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ABSTRACT

Plastic recycling in Minh Khai village started in the 1980s and was
expanded in scale and size in the 1990s. New job creation significantly contributed to
the promotion of wealth and better living standards for villagers. Nevertheless,
residents in Minh Khai village have had to face serious environmental problems. This
research aimed to study the environmental impacts from plastic recycling processes,
and to determine how it affects the health of villagers. Two methods of data collection
were performed consisting of water sampling analysis and the collection of
questionnaires and in-depth interviews. There were 7 water samples taken, including:
2 surface water samples, 1 leachate sample from open landfill and 4 groundwater
samples from deep-dug wells. Water samples were analyzed for the following
parameters: pH, temperature, DO, turbidity, Coliforms, BODs, COD, TSS, As, Hg and
Pb. Thirty-four households and 3 government officers were respondents of structured
questionnaires and in-depth interviews, respectively.

The results showed that surface water, groundwater and leachate were
polluted by wastewater from plastic recycling processes due to the direct discharge of
wastewater into the canals in the village. BODs and COD from surface water exceeded
the standard by 10 times and 5 times, respectively. Leachate and groundwater also had
a problem with Pb contamination, which was higher than the standard by about 2-3
times. The villagers have had to deal with some diseases as well, such as respiratory
problems, decline of hearing ability, digestive disorders and trachoma. The percentage
of people who got diseases in Minh Khai village was higher than other agricultural
villages by about 20-25 percent. Life span of the villagers is low, about 60.3 years old,
especially life span of males, which is 52.5 years old, compared to 71.6 years old for
the average Vietnamese life span. Therefore, this study has proposed some suggestions
in order to improve environmental quality and to ensure living conditions and health
of villagers, such as the implementation of a proposed environmental management
system with specified mission and responsibility, promotion of environmental
programs, improvement of central and local responsibility, regulation and innovative
enforcement, and industrial zone planning.

KEY WORDS: PLASTIC RECYCLE /ENVIRONMENTAL IMPACTS/CRAFT VILLAGE
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CHAPER |
INTRODUCTION

1.1 Background

Plastics are part of our everyday live. Plastic appears in countless types of
products. Almost everything we use is either made of or contains plastic such as
mobile phone, computer, CD, TV, toys, drink bottle, contact lens, car, etc. The list is
endless and increasing all the time. Plastic had been exhibited over 100 years ago and
the use of plastic has grown substantially over last 50 years (Waste watch, 2003),
however compared to other materials, plastics are relatively modern. In 1976, plastic
has been the most used material in the world and was voted one of the most 100 new
events of the century. The development of plastic industry has been increasing steadily
(ACC, 2007). The properties of plastic become stronger, lighter, more insulated and
flexible by the advances of plastic industry (Wageningen, 2001). Until today, the
scientists are still searching for new plastics and finding new ways to use existing
plastics. Obviously, plastic make an important positive contribution to the human life.
Plastic is light, unbreakable, relatively in inexpensive, easy to store and transport,
comes in an endless variety of textures and shapes and can hold almost anything.
Those advantageous properties make plastic attractive to manufactures, packagers.

However, there are both environmental and health risk from the
widespread use of plastics. Plastic industry creates unnecessary waste with a huge
amount and rapidly growing segment of the municipal solid waste. In fact, plastic is
much more difficult to recycle than other materials, such as glass, paper or metal. Most
of plastic waste will be ended up in the incinerator of landfill and it is bulky so it takes
up a large volume in the main stream of waste. With more and more plastics are
produced, particularly packaging, plastics will be disposed sooner after their purchase,
the landfill space required by plastic waste is a growing concern (Waste watch, 2006).
Plastic waste is not only accumulated in the landfill but also in our streets, parks,

public areas, and waterways. The inaccurately disposal of plastic products contributes
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significantly to their environmental impacts. Most of plastics are durable and non-
degradable; they take long time to break down, possibly up to hundreds of years. Even
when plastics are broken by sun light into smaller and smaller pieces, they are still
plastics and too tough for any creatures on the land, in the air or under the sea to
digest. Those fine pieces become part of the soil and water. They are also toxic particle
due to leaking of additive substances and other toxic chemicals into the environment
(Tara, 2008). Tiny plastic particulars even can get into the food chain at the lowest
level, and then pass up the food chain to higher level animals which can be consumed
by humans. Beaches and oceans around the world are littering with plastic debris.
More than 1 million birds, more than 100,000 whales, seals and turtles and countless
fish worldwide are killed by plastic rubbish every year (Green Sangha, 2005) due to
ingestion and entanglement of plastic.

In addition, plastic production requires significant quantities of resources,
primarily fossil fuels, such as crude oil and natural gas, both as a raw material and to
deliver energy for the manufacturing processes. They are non-renewable resources,
thus there are a limited amount of them in the world and once they are used up, they
are gone forever. Annually, it is estimated that 4% of the world’s oil production is
used as the feedstock for plastic production and additional 3-4% during manufacture
(Green Sangha, 2005). The producing of plastic also can cause serious environmental
problems and human health effects if the waste and air emission are not controlled

properly.

1.2 Justification

Minh Khai plastic recycling village is located in Nhu Quynh commune,
Van Lam district, Hung Yen province which is in the center of Red river delta. Hung
Yen has diversity of craft villages with abundant types of high quality products which
let it become well-known in serving community demand for living and manufacturing.
Currently, there are 48 craft villages with 13 traditional and historical craft villages,
and 35 newly craft villages which have just be revived. Those craft villages created
thousands of labor opportunity for the surrounding population. The revenue from craft

villages also contributed to the development of the province (Dang et al, 2005).
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However, the processes from most craft villages are raising many
controversial issues. The scale of the workshop in the craft villages is medium and
small; therefore the processes had been done in household and family area. In addition,
with the low potential of capital, the possibility to access high technology in
manufacturing is limited and man-power has been used as main portion. Therefore, the
environmental problems generating from the processes is not accurately considered.
Solid waste, wastewater and air emission are not collected and properly treated. All of
craft villages in the province have to face with the environmental pollution and health
risk due to the waste disposal and toxic air emission are directly discharged to the
living habitant.

Minh Khai plastic recycling village is not an exception (VEA, 2005). The
residents in Minh Khai village have faced with serious environmental pollution. Used
plastics which are input material are gathered in the household precinct and
overwhelmed everywhere. The canals and rivers nearby Minh Khai village were
polluted by run-off water, wastewater disposal without treatment and especially water
from the waste cleaning process (Dang, 1999). Plastic odor and stinky smell of waste
cover the whole of the village. Therefore, this study aimed to understand
environmental and health problems in Minh Khai plastic recycling village which was
selected site for this study. Base on it, solution to improve environmental management
and protection in the villages also were provided. The findings of this study will be
useful for conducting environmental program in Minh Khai village. Moreover, they
will be valuable for the authority in making decisions regarding environmental

management in other craft villages.

1.3 Objectives
1. To study environmental and health impacts from the plastic recycling in
Minh Khai village.
2. To determine the responsibility of the local authority in solving
environmental problems in Minh Khai village.
3. To propose the possibility to improve the environmental quality in
Minh Khai village.
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1.4 Research questions
1. What is current practice of plastic recycling processes and
environmental management?
2. How do the villagers aware of their environmental condition?
3. How do environmental problems affect local life and living?
4. What has the local authority done to control and enhance the
environmental quality in the village?

5. How to improve the environment in the village?

1.5 Scope of the study

The study was conducted in Minh Khai village, Nhu Quynh commune,
Van Lam district, Hung Yen province, Viet Nam. The research focused on
understanding about the environmental conditions (water quality including surface
water, groundwater and lechate with eleven parameters were analyzed) and health

effects on the villagers.

1.6 Conceptual framework

Plastic recycling job created social and economic benefit for the villager.
However the waste from plastic recycling processes polluted environment and living
condition of the local residents. In order to achieve the better environmental quality,
promotion of authority’s responsibility, plastic recycling manufacture’s awareness,

environmental regulation and financial investment should be fostered.
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Social Plastic recycling Economic
opportunity village benefit
v
Problems and issues:
- Environmental burden
- Health risk
- Living condition deterioration
Villager’s awareness Central and
g local
responsibility

Environmental
quality improvement

T

Financial investment Environmental Law, regulation,

from both villager and management system innovative
government enforcement

Figure 1.1 Conceptual diagram

1.7 Expected outcome
Suggest and provide the solution to improve environmental quality for the

plastic recycling villagers while maintaining their incomes.
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CHAPER 11
LITERATURE REVIEW

This chapter provides an overview of plastic categories, properties and
how user can classify the type of plastic by the code printed on plastic products. The
properties and toxicity of lead are explained. To reduce environmental burden and
cost, environmental statement of Minh Khai village is showed and the cleaner
technologies which are feasible to apply in recycling processes are discussed. In
addition, the weakness and issues in performing environmental protection of Minh

Khai plastic recycling village are analyzed.

2.1 Plastic definition, properties and classification

Plastics are typically organic polymer materials of high molecular weight
and may contain other substances to improve performance characteristics. In more
technical terms, plastics are materials that can be formed into shapes by one of a
variety processes such as extrusion, molding, casting or spinning (ITDG, 2006). Those
polymers compose of the repeating structural units known as monomers. The structure
and degree of polymerization of a given polymer determine its characteristic.

Plastics can be classified by many ways such as:

e By their chemical structures, namely the molecular units that make up
the polymer’s backbone and side chains (e.g. acrylics, polyesters, silicones, etc)

e By polymerization process (e.g. condensation, poly addition, cross-
linking, etc)

e By process ability that are relevant for manufacturing or product design

(thermoplastic and thermoset, biodegradable, etc).
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"

Linear Polymer Branched Polymer Cross-linked Polymer

Figure 2.1 Polymer structure
Source: ITDG, 2006

Plastics can be classified by many ways such as:

e By their chemical structures, namely the molecular units that make up
the polymer’s backbone and side chains (e.g. acrylics, polyesters, silicones, etc)

e By polymerization process (e.g. condensation, poly addition, cross-
linking, etc)

e By process ability that are relevant for manufacturing or product design
(thermoplastic and thermoset, biodegradable, etc).

