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1. Introduction 

1.1. Background 

According to the Food and Agriculture Organization of the United Nations, the pineapple 

production has increased worldwide more than threefold in the last 30 years. After banana and 

citrus, pineapple production is the most important tropical fruit crop. Eighty five percent of the 

imported pineapples in the United States of America and Canada as well as seventy one percent 

in Europe come from Costa Rica (FAO, 2011). Costa Rica is one of the worldwide biggest 

producers of tropical fruits, and has recently become the world's largest exporter of pineapples 

(RAMIREZ et al., 2009; BRAVO et al., 2011). The use of pesticides is a common way to control 

agricultural pests and this Central American country has therefore also become the biggest user 

of pesticides in this region between 1977 and 2000, with 150 000 tons of active substances 

having been imported (VALCKE et al., 2005; BRAVO et al., 2011). Pineapple production uses 

an average of 30 kg of active pesticide ingredients per hectare per year, and currently crops are 

grown on a surface of 45 000 hectares (CASTILLO et al., 2012). In general, the trend towards an 

increased import and use of pesticides is due to a more intensive cultivation and an increase in the 

size of crop-growing areas. BRAVO et al. (2011) reported that, historically, fungicides (46%) 

have been the most commonly imported products, followed by herbicides (29%), insecticides-

nematicides (16%) and fumigants (8%). While fungicides are used mainly on bananas, herbicides 

and nematicides are used on bananas as well as on pineapples (BRAVO, 2007; POLIDORO, 

2008).  The intensive field cultivation is related to a great amount of environmental and health-

related concerns, for example: ecological disorders, soil erosion, pesticide contamination and 
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degradation of natural habitats, water sources and human exposure to agrochemicals 

(SANDOVAL, 2009).  

The substances listed in Table 1 represent the most frequently used chemicals in the pineapple-

growing areas according to RICHART-BALLARA et al. (2009). 

Table 1. List of the most frequently used pesticides in the pineapple-growing area in Northern Costa 

Rica (Ricart-Ballarà et al., 2009) 

 
Pesticide Chemical group Use 

Bromacil Pyrimidindione Herbicide 

Diuron Phenyl-urea derivate Herbicide 

Ametryn Triazine Herbicide 

Hexazinone Triazine Herbicide 

Glyphosate Phosphonate Herbicide 

Diazinon Organophosphate Insecticide 

Carbaryl Carbamate Insecticide 

Hydramethylnon Trifluoromethyl aminohydrazone Insecticide 

Fosetyl-Aluminum Phosphanate Fungicide 

Metalaxyl Acetylalanines Fungicide 

Ethoprophos Organophosphate Insecticide/Nematicide 

Oxamyl Carbamate Insecticide/Nematicide 

Chlorflurenol-Methyl Morphactine Plant growing factor 

Ethylene Hydrocarbon Plant growing factor 
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Pesticides are widely used to combat diseases and pests, but they may also adversely affect the 

availability of vegetable and animal sources that are nutrients for other wild animal species. They 

comprise a large number of substances that chemically belong to many completely different 

classes and consequently have varying modes of action, uptake, biotransformation and 

elimination pathways. (PICO et al., 2003). 

1.2. Pesticides 

1.2.1 Bromacil 

Bromacil is an herbicide, which inhibits photosynthesis in plants and belongs to the 

pyrimidindione group.  Bromacil is reported as practically non toxic to wild birds. In vivo studies 

in bobwhite quails (Colinus virginianus) (LD50 greater than 2250 mg/kg) showed that bromacil 

administered per os did not lead to toxicity. Some laboratory studies with bromacil reported oral 

intoxication in white leghorn chickens (Gallus gallus domesticus) given 500 mg/kg/day 

(PALMER u. RADELEFF, 1969) and in mallard ducks (Anas platyrhynchos) administered more 

than 10000 mg/kg/day (WASHINGTON STATE DEPARTMENT OF TRANSPORTATION, 

2006). In both cases, the treated birds showed the same decreased body weight. It became highly 

toxic in the case of concentrations greater than 10 mg/kg in bobwhite quails and mallard ducks 

after feeding the substance for 8 days. There is limited information on its chronic toxicity in wild 

birds.  

The half-life of this herbicide in soils is approximately 60 days, which could be extended to 8 

months depending on the ambient conditions. It can contaminate underground water sources 

because it easily passes through soil and reaches the roots of the plant.  
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1.2.2 Diuron 

Diuron is a phenylurea derivate and an herbicide, which inhibits plant photosynthesis (WESSELS 

u. VAN DER VEEN, 1956) and is used for the control of broadleaf and grassy weed.  

Diuron can also be slightly toxic to birds. The LC50 for bobwhite quail fed diuron is 1730 mg/kg. 

However, an LC50 greater than 5000 mg/kg for Japanese quail (Coturnix japonica), ring-necked 

pheasants (Phasianus colchicus) and mallard ducks indicates low toxicity in these bird species 

(WEED SCIENCE SOCIETY OF AMERICA, 1994).  

Diuron can be detected in soils in the period of time from 30 to 365 days, mostly found 90 days 

after application (WAUCHOPE et al., 1992). It easily migrates to the roots and less efficiently to 

leaves and stems. 

1.2.3 Ametryn 

Ametryn is a triazine herbicide, which stops photosynthesis and also influences other enzymatic 

processes in plants. It is slightly toxic to large (Anas platyrhynchos) and small (Colinus 

virginianus) birds (LD50 greater than 2250 mg/kg body weight as well as five-day-LC50 greater 

than 5620 mg/kg) in the case of acute oral exposure (GRIMES AND JABER, 1988a). Reduced 

growth, poor weight gain and adverse reproduction effects were reported as effects due to chronic 

exposure to ametryn (BEAVERS, 1990).  

The environmental behavior of ametryn depends on the kind of soil and its specific properties. It 

can be detected 10 to 38 days. Its degradation is due to aerobic soil metabolism, and in some 

cases, because of its stability, it can stay in soil for up to one year. In the pineapple cultivation 

areas, ametryn has mostly been detected in the short grasses (WONG, 1991). 
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1.2.4 Hexazinone 

The herbicide hexazinone belongs to the triazine group and helps to control a broad range of 

weeds in sugar cane, pineapple and lucerne growing areas. Rainfall or irrigation water is needed 

before it becomes activated. It is persistent in soils and aquatic environments. It should not be 

used 30 to 60 days before grazing, harvest or feeding (USDA, 1984). 

Hexazinone is nontoxic to birds in case of acute and subacute oral application (WEED SCIENCE 

SOCIETY OF AMERICA, 1994). 

The pesticide can be detected in water sources six months after the last application. It can persist 

and be mobilized in soil and aquatic ecosystems. Therefore, hexazinone could be viewed as a 

possible concern for water contamination (USDA, 1984).  

1.2.5 Glyphosate 

Glyphosate, as a representative of the phosphonates, is a non-selective herbicide, which in low 

doses can be used as a growing regulator. It can cause eye or skin irritation during its preparation. 

The effects of this chemical in mammals, birds, fishes and invertebrates are reported to be 

minimal, only restricting its collateral adverse effects to some aquatic non-target plants (KIDD u 

JAMES, 1991). 

Glyphosate is adsorbed to soil particles and its residues remain immobilized in the ground and 

can be decomposed by microbes (WAUCHOPE et al., 1992). The pesticide can persist in soil 

between seven and 900 days, depending on the kind of soil, local climate, frequency of the 

application and terrestrial field dissipation (WEED SCIENCE SOCIETY OF AMERICA, 1994). 
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1.2.6 Diazinon 

Diazinon is an organophosphate (OP) used as insecticide, acaricide and nematicide that without 

mitigation can cause serious risks to agricultural workers and wildlife bird species. It is the one of 

the most widely used insecticides for agricultural pest control. Diazinon is also used in veterinary 

medicine against fleas and ticks. It is available as dust, granules, seed dressings, wet table 

powder, and emulsifiable solution formulations. 

Diazinon is highly toxic to birds and has been linked to a number of bird deaths. The acute oral 

toxicity LD50 of diazinon, administered as a single oral dose or five days as feeding treated seeds, 

ranges from 1.44 mg/kg (in mallard duck) to 69 mg/kg [in brown-headed cowbird (Molothrus 

ater)] (FLECHTER u. PEDERSEN, 1988a,b). Nearly, all studies found out that diazinon is 

highly toxic by the acute oral route (FINK, 1976; HILL u. CAMARDESE, 1981; GRIMES u 

JABER, 1987). LC50 values for technical diazinon ranged from 3.9 mg/kg to 32 mg/kg (USPHS, 

1995). Chronic reproductive effects in mallard ducks, such as significant reduction in the number 

of hatching survivors, were observed after the oral administration of diazinon throughout the 

breeding period (LOEC = 16.3 mg/kg) (MARSELAS, 1989). 

Diazinon presents the following environmental characteristics: moderately persistent and mobile, 

is degraded by hydrolysis in water, by photolysis and microbial metabolism in soil and dissipates 

by volatilization on water or soil surfaces. The hydrolysis depends on the pH values and can take 

12 to 138 days to be completed. It can be detected in soil layers for five to 20 days (HOWARD, 

1991). 
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1.2.7 Carbaryl 

Carbaryl belongs to the carbamate group and is one of the most widely used broad-spectrum 

insecticides in agriculture, professional turf management, ornamental production, residential pet 

(flea collars for dogs), lawn and garden markets (BAYER CROP SCIENCE®, 2012; USEPA, 

2003a).  

It is practically not toxic to birds such as ducks, quails, geese and pheasants (BRITISH CROP 

PROTECTION COUNCIL, 2000; USEPA, 2003a).  Furthermore, it is highly toxic after an acute 

exposure in honey bees, estuarine or marine invertebrates, and other aquatic animals. Numerous 

studies with plasma of different bird species have shown that this carbamate reversibly inhibits 

ChE activity (ALIAS et al., 2011; OROPESA et al., 2013). 

This carbamate can remain in soil for four to 72 days and is faster reduced in sandy, flooded and 

well aerated soils. It can be detected in plant leaves on average for three days. Carbaryl does not 

dissolve in water and because of this characteristic is commonly found in groundwater 

(VENAKATESWARLU et al., 1980; USEPA, 2003a). 

1.2.8 Hydramethylnon 

Hydramethylnon is an indoor and outdoor residential, industrial and agricultural 

amidinohydrazone insecticide for the control of imported fire and harvester ants, cockroaches, 

termites and pastures. It is a slow action poison and causes the death of the insects by disrupting 

the energy production in their cells (LOVELL, 1979).  

Since the LD50 falls in the range of 1828-2510 mg/kg, hydramethylnon is slightly toxic to 

practically non-toxic to avian species on an acute oral basis, depending on the bird species (US 

NATIONAL LIBRARY OF MEDICINE, 1995). Studies were conducted to establish the toxicity 
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of hydramethylnon in mallard duck and bobwhite quail, resulting in a slight toxicity on a 

subacute dietary basis in both cases (USEPA, 1998a). However, it has been suggested that 

hydramethylnon may cause chronic reproductive effects in avian species. Uncertainties regarding 

the potential adverse reproductive effects in birds could be reduced if avian reproduction toxicity 

data were available for the compound.  

