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Application of DPSIR framework (Drivers, Pressures, States, Impacts and Responses) aims to as-
sess the current impact of the environment through a process starting with “driving forces” through
“pressures” to “states” and “impacts” eventually leading to political “responses” in mineral mining
in Luc Yen district. Research results show that the main drivers in Luc Yen are resources con-
sumption (Wi = 3.675), the demand for industrial development (Wi = 3.575), followed by diversi-
fication and size of mines (Wi = 3.250). The environmental pressures are solid (Wi = 4.025), dust
(Wi =3.900) and wastewater (Wi = 3.625). The current state of environment is the most affected
by air (Wi = 3.400). The soil and water are almost unaffected. The current environmental impacts
have positive and negative social, economic and environmental impacts. Specifically, the positive
impacts are employment opportunities, income (Wi = 3.325) and an increase in state budget (Wi =
3.000). There are no positive improvements of the environment related to mining activities, such
as negative impacts on ecological landscape (Wi = 3.050) and infrastructure (Wi = 3.075). Improv-
ing environmental quality and mitigating environmental impacts have been applied, including in-
novative technology (Wi = 3.175), pollution monitoring and environmental quality monitoring (Wi
= 3.400). Communication activities to enhance community participation in Luc Yen area were also
highly appreciated by people (Wi = 3.375).

Viéc iing dung mé hinh DPSIR (Drivers, Pressures, States, Impacts and Responses) nham muc
dich danh gia tac dong moi truong theo mot qua trinh tir dong luc, dp lic, hién trang va tac dong
dén dap ung aé glal quyet van dé moi truo’ng lien quan dén hoat dong khai thac khoang san tai
huyén Luc Yén. Két qua nghién ciru cho thdy dong lyc dan toi hoat dong khai thac da voi tring tai
huyén Luc Yén la nhu cau sir dung tai nguyén (Wi = 3,675), nhu cau phdt trién hoat dong cong
nghiép (Wi = 3,575), tiép dén la sw da dang, quy mé cdc mé khodng (Wi = 3,250). Ap luc méi
trueong la chat thai ran (Wi = 4,025), tiép dén la bui (Wi = 3,900) va nude thai (Wi = 3,625). Hién
trang moi truong ty nhién hién nay tai khu viec Luc Yén chiu dnh huong manh nhat la khong khi
(trong s6 Wi = 3,400), méi truong ddt va nwée gan nhie chwea bi tac dong. Tdc dong méi truong
hién nay tai huyén Luc Yén thé hién qua tac djng dén méi truong xd hdi va méi truwong tw nhién.
Cu thé, tac dong gidai quyét viéc lam, tang thu nhdp (Wi = 3,325) va tang ngdn sdach nha nuoc (Wi
= 3,000). Tac dong tiéu cuc 16i canh quan sinh thdi (Wi = 3,050) va co s¢ ha tang (Wi = 3,075).
Cac gidi phap cai thién va giam thzeu tac dong moi trwong da dp dung hién nay la déi méi cong
nghé khai thdc theo huwéng tién tién (Wi = 3,175), giam sat 6 nhiém va quan trdc chat heong méi
truong (Wi = 3,400). Gidi phdp truyén thong ting cuong s tham gia cia céng dong tai khu vire
Luc Yén ciing dwoc nguoi dan danh gid cao véi trong s6 (Wi = 3,375).
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1. Introduction

One of the greatest facing problems nowadays in Luc Yen
is environmental pollution caused by mining and mineral
processing. At present, 28 mines in Luc Yen area were
licensed for mining, and 14 other mines were being ex-
plored. When t28 mines are operational, it will be difficult
to manage and monitor the environment, especially audit
when mining is completed. Therefore, in order to improve
the effectiveness of environmental management in mining
area in Luc Yen district, DPSIR framework is used to
study the causes, effects, states, and responses of the
study area to the environmental change in mining activi-
ties.

Currently, DPSIR framework has been applied by many
countries to solve problems related to environmental
degradation, water, soil and mining. Specifically, the
increased use of scarce metals in combination with cli-
mate changes pave way for extensive extraction of miner-
al resources in Greenland [3]. The focus of the study in
Greenland is on environmental ethical aspects of mining
activities in a vulnerable and unspoiled arctic nature.
Greenland has adopted this framework to give an over-
view of environmental issues arising from mineral exploi-
tation, to develop a sustainable mining strategy in the
future. The DPSIR framework has been used to assess the
mining pressures and associated measures in European
countries [1]. In Vietnam, the DPSIR framework was
applied to develop National Environmental Indicators [2]
and national state of environmental reports from 2011 to
2015 [4]. In mining industry, some authors such as Ngu-
yen Thi Ha, Nguyen Quoc Phi deployed the framework
for environmental assessment of mineral exploitation in
Ba Ria-Vung Tau province [5] [6]. However, indicators
were developed mainly for excavation of building stones
and should be revised to meet the diverse characteristics
of mining activities in Luc Yen. Based on applying the
DPSIR, it will help the management agency to identify
the causes, environmental status and the ability to cope
with environmental problems caused by mining activities.
Furthermore, it also identifies shortcomings and provides
suitable solutions for sustainable mining of the area.