There are about 50 different groups of plastics, with hundreds of different
varieties (Waste watch, 2006). Almost all plastic products are imprinted with a resin
code, a small number enclosed by the “chasing arrows” symbol. The resin codes were
adopted by the American Society of the Plastics Industry (SPI) in 1988 to provide a
wide industrial standard that would make it easier to identify and sort recyclable
plastic. The resin codes also provide consumers with a simple, handy technique for
identifying the general type of chemical compound used to make the product. By
knowing the code for a particular plastic product, consumers can then notify
themselves of the characteristics and potential environmental and health effects
associated with usage of that particular type of plastic (Life without plastic, 2007). The
coding system is voluntary for plastic manufacturers, but its use has become relatively
standard on plastic products sold in the U.S. and internationally. However, as the SPI
points out on its web site, “The code was not intended to be - nor was it ever promoted
as - a guarantee to consumers that a given item bearing the code will be accepted for
recycling in their community”. The plastic resin codes, characteristics and health
impacts are showed in Table 2.1:
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2.2 Lead and toxicity of lead

2.2.1 Properties

Lead (Pb) is a bluish-gray heavy metal accounting for 13 mg/kg of the
earth’s crust (WHO, 2009). Atomic number of lead is 82 and atomic is 207.19 with a
melting point of 327.5 °C. It has 4 isotopes: 204, 206, 207, and 208 which are
abundant in the nature but with different ratio in different mineral sources (WHO,
2001). Commonly, lead’s oxidation state is +2 and +4 but +2 oxidation state is more
stable than +4 oxidation state. In the environment, lead is quickly oxidized by air and a
cover of PbO is created to protect lead from oxidation, therefore lead is erosion-

resistant.

2.2.2 Sources

e Natural source

Lead naturally appears in Earth’s crust in form of PbS, PbCOj3; or PbCl,
which is primarily composition of galena mineral (ATSDR, 2007). The lead
concentration in soil is a range from 0.5 to 3000 mg/kg however lead levels in the top
layer of soil are different because of deposition and accumulation of atmospheric
particulates from anthropogenic source (Markus et al., 2001). In the air, commonly
lead concentration is <0.5 pg/m®. In water, lead exists in form of Pb%* compounds and
suspension substances. Lead level in surface water is about 10-30 pg/l (Cabrera, 1995
and ATSDR, 2001), and about 1-60 ug/l in ground water (WHO, 2001).

e Anthropogenic source

The major cause of lead pollution in the environment comes through
anthropogenic activities. Mining and industrial operation contribute about 90% of lead
in the environment (Villalobos et al., 2009). Various products containing lead go to
the landfills or incinerators are sources of lead pollution (COWI, 2003). Those
products include: plastic, cathode ray tubes, ceramics, solder, residues from metal
shredding, steel and cable reclamation, etc. Lead has been extensively used as fuel
additive and contributed major part of lead emission into the air, thus affecting other
components of the environment (WHO, 2001; WHO, 2008 and Villalobos et al.,
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2009). Emissions of lead to the air seem to be gradually declining due to a phase-out
of leaded petrol in many countries. However, motorization and urbanization in
developing countries are causing the increase of lead emission. Those developing
countries occupied a large part in the world and in such countries, only leaded gasoline

is available.

2.2.3 Exposure routes of lead to human body
Lead can be taken into human body by inhalation via air breath and by
ingestion via foods and drinking water (Mayer et al., 1998). The pathways of lead

absorption and its effect to the body are showed in Figure 2.2:

Distal causes Proximal causes Physical and Outcome
Leaded pipes for wa pathophysical f ﬁ@;rological effocts '
_supplies causes i |

A”omm
/%lom behavior

4’Othet effects J

== %z:k,g%r——’ ‘

( Lead in cosmetics and folk |
remedies

Figure 2.2 Lead exposure and toxicity
Source: WHO, 2008

In the air, lead exists in 2 main forms as fume or dust. Inhalation is the
major route of lead absorption to the workers however level of lead exposure depends
on particle-size distribution, breathing rate and lung volume (Mayer et al., 1998).
About 30-50% of inhaled lead is retained in respiratory tract and particles in size from
1-3 um are efficiently deposited in lung (WHO, 2001). Table 2.2 shows the typical

lead intake rates of adult and infant from 1-5 years old.
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Table 2.2 Estimates of lead absorbed by adults and children

Mean air Source Total Total
lead level : lead lead
(ug/m®) Air Food Water %) (%)
Adults
0.3 2.4 10 2 144 17
0.5 4.0 10 2 16 25
1.0 8.0 10 2 20 40
2.0 16.0 10 2 28 57
3.0 24.0 10 2 36 67
Children
0.3 0.6 25 5 306 20
0.5 1.0 25 5 31 3.2
1.0 2.0 25 5 32 6.3
2.0 4.0 25 5 34 11.8
3.0 6.0 25 5 36 16.7
Assumptions

— Water: concentration

respiratory Food: Intake 20 I'l.

volume H
Adults 20 m*/day ;Sgotlgt/i?)?]ym% 1 I/day absorption 10%

50 ug/day

Children 5 m®/day

Resplra_tory 40%
absorption

absorption 10% 0.5 I/day absorption 50%

Source: adopted from Mayer et al., 1998

Ingestion is general pathway of lead exposure for common people by
foods and drink. In adult, about 10% of lead ingestion is absorbed whereas in children
is 40-50% (COWI, 2003). Normally, non-absorbed lead is excreted however about 40-
50% is absorbed in the body. When lead is taken into the body, it is transported by
blood and accumulated in soft tissue with highest concentration in kidneys (Essa,
1999) and mainly in bone (Mayer et al., 1998).

2.2.4 Health impacts of lead

Lead has adverse effects and no function in the human body. Variety of
biological effects causing by lead absorption depend on the level and duration of
exposure (COWI, 2003). Toxic effects of lead include neurological impairment,
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anemia, blood pressure, renal effects and reproduction (Markus et al., 2001; Wainner,

2001). Figure 2.3 shows affected organs by lead exposure:

ENCEPHALOPATHY (severe, debilitating
neurological impairment)

sensory defidts

IQ / learning disruption

{SCHAEMIC HEART DISEASE (caused
by obstruction of blood supply)
INTERSHTIAL NEPHRITIS hypertension

(chronic inflammatory kidney
disease, causing loss of function)

decreased reabsorption : # A
PERIPHERAL NEUROPATHY (breakdown

in sensory or motor communication)

decreased nerve'\conduction velocity
(speed at which nerves transmit
“messages’)

ANEMIA

biochemical distuption

of heme synthesis
(heme is the molecule that
enables blood to carry oxygen)

in women:
ABNORMALITIES IN OFFSPRING
diminished fertility

in men:
TESTICULAR ATROPHY
hypospermia
(decreased sperm counts)

Figure 2.3 Organ systems affected by lead
Source: UNEP, 1998

Generally, absorbed lead in the body interfere with different enzyme
systems and inactive these enzyme by binding to SH-groups of its proteins or by
displacing other essential metal ions. Therefore, different organs are probable objects
for lead and such effects are prevalent researched (WHO, 2008). Common symptoms
of acute lead intoxication such as restless, headaches, muscle tremor, lost of memory
and irritability occur at blood lead level of 100-200 ug/dl in adult and 80-100 p/dl in
children. Symptoms of chronic lead toxicity including encephalopathy, sleeplessness
and joint pain might appear at blood lead level of 50-80 w/dl in adult people. In 1-2
years period of exposure, muscle weakness, lower scores on psychometric test,
disturbances in mood and symptoms of neuropathy are examined occupationally
exposed populations at blood lead levels of 40-60 pg/dl (WHO, 2009). The effects of

lead on different organs are described below (Mayer et al., 1998):
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e Nervous system effect: Central and peripheral nervous system are main
targets for lead toxicity. Deterioration of the nervous system and/or coma may occur
from acute exposure above 80 ug/dl. Central nervous system symptoms may be seen
after prolonged exposure at blood leads not exceeding 70 pg/dl. Lesser effects are
detectable to as low as 40 ng/dl. Regarding to the peripheral nervous system,
reductions in sensory and nerve conduction velocity may be found at blood leads as
low as 30 ug/dl.

e Anemia: A decrease in number of red blood cells appears to occur at
blood lead levels above 50 pg/dl.

e Blood pressure: Statistically, a doubling of blood-lead levels results in a
1 mm Hg increase in systolic blood pressure. There are doubts, however, about
whether lead actually causes the effect. There is no concern about hypertension or risk
of cardiovascular disease.

e Renal effects: The risk of damage to the kidney system by lead is
increased at blood-lead levels above 60 ug/dl.

e Reproduction: For women, there is a possible increase in pre-term
delivery and reduced growth and maturation in the unborn child at blood leads
between 15 and 30 ug/dl. For men, sperm structure (morphology) and function may be
affected above 40 pg/dl, but the significance of the changes is unknown.

e Carcinogen: The evidences to suggest that lead is carcinogen and has
effect on immune systems are inadequate.