Hydramethylnon tightly binds to soil particles, so that its mobilization and availability in the 

environment is extremely low. It can persist in the ground for seven to 391 days (VOGUE et al., 

1994).  An important fact is that plants do not absorb this pesticide from the soil, so that any 

residues on the plant leaves are due to a direct contact during the application of the product 

(BACEY, 2000). 

1.2.9 Fosetyl-Aluminum 

Fosetyl-Aluminum is a systemic fungicide and bactericide, recommended for preventive 

applications on vegetables. It is practically not toxic to birds, aquatic organism and bees. Its acute 

toxicity in wild birds was measured by applying a single dose of it in bobtail quail (LD50 > 8000 

mg/kg) and Japanese quail (LD50 = 4997 mg/kg) (FAO, 2008). In a short-term dietary toxicity 

test (duration five days) with bobwhite quails and mallard ducks (LD50 > 20000 mg/kg) no effects 

were observed. In another subchronic dietary study in Japanese quails (> 1500 mg/kg for six 

weeks), no signs of toxicity were observed. It is degraded very fast in the soil to nontoxic 

components (USEPA, 2000). 
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1.2.10 Metalaxyl 

Metalaxyl is a systemic fungicide used to control plant diseases caused by mycetes or water-mold 

fungi. It is used on many crops, residential and greenhouse crops such as ornamental plants, trees, 

shrubs and vines, lawns and turf. 

Metalaxyl was practically not toxic in mallard ducks (LD50 > 10000 mg/kg feed), and was 

slightly toxic in an acute toxicity study in mallard ducks (LD50 = 1466 mg/kg). The risk to birds 

is minimal; however, studies on the impact of this fungicide on the avian reproduction are still 

needed (USEPA, 1998b; CFCAH-EU-Comission, 2010). 

1.2.11 Ethoprophos 

Ethoprophos is an insecticide-nematicide of the organophosphate group. It inhibits the activity of 

the cholinesterase and has been implicated in at least one bird kill, in which nine adult Canada 

geese (Branta canadensis) died in Georgia (HILL et al., 1975; HUDSON et al., 1979). It was also 

detected in the gastrointestinal tract of the geese and the brain cholinesterase activity was 

inhibited in the three birds tested (HUDSON et al., 1984). The avian oral LD50 ranges from 4.21 

to 61 mg/kg, while the avian dietary LC50 ranges from 33 to 118 mg/kg in upland game birds and 

from 287 to 550 mg/kg in waterfowl (FINK et al., 1978; HUDSON et al., 1979). 

Based on laboratory studies, the substance is fairly persistent (USEPA, 2006). It has a high 

solubility and can be moderately absorbed in soil. Because of this, ethoprophos contaminates 

water surface. In an aerobic soil metabolism study, a half-life of 100 days was reported (USEPA, 

2006). 
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1.2.12 Oxamyl 

Oxamyl is a non-persistent carbamate with systemic and contact insecticide-nematicide activities. 

It can cause cholinesterase inhibition in animals and humans, over-stimulating the nervous 

system and causing nausea, confusion and dizziness (HARTLEY u. KIDD, 1983).  

Based on the effects in birds, it is considered highly toxic. The acute oral dose in bobwhite quails 

is 4.18 mg/kg (GRIMES u. JABER, 1988b). The oral LD50 in male mallard ducks is reported to 

be 3.83 mg/kg and in female mallard ducks 2.61 mg/kg (DUDECK u. BRISTOL, 1981). A 

subacute exposure (i.e. over 28 days) to oxamyl at a dietary level 50 mg/kg, led to reproductive 

effects such as the reduction of egg production and egg fertility in mallard ducks (ROBERTS et 

al., 1982; HARTLEY u. KIDD, 1983). 

The degradation of the active ingredient, depending on a number of chemical and microbial 

factors, can take between many days to several weeks. Oxamyl can be degraded very quickly in 

neutral and alkaline environments; it persists longer under acidic conditions. The photolysis of 

oxamyl seems to be activated in acidic water sources and not in soil (USEPA, 2007a). This 

carbamate has a half-life of up to four weeks under aerobic conditions and of less than seven days 

under anaerobic conditions. Field studies show that the applied oxamyl is absorbed from the 

superficial soil layer in less than seven days (USEPA, 2007a). 

1.2.13 Chlorflurenol-Methyl 

Chlorflurenol-methyl is an herbicide and plant growth regulator, mostly used as a post-emergent 

control of broadleaf weed. In bobwhite quails, no toxic effects were observed (oral LD50 > 10 

mg/kg and dietary LD50 > 5 mg/kg) (ESTOP u. TESKE, 1969; PEDERSEN u. SOLATYCKI, 
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1995). There is no data available on chronic exposure effects as well as reproduction studies in 

birds. 

The persistence of chlorflurenol-methyl in the environment is not exact. It seems to be highly 

mobile in soils and degrades very fast under field conditions (USEPA, 2007b). 

1.2.14 Ethylene 

The pesticide ethylene is an herbicide and a plant growth regulator. It belongs to the hydrocarbon 

chemical group and is a gas. Because of this, the exposure occurs via the lungs. Products 

containing this substance are considered to have a low toxicity and high volatility. Hence, 

exposure through treated foliage and foods as well as through the skin and lungs is minimal. No 

adverse effects were observed in ecological studies in fish and wildlife animals (USEPA, 1992). 

1.3. The effect of organophosphates and carbamates on cholinesterase activity 

Pesticides can affect the environment, humans and wildlife, including birds. MITRA et al. (2011) 

reported that organophosphates and carbamates do not accumulate in the food chain and are less 

environmentally enduring, but may have severe effects on birds.  One of the most common 

causes of poisoning in birds is the intoxication with anti-ChE insecticides such as 

organophosphates and carbamates (HILL et al, 1995, FAIRBROTHER et al., 1996). According 

to RATTNER u. FAIRBROTHER (1991), birds show a higher sensitivity than mammals, which 

correlates with the particularly low activity of organophosphate and carbamate degrading 

enzymes.  

The most widely used group of anti-ChE insecticides are the organophosphates, which include 

parathion methyl, chlorpyriphos, dimethoate, profenfos, diazinon and fenitrothion, the latter 
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primarily being used for grain storage and locust control (RADCLIFFE, 2002). 

Organophosphates and carbamates are anti-cholinesterase (anti-ChE) chemicals that inhibit 

esterases, including acetylcholinesterase (AChE) and butyrylcholinesterase (BChE). AChE is an 

enzyme that hydrolyses the neurotransmitter acetylcholine (ACh) and thereby terminates 

cholinergic synaptic transmission (WALKER u. THOMPSON, 1991). AChE has a high 

specificity for ACh, which is affected by high pesticide concentrations. BChE is a less specific 

esterase with a higher affinity for butyrylcholine (BCh), a synthetic substrate, which is even 

inhibited at low pesticide concentrations (THOMPSON u. WALKER, 1994).  

1.3.1 Butyrylcholinesterase 

BChE is also known as plasma or pseudo-ChE. The enzyme is synthesized in hepatic cells 

(SVENSMARK, 1963; KUTTY, 1980), and its activity can be detected in plasma (MYERS, 

1953). A low activity of the enzyme can be detected e.g. in the white substance of brain, liver, 

heart and fat tissue. According to several authors (STEDMAN et al. 1932, MENDEL u. 

RUDNEY, 1943; MYERS, 1953), BChE hydrolyzes benzoylcholine, butyrylcholine, 

propionylcholine and other choline related compounds. In contrast to AChE, BChE is not 

inhibited by increasing substrate concentrations (AUGUSTINSSON, 1949). 

1.3.2 Acetylcholinesterase 

According to the Enzyme Commission of the International Biochemistry Union (IBU), AChE is 

also called the specific ChE. The main function is to inactivate neurotransmission at the level of 

the synapses of the neurons. The biosynthesis of ACh occurs in nerve cells; ACh accumulates in 

the vesicles and is released after membrane depolarization. In this context, AChE catalyzes the 
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hydrolytic cleavage of ACh and stops the transmission of impulses within a few milliseconds. In 

order to do so, AChE binds to the anionic center of the esterase, which is acylated and releases a 

choline molecule. By splitting off the acetate group, the initial state of the enzyme is restored. 

The nerve cells take up acetate and choline, build up new ACh molecules and store them again 

inside vesicles (ZINKE, 2000). 

AChE is detected in muscles, nervous system as well as in erythrocytes of mammals (ALLES u. 

HAWES, 1940; NACHMANSOHN u. ROTHENBERG, 1945). The enzyme is characterized by 

pronounced substrate specificity to acetyl-ß-methylcholine, acetylthiocholine and ACh and is 

inhibited by increasing substrate concentrations (ALLES u. HAWES, 1940; NACHMANSOHN 

u. ROTHENBERG, 1945; AUGUSTINSSON, 1949). 

Thiocholine esters such as acetylthiocholine, butyrylthiocholine and propionylthiocholine iodide 

can be used as substrates to perform the measurements. AChE has a high specificity and reacts 

only with acetylthiocholine iodide. BChE hydrolyzes all three substrates. In addition, there are 

species-specific substrate affinities in the case of both enzymes. MYERS (1953) and 

AUGUSTINSSON (1949) reported that AChE generally has a higher substrate affinity and, at 

low substrate concentrations, more effectively metabolized AChE than BChE. 

Many studies in birds report the use of blood cholinesterase activity as biomarker of exposure to 

anti-cholinesterase agents such as organophosphates and carbamates. This activity has been 

widely used to assess the exposure and effects of these pesticides in populations inhabiting 

agricultural areas (WESTLAKE et al., 1981a, b; GARD u. HOOPER, 1993; SOLER-

RODRIGUEZ et al., 1998; PARSONS et al., 2000; MAYACK u. MARTIN, 2003; RENDON-
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VON-OSTEN et al., 2005; ROY et al., 2005; OROPESA et al., 2013). However, according to 

SINGH u. RIZVI (2013), the AChE in the erythrocyte membrane shows many properties similar 

to that the AChE in brain tissue and may thus be considered indicative of the central nervous 

cholinergic status. 

1.3.3 Inhibition mechanism 

The inhibition of the ChE by organophosphates is irreversible, whereby oximes are indeed able to 

slowly reactivate the inhibited ChE (WILSON et al., 1992). In a first step, the organophosphate 

leads to the formation of a reversible enzyme-inhibitor complex via a transphosphorylation 

reaction. Instead of acetylating the electronegative catalytic center of the esterase, an immediate 

phosphorylation by the electrophilic phosphorus central atom of the OP occurs. Once one of the 

ester groups bound to the phosphorus atom is eliminated, the organophosphate molecule becomes 

irreversibly bound to the enzyme and thereby prevents its catalytic activity (ALDRIGE, 1953). 

1.3.4 Secondary effects in birds 

HILL (2003) reported that the ecotoxicological effects of organophosphates and carbamates were 

less pronounced, but that they could slowly affect the animal populations. Vertebrates and 

invertebrates can be exposed to or even poisoned by pesticides in different ways by consuming 

seeds or plants treated with chemicals, by taking pesticides up in a granular form mistaking them 

for food, by ingesting dead or struggling poisoned insects and other animals or through 

inhalation, contaminated water and absorption through the skin (HILL, 1992; WILSON et al., 

1992; FOSSI et al., 1996). The intoxication depends on factors such as type of the insecticide, 
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degree, duration and frequency of exposure, species variation and degree of environmental 

contamination (OSWEILER, 1996; WILSON et al., 1998; WILSON et al., 2005). 

