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Abstract

The intensification of agricultural production in the Mekong Delta has faced serious challenges
with respect to increased use of agrochemicals and especially pesticides. The indiscriminate
use of pesticide could potentially impact on the long-term food production, environmental and
human health in the delta. The aim of this thesis was to investigate the negative side effects of
the current use of pesticides on climbing perch (Anabas testudineus) in rice fields using brain
acetylcholinesterase (hereafter referred to as AChE) activity as a biomarker. The empirical work,
on which this thesis is based, includes structured questionnaires, laboratory and field experi-
ments. First, a field survey using questionnaires was carried out to gain a better understanding of
the current state of rice farming systems, the use of pesticides and attitude to pest management
strategies among rice and rice-fish farmers, as well as to provide basic information for the set-up
of the laboratory and field experiments. Secondly, laboratory studies were conducted to clarify if
the selected insecticides applied alone and in mixtures caused negative side effects on climbing
perch fingerlings. Thirdly, further toxicity studies were carried out, under rice field conditions,
to further investigate the toxicity effects of the insecticides, applied alone, in mixtures and under
sequential applications, on climbing perch fingerlings.

The results showed that although there were a more selective use of pesticides and an in-
creased awareness among farmers of the negative side effects of pesticides in 2007 as compared
to 1999, the current use of pesticide in the Mekong Delta still cause many problems to the en-
vironment and human health. Chlorpyrifos ethyl (hereafter referred to as CPF) was found to
cause a significant and more prolonged inhibition on the brain AChE activity in climbing perch
than fenobucarb (hereafter referred to as F). The inhibition by the mixture of CPF and F were
significantly higher than the inhibition by only F, but less prolonged and significant lower than
the inhibition by only CPF. The results suggest that the combined effect from a mixture of F and
CPF can create both additive effects initially and later antagonistic effects.

CPF and F applied at concentrations used by farmers, either as separate doses, in a mixture
or in sequential doses, decreased the brain AChE activity, growth and survival rates in climbing
perch. The results demonstrate that brain AChE activity in climbing perch is a relevant biomarker
for monitoring of exposure to, and sub-lethal impacts from organophosphates and carbamates
under tropical conditions. The result also shows that 2-PAM re-activate the brain AChE activity,
and can be used as an alternative method to assess the AChE inhibition level in organisms recently
exposed to OP’s, in situation where it may be difficult to find unexposed individuals as controls.

In conclusion, this thesis shows that the current use of pesticides in the Mekong Delta has
a negative effect on climbing perch living in rice fields. It indicates that a sustained long-term
food production in the Mekong Delta must be based on ecological principles, taking advantages
of ecosystem biodiversity and productivity, and not through intensified use of pesticides.



Sammanfattning

Intensifieringen av jordbruksproduktionen i Mekong Deltat har medfört allvarliga utmaningar
när det gäller ökad användning av jordbrukskemikalier och framför allt bekämpningsmedel. Den
höga användningen av bekämpningsmedel kan potentiellt påverka den långsiktiga livsmedels
produktionen, miljön och människors hälsa i Mekong Deltat negativt. Syftet med denna avhan-
dling var att undersöka de negativa sidoeffekterna av bekämpningsmedel på fisk, climbing perch,
som lever i ris fält, genom att mäta påverkan på aktiviteten av acetylkolinesteras (nedan kallat
AChE) i fiskens hjärna. Det empiriska arbetet som avhandlingen bygger på består av struk-
turerade frågeformulär, laboratorie- och fältexperiment. Först genomfördes en fältstudie med
hjälp av frågeformulär för att få en god förståelse för olika sätt att odla ris i Mekong Deltat,
med ett särskilt fokus på användningen av bekämpningsmedel och attityden till växtskyddstrate-
gier bland ris och ris-fisk bönder. Syftet var också att tillhandahålla grundläggande information
för kommande laboratorie-försök och fält-försök. Som steg två i avhandlingsarbetet genom-
fördes laboratorie-försök, för att klargöra om de utvalda insekticiderna, applicerade individuellt
och som blandning, orsakade negativa effekter på yngel av climbing perch. I steg tre, i avhan-
dlingsarbetet, genomfördes ytterligare toxicitetsstudier i risfält för att undersöka om resultaten
från laboratorie-försöken blev de samma under fältförhållanden, när insekticider appliceras indi-
viduellt, i blandning och vid upprepad applicering.

Resultaten visade att även om det fanns en mer selektiv användning av bekämpningsmedel
och en högre medvetenhet bland jordbrukare om de negativa sidoeffekterna av bekämpningsmedel
2007 jämfört med 1999, så är den nuvarande användningen av bekämpningsmedel i Mekong
Deltat fortfarande tillräckligt hög för att orsaka problem både för miljön och människors hälsa.
Klorpyrifos etyl (nedan kallat CPF) orsakade en betydande och mer långvarig hämning av hjär-
nan’s AChE aktivitet i climbing perch, jämfört med fenobucarb (nedan kallat F). Hämningen
av blandningen av CPF och F var betydligt högre än hämningen av endast F, men mindre lång-
varig och betydligt lägre än hämningen av endast CPF. Resultaten tyder på att den kombinerade
effekten från en blandning av F och CPF kan skapa både additiva effekter initialt och senare
antagonistiska effekter.

CPF och F, applicerade i koncentrationer som används av bönder, antingen separat, i bland-
ning eller i upprepade doser, orsakade betydande effekter på hjärnan’s AChE aktivitet, tillväxt
och överlevnad i climbing perch. Resultaten visar att hjärnan’s AChE aktivitet i climbing perch
är en relevant biomarkör för övervakning av exponering, och för att mäta subletala effekter från
organiska fosforföreningar och karbamater under tropiska förhållanden. Resultatet visar också
att 2-PAM återaktiverar hjärnan’s AChE aktivitet och kan användas som en alternativ metod för
att bedöma graden av AChE hämning i organismer som nyligen exponerats för OP’s, i situationer
där det kan vara svårt att hitta oexponerade individer som kontroller.

Sammanfattningsvis visar avhandlingen att den nuvarande användningen av bekämpningsme-
del i Mekong Deltat kan ha negativa effekter på climbing perch som lever i risfält. Resultaten
indikerar att en långsiktig livsmedelsproduktion i Mekong Deltat måste baseras på ekologiska
principer, som drar nytta av ekosystemens biologiska mångfald och produktivitet, och inte genom
intensifierad användning av bekämpningsmedel.
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1 Introduction

Rice production plays an important role in the agriculture economy of Vietnam and
is the main livelihood of 80% of the rural population. More than 50% of the rice in
Vietnam is produced in the Mekong Delta, even though it occupies only 12% of the land
area. During the last three decades, the farming areas and rice production in the delta
have increased rapidly, to satisfy the food demand of the increasing national population
and to generate export earnings. The total rice cropping area in the Mekong Delta has
increased from approximately 1.2 million ha in 1995 to approximately 1.7 million ha
in 2013, while the rice yield has increased from 4.0 to 5.8 ton/ha/crop during the same
period of time (MARD 2014). The rice production has increased from 26.4 million tons
in 1996 to 44.1 million tons in 2013 (Fig. 1.1).

Figure 1.1. Rice production in Vietnam between1996 and 2013 (MARD 2014).

Strategies for increased rice production have mainly relied on intensified farming
methods, supported by high yielding rice varieties and increased use of agrochemicals,
especially pesticides (Huan et al. 2008; Phong et al. 2010; UNEP 2005). Hoi et al.
(2016) indicated that the first pesticides were introduced to the Vietnamese agriculture
in the late 1950s. The pesticides imported to Vietnam have increased from 100 tons per
year in the 1950s (Hoi et al. 2016) to the highest of approximately 150,000 tons in 2008
and then dropped to 103,500 tons in 2012 (Fig. 1.2). The outbreak of brown planthopper
(Nilaparvata lugens (Stål)) during 2005 and 2007 was the reason of the abrupt increase
of pesticide imports in 2008 (Hoang et al. 2011; Normile 2013).The number of active
ingredients have increased from 294 in 2002 to 1085 in 2011 (Fig. 1.3). The total cost
of pesticides imported to Vietnam reached US$ 744 million in 2012 (Hoi et al. 2016).

Insecticides were the most commonly used group of pesticides in Vietnam with the
share of 83.3% of all imported pesticides in 1991 (Huan 2005, Fig. 1.4). Although
the percentage insecticide has decreased since then, there is still a high use of insecti-
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Figure 1.2. Pesticides imported to Vietnam between 1990 and 2012 (Tons of product)
(Huan 2005; MARD 2013).

Figure 1.3. Number of active ingredients of pesticides in Vietnam between 2002 and
2011(MARD 2011).

cides, which cause problems with insecticide resistant pests and pest outbreaks. Normile
(2013) indicated that the outbreak of brown planthopper (Nilaparvata lugens (Stål)) in
the Mekong Delta in 2006 was caused by the high use of insecticides among farmers,
and that it effected farmers using high amount insecticides harder than those with a more
restricted use of pesticides.

Increased use of pesticides has helped to increase the rice yields, but also proved to
be unsustainable and cost ineffective due to negative effects of pesticide use on human
health and environment (Berg 2002; Pingali and Gerpacio 1997; Settle et al. 1996;
UNEP 2005). Dasgupta et al. (2007b), Ky and Ngoc (1998) and Thuy et al. (2003)
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indicated that the use of pesticides in the Mekong Delta cause adverse impacts on human
health. Several other studies also found negative impacts of pesticides on human health
in the North of Vietnam (Ky and Ngoc 1998; Murphy et al. 2002; Phung et al. 2012a;
Phung et al. 2012b; Phung et al. 2013).