Regarding of adverse effects of lead on human health, many countries
have adopted the standard of blood lead levels and standard for lead exposure in air

and water. These standards are different from country to country.
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Countries and ) Blood lead
o Population
Organization levels (ng/dl)
General population 40
WHO (1980) _ )
Women of childbearing 30
WHO (since 1980) General population 20
General population 15
Germany ) ) 2
Children, women of childbearing 10
Fetus 10-15
Switzerland
Children 10
Australia, Canada General population 10
United State Children 10

Source: adopted from UNEP, 1998

Table 2.4 Lead levels standard in air

Countries Lead levels in ambient air (ug/m?®)
Canada 5.0
South Africa 4.0
European Union Directive 2.0
Australia, Namibia, United State 15
New Zealand, Switzerland 1.0
Czech Republic, Israel 0.5
Denmark 0.4
Russian Federation 0.3

Source: adopted from UNEP, 1998
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Table 2.5 Lead levels standard in water

Countries and Organization Lead levels in water (ug/l)
Japan, Namibia, South Africa 100
European Union Directive 50
Pre-1993 WHO guideline 50

Australia, Austria, Czech Republic, Denmark,

France, Ireland, Israel, Italy, Mexico, Netherland,

New Zealand, Spain, Switzerland, United >0
Kingdom, United State

Germany 40
Norway 20
1993 WHO guideline 10
Canada, Finland, Sweden 10

Source: adopted from UNEP, 1998

The standards show the maximum lead concentration of lead in blood,
ambient air and water. Later on, these standards for acceptable level have decreased

and more of lead’s toxic potential has been known.

2.3 Environmental problems in Minh Khai plastic recycling village
The craft in Minh Khai village started in the 1980s when some household
began as junk, scrap and used plastic collectors and dealers. After sorting, they sold
those scraps to the trading partner who came from Hanoi. In the 1990s, by the effect of
economic boom, the villagers in Minh Khai invested in waste recycle manufacture
themself, especially plastic recycle, and they became center collecting and processing
point for other junk dealers. By the time, the scale and size of their work expanded and
were imitated by other families in the village. At present, there are over 70 percent of
750 households (equal to about 2240 residents) participate in plastic recycle processes.

Over 100 households have 2-8 plastic recycle machines and about 30 households were
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used plastic dealer (Mu, 2003). The rest join different stages of the plastic recycle
processes. The products are diversified from sandal, slipper, clothes-hanger to nylon
bags or other agricultural instruments which are attractive to the consumer because of
reasonable price and nice model. The new job significantly contributes to promote
wealthy and living standard for the villagers. After almost 20 years of development, all
household in Minh Khai village have remarkable income and can ensure for their
family life. Minh Khai became the wealthiest village in Hung Yen province.
Nevertheless, the residents in Minh Khai village have faced with serious
environmental pollution. Each day, about 60-80 tons of junks are transported to the

village and about 30-40 tons of products are sold out.

Figure 2.4 Site of plastic waste in Minh Khai plastic recycling village
Source: Dang, 2005

Waste is gathered in the household precinct and overwhelmed everywhere.
When it rains, the black and stinky run-off water spread all over. When it is sunny, the
whole village was covered by very bad odor of the waste. The canals and rivers nearby
the village also were polluted by run-off water, wastewater disposal without treatment
and especially water from the waste cleaning process (Dang, 1999). There are about
hundred tons of used plastics were cleaned on the river side per day. The polluted
water destroyed marine animals in the river and its habitat. Fish in the ponds and

canals in the village was mass dead. The water of Nhu Quynh River, flowing through
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the village, changed to dark black color, made it can not be used as fresh water supply

as before.

Figure 2.5 Opening landfill in Minh Khai plastic recycling village
Source: Dang, 2005

Most of the common parameters of the wastewater which are discharged to
the canals are higher than Vietnamese wastewater discharge standards such as COD or

BODs, especially the TSS is higher than standard nearly 20 times (Table 2.6).

Table 2.6 Wastewater sample analysis results in Minh Khai plastic recycling village

Sample oH COD | BODs | TSS |Mineral oil or | Coliform
(mg/l) | (mg/l) | (mg/l) | fat (mg/l) MPN/100m
Nylon bags
washing 79 | 70.0 34.0 | 950.0 0.5 310.0
wastewater
Grinding
machine 6.9 | 120.0 68.0 | 785.0 0.7 250.0
wastewater
Used plastic
cleaning 6.7 | 135.0 84.0 | 925.0 0.6 450.0
wastewater
Vietnamese
standard:
TCV/N-5945- 6-9 | 50.0 30.0 50.0 5.0 3000.0
2005

Source: Dang et al, 2005



Tuan Minh Nguyen Literature Review / 22

The groundwater was contaminated by chemicals from the processes.
Previously, villagers also use water from the shallow well because they did not have
tap-water system. At present, instead of using shallow well, villagers have to use the
deep water which was pumped up from drilling well with 40-50 meters in depth.
However, that water has scum and plastic smell. The ambient air in Minh Khai village
also was serious polluted. Plastic odor and stinky smell of waste cover the whole of
the village. The plastic gas from recycling machine directly influences the workers
who did not wear accurate protection clothing. Especially, about 10 tons of waste,
including big part of nylon bag, is burned per day in the open-landfill causing smoke
and dust to the schools and houses nearby. Figure 2.6 shows recycling plastic

processes, input of material and output of waste:
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Used plastic

Collecting

A 4

Foul organic smell
Solid waste

vy

Manual Sorting

A 4

» Foul organic smell
Water ——»  Used plastic cleaning > Waste
— > Wastewater
A\ 4
» Dust
Water —» Grinding » Noise
— > Wastewater
A 4
Solar energy ———»| Drying » Dust
VL A 4 VOC
. - S
E_Iectrlmty Pelleting > Noise
Cooling water ——» > \Nastewater

Dropping and unsizeable pellets

A 4

Squeezing and shaping : \[;szs
> Noise
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Improving products » VOCs
» Noise

|

Products

Figure 2.6 Plastic recycling process diagram and waste stream
Source: Dang et al, 2005



Tuan Minh Nguyen Literature Review / 24

As showed in the diagram, every step emits air pollution such as volatile
organic compounds (VOCSs), plastic dust and foul odor. The environmental pollution is
a threat for the habitat and villager’s daily life. The residents in Minh Khai village
have to confront many types of diseases such as respiratory disease, digestive trouble,
sore eye or dermatitis. The number of patients is increasing by the time. Children in
the village are scraggy and have black skin because they have to contact with waste all
the time from an early age (VEA, 2006). However, even have to face with health risk
and environmental deterioration, Minh Khai villagers still keep going on with their
work. The reason is that benefit from plastic recycling is too high and indeed, their
awareness about environmental pollution and its long-term effects on human life are
low. In addition, they have no substitute job after a couple decades developed and
relied on plastic recycling business. So, the problem is how to maintain their income
while improving their environmental conscience and quality as well. It is still a

difficult task for both villagers and higher authorities.

2.4 Cleaner Technology for Minh Khai plastic recycling processes

Cleaner Technology is defined as a measure to improve or adjust
production process or product; so that consumption of raw materials, energy and
natural resources is accomplished efficiently, therefore waste generating is reduced. In
another word, cleaner technology promotes pollution reduction at source by using less
energy, fewer raw materials and natural resources, including substitution of raw
materials, recycling and re-using, which will help conserve the environment and
simultaneously reduce production costs (CTU, 2004).

The benefits of Cleaner technology can be summarized as:

e Improve productions and services with higher efficiency

¢ Reduce environmental wastes and impacts at source

e Reduce production cost

e Optimal consumption of raw materials and increased products

e Creating business advantages
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Figure 2.7 shows the available technologies which can be apllied to

implement Cleaner technology:

Reduce waste at sources Recycle, re-use

Change input | CLEANER mariﬁ‘ggjling
material TECHNOLOGY processes
\ 4
Re-design a4 Upgrade
roducts o equipment
p technology

Figure 2.7 Available cleaner technologies
Source: Dang et al 2005

In 2004, the Institute of Environmental Technology and Science, Hanoi
University of Technology had a project which researched environmental situation
Minh Khai plastic recycling village. The project also analyzed the plastic recycling
processes and figured out some solutions to increase production efficiencies and
reduce waste from the processes. They provided some Cleaner technologies in aiming
to improve the plastic recycling processes and environmental condition of the village

as well. Table 2.7 shows these technologies:
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Table 2.7 Cleaner technologies for Minh Khai plastic recycling village

Cleaner

Investment

Number Solutions Benefits
Technology cost
1 Upgrade sorting | Technique Not much, Accurate used plastic
stage instruction almost the cost classification can help
of documents recycling processes do
which distribute | not emit toxic air and
knowledge for gas and improve product
residents quality
2 Used plastic Process Almost no cost, | Save water about 76.1
batch washing improvement | only turn on and | m*day
instead of off water pump
continuous on-time
washing
3 Circulating Water Water pipe cost, | Utilize cooling water to
cooling water circulation about 10 USD supply for washing;
grinding steps can save
water about 538.4
m*/day. In addition, by
using 40-45°C cooling
water to wash used
plastics are cleaner
4 Controlling Processes Install equipment | When controlled
processes by management | which is temperature equipment
adjust optimal available in is installed, the quality
temperature market. Price is | of product is improved
about 25USD and waste is reduced.
Limit overheated
phenomenon causing
waste air emission
5 Upgrade Equipment About 100 — 150 | Increase productivity,
grinding improvement | USD decrease working time,
machine decrease water
consumption, and thus
reduce wastewater. Save
water about 27.3 m%/day
6 Upgrade Equipment About 310 — 440 | When batch washing
grinding system | improvement | USD machine is installed,

water consumption can
reduce about 16.4
m*/day

Source: Dang et al, 2005
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However, due to lack of promotion campaign and support from the
authority of the village, these feasible cleaner technologies were not applied and
deployed to plastic recycling processes in Minh Khai village.