Worldwide, hundreds of incidents with organophosphate and carbamate-induced bird poisoning 

have been reported (MADISON, 1993; HOOPER 2002; FLEISCHLI et al., 2004). Both pesticide 

groups are responsible for 50-70% of acute poisoning cases, thereby affecting the enzyme 

acetylcholinesterase (AChE), whose activity serves to terminate synaptic transmission in 

neuromuscular junctions and cholinergic brain synapses (MITRA et al., 2011). 

According to SMITH (1987), 50% of all organophosphates and 90% of all carbamates are 

extremely toxic to birds (lethal dose less than 40 mg/kg). If there is a concomitant exposure to 

several different pollutants, it could lead to an additive toxic effect. However, JOHNSTON u. 

BAYLIS (1995) reported cases, in which the intake of different toxins attenuated the toxic effect. 

The inhibition of AChE by such compounds leads to an increased concentration of ACh in the 

synapses, leading to the disruption of the normal functioning of the nervous system (WALKER u. 

THOMPSON, 1991). Acute toxicity can result in death by respiratory or cardiovascular arrest, or 

both, and sublethal exposures can lead to a range of biochemical, physiological and behavioral 

changes, since the cholinergic innervation of the body is nearly ubiquitous (FRYDAY et al., 

1996; GRUE et al., 1997). 

The toxicity forms can be classified as: 

A) Acute Toxicity 

The most possible route of exposure to organophosphates and carbamates is the consumption of 

seed or insects contaminated on their surface with lethal amounts of insecticides (PROSSER u. 

HARD, 2005). 
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B) Sublethal Toxicity 

The ecology, physiology and behavior of the wild birds have been well studied and their 

alteration within the populations, because of human actions and pollution are of great public 

interest (BECKER, 2003). Sublethal effects of pesticides include, but are not limited to endocrine 

disruption, alterations in feeding behavior and a compromised immune system, all of which may 

affect avian reproduction. Therefore, pesticides can cause behavioral changes, loss of safe habitat 

and population decline up to local extinction of several bird species (MITRA et al., 2011). 

The following parameters can be affected by a sublethal intoxication with organophosphates and 

carbamates.  

C) Effects on feeding behavior 

Organophosphate and carbamate intoxication is often associated with anorexia and symptoms of 

gastrointestinal stress (GRUE et al., 1991). For example, long-term effects of very small amounts 

of organophosphates affect the feeding behavior of breeding red-winged blackbirds (Agelaius 

phoeniceus) (NICOLAUS u. LEE, 1999). Moreover, exposure to both groups of pesticides 

interferes with a bird´s ability to discriminate between contaminated and clean foods. Reduction 

in body weight following sublethal exposure with an average weight loss of 14% was also noted 

(MITRA et al., 2011). Such weight loss correlates with 55-77% AChE inhibition in European 

starlings (Sturnus vulgaris) after a single dose of dicrotophos (GRUE u. SHIPLEY, 1984). 

Lesions in the lateral hypothalamus due to pesticide exposure led to food avoidance and caused a 

sharp body weight reduction in birds (KUENZEL, 1994). 
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D) Effects on the endocrine system and reproductive behavior 

Alterations in the reproductive behavior and gonadal development in birds (KUENZEL, 1994) 

have been noticed following acute sublethal exposure to organophosphates and carbamates due to 

hypothalamic lesions. Reduction in singing and displaying of throat feathers in the European 

starling (HART, 1993) and increased aggression in both sexes (GRUE et al., 1991) are strongly 

correlated with brain cholinesterase inhibition. In organophosphate-exposed mallards, their 

hatching success was reduced by 43% in comparison to controls because of an abnormal 

incubation behavior (nest abandonment and extended time away from the nests) (BENNETT et 

al., 1991). Alterations in the migratory behavior (VYAS et al., 1995), sexual behavior (GRUE u. 

SHIPLEY, 1981; HART, 1993), litter and clutch size (BENNETT et al., 1991) and parental care 

(GRUE, 1982) are due to reduced levels of reproductive hormones, which result from pesticide 

exposure.  

It is possible that organophosphorus insecticides impair reproductive function by altering 

secretion of luteinizing hormone (LH) and progesterone (RATTNER et al., 1984). The decreased 

level of cholinesterase activity in testis and brain of adult male white-throated munia (Lonchura 

malabarica) is directly related to the increased number of degenerated germ cells after exposure 

to methyl parathion (MAITRA u. SARKAR, 1996). The exposure of adult male rose-ringed 

parakeets (Psittacula krameri) to methyl parathion resulted in impaired testicular function, which 

might be due to altered circulating levels of LH and testosterone in the circulating blood 

(MAITRA u. MITRA, 2008). 
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E) Effect on thermoregulation 

Organophosphates and carbamates also affect the thermoregulation in birds. Acute sublethal 

exposure to organophosphates results in short-term hypothermia (GRUE et al., 1991). These 

pesticides induce a reduction in the body temperature of birds, which is often associated with a 

decrease in cholinesterase activity by more than 50% (CLEMENT, 1991). The correlation 

between low body temperature and pesticide toxicity appears to be the result of the impairment of 

thermoregulation, causing the inability of birds to withstand cold temperatures (MARTIN u. 

SOLOMON, 1991). 

F) Effect on the hematological system and immune system response 

Exposure to high doses of organophosphates can cause direct damage to cells and organs of the 

immune system and decrease immune functions. Histopathological changes in immune tissues 

and organs, cellular pathology, altered maturation, changes in lymphocytes and functional 

alterations in inmunocompetent cells have been documented after organophosphate exposure 

(VOCCIA et al., 1999; AMBALI et al., 2010). Other effects include the direct damage of proteins 

and DNA (VIDEIRA et al., 2001). Organophosphates interfere with the immune response in 

animals through both anti-cholinergic and non-cholinergic pathways (BARNETT u. RODGERS, 

1994; VIAL et al., 1996). Sublethal exposure of young chickens to chlorpyriphos and 

methidathion results in a reduction in the number of white blood cells, neutrophils and 

lymphocytes (OBAINEH u. MATTHEW, 2009). 



31 
 

1.4. Wild birds as biomonitors for environmental contamination 

Monitoring of chemical concentrations in the environment is often performed by using certain 

animal species as surrogates (“biomonitors”). These are used to measure the concentration of 

pollutants needed to affect the organisms and ecosystems (FURNESS et al., 1993; LAM et al., 

1999). The choice of biomonitoring species is very important. The species should be 

representative of the entire ecosystem and has to be receptive to contamination in order to be able 

to detect environmental pollution at an early stage (BURGER, 1993; FURNESS, 1993). Several 

pollutants representing a health risk for humans, such as dichloro-diphenyl-trichloroethane 

(DDT), have been shown to induce adverse effects in wild bird populations (RATCLIFFE, 1967). 

Avian species have an unique place in the ecosystem. They constitute a diverse and evolutionary 

population and represent a large group in the tropical areas. The threats leading to their 

population decline are manifold and varied, but agriculture alone affects 87% of the globally 

threatened bird species (BLI, 2008). Healthy avian populations are indicators of ecological 

integrity, warning about environmental problems and ecosystem collapse. Avian populations 

have a central role in the ecosystem functioning and services, providing economic benefits like 

seed dispersal, pollination, recolonisation and restoration of disturbed ecosystems, as well as pest 

control (SEKERCIOGLU et al., 2004). 

Birds have extensively been used in the past as biomonitors of environmental contamination with 

persistent organic pollutants (WALKER et al., 2001; HERZKE et al., 2003; LINDBERG et al., 

2004). They are situated high in the food chain, thus accumulating high levels of organo-

halogenated pollutants, and they are sensitive to environmental changes (FURNESS, 1993). 
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Biomarkers are intended to give information about the exposure to pollutants at an individual 

level. Biomarkers of exposure can be quite useful as an early warning signal before effects at 

more ecologically relevant levels (populations or communities) can be observed 

(GUIHERMINO, 2007). 

However, it is important to mention that there are also some disadvantages when using birds as a 

biomonitoring species. Many birds are mobile and migrate over long distances, making it very 

difficult to relate contamination in the bird to a particular source. Moreover, some pollutants can 

be metabolized or excreted by the animal (LETCHER, 2000; VERREAULT et al., 2005). Feces 

better reflect the excretion and metabolism of organic pollutants rather than their actual 

accumulation in the bird (DE VOS u. DE SCHRIJVER, 2005). 

1.5. Pesticide contamination in feather and tissue samples 

The use of hair, a keratinous tissue, has recently been evaluated as a method for the analysis of 

persistent organic pollutants (DAUBERSCHMIDT et al., 1998; COVACI et al., 2002; 

ALTSHUL et al., 2004; D'HAVE et al., 2005). Moreover, the analysis of hair to determine the 

concentrations of drugs (VILLAIN et al., 2004; BOUMBA et al., 2006) and contaminants 

(COVACI et al., 2001b; ALTSHUL et al., 2004; BOUMBA et al., 2006; D’ HAVE, 2006) has 

been successfully performed for several years. Since feathers are composed of a keratinous 

matrix as well, they are potentially useful to study the contamination with organic pollutants. In 

contrast to hair, which is continuously growing, feathers just grow for a certain period of time 

and are only connected to the blood stream (and its circulating pollutants) during this limited time 

period (JASPERS et al., 2004). Feathers have been used for monitoring heavy metal pollution for 

over 40 years (WEYERS, 1988; BURGER, 1993; JANSSENS et al., 2001).  
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While many biomonitoring studies on organic pollutants have previously focused on bird eggs, 

feathers have the advantage that they can be collected irrespective of season, age or sex. Bird 

feathers have previously been used for monitoring heavy metals in numerous studies, but the use 

of feathers as monitors of persistent  organic  pollutants (POPs) (such as polychlorinated 

biphenyls [PCBs], DDT and organochlorine pesticides) have only recently been investigated 

(DAUWE et al., 2005; JASPERS et al., 2006b; VAN DEN STEEN et al., 2007). 

1.6. Wild bird species  

All four bird species included in this study are small non-migratory birds, living in the forests 

close to pineapple cultivation areas. The variable seedeater, Sporophila americana, has an 

approximate size of 10.5 cm and an average weight of 11 g. The males have a black color and a 

very typical convex pinnacle, while the females are coffee brown-colored. S. americana lives 

frequently in groups with other species like Volatinia jacarina because of the similar food 

preferences, including grass, tree and shrubbery seeds, berries and some insects as a protein 

source. The males sing in the high parts of the trees. The reproduction period is between May and 

August. The blue-black grassquit, Volatinia jacarina, exhibits an average size of 10 cm and a 

weight of 9.5 g and has a conical black bill. The male is glossy blue-black with a black tail and 

wings. The female has dull brown-colored upperparts and dark-streaked buff underparts. The 

areas of habitat include grass, herbs, bushes and shrub fields as well as the border of forest areas. 