Anh et al. (2003) indicate that the wild fish resources, such as climbing perch and
snakehead fish in rice fields and floodplains of the Mekong have declined by 70% com-
pared to 30 years ago. One of the main cause of this decline is the high use of pesticides
(Anh et al. 2003). However, official information on the negative side effects of pesticides
on the aquatic organisms in the rice fields from the Mekong Delta is scarce. It is therefore
important to assess how commonly used pesticides on rice, such as organophosphates
(OPs) and carbamates (CMs) insecticides, affects the fish productions and other natural
resources in the Mekong Delta.

Figure 1.4. Share of insecticides, fungicides, herbicides and other agrochemicals among
imported pesticides in Vietnam from 1991 to 2004. Source: Plant Protection Department
(Huan 2005).

Organophosphates (OPs), such as chlorpyrifos ethyl (CPF), and carbamates (CMs),
such as fenobucarb (F), are commonly used insecticides, which often are detected in
fresh water systems in the Mekong Delta, Vietnam (Chen et al., 2014). According to the
list of registered pesticides in 2013, provided by Vietnamese government, approximately
158 and 40 different pesticides contain CPF and F, respectively, as the main active in-
gredients, and are used to control a wide range of pests in the rice fields (Heong et al.
1998; Huan et al. 1999; MARD 2013; Phong et al. 2010).

Chlorpyrifos (O, O-diethyl O-(3, 5, 6-trichloro-2-pyrinidyl) – phosphorothioate; CPF),
is a well known irreversible inhibitor of cholinesterase (ChE) including acetylcholine es-
terase (AChE). CPF is often used to control brown planthopper, green rice leafhopper,
thrips, lawn armyworm, leafhoppers and leaf rollers in rice and other crops. CPF is not
readily soluble in water (Water solubility: 1.18 mg/L), but it absorbs strongly to organic
matters (Koc: 7000–25 000; Log Kow: 4.7) (Table 1.1).

Fenobucarb (2-(1-methylpropyl) phenyl methyl carbamate; F), is another well-known
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Table 1.1. Physical properties of CPF and F in water.

Log Kow Koc Water solubility Vapour pressure
(mg/L ) (mPa)

CPF 4.7 7000–25 000 1.18 2.7
(Smith 1981) (Racke 1992) (Tomlin 1995) (Tomlin 1995)

F 2.8 1143 420 1.6
(RSC 2015) (Tomlin 1995) (Tomlin 1995) (Tomlin 1995)

inhibitor of cholinesterase (ChE) including acetylcholine esterase (AChE). Compared to
CPF the inhibition by F tend to be more reversible (Assis et al. 2011). F is often used
to control a range of insects including delphacids, thrips, leafhoppers and leaf rollers in
rice and other crops. F is highly soluble in water (water solubility: 420 mg/L), but does
not bind so strongly to organic matter (Koc: 1,143; Log Kow: 2.8) (Table 1.1).

Both CPF and F are known to be highly toxic to fresh-water fish and aquatic inver-
tebrates, because of their abilities to inhibit the acetylcholinesterase (AChE) enzyme as
well as cause malformation of the nervous system (O’Brien 1976; Peakall 1992; Taylor
and Brown 1999; Tilak et al. 2001). Gruber and Munn (1998) indicated that, although
OP and CM compounds can break down rapidly in the environment, non-target organ-
isms may suffer from chronic effects, such as AChE inhibition, for several months in
contaminated areas, such as intensive rice farming, where pesticides are applied contin-
uously. According to Peakall (1992), inhibition of AChE results in abnormal respiration,
swimming, feeding, and social interactions in aquatic organisms, due to loss of coordi-
nation, tremors, muscle spasms, convulsions, and even death.

Many farmers in the Mekong Delta often use more than one pesticide at the same
time or apply pesticides in combination into the rice fields, to reduce the working time
in the field and with expectation to prevent several crop diseases at the same time. The
combination of different pesticides could potentially result in ‘cocktail’ effects in aquatic
organisms in the rice fields. The combined toxic effects may differ from those of the
separate pesticide, and could be additive, antagonistic or synergistic.

In the Mekong Delta most pesticides are used in concentrations that not are likely to
cause any acute toxic effects on aquatic organisms, but may still generate long term lethal
and sub-lethal effects (Stadlinger et al. 2016). Thus, to assess the potential negative side
effects of pesticides on aquatic organism in the rice-field, it is also necessary to identify
relevant methods for monitoring long-term sub-lethal effects on aquatic organisms.

Many previous studies have shown that the sensitivity of brain AChE to inhibitors
can be used as a biomarker to indicate the degree of sub-lethal effect of OPs or CMs in-
secticides on aquatic organisms (Coppage et al. 1975; Sancho et al. 2000). AChE is an
important enzyme in the nervous system, functioning as a regulator of neuronal commu-
nication by hydrolyzing the omnipresent neurotransmitter acetylcholine in the synaptic
cleft (Silman and Sussman 2005). In addition, AChE also plays other functions on the
neuronal tissue, particularly in neuronal differentiation and development, cell growth,
adhesion and signalling (Assis et al. 2011). AChE is synthesized in the haematopoiesis,
and distributed throughout the neuron by axoplasmic transport, often found in neuro-
muscular junctions and cholinergic synapses in the central nervous system (Assis et al.
2011; Lionetto et al. 2013). AChE is also found in erythrocyte membrane (Assis et al.
2011; Lionetto et al. 2013).

The recovery of AChE activity in organisms after exposed to CMs is quicker than
those exposed to OPs. Depending on the degrees of exposure, the time-period after
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exposures that AChE requires to return to pre-exposure levels, ranges from several hours
to several days and from a few days to several weeks for CMs and OPs, respectively
(EXTOXNET 1993).

Using fish AChE as a biomarker for OP and CM environmental contaminations has
increased in recent years (Assis et al. 2011; Lionetto et al. 2013). The successful appli-
cation of this biomarker for monitoring of human health also suggests that it can be used
in overall risk assessments of OP and CM compounds, addressing both environmental
and health risks. In addition, Lionetto et al. (2013) revealed several advantages of using
AChE as a biomarker: the response is easy to measure, it shows a dose-dependent be-
haviour to pollutant exposure, it is sensitive, and it exhibits a link to health effects. How-
ever, the effect on the AChE activity depends on a number of factors such as species, age
and sex. There is therefore a need to develop context specific methods, based on native
species, for using AChE as a biomarker to monitor the effects on non-target organism
from OP’s and CM’s used in rice field in the Mekong Delta.

However using AChE as biomarker to indicate the degree of sub-lethal effects from
OPs and CMs on aquatic organisms also requires the access to unexposed controls
or baseline information on normal ChE activity levels, which may be difficult to find
in many situations. A potential solution to this problem could be to use pyridine-2-
aldoxime methiodide (2-PAM) to re-activate the brain AChE activity blocked by OPs
(Cong et al. 2008a, Paper V). 2-PAM attaches to cholinesterase inhibitors that have
blocked cholinesterase and removes them from the enzyme, thereby reactivating it.

For monitoring of negative side effects of insecticides on fish in the Mekong Delta,
it was seen as important to select an indigenous species that is commonly found in the
whole Delta. Based on these criteria, climbing perch (Anabas testudineus) was selected
as a relevant species. Although there are no official reports about the status of climb-
ing perch populations in the Mekong Delta, local farmers indicate that the amount of
wild fish in rice-fields has decreased during the last decade (Anh et al. 2003; Edwards
et al. 1997; Klemick and Lichtenberg 2008). Acute and chronic toxicities of several
pesticides have been investigated in climbing perch (Binoy et al. 2004; Choudhury et al.
1993; Cong and Linh 2010; Jilna and John 2011), but information regarding the effects
of CPF and F are scares. No information is available about acetylcholinesterase (AChE)
inhibition by CPF and F in climbing perch. There was therefore a need to investigate the
negative impacts of single applications of CPF (Paper II, III, and IV) and F (Paper III
and VI) on the brain AChE activity in climbing perch. In addition, many farmers in the
Mekong Delta often use more than one pesticide, and apply pesticides in mixtures. This
suggests that the effects of pesticides applied by these methods can be more harmful to
non-target organisms than a single application, even if the total concentration of pesti-
cides used can be the same or even lower. It was therefore also important to assess the
negative side effects on the brain AChE activity in climbing perch exposed to mixture of
(Paper III and V) and sequential applications of F and CPF (Paper VI).

1.1 Dissertation objectives

The overall objectives of this dissertation were to investigate the use of pesticides in rice
farming and its impacts on the brain AChE activity in climbing perch in the Mekong
Delta of Vietnam. The specific objectives of the different papers in the thesis contribute
to different parts of the thesis and their separate aims were:

1. To assess the use of pesticides and attitude to pest management strategies among
IPM and non-IPM rice and rice-fish farmers in the Mekong Delta, Vietnam (Paper
I). The objective of this study was to get an overview of what kind of pesticides
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that farmers use in the delta as a basis to later evaluate if these levels could provide
a potential risk to aquatic organism living in the rice-fields (Stadlinger et al. 2016).

2. To assess the acute toxicity of chlorpyrifos ethyl on climbing perch fingerlings and
to investigate if brain AChE activity in climbing perch fingerlings could be used
as a relevant biomarker to discover sub-lethal effects on aquatic organism exposed
to concentrations of CPF, similar to the concentrations found in rice fields in the
Mekong Delta (Paper II and III). Although these experiments were conducted un-
der controlled laboratory conditions, this was considered as a relevant first step to
provide scientific evidence that the current use of pesticides on rice can have a neg-
ative effect on aquatic organisms. The studies thus provide a basis for evaluating
sub-lethal effects on fish by OP insecticides used in rice farming and for devel-
oping locally relevant and feasible biomarkers for the monitoring of sub-lethal
effects by pesticides on fish from the Mekong Delta

3. To assess in the field if a single application of CPF, at concentrations that often are
used by farmers, has a negative impact on the AChE activity, growth and survival
of climbing perch fingerlings (Paper IV). The aim with this study was also to
evaluate if AChE activity in climbing perch could provide a relevant methods for
monitoring of sub-lethal effects from OPs in the rice-fields of the Mekong Delta.