2.5 The weakness of Minh Khai plastic recycling village to perform

environmental protection

2.5.1 Issues of technology, equipment and product quality

Due to the low intellectual standard of people, limitation of technique
knowledge, low education level of the workers, the technologies which are used in
plastic recycling processes are backward and primitive. Almost the equipments are
made by local mechanic workshop follow the demand of the customer and the quality
and standard are not really good. The low technology also leading to the efficiency of
material using efficiency is not high, about 60% (VEA, 2005). Therefore, the plastic
recycling manufactures dispose more waste to the environment. In addition, when the
re-processors want to upgrade technology and equipment, they have to face with the
capital problem. The demand for high quality product is not needed and the prices of
products are cheap, so they do not want to invest a lot of money for high technology of
the manufacture, which might discharge less waste to the environment. Thus, the re-
processors ignored the adverse effect of process waste on the environment and the

health as well.

2.5.2 Issues of economical-society, labor and financial

The scale of plastic recycling manufacture in the village is household
industry. This type of production lets the re-processors are flexible in using efficiently
capital and labor source without paying much attention of manufacturing scale
expansion and environmental management. Because of household production pattern,
the manufacturing scale is small and all of the processes take place in household area.
Therefore, the use of land is maximized to build up workshop, material storage, etc.
When the manufacturing scale is expanded, the density of workshops is increased and

leaded to the decline of environmental and hygienic conditions. The shortage and
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weakness of wastewater pipe system also makes the living condition of people are
worse (VEA, 2006).

The financial potential of producer is an obstacle to protect the
environment. With the development of plastic recycling village, the demand of
investment capital is very high. Even the income of Minh Khai’s resident is quite high
compare to other villages but financial accumulation to reproduce is low. Thus, the
capital to upgrade technology or construct waste treatment system is shortage. The rate
of financial accumulation is about 20 - 25 % of total income and the rest is used for
living activities such as house improving, shopping and other expenses (Dang et al,
2005).

The development of plastic recycling village creates job for the village’s
inhabitants and offer them stable incomes. However, due to low awareness, the labors
do not have habits to use protective equipments while doing their job. Their
consciousness to protect themselves in unhygienic and polluted working condition is
low. In addition, the working tempo is more intensive than other agricultural
occupations. The labors often work 11 months per year and 25 — 26 days per month
(Dang et al, 2005).

2.5.3 Issues of regulations, policies and strategies to protect and
manage the environment in the craft village

The Vietnamese environmental protection law was implemented in 1994.
Later on, the government issued a series of regulation official documents, supported
policies, reinforcement and instruction to execute the environmental law. However,
there was only one article related to the development of craft village and its
environmental protection. It is: “Article 38: Environmental protection in craft
villages”. This article generally spoke about the theory of environmental protection
such as constructing wastewater treatment plants or collecting and sorting solid waste.
There was no part of policies and strategies toward the environmental development of
the craft villages. Therefore, when the law was implemented, there were some
concerns: (Dang et al, 2005 and Vu, 2003):
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e In 136 articles of environmental protection law, there was no article
which concretized the responsible bounds of private or collective area in environmental
protection task craft village.

e In some cases, especially with the craft village, environmental protection
laws were not flexible enough to bring the laws into action and improve the
environment in the villages.

e The decrees were overlapped and could not distinguish concrete
function and mission of private and unit which were related to the craft village. Thus,
among those units, their cooperation was not strong, flexible and timely. Frequently,
there was no unanimity in solving environmental problems in the craft villages.

e The lack of instructive decrees in detail to implement the laws caused
difficulties for other organizations to execute the laws. This problem was the major
reasons of corruption and regardless of the law by some parts of official and resident
as well.

e There were no policies to award and support the households which had
good environmental protection manufacture. The fine regulation to sentence the person
and household, who caused environmental pollution in the craft village, was not set up.

e The environmental standards which were sufficient for the craft village
were not established yet. Although over 200 Vietnamese environmental standards
were implemented, the waste from craft village still could not be classified to apply the
environmental standards and laws. For example, the wastewater from the plastic
recycling village could be considered as industrial wastewater or not.

e The human resource, ability and specialty of environmental management
system were limitation. The inspection was not strict and comprehensive. In addition,
the infrastructure, equipment and information system of the environmental offices
were not adequately supplied.

Therefore, lacking of specific and sufficient  environmental regulation from
government and low awareness in environmental protection of manufactures leaded to
environmental problems in many craft village such as Minh Khai plastic recycling

village.
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CHAPTER Il
METHODOLOGY

3.1 Study field selection

The major objective of this research was to study about environmental
impacts from plastic recycling processes in Minh Khai village. As motioned earlier,
Minh Khai village currently are facing with serious environmental pollution due to
wastewater, solid waste and air emission from the plastic recycling processes. In
general, this village is the pattern which is similar to many other craft villages in
Vietnam. The low intellectual and living standard of people lead to inefficiency in
manufacture and using raw material such as water or electricity (Dang et al 2005).
Therefore, the processes often generate a lot of waste and cause environmental
pollution.

To address the objectives of the study, interview and water sampling were
conducted. Questionnaire was given to the villagers and related officers in order to
understand about the health impacts on villagers affected by plastic recycling job.
Water samples were taken to assess the quality of water sources in the village.

3.2 Data collection

The data collection included two parts. The first part was primary data
collection which was collected through household interview and in-depth interview
through the Head of the village and higher authority. The household interview was
conducted by designed questionnaire in aiming to understand villager’s water source,
how labors protect themselves while working and health impacts from the recycling
processes on villagers. The objective of in-depth interview was to determine the local
authority responsibility for the environmental issues in the Minh Khai plastic recycling
village. The second part was water sampling in order to know about the environmental

condition of the village.
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3.2.1 Primary data collection

o Household interview

In data collection process, 34 households were interviewed (Appendix D).
The residents who lived along the river in the village were selected because they have
some agricultural activities on the river such as fishing or growing vegetable.
Therefore, they are primary subjects who were affected by low quality of water source.
In addition, interviewees were people whose deep-dig well water was sampled and
some neighbors nearby in order to assess the effect from plastic recycling processes on
water quality and their health.

Structured questionnaire was used to interview the households. The
structure of the questionnaire was followed some principles in order to minimize
misunderstanding and bias from the respondents. The designed questionnaire
combined 2 parts:

Part 1: Questionnaire for residents in plastic recycling village (Appendix A).
Part 2: To determine the resident’s socio-demographic characteristics (Appendix B).

o In-depth interview

The purpose of in-depth interview was to get information on the
responsibility of the local authority in solving environmental problems occurred from
the plastic recycling activities. The respondents were the staff who worked in Health
Care Center (1 person) and Heads of village and commune (2 people). The in-depth
interview focused on the environmental strategy and policy of the local authority. The
questions aimed to know about their proposal in short-term and long-term as well in
solving environmental issues and providing supports to people to maintain their work
under environmental standard such as environmental monitoring, introduction of

mitigated solution or economic support to improve technology, etc (Appendix C).

3.2.2 Water sampling
The water sample’s positions were shown in appendix D. There were 7
water samples taken:
e Sample 1 and 7: Middle points (by the length) of the natural and newly
irrigated canals which flow nearby the village.

e Sample 2: Lechate from open landfill
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e Sample 3: Deep-dig well water at nearest point from open landfill
e Sample 4: Deep-dig well water within 100 meters from open landfill
e Sample 5: Deep-dig well water within 300 meters from open landfill

e Sample 6: Deep-dig well water within 600 meters from open landfill

3.3 Data analysis

3.3.1 Villager’s health impacts and socio-demographic characteristics

The data was analyzed by descriptive statistics such as percentage. The
information about villager’s health status, their water supply source and the way they
consume water was analyzed to link with the water quality in the village. In addition,
five factors were considered including age, gender, education income and expense.
Such factors affect on people’s the way they do their work and protect their health. For
example, the residents who have higher income may invest their processes with higher
technology. Therefore, their manufacture discharge less waste. For the villagers who
have higher education level, they may likely to have higher perception in protecting
their health. Thus, the relationships between households’ socio-demographic
characteristics, the respondent’s health status and their responses were analyzed to find

out how such factors affect on the health of villagers.

3.3.2 Water sample analysis

The water samples were analyzed at the laboratory of the Institute of
Environmental Technology (IET), Vietnamese Academy of Science and Technology.
Each water sample analysis result was obtained from the average of three time testing.
The analyzed parameters were: field test including: pH, temperature, DO, turbidity,
total coliforms and laboratory test including: BODs, COD, TSS, As, Hg, Pb. Samples
collection and preservation process were followed Vietnamese standard named TCVN
4556-88. The glass bottles were used to store water samples and the volume were 500
ml. These bottles were cleaned and dried at 150°C before using. Before water sample
was taken, the bottles were rinsed by the water which was taken. Surface water

samples were taken at the canals by using bottle holding system. Leachate was taken at
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leakage point of the open landfill. Groundwater samples were taken from the water
pumps which were installed at the deep-dg well. The water samples were preserved in
dark and low temperature environment by sample storage box and transferred to the
laboratory as soon as possible.

For the field parameters, pH and temperature were determined by pH
meter, DO and turbidity were determined by specific equipment. Particularly, the total
coliforms sample was prone to changes during transport and storage and therefore,
there was considerable advantage in field testing for variables by using portable kit.
Almost the portable equipments for field testing for total coliforms were based on the
membrane filtration method which was originally designed for use in the laboratory.
The kit included an integral incubator and rechargeable battery which provided
independence from mains electricity for up to a week. All of these equipments were
available in the Institute of Environmental Technology.

For the laboratory analyzing, the methods were applied to analyze such
parameters are explained below:

e BODs (Biochemical oxygen demand): One of the major factors in
determining the performance of wastewater treatment plants is the BOD reduction that
they achieve. Complete stabilization of a waste by microorganisms requires too long
an incubation period for practical purposes; therefore, the 5-day period has been
accepted as a standard. The 5-day BOD is determined as the total amount of oxygen
consumed by microorganisms during the first 5 days of biodegradation. Samples are
incubated at 20°C in darkness. This prevents algae from adding oxygen to the air tight
bottle (Vietnamese standard: TCVN 6001-95).