Generally, they have similar feeding habits like S. americana. Their reproduction period is 

between June and October. The trick-billed seed-finch, Sporophila funerea, is 11.5 cm in size and 

weighs 13.5 g. The bill is more robust and conical than that of S. americana. The adult male is 
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colored in a deep black color, except for the lining of the wings and the bases of the primary 

feathers, which are white. The bill is black and the legs are dark grey. The female is deep dark 

brown on its upper part and the wings and the tail show blackish brown edges. The ventral side of 

the animal is between dark and opaque at the throat, while breast and flanks are dark coffee 

brown and the lining of the wings is white. It lives in grass, shrubby and bushy areas, and on 

fields with tall grass and swamps. In contrast to S. americana, this bird species only lives in pairs 

and not in big groups on trees. It feeds on grass seeds, small berries and insects. The period of 

reproduction is from April to September. Finally, the scarlet-rumped tanager, Ramphocelus 

passerinii, is 16 cm big and weighs 31 g. It has a thick bill. The male is of a velvet black colour, 

except for the lower back, which is colored in an intense orange. The female shows a brownish 

grey head and an ochraceous olive upperparts, with a paler and shiny rump. The wings and tail 

are dusky and the throat is greyish. The rest of the lower part is ochraceous olive, brighter on the 

chest. The peak is often dully grey. The scarlet-rumped tanager ingests a lot of fruits as well as 

some berries and preys such as insects and spiders in the foliage. The species lives in secondary 

forests, scrubs and forest borders. It is reproductively active between March and August (STILES 

u. SKUTCH, 2007).   

1.7. Pesticide analysis with the QuEChERS method 

The quick, easy, cheap, effective, rugged and safe method (known as QuEChERS) was developed 

by ANASTASSIADES u. LEHOTAY (2003) and it is a standardized protocol for multiresidue 

pesticide analysis in fruits, vegetables and other food matrices, recognized by the EU since 2007. 

This method consists of two steps: liquid-liquid sample extraction and purification by solid phase 

extraction (SPE). Follow-up studies have further validated this technique for more than 200 
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pesticides, improved the analytical precision for the remaining few problematic analytes and 

tested it in fat-containing matrices (LEHOTAY et al., 2005a). The method uses a single-step 

buffered acetonitrile (MeCN) extraction, while anhydrous magnesium sulfate (MgSO4) removes 

water from the sample and induces the liquid-liquid partitioning. For the cleanup step, a simple, 

inexpensive, and rapid technique called dispersive solid-phase extraction (SPE) is conducted 

using a combination of primary secondary amine (PSA) sorbents to remove fatty acids (among 

other components) and anhydrous MgSO4 to reduce the remaining water in the extract. Then, the 

extracts are concurrently analyzed by liquid and gas chromatography (LC and GC) combined 

with mass spectrometry (MS) to determine a wide range of pesticide residues. In 2005, acetate 

salts were added in order to buffer the liquid–liquid extraction and avoid the degradation of base-

sensitive pesticides. This method ensures the successful extraction of highly polar and highly 

acidic and basic pesticides (LEHOTAY et al., 2005b). Therefore, SPE has gained popularity as a 

tool for the isolation, concentration and purification of analytes from complex matrices 

(LEHOTAY et al., 2005c). In addition, SPE involves a simple analytical procedure that produces 

clean extracts and leads to high recovery rates. The non-polar octadecyl (C18) bonded silica is 

the widely used sorbent in this method (KUMAZAWA u. SUZUKI, 2000). 
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2. Objectives 

2.1. General objective 

The primary aim of this study was to characterize the AChE and BChE activities in four wild bird 

non-migratory species (S. americana, S. funerea, V. jacarina and R. passerinni), captured at the 

forest-crop interface of conventional and organic pineapple plantations.  

2.2. Specific objectives 

• To standardize assay conditions to measure AChE and BChE activity in brain tissue and 

serum, respectively.  

• To compare the AChE and BChE activity of the different species (male and female 

animals) in conventional and organic crops.  

• To analyze extracts of feathers, feces, skin and soil by LC-q-TOF-MS and determine the 

accumulation level of pesticides used in the pineapple cultivation areas (organic and 

conventional). 

• To explore the feasibility of using any of these species as a toxicity biomonitor in 

pineapple plantations.  
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3. Materials and methods 

3.1. Enzyme activity measurements 

3.1.1 Sample collection 

Materials: 

Product Type /Catalog Nr. Company Country 

Ketamid® (ketamine + midazolam) 50 ml Holliday-Scott® Argentina 

Microcentrifuge tube 1.5 ml Eppendorf® Germany 

 

Equipment: 

Product Type / Catalog Nr. Company Country 

Microcentrifuge 5415C Eppendorf® Germany 

MVE SC Series11/7 Millenium USA 

CX 100 Taylor Wharton USA 

 

This study included 196 blood and 197 brain samples of the four species described in the 

Introduction section and living in the gallery forests surrounded by pineapple-growing areas of 

one Costa Rican pineapple plantation in the Northern Region, also called Huetar Norte Region. 

The exact geographical coordinates of the conventional and organic points were identified and 

saved using a navigation system (Figure 1). The samples were collected in the period between 

February and April 2012 using mist nets in the morning hours, between 5:30 am and 9:30 am, in 

order to minimize stress and possible diurnal variation in enzyme activities (GARCIA-
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RODRIGUEZ et al., 1987; THOMPSON et al., 1988; COBOS et al., 2010). The captures were 

done in the border between gallery forests and pineapple areas and close to water sources such as 

lakes, ponds, streams and rivers (Figure 2). Most of those water sources are used for irrigation of 

the pineapple regions or serve as drainage. None of the birds, which were observed during the 

field work, presented symptoms of illness or weakness.  

After the capture, each bird was put in a separate cloth bag and immediately put to sleep with an 

overdose of a combination of ketamine (50 mg/ml) and midazolam (2 mg/ml; Holliday-Scott®, 

Argentina) applied parenterally, the recommended dose for birds being 0.04 ml/100 g body 

weight for stress minimization without reducing the blood supply (WHELER, 1993). Thereafter, 

the birds were decapitated for the collection of the blood samples in microcentrifuge tubes 

(Eppendorf®, Germany). Plasma was separated from the erythrocytes by centrifugation 

(Eppendorf®, Germany) at 7000 rpm for 5 minutes, and the brain of each bird was excised for the 

measurement of AChE activity. During the sample collection period of time and the transport to 

the laboratory, all plasma and brain samples were kept in liquid nitrogen (Millenium & Taylor 

Wharton, USA). Then, samples were stored at -80°C until they were analyzed. 
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Figure 1. A) Regional map of Costa Rica indicating the collecting area (black square). B) Map of the 

pineapple plantations in Northern Costa Rica (green zones indicate the organic lots and the yellow 

ones the conventional lots; white points mark organic sample points and black points mark 

conventional ones). Source: Soil and More International, Dole Food Company (2011).  

 

A 

B 
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Figure 2. Sample point in a conventional pineapple-growing area: Mist nets were installed at the 

border between the pineapple plantation areas and the surrounding gallery forests with water 

sources. 

3.1.2 Plasma cholinesterase activity measurements 

Kits: 

Product Type / Catalog Nr. Company Country 

Commercial kit  serum cholinesterase Bio-Tec® 
International S.A. 

Costa Rica 
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Equipment: 

Product Type / Catalog Nr. Company Country 

Scientific Accumet  900 Fisher Scientific® USA 

LAMBDA 35 UV/Vis Systems Perkin Elmer® USA 

ChE activity was measured by using a commercial kit (Bio-Tec® International S.A., Costa Rica) 

based on a method described by ELLMAN et al. (1961), modified by HILL u. FLEMING (1982) 

and recommended by the manufacturer. It uses propionyl thiocholine iodide as a specific 

substrate and dithiobisnitrobenzoate as color reagent. The change of color is proportional to the 

enzyme activity. All assays were measured at 0, 15, 30 and 45 seconds to obtain the average 

values in the spectrometer (model J35, Perkin Elmer®, USA) at 30°C and a wavelength of 450 

nm. 

3.1.3 Acetylcholinesterase activity measurements in brain tissue 

Kits: 

Product Type / Catalog Nr. Company Country 

Commercial kit erythrocyte 
cholinesterase 

Bio-Tec® 
International S.A. 

Costa Rica 

DC Protein 
Assay 

Bio-Rad-500-0112 Bio-Rad® USA 
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Equipment: 

Product Type / Catalog Nr. Company Country 

Scientific Accumet  900 Fisher Scientific® USA 

LAMBDA 35 UV/Vis Systems Perkin Elmer® USA 

Trizma Base 93352-500G Sigma-Aldrich® USA 

ELISA Reader CL 370 Shimadzu Japan 

 

The complete brain tissue sample (frontal cortex and basal ganglia) was homogenized with a 

sterile 1ml syringe on an ice bath. Then, 0.01 g of the homogenized sample were transferred to a 

new tube and 0.05 M Tris-base buffer (pH 8.0; Sigma-Aldrich®, USA) were added at a ratio of 

1:9, mixed and homogenized on ice again, until the tissue was completely disintegrated. 

Aids (Miscellaneous equipment): 

 
Product Type / Catalog Nr. Company Country 

Micropipettes 10 µl, 100 µl, 1000 µl Eppendorf® Germany 

Glass pipettes 2 ml, 5 ml, 10 ml Fischer Scientific® USA 

Sterile beakers 50ml - 1000 ml Thermo Scientific® USA 

Analytical balance PC 180 Mettler Toledo Switzerland 

Analytical balance BLC-500 Boeco® Germany 

ELISA plates MicroWell 96 Nunc-Immuno™ Germany 

Distilled Water MicroPure Thermo Scientific® USA 

Laboratory Dryer 854 Memmert Germany 

Centrifuge Universal 320 R Heltrich Zentrifugen Germany 



43 
 

Quantification of proteins 

The protein content in all the samples was determined according to the method of BRADFORD 

(1976) adapted to a microplate readout. A commercial kit was used for this quantification of the 

proteins (DCTM Protein Assay 500-0112 BioRad®, USA), and the measurements were performed 

by using an ELISA reader (Shimadzu®, Japan). Different dilutions (0.2, 0.4825, 0.765, 1.0475 

and 1.33 mg/ml) of a protein standard were prepared using the same buffer. Subsequently, a 1:20 

dilution of each sample was performed in triplicate in an ELISA 96 well plate. The methodology 

recommended by the manufacturer was used. The samples were left at room temperature for 15 

minutes and then analyzed in the ELISA reader with a 650-750 nm filter. Finally, an X/Y scatter 

chart of standards was developed and the R2 value with its respective equation was determined. 

Determination of acetylcholinesterase activity in brain tissue 

For the determination of ChE activity, the same procedure described for the measurement of 

erythrocyte ChE (Biotech International®, Costa Rica) was used, but in this case, it included 

another substrate (acetylthiocholine iodide), and the absorbance was measured only at 0 and 30 

seconds at 450 nm according to the instructions of the manufacturer. 

