo
BKJIIOUaeT (pparMeHThl JIDYTUX T€HETHYECKHUX 3JIEMEHTOB, B TOM YHCJIE W JPYTHX XEJIUTPOHOB.
XenuTpoHBI, B OTIMUKE OT GosbimuHCTBa Apyrux JJTHK TpaHCo30HOB, BMECTO TPAHCIO3a3bl JJIA
perwtukamuu  JIHK wucmonb3yioT cobctBeHHBIN Oesok, PIF1 momobnyro /JIHK renuxkasy,
OOBEUHAIIYI0 BCE XEJIUTPOHBL. IJTOT O0eJIOK HMeeT BBICOKYIO CTENeHb TOMOJIOTUU C
6akrepuanbubiM O6esikom RC (rolling-circle), m3BecTHBIM CBOMM y4yacTHeM B TOPH30HTAJIBHOM
IlepeHoce TeHOB YCTOWUYMBOCTU K AHTUOMOTHKAM MeXKAy pas3HbIMU Oakrepuamu. Kak u wux
OakTepuasbHblEe «POJACTBEHHUKH», HEKOTOPble XEJIUTPOHBI (QYHKIMOHUPYIOT KaK ‘‘MaIluHbI
IepeTacoBKU 3K30HOB”. Y KyKypy3bl, HallpuMep, BBIABJIEHO OKOJIO 20000 ¢parMeHTOB Pa3HbBIX
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TeHOB, KOTOPbIe OBLIIM «IepeTacoBaHbI» ¢ yuactueM xenutpoHa (Liu et al., 2011; Thomas et al.,,
2010). IlokazaHO, YTO BBICOKO TOMOJIOTHYHBIE YYACTKH K HEMY COXPAHAKTCSI B TeHOMax
9YKapUOTUYECKUX OPTAaHU3MOB U, I0-BUUMOMY, TPUHUMAIOT yUACTHE B 3BOJTIOIIHH.

4. 3axJaoueHue

YuutbiBasg TOT (aKT, YTO B TeHOME JIOIaJied HYKJIEOTHUIHbIE II0CIe0BATETbHOCTH
33aHUMAIOT TOJIBKO OKOJIO 2 % OT KOJMYeCTBa HYKJIEOTHIOB, a JUCIEPTHPOBAHHBIE MOBTOPHI —
Oosiee 40 %, OYEBHUIHO, UTO HCIIOJIb30BAHUE IS MOJHJIOKYCHOTO TeHOTHIIMPOBAHUS B KAYECTBE
TEHOMHBIX «SIKOPEH» I0C/Ie0BaTEIbHOCTEN TPAHCIIO30HOB, IO3BOJISIET OXBATUTH OOJIBIIYIO YaCTh
reHoMa M0 CPAaBHEHUIO TeHOTUITUPOBAHUEM 110 MUKPOCATEJIUTHBIM JIOKyCaM.
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IToxo/IeHUS MOJIEKYISIPHO-TEHETHUYECKUX MapPKEPOB B HCCJIEAOBAHUAX FT€HETHYECKHUX
CTPYKTYP JIoHIIagen

Tumyp A., IpkeHos ?, Basepuii U. ['nasko 2-P- *, Erenust A. Kussesa 2, Tartbsana T. T'1azko 2P

a PTAY-MCXA umenu K.A. TumupszeBa, Poccutickas ®@enepamus
b TleHTp SKCIIEPUMEHTAIIBHOU 3MOPHOJIOTUH U PENpPOAYKTUBHBIX OHOTeXHOJIOTHH, Poccuiickas
Oenepanus