Apparatus:

- BOD bottles; 300 ml capacity

- Air Incubator (20°C + 1°C)

- Stir plate, stir bar, ring stand, burette, 200 ml beaker, and burette holder

- 250 ml Graduated Cylinder

- Containment vessel, baking soda, wash beaker, solution beaker, and pipette for
handling concentrated sulfuric acid

e COD (Chemical Oxygen Demand): In the COD test, a strong
chemical oxidizing agent, such as K,Cr,O, is used to oxidize the organics. The



Tuan Minh Nguyen Methodology / 34

primary advantage if COD over BOD is that it is relatively fast, taking 2 to 3 hours,
whereas BOD requires 5 day to complete (Vietnamese standard: TCVN 6491-99).
Apparatus:

- COD reactor with cover and test tube rack

- Spectrophotometer with red plastic filter and phototube for reading within the 600
to 620nm range

- Heat Resistant Gloves

- 1, 25 or 50 ml graduated cylinder

- Pipettes (5 & 10 ml) and pipette bulbs

- 100 ml volumetric flasks

- 50, 100, or 150 ml beakers

e TS (Total solids): A well mixed sample is evaporated in a pre-weighed
dish and dried to constant weight in the oven at 180°C. The increase in weight over the
empty dish represents the total solids. TS are the sum of suspended particle and
dissolved materials in a sample (Vietnamese standard: TCVN 4560-1998).

Apparatus:

- Balance, analytical - sensitive to 0.1 mg

- Oven, 103-105°C and 179-181°C

- Aluminum evaporating dishes (contain > 25 ml)

e Heavy metals (As, Hg, Pb): Metals in solution can be readily
determined by atomic absorption spectroscopy (AAS). This method is a technique
based on the absorption of radiated energy by atoms. The process involves the
atomization of a liquid or solid by use of a flame or furnace. Atomization is the
process by which the molecules in the liquid or solid are broken to form individual
atoms or ions. These atoms (or ions) are capable of absorbing energy when in contact
with a beam of electromagnetic energy. The concentration of an element in the
original sample is proportional to the amount energy absorbed. The atomic absorption
spectrometer measures the amount of radiation absorbed when the atom goes from its
ground state to the its excited state. Many different metals can be measured using
atomic absorption spectroscopy. Since different metals absorb energy at different

wavelengths, analysis for a specific metal will require a source (usually a hollow
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cathode lamp) which emits radiation at a wavelength characteristic of the metal of
interest (Vietnamese standard: TCVN 6496-99).

Apparatus:

- Atomic Absorption Spectrometer

- Hollow Cathode Lamp

- Filter with Filtration Apparatus

- 100 ml and 500 ml Volumetric Flasks
- Pipettes and pipette bulbs
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CHAPTER IV
RESULTS AND DISCUSSION

The plastic recycling job in Minh Khai village contributed to promote
wealthy and living standard for the local community. However, environmental quality
in the village was serious degraded due to untreated waste from plastic recycling
processes. This research aimed to study environmental and health impacts from the
plastic recycling processes in Minh Khai village. The other two objectives are: To
determine the responsibility of the local authority in solving environmental problems
in Minh Khai village and to propose the possibility to improve the environmental
quality in Minh Khai village. Those objectives were achieved and discussed in this

chapter.

4.1 Environmental and health impacts from plastic recycling processes

4.1.1 Environmental impacts

4.1.1.1 Surface water

The two surface water samples were taken in the middle points
(by the length) of the two canals which flows in Minh Khai village as showed in
Appendix D. Sample 1 (position 1)was taken in the natural canal and one more sample
- sample 7 - (position 7) was taken in newly irrigational canal of the village. At the
time when the surface water samples were taken, the water-gates of the canals were
open so it affected on the analytical result. It was because when the water was flowing,

it would have removed some contamination which was accumulated in the canals.
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N
Figure 4.1 Canals in the village

Table 4.1 Surface water sample analytical results

Analytical result Viethnamese
Number | Parameter Unit Sample | Sample standard
1 7 for surface water

1 pH - 8.15 8.30 6.50 — 8.50

2 Temperature °Cc 21.00 20.00 -

3 Turbidity mg/l 21.30 30.00 -

4 BODs mg/l 40.00 64.00 <4.00

5 COD mg/I 56.80 85.00 <10.00

6 DO mg/l 1.83 1.65 >6.00

7 TSS mg/l 58.60 60.00 <20.00

8 Total coliform | MPN/100ml | 8000.00 | 9000.00 <5000.00

9 Hg wl 0.04 0.03 <1.00

10 Pb wl 87.00 99.40 <50.00

11 As wl 5.60 2.30 <50.00

The result in Table 4.1 showed that most parameters exceeded the

Vietnamese standard for surface water. DO was less than standard about 3 times.

Especially, the BODs and COD were higher the standard over 10 times and over 5

times, respectively, as shown in Figure 4.2 below:
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Figure 4.2 BODs and COD results from surface water samples comparing to standard

The reason was that in the plastic recycling processes, the wastewater from

used plastic washing stage was discharged directly to the canals including organic and

inorganic compounds in used bottles and plastic bags. TSS parameter also can not

meet the standard due to the particles which were remained from the materials in

plastic recycle processes (Table 4.1). Coliform parameter from sample 1 and 7 were

higher than standard 1.6 and 1.8 times respectively, as shown in Figure 4.3 below:
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Figure 4.3 Coliform results from surface water samples comparing to Vietnamese standard

For the heavy metal, both Hg and As were lower than the standard. Only

the Pb was higher than standard 1.8 times, as shown in Figure 4.4. Pb problem might
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come from the input material of plastic recycling processes. Manufactures recycled the
used battery case which still remains Pb. When the plastic producer washing and
grinding, the Pb will be washed into wastewater and drained to the canals in the
village. Although, 100% of interviewee claimed that they do not use the surface water
in the village for any purpose, such contaminants can be transferred by the canals to
other areas where people consume surface water for daily demand or grow fish and

vegetable.
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Figure 4.4 Pb results from surface water samples comparing to Vietnamese standard

4.1.1.2 Leachate

The leachate sample was taken in the open landfill of the
village (position 2 in Appendix D). Similar to surface water, almost parameters were
higher than the standard except the Hg and As (Table 4.2). TSS was higher than
standard about 3 times. DO was less than standard 2.4 times. BODs and COD are
about 2.5 and 2 times, respectively compare to standard. The leachate also had
problem with Pb parameter which was higher than standard 1.45 times. Leachate
including Pb can permeate through the soil and pollutes groundwater which is the

fresh water source of the villagers.



Tuan Minh Nguyen

Table 4.2 Leachate sample analytical results

Results and Discussion / 40

Number | Parameter Unit Analytical | Vietnamese standard for
result industrial wastewater
1 pH - 6.9 6.0-9.0
2 Temperature °Cc 23.0 40.0
3 Turbidity mg/l 30.0 -
4 BODs mg/l 83.0 <30.0
5 COD mg/I 90.0 <50.0
6 DO mg/I 2.5 >6.0
7 TSS mg/l 153.6 <50.0
8 Total Coliform | MPN/100ml 5000.0 <5000.0
9 Hg W/l 0.2 <5.0
10 Pb u/l 145.0 <100.0
11 As w1 14.0 <50.0

4.1.1.3 Deep-dig well water

Deep-dig well water is the fresh water source of 100%
residents in Minh Khai village. Villagers hired the technician to dig the well in the
house precinct. The depth of the well is about 40-50 meters. After the well was dug,
they installed water pump to pump out groundwater for their daily consumption. There
are 4 deep-dig well water samples were taken (Appendix D). Table 4.3 below shows

analytical result of the water samples:

Table 4.3 Deep-dig well water sample analytical results

_ Analytical result Vietnamese
Parameter | Unit Sample | Sample | Sample | Sample | Standard for
3 4 5 6 groundwater
1|pH - 7.8 7.5 7.3 7.7 6.5-8.5
2 | Turbidity mg/I 3.4 5.3 4.1 3.2 -
3 | BODs mg/I 35 4.0 4.5 3.8 -
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Table 4.3 Deep-dig well water sample analytical results (cont.)

_ Analytical result Vietnamese
Parameter | Unit Sample | Sample | Sample | Sample | Standard for
3 4 5 6 groundwater
4 | COD mg/| 5.2 4.8 5.6 5.1 -
5| TSS mg/| 4.3 5.70 6.1 4.8 750.0-1500.0
_ MPN/
6 | Total Coliform 0 0 0 0 <3.0
100ml
7 | Hg wi 0.03 0.05 0.04 0.06 <1.0
8| Pb wi 127 139 143 139 <50.0
9| As wi 31 5.4 3.6 3.2 <50.0

Almost parameters met the Vietnamese standard for groundwater. None

of problems with As and Hg were found. Only Pb in groundwater from 4 samples was

higher than standard from over 2 times to nearly 3 times, as shown in Figure 4.5:

{ 139 143 139
127 I I I

Sample 3 Sample 4 Sample 5 Sample 6

—— Standard

Figure 4.5 Pb results from groundwater comparing to Vietnamese standard

Pb remained in the used battery case which was input of plastic

recycling process, might polluted groundwater. Four ground water samples were taken
in different distance from the open landfill of the village. Sample 3 was taken at the

nearest point and sample 6 was the furthest with 600 meters distance (position 3t0 6 in
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Appendix D). Therefore, the different distance of taken samples showed no
significance to the Pb parameter results. The Pb problem is the important point which
was withdrawn from the water sample analysis. Daily consumption of polluted
groundwater by villagers might cause the accumulation of Pb in their bodies. In
situation of about 20-year of plastic recycling development, long-term health effects
due to using Pb contaminated water may be occurred.

