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Agent Orange, which was used in southern Vietnam, is confirmed the main source

of dioxin exposure in Vietnam. Since early 1990s, agriculture of Vietnam has attained

advances under intensive cultivation. Both production and yields per crop have increased

significantly at the farm level, but the quantity of pesticides used in agriculture also

increased in the absence of regulations and good practices. Illegal business of pesticides

with false labels, as well as marketing of expired or poor quality products in stores

without license are popular in Vietnam. Misuse and improper use in agriculture in

Vietnam has led to a variety of problems, such as environmental pollution (including

food producing animals) and adverse health impact on animals and humans. Open

dumpsites worsen the general scenario. Similar to the environmental exposure,

human exposure to DDT in Vietnam was ranked among the highest worldwide, with

recognized effects. Exposed communities have to face birth defects, health disorders

and non-communicable diseases (NCDs), from metabolic syndrome, asthma, infertility

and other reproductive disorders through to diabetes, obesity, cardiovascular and

neurodegenerative diseases, and cancer. A common feature of many chronic disorders

and NCDs is metabolic disruption: environmental chemical factors disturb cellular

homeostasis, thus affecting the ability of the body to restore a functional internal

environment. Among these, endocrine disrupting pesticides can interfere with the

action of hormones including metabolic hormones, and are likely to represent the main

concern for developmentally-induced NCDs. Since pesticides are often persistent and

bio-accumulate in the food chain through the living environment of food-producing

organisms, this paper discusses relevant aspects of risk assessment, risk communication

and risk management.

Keywords: Vietnam, pesticides, one health, exposure, metabolic syndrome, risk analysis

EPIDEMIOLOGICAL TRANSITION IN VIETNAM

The mortality rates of Vietnam is no high as other economically developing countries
in Southeastern Asia, and mortality indicators suggest that Vietnam is experiencing an
epidemiological transition (Huong, 2006; WHO, 2012, 2014). The WHO (World Health
Organization) country profile reports the non-communicable diseases (NCDs) accounting for 75%
of all deaths in Vietnam (WHO, 2012). Changes in Vietnamese population follow two main drivers
(Hoa et al., 2012):
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I Geographic distribution and social characteristics due to
socioeconomic development and rapid urbanization.

II Demography, because of declining birth rate, longer life span
and the transition in causes of death.

In 2002 the Vietnam’s Prime Minister ratified with Decision
77/2002/QD-TTg for the first time that Vietnam would have a
National Target Program for the prevention and control of NCDs.
Besides other factors like genetics, changes in diet, physical
exercise, stress, and aging, nutritional status and exposure
to environmental dietary chemical factors, especially during
development, affect health (Frazzoli et al., 2009). With regards to
nutrition security, the Vietnamese Food based dietary guidelines
(FBDGs) have been developed in Vietnam in 1995 and revised
every 5 years (Hop et al., 2011).

As far as food safety is concerned, besides foods of vegetable
origin, one should consider how with the development of
semi-intensive rearing and the small food-processing industry,
toxicants exposure transmittable by farm animal to humans
may represent a new aspect of foodborne zoonoses (Frazzoli
and Mantovani, 2010). Indeed, the development of an intensive
rearing and processing industry introduces new and multiple
risk factors, with the use of chemicals, as well as biological and
pharmacological aids in animal productions, that call for risk
assessment and management (Mantovani et al., 2015). In this
scenario, the control programs of foods should develop around
a food safety framework, based on new production chains, new
exposure patterns, and disease scenarios. In fact, developmental
exposure to environmental chemical factors may increase the risk
of adverse pregnancy outcomes and impact on the programming
of neurologic, metabolic, immune and reproductive functions,
with major consequences on the risk of a variety of health
disorders and NCDs in adult life, from metabolic syndrome,
asthma, infertility and other reproductive disorders including
puberty disturbances through to diabetes, obesity, cardiovascular
and neurodegenerative diseases, and cancer (Costa et al., 2008;
Van Der Mark et al., 2012; Mostafalou and Abdollahi, 2013;
Tomar et al., 2013; Chevalier and Fénichel, 2014; Fucic and
Mantovani, 2014; Jaacks and Staimez, 2015; Khalil et al., 2015).
In this frame, according to the International Academy of
Ecology and Environmental Sciences (Wenjun et al., 2011), the
outbreak of cancer and other serious chronic diseases on a global
scale (but especially in economically developing countries) is
related to the rising environmental pollution with pesticides,
accounting for 5–6%. Chronic effects of particular relevance for
pesticides are:

a) Neurobehavioral development (organophosphorus
compounds, but also pyrethroids and neonicotinoids)
and Parkinson’s disease (European Food Safety Authority,
2016);

b) Cancer: older genotoxic poisons that are still used;
emerging research reveals implication in childhood leukemia
(European Food Safety Authority, 2016);

c) Infertility and other reproductive problems (EDC);
d) Thyroid, and in utero and childhood development; many

pesticides are thyrostatic EDC (European Food Safety
Authority, 2014);

e) Link with metabolic syndrome, especially for EDC but also
e.g., for substances that cause oxidative stress.

In this paper, we review the present situation of the risk of
pesticides exposure in Vietnam (Figure 1) and reflect on possible
actions for effective risk management.

PESTICIDES IN VIETNAM

Vietnam is known mainly as an agricultural country and one of
the biggest rice exporting countries in the world (Thuong Hien,
2014). Agriculture in the north is concentrated in the lowland
areas of the Red river delta and along the central coast southward.
About 15% of the land in the north is arable, and 14% of it is
already under intensive cultivation. TheMekong delta, one of the
biggest rice-producing regions of the world, is also the dominant
agricultural region of the South Vietnam.

Pesticides is a broad term that includes products such as
biocides, which are intended for uses other than plant protection
to control pests and disease carriers, such as insects, rats, and
mice. Biocides are applied in several points of the food chain,
from feeds to feed and food stores, farm animal barns, etc.
Several chemicals used as pesticides, like organophosphorus or
pyrethroid insecticides, may have a wide range of uses, either
in agriculture to protect plants from diseases and infestations,
as well as on farm animals, pets, buildings, gardens, and public
places. However, the term “pesticides” is commonly understood
as a synonym of plant protection drugs and include herbicides,
fungicides, insecticides, acaricides, plant growth regulators, and
repellents.

Pesticides have been frequently used in Vietnam in significant
amounts to reduce crop losses and enhance agricultural (in
particular rice) yields, with beneficial effect on food security.
However, continuous misuse of pesticides in agriculture
poses serious risks to both the ecosystem and human health.
Until recently, the estimation of environmental burden of
persistent organic pollutants (POPs), particularly organic
chlorinated insecticides, in Vietnam has not been clear. The
systematic inventory of toxic synthetic chemicals is lacking
due to limited survey activities. In particular, studies on
organochlorines and organophosphates have been performed
while no information is available on recently used pesticides
(particularly carbamates, pyrethroids, and triazoles). In general,
a survey on agriculture (Berg, 2001) showed that ∼50% of
the pesticides used in Vietnam were insecticides and 25%
were herbicides. In recent years, although the frequency of
insecticide applications has been decreased, Vietnamese farmers
have increased herbicide (paraquat is one of the most popular
herbicides) or fungicide spraying due to increased demand of
rice production. Particularly, a survey showed that more than
22% of the interviewed used pesticides three times for each crop
(Berg, 2001). Besides pesticides use in rice cultivation, vegetables
are also sprayed with pesticides by farmers in Vietnam, as an
effective tool to maintain productivity and ensure the look of
products.

The misuse of most pesticides and the lack of control
by the authorities do pose a threat to human health and
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FIGURE 1 | Pesticides exposure sources and their long-term effect in Vietnam.

the environment. Overuse and improper use of pesticides in
agricultural areas of Vietnam has led to a variety of problems,
such as residue of pesticides in environmental matrices (soil,
surrounding water and even sediments of river, and canal
systems), and adverse health impact on animals and humans.