4. To assess the joint toxicity of CPF and F on climbing perch fingerlings, under
controlled laboratory conditions (Paper III). As rice-farmers often use more than
one pesticide, which are likely to result in combined effects on organisms living
in the rice fields, a main purpose of this study was thus to compare the joint effect
of CPF and F, with the effect of only CPF and F on the brain AChE activity in
climbing perch fingerlings.

5. To assess in the field if the application of a ‘cocktail’ of CPF and F, at concen-
tration used by farmers, has any different negative impacts on the AChE activity,
growth and survival of climbing perch compared to the exposure of climbing perch
to only CPF or F (Paper V). Paper V also aimed to investigate to what extent the re-
activation of the AChE enzyme by 2-PAM, can be used to estimate the inhibition
level of AChE in fish, previously exposed to OPs, in situations where it may be dif-
ficult to find unexposed individuals to be used as controls. Preferably the baseline
cholinesterase value should be recorded from unexposed fish, but this can often
be difficult to find in the field. However, many studies have shown that 2-PAM is
very effective in reactivation of the brain AChE blocked by OPs (Sakurada et al.
2006; Cong 2008a). The purpose was thus, to assess if 2-PAM treatment of brain
samples from exposed fish could generate an alternative baseline level. Thus, a
strong reactivation with 2-PAM would indicate a recent and high inhibition level
in the investigated species.

6. To assess if the effects on the AChE activity, growth and survival of climbing
perch exposed to sequential applications of F and CPF in the field, are different
from the effects on climbing perch exposed to only CPF, F or to a mixture of CPF
and F (Paper VI). As rice-farmers often spray their fields several times per crop
to prevent insect pests at different developmental stages of the rice plant, it could
cause repeated impacts on climbing perch during its life cycle in the rice fields.
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2 Study areas

The empirical works of this thesis were conducted between 2007 and 2013 in the Can
Tho city and the Tien Giang provinces (Fig.2.1), which represent two major rice-producing
regions of the Mekong Delta, Vietnam. The Tien Giang province and Can Tho city were
selected as study sites because they are two typical areas for rice and rice-fish farming
in the Mekong Delta (Berg 2002; Nga and Sinh 2008; Nhan et al. 2000; Phuong et al.
2000).

Figure 2.1. (A) Map of Vietnam; (B) Map of Mekong Delta, Vietnam.

The Mekong Delta is located in the southern Vietnam (8◦ 60’ N to 10◦ N and 104◦

50’ E to 106◦ 80’ E) and cover an area of 39 000 km2. It is the most important agri-
cultural region in Vietnam. Although, covering only 12% of Vietnam’s total land area,
it supplies half of the national rice output (Noda et al. 1998). Triple and double rice
cropping are dominant farming systems in the Mekong Delta, occupying up 70 percent
of the agricultural land. About 20% of soil is planted with upland crops and perennials
(Dung and Dung 1999). Large areas of the Mekong Delta are suitable for freshwater
aquaculture, but less than 10% of the area is used for this purpose (Duong et al. 1998;
Halwart 1995). However, aquaculture is currently expanding in terms of areas and rais-
ing methods, mostly through shifting from one-crop wet paddy cultivation (Nhan et al.

7



Nguyen Thanh Tam

2007). The Delta accounts for 70% of Vietnam’s aquaculture production (Johnston et al.
2009), which calls for a more restrictive use of pesticides and other agrochemicals, to
assure an acceptable water quality for a sustainable and healthy fish production (Berg et
al. 2012).

The climate in the Mekong Delta is characterized as tropical semi-equatorial with
a mean temperature of 27◦C. The mean annual rainfall is 1600 mm and approximately
90% of the rain comes during the rainy season in May to October (Xuan and Matsui
1998). The flooding period in the Mekong Delta starts from July and increases constantly
to reach a peak in October (Nam 2011).

The districts of Go Cong Tay (272 km2, 10◦ 21’ 20” N 106◦ 36’ 3” E) and Cai Be
(421 km2, 10◦ 24’ 22” N 105◦ 56’ 6” E) represent two different rice-producing areas
within the Tien Giang province. The dominant farming systems at Cai Be district is
rice and fruit cultivation while rice and vegetable cultivation are dominant systems at Go
Cong Tay district. The areas around Cai Be have a very good irrigation system consisting
of a network of many canals and natural rivers. The first rice crop is usually grown from
November to February (the Winter-Spring crop), the second from February to May (the
Summer-Autumn), and the third from May to August (the Autumn-Winter crop). Go
Cong Tay has a much poorer irrigation system as compared to the Cai Be province. The
first rice crop is grown from November to January, the second from May to August, and
the third from September to November.

The O Mon (126 km2, 10◦ 04’ 12” N 105◦ 22’ 12” E), Thoi Lai (255 km2, 9◦ 59’ 57”
N 105◦ 39’ 40” E), and Co Do (403 km2, 10◦ 02’ 48” N 105◦ 29’ 46” E) districts, which
lie in the Can Tho city, are also representative of the irrigated rice areas of the Mekong
Delta, both in aspects of physical environment and productivity. The flood season in this
area starts in August and finishes in November; flood levels reach 0.6 to 1.0 m.

All three districts in Can Tho city are dominated farming systems with two or three
rice crops per year. In the double rice cropping system, the first rice crop is grown
from November to February (the Winter-Spring crop) and the second from April to
July (the Summer-Autumn crop). In the triple rice system, the first rice crop is grown
from November to February (the Winter-Spring crop), the second from March to June
(Summer-Autumn) and the third from June to September (the Autumn-Winter crop).

Figure 2.2. (A) Rotational rice-fish system; (B) Integrated rice-fish system.

Rice-fish farming started in the late 1980s in the Mekong Delta (WES 1997). The
stocked species are often native fish, such as climbing perch, silver barb, common carp
and silver carp, which can withstand and thrive in the harsh conditions of rice fields
(Anh et al. 2003; Berg 2002; WES 1997), such as low water level (15–25 cm), large
fluctuations of temperature (24–32◦C), pH (6.5–7.4) and dissolved oxygen (1.02–4.8
mg/L) (Papers IV–V; Cong et al.2008a).
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There are two main types of rice-fish farming in the Mekong Delta: (1) Rotational
rice-fish system and (2) Integrated (concurrent) rice-fish system. In a rotational rice-fish
system, the rice field is surrounded with nylon mesh, during the third crop, and utilized
as extensive fish farming pond, while in an integrated rice-fish system, fish and rice are
grown at the same time in rice fields (Fig. 2.2).
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3 Research design and methods

The empirical work of this thesis is mainly based on structured questionnaires, labora-
tory works and field experiments. The different methodologies helped to gain a more
comprehensive understanding of the use and the negative side effects of pesticides used
on rice fields in the Mekong Delta (Papers I-VI).

The field interviews using questionnaires (Paper I) were conducted to gain a deeper
insight on the current state of rice farming systems, the use of pesticides and attitude
to pest management strategies among rice and rice-fish farmers as well as to provide
basic information for the setup of the laboratory works (Papers II-III) and field experi-
ments (papers IV-VI) including selected insecticides, tested concentrations, experimen-
tal species, and study sites.

The laboratory studies were conducted to assess if, and to what extent, the selected
insecticides (Paper I) applied alone (Papers II-III) and in a mixture (Paper III) would
cause any negative side impacts on climbing perch fingerlings. The laboratory work was
regarded as a first screening step prior to the field experiments to better understand the
response by climbing perch to the exposure of insecticides under controlled conditions.

Finally, the field experiments were conducted to assess the impact on climbing perch
fingerlings exposed to pesticides under realistic field conditions. Similar to the labora-
tory studies they aimed to investigate the effects of F and CPF applied separately (Papers
IV and VI), in mixtures (Paper V) and in sequential applications (Paper VI) at concen-
trations commonly used by farmers.

3.1 Assessment of pesticide use and attitude to pest manage-
ment strategies among rice-farmers in the Mekong Delta

To get an overview of the use of pesticides among rice-farmers in the Mekong Delta,
structured questionnaire was used to interview 120 farmers in Go Cong Tay and Cai Be
districts, Tien Giang province; and in O Mon and Co Do district, Can Tho city in 2007.
The farmers were categorised into four groups: farmers cultivating only rice (R), farmers
cultivating rice and fish in integrated rice-fish system (RF), farmers cultivating rice and
fish in integrated rice-fish system using IPM (RFIPM), and farmers cultivating only rice
using IPM (RIPM). IPM (Integrated Pest Management) farmers were defined as farmers
who had attended some forms of IPM training.

Besides detailed information on pesticide use, baseline data was also collected on;
household composition (e.g. family size, family labour, education level, other incomes
etc.), physical, chemical, and biological characteristics of the studied rice fields (e.g.
size, water temp. pH, cultured species); and farming practices (time for rice-planting,
seed input, fish stocking, growing periods, rice/fish yield, pest control methods, IPM,
labour cost etc.).
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3.2 Assessment of the potential effect of pesticides on aquatic
organism in rice-fields (Papers II-VI)

3.2.1 Selected insecticides and test concentrations

In this thesis, Vitashield 40EC (containing 40% chlorpyrifos ethyl [O, O-diethyl O-(3, 5,
6-trichloro-2-pyrinidyl) – phosphorothioate; common name, chlorpyrifos) was selected
because it is a commonly used organophosphate insecticide (Paper I; Hoi et al. 2016;
RCRD 2014; Tam et al. 2012 unpublished) and contains chlorpyrifos ethyl, which is
considered as one of the most problematic active ingredient of OPs in the Mekong Delta
(RCRD 2014). It was purchased from Thanh Son Hoa Nong Company (Binh Chanh
district, HCM city, Vietnam).