AnHoTtamusA. IlpeacraBieH 0030p pa3/IMYHBIX IOKOJIEHUH MOJIEKYIAPHO-TeHeTUUYECKUX
MapKepoB, NPHUMEHSAEMBIX I pelleHUs TPaJUIIMOHHBIX 33/a4 CeJeKIMOHHONW paboTel —
HUCKJIIOUEHHsA OIIMOOK IIPOUCXOK/IeHHA; BBIACHEHUS IyTeld pacIpoCTpaHEHUs TeHeTUUYEeCKUX
IIOTOKOB JKUBOTHBIX CEJIbCKOXO3SICTBEHHBIX BUJIOB; BBIABJIIEHUS T'€HETUYECKUX CHUCTEM,
MOJTUMOP(PU3M KOTOPBIX ACCOIMUPOBAH C U3MEHUHBOCTHIO XO3SHCTBEHHO IEHHBIX MPU3HAKOB.
PaccmarpuBaercss HCTOpPHUSA HCIOJb30BAHUS TE€HOTHIIMUYECKHUX XapAaKTEPUCTUK B KadecTBe
«CUTHQJIHEB» JUIA TMPOTHO3a JKEJATeJbHOTO IPOSBJEHUS XO3SHUCTBEHHO II€HHBIX IMPU3HAKOB,
HaumHasg ¢ pabor A.C. CepebpoBckoro. OO6cyxmaeTcsi HeOOXOAUMOCTh II0CJIEIOBATEIHBHOTO
HU3yJeHUs TeHO(POHIOB MECTHBIX MOPOJ, 00JIaAI0IINX YHUKAJIBHBIM MOTEHITUATIOM aIalTaIllu K
JIEUCTBUIO KOHKDPETHBIX DKOJIOTO-TeoTpaduuecKux (haKTOPOB YCJIOBUH pPa3BeJEHUS >KHUBOTHBIX.
OtmeuaeTcss OOITHOCTH MOJIEKYJIIPHO-TEHETUUECKUX CHCTEM, BOBJIEUEHHBIX B aJallTallvio, B
YaCTHOCTH, K BBICOKOTOPHOM TMIIOKCUHY, ¥ TAKUX BU/IOB MJIEKOITUTAIONINX, KaK JTOMAIITHSASA JIOMIAb
U d4YesjoBeK. B kadecTBe IpuMepa aJanTallid K BBICOKOTOPHBIM YCJIOBUSM pa3Be/leHUsA
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45



mailto:vigvalery@gmail.com

International Journal of Environmental Problems, 2017, 3(1) —

obcy:k/aoTes  0COOEHHOCTH KapadaeBCKOW Jiomiasu. PaccmarpuBaroTes pasHble  MeTOJIbI
TeHOMHOTO CKaHUPOBaHUA (IIOJHUIOKYCHOTO T€HOTUIIMPOBAHUA) C HCIIOJIb30BAHHEM B KauecTBe
TeHOMHBIX «SIKOpeu» CJIy4aiiHO BBIOPaHHBIX JIeKaHyKJIeOTUIOB (RAPD-PCR),
[I0CJIEZIOBATEIPHOCTEH MUKpOcaTesUIUTHBIX JIOKycoB (ISSR-PCR mapkepshl), peTpOTPaHCIIO30HOB
(IRAP-PCR wmapxkepsr). Obcy(Aai0Tcs OCOOEHHOCTU IIPECTABJIEHHOCTH B T€HOMAaX >XKUBOTHBIX
MUKpocaTe UIUTHBIX JIOKycoB, JIHK u PHK TpanCcIio30HOB.

KiaroueBsle  cj1oBa:  MOJIEKYJIADHO-TEHETHYECKHe  MapKepbl, TIpYyOIlbl  KPOBH,
2J1eKTPOOPETHUECKNE BAapUAHThl OEJIKOB, MHKPOCATEJJIUTHI, TPAHCIIO30HBI, 3H/OTEHHbBIE
PETPOBUPYCHI.

46




International Journal of Environmental Problems, 2017, 3(1) —

Copyright © 2017 by Academic Publishing House Researcher s.r.o.

i * % b Published in the Slovak Republic AP
* +  International Journal of Environmental Problems o Bavrconinenal P
* & * Has been issued since 2015.
ISSN: 2410-9339
E-ISSN: 2413-7561
2017, 3(1): 47-53

DOI: 10.13187/ijep.2017.1.47
www.ejournal33.com

Application of GIS Technique for Mapping Suspended Sediment Concentration in
Surface Water of the Day River, Northern Vietnam

Le Hung Trinh 2., Danh Tuyen Vu ®, Thi Trinh Le », Thi Thu Nga Nguyen 2

a Le Quy Don Technical University, Hanoi, Vietnam
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Abstract

Monitoring of suspended sediment is important to maintain water quality and
geomorphologic balance. Traditional methods based on field surveys only solve the problem on a
small scale. This article presents the results of mapping suspended sediment concentrations in
surface water of the Day River, northern Vietnam using GIS technique. The inverse distance
weighting (IDW) interpolation method was applied to map suspended sediment concentration
using data obtained from 11 sampling stations. The results which are obtained in this study can be
used to evaluate surface water quality.

Keywords: GIS, suspended sediment, interpolation, IDW, surface water, Vietnam.