According to the Treatment Department of the Ministry of
Health, there were over 3,000 cases of pesticide poisoning, nearly
3000 victims and over 100 people died in the first half of 2011.
According to Sarter et al. (2012), between 2002 and 2010, 10.4%
of poisoning outbreaks in Vietnam are due to chemicals and, in
particular, pesticides’ residues.

Besides substances intended for use in agriculture, the POPs
exposure scenario is amplified by the exposure to hazardous
environmental contaminants such as polychlorinated biphenyls
(PCBs), whose environmental accumulation may be associated
to oils imported from former Soviet Union, China, Romania and
from electrical equipment like transformers (Frazzoli et al., 2010).
Other possible sources of PCBs in Vietnam could be the weapons
which were extensively used during the Indo-China war. The
information about the usage of PCBs in Vietnam is still obscure,
and it is necessary to get more data on pesticides residue in
Vietnam.

An additional and remarkable pollution source of PCB, DDT
in Vietnam and other Asia developing countries is open dump-
site systems (Minh et al., 2008).

Within the general population, Vietnamese farmers and their
families and agricultural communities are the population groups
generally more directly exposed to pesticides. Communities in
rural areas have frequency of direct and indirect exposure to
pesticides that is higher than communities living in the city, due
to the activities in the paddy fields and other exposure pathways,

such as contact with contaminated clothes at home. Rural women
have to face various problems such as infectious outbreak or
NCDs due to lack of safe water and exposure to the hazards of
water sources polluted with fertilizers, pesticides, and so forth
(Hussein, 2011).

PESTICIDES MARKET

In Vietnam, around 40,000 tons of plant protection drugs are
produced by 97 chemical factories per year, and these amount of
pesticides is distributed to 20,000 pesticide sales agents. Besides
its national production, Vietnam annually imports about 100,000
tons of plant protection drugs and their materials with total
importing value of 7 million USD (Hong, 2015). Of these, 80%
(of which 45–47% are herbicides) are imported from China.
Pesticides are 23% of total imported products. According to
the MARD (Ministry of Agriculture and Rural Development),
imported plant protection chemicals in 2005 was 20,000 tons,
then the imported amount of pesticides in 2014 has increased up
to 50,000 tons (Ha, 2015).

Vietnam has a long history of bulky presence
of highly persistent pesticides; nearly 9,000 tons of
dichlorodiphenyltrichloroethane (DDT) and hexachlorobenzene
(HCB) were imported per year from former Soviet Union. In
addition, it was counted that more than 24,000 tons of DDT was
moved into Vietnam territory from 1955 to 1990 (Minh et al.,
2008). According to Minh et al. (2007), during 1986–1990, ∼800
tons have been used.

From the early 1990s, the pesticide market has changed
dramatically in Vietnam. The numbers of pesticides producing
companies have grown quickly. New retailers have come into
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business and the market is overwhelmed by the annual increase
of pesticide trade names. In particular, from 1999 to 2008 the
number of active ingredients has almost doubled, while the
number of trade names has increased 3.6 times. A report of the
Ministry of industry and Trade shows 43 toxic chemicals in 286
commercial drug names (Ha, 2015). Highly toxic pesticides in
Vietnam are abused and the control from authority agencies is
lacking.

Quantity of category II pesticides increased from 18.4 to
40.6% (Van Hoi et al., 2009, 2013). The increasing number
of pesticide trade names of category II is associated with an
increasing use of category II pesticides by farmers. Around 100
pesticide trade names corresponding to more than 50 different
active ingredients, from more than 20 chemical groups, were
used in surveyed areas (Toan et al., 2013). According to a
survey among chemical groups used by respondent farmers in
the Mekong river delta, the most commonly used pesticides
were conazole fungicides followed by pyrethroid insecticides
and biopesticides. Organophosphate pesticides, profenofos, and
chlorpyrifos ethyl were listed in the “frequently used” group,
whereas chlorinated phenoxy herbicides and amide pesticides
were attributed to the “commonly used” group (Van Hoi et al.,
2013). This originated from outbreaks of insects in recent years,
especially in 2006 with brown hopper. Half of the used pesticides
belonged to the WHO categories of II and III (moderately
and slightly hazardous, respectively). Organophosphates and, to
a lesser extent, organochlorine pesticides were still applied by
the farmers, with their active ingredients falling into category
II (Van Hoi et al., 2013). During the past two decades, the
frequency of application of organochlorine and organophosphate
compounds have decreased gradually while the application
of pyrethroid and carbamate insecticides have become more
regular (Van Hoi et al., 2013). According to WHO’s category of
hazardousness, even if some pesticides were banned or restricted
in economically developed countries, they were still applied in
developing countries including Vietnam, thus creating serious
health problems and environmental contamination (Donald,
2001). Vietnamese farmers still use some hazardous pesticides
even though they are banned, probably due to the availability of
stocks, cheaper price and effectiveness for pests (Dung and Dung,
2003).