As a representative for carbamate insecticides, Bassa 50EC (containing 50% 2-(1-
methylpropyl) phenyl methylcarbamate by weight; common name, fenobucarb) was se-
lected, because it is one of the most commonly used CMs in the Mekong Delta (Paper
I; Berg 2001; Hoi et al. 2016; RCRD 2014; Tam et al. 2012 unpublished). It was pur-
chased from An Giang Plant Protection and Services Company (Long Xuyen city, An
Giang province, Vietnam).

The application doses of Vitashield 40EC and Bassa 50EC for the field experiments
were based on the results from the field interviews (Paper I) including: (1) the highest
recommended dose according to the label on the pesticide container (hereafter referred
to as R), and (2) the dose commonly used by farmers in the Mekong Delta, which often
was twice as high as the recommended doses (hereafter referred to as 2R).

During the field experiments, water samples, for measurement of pesticide concen-
tration in the water, were collected in the fish cages at one hour before and one hour
after spraying, and 1, 3, 5, 7 and 12 days after spraying. The water samples were stored
in brown glass bottles, and kept on ice and brought to the laboratory, where they were
frozen at -20◦C until analysis. The pesticides were analysed with the gas chromatogra-
phy method described by Parfitt (2000).

3.2.2 Identification of a relevant test species

In this thesis, climbing perch (Anabas testudineus) was selected to be a relevant test
species, because it is a native fish species, that is commonly found in rice fields of the
Mekong Delta (Anh et al. 2003), where it lives and reproduces and thus is exposed
to agrochemicals through all of its life stages (Rainboth 1996). In addition, it is an
important food fish that is considered to be of high quality, contributing to local people’s
livelihoods and well-being in the Mekong Delta (Anh et al. 2003; Edwards et al. 1997;
Herre 1952; Klemick and Lichtenberg 2008). Climbing perch has also been shown to
be an important predator of rice pests, such as brown planthopper (Nilaparvata lugens
(Stål)), and could potentially help to reduce the use of insecticides to control these pests
(Nam et al. 2012).

The climbing perch fingerling, which were used in the experiments (Papers II–VI),
were produced by brood-stock caught from an area with no use of pesticides in the
Mekong Delta, to ensure that the fingerling were not affected by any previous exposure
of pesticides to the brood-stock. The fingerlings were reared in containers using the same
water as later was used in the experiments. The fingerlings were fed red worms (Tubifex
sp. in laboratory experiments, papers II–III) and commercial feed (in field experiments,
papers IV–VI) daily at approximately of 5% the total fish fresh weight. Feedings were
stopped one day before the experiments were initiated.
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3.2.3 Selection of relevant biomarkers and endpoints

In the experimental studies, the growth (Papers IV and VI) and survival (Papers II–VI)
rates were selected as endpoints to indicate physical effects of insecticides on climb-
ing perch. In addition, the brain AChE activity was selected as a sub-lethal biomarker,
(Papers II–VI), because it has more direct and more sensitive response to OP and CM
exposure than growth and survival, and also creates a link to these other two endpoints.

Growth and survival rates
Every 15 days, 10 fingerlings were randomly sampled from each of the ‘growth

cages’ to measure the wet weight and length for growth rate calculations. After mea-
surement, the sampled fish were stocked back into the same cages. The survival rates
were measured by the end of the experiment.

Acetylcholinesterase (AChE)
The inhibition of acetylcholinesterase (AChE) was selected as a biomarker because it

is easy to apply, has low analytical costs, is applicable to a range of different organisms,
and provides ecological relevant endpoints.

In this study, the AChE activity (Paper II, III, IV, V, and VI) is measured in the brain
tissue of climbing perch fingerlings. During the toxicity studies, the exposed fish were
randomly sampled from the experimental cages at one hour before and one hour after
spraying, and 1, 3, 5, 7 and 12 days after spraying to measure AChE activity. The fish
were kept on ice during the transportation to the laboratory, where they were immediately
processed for AChE activity measurements using the method described by Ellman et al.
(1961).

To be able to use AChE as biomarker to indicate the degree of sub-lethal effects
from OPs on aquatic organisms there is a need to have access to unexposed controls or
for baseline information on normal ChE activity levels, which may be difficult to find
in many field situations. To overcome this limitation, it was investigated if pyridine-2-
aldoxime methiodide (2-PAM), a family of compounds called oximes that can re-activate
the ChE activity, could be used to re-establish a baseline ChE activity in fish already
exposed to OPs and CMs.

In poisoning treatment, 2-PAM attaches to cholinesterase inhibitors, and removes
them from the enzyme, thereby reactivating it. The reactivation was tested by adding
2-PAM to brain homogenates from climbing perch fingerlings that had been exposed
to tested insecticides and then comparing the increased activity with the same brain
homogenate samples, where no 2-PAM had been added (Paper V). An increased activity
would thus indicate that the sampled fish had previously been exposed to OPs.

3.3 Laboratory experiment (Papers II and III)

The laboratory experiments were conducted during September 2010 and July 2011 at the
wet lab of College of Environment and Natural Resources, Can Tho University, Vietnam.
The acute and sub-acute toxicity tests were carried out in static, non-renewable system,
to investigate the effects on brain AChE activity in climbing perch fingerlings exposed
to only CPF (Papers II–III), or F (Paper III), or to a mixture of CPF and F (Paper III).

First, a toxicity range-finding test (Paper II) was performed to determine the con-
centrations of CPF that kill 10–90% of climbing perch in 96-h, to identify a suitable
concentration range of CPF for the 96-h LC50 toxicity test.

Secondly, a 96-h LC50 toxicity test (Paper II) was carried out in 50 L fiberglass tanks
with different nominal concentrations of CPF to find out the 96-h LC50 value for CPF on
climbing perch fingerlings. This value was later used to calculate the concentrations of
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CPF for the sub-lethal toxicity tests. The sub-lethal concentrations for F were calculated
from the 96-h LC50 value for climbing perch provided by Lan (2004).

Thirdly, sub-lethal toxicity tests (96-h tests) were performed to determine the effects
of single applications of CPF (Papers II-III) and F (Paper III), and the application of a
mixture of CPF and F (Paper III) on the brain AChE activity in climbing perch finger-
lings.

Finally, a recovery tests (7 days test, paper II) were carried out in static, renewable
system to investigate the ability of the AChE activity in climbing perch fingerlings to
recover after the exposure to sub-lethal concentrations of CPF. The test was initiated after
the 96-h sub-lethal toxicity tests, by replacing all water in experimental tanks containing
CPF with CPF-free water. Measured parameters included water temperature, DO, pH,
levels of brain AChE activity and survival in fish before and after the exposure to the
insecticides.

Figure 3.1. Experimental fiberglass tanks

3.4 Field experiment (Papers IV-VI)

The field experiments were conducted in rice fields located in Thoi Lai (Paper IV), Co Do
(Paper V), and Omon districts (Paper VI), Can Tho city, Vietnam. The experiments were
carried out to investigate how CPF alone (Paper III), F alone (Paper VI), combination
of CPF and F (Paper V), and sequential applications of F and CPF (VI) affect the brain
AChE activity in climbing perch fingerlings living in rice fields.

The experiment was designed to create realistic conditions including size of rice
field, rice variety, seeding rate, water level, farming practices, etc. The experimental fish
were stocked into the experimental cages 39 days after sowing, which is the same time
as the farmers stock their fish into their rice-fish fields (Fig. 3.3).

The tested doses were based on the information from the field interviews and includ-
ing i) the highest recommended dose on the product labels provided by the manufacturer
(R) (Papers IV-VI), ii) and the commonly dose used by many farmer in the Mekong
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Delta (2R) (Papers IV-VI). The pesticides were sprayed on the rice fields using the same
methods as the farmers.

Measured parameters included water temperature, DO, pH, the concentrations of
insecticides in water before and after application, the levels of brain AChE activity in
fish before and after exposed to insecticides, the growth rate, and mortality.

Figure 3.2. (A) Experimental field 40 days after sowing; (B) Experimental field 70 days
after sowing.

Figure 3.3. (A) Insecticide preparation; (B) Insecticide application
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Figure 3.4. (A) Fish sampling; (B) Water sampling; (C) Samples storage for transporting
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4 Results

4.1 The use of pesticides and attitude to pest management
strategies among rice-farmers in the Mekong Delta

Paper I provides an overview of the current use of pesticides and attitude to pest man-
agement strategies among rice and rice-fish farmers in Can Tho city and Tien Giang
province in the Mekong Delta. A comparison is made to a similar study in 1999, in or-
der to identify changes in patterns of pesticide use and possible influences of integrated
pest management programme (IPM) and brown planthopper (a major pest) outbreaks on
the use of pesticides and especially insecticides. Almost all farmers reported that they
have experienced negative health effects from using pesticides. All farmers (although
non-IPM rice-farmers to a lesser degree) were concerned about the environmental ef-
fects of pesticides. This perception is much stronger than it was in 1999, and overall it
seems that all farmers are more aware of the potential environment and health effects
from pesticides.

The trend of pesticide use in 2007 is quite similar to what was found in 1999. In-
secticides are still the most commonly used pesticides followed by fungicides and her-
bicides, respectively. The result also indicated that F and CPF are used by many farmers
in the delta. The number of applications of both herbicides and fungicides has more than
halved since 1999 for all farmers, while insecticide applications has doubled for IPM
farmers (those with prior training in IPM methodology). Similarly, the average dose
of active ingredient (a.i.) of insecticides per crop has decreased slightly for non-IPM
rice-farmers, while it has more than doubled among IPM farmers, resulting in almost the
same amount of a.i. per crop for all groups of farmers (insecticides 0.6, fungicides 0.5,
and herbicides 0.3 kg a.i. ha/crop).