AChE activity was determined in brain homogenate supernatants and expressed in Units (U) per 

grams (g) of protein (one U equals to one nmol acetylcholine hydrolyzed per minute). The 

supernatant protein concentration of the brain homogenates was adapted to the microplate and 

then determined according to LOWRY et al. (1951) with BAS as standard. The methodology 

recommended by the manufacturer was used. 
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3.1.4 In vitro inhibition of butyrylcholinesterase by carbaryl 

Kits and materials: 

 

 

 

 

 

 

Equipment: 

 

 

As a commercial kit control and to evaluate the inhibitory potential of carbaryl on wild bird 

BChE, an in vitro test was performed according to OROPESA et al. (2013) with some slight 

modifications. For this control experiment, two blood samples of unexposed African grey parrots 

(Psittacus erithacus) from the Clinic for Pets, Reptiles, and Feral Birds of the University of 

Veterinary Medicine Hannover were collected. These two samples were centrifuged. The 

obtained plasma was pooled in order to minimize specific individual differences and to increase 

the available amount.  

Carbaryl with a purity of 98% (Sigma Aldrich®, Germany) was diluted in ethanol at 0.781, 3.125 

and 12.5 and 50 µg/ml. The effect of carbaryl on the ChE activity was determined after an 

incubation period of 30 minutes at 25°C in darkness. Subsequently, 5 µl of each stock solution 

Product Type / Catalog Nr. Company Country 

Carbaryl 32055 Sigma Aldrich® Germany 

Ethanol 459844 Sigma Aldrich® Germany 

Acetylcholinesterase 
Assay Kit 

ab138871 Abcam® United Kingdom 

Commercial kit  serum 
cholinesterase 

Bio-Tec® 
International S.A. 

Costa Rica 

Product Type / Catalog Nr. Company Country 

ELISA Reader Infinite 200 Tecan® Switzerland 
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was added to 495 µl of a pooled sample, while 5 µl of ultrapure water was used for the blank 

assay samples. Additional controls were incubated with 5 µl ethanol under the same conditions. 

The commercial kit was compared with another one (Abcam®, United Kingdom) and the BChE 

inhibition was calculated in percentage. The methodology recommended by each manufacturer 

was used in both kits. 

3.2. Sample collection for pesticide contamination and extraction method 

Materials: 

 

 

 

 

 

 

 

Equipment: 

 

 

Product Type / Catalog Nr. Company Country 

Magnesium sulfate 746452-500g Sigma Aldrich® Germany 

Acetic acid A6283-100ml Sigma Aldrich® Germany 

Acetonitrile 271004-1l Sigma Aldrich® Germany 

Sodium chloride S3014 Sigma Aldrich® Germany 

Sodium acetate 791741-500g Sigma Aldrich® Germany 

Isolute MSPD C18 9370-0100 Argonaut 
Technologies 

Hungary 

Product Type / Catalog Nr. Company Country 

Vortex Genie 2 VRW International© Canada 

Ultrasonic bath Branson 3800 Emerson Industrial© 
Automation© 

USA 

Analytical balance PC 180 Mettler Toledo Switzerland 

Lyophilisator Sentry 2.0  Virtis SP Scientific® USA 
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Feathers 

A total of 201 feather samples (109 from conventional fields and 92 from the organic fields) from 

all the four bird species described in the Introduction section were collected directly after 

euthanasia and put in a small plastic bag. Sample feathers from the upper part, wings and tail 

were thereby mixed. All samples were kept at 0°C in the field, at -10°C during transport and 

stored at -20°C in the laboratory until they were further processed. 

The use of powerful ultrasound significantly improves the extraction of organic compounds 

contained within the body of plants and seeds. The ultrasound treatment allows a greater 

penetration of the solvent into the materials and improves mass transfer (MASON et al., 1996). 

Most of the compounds were extracted during the first ten minutes of sonication (MASON u. 

ZHAO, 1994). Depending on the wave intensity, exposure time, membrane characteristics and 

medium type, ultrasonic waves can induce mechanical, thermal and biochemical effects in the 

frame of a large range of applications in the food industry (ZENKER, 1998). The effects of an 

ultrasonic bath are to facilitate the extraction process and to reduce the extraction time compared 

to other methods. The ultrasonic extraction has successfully been applied for the determination of 

environmental pollutants and pharmacologically active substances (MARTINEZ, 2004). 

In the present study, an ultrasonic bath (Emerson Industrial Automation©, USA) was used to 

optimize the extraction of pesticides in the feather samples. All samples were processed the same 

day, cut in small pieces (0.1-0.5 mm), weighed and put in a clean conic tube. Thereafter, 5 ml 

acetonitrile (Sigma Aldrich®, Germany) were added and the tubes were immersed in an ultrasonic 

bath at a 30°C for 15 minutes and with 40 kHz frequency. 



47 
 

In the case of the feathers, all samples were mixed with 5ml acetonitrile and 1% acetic acid 

before the ultrasonic extraction, and after a centrifugation 2 ml of extract were gathered.  

Skin and feces 

All 201 skin samples (109 from the conventional pineapple-growing areas and 92 from the 

organic ones) were collected during the field work. Skin tissue from the breast area was taken and 

then carefully placed in individual Eppendorf® tubes. Feces samples (109 from the conventional 

pineapple cultivation zones and 85 from the organic ones) were taken very carefully directly from 

the rectal area and distal part of the colon after the necropsy on the field. Every test tube were 

immediately put in liquid nitrogen tanks and maintained in them during the field work and the 

transport period. In the laboratory, they were kept at -80°C until the following preparation 

process was performed. 

The skin samples were mixed regarding species, day and place of collection. The same procedure 

was applied for the feces samples. They were weighed and inserted into a lyophilizer for 24 hours 

(Virtis SP Scientific®, USA) to facilitate the consequent preparation and maceration in order to 

ensure the extraction of the water in the sample.  

The pools of skin and feces samples were processed independently of the final volume using the 

QuEChERS-method by mixing them with 2 ml acetonitrile containing 1% acetic acid (Sigma 

Aldrich®, Germany) and then using a Vortex mixer (VRW International©, Canada) for one 

minute. A salt mixture (0.4 g magnesium sulfate; 0.1 g sodium chloride and 0.05 g sodium 

acetate; Sigma Aldrich®, Germany) was added, mixed manually and centrifuged for seven 

minutes at 10°C and 4500 rpm. The resulting supernatant was left for 1 hour at -20°C in order to 

allow for the separation of the fat in the sample. It was then centrifuged, the extraction tube was 
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changed and 50 mg of C18 sorbent (Argonaut Technologies, Hungary) were added. The mixture 

was vortexed, centrifuged again and 1ml aliquot was taken.  

Soil 

Soil samples were taken from all the places of collection (four in the conventional and four in the 

organic pineapple cultivation areas), put in plastic bags and kept at 0°C during the field work and    

at -10°C during the transport. In the laboratory, they were kept at -20°C until the following 

preparation process step was performed. Soil samples were taken from each collection point and 

very well mixed. Then, five grams were weighed for each extraction. The soil samples of each 

conventional point were compared with four soil samples from the organic zones. 

Because of the greater weight of the soil samples, higher amounts of the reagents were used: 5 ml 

acetonitrile with 1% acetic acid, a salt mixture consisting of 2 g sulfate, 0.5 g sodium chloride 

and 0.5 g sodium acetate and for the clean-up step 0.5 g C18. 

3.3. Pesticide Analysis by UHPLC-TOF-MC 

Reagents: 

 

 

 

 

 

 

 

Product Type / Catalog Nr. Company Country 

Hexakis AS441921 Apollo Scientific 
Limited® 

United Kingdom 

Acetic acid 56467-2ml Sigma Aldrich® Germany 

Methanol MS Quality Carl Roth® Germany 

Ammonium formate 70221-25g Sigma Aldrich® Germany 

Sodium formate 247596-100g Sigma Aldrich® Germany 
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Equipment: 

 

 

 

 

 

Software: 

Product Version Company Country 

HyStar™ PP 3.2.44.0 Brucker Corporation© Germany 

OTOF control™ 3.2 Brucker Corporation© Germany 

TargetAnalysis 1.3 Brucker Corporation© Germany 

DataAnalysis 4.1 Brucker Corporation© Germany 

 

An aliquot of 1 ml of each sample was sent to the Max-Rubner-Institute in Detmold, Germany, to 

be processed and analyzed in an electrospray interface time-of-flight mass spectrometer system 

(ESI-q-TOF-MS) (Brucker Corporation©, Germany) for qualitative and quantitative Multi-Target 

Pesticide screening.  

• Chromatography 

Chromatographic separations of the extracts were performed with a UHPLC (DionexTM, 

Germany) consisting of a solvent rack, an autosampler, a binary pump and an UV detector 

equipped with a Van Guard Precolumn (Waters©, USA) and a reversed-phase C18 analytical 

column of 2.1 mm x 100 mm and 2.2 µm particle size (Dionex TM, Germany). The separation was 

Product Type / Catalog Nr. Company Country 

UHPLC  Ultimate 3000 DionexTM Germany 

Van Guard 
Precolumn 

Acquity UPLC 
BEH C18 

Waters©  USA 

Reversed-phase C18 
analytical column 

Acclaim RS-LC 
120 C18 

Dionex TM Germany 

ESI-Q-TOF-MS Impact HD Brucker Corporation© Germany 
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performed at a temperature of 30° C in gradient mode using the mobile phases A = H2O/methanol 

(90/10) and B = methanol with 5mM ammonium formate in 0.01% HCOOH.  

The following table shows the chromatographic conditions:  

Table 2. Chromatographic conditions regarding the used percentage of the mobile phases A and B, 

the flows and the retention times. 

Retention Time 

[min] 

Flow [ml/min] %A %B 

0 0.2 99 1 
0.1 0.2 99 1 
1.0 0.2   
3.0  39 61 
14 0.4 99.9 0.1 

16.0 0.48 99.9 0.1 
16.1 0.48 1.0 99.0 
19 0.48   

19.1 0.2   
20 0.2 1.0 99.0 

Injection volume: 1 µl 
 

The software control was conducted by using the programs HyStar™ and OTOF-control™ 

(Brucker Corporation©, Germany). The interpretation of the obtained results was supported by 

the database (called BDAL-Pestide-DB_POS_RT), and finally the data was analyzed by Target 

Analysis 4.1 and Data Analysis 1.3 software (Brucker Corporation©, Germany). 

• LC-Electrospray time-of-flight spectrometry 

All the extracts were analyzed for polar pesticides using an UHPLC, connected to a qualitative 

ESI-q-TOF-MS operating in positive ion mode using the following parameters: 
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Table 3. Parameters used in the UHPLC and flight mass spectrometer. 

 

Parameters 

 

 

Mode 

 

Source ESI positive mode 
Calibrant 1 mM sodium formate/acetate in iPrOH/H2O (50/50) with 0.2% 

acid 
Calibrant for Lock Mass 
Calibration 

Hexakis(1H,1H,2H-perfluoroethoxy) phosphazene 0.1 mg/mL 
(iPrOH) at m/z 621.19. 

Mass range 50-1000 m/z 
Spectra Rate 1 Hz 
End Plate Offset  500V 
Capillary  2500 V 
Nebulizer 2.5 Bar 
Dry Gas  8.0 l/min 
Dry temperature 200°C 
Funnel 1 RF 200.0 Vpp 
Quadrupole Ion Energy 4.0 eV 
Collision Cell/ Collusion Energy 4.0 eV 
Funnel 2 RF  200 Vpp 
Hexapole RF 50 Vpp 
Low mass  50.00 m/z 
Pre Pulse Storage  6 µs 

 

A total volume of 50 - 100 µl TPP (100 µg/ml) was added to all the samples as an internal 

control. 