Selling pesticides in Vietnam also requires regulation.
Although the Government, MARD, and the People’s Committee
of provinces have issued regulations on the business of pesticides,
particularly on substances used on vegetables, the illegal business
could be found everywhere. In 2007, a total of 13,664 commercial
pesticides stores were checked and there were 2,030 cases of
violations, mainly due to inadequate business conditions (857
cases), false labels mark (333 cases), expired products and (302
cases) poor quality products (Ha, 2015). In addition, the number
of stores without licenses for business and professional practice
certificates remains high and popular, e.g., 16.5% in Hanoi and
25.0% in Thai Binh. Overall, this scenario is alarming for the
pesticide marketing practices, and the business management
systems require implementing strict regulations.

PESTICIDES ENVIRONMENTAL BURDEN:
THE NORTH AND THE SOUTH

During 1986–1990 the use of such large quantity of pesticides
caused a high presence of residues in the environment and
associated severe outcomes in both humans and animals. The use
of certain pesticides also entrained the pollution by dioxins. In
the past, themain source of dioxin in Vietnam has been the Agent
Orange (prepared from phenoxy herbicide with small amounts of
the highly toxic dioxin congener) and other defoliant herbicides
sprayed in southern Vietnam during the VietnamWar (Ngo et al.,
2006; Đỗ and Kim, 2009). After 1960, American government had
sprayed more than 45 million liters of Agent Orange in 10 years
(Minh et al., 2008) and no one made sure that this pollution had
broken up completely in the sprayed areas.

From the early 1990s, agriculture of Vietnam has attained
advances under intensive cultivation. Both production and yields
per crop have increased significantly at the farm level, but on the
other hand a corresponding increase in the quantity of pesticides
used in the absence of regulation is plausible.

In the Mekong delta (south of Vietnam), pesticides are used
much more than in Song Hong (Red river) Delta (north of
Vietnam) because the area and rice farming in the south is bigger
than in the north (Dung and Dung, 2003). Rice farmers used
organophosphate and organochlorine insecticides, but the trend
to use pyrethroids has rapidly increased here. It is reported that
64 different active ingredients were used in rice cultivation in Can
Tho and Tien Giang Provinces of Vietnam (Van Hoi et al., 2013).
People used such hazardous pesticides also for fruit gardens. Even
though some types of pesticides were banned according to their
toxicity (organochloride and organophosphate compounds),
some of them (e.g., methylparathion and endosulfan) have still
been used in the Mekong delta (Van Hoi et al., 2013). In the
Mekong delta, rice cultivation combined with fish farming in rice
paddy fields is popular. According to Berg (2001), pesticides were
used much more in the paddy field without fish while they were
used less in the paddy field combined with fish culturing due to
the effect of pesticides on fish farming.

Difference between the north and the south of Vietnam was
also in terms of:

– Expenditures; the expenditures on pesticides of farmers in the
Mekong delta (39.3 USD per ha) was remarkable higher than
in the Red river delta (22.3 USD per ha);

– Frequency of application; the frequency of application was
greater in the Mekong delta (on average, pesticides are applied
5.3 times per crop season) than in the Song Hong Delta (3
times per crop), although very high applications of pesticides
could be seen in most rice farming regions of the whole
country.