2. Methods

In this study, the DPSIR framework was applied in identi-
fying, analyzing and evaluating environmental issues
related to mineral exploitation in Luc Yen area through a
sequence of environmental changes. (D) The driving
forces are described as needs, which can be either eco-
nomic or social. (P) the consequences of the driving forc-
es are defined as pressures, which can be positive and
negative. However, the main focus is generally on the
negative aspects of the environment. (S) The pressures
will change the state of the environment. (I) When the
state of the environment changes due to mining activities,
it might have positive and negative social, economic or
environmental impacts, such as changes in habitat and
ecosystems. (R) there are a number of potential adaptive
or mitigative responses to minimize the negative impacts
of mining. The five indicator groups of DPSIR are de-

signed in Table 1, each of which is rated on a 5-point
Likert scale (level 1- very low; level 5 — very high).

Based on the 5-point Likert scale, questionnaires were
constructed and processed according to descriptive statis-
tics as follows:

- Mean value (wMean) is defined as the mean of the over-
all agreement. (wMean) for 5-point Likert scale is calcu-
lated as follows:

5
wMean = zileiPi X)) (1)

The (wMean) results were compared on a scale. Each
scale point could be labelled according to its level:
(1.000- 1.499) = Very low, (1.500- 2.499) = low, (2.500-
3.499) = medium, (3.500-4.499) = high, (4.500-5.000) =
very high [Zhu, 2008].

- Standard deviation (wStD) for 5- point Likert scale is
calculated as follows:

5 (Xj—wMean) 2

- Consensus (CnS) is defined as the agreement towards a
declarative statement among the individuals of a sample
group. (CnS) for 5-point Likert scale is calculated as
follows [Tastle and Wierman, 2007]:
Cns(X) = 1+ I8, Pi(X) log; (1

|X; —-wMean]|

) )

Where X is the response, n is the number of the categories
in an ordinal scale, x; is the degree of agreement in cate-
gory i, P; is the probability of the occurrence of x;; dx =
Kinax - Xmin 1 the width of categories on the measurement
scale, and wMean is the mean of the overall agreement.
Applying to the traditional 5- point Likert scale, it is find
that N =5, i ranges from 1 to 5, and dy=5-1=4.

Through the community consultation with 30 people, 5
workers in the mining sector in Luc Yen, and 5 managers
in Yen Bai Environmental monitoring Center, the study
analyzed and assessed the environmental issues related to
mining activities in the area using 5 indicator groups:
driving forces, pressures, states, impacts, and responses to
environmental changes in the research area.

3. Results and discussion

3.1. Driving forces

Through the evaluation of the people in Luc Yen, the
activities of resource consumption achieved with the
highest mean of 3.675, followed by that of commercial
industry (3.575) and diversification of mineral resources
(3.250) The remaining issues such as natural population
growth, employment pressures, unemployment, and agri-
cultural development were the next driving forces. The
agricultural development received the highest consensus
of 0.72, which was followed by the employment pressures
(0.717 and natural population growth (0.701). It is clear
that the indicators achieving the standard deviation value
(wWStD) were higher than others, while these same indica-
tors had low consensus values. The indicators with high
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standard deviation have lower consensus values than
others.

To sum up, the industrial, commercial activities and natu-
ral resource consumption were the most important driving

forces, which effected on an increase in the mining activi-
ties in Luc Yen. The population growth and employment
pressures or urbanization were not the major driving forc-
es with means below the average.

Table 1. The value of driving forces of environmental effect in Luc Yen, Yen Bai
Selection probability in Likert scale

No. Indicator 1 5 3 4 5 wM  wStD CnS
1 The process of natural population growth and 0.075 0.525 0.325 0.025 0.05 2.450 0.536 0.701
immigration

2 Employment pressure, unemployment 0.175 045 035 0 0.025 2.250 0.566 0.717
3 Urbanization 0.200 0.375 0.350 0.075 0.000 2.300 0.558 0.687
4 Industrial and commercial activities 0.050 0.025 0.325 0.500 0.100 3.575 0.540 0.690
5 Agricultural Development 0.200 0.400 0375 0.025 0.000 2.225 0.570 0.723
6 Natural resources Consumption 0.075 0.075 0.150 0.500 0.200 3.675 0.554 0.605
7 Diversification of mineral resources 0.100 0.225 0.150 0.375 0.150 3.250 0.508 0.508

3.2. Pressures

The major pressures from an operating mining industry in
Luc Yen were emissions of solid waste with mean value
was 4.025, followed by dust, wastewater, and forest deg-
radation. In general, these were the indicators that got a
high consensus from the consultation. As can be seen
from table 2, the consensus values (CnS) of indicators
ranged from 0.570 to 0.665 . This result is consistent with
the survey, because marbles processing to produce paving
stones in Luc Yen were mainly exploited by diamond
wire technology. Besides, water was recycled, so
wastewater in mineral mining was reduced significantly.