Before each individual sample extract measurement, the MS system was calibrated by using a 

solution of sodium formate/acetate (Sigma Aldrich®, Germany) in isopropanol / 0.2% formic acid 

(1:1, v/v). The mass calibration for the pesticide measurement was done by using the internal 

reference mass of the Hexakis solution (Apollo Scientific Limited®, United Kingdom). 
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• Calibration and validation parameters of the standards  

For the linearity measurements, an internal standard of each pesticide at a concentration of 10 

µg/ml as well as dilutions with different concentrations ranging from 0.01 µg/ml to 2 µg/ml and 

from 0.5 µg/ml to 10 µg/ml were prepared. The different extracts and the solvent-based 

calibration standards were measured in the full scan mode based on accurate mass and isotope 

pattern, mass accuracy, resolution, limits of detection and quantification. Linearity, dynamic 

range and peak area reproducibility were evaluated for the pesticide mixture using Data Analysis 

4.1 and Target Analysis 1.3 software. 

The limit of detection (LOD) was based on the mass giving a signal equivalent to three times that 

of the noise (S/N = 3). The limit of quantification (LOQ) was set based on the mass giving a 

signal equivalent to ten times that of the noise (S/N = 10). A LOD of 0.01 µg/mL and a LOQ of 

0.1 µg/mL were determined. 

Table 4. Calibration curves according to the analyzed pesticides. 

Pesticide Correlation coefficient r  

(low calibration curve) 

Correlation coefficient r  

(high calibration curve) 

Diuron 0.9997 0.9937 

Ametryn 0.9996 … 

Bromacil 0.9994 0.9935 

 

The calibration curves were used to quantify samples that contained one or more pesticides. The 

quality check consisted of the evaluation of the calibration curves and regular analyses of 

procedural blanks, solvent blanks and duplicate sample analyses (Table 4). Each compound was 

characterized by its own retention time and the masses of the two conducted measurements. Each 
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sample was injected twice and the instrumental performance was checked according to the 

correct signal area of TPP and its retention time. 

• Quantification 

Each sample was injected twice in order to prove that the system measurements were correct and 

that the internal standard TPP appeared at the same retention time. For the automatic evaluation 

of the collected data, the software Target Analysis 1.3 was used, which is connected to a 

database. The retention time took 30 seconds. 

Finally, the information obtained from the samples was processed with the software Data 

Analysis 4.1, with which it was tested whether the signals of the detected individual pesticides 

were below to the LOD or within the noise area. A manual integration of the individual peaks 

was also performed. Whether, the concentration of the pesticides in the samples fell within the 

linear concentration range was also analyzed. 

3.4. Statistical model  

Results were analyzed by the software program GraphPad Prism 6 (GraphPad Software©, USA) 

to obtain descriptive statistics of the data. The mean values and standard error of mean (SEM) 

were expressed in all possible cases. After checking sample distribution and variance 

homogeneity, all non-parametric values were tested by performing the Kruskal-Wallis test and 

the Mann-Whitney test.  
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4. Results 

4.1. Environmental observations 

In the conventional pineapple cultivation areas, it was possible to observe fumigation trucks and 

fumigation schedules written on boards at the entrance of each zone (Figure 3). The boards 

pointed out date, hour, area of application and commercial pesticide names (Figure 4). The use of 

chlorpyriphos, copper sulphate, calcium hydroxide and products with organic compounds (D-

limonene) and extracts of plants such as pepper (Capsicum annum), garlic (Alliun sativum), onion 

(Allium cepa) and Neurolaena lobata were reported on those boards.   

 

Figure 3. Application of agrochemicals in a conventional pineapple area. 
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Figure 4. Agrochemical application board in a conventional pineapple area. 

 
In the organic areas, the pineapples were only covered with black plastic bags to protect them 

against plagues (Figure 5). Information on the possible presence of organic pesticides in these 

bags was not available.  
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Figure 5. View of an organic pineapple area. 

 

During the capture of the birds, they were observed in groups around the pineapple areas (looking 

for shelter or seeds in the gallery forests) or within them, especially early after the sunrise. In 

those groups there were birds of the same species as well as birds of different species flying 

together (Figure 6).    
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Figure 6. A Sporophila americana with a Ramphocelus passerinii in a conventional pineapple zone. 

 

4.2.  Enzyme activity 

4.2.1 Plasma butyrylcholinesterase activity  

Descriptive statistics of plasma BChE activity (IU/L) measured in free-living wild birds by 

species and pineapple-growing area were performed (Table 5). The analyses of the minimum-

maximum mean ranges in these four birds species in the conventional and the organic areas 

indicated a large range of BChE activities, whereby a reduced activity was observed in the 

conventional bird groups, even though the total number of animals from these areas was higher 

than that of birds from the organic areas.   
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The BChE activity values (maximum, average and minimum ranges) of birds sampled in the 

organic areas (n = 88) were higher when compared to those of the conventional ones (n = 108), as 

shown in Figure 7. This result was also analyzed per bird species: the birds from the conventional 

areas in three out of four studied species showed lower levels of plasmatic BChE, except for R. 

passerinii, whose maximum BChE mean ranges were higher in the conventional zones, even 

though the number of sampled R. passerinii was the same in both areas (n = 17). It is also 

remarkable that S. americana showed the highest maximum, mean and minimum levels of BChE 

activity in both areas (Figure 8).  

Table 5. Descriptive statistics of plasma BChE activity (IU/L) measured in free-living wild birds by 

species in conventional and organic pineapple-growing areas. 

Descriptive 
statistic values 

Sporophila americana Sporophila funerea Volatinia jacarina Ramphocelus passerinii 

 

 Conventional 
n=46 

Organic 
n=51 

Conventional 
n=23 

Organic 
n=5 

Conventional 
n=22 

Organic 
n=15 

Conventional 
n=17 

Organic 
n=17 

Mean 12698 13625 5014 7840 7906 9949 5333 5290 
SD 4550 4694 2285 2816 2996 2588 1532 1124 
Minimum 4900 5500 2633 5267 3633 6300 3333 3600 
Maximum 22300 32700 11067 10967 15200 16000 9200 8033 
Lower 95% CI of 
mean 

11347 12304 4026 4343 6578 8516 4546 4712 

Upper  95% CI of 
mean 

14049 14945 6003 11337 9234 11382 6121 5868 

Descriptive statistic values 
Total  in conventional areas 

n=108 
Total in organic areas 

n=88 
Mean 8926 11059 
SD 4854 5051 
Minimum 2633 3600 
Maximum 22300 32700 
Lower 95% CI of mean 8000 9989 
Upper 95% CI of mean 9852 12310 

 

Finally, the gender was included as the last variable (Figure 9). No normal distribution was 

observed by the statistical model in any of the four wild bird species. The Kruskal–Wallis test 
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was applied in the case of Sporophila americana, Volatinia jacarina and Ramphocelus passerinii 

for comparison of males vs. females and organic areas vs. conventional areas. An exception was 

made for Sporophila funerea because of the small amount of samples per gender collected in the 

organic area (total number of samples = 5). Generally, the female and male representatives of S. 

americana in the organic pineapple areas had higher BChE activities that those in the 

conventional ones. In V. jacarina and R. passerinii all values of the males appeared to be lower 

than those of the females, but without reaching any statistically significance. The S. funerea 

males from the conventional and organic areas showed similar BChE activity values.  

 C
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Figure 7. Butyrylcholinesterase (BChE) activity of all samples by pineapple cultivation area. 
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Figure 8. Butyrylcholinesterase (BChE) activity per species in each growing area.  
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Volatinia jacarina (Kruskal-Wallis Test)
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Sporophila funerea (Mann-Whitney Test)
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Ramphocelus passerinii (Kruskal-Wallis Test)
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Figure 9. Butyrylcholinesterase (BChE) activity in serum by gender, sampled species and the 

pineapple-growing areas. 
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4.2.2 Acetylcholinesterase activity in brain tissue 

Descriptive statistics of brain AChE activity (IU/g tissue) measured in free-living wild birds by 

species and pineapple-growing area were also evaluated (Table 6). In this case, the analysis of all 

the minimum-maximum mean ranges showed differences in the AChE activities between 

growing areas (Figure 10) and bird species. The largest range and the highest enzyme activity 

were observed in V. jacarina living within the organic zones. Interestingly, it was noted that R. 

passerinii in the organic areas reported the lowest AChE brain activity values, even though its 

mean value was somewhat higher than the mean value of their representatives in the conventional 

areas (Figure 11).  

The results of AChE activity measurements in the brain tissue were also compared according to 

gender, species and growing area (Figure 12). S. americana of the conventional area showed a 

significant difference between males and females (p = 0.0356). In the case of V. jacarina and R. 

passerinii, the females showed in general higher enzyme activities than males, while the opposite 

was observed for S. funerea. The R. passerinii and S. funerea males of the organic pineapple 

cultivation areas showed higher values of AChE activity than the males of the conventional ones. 

No differences were found between the AChE values of males and females of V. jacarina in the 

conventional area. The highest level of AChE activity was in general found in V. jacarina 

females captured in the organic areas.  
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Table 6. Descriptive statistics of brain AChE activity (IU/g tissue) measured in free-living wild birds 

in the conventional and organic pineapple-growing areas 

Descriptive 
statistic values 

Sporophila americana Sporophila funerea Volatinia jacarina Ramphocelus passerinii 

 

 Conventional 
n=46 

Organic 
n=54 

Conventional 
n=22 

Organic 
n=5 

Conventional 
n=21 

Organic 
n=15 

Conventional 
n=17 

Organic 
n=17 

Mean 4548 4350 4462 4497 4767 4519 3797 4293 
SD 1599 1378 1304 2263 1460 2474 931.5 1479 
Minimum 1946 2270 1946 2811 2486 2054 2703 1297 
Maximum 8973 8216 7135 8216 7892 12324 6703 6703 
Lower 95% CI 
of mean 

4073 3974 3884 1687 4102 3149 3318 3532 

Upper  95% CI 
of mean 

5023 4726 5040 7307 5431 5889 4275 5053 

Descriptive statistic values 
Total  in conventional areas 

n=106 
Total in organic areas 

n=91 
Mean 4453 4375 
SD 1438 1641 
Minimum 1946 1297 
Maximum 8973 12324 
Lower 95% CI of mean 4176 4034 
Upper 95% CI of mean 4730 4717 
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Figure 10. Acetylcholinesterase (AChE) values of all samples by pineapple cultivation areas. 
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Figure 11. Acetylcholinesterase (AChE) activity per species in each sampled growing area. 
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Sporophila americana (Mann-Whitney Test)
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Volatinia jacarina (Mann-Whitney Test)
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Sporophila funerea (Mann-Whitney Test)
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Figure 12. Acetylcholinesterase (AChE) activity (IU/g) in brain tissue by gender, sampled species 

and the pineapple-growing area. Differences were considered as significant at a level of p ≤ 0.05 (*). 



70 
 

4.2.3 In vitro inhibition of butyrylcholinesterase activity by carbaryl in plasma from control 

parrots 

The results of the in vitro inhibition assays are presented in Table 7. The calculated percentages 

after adding 50 µg of carbaryl to the plasma of parrots revealed BChE inhibition rates of 50% and 

79% when using Kit 1 and Kit 2, respectively. 