In conclusion, the water sources in Minh Khai village were polluted
because of waste from plastic recycling processes. Surface water had problems with
organic and inorganic compounds due to waste remained in used plastic which was
material for recycling. Both groundwater and surface water were polluted by Pb which
might come from the used battery case which was recycled by producers. There was
another Pb pollution source in a lead recycling village in Van Lam district. This
village was over 20 km from Minh Khai village (Appendix E). However, a research
which was conducted in 2004 shown that there was no problem with Pb pollution in
groundwater of that lead recycling village (Nguyen, 2005) and lead recycling job was
banned by the district committee from 2004 due to serious environmental pollution.
Therefore, groundwater in Minh Khai village was probably contaminated by Pb which

was from plastic recycling processes.

4.1.2 Health impacts

There were 34 households and 3 government officers were interviewed.
The positions of households who were interviewed were shown in Appendix D and the
result of questionnaire was shown in Appendix F. The question and survey focused on
understanding the water source for villager’s consumption, their health status, working
condition of the labors and how they protect themselves when working.

Waste from plastic recycling manufacture has been affected seriously on
the environment and health of the villagers. High volume of wastewater, including
organic contaminants which are easily decomposed, discharged directly to the sewer
systems and canals in the village. Surface water of the canals in the village was
polluted and became latent source of diseases and created a good habitat for insects to
grow up and transmitted diseases to people. According to the survey, about 27-30% of

village’s population often got digestive disorder; 13-15% often got trachoma.
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Epidemic diarrhea also occurred among community due to exceeding of total coliform
parameter compare to standard in the surface water.

The working condition of the labors was not sufficiently safe. Workshop
and warehouse were constructed in house area so the labors have to work in cramped,
unventilated, hot and noisy condition. They were exposed directly with noxious gas,
heat, fume and dust because environmental treatment systems were not installed in any
workshop. In addition, the working intensity of plastic recycling job was higher than
general labors in other rural areas. They worked for almost 11 months a year, about
25-26 days per month and 8-10 hours per day. The labors also did not yet possess any
healthcare system and social insurance which were their basic right as stipulated in the
Labor Law. Working without writing labor contract, if the accident at work happens,
the labor will not receive their relevant compensation from employer and has to be

responsible for the consequence by their own.
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Figure 4.6 Disease kinds and rate of labor

According to the data from the Health Center of the village in 2006
(Figure 4.6), 40.5% of labors in the village often faced with rhinitis, 48.3% had
problem with respiratory disease, and 30.2% was declined hearing ability. Especially,
there were 3-4 cases of cancer each year in the village.
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Besides, the awareness of the labor was an issue. Many households did not
provide protective equipments for the labor or if had, the labor did not have perception
and tendency to protect their health. Their awareness of permanent working discipline
and environmental protection are low. Only about 30% of the labors wore comforter

and glove while working and nobody wore protective uniform or mask.

Figure 4.8 Labors working without protective equipments

According to the data from the Health Center in 2007, the percentage of
people who got diseases in Minh Khai village is higher than other common
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agricultural villages about 20-25%. The rate of children and women who got diseases
(respiratory diseases, bronchitis, pneumonia in children and gynaecological disease in
women) is about 37-45% of the population. Figure 4.8 below shows the life span of

villagers compare to common Vietnamese.
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Figure 4.9 Life span of villagers compare to common Vietnamese

Life span of the villagers is low, about 60.3 years old, especially life span
of male is 52.5 years old compare to 71.6 years old of Vietnamese life span
(Department of Statistic in 2008).

Currently, 100% interviewed householder use groundwater for their daily
consumption. As showed earlier, the underground and surface water were polluted
with Pb and this contaminant can be accumulated into the food chains and then into
human body. In addition, Pb from surface water and leachate can permeate through the
soil and pollute the groundwater. When the soil is eroded, Pb will be released to the air
and exhaled by human and other animals. Although, none clear evidence of disease
appearance which link to Pb poison but in long time of Pb-polluted water
consumption, it might cause health problems to the villagers. Pb is highly toxic to the
human body and studies of population with known exposures to Pb have not resulted
in finding a safe exposure level.

Therefore, the waste from plastic recycling processes in Minh Khai village
contaminated the environment and affected on villager’s health. Surface water was
polluted by wastewater and became transmitted disease source. Labor worked under
unsafe condition and got effect on their health such as rhinitis and respiratory
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problems. The rate of people who got disease in Minh Khai village was higher than
other common villages; especially life span of the villagers was significant lower than
normal Vietnamese. In addition, consumption of Pb-polluted water by villagers was an
important concern and needed to be solved.

4.2 Responsibility of the authority in solving environmental problems

4.2.1 Overview of current national strategies to protect environment
in craft village

Two Heads of Minh Khai village and VVan Lam district respectively were
interviewed in order to understand the strategy and environmental regulation which
were applied in protecting environment in craft village.

Craft villages indeed integrated small scale industry and rural economy.
Therefore, the central government has had strategies regarded the development of
small scale industry and business in the rural area. These strategies focused on the
important role of long-term advancement of the rural area in national economy. For
instance, Decision N0.132/2000/QD-TTg signed by the Prime Minister on 24"
November 2000 encouraged the development of the business in rural area and aim to
create more opportunity and increase the income of rural community. According to
this Decision, rural activities in generally and craft business in particularly are given
priority of economy, tax, investment and capital toward sustainable development
accompanied preservation of traditional culture and protection of the environment.

However, up to present, there was not any decree which particularly
specified environmental management and protection strategies to craft village
development. The lack of specified decree from the central government could be
explained by two reasons. Firstly, craft village currently was not particular object of
state management. It was under the local management level and in form of rural small
scale industry. Secondly, size and scope of manufacturing of craft village was small
before period of economic reform (known as Doi Moi policies). Business of craft
village was rapidly expanded by the turning to open market mechanism of the country

after 1990. Growth of producing scale in craft village leaded to the increasing of
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environmental pollution by solid waste, wastewater and air emission. With every
passing day, accumulation of environment problems is increasing because lack of
concrete environmental protection strategy and management. Some concerned
ministry, such as Ministry of Agriculture and Rural Development, promulgated
official management documents somewhat referred to environmental protection
stipulations in rural area. These documents encourage craft activities toward applying
new technology or conserving material and energy in producing process.

Therefore, currently there were no specified policies to protect the
environment in craft village. The environmental standards which were sufficient for
the craft village were not established yet. These issues made difficulties for related
organizations and authorities to execute the environmental regulation or implement

environmental management in craft village.

4.2.2 Role and responsibility of different authorities in craft village’s
environmental management

Plastic recycling manufactures in Minh Khai village were indeed major
involved in environmental pollution. However, the weak environmental management
performance from the authorities contributed to make environmental problems became
more serious. Result from interviewing the Head of Van Lam district showed that
environmental management roles in craft village of different authorities were unclear
and complicated.

Currently, Department of Natural Resources and Environment had to take
major responsibility for environmental management in rural area at provincial level
and co-operated with Animal Health and Department of Agriculture and Rural
Development to perform environmental management. However, Animal Health and
Department of Agriculture and Rural Development passed their responsibilities to
Center of Fresh Water Supply which is partly involved in environmental management.
Therefore, the primary function of such offices was not environmental management.

In addition, provincial authority often passed environmental management
mission to district level, and then officers at district level passed through commune

level to perform environmental management. In commune level, no section bears
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responsibility to monitor waste from plastic recycling processes and environmental
condition in the village.

Eventually, the responsibility to carry out environmental management was
not bounded and specified. None of offices actually took responsibility for
environmental pollution in the village. Environmental functions of such levels were
overlap, insufficient and inflexible. Due to lacking of specified environmental
management sections at district and commune levels, it was not feasible to solve
environmental problems in craft village. To enhance environmental condition in the
village, the offices which primary objective is environmental management should be
established in commune and district levels and the related offices need to accept more

responsibility for reducing pollution and help to solve current environmental problems.

4.3 Propose possibility to improve the environmental quality

4.3.1 Environmental awareness program

As showed earlier, craft villages had been given economic priority by the
government but they were developing in improper ways. Although, results from the
interview showed that the residents in Minh Khai village recognized the degradation
of their environment such as surface water pollution, they did not have perception to
protect their own habitat and living condition. Environmental awareness was barrier to
solving environmental problems in the village.

Therefore, awareness campaign and environmental programs are one of
keystones to improve the environment in Minh Khai village. These programs provide
villagers basic knowledge and awareness of the importance to protect their living and
working habitat. In aiming to help villagers understand the foremost objective of
environmental protection is to secure their own living and healthy condition,
educational programs should focus at following point: All of daily activities such as
living and working are taken place in village’s environment, therefore ensuring a clean
living environment help villagers to achieve a healthy life and disease limitation.
Beside economic benefit, manufactures must be aware of their responsibilities to

protect environment. Villagers should positively participate environmental campaign,
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improve the hygiene condition in the village by attending following activities (Table
4.4): Ensuring tidy workshop, household area and outside lanes of the village,
dredging and unblock sewage system periodically, collecting and discharging waste at
proper point where is set up by community and participating environmental programs

which are held by community or other related organizations

Table 4.4 Proposal activities for villager to improve environmental condition

Activities Crogl who_ t_)ear Jestroent Expected outcome
responsibility source
Cleanin - Tidy and clean
g workshop, house area
workshop,
h Households and . and road
ousehold area family’ Villagers Red hvaieni
and outside amily’s members - Reduce unhygienic
Y I working and living
condition
| - Clean sewage system
Diedging ang : - Villagers - Reduce flood
unblock - Community i ] .
X Support from | - Reduce transmitted
Sefiage systeii LR commune disease by fly and
periodically mosquito
| - Reduce
Wastey - CONIERY - Villager’s environmental
collection and | - Youth Union ibuti luti
discharge contribution pollution _
- Clean village habitat
- Community - Support from | - Improve
Participatin - Youth Union commune environmental
Icipating - Woman Association | - Support from | awareness of villagers
environmental ! .
f00rams - Commune radio other related - Build up movement
prog station offices and of environmental
- Elder’s Association | organizations | protection

The Elder’s Association, Youth Union and Head of village play important
roles in such activities. In fact, the elders often take the lead to organize environmental
sanitation, through doing this they also remind their descendants to maintain
sanitation. The Youth Union is the most effective group in collecting waste, cleaning
drainage system and holding environmental events. The Head of village supervises
and encourages villagers to take part in environmental protection.  Authority in

Commune level must demonstrate administrative functions that include environmental
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management and actively support and speed up the promotion of environmental

programs and awareness campaigns.