Remaining indicators such as loss of agricultural land,
residential area, production, and service area showed an
average consensus value.

The environmental pressures from an overuse of re-
sources as well as the loss of forest area and land of agri-
cultural production were the major problems in the local
area. However, the greatest environmental pressure on
mining activities was emissions of waste coming from the
mining and processing in the mines. Table 2 shows that
emission of solid waste was calculated with the highest
mean of 4.025, which was followed by that of dust
(3.900) and wastewater (3.625).

Table 2. The value of pressures on environment in Luc Yen, Yen Bai
Selection probability in Likert scale

No. Indicator 1 5 3 4 5 wM wStD CnS

1 Decline of forest area 0.075 0.025 0.2 0.55 0.15 3.675 0.554 0.653
2 Loss of land of agricultural production 0.15 0.125 0.325 03 0.1 3.075 0.501 0.568
3 Loss of residential production. service areas 0.100 0.325 0.325 0.125 0.125 2.850 0.503 0.580
4 Decline of metal mineral resources 0.150 0.275 0.275 0.150 0.150 2875 0.502 0.517
5 Decline of non-metallic mineral resources 0.075 0.175 0.275 0.225 0.250 3400 0.520 0.513
6 Solid waste 0.100 0.050 0.000 0.425 0.425 4.025 0618 0.570
7 Wastewater 0.050 0.075 0.300 0.350 0.225 3625 0547 0.607
8 Dust 0.025 0.075 0.175 0.425 0300 3900 0.593 0.665

3.3. States

The states that were strongly affected by pressures are air
quality, water quality as shown by a mean of 3.400 and
3.225 respectively. The mean score for the soil quality,
biodiversity decline, environmental incident, etc. were
low among others; and that indicators showed a low con-
sensus between 0.468 and 0.596 (Table 3).

Statistical results from experts and people showed that the
impact of mining activities on the general environment in
Luc Yen was not too large. However, issues of geological
hazards such as landslide of bench face in mine site,
waste dump as well as impacts on the water and air quali-
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ty will need to be considered when increasing more and
more mining activities in the future.

3.4. Impacts

When the state of the environment changes due to mining
activities, it might have both positive and negative im-
pacts. The positive impacts are social and economic im-
provements of society such as employment opportunity,
increase in income, source of revenue for the state budget
as shown by a mean of 3.00 and 3.325 respectively, while
that had a high consensus of 0.303 and 0.717 respectively.
Mining activities also impacted negatively on ecological
landscapes and infrastructure such as roads, public infra-
structures with a mean of 3.050 and 3.075 respectively.
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However, negative impacts on infrastructure were record-
ed an average consensus of 0.460.

Table 4 showed that negative impacts on human health,
ecological landscape had an average consensus. However,
the positive impacts such as the development of sources
of revenue for local budgets as well as the improvement

of the quality of life have not been appreciated. The best
positive impact resulting from mining activities was the
employment opportunity. Therefore, in order to ensure
fairness as well as an increase on transparency in mining
activities, local authorities should be ensured improve
living standards.

Table 3. The value of states of environment in Luc Yen, Yen Bai
Selection probability in Likert scale

No. Indicator 1 ) 3 4 5 wM wStD  CnS
1 Soil quality 0.175 0.4 0375 0.025 0.025 2325 0.554 0.690
2 Water quality 0.1 0.175  0.325 0.2 0.2 3.225 0.506  0.532
3 Air quality 0.050 0.225 0.150 0.425 0.150 3.400 0.520 0.561
4 Biodiversity decline 0.175 0325 0325 0.125 0.050 2550 0.525 0.601
5 Landslide of bench face, waste dump 0.100 0.200 0325 0.275 0.100 3.075 0501 0.596
6 Other environmental incident 0.275 0350 0.175 0.200 0.000 2.300 0.558 0.596
7 Diseases caused by mining activities 0.200 0.225 0.225 0.200 0.150 2.875 0.502 0.468
(noise pollution. exhaust gas. digestive
diseases. skin ...)
Table 4. The value of impacts on socio-economic development in Luc Yen, Yen Bai
Selection probability in Likert scale
No. Indicator wM wStD  CnS
1 2 3 4 5
1 Employment opportunity and income  0.025  0.175  0.375 0.3 0.125 3325 0.513 0.643
Increase in source of revenues for the 0.025 0275 0425 0.225 0.05 3.000 0.500 0.717
state budget
3 Social and economic improvements 0.175 0325 0325 0.175 0.000 2500 0.530 0.637
4 Impacts on the house, the property of 0.175 0300 0375 0.075 0.075 2.575 0522  0.597
the people
5 Impacts on infrastructure (roads, 0.200 0.125 0.275 0.200 0.200 3.075 0.501  0.460
Bridges, public works ...)
6 Impacts on the landscape, ecology 0.125 0.250 0.250 0.200 0.175 3.050 0.500 0.509
7 Impacts on human health 0.275 0350 0.125 0.050 0.075 1925 0.628 0.618
3.5. Responses the study area have not been effectively demonstrated