 

Table 7. Results of the in vitro test: inhibition of BChE in plasma of control parrots by carbaryl. 

 Plasma values obtained Plasma values adding 50 µg carbaryl Inhibition percentage 

Kit 1 8525 4603 50% 

Kit 2 1897 416 79% 

 

4.3. Pesticides 

Feathers 

A total of 207 feather samples were analyzed. A certain concentration of pesticides was found in 

the extracts of feathers and soil. Generally, external contamination could be proven in the wild 

birds in all four conventional pineapple-growing areas. Both genders of all four species were 

affected. Of the 109 birds from the conventional pineapple plantation, 36 showed detectable 

levels of diuron and 32 of ametryn (Table 8). Considering the four species and the number of 

collected animals disregarding gender, 22% of Ramphocelus passerinii and Volatinia jacarina, 

30% of Sporophila americana and 56% of Sporophila funerea were contaminated with diuron. 

The following data were observed for ametryn: 22% of Ramphocelus passerinii, 27% of 

Volatinia jacarina, 26% of Sporophila americana and 43% of Sporophila funerea were 
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contaminated, regardless of sex. Of a total of 98 feather samples from the organic pineapple-

growing areas, diuron (0.602 mg/kg) and ametryn (0.98 mg/kg) were only detected in one animal. 
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Table 8. Amount of diuron and ametryn (mg/kg) found in each analyzed sample by gender and 

species 

Bird species Gender Diuron mg/kg 

Ametryn 

mg/kg 

Sporophila funerea Female 0.558 0.953 
Sporophila funerea Female 0.138   
Sporophila funerea Female 0.643 0.765 
Sporophila funerea Female 1.207 1.603 
Sporophila funerea Female 0.993 0.408 
Sporophila funerea Female 0.928 0.753 
Sporophila funerea Female 2.931 2.219 
Sporophila funerea Male 0.152   
Sporophila funerea Male 0.452 0.562 
Sporophila funerea Male 1.469 1.597 
Sporophila funerea Male 5.714 1.466 
Sporophila funerea Male 0.12   
Sporophila funerea Male 0.981 1.066 
Sporophila americana Female 5.157 4.409 
Sporophila americana Female 7.18 19.997 
Sporophila americana Female 0.795 0.523 
Sporophila americana Female 14.599 17.896 
Sporophila americana Female 9.275 1.791 
Sporophila americana Female 0.368   
Sporophila americana Male 0.475   
Sporophila americana Male 0.335   
Sporophila americana Male 2.751 3.871 
Sporophila americana Male 1.262 1.054 
Sporophila americana Male 2.809 2.827 
Sporophila americana Male 3.707 6.21 
Sporophila americana Male 5.634 5.895 
Sporophila americana Male   6.148 
Sporophila americana Male 1.982 0.621 
Volatinia jacarina Female 0.259   
Volatinia jacarina Female 0.714 1.181 
Volatinia jacarina Female   1.998 
Volatinia jacarina Female 0.693 0.733 
Volatinia jacarina Male 0.125 0.377 
Volatinia jacarina Male 6.113 2.906 
Volatinia jacarina Male   0.47 
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Ramphocelus paserinii Female 0.649 0.137 
Ramphocelus paserinii Female 0.912 0.333 
Ramphocelus paserinii Female 0.918 0.354 
Ramphocelus paserinii Male 1.104 0.477 

 

Skin 

The extracts, a total of 31 skin pool samples, were analyzed by the described method, and no 

pesticide was detected. 

Feces 

The extracts, a total of 29 feces pool samples, were analyzed by the described method, and no 

pesticide was detected. 

Soil 

In the soil samples from the organic fields, no pesticides were found. Different amounts of three 

very frequently used pesticides were detected in the conventional samples: ametryn and diuron as 

herbicides and bromacil as an insecticide. Two extracts were prepared and analyzed for each 

sample (Table 9).  

Table 9. Summary of the pesticides detected in the soil samples collected in the conventional 

pineapple-growing areas. 

Area Ametryn (mg/kg) Diuron (mg/kg) Bromacil (mg/kg) 

C 1 0.143 2.731 0.608 
C 1 0.136 2.668 0.601 
C 2 traces 0.085 ND 
C 2 traces 0.073 ND 
C 3 0.046 1.352 0.706 
C 3 0.043 1.116 0.665 
C 4 2.071 6.314 1.019 
C 4 2.048 6.570 1.056 
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5 Discussion 

Environmental observations 

Pesticides exert direct and indirect effects on wild birds. The direct ones are associated with an 

increase in the mortality rates of target bird populations, considered as pests or a danger for a 

specific crop. For example, granular carbofuran reduced the population of 32 different wild bird 

species living around rice crop areas in USA and Senegal (FLICKINGER u. KING, 1972; 

FLICKINGER 1979; MULLIE et al., 1991). In many areas of South America, some 

organophosphates are used as target-avian pesticides (parathion and monocrotophos), especially 

in rice fields, even though it is clear that the practice is illegal (BASILII u. TEMPLE, 1999 a, b). 

However, the four wild bird species analyzed in the present study were not considered as a 

menace and they were selected only for the detection of environmental contamination with 

pesticides. Moreover, several field studies are needed to determine the acute or chronic effects 

related to avian mortality, occurring either sporadically or regularly (FITE et al., 1988; MINEAU, 

2002).  

The indirect effects are related to the reduction of the prey populations and habitat changes. The 

prey species for birds include macroinvertebrates (especially insects), amphibians and fishes 

(PARSONS et al., 2010). Several studies performed in France (TOURENQ et al., 2003; 

MESLEARD et al., 2005) correlated the intensive soil management and pesticide applications 

(mainly insecticides) with reduced prey biomass estimations for aquatic birds. According to the 

environmental behavior observed in the birds analyzed in this study, the high variability of the 

number of birds of a certain species in a certain area can be also attributed to different feeding 

habits, seasonal variation of food composition, sampling area, age and health condition of the 
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birds (GOLDEN u. RATTNER, 2003). This may also be the case of this field study, since even 

by a thorough observation of the wildlife we were not able to find out for sure, how long exactly 

each bird was or was not exposed to pesticides and how long it was living in the sample 

collection area. Furthermore, this investigation only focused on one pineapple plantation in a 

single Costa Rican region. Further and more detailed investigations are needed for a better 

evaluation of the impact of pesticides on avian populations as related to the pineapple plantation 

areas in different regions of Costa Rica.  

Enzyme activity 

Birds appear to be more sensitive to the acute exposure to anticholinesterase pesticides due to a 

reduced level of anticholinesterases detoxifying enzymes (PARKER u. GOLDSTEIN, 2000). 

Because of the high activity of AChE in the brain of birds, the binding of organophosphates and 

carbamates to ACh occurs faster than in other vertebrates (WESTLAKE et al., 1983; HILL, 

1992). Wild birds can be chronically exposed to agrochemical contamination when living in 

resident populations or they can be exposed to pesticides for only several months in the case of 

migratory populations (PINOWSKI et al., 1991). In this study, these four species were chosen 

because they are non-migratory wild birds and therefore linked to the ecotoxicological status of 

the analyzed pineapple cultivation areas. To the best of our knowledge, no studies related to 

cholinesterase enzyme activity in Volatina jacarina, Sporophila americana, Ramphocelus 

passerinii and Sporophila funerea have been published so far. 

Blood is the best biological material for non-invasive biomarker analysis (FOSSI et al., 1994). 

Plasma ChE activity has been used to monitor the exposure to anti-cholinesterase pesticides in 

many bird species and returns to normal values faster than the ChE of red blood cells 
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(WESTLAKE et al., 1981a, b; HILL, 1992; HOOPER et al., 1989; WILSON et al., 1991; 

RAINWATER et al., 1995; GRUE et al., 1997; WINTERS et al., 1997; GOLDSTEIN et al., 

1999; PARSONS et al., 2000; PARKER u. GOLDSTEIN, 2000; OROPESA et al., 2013). 

Cholinesterase activity in the blood may be used as an indicator of pesticide presence, since 

blood ChE activity is more sensitive than brain ChE activity to pesticides (HILL, 1992; FOSSI et 

al., 1996). In fact, our data in all four wild bird species support the concept that blood ChE 

activity is a more sensitive parameter than brain ChE activity. Nevertheless, the results obtained 

in this study also coincide with the observations previously made by many authors suggesting 

that plasma ChE is a good biomarker at low levels of exposure to organophosphorus pesticides 

because it is more rapidly inhibited and diminish to a larger extent than brain ChE (HILL u. 

FLEMING, 1982; SANCHEZ et al., 1997; SOLER-RODRIGUEZ et al., 1998). For example, 

BChE may be scavenging the active oxon forms of organophosphorus compounds that otherwise 

might inhibit brain AChE activity (GUPTA u. DETTBARN, 1987).  

According to FAIRBROTHER u. BENNETT (1988), one of the major problems in measuring the 

inhibition of ChE activity in brain tissue is the determination of what represents a “normal” value 

of ChE activity for a given species and to what extent an individual value may have to be reduced 

before it becomes indicative of exposure to or death due to a ChE inhibitor.  

As this investigation analyzed free-living non-migratory wild birds, no age restrictions were 

established. Some of the individuals were young birds. Several authors suggest that the BChE 

activity varies with age, and young birds have a higher enzyme activity when compared to adult 

birds (LYLES et al., 1980; BENNETT u. BENNETT, 1991; GARD u. HOOPER, 1993).  
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The highest plasma cholinesterase activity in wild birds has been reported to be measured during 

the early morning hours (COBOS et al., 2010). This observation justified the time of sample 

collection in the present study: a high percentage of these four wild bird species were indeed 

captured in the morning hours. 

Hence, variations in the measured BChE and AChE activities may be related to several variables 

such as species, gender, age, and time of sampling (HILL, 1988; BENNETT u. BENNETT, 

1991;, FILDES et al., 2009, LAJMANOVICH et al., 2009). The results obtained in this 

investigation demonstrated that there was a significant difference in BChE activity of birds living 

in conventional and organic areas. BChE activity seems to be a sensitive marker for 

environmental monitoring of wild birds in Costa Rica. Using the data generated in our study, a 

more adequate sample size can now be calculated in order to determine differences among birds 

which are captured in different cultivation areas.  

In vitro plasma BChE inhibition by carbaryl 

The plasma BChE values obtained in African grey parrots (Psittacus erithacus) in the frame of 

the in vitro test before addition of carbaryl coincides with the normal plasma BChE activity range 

described by KIESAU (1997) for these bird species, thereby justifying the choice of the ChE kits 

used in the present study and the measurement of the enzyme activity in the absence or presence 

of inhibiting agents.  

Pesticides in soil samples 

Northern Costa Rica is a region with strong rainfall, which supports the rapid growth of weeds. 

Therefore, an adequate soil preparation and the consistent and timely application of herbicides 
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(especially diuron 80% and commercial ametryn products) are required for a suitable weed 

control in the pineapple plantations (VILLEGAS et al., 2007). Herbicides were the most frequent 

pesticide group found in bird feathers and soil samples in this study, which is in accordance with 

the findings made by CASTILLO et al. (1997) in this Costa Rican region.  