4.3.2 Management solution

As shown earlier, there were no environmental sections in commune and
district levels therefore commune’s committee must establish specified sections for
environmental protection. To improve environmental quality in Minh Khai village,
tightly integration among authority levels should be carried out. In local level,
commune authority should be the key in the environmental management system
because they have the ability to track and monitor the manufactured activities
frequently in the village. Roles of different authority levels in managing and
controlling environmental protection include:

- Organizing and ensuring environmental hygiene through environmental
activities in responsible area

- Supervising and speeding up environmental activities

- Instructing and propagating to villagers about environmental hygiene activities

- Consulting to other higher authority

Figure 4.9 shows the mechanism of different authority levels to manage

and control the environmental protection.
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Commune’s committee

Environmental management
officer (commune level)

Other section (economy,
construction, irrigation,

education, etc)

Village’s committee
Environmental management
group (village level)
Household association
A 4 A4 A\ 4 A 4
Agricultural Small Medium Company and
household manufactured manufactured enterprise
household household

Figure 4.9 Model of environmental management system in Minh Khai village

Lacking of concrete mission and responsibility of each party causes

inefficiency in performing environmental management. Therefore, this proposal model

aims to specify the responsibility and objective of each official level. Following this

proposed model, the functions of different official levels are listed below:

e Commune’s committee:

- Promulgate normative acts about environmental protection

- Guide and track performance of environmental regulations in commune scale

e Environmental management officer:

- Carry out and take responsibility to help commune’s committee to deploy

environmental programs

- Consult to commune’s committee in setting up environmental normative documents
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- Joint plan environmental projects and other developed program of the
commune in short and long term

- Co-operate and assist other sections such as economy, construction, irrigation
and education to propose environmental programs

- Co-operate with environmental management group in the village to supervise
and track the efficiency of environmental programs and regulations performance

- Report and comment periodically to commune’s committee about the
performance and efficiency of environmental plans
e Village’s committee:

-Head of the village take responsibility of environmental management
performance in village scale

- Establish environmental group to supervise the performance of environmental
programs in the village

- Co-operate with other village to organize environmental hygienic agenda

- Approve and consider the upgrading progress, such as produced scale and
workshop expansion, of manufactures
e Environmental management group:

- Concretize the enforcement of environmental regulations and programs in the village

- Assign specific officer to supervise and track environmental performance in
the village

- Supervise and track the performance and efficiency of environmental plans in
the village

- Participate and promote environmental campaign and awareness in the village

- Report and comment periodically to committee’s environmental officer of
about the performance and efficiency of environmental plans
e Household association:

- Organize and remind manufactures to perform following environmental
hygienic programs and regulations

- Concretize and encourage villagers to participate environmental programs in
the village

- Participate and promote environmental campaigns and awareness in the village
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-Report and comment periodically to village’s committee about the
performance and efficiency of environmental plans
e Manufactures:
- Establish working regulations to protect hygiene and environment in the workshops
- Schedule workshop cleaning and checking

- Participate and promote environmental programs in the village

4.3.3 Industrial area planning

Through observation and interview in data collection process, it was seen
that craft in Minh Khai village is expanding in scale and capacity meanwhile the
village was overloaded by manufactured and living activities. Input material was
overwhelmed in family area and directly affected on villager’s living condition.
Environment was polluted due to untreated waste from plastic recycling processes.
Even manufactures wanted to construct the waste treatment system; they did not have
enough space and could not bear the cost individually.

To achieve development demand for plastic recycling and reduce
environmental burdens, craft activities must be congregated and planed to advance to
be industrial area where is separated from residential area. According to the survey,
Nhu Quynh commune where Minh Khai village is located has already proposed a
ground to construct the industrial area for plastic recycling manufacture. Industrial
area provides manufactured space, infrastructures such as water supply,
communication system, transportation, electricity and waste collection and treatment.
Producer can rent space and shift their workshops out of living area. The advantages of
upgrading to be industrial area are listed below:

- Improve labor capacity by rearranging produced processes

- Create advantageous conditions for manufacturers to expand workshop
scale and apply new technology

- Decrease material and product transportation burden by workshop
congregation and rearrangement

- Separate manufactured and living area therefore reduce health effect

from plastic recycling processes on villagers
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- Reduce environmental pollution and waste treatment expense by one-
point waste collection and treatment

- Improve land using capacity

- Develop craft village toward government strategy and make it possible to
apply environmental laws to industrial area

The capital of the project can be achieved from following sources:
preferential loan and support from national and provincial budget because the state
strategy encourages the advancement of craft village to industrial area. Contribution
from manufactures also is a capital source. Results from interview showed that most
manufacturers accepted to move to the industrial area because they can expand their
job scale and do not have to contact with waste in all daily activities.

Industrial area will include some basic construction sections such as:
workshops and warehouses for plastic recycling process, office building and services,
waste collection point and wastewater treatment plant.

Wastewater treatment plant is generally designed in order to ensure that
discharged water from industrial area could meet the Vietnamese standard for
industrial wastewater. Wastewater from all recycling processes is collected by
drainage system and firstly passed through screener, in order to remove big size solid
waste including in wastewater such as rags or gloves. Then, wastewater is treated by
passing through following stages: equalization, flocculation, primary and secondary
sediment. Chemicals which is used to adjust appropriate pH is NaOH or Ca (OH)..
Sludge from all processes is discharged to the sludge tank and periodically pumped to
drying ground. Dried sludge is disposed properly by environmental company.

Ventilation systems are installed in the workshops in order to collect air
emission from plastic recycling processes. After that, air emission is treated by passing
through absorb tank to remove contaminant gas. The existed open landfill in the
village must be closed because it was a serious environmental pollution source and
was spontaneously built without any standards. Solid waste and rejected material from
plastic recycling processes are collected, transported to waste collection point and
periodically disposed by environmental company. When the industrial area is
operated, environmental monitoring program is conducted two times per year to

ensure the environmental condition.
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CHAPTER V
CONCLUSIONS AND RECOMMENDATIONS

This research aimed to study environmental and health impacts of
plastic recycling processes in the case of Minh Khai village, Nhu Quynh commune,
Hung Yen province, Viet Nam. The craft in Minh Khai village significantly
contributes to promote the wealthy and living standard for the villagers. Nevertheless,
the villagers have to be facing with serious environmental pollution due to waste from
plastic recycling processes. This chapter summarized the findings of the research
following posed objectives and the recommendations in order to improve further

research.

5.1 Conclusions

5.1.1 Environmental and health impacts from plastic recycling processes
5.1.1.1 Water quality condition
Wastewater from plastic recycling process in Minh Khai
village was directly discharged and polluted surface water. Most of the parameters
were exceeded the Vietnamese standard for surface water. Especially, the BODs and
COD, which were 64 and 85 mg/l, were higher than the standard over 10 times and
over 5 times, respectively. TSS parameter also cannot meet the standard due to the dirt
which was remained from the materials in plastic recycle processes. Coliform
parameter from two surface water samples, which were 8000 and 9000 MPN/100ml,
were higher than standard 1.6 and 1.8 times respectively.
Similarly, lechate sample which was taken from open dump landfill in
Minh Khai village was polluted. TSS parameter was higher than standard about 3
times. BODs and COD are about 2.5 and 2 times, respectively compare to standard. In

addition, the leachate had problem with Pb parameter, which was 145 p/l, was higher
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than standard 1.45 times. Leachate including Pb can contaminate through the soil and
pollutes groundwater which is the water supply source of the villagers.

Currently, deep-dig well water is the only water supply source of 100%
residents in Minh Khai village. Results from 4 groundwater samples showed that most
parameters except Pb met the Vietnamese standard for groundwater. The concentration
of Pb in groundwater from 4 samples was higher than standard from over 2 times to
nearly 3 times. Pb remained in the used battery case which was input of plastic
recycling process might contaminated water source. Daily consumption of polluted
groundwater by villagers might cause the accumulation of Pb in their bodies and long-
term health effects caused by consuming Pb contaminated water may be occurred.

5.1.1.2 Health impacts

Waste from plastic recycling manufacture has been affecting
seriously on the environment and health of the villagers. High volume of wastewater
were discharged directly to the sewer systems and canals in the village and caused
latent source of transmitted diseases. According to the survey, about 27-30% of
village’s population often got digestive disorder; 13-15% often got trachoma.
Epidemic diarrhea also occurred among community.

The working state of the labors was a concern. Labors worked in cramped,
unventilated, hot and noisy condition and have to exposed directly with noxious gas,
heat, dust and fume because air emission control systems were not installed in any
workshop. Working intensity of plastic recycling job was higher than general labors in
other rural areas. They worked for almost 11 months a year, about 25-26 days per
month and 8-10 hours per day. The labors also did not yet possess any healthcare
system and social insurance which is their basic right as stipulated in the Labor Law.
According to the data from the Health Center of the village, 40.5% of labors in the
village often faced with rhinitis, 48.3% had problem with respiratory disease, and
30.2% was declined hearing ability. Especially, there were 3-4 cases of cancer each
year.