The perception among the majority of the farmers was that pesticides could decrease
the yield from their fields and the majority of the non-IPM rice-fish farmers felt that the
fish yield had decreased during the last year and that this partly was due to the high use of
pesticides. This confirmed the finding from the previous study from 1999 and provided
a rational to investigate this further with field and laboratory studies.

4.2 Toxicity of fenobucarb and chlorpyrifos ethyl on climbing
perch fingerlings (Papers II–VI)

4.2.1 Effects of fenobucarb on climbing perch fingerlings

Paper III and VI investigate the effect of F on AChE activity in climbing perch finger-
lings. Three days after spraying the rice fields with F, the water concentration of F was
below the detection limit of 0.5µg/L (Paper V-VI), indicating a fairly quick disappear-
ance of F from water.
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The results showed that both the recommended dose and the farmer used dose of F
(Paper VI) did not cause any direct mortality, but caused long term AChE inhibition in
climbing perch, which were proportional to the exposure levels (Paper III-VI). F caused
a more rapid but less prolonged AChE inhibition, as compared to CPF (Fig 4.1). The in-
hibition levels in fish exposed to F increased rapidly and peaked at 50% already after one
hour’s exposure, while the highest inhibition (77.4%) in fish exposed to CPF appeared
at day 3, when the fish in F treatment showed fully recovery (Fig 4.1).

Figure 4.1. Inhibition of the brain acetyl cholinesterase (AChE) activity in Anabas tes-
tudineus fingerlings from rice fields sprayed with 1.6L Vitashield 40EC /ha (CPF-Field,
Paper IV), and 3.0L Bassa 50EC/ha (F-Field, Paper VI).

4.2.2 Effects of chlorpyrifos ethyl on climbing perch fingerlings

Papers II and IV analyse the toxicity and sub-lethal effects of CPF on AChE activity in
climbing perch fingerlings. CPF is moderately toxic to climbing perch fingerlings with
a 96-h LC50 value of 1.73 ppm (Paper II). Similar to F, CPF is not very persistent in the
environment. Although the water concentration of CPF decreased below the detection
levels in water already after three days (< 0.03µg/L) (Papers IV–VI), the inhibition
levels increased to > 70% after 3 days (Paper IV) and then decreased and remained
at > 30% for more than 12 days (Paper IV).

In the laboratory recovery study, the inhibition of the brain AChE activity in climb-
ing perch remained > 30% after 7 days in CPF-free water, except for the two lowest
concentrations (1% and 5% of the 96h LC50) (Paper II). Thus, both papers II and IV
show that the effect from CPF on climbing perch remained many days after the spraying
of insecticide has stopped (Fig 4.1 and 4.2). Under field conditions, CPF had also a
significant impact on the survival and growth rates of climbing perch fingerling, which
was proportional to the exposure levels (Paper IV). The results also showed a causal
relationship between the mortality and the brain AChE inhibition in the exposed fish,
where deadly inhibition levels of the brain AChE activity during day 1-5 were followed
by increased mortalities among the fish during day 5-12 (Paper IV). Compared to F, CPF
showed delayed, but stronger and more prolonged inhibition of the brain AChE activity
in the exposed fish (Fig 4.1).
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4.2.3 Joint toxicity effects of fenobucarb and chlorpyrifos ethyl on climbing perch
fingerlings

Paper III and V investigate the joint effect of CPF and F on the brain AChE activity in
climbing perch under laboratory (Paper III) and field (Paper V) conditions, respectively.
The joint toxicity of the mixture was compared to the separate effect from exposure
to only CPF and F (Papers II–VI). The inhibition levels by the mixture one day after
the exposure were similar between laboratory (78.2%, Fig 4.2) and field experiments
(76.5%, Fig 4.3). However the inhibition levels in the field study decreased rapidly to
32.5% at day 3 and to less than 30% 7 days after exposure (Fig 4.3), while the inhibition
levels in the laboratory study still remained at high levels (> 60%) during day 3 and 5
and were still above 30% 7 days after exposure (Fig 4.2).

Figure 4.2. Inhibition of the brain acetylcholinesterase (AChE) activity in Anabas tes-
tudineus fingerlings exposed to 0.173 mg/L of chlorpyrifos ethyl (CPF-Lab), 1.137 mg/L
of fenobucarb (F-Lab), mixture of 0.173 mg/L of chlorpyrifos ethyl and 1.137 mg/L of
fenobucarb (CPF+F-Lab).

The inhibition by the mixture of CPF and F under laboratory conditions (Paper III)
was higher than the inhibition by only F (Paper III) but lower than the inhibition by only
CPF (Paper III), indicating some interferences of F on CPF (Fig 4.2).

A similar pattern was seen under field conditions, where the inhibition level by the
mixture (Paper V), one day after exposure, was 76.5%, which was slightly higher than
in a similar field study where the fish was exposed to only CPF (Paper IV), indicating
some additive effects by the insecticides in the mixture (Fig 4.3). However the high in-
hibition level from the mixture was quickly reduced to 32.5% (Paper V) at day 3, which
was significant lower than the inhibition level for the fish only exposed to CPF (77.4%
inhibition)(Paper IV)(Fig 4.3). The results suggest that the combined effect from a mix-
ture of CPF and F can create both additive (Paper V) and antagonistic effects (Papers
III-V). The results also showed that the mixture did not cause any mortality, although
it caused long-term AChE inhibition in climbing perch (Papers III and V). Similar to
the laboratory experiments, the fish exposed to the mixture showed a quicker recovery
of the brain AChE activity than in fish exposed to only CPF, but a lower recovery rate
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than fish exposed to only F (Fig 4.2 and 4.3). A full recovery of the AChE activity was
only recorded for the fish exposed to the mixture (Paper V) and to F (Paper VI), while
the inhibition levels in fish exposed to only CPF still remained above 40% after 12 days,
when the experiment was terminated (Paper IV)(Fig 4.3).

Figure 4.3. Inhibition of the brain acetylcholinesterase (AChE) activity in Anabas tes-
tudineus fingerlings from rice fields sprayed with a mixture of 0.8L Vitashield 40EC/ha
(CPF) and 1.5L Bassa 50EC/ha (F) (CPF+F-Field, Paper V), 1.6L Vitashield 40EC/ha
(CPF-Field, Paper IV), 3.0L Bassa 50EC/ha (CPF-Field, Paper VI), and 1.6L Vitashield
40EC/ha after pre exposure to 3.0L Bassa 50EC/ha (CPF-Field after pre exposure to F,
Paper VI).

4.2.4 Effects of sequential applications on climbing perch fingerlings

Paper VI investigates the effects of sequential applications of F and CPF on the brain
AChE activity in climbing perch in rice fields in the Mekong Delta. The results shows
that the sequential applications of first F, followed by CPF caused significant inhibition
on the brain AChE activity in climbing perch, which were proportional to the exposure
levels (Fig 4.4). Similar to the earlier findings, the inhibition by F was quicker but less
prolonged compared to the inhibition by CPF (Fig 4.1 and 4.4). The complete recovery
of the AChE activity in the fish from the rice fields, three days after the exposure to F
(Fig 4.4), was much quicker than in a similar laboratory study, where the AChE activity
in the fish was only fully recovered after 7 days (Fig 4.2), probably due to a quicker
disappearance of F from the rice field water than from the water in the more controlled
static laboratory experiment.

After the exposure to CPF, the inhibition levels in the fish increased again and
reached a peak after 3 days (Fig 4.4). These maximum inhibition levels caused by CPF
were much lower than in the similar studies, where fish had been exposed to only CPF
(Paper IV), and to a mixture of CPF and F (Paper V), and thus not had been pre-exposed
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to F (Fig 4.3). However after day 3, the inhibition levels in fish exposed to CPF (pre-
exposed to F), were maintained at high levels which were higher than in fish exposed to
the mixture (Paper V) but lower than in fish exposed to only CPF (Paper IV) (Fig 4.3).
Although, the sequential applications of F and CPF did not cause any mortality of the
exposed fish, it affected the growth rate, which was proportional to the exposure levels.

Figure 4.4. Inhibition of the brain acetylcholinesterase (AChE) activity in Anabas tes-
tudineus fingerlings before and after spraying rice fields with fenobucarb (Bassa 50EC)
followed by chlorpyrifos ethyl (Vitashield 40EC) at R dose (1.5 L Bassa 50EC/ha and
0.8 L Vitashield 40EC/ha); and 2R dose (3.0 L Bassa 50EC/ha and 1.6 L Vitashield
40EC/ha).
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5 Discussion

5.1 The use of pesticides and attitude to pest management
strategies among rice-farmers

Although the results indicate a more selective use of pesticides and an increased aware-
ness of the negative side effects of pesticides among farmers in 2007 (Paper I) compared
with 1999, pesticides are still the main pest control method used by farmers, and a large
proportion of their sprays are misused because of poor knowledge and uninformed de-
cisions (Dasgupta et al. 2007; Huan et al. 2008; Escalada et al. 2009a). Similar to
1999, the most commonly used pesticide in 2007 was the insecticide Bassa 50EC, with
the active ingredient F, which explains why this insecticide was chosen for the field and
laboratory work.