Concentration levels of diuron, ametryn and bromacil were detected in soil samples collected in 

each conventional pineapple-growing area, as reported by VARGAS (2010) in soil and 

subterranean water sources near to pineapple plantations in the Caribbean zone of Costa Rica. In 

the case of bromacil, high concentrations were measured in water samples from wetlands of 

Northern Costa Rica by RAMIREZ (2010), exceeding the maximum allowable concentration for 

protection of the 95% of the species in an ecosystem established by the regulations of the 

European Union. A direct exposure can occur when mammals and birds get in contact with 

residues of Krovar® (granulated commercial bromacil) through their skin or eyes or when they 

inhale vapors or particulates, while indirect exposure may occur when mammals and birds eat 

contaminated prey or vegetation (USEPA, 2003). However, even though suspected, in this study 

both exposure routes could not be yet demonstrated.  

On the other hand, the use of diuron is forbidden in fields located near rivers and water-logged 

areas (APVMA, 2012). In Australia, for example, the use of this herbicide is restricted in wet 

tropical areas (in both pre-emergent and post-emergent periods), including pineapple plantations 

in Queensland. MORALES-VARGAS (2013) described the presence of diazinon, ametryn and 

other nitrogen-containing herbicides in alluvial aquifers on the Pacific coast of Costa Rica, which 

is associated with the sugarcane and melon cultivation. Due to its high persistence (one month to 

one year), diuron can be found in many environments such as soil, sediments and water (FIELD 
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et al., 2003; OKAMURA et al., 2003). The direct spray of diuron may represent a risk to insects, 

birds, and mammals, primarily when the maximum application rate is used (USEPA, 2003b).  

Ametryn was the third herbicide compound found in the conventional area soil samples as well as 

in bird feathers. According to the United States Environmental Protection Agency (USEPA, 

2003b), it is expected that the exposure to ametryn pollutes food and forage because the treated 

fields provide a habitat rich in food sources attractive to various avian and mammalian species. 

However, at the present time acute exposure to ametryn does not pose a risk for birds. 

Pesticides in feathers 

The highest concentrations of pesticides were found on the feathers. Many authors reported that 

the potential risk from agrochemicals for wild birds also depends on the formulation and the 

active ingredient concentration of the discharged pesticide particles and environmental factors 

such as weather or soil humidity (HILL u. CARMADESE, 1981; BEST u. FISCHER, 1992; 

STAFFORD u. BEST, 1997). Even though data on wild bird feathers contamination in Costa 

Rica is still not available, the results of this study can somehow be compared with those of 

PINNOCK et al. (2014) in sloth hairs from Northeastern Costa Rica. Moreover, MINEAU (2012) 

described that the pesticide absorption and its relative toxicity via the dermal and oral routes is 

similar in mammals and birds. In the present study, it has been confirmed that wild bird feathers 

in the conventional pineapple-growing areas were contaminated by the herbicides diuron and 

ametryn, indicating that these birds could have been in indirect contact with these pesticides, 

even though this exposure is not yet taken into account by the pesticide registration authorities, as 

previously described by DRIVER et al. (1991) and MINEAU (2011). Pesticide residues on 
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feathers, feet and skin as well as in the gastrointestinal contents have been detected at higher 

levels in wild Canada goose (Branta canadensis) goslings than in goslings used in laboratory 

dietary toxicity studies (VYAS et al., 2006). This fact justifies the direct collection of the samples 

in the pineapple growing fields and not to develop an experiment under laboratory conditions. 

Very similar observations to those reported in this study were previously described by 

MORTENSEN et al. (1998) in foot and carcass washes made from birds exposed to 

propiconazole, carbofuran and ametryn in Costa Rican banana plantations. In accordance with 

this study, the wild birds were sampled during the dry season, which made possible to find 

pesticides on their feathers. However, during the wet season, herbicides and insecticides were 

quickly dissolved and dispersed in water sources and puddles and then finally taken up or 

absorbed by the birds (MORTENSEN et al., 1998). According to the study by DRIVER et al. 

(1991) on bobwhite quail (Colinus virginianus) and the results obtained by MINEAU (2002), oral 

acute pesticide intoxication can also occur when the birds brush their plumage, this risk being 

comparable to dermal intoxication or even the direct intake of poisoned food or water. 

Furthermore, differences in the degree of external contamination among different feather types 

due to differences in the extent of the exposure should also be considered (ALTMEYER, 1991; 

DAUWE et al., 2003a). The age of the feather may be an important issue, as it will be linked to 

the time of exposure. For example, it has been shown that adult common buzzards (Buteo buteo) 

do not complete their moult in one season (ZUBEROGOITIA et al., 2005), leading to 

considerable variation in the age of the feathers. Moreover, the amount of feather samples taken 

for analysis depends on the concentration of the analyte, the sensitivity of the analytical method, 

and the number of replicated determinations (BOGDANOV et al., 2006). The size and amount of 
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feathers were limiting factors in this study. Therefore, it was necessary to apply methods like 

QuEChERS, which is extremely useful to quantify a bright spectrum of pesticides. Usually, the 

amount of a hair sample is one to five grams (SCHRAMM, 1999) for the analysis of trace 

pollutants in the ng/kg range. In some cases, the lowest limit of determination is reported at a 

level of several pg/mg of the hair and allows the investigation with a single hair (WAINHAUS et 

al., 1998). Generally, the powder-like state of the sample will increase the efficiency of 

subsequent extraction (ZHANG et al., 2007a, b). 

ALTMEYER et al. (1991) reported that when using feathers as a biomonitor for heavy metal 

pollution, exact information is required regarding the moulting stage as well as the type and the 

position of the feathers. In this study, it was not possible to determine how long the birds were 

exposed to external contamination, and probably further studies on the feather contamination 

during the rainy season in Costa Rica are required; however, our results support the concept to 

perform feather studies as a useful tool for the identification of organic pollutants. 

 

Pesticides on skin 

As the feathers have been proven to be an inadequate barrier against pesticide exposure, skin 

analyses were also performed (POPE u. WARD, 1972; MINEAU et al., 1990). However, it was 

not possible to determine the presence of pesticides in the pooled skin samples. The presence of 

chemicals in the skin causing percutaneous toxicity was not expected, since acute oral toxicity 

represents a more important route of toxicity, highlighting skin as a very effective barrier 

(HUDSON et al., 1979). 
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Even though the present study could not demonstrate the presence of pesticides on the bird skin 

because of the small amount of the analyzed dermal samples, there is evidence that pesticide 

dermal exposure in birds has been underestimated for a long time and should be accepted as part 

of the pesticide risk assessment process (MINEAU, 2012; ALHARBI et al., 2015). 

The prevalent application of pesticides throughout the year might cause chronic effects. This 

observation in the present study agrees with conclusions raised by MINEAU (2002) indicating 

that bird mortality might be due to the intensive and prolonged use of pesticide sprays.  

The toxic effect of a pesticide to birds and the application rate can influence the mortality rate 

after dermal exposure; however, the influence of other factors such as dermal toxicity and 

volatility of a pesticide remain unclear up to now (MINEAU, 2002). 

A single field study by itself may not be sufficient to dispel the presumption of high risk that is 

placed on a pesticide. This is because of the stochastic variability encountered in most field 

situations as well as the inability to detect impacts every time they occur (in part because of the 

difficulty of discovering evidence of impact in carcasses). This requirement means substantial 

costs if one wanted to determine whether each pesticide could lead to avian toxicity (essentially 

mortality) (MINEAU, 2002).  
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6 Conclusions 

1. In the present plasma and brain cholinesterase activities were determined by the Ellmann 

method in four free-living wild birds in pineapple cultivation areas of Northern Costa Rica. 

Based on the differences observed among birds captured in conventional and organic 

pineapple plantations, BChE activity appears to be a sensitive biomarker for future 

ecotoxicological studies in Costa Rica. 

2. The UHPLC-TOF-MC analysis established the presence of bromacil, diuron and ametryn in 

feather samples of four wild bird non-migratory species (S. americana, S. funerea, V. 

jacarina and R. passerinni) as well as in soil samples, both obtained from different collection 

points in Costa Rican conventional and organic pineapple-growing areas. These findings 

show that there is a need for environmental risk assessment in the case of wild birds living 

near pineapple plantations of Costa Rica. 

3. Since no AChE and BChE values for these tropical wild bird species were available before, it 

is recommended that further studies be conducted, focusing on the environmental impact of 

pineapple pesticides on wildlife birds and their habitats and on the search of scientific 

strategies for sustainable pineapple production. 

  



84 
 

7 Outlook 

The information documented in this doctoral thesis tracked the pesticide contamination after their 

application in pineapple producing areas. It is postulated that the data obtained in the course of 

this study could be used in future studies to determine if the use of products for pest control could 

represent a risk for animal and human health.  

The multidisciplinary research team, in which three Costa Rican state universities participated, 

included biologists, agricultural scientists and social workers. The feedback of the different 

scientific disciplines was important to better understand the different facets related to the use of 

the pesticides in Costa Rican pineapple production and their environmental effects. Without this 

feedback, this doctoral thesis would not have been completed, especially because explicit 

information regarding the physiology and ecology of the four wild bird non-migratory species (S. 

americana, S. funerea, V. jacarina and R. passerinni) analyzed in this study is still limited (for 

example, the basal metabolic rates (BMR) of these species are still under investigation and there 

is no data regarding their AChE and BChE activities).  

This investigation was performed during the end of the dry season in Costa Rica (March and 

April 2012) to minimize the temporal variation of the values of the markers, according to various 

previous studies in birds. Moreover, further studies should be performed at different times of the 

year to complete and compare the obtained results with new data that could be helpful in the 

interpretation of chronic effects induced by pesticides in the frame of environmental monitoring. 

In summary, it can be said that this thesis forms a solid basis for further research on tropical birds 

and their relevance as toxicological biomonitors. The experience and data collected in the course 
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of this study could be useful for future research regarding the detection of environmental 

pollution in fruit producing areas and may result in a more friendly management of nature, 

thereby conserving the wildlife diversity. 

  



86 
 

8 Summary 

Angelova, Lora: 

Wild birds as a bioindicator for wildlife toxicity in pineapple cultivation areas in Northern 

Costa Rica 

Four non-migratory wild bird species (S. americana, S. funerea, V. jacarina and R. passerinni), 

inhabiting the gallery forests close to the conventional and organic pineapple-growing areas in 

Northern Costa Rica were selected to evaluate their exposure to organophosphates and 

carbamates by measuring plasma and whole brain cholinesterase activities as well as the levels of 

pesticides accumulating in feather, skin, feces and soil samples by using UHPLC-TOF-MC (Ultra 

High Performance Liquid Chromatography Time Of Flight Mass Chromatography) analysis. 

Samples were collected, classified and compared in the following order: 196 plasma (108 

conventional and 88 organic), 197 brain (106 conventional and 91 organic), 201 feather samples 

(109 conventional and 92 organic), 31 pooled skin (109 conventional and 92 organic), 29 pooled 

feces (109 conventional and 85 organic) and two soil samples from each collection point (four 

conventional and four organic). Butyrylcholinesterase (BChE) activity in plasma and 

acetylcholinesterase (AChE) activity in brain were evaluated with the aim of obtaining 

information on the differences between genders, species and living areas by using Ellmann´s 

spectrophotometric method and were statistically analyzed by performing the Kruskal-Wallis and 

the Mann-Whitney tests.  

S. americana in the organic