There are a number of potential adaptive or mitigative
responses that decision-makers could take to minimize the
negative impacts of mining. Setting pollution and envi-
ronmental quality monitoring were calculated with a
mean value of 3.400; and changing advanced technology
with a mean score of 3.175. About environmental com-
munication, community participation was highly appreci-
ated as shown by a consensus value of 0.700. Institutional
and social policy measures, and development planning in

Table 5. The value of Responses in Luc Yen, Yen Bai

with a mean of 2.675 and 2.375 respectively.

Table 5 showed that the solutions to ensure environmental
sustainability including the monitoring as well as an in-
crease on community participation had the highest con-
sensus score (0.700). Solutions on technological innova-
tion or on policies and laws needed to have active partici-
pation from local authorities and the mining and pro-
cessing enterprises. However, those were not highly ap-
preciated due to their feasibility.

No. Indicator Selection probability in Likert scale wM  wStD CnS
1 2 3 4 5

1 Environmental rehabilitation and restoration 0.3 045 0.125 0.05 0.075 2.150 0.583 0.606

2 Treatment Technologies 02 0275 03 0.2 0.025 2575 0.522 0.585

3 Advanced mining technologies 0.125 0.125 0.350 0.250 0.150 3.175 0.504 0.558

4 Pollution and environmental quality monitor- 0.075 0.125 0.275 0.375 0.150 3.400 0.520 0.583
in,

5 Miasures on policies. institutions and laws on  0.200 0.225 0.375 0.100 0.100 2.675 0.513 0.554
environmental protection

6 Measure on development planning 0.175 0.425 0.300 0.050 0.050 2375 0.547 0.645
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No. Indicator Selection probability in Likert scale wM  wStD CnS
2 3 4 5

7 Environmental education and communication ~ 0.050 0.250 0.525 0.175 0.000 2.825 0.504 0.751

8 An increase on community participation 0.000 0.175 0.325 0.450 0.050 3.375 0.517 0.700

4. Conclusion

Results show that, the impacts of mining activities on the
environment in Luc Yen are assessed based on opinions
of people living near the mine, employees working at the
mining area as follows:

The driving forces for mineral exploitation in Luc Yen
area was resources consumption (W; = 3.675), which was
followed by the demand for industrial development (W; =
3.575) and the diversity of the mines (W; = 3.250).

The major environmental pressures in Luc Yen were solid
wastes and the emission of dust particles to the air. The
amount of solid wastes including mine tailings and rock
dumps was greatest pressure for the environment with
mean weight of 4.025. Three main sources of dust come
from drilling, blasting operations, and the transport pro-
cess (W; = 3.900). The amount of polluted water during
the extraction process was mainly rainwater runoff and
water for dust control (W;=3.625).

The state in Luc Yen that was most affected by pressures
was air quality (W; = 3.400) resulting from the process of
mineral exploitation and transportation. The lowest mean
score, for soil quality, was 2.325 because the exploitation
activities in Luc Yen are mainly white limestone.
New exploitation technology does not use toxic chemi-
cals, therefore the mining activities do not affect the soil
and water quality significantly.

When the state of the environment changes due to mining
activities, it might have both positive and negative social
and environmental impacts. The positive impact was
employment opportunity with a mean of 3.325, which was
followed by income (W;= 3.325) and an increase in state
budget (W; = 3.000). The negative impacts were destruc-
tion of ecological landscape (W; = 3.050) and infrastruc-
ture (W; = 3.075).

Innovative technology solutions, such as new technolo-
gies (W; = 3.175), pollution and environmental quality
monitoring (W; = 3.400) were highly evaluated. Specifi-
cally, most of the white limestones were mined by the
diamond wire technology. This technology helped to
lessen emission of dust particles to air during the mining
process, and keep the rock mass undisturbed. Communi-

cation measures to enhance community participation in
Luc Yen area were also highly appraised by villagers (W;
=3.375).
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