Severe pesticide contamination from various sources has been
described. Comprehensive monitoring surveys of Minh et al.
(2007) showed that POP contamination of air, water and
sediment in Vietnam was rather higher than in developed
countries such as Japan.
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According to a survey of Hoai et al. (2010), all sediment
samples from sewage rivers system in Hanoi (such as To lich,
Kim Nguu, Nhue, Lu, Set, and Yen So lake) were positive with
DDT, PCB, hexachlorocyclohexane (HCH), and HCB. According
to Nhan et al. (1998), chlorinated pesticides, PCBs and DDT
were detected in sediment samples but also in biota, especially
in mollusks living in fresh water canal in Hanoi region with high
levels (Nhan et al., 1998). This study also showed that in densely
populated areas DDTs were detected at the highest concentration
while in rural areas it was detected at lower concentration (Nhan
et al., 2001). These findings suggest that the DDT could have
been used to control mosquito and other insects in overpopulated
areas. Another study in the largest paddy rice showed that water
samples were positive to polar compounds e.g., diazinon and
fenotrothion, while many samples of sediments and biota were
positive to many kinds of non-polar chlorinated compounds like
DDT, HCH, endosulfan and PCBs (Hoai et al., 2010). Vietnam is
a country with higher level of OC residue than other countries in
fish, mussels and birds (Minh et al., 2007; Hoai et al., 2010).

Interestingly, a study on pesticides concentration in wildlife
in 1997 revealed that the concentration of DDT in the migratory
birds is lower than in the resident ones in Vietnam (Minh et al.,
2002). In particular, a relationships exist between places with
elevated DDT and rate of exposure to DDT in resident birds from
North Vietnam.

According to Minh et al. (2004), pesticide compounds,
particularly HCH, were detected in human breast milk in
Vietnam, with significant differences between the north (Hanoi)
and the south (Ho Chi Minh City). This suggests recent high
background levels of HCH, as found in a variety of environmental
samples in the Hanoi compared to Ho Chi Minh City (Minh
et al., 2004). It may be due to possible import from China, one
of the high HCH users, and differences in climate between Hanoi
and Ho Chi Minh City. In fact, the Mekong River delta in the
southern Vietnam is characterized by the typical tropical climate
with high temperature and heavy rainfall. Rapid volatilization
of highly volatile HCH isomers may therefore be enhanced
in the environment of southern Vietnam, resulting in lower
residues in various environmental and human samples. Similar
to the environmental exposure, human exposure to DDT in
Vietnam was very high and ranked among the highest respect
to developing countries and developed nations (Donald, 2001;
Minh et al., 2004; Carvalho et al., 2008).

Based on the survey carried out in the Anh Son district,
Nghe An province, in 2011, the spread of chemicals in soil and
groundwater has been described and calculated (Pham, 2011).
Pesticide residues have been dispersed into the environment,
with serious health effects on generations of animals and humans.

POTENTIAL LONG-TERM HEALTH RISKS
OF UNREGULATED USE OF PESTICIDES

The prevention of NCDs finds one strategic step in the
prevention of environmental risk factors for homeostatic
imbalances andmetabolic disruption (Mostafalou and Abdollahi,
2013; Heindel et al., 2015). Lifestyle factors such as decreased

physical activity and energy rich diet, together with a genetic
predisposition, are known as main factors in the onset of
metabolic dysregulation and metabolic syndrome and related
obesity, diabetes, and cardiovascular risks (Kirkley and Sargis,
2014). On the other side, the limited success in reversing such
morbidities by focusing solely on nutrition, physical exercise or
drug therapies fosters the hypothesis of a significant contribution
from environmental chemical factors (Heindel et al., 2015).

Pre- and post-natal metabolic programming is largely
dependent on endocrine homeostasis (Le Magueresse-Battistoni
et al., 2016; De Long and Holloway, 2017). Endocrine disrupting
chemicals (EDCs), including many pesticides, can interfere with
the action of hormones including metabolic hormones, and are
likely to play a role as risk factors in the onset of metabolic
syndrome (Heindel et al., 2015).