All farmers were concerned about the environmental effects of pesticides. Many
rice-fish farmers referred to the potential effects on fish, and almost all rice-fish farmers
were of the opinion that pesticides can decrease the overall yield obtained from their
fields through a decrease in the amount of natural food for fish and a decrease in fish
growth. This concern is supported by the findings from papers IV and VI which show a
clear effect on the AChE activity and in some cases both on the survival (Paper IV) and
on the growth (Papers IV-VI) rates of climbing perch fingerling living in rice fields. The
perception that pesticides can have negative environmental effects was much stronger in
2007 than in 1999, and overall it seems that all farmers, especially non-IPM rice-fish
farmers, are more aware of the potential environment and health effects from pesticides,
which could indicate an increased pressure on aquatic organisms by pesticides. The in-
terviewed farmers also reported that over-use of pesticides can exacerbate pest problems,
and thus result in a decreased rice yield by removing all natural predators of pests before
they appear and by increasing the resistant of pests (Paper I).

The results indicated that farmers often spray pesticides on the rice fields in concen-
trations that can be twice as high as the highest recommended dose by the manufacturer
(Paper I). The reasons for the high use of insecticides in 2007 (Paper I) could be due
to low quality of the pesticides, increased resistant to pesticides by pests, more frequent
pest outbreaks and stronger and more active advertisement by pesticide manufacturers
(Hoi et al. 2016). Many farmers in this study reported that the low quality of pesti-
cides (none was recorded in 1999) and the increase of insecticide-resistant insects are
probably the main reasons behind the increase of application doses in 2007 (Paper I).
In addition insects are reported to be the most problematic pest by farmers, and pest
outbreaks and increased incidence of resistance among insects would be an expected
result of an extended period of insecticide use combined with an intensification of agri-
cultural production (Bottrell and Schoenly 2012; Huan et al. 2008; Norton et al. 2010;
Sebesvari et al. 2011; Wilby and Thomas 2002). Insect outbreaks could also explain
the increase in the IPM farmers’ doses of insecticides and the number of applications
(Paper I) compared with 1999. Escalada et al. (2009b) also found an increased use of
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insecticides by farmers between 2005 and 2007, and reported that this could be due to
major mass media campaigns by pesticide manufactures to promote insecticidal control
in rice-farming throughout the Mekong Delta. In addition the main recommendation of
plant protection and extension officers to farmers, when an outbreak occurs, is often to
use more insecticides, even though they know that the outbreak can be induced by a high
use of insecticides (Escalada et al. 2009a). Normile (2013) stated that the outbreak of
brown planthopper (Nilaparvata lugens (Stål)) in the Mekong Delta in 2006 was caused
by the high use of insecticides among farmers and that it affected farmers using high
amounts of insecticides harder than those with a more restricted use of pesticides.

Overall the results indicate that although farmers have increased their awareness
of the negative side effects of pesticides (Paper I), the current use of pesticides in the
Mekong Delta may still cause many problems to the environment and human health (Pa-
pers I–VI). Almost all interviewed farmers reported that they got health problem because
of pesticide application (Paper I). Many other studies also shows that the use of pesti-
cides cause adverse impacts on human health in Vietnam (Dasgupta et al. 2007b; Ky
and Ngoc 1998; Murphy et al. 2002; Phung et al. 2012a; Phung et al. 2012b; Phung
et al. 2013; Thuy et al. 2003). Dasgupta et al. (2007) reported that the most com-
monly signs of adverse effects on farmers were skin irritation (66%), headache (61%),
dizziness (49%), eye irritation (56%), and shortness of breath (44%). The same effects
were found among farmers in the survey from 2007 (Paper I). A study also indicated that
88% interviewed farmers suffered from more than one symptom, with an average of 4
and maximum of 9 symptoms (Dasgupta et al. 2007b). The results from the blood tests
of 190 farmers in the Mekong Delta showed that the blood AChE of 35% farmers was
reduced to at least 25% and of this, 21% showed a reduction greater than 67% (Dasgupta
et al. 2007b). Thuy et al. (2003) also found that the blood AChE levels of rice-farmers
in Southern Vietnam was negatively affected by pesticide applications. Another study
on 213 workers from a pesticide company found that 34.7% of the blood samples had
reduces AChE levels (Ky and Ngoc 1998).

As stated by some farmers, the unrestricted use of pesticides may also be one of the
main reasons behind the decline of fish catches in the Mekong Delta. Anh et al. (2003)
indicated that the wild fish resources, such as climbing perch and snakehead fish, in rice
field/floodplain in the delta have declined by 70% compared to 30 years ago.

5.2 The fate of fenobucarb and chlorpyrifos ethyl in the rice-
field environment

The results from Paper I found that OPs, such as CPF, and CMs, such as F, are often used
to control wide range of insect pests in rice fields in Mekong Delta, which is similar to
the results of many other studies (Heong et al. 1998; Hoi et al. 2016; Huan et al. 1999;
Phong et al. 2010). Although they are not persistent in the environment, they are toxic
to most animals because of their specific ability to inhibit AChE, and they can cause
malformations of the nervous system.

Residues of CPF and F were only found in the water samples collected at 1 hour and
1 day after the field had been sprayed with Vitashield 40 EC and Bassa 50 EC (Paper IV,
V and VI). Three days after the application, the concentrations in water of CPF and F
had decreased below the detection limits of < 0.03µg/L and 0.5µg/L, respectively. The
concentrations found in the water were similar among the conducted field studies using
the same doses of CPF and F (Paper IV, V and VI).

The concentration of CPF and F in water were clearly influenced by the amount of
insecticides sprayed, and on the water volume in the rice field (Paper IV, V and VI). The
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highest water concentrations were found among the rice-plants in the fields that received
the highest application doses, while the lowest water concentrations were found in the
canal of the fields. This was probably because the insecticides were sprayed directly on
the rice plants and not on the canal. The larger water volume of the canals probably also
diluted the applied insecticides.

The comparatively low levels of CPF found in the water were probably because of
lower application doses of CPF than F. In addition CPF has a higher Koc value (25 000)
(Racke 1992) and Log Kow (4.7) (Smith 1981) than F (Koc: 1.1439 (Tomlin 1995);
Log Kow: 2.8 (RSC 2015)), and therefore disappears more quickly in the water. CPF
are likely to be more strongly absorbed to the sediment (Bondarenko and Gan 2004),
while F is more likely to remain dissolved in the water (ChemicalBook; PAN 2015;
WHO 2005). Thus, the high organic matters in the rice fields probably causes a strong
adsorbtion of primarily CPF to sediments, resulting in comparatively low concentrations
of CPF found in the water. In addition, the strong sunlight, high temperature, and high
pH of the water in the rice field in the Mekong Delta probably influenced on the fate and
behaviour of the applied insecticides (And̄elka and Slavica 2012; Laveglia and Dahm
1977). Caracciolo et al. (2010) showed that the concentrations of CMs in sediment
decreased quickly in acidic water at temperatures above 21◦C, while the degradation of
CPF occurs faster in alkaline environments (Tomlin 1994).

The rapid disappearance of CPF and F in the rice field could also be due to the
presence of pesticide-degrading organisms in the sediments. Singh et al. (2004) found
that the presence of Enterobacter Strain B-14 resulted in a higher degradation rate of CPF
than was observed in non-inoculated soils. Yu et al. (2006) found that the degradation
of CPF by the fungal strain of Verticillium sp was approximately 80%. Sethunathan and
Pathak (1972) revealed that the presence of streptomycin caused a quicker disappearance
of diazinon, an OP, in paddy fields previously sprayed with diazinon than in rice fields
that had never been sprayed with diazinon.

Despite the quick disappearance from the water, the applied F and CPF to the rice
fields had significant negative impacts on the brain AChE activity (Papers II–V), survival
(Paper IV), and growth (Papers IV and VI) rates of climbing perch.

5.3 Effects of fenobucarb on climbing perch fingerlings

Papers III and VI showed that F is slightly toxic to climbing perch. F caused a more rapid
but less prolonged inhibition of the brain AChE activity in the exposed fish as compared
to CPF (Papers III and VI), which also was found by Cong et al (2008), when comparing
the effect of F and Diazinon (Organophosphate) on snakehead fish. Assis et al. (2011)
also found that the acute effect of CMs usually is faster than for most OP compounds
because they can inhibit the cholinesterase without any prior bio-activation. The quicker
recovery in fish exposed to F compared to fish exposed to CPF could be explained by the
fact that the binding of F to the esteratic site of the cholinesterase enzyme (carbamylated
enzyme complex) is reversible, while the phosphorylated enzyme complex is irreversible
(Chambers and Carr 2002). Ferrari et al. (2004) found a direct toxic effect on the brain
AChE activity in goldfish by CMs, with a comparatively rapid spontaneous recovery in
the first 8 hours, while the enzyme inhibited by OPs required more than 35 days for
recovery.

The complete recovery of the AChE activity in the fish from the rice fields three days
after the exposure to F (Paper VI), was much quicker than in a similar laboratory study,
where the AChE activity in the fish were only fully recovered after 7 days (Paper III).
This was probably due to a quicker disappearance of F from the rice field water (Paper
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V) than from the water in the more controlled static laboratory experiment.
No fish died after being exposed to F (Papers III and VI), which probably was be-

cause the inhibition levels never reached above 70%, which has been indicated as a
critical level for causing mortality in many species (Fulton and Key 2001). In addi-
tion Darvesh et al. (2008) indicated that the half-life for the reactivation of the enzyme
blocked by carbamate insecticides is 30–40 min. This could explain why the inhibition
level decreased to 30% already after three days and why no fish died during the experi-
ment. Although no fish died, F affected negatively the brain AChE activity in climbing
perch (Papers III and VI), and the levels used by farmers where clearly high enough
to cause sub-lethal effects, which still could influence on the health status of climbing
perch in the delta.

5.4 Effects of chlorpyrifos ethyl on climbing perch fingerlings

The results show that CPF is moderately toxic to climbing perch (1 < LC50 < 10 mg/L)
with a 96-h LC50 value of 1.7 mg/L (Paper II). This indicate that CPF is more acute
toxic to climbing perch than F and diazinon, two other commonly used insecticides in
the Mekong Delta, where the 96-h LC50 has been reported to be 11.37 mg/L (Lan 2004)
and 6.55 mg/L (Cong et al. 2008b), respectively.