1. Introduction

Suspended sediment has long been recognized as an important contaminant affecting surface
water resources. Besides its direct role in determining water clarity, suspended sediment has the
potential to transport chemical pollutants, including nutrients, trace metals and numerous
pesticides into lotic systems. For the above reasons, monitoring suspended sediment in surface
water is important. Traditional methods of data collection and analysis, including water sampling,
filtering and measuring dry weight, are time consuming, labor intensive and provide only point
data (Lodhi and Rundquist, 1998).

Geographical information system (GIS) is the most efficient tool for mapping the suspended
particle concentrations and observing seasonal movements of turbidity in surface water. Spatial
interpolation methods are frequently used to estimate values of physical or chemical constituents
in locations where they are not measured. To monitor and map suspended sediment distribution,
many researchers have determined the suspended sediment concentration and assessed water
pollution by using spatial interpolation methods, such as Inverse distance weighted (IDW),
Kriging, Spline, Trend, Natural Neighbor...methods (Meratnia et al, 2000; Bilhimer, 2012;
Alaguraja et al, 2010; Narany et al, 2014; Nas, 2009; Tahoora Sheikhy Narany et al, 2014; Li et al,
2006).

This paper is focused on mapping suspended sediment distribution in surface water of the
Day River, northern Vietnam using GIS technique based on IDW interpolation method and in situ
data collected from five observations in March, May, July, September and November 2015.

* Corresponding author
E-mail addresses: trinhlehungi25@gmail.com (Le Hung Trinh), vdtuyen@hunre.edu.vn (Danh Tuyen),
Intrinhos@yahoo.com (Thi Trinh Le), thungatdbd @gmail.com (Thi Thu Nga Nguyen)
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2. Materials and Method
2.1. Study area

International Journal of Environmental Problems, 2017, 3(1)

The Day River is a large river and one of the five longest rivers in Northern Vietnam.
The river is a distributary of the Red River, draining into the Gulf of Tonkin. The river has a length
of 240 km and has a drainage basin of more than 7 500 kmz?, flowing through 5 provinces
(Figure 1). The study area was selected as the Day River through Ha Nam, Nam Dinh and Ninh

Binh provinces.

Fig. 1. Hydrologic map of northern Vietnam

2.2, Surface water sampling

A total of 11 field measurements of suspended sediment concentration were carried out in the
Day River. All in situ data were collected during research cruises in March, May, July, September
and November 2015 in a set of stations distributed along the Day River (Figure 1). In table 1, it can
be seen that the highest concentrations of suspended sediment were found at the sampling stations
No. 6, 7, 8, 9, 10 and 11 in March 2015, and at sampling stations No. 1, 2, 3, 4, and 5 in May 2015.

Table 1. In situ measurements of TSS in 2015

Coordinates TSS (mg/1)
No. Latitude Longitude March May July September | November
2015 2015 2015 2015 2015
1 105°48.27' 20°36.47' 23 59.4 31 18 20
2 105°52.4' 20°34.2' 20 48.3 15 22 16
3 105°53.6' 20°34.1' 15 54.6 15 22 24
4 105°55.5' 20°31.4' 27 62.2 15 22 32
5 105°54.6' 20°30.5' 33 41.2 35 24 15
6 105°54.2' 20°26.4' 148 61.2 26 26 15
7 105°55.4' 20°22.4' 203 39.9 15 15 19
8 105°55.5' 20°022.8' 69 39.3 27 21 55
9 105°56.3' 20°19.5' 70 30 15 43 21
10 106°01.8' 20°14.8' 74 48.2 15 32 38
11 106°03.1° 20°15.1' 102 55 21 16 39
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Fig. 2. Suspended sediment sampling locations in the Day River

2.3. Methodology

Four interpolation methods were evaluated, including Inverse Distance Weighting (IDW),
Spline, Ordinary Kriging (OK) and Indicator Kriging (IK) for selecting the most efficient and
accurate interpolation method for mapping of suspended sediment in surface water of the Day
River. The interpolation method accuracy was evaluated on the basis of the root mean square error
(RMSE) for cross-validation. In this study, the IDW interpolation method was selected due to the
smallest root mean square error (RMSE).

Fig. 3. IDW interpolation method (http://esri.com)
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Inverse Distance Weighted (IDW) is a method of interpolation that estimates cell values by
averaging the values of sample data points in the neighborhood of each processing cell. The closer a
point is to the center of the cell being estimated, the more influence, or weight, it has in the
averaging process (http://esri.com).