According to the Developmental Origins of Health and
Disease hypothesis, in utero development is a sequence of
“critical/most sensitive windows” in development, during which
stressors can alter gene expression, possibly by interacting
with the epigenome, protein levels, cell numbers, differentiation
and/or arrangement in tissues to make changes in their functions
(Heindel and Vom Saal, 2009). In some case, these changes may
persist after the stressor is gone (the functional change to be
expressed as a phenotype) as well as increase the susceptibility to
“second hits” during childhood, adolescence or adulthood, e.g.,
amount of fat, sugar added in the diet, stress or infection; these
developmental hits ultimately lead to increased risk of a variety of
NCDs later in life (Heindel et al., 2015; Russ and Howard, 2016).
When epigenetic mechanisms are altered, adverse phenotypes
may persist until at least the third generation (transgenerational
predisposition, from grand-mother to grand-children), thus
highlighting the urgent implementation of sustainable food
safety policies, i.e., health protection of the generations to come
by ensuring the safety of foods today (Frazzoli et al., 2009).
There is strong experimental evidence, as well as increasing
epidemiological evidence, that prenatal exposures to EDCs (e.g.,
some groups of plasticizers and pesticides) during development
does impact the programming of reproductive as well as
neurologic, metabolic, immune functions, and on the maturation
of target tissues (Dang et al., 2007). Thus, EDC may affect
human development in two ways; they may increase the risk
for adverse pregnancy outcomes (e.g., fetal loss, intrauterine
growth restriction, preterm birth, birth defects of the genito-
urinary tract) as well as exert delayed, often long-term, effects
including puberty disturbances, infertility and other reproductive
disorders, neurobehavioral deficits, increased predisposition to
asthma and obesity, and certain adult cancers such as testicular
cancers (Latini et al., 2010).

Growing scientific evidence points to infancy, childhood
and puberty as potentially sensitive developmental windows for
adverse long-term effects on brain, skeletal, metabolic functions,
immune system (Dietert, 2014), and for cancer predisposition
(Maranghi and Mantovani, 2012). It should also considered how
age imparts a growing body burden of bio-accumulating EDCs
(Frazzoli et al., 2009), which may worsen the risk and/or the
severity of adult health disorders or diseases, such as metabolic
syndrome and related cardiovascular disease, diabetes, and
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cancers. Indeed, menopause and aging might represent further
windows of enhanced susceptibility to acute, or chronic exposure
to metabolic disruptors; however, further research is required to
characterize the hazards.

While EDCs are likely to represent the main concern
for developmentally-induced NCDs, attention should be
given to other chemicals and toxicological targets as well.
Oxidative stress, mitochondrial dysfunction, interactions with
nutrients (vitamins, essential elements) leading to lipid/glucose
dysmetabolism and epigenetic changes in target tissues are
events related to an increased risk of metabolic syndrome
and/or related diseases (e.g., type 2 diabetes) and/or related
pathogenic pathways (e.g., chronic inflammation in the adipose
tissue) (Mostafalou and Abdollahi, 2013; Lei et al., 2014). Many
pollutants do impinge in such events and pathways, including
many toxic elements (e.g., inorganic arsenic, cadmium) and
pesticide groups (from glyphosate to paraquat to chlorpiriphos,
etc.). The association of type 2 diabetes with exposure to
inorganic arsenic (Sung et al., 2015), which is an important
pollutant of water bodies and rice as well as an enhancer of
oxidative stress and epigenetic alterations, represents a relevant
example.

INTEGRATED PEST MANAGEMENT

Vietnam has adopted an “Integrated Pest Management” (IPM)
in rice as a method for protecting plant which has helped,
and is helping, increasing the agricultural productivity (Dung
and Dung, 2003). It integrates practices for economic control
of pests based on a large scale approach. With the aim of
suppressing pest populations under the economic injury level
(EIL), IPM was defined as “the careful consideration of all
available pest control techniques and subsequent integration of
appropriate measures that discourage the development of pest
populations and keep pesticides and other interventions to levels
that are economically justified and reduce or minimize risks to
human health and the environment. IPM emphasizes the growth
of a healthy crop with the least possible disruption to agro-
ecosystems and encourages natural pest control mechanisms” by
the UN’s Food and Agriculture Organization (FAO) (FAO, 2011).
In March 1989 Vietnam became a participant in the FAO; from
that time IPM system was started but only after 1992 Vietnam
officially took a part in such network. In 1994, rice farmers were
provided with a more efficient service after the setting up of the
rice IPM program (Dung and Dung, 2003). Coordinated by the
International Rice Research Institute, IPM network transferred
knowledge directly to farmers, and helped farmers in increasing
their ability in pest management and raise yield and production
of rice (Van Mede et al., 2001).