Awareness of the labor was an issue. Many households did not provide
protective equipments for the labor or if had, the labor did not have perception and
tendency to protect their health. Only about 30% of the labors wore comforter and

glove while working and nobody wore protective uniform.
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The percentage of people who got diseases in Minh Khai village is higher
than other common agricultural villages about 20-25%. The rate of children and
women who got diseases (respiratory diseases, bronchitis, pneumonia in children and
gynaecological disease in women) is about 37-45% of the population. Average age of
death of the villagers is low, about 60.3 years old, especially average age death of
male is 52.5 years old compare to 71.6 years old of Vietnamese average age of death.

In addition, the underground and surface water were polluted with Pb and
this contaminant may go into the food chains and accumulate in human body.
Moreover, Pb from surface water and leachate might contaminate through the soil and
when the soil is eroded, Pb will be released to the air and exhaled by human and other
animals. Although, there were not clear evidences of disease appearance which link to
Pb poison but in long term of Pb- polluted water consumption, it might cause health

problems to the villagers.

5.1.2 Responsibility of the authority in solving environmental problems

The central government has had strategies regarded the development of
small scale industry and business in the rural area. These strategies focused on the
important role of long-term advancement of the rural area in national economy.
However, up to present, there was not any decree which particularly specified
environmental management and protection strategies to craft village development due
to craft village currently was not particular object of state management. In addition,
size and scope of manufacturing of craft village was small before period of economic
reform (known as Doi Moi policies). Lack of concrete environmental protection decree
and environmental protection strategy contributed to increase environment problems in
craft village.

Certainly, manufactures in Minh Khai village are involved in environmental
pollution. Consequently, community has to suffer health impacts and living condition
deterioration and bear primary responsibility of environmental pollution. However, the
weak environmental management performance from the authority contributes to make
environmental problems become more serious. Responsibility of different authority
levels was unclear. Functions of concerned offices were overlap, insufficient and

inflexible. In addition, without specified environmental management sections at
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district and commune level, it is not feasible to solve environmental problems in craft

village.

5.1.3 Propose the possibility to improve the environmental quality

5.1.3.1 Environmental education program

Environmental problems in Minh Khai village were partly
contributed by low awareness of villagers. In aiming to help villagers understand the
foremost objective of environmental protection is to secure their own living and
healthy condition, awareness campaign and environmental educational programs
should be conducted. In order to achieve participation of villagers in environmental
activities and programs, poster or brochure should be designed and allocated to the
villagers. Elder’s Association, Woman Association and Youth Union are key teams in
propagative campaign. The authority in commune level must actively support and
speed up the promotion of environmental programs and awareness campaigns.

5.3.1.2 Management solution

To improve environmental quality in Minh Khai village,
tightly integration among authority levels should be carried out. Minh Khai village and
Nhu Quynh commune have to have specified sections for environmental protection. In
local level, commune authority must be the key in the environmental management
system because they have the ability to track and monitor the manufactured activities
frequently in the village. Function and responsibility of each authority levels must be specified.

5.3.1.3 Industrial area planning

To achieve development demand for plastic recycling and
reduce environmental burdens, craft activities must be congregated and planed in
advance to be industrial zone where is separated from residential area. Industrial area
provides manufactured space, infrastructures such as water supply, communication
system, transportation, electricity and waste collection and treatment. The owner of
recycling business can rent space and shift their workshops out of residential area. By
upgrading to industrial area, labor productivity is improved therefore increase income
of manufactures by rearranging produced processes. In addition, environmental

pollution is reduced due to one-point waste collection and treatment.
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5.2 Recommendations

5.2.1 Limitations of the study

The data collection process including interview and water sample analysis
were performed within 1 month from December, 2008 until January, 2009, the water
qualities were just only one time and might not be the whole representative of water
quality. However, it is a clue that there is some contamination caused by the recycling
plastic processes. Besides the study of water quality, it was difficult to get information

from villagers because they were afraid of the negative impacts on their work.

5.2.2 Recommendations for this study

The environment in Minh Khai plastic recycling village was polluted by
waste from plastic recycling processes. Consequently, villagers have to suffer adverse
health impacts. The finding of this research showed the weaknesses in performing
environmental management in craft village which are: low environmental awareness
of villagers, unclear responsibility and mission of different authorities in
environmental management, lacking of long term strategy and policy for craft village
development. These weaknesses also are common issues in other craft villages in the
province. Therefore, state and provincial authorities should promptly reconsider and
address these weaknesses by propose macro plan and specify the implementation of
environmental management to sustain the environment in craft villages. Some initial
solutions for state level to achieve better environmental performance in craft village are:

- Revise, improve and strengthen the legal regulations, strategies and
policies of craft village development toward sustainable way.

- Inspect, monitor and enforce the performance of environmental laws.

- Apply incentives, economic tools and new technology

5.2.3 Recommendations for further study

In order to develop this study, future research should be conducted:

- Comprehensive health impact assessment of the Minh Khai villagers
and nearby residents.

- Lead concentration in blood of labors in Minh Khai village.
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- Lead concentration in groundwater in Minh Khai village and nearby areas.

- The plume of lead contamination in Minh Khai village area and
remediation proposal.

- Alternative source of water supply or design of water treatment plant.

- Environmental impact assessment in different types of craft villages in
Viet Nam.
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APPENDIX A
PART 1: QUESTIONNAIRE FOR RESIDENTS
IN PLASTIC RECYCLING VILLAGE

1 | What is your domestic water source?(please specify the using purpose)

| Surface water L] Drilling-well
; [l Shallow-well )
(rivers, canals nearby) (deep-dig well)
1 Rain water (] Bottled water [l Others (specify)

2 | What is your drinking water source?

1 Asabove L] Others (specify)

3 | How much you pay for the water consumption per month?

For water supply.......

For drinking water.......

4 | Do you think that the surface water in your community is polluted?

[ “Yes [l No

5 | If “Yes”, how do you know?

] Bycolor [ 1 Bysmell 1 By turbidity

[l Others (specify)
6 | If “Yes”, when did you know?

7 | Do you have any problem with the quality of supplied water?

'] Yes '] No

8 | If “Yes”, what kind of problem?

(1 Color (] Smell [l Turbidity

[l Others (specify)

9 | If “Yes”, when did you have that problem?
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10 | If the supplied water source is polluted, how do you solve before using?
11 | How long have you been working in plastic recycling village?
12 | Do you wear any protective equipment while working?
L] Yes (specify) ] No
Do you use surface water around the village for any purpose? If “Yes”, please
13
specify.
] No L] Swimming L] Washing
| Bathing |1 Growing vegetable ||  Fishing
| Others (specify)
14 | If “Yes”, how do it affect on your health?
15 | Do you consume the fish from the rivers, ponds and canals nearby?
[l Yes (specify how often) L] No
16 | Do you have any health problem?
(] Yes ] No
17 | If “Yes”, please specify:
What is the problem......
How long......
How often......
18 | How often do you do you check health?
19 | Who is responsible for the health check cost?

[T Myself L] Government [l Others (specify)
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PART 2: VILLAGER’S SOCIO-DEMOGRAPHIC

CHARACTERISTICS

Family ] Income Expense
Age Gender | Education level
members (per month) | (per month)
1

2
3
4
5
6
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APPENDIX C
IN-DEPTH INTERVIEW DRAFT QUESTION
FOR LOCAL AND COMMUNE AUTHORITY

1. Do the government or other organizations have the environmental
monitoring program for the plastic recycling village? Please, specify:

- If“Yes”, how about the result and when?

- If“No”, why?

2. What have the government done to mitigate environmental problems in
the plastic recycling village?

3. What are the policies, strategies or plans of the government in short-
term and long-term to solve environmental problems in the plastic recycling village?

4. What regulations, initiatives or programs can be undertaken to support

the plastic recycling village?
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APPENDIX D
WATER SAMPLING AND HOUSEHOLD
WHO WERE INTERVIEWED POSITIONS
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APPENDIX E
PLASTIC RECYCLING AND
LEAD RECYCLING VILLAGE POSITION
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APPENDIX F

SURVEY RESULT
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Number Description Unit Quantity Per((:(()e/zl)tage
1 Number of interviewed Household 34 100
households
2 Number of interviewed Person 3 100
officials
3 Gender
o Male Person 22 64.7
o Female Person 12 35.3
4 Age
o 20-29 years Person 5 14.7
o 30-39 years Person 18 52.9
o 40-49 years Person 8 23.5
o >b0 years Person 3 8.8
5 Educational level
o Under high school Person 4 11.8
o High school Person 30 89.2
o Bachelor Person 0 0
6 Income
o <2 MilVND Person 29 85.3
o 2-4 Mil.VND Person 5 14.7
o >4 Mil.VND Person 0 0
7 Domestic water source
o Deep-dig well water | Household 34 100
o Shallow well water Household 0 0
o Surface water Household 0 0
o Rained water Household 0 0
o Bottle water Household 0 0
8 Drinking water source
o Deep-dig well water | Household 34 100
o Surface water Household 0 0
o Rained water Household 0 0
9 Aware that surface water is Person 34 100
polluted
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SURVEY RESULT (cont.)

Number Description Unit Quantity Per((:(()e/::)tage
10 Aware that surface water is
polluted by:
o Color and smell Person 29 85.3
11 o Color, smell and Person 5 14.7
turbidity
o <1year Person 7 20.6
o 1-5years Person 22 64.7
o >5years Person 5 14.7
12 Treated method for drinking
water
o Water filter Household 30 88.2
equipment
o Bail Household 4 11.8
13 Wearing protective
equipment
o Comforter and glove | Person 10 29.4
o Protective uniform Person 0 0
o Mask Person 0 0
o None Person 24 70.6
14 Working time
<2 year(s) 4 11.8
2-4 years 29 55.9
5-9 years 8 23.5
>10 years 3 8.8
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