CPF showed a delayed but prolonged effects on the brain AChE activity in climbing
perch compared to F (Papers II, III, IV and VI). The delayed effect was probably because
CPF need to be pre-activated before it can inhibit the AChE enzyme (Chambers and Carr
2002). Chambers and Carr (2002) also noted that phosphorylated AChE is much more
stable than the carbamylated AChE, and that the spontaneous reactivation is much slower
for phosphorylated AChE. This could explain why the effect of CPF on AChE is more
prolonged and sever over time than the effect from F.

Although the residue in water of CPF decreased below the detection limit already
after three days (Papers IV, V and VI), the inhibition levels on brain AChE activity in
exposed fish remained above 30% for many days later (Papers IV and VI).

CPF caused a rapid inhibition of the brain AChE activity in the exposed fish (Pa-
pers II, IV and VI). After only one hour of exposure to CPF, the brain AChE activity
was significantly inhibited in fish from all treatments compared to the fish in the control
(P<0.05) (Papers II, IV and VI). The inhibition reached a maximum after approximately
three days, with more than 70% inhibition in fish from the fields sprayed with the dose
commonly used by farmer (2R) (Paper IV). Brain AChE inhibition levels above 70%, are
often associated with mortalities of most species (Fulton and Key 2001), which also was
confirmed in Paper V. The decreased inhibition after three days was probably a combi-
nation of decreased concentrations of CPF in the water, and the physical responses to the
disturbed AChE activity by the fish. Macek et al. (1972) found that the concentration of
CPF in fish tissue reached a peak three days after exposure and then decreased. Several
studies have shown that CPF is rapidly metabolized, dephosphorylated and eliminated
within a few days by fish, and especially by air breathing fish, such as channel catfish
(Barron et al. 1991).

The brain AChE activity in fish exposed to the highest recommended dose by the
manufacturer (R) was almost completely recovered by the end of the experiment (day
12), while the inhibition levels in fish exposed to 2R, still remained at 40–50% (Paper
IV). Inhibition levels above 30% is seen as an indication of risk of over-exposure (Aprea
et al. 2002), and the results indicate that fish in rice fields exposed to OPs may be stressed
long time after the spraying has stopped. It indicates that OPs, like CPF generate long-
term sub-lethal effects on aquatic organisms.
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No dead fish was recorded in the toxicity tests with only CPF under laboratory con-
ditions (Papers II-III), although the inhibition went above 70%. However, under field
conditions the mortality increased in fish exposed to a single application of CPF at both
the dose commonly used by farmers and the highest recommended dose by manufactur-
ers (Paper IV). The explanation could be that the laboratory provided a more controlled
and less stressful environment as compared to the rice field but also because the test
period was not long enough to capture the delayed effect caused by CPF. In addition,
after applied to the fields, CPF tend to adsorb to organic matters such as feed, algae and
suspended solids (organic), which may be eaten by the fingerling and that CPF thereby
continue to affect the fish after disappearing from the water.

The results showed a causal relationship between mortality and brain AChE inhibi-
tion in climbing perch, where deadly inhibition levels of the brain AChE activity during
day 1 to 5 were followed by increased mortalities among the fish during day 5 to 12
(Paper IV). The time difference between the spraying of pesticides, the elevated AChE
inhibition levels in the fish and increased mortality, indicate the period of time required
for the fish to absorb the pesticides, develop sub-lethal stress responses and finally fail-
ing to endure the elevated stress. This delay makes it difficult to assess the direct effects
from exposure to different pesticides in the field, without relevant sub-lethal biomarkers.

This indicates that the acute toxicity tests under laboratory conditions provide ba-
sic and important information on the toxicity of chemicals to organisms but are not so
relevant to assess potential effects under real conditions. The use of sub-lethal effects
as endpoints provide a more ecological relevant way to assess and monitor the negative
impacts of chemicals, especially insecticides, in the environment.

5.5 Joint effects of fenobucarb and chlorpyrifos ethyl on climb-
ing perch fingerlings

In the Mekong Delta, farmers often use many different pesticides at the same time in the
rice field to control a wide range of pests to save time and labour cost (Paper I).

The inhibition of the AChE activity by the mixture of F and CPF were similar be-
tween the laboratory experiment (Paper III) and the field experiment (Paper V), excepted
that the inhibition levels in the field experiment decreased quickly at day 3 and fell be-
low the threshold level of over-exposure (< 30%) (Aprea et al. 2002) after 7 days (Paper
V). This could be due to a more rapid disappearance of CPF in the water under the
field conditions (Paper V) as compared to the static non-renewable system in laboratory
conditions (Paper III).

The inhibition by the mixture (Papers III and V) and by F (Papers III and VI) fol-
lowed the same pattern, with a quick and strong inhibition initially, followed by a fairly
quick recovery. The inhibition of the brain AChE activity in fish exposed to the mixture
(Paper V) was higher than in the fish exposed to only F (Paper VI), but lower than in fish
exposed to only CPF (except day 1 after the exposure) (Paper IV) in the field studies.
The inhibition level by the mixture (Paper V) at day 1 was higher than in fish only ex-
posed to CPF (Paper IV), which could be due to an initially additive effect between F and
CPF. The results suggest that the combined effect from the mixture of F and CPF create
both an additive effect, such as a quicker and stronger inhibition initially (because of the
more direct effect by F), and later an antagonistic effect, such as a decreased duration of
the inhibition (because of the more reversible binding by F and interference with CPF).

The result from Paper IV indicate that brain AChE inhibition levels above 70%
caused by only CPF, impacted negatively on both the growth and survival of climbing
perch fingerlings in rice fields. However, no fish died from the exposure to a mixture of F
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and CPF (Paper V), despite the inhibition level of the brain AChE activity reached above
70% in this experiment. The reason why no fish died could be that the AChE inhibition
decreased quickly to around 30% within three days (Paper V), which has been reported
as a inhibition level that is not lethal to aquatic organisms (Aprea et al. 2002). Thus, the
inhibition period was probably not long enough to kill the exposed fish (Mehler et al.
2007). It is likely that the initial high inhibition levels mainly was caused by F, due to
its comparatively high water solubility and the fact that CPF can only inhibit AChE after
bio-activation (Čolović et al. 2013; Fukuto 1990). Because of the initial high concentra-
tions of F in the water and the direct effect of F, without need for any prior bio-activation,
most AChE receptors were probably blocked by F rather than CPF, which instead were
adsorbed to organic matters in the water and the sediments.

Thus, compared to fish only exposed to CPF, a mixture of F and CPF creates a
stronger and quicker inhibition of the AChE activity, but not as prolonged, as the in-
hibition tend to be more reversible. When the inhibition by F decreases, most of the
dissolved CPF in water has probably disappeared, and can thus not block the AChE ac-
tivity. This illustrate that the joint toxic effect of several pesticides is difficult to predict,
which is further complicated by variation in external environmental conditions in rice
fields such as temperature and pH.

5.6 Effects of sequential applications of fenobucarb and chlor-
pyrifos ethyl on climbing perch fingerlings

Many farmers in the Mekong Delta often spray their fields several times per crop and
often grow three crops per year (Paper I). Thus, aquatic organisms in the rice fields are
continuously exposed to and stressed by, elevated levels of different kinds of pesticides
during their entire life cycle in the rice fields, which potentially could create synergistic
effects between the different pesticides.

However, the results from paper V show that the pre-exposure to F rather decreases
the inhibition effect by CPF (cf. Papers VI, IV and V). This could be due to some
interference in the binding to the AChE enzyme between F and CPF where the more
reversible binding by F may decrease the number of irreversible bindings to the AChE-
enzyme by CPF (Assis et al. 2011). Another likely explanation is that the pre-exposure
to F, induces cellular defense-responses, such as the induction of heat shock proteins
(HSPs) or other stress-inducible proteins (SPs). These are chaperones involved in the
protection of organisms against damage due to exposure to a wide variety of stressors,
including elevated temperatures, anoxia, viral infections and chemical pollution such
as pesticides (Bradley 1990). These proteins are highly conserved through the course
of evolution and present in all organisms studied, which emphasize their fundamental
role in cellular protection, and numerous reports demonstrate a significant correlation
between HSPs and enhanced tolerance to stress, in terms of survival and physiological
status of organisms (Morimoto et al. 1997). Furthermore, several studies demonstrate
that exposure to one sub-lethal stress factor increase the rate of induction of HSPs after
subsequent exposure to a second stress factor, and that this in turn correlates to a less
pronounced physiological response to the second stress factor, compared to organisms
exposed directly to the second stress factor (Tedengren et al. 2000).

No fish died during the experiment, probably because the inhibition levels never
reached above 70% (Paper VI). Although no fish died, the growth of the exposed fish
was negatively affected (Paper VI), indicating sub-lethal effects on the fish and suggests
induction of energy demanding defence mechanisms. The reduced growth rate and even
a decline in the weight was only seen in the fish after they had been exposed to CPF
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(Paper VI), and it is possible that the shorter duration of the elevated inhibition levels,
after the exposure to F, was not long enough to cause any decline in the growth rates.
However, if the exposure to F induced an energetically demanding defence system which
was then even further activated by the exposure to CPF, this could have lead to even a
decline in the fish weight. The strongest negative effect was seen among the fish exposed
to the highest concentrations.