The IPM program in Vietnam run into two direction:
(a) training of trainers and (b) field schools. According to the
survey reported by Dung and Dung (2003), more than 1350 IPM
trainers have undergone training. After this training, the network
of 7,000 “farmers’ field schools” were covered in more than 50
provinces, with a total of 3,000 villages involved. The members
of IPM popularized IPM to other farmers and by this way the

farmers participating in the IPM program lessened the usage
of pesticides by nearly 75% (Plant Protection Division, 1996;
Dung and Dung, 2003). The IPM farmers got output better than
non-IPM farmers according to the less use of fertilizers, seeds
and also pesticides. According to Berg, the amount of pesticides
used by IPM farmers was half as compared to non IPM farmers.
Moreover, IPM farmer alsominimized the frequency of pesticides
applications from 2 to 3 times per crop (Berg, 2001).

In 2002, Berg showed that the agricultural practice and pest
management strategies are not the same between different farmer
categories inMekongDelta. Based on economic comparisons, the
results showed that there was a significant difference about net
income between IPM rice fish farmers and non IPM ones due to
the different production approach (Berg, 2002). The reduction of
pesticides use gave the farmers higher incomes ($58 per hectare
in the winter-spring, and $35 per hectare in other crop) and,
in particular, the reduction of used pesticides made 80% of the
increased incomes (Huan et al., 2005).

According to Huan et al. (1999) there are two ways to abate
residues of pesticide used in agricultural areas, including media
campaigns and farmer field schools. Other approaches than
farmer field schools, such as IPM seminars, radio, television or
games aimed at educating on plant protection were evaluated as
less effective to transfer this technology to farmers. Hence, it was
the basic for launching amedia campaign to scale up the adoption
of these IPM practices at national level.

HINTS FOR RISK ANALYSIS BASED ON
ONE HEALTH

Endocrine disrupting pesticides are directly employed in
food production (Mantovani and Frazzoli, 2017). As already
mentioned, subjects generally more exposed to risks due
to pesticides are agricultural communities: the multifaceted
governance scenario starts from risk perception by the users
(in their workplace and home) and good pesticide application
practices. Empowerment of food producers (at both back yard
and commercial production levels) and reducing risks posed by
unsafe use of pesticides, are absolutely necessary for minimizing
direct and indirect exposure.

Improved risk perception can be obtained for instance
through easy, understandable toxicological charts to explain to
agriculturists and agronomists the health risks, in both the short
and long term, of different pesticides or pesticide groups. The
toxicological information can support the agronomists in the
formulation of treatment protocols that minimize risks and
optimize benefits. Good practices mitigating the contamination
of foods of animal origin (meat/milk chains) should cover
feed, water, and involuntary soil ingestion as ways of livestock
exposure. Integrated rice—fish farming with IPM practices
provides an example of feasible implementation of sustainable
food productions.

Proper information and communication should be extended
to the population for correct use of pesticides in domestic
environment. Besides prevention measures, such as cultural
controls, biological controls, and appropriate pesticide use, the
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following strategies should be applied to mitigate the residues of
pesticides used in agriculture (Van Hoi et al., 2013):

i) While heavy rainfall events are forecasted, pesticides should
not be applied. It has been observed how the concentration
of pesticides’ residues in water is raised when a heavy rain
occurs immediately afterpesticides application;

ii) To reduce the transport of pesticides’ residues into aquatic
environments, water should not be drained soon after
pesticide application;

iii) The construction of wetland systems with various
combinations of vegetation, sand and gravel should be
considered to reduce pesticides in surface water;

iv) To avoid the pollution of surrounding environments from
industrial waste discharges, variety of control measures need
implementation. All source of industrial waste need to be
treated before spilling into water environment based on the
lesson learned from Vietnam marine life disaster in 2016,
when a steel plant caused mass fish deaths (Nhat, 2017).