3. Results and Discussion

In this study, the suspended sediment distribution map is prepared by employing an Inverse
Distance Weightage (IDW) interpolation method in ArcGIS. The suspended sediment distribution
maps area displays the different zone of suspended sediment concentration. The density sliced
image shows five suspended sediment concentration zones that represents greater than 100, 50 —
100, 30 — 50, 20 — 30 and less than 20 mg/l respectively, in which areas of highest suspended
sediment concentration colored in black. These maps were created using Vietnam National
Technical Regulation on Surface Water Quality (QCVN 08-MT: 2015/BTNMT).

Table 2. National technical regulation on surface water quality (QCVN 08-MT: 2015/BTNMT)

Limiting value of TSS
No. Parameter Units A B
A1 A2 B1 B2
1 Total suspended sediment | mg/l 20 30 50 100

The classification of A1, A2, B1, B2 for surface water sources to assess and control water
quality the various purposes of water use, sorted by descending quality level (National technical
regulation on surface water quality (QCVN 08-MT: 2015/BTNMT)).

A1 — Use for domestic water supply purposes (after applying conventional treatment),
conservation of aquatic plants and for other purposes such as type A2, B1 and B2.

A2 — For the purpose of domestic water supply, but must apply appropriate processing
technology or the purpose of use as type B1 and B2.

B1 — For irrigated agriculture, irrigation purposes or other purposes which require the same
water quality or purposes as type B2.

B2 — Waterway transport and other purposes with low quality water requirements.

Suspended sediment concentration maps in surface water of the Day River, northern
Vietnam in March, May, July, September and November 2015 are shown in Figure 4 (a-e).
The obtained results showed that surface water of the Day River has high concentration of
suspended sediment at most of the sampling stations in first observation (March 2015), with
concentration ranging from 15 to 203 mg/l, in which concentrations was higher 100 mg/1 in many
areas. The mean concentration of suspended sediment is 71.2 mg/l, 49.0 mg/l, 20.9 mg/l,
23.7mg/l and 26.7 mg/l in observation in March, May, July, September and November 2015
respectively. This can be explained by surface water environment of the Day River basin are
subjected to wastewater discharges from municipal, industrial and agricultural sources. The water
quality of many segments of the Day River is heavily polluted, especially in the dry season.
The concentration of suspended sediment at the measurement stations exceed Vietnam National
Technical Regulation on Surface Water Quality (QCVN 08-MT: 2015/BTNMT) type A1 several
times.
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Fig. 4. Spatial distribution of suspended sediment for the Day River in March (a), May (b), July
(c), September (d) and November (e) 2015

4. Conclusion

Nowadays, surface water pollution has become a global issue, directly caused by human
populations grow, industrial and agricultural activities and climate change. A simple and
operational method is presented to map the suspended sediment concentration in surface water of
river using GIS technique based on spatial interpolation method.

The obtained results show that, suspended sediment concentration in first and second
observations (March and May 2015) in surface water of the Day River is much higher than Vietnam
National Technical Regulation on Surface Water Quality (QCVN 08-MT: 2015/BTNMT). While,
suspended sediment concentration decreased in other observation in July, September and
November 2015. In these observations, surface water of the Day River can be used for domestic
water supply purposes (after applying conventional treatment or appropriate processing
technology).

The obtained results in this paper can be used for mapping suspended sediment
concentration distribution, in particular and to serve surface water quality, in general.
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Abstract

Coal mining is an important contributor to Vietnam’s GDP, however, it also seriously effects
on the environment. This study presents the results of impact assessment of coal mining on land
use/land cover, water resources and urban landscape in Ha Long city, Quang Ninh province, North
East of Vietnam. The study was conducted in the basis of an analysis of samples (12 soil samples,
5 surface water samples and 5 groundwater samples) and AHP hierarchical technique through a
survey of 40 households, 30 managers and 30 technicians in the coal mining area. The results
obtained in this study show that land use change in coal area of Ha Long city is proportional to
annual coal production, in which agricultural land, residential land, river and stream water are the
factors most affected by coal mining.

Keywords: coal mining, environment, land use, AHP, Vietnam.