5.7 Using of AChE activity and 2-PAM for monitoring the ef-
fects of exposure to OPs and CMs in the field

AChE is found most in the nervous tissue, plasma, and the erythrocytes of vertebrates
(Peakall 1992; Thompson and Walker 1994; Wilson et al. 1991). AChE is an important
enzyme in the nervous system, functioning as a regulator of the neuronal communica-
tion by hydrolyzing the omnipresent neurotransmitter acetylcholine in the synaptic cleft
(Silman and Sussman 2005). It is also well known as specific target of action for OP and
CM compounds, and has for many years been used as a biomarker to assess the effects
of OP and CM compounds on aquatic organisms (Belden and Lydy 2000; Boonthai et
al. 2000). The measurement of AChE activity in fish, as a biomarker to OP and CM
exposure in the field, has increased in recent years (Assis et al. 2011; Cong 2008 a,b;
Lionetto et al. 2013).

The results showed that the brain AChE activity in climbing perch was clearly influ-
enced by the concentration and duration of the exposure to CPF and F (Papers II–VI).
The effect remained longer in the exposed species than the pesticide concentrations in
water. Overall, the results from the thesis indicate that the AChE activity in climbing
perch fingerling provide a relevant biomarker for bio-monitoring of the exposure and ef-
fects of OPs and CMs in tropical conditions. It is a fairly inexpensive and easy technique,
which is seen appropriate for developing contries. However, using AChE as biomarker to
indicate the degree of sub-lethal effects from OPs and CMs on aquatic organisms in nat-
ural environments requires baseline information on the normal ChE activity levels from,
for example unexposed organisms, to be used as controls, which may be very difficult to
find in the field.

Cong et al. (2008a) indicated that pyridine-2-aldoxime methiodide (2-PAM) can
used as a potential tool to re-establish the normal activation in organism with inhibited
AChE activity, through its ability to reactivate blocked AChE. 2-PAM belongs to a fam-
ily of compounds called oximes and was thus used in this study to investigate its ability
in reactivating the brain AChE activity in climbing perch blocked by OPs. In poison-
ing treatment, 2-PAM attaches to cholinesterase inhibitors, and removes them from the
enzyme, thereby reactivating it.

The results from Paper V confirmed that 2-PAM is very effective in reactivating the
brain AChE activity in climbing perch blocked by OPs which are in accordance with the
results from other studies (Sakurada et al. 2006; Cong et al. 2008a). 2-PAM showed a
significant reactivation of the brain AChE activity in fish exposed to mixture of F and
CPF during the first 5 days (Paper V). However 2-PAM added to samples from fish
exposed to pesticides seven days ago, did not result in any significant reactivation (Paper
V). This could be due to the interference with detoxifying mechanisms of the fish, as
well as ChE ‘aging’ following the inhibition of the AChE activity by OPs.

Overall, it is felt that 2-PAM, could be used as a complementary tool to the AChE
activity assay, for monitoring of the exposure and effect of OPs in the field, where it may
be difficult to find unexposed individual as controls.
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5.8 Strategies for long-term food production in the Mekong
Delta

The agricultural productions in the Mekong Delta will probably continue to increase
in the future to meet the increased food demand of future populations. However, the
question is how to increase the agricultural yields without negative impacts on the en-
vironmental and human health. Another question is whether the pesticide use actually
increases productivity and reduces poverty in the region.

In a recent study by Berg et al. (submitted) most farmers felt that rice was the
most important ecosystem service provided by the rice field ecosystem, but they also
agreed that there were several other important ecosystem services contributing to their
livelihoods and well-being and that theses have declined and will continue to decline as
a result from more intensified agriculture practices and high use of pesticides (Berg et
al. submitted).

Many studies indicate that although pesticides and fertilizers can help to increase the
rice yield slightly, the gross income of farmers often remain the same or are even lower
compared to farmers who used less pesticides and fertilizers, because of high cost of
pesticides and fertilizers (Berg 2001; Berg 2002; Berg et al. 2012; Berg and Tam 2012).
Thus, the economic rational of having three crops per year is increasingly being ques-
tioned (Garschagen et al. 2012). Rice-farmers do not see substantial economic benefits
from the third crop. Their rice is often of low quality and any extra income is usually
offset by the need to buy more pesticides and fertilizers (UNEP 2005). An earlier study
shows that farmers with two crops per year have a higher income per crop than farmers
with three crops per year, indicating decreased production efficiency with increased pro-
duction intensity (Berg 2002). Thus, the rice production in intensively cultivated areas
may have reached an upper limit where increased yields only can be achieved through
un-proportional high input of fertilisers and pesticides, with decreasing net incomes for
the farmer and increasing negative impacts on the environment and ecosystem services.

Furthermore, the real income of farmers with high use of pesticides will be even
lower if the health effects and cost of medical treatments caused by pesticide poisoning
is taken into account and future crop loss due to pest outbreaks, pesticide-resistant pests
caused by the unrestricted use of pesticides. Several studies show that pesticides are a
major cause of health effects on farmers and food poisoning in Vietnam (Berg 2002;
Dasgupta et al. 2007; Ky and Ngoc 1998; Murphy et al. 2002; Phung et al. 2012a;
Phung et al. 2012b; Pingali and Gerpacio 1997; Phung et al. 2013; Settle et al. 1996;
Thuy et al. 2003; UNEP 2005). According to SENSED (2015) there were 6962 cases
of reported food poisoning caused by pesticides in Vietnam in 2001, causing 187 deaths
and 7614 serious affected. According to WHO 2015 (cited in SENSED 2015), the use
of pesticides in Vietnam caused loss over US$1 Billion annually, equivalent to 2% of the
country’s GDP, including the costs of food borne diseases on human, loss of production
from diseases and related market losses. The results of this thesis confirms that the
current use of pesticides among rice farmers has a negative impact on the environment
and that long-term diversified food production of both fish and rice cannot be achieved
through intensified use of pesticides (Papers I–VI).

It suggests that long-term food production in the Mekong Delta must be based on
ecological principles, taking advantage of ecosystem biodiversity and productivity (Nor-
ton et al. 2010; UNEP 2011). This in turn requires a sound understanding by the local
farmer of how to optimize the long-term productivity of the rice field ecosystems. Un-
derstanding that pesticides may decrease both the number of natural enemies and the
yield of fish is a strong basis for increasingly incorporating the value of biodiversity and
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ecosystem services in future farming strategies.
The results from several ‘farmers-participatory’ experiments (Papers IV–I) showed

that the yield from field that applied IPM and with low use of pesticides were as good
or better compared to intensive rice farming, while costs were lower, generating 8–10%
(Normile 2013) or 10–20% more net income (Paper I). These results have convinced
farmers that decreasing the use of pesticides sometimes can help to increase the yield
and income (Normile 2013).

Paper I showed that rice-fish farming could provide a promising opportunity to fur-
ther develop ecologically sound management strategies for the rice field agroecosystem
which is in accordance with other studies (Berg 2002; Dela Cruz 1994; Halwarth 1998).
Rice-fish farming systems provide options for a reduced use of pesticides and fertilizers
by taking advantages of an enhanced circulation of nutrients and by introducing natural
enemies to pest, such as fish (Cau 2011; SENSED 2015; Xie et al. 2011). Scientific
studies, as well as farmers’ experiences, have proved the benefit of rice–fish integration,
combining the principles of water conservation, soil improvement and biological con-
trol, for a sustainable food production (Mohanty et al. 2004; Vromant and Chau 2005;
Xie et al. 2011). In addition, integrated rice-fish farming is seen to generate 20–25%
(Paper I) more net income compared to mono cropping (Berg 2002; Cau 2011; Xie et al.
2011).

With convincing evidence of the economic benefits of integrated systems, and means
for own experiments and cross-scale learning, different IPM and rice-fish farming projects
could help to design and implement future systems that deliver not only food security
under increasingly uncertain conditions, but also safeguard biodiversity, ecosystem ser-
vices and economic security in rural areas.
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6 Conclusion

During the last two decades rice production in the Mekong Delta in Vietnam has been
continuously intensified with increased use of pesticides and fertilisers and today many
farmers apply three crops per year with annual yields of 17 tonnes/ha. The growth of
rice production has improved agricultural income and reduced poverty but it has also
had negative environmental and social impacts such as loss of biodiversity and impaired
human health, partly because of an increased use of pesticides.

The commonly used insecticides, fenobucarb, and chlorpyrifos ethyl, in the Mekong
Delta were found to impact negatively on the native fish species, climbing perch.

CPF and F applied at concentrations used by farmers, either as separate doses, in
mixture or in sequential doses, caused negative effects on the brain AChE activity,
growth and survival in climbing perch.

The effect of CPF and F on climbing perch fingerlings exposed to a mixture of CPF
and F and to sequential applications of CPF and F, were different compared to the effect,
when exposed to CPF and F separately. The inhibition by the mixture of CPF and F
were significantly higher than the inhibition by only F, but less prolonged and significant
lower than the inhibition by only CPF over time. The results suggest that the combined
effect from a mixture of F and CPF can create both additive effects initially and later
antagonistic effects, and that the combined effects of pesticides are difficult to predict.

The results demonstrate that brain AChE activity in climbing perch is a relevant
biomarker for monitoring of exposure to, and sub-lethal impacts from, organophosphates
and carbamates under tropical conditions.

The result also shows that 2-PAM re-activate the brain AChE activity, and can be
used as a complementary method to assess the AChE inhibition level in organisms re-
cently exposed to OP’s, in situation where it may be difficult to find unexposed individ-
uals as controls.

The current use of insecticides in the Mekong Delta has negative impacts on aquatic
organisms, and could be one reason behind the observed decline in the fish catch in the
delta. It indicates that the sustained long-term production cannot be achieved thought
intensified use of pesticides. It must be based on ecological principles, taking advantages
of ecosystem biodiversity and productivity (Norton et al. 2010; UNEP 2011). IPM
and rice-fish farming provide promising opportunity to further develop ecological sound
management strategies of rice field environment in the Mekong Delta.
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