The acknowledgement of the effectiveness of “food chain”
approach to protect health makes the “from farm to fork”
model seeking for governance strategies in Vietnam, starting
from the environmental burden and the environments at the
food producing animals-humans and plant-humans interfaces.
Pesticides are often persistent and bio-accumulate in the food
chain through the living environment (e.g., pastures, feeds,
fertilizers) of food-producing organisms (Mantovani, 2016).
Control strategies, from analytical know how and facilities,
monitoring and surveillance tools and plans, laws and regulations
(for both pesticides products and residues in foods) are pivotal for
health and trade.

Rapid and on-site detection methods are crucial to assess
and monitor the environmental burden of pesticide residues.
The analytical data should be collected, integrated and assessed
using the following categories: (1) hazard identification, (2)
dose-response assessment, (3) exposure assessment and (4) risk
characterization.

The availability of the data throughout the country should be
improved, and biomonitoring of sentinel species (Frazzoli et al.,
2014) as well as registers of human and animal health (including
malformations) should be foreseen by modernized prevention
plans (Frazzoli et al., 2015). Registration system as optimal source
of data is currently only seldom fully functional in Vietnam.
Among foods, milk has specific vulnerability to contamination
with specific EDCs (e.g., polychlorinated and polybrominated
chemicals) and is a useful sentinel matrix: indeed, primary milk
producers could gain an increasing role in the surveillance of the
territory (Mantovani, 2016).

New technologies and methodologies accounting for
the potential for “cocktail” effects from multiple pesticide
residues will support the “mixtures approach.” Indeed, multiple
chemicals with different half- lives, metabolism, persistence,
tissue accumulation and target sensitivities affect many aspects
of metabolism (Kirkley and Sargis, 2014). Metabolic disruption
is crucial to the effectiveness of prevention plans (cumulative
exposure). Environmental chemical factors disturb cellular

homeostasis and cause homeostatic imbalances, thus posing as a
risk factor affecting the ability of the body to restore a functional
internal environment.

Finally, all substances that induce a similar effect in the
same organ/tissue (e.g., reduced thyroid function) should be
considered in the assessment of cumulative risk, regardless of any
differences in chemical structures and/or toxicity mechanisms at
biochemical/molecular level. The most accurate and protective
model to describe a cumulative effect is additive: indeed,
substances can contribute in a summative way to the same effect,
each with their potency estimated from the available toxicological
data.

CONCLUSIONS

Non-communicable diseases are increasing in Vietnam also due
to environmental chemical risk factors as a result of poor or
ineffective management of pesticides market and use.

The design of appropriate prevention and control measures
requires one health and sustainable food safety plans protecting
developmental phases of (as mentioned) two generations.

The United Nations Development Program (UNDP) project
on the support of capacity, coordination and knowledge
sharing for the application of one health approach, has
been recently (2011–2015) approved by the government of
Vietnam. Lessons learned from one health interventions in
biological outbreaks in Vietnam as well as current knowledge of
environmental fate of pesticides make the building of one health
governance mechanism strategic and feasible. The contribution
of all actors, from associations of farmers, consumers, plant
protection departments, control agencies/bodies, ministries,
media sectors (e.g., pesticides producers, government bodies,
regulatory authorities) and disciplines (e.g., environmental
health, agronomy, veterinary sciences, public health) dealing
with human and animal health, foods and the environment
are called to protect and improve health, with positive outputs
for the general public, agro-farming productions, domestic,
synanthropic and wild animal populations, based on the
sharing of living resources and reciprocal interconnections.
Good governance mechanisms (including sustainable food safety
system) can contribute to the formulation of the national
strategic plan and policy for NCDs in Vietnam. These would
also safeguard the chances of a healthy adulthood for fetuses
and children by preventing the toxic body burden of women in
childbearing age. Indeed, to pursue sustainable development in
Vietnam, new governance schemes should include toxicants that
are able to interfere with developing organisms, as well as the
alleviation of the environmental burden of pesticides.
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