1. Introduction

Mineral resources are one of the most important natural resources of each country. Minerals
are the source material for many industries, such as energy production, building materials, metal,
for agricultural, industrial.... Mineral mining is one of the most important economic activities in
Vietnam, it also seriously affects the land cover, natural ecosystems, and human living
environment at varying degrees. Ha Long City — the center of Quang Ninh province has big
reserves of coal with over 530 million tons of coal and the potential for mining is huge. In recent
years, environmental quality in Ha Long city is severely degraded. In fact, most of soil, water and
air in coal area of Ha Long city has been infiltrated mixed in many different types of toxic, seriously
affect the living environment (Ha Long City People's Committee, 2015). Up to now, there is no
scientific research that has been fully evaluated about the impacts of coal mining activities in the
coal mine area of Ha Long city. Therefore, the purpose of the study was to evaluate the impact of
coal mining on the surrounding environment specifically on land cover/land use and water, to
contribute to environmental improvement after mining and to optimize land use allocation for
sustainable development.
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2. Materials and Method

The secondary data are collected at the Ha Long City People's Committee and some other
related departments. These documents have been issued which related to natural and socio-
economic conditions, coal mining activities and the impacts of coal mining on land use, landscape
and water resources in Ha Long area.

Besides, this study examined the comments of local people (40 votes), management staff
(30 votes) and technical staff of enterprises in Ha Long coal mine (30 votes) about the impact of
coal mining on land use/land cover.

The study was conducted on the basis of an analysis of samples (12 soil samples, 5 surface
water samples and 5 groundwater samples). Samples were collected during the survey in March
2015. Sampling sites were selected at the Nam Lo Phong waste disposal sites, surrounding area of
coal mining sites, coastal areas and areas with tourist activities.

Finally, analytical hierarchy process (AHP) method was used to evaluate the impact of coal
mining on soil quality and land use, water quality and landscape (Figure 1). The analytic hierarchy
process (AHP) is a structured technique for organizing and analyzing complex decisions, based on
mathematics and psychology. Created by Thomas L. Saaty in the 1970s, this method consists in the
development of a model that reflects the workings of the human mind in the evaluation of the
alternatives facing a complex decision problem. Up to now, this method has been widely applied in
many fields such as land use, geology, environment, agriculture, economy and military (Adi
Setiawan, 2014; Cengiz, 2009; Le Canh Dinh, Tran Trong Duc, 2011).

Land use change (C11)

Forest degradation (C12)

[ Soil and land use (C1)
Agricultural land degradation (C13)

Landslide, erosion and soil washout (C14)

Domestic water (C21)

Seawater (C22)

[ Coal mining Water environment (C2)
River/stream water (C23)

ey

Groundwater (C24)

G

Negative terrain (C31)

Positive (C32)
Landscape (C3)

e et e/ e e e\ e e e\

Coastline dynamic (C33)

[ Urban landscape (C34)

Fig. 1. The variables used in AHP model

3. Results and Discussion

There are numerous damaging environmental impacts of coal that occur through its mining,
preparation, combustion, waste storage, and transport. The results of the component impact
assessment show that coal mining has the strongest impact to the agricultural and residential land,
water resources and landscape. Therefore, the combined impact assessment of coal mining
activities in coal area of the Ha Long city is based on three groups: land use, water resources and
landscape (Figure 1).

a) Pairwise comparison (Saaty’s AHP) amd calculating the AHP weight (order = 1) (factors affected)

The results of the AHP calculations show that land use (w = 0.79) was the most strongly affected by
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coal mining, Water resources (w = 0.13) and landscapes (w = 0.08) are secondary and tertiary factors,
which affected by coal mining. The CI value (<0.01) reflects the rationality in the calculation (Table 1).

Table 1. Pairwise comparison (Saaty’s AHP) and the weight of impact of coal mining on
environment (Saaty’s matrix of order 1)

Factor Variable | C1 | C2 | C3 “(73:/%1 t Level of impact
Land use C1 1 4 7 0,79 1
Water resources C2 1/4 | 1 3 0,13 2
Landscape Cs 1/711/3] 1 0,08 3

The weight values of AHP are verified by comment of people using survey votes. The results show that
land resources and land use are the most strongly affected by coal mining (40/40 votes), water resources is
secondary (38/40) and landscape (25/40) is tertiary affected by coal mining (Table 2).

Table 2. Summary of survey result of impact of coal mining on the environment

Factor Number of votes Rate of votes (%)
Land use 40/40 100
Water resources 38/40 95
Landscape 25/40 62,5

b) Pairwise comparison (Saaty’s AHP) amd calculating the AHP weight (order = 2)

After determination of the impact of coal mining activities on the factors of matrix of order 1, this
study assesses the level of impact in each major level.

The first is the impact on agricultural land and residential land. This group has four components
which are determined to be most affected by coal mining: forest appropriation, forest degradation, waste
rock and landslide.

If CI value less than 0.1, then the calculation result is accepted. It can be seen that the weight of
landslide factor is highest (w = 0.54), that is the coal mining activities have the strongest impact on the
removal of rock material on the surface of the mining area. This not only affects mining operations but also
affect the environment and landscape of coal mining activities. Soil pollution due to waste rock has the
second highest weight value (w=0.31). The impact of these two factors is not as strong as that of waste rock
and landslides (w = 0.17 and 0.13).

Pollution from coal mining may have a negative impact on surface water and groundwater.
The results obtained show that the impact of coal mining on river and stream water resources is strongest
(w=0.53). Groundwater (w=0,31), sea water (w=0,11) and domestic water (w=0,05) are less affected from
coal mining activities.

Table 3. Pairwise comparison (Saaty’s AHP) and the weight of impact of coal mining on land use (Saaty’s
matrix of order 2)

Forest Forest Waste . q
Factor | Variable | appropriation | degradation | rock Lal(lg Sl)lde w‘f;(%l Y Level
(Cw) (Ci2) (Ci) *
Forest
appropriation Cu 1,00 2,00 0,25 0,17 0,09 3
Forest
degradation Ce 0,50 1,00 0,20 0,13 0,06 4
Waste rock Cis 4,00 5,00 1,00 0,50 0,31 2
Landslide Cu 6,00 8,00 2,00 1,00 0,54 1
Total 11,50 16,00 3,45 1,79 1,00
(CI = 0,01)

56




International Journal of Environmental Problems, 2017, 3(1) —

Table 4. Pairwise comparison (Saaty’s AHP) and the weight of impact of coal mining on water resources
(Saaty’s matrix of order 2)

Domestic Sea . .
Factor Variable water water River/stream | Groundwater Welght Level
(C21) (ng) water (C23) (C24) W(l)
Domestic water Cau 1,00 0,33 0,13 0,17 0,05 4
Sea water Coo 3,00 1,00 0,20 0,25 0,11 3
River/stream
water Cas 8,00 4,00 1,00 3,00 0,53 1
Groundwater Caoy 5,00 6,00 0,33 1,00 0,31 2
Total 11,50 16,00 3,45 1,79 1,00
(CI =0,08)

Coal mining has also affected the landscape, in which urban landscape is the most affected by coal
mining activities (w = 0.5). Meanwhile, the coastline change is not much affected by coal mining (w = 0.07).

Table 5. Pairwise comparison (Saaty’s AHP) and the weight of impact of coal mining on landscape
(Saaty’s matrix of order 2)

Negative | Positive | Coastline | Urban Weight
Factor Variable | terrain | terrain | dynamic | landscape W(%) Level
(U (Cs2) (Css) (Csa)
Negative terrain Cs 1,00 0,33 2,00 0,25 0,12 3
Positive terrain Cso 3,00 1,00 5,00 0,50 0,31 2
Coastline Css 0,50 0,20 1,00 0,17 0,07 4
dynamic
Urban Csy 4,00 2,00 6,00 1,00 0,50 1
landscape
Total 8,50 3,53 14,00 1,92 1,00
(CI =0,01)

To verify the results obtained by application of AHP technique for assessing the impact of
coal mining activities on environment and land use/land cover, in this study we use the
information collected through the social survey. The questionnaire was designed with 7 questions,
the respondents are the people who live in areas directly and indirectly affected by coal mining
(40 questionnaires in Ha Tu, Ha Lam and Ha Khanh wards). The results which obtained show that
all questionnaires were selected that “coal mining causes landslides” in coal area of Ha Long city.
Most questionnaires were selected that “coal mining causes soil pollution and forest degradation”.
Finally, the factors that most people consider least affected by coal mining activities are domestic
water (15/40 votes), negative terrain (15/40 votes), positive terrain (15/40 votes) and coastline
change (10/40 votes).

4. Conclusion

Based on this study, it shows that coal mining has a great impact on natural resources and
environment in Ha Long city, Quang Ninh province, especially for land use, water resources and
urban landscape. Land use change in Ha Long city is proportional to coal production. Soil erosion
and landslide not only affected the quality of soil, but also threatening the resilience and the plan
for reverting and reusing in coal mining areas. Waste disposal sites in study area (Nam Lo Phong,
Chinh Bac, Ha Tu...) were located near residential areas, coastlines, upstream and seriously
affecting the water quality.

The results obtained in this paper can be used to assess the impact of coal mining on natural
resources and the environment and to help managers to take measures to minimize these negative
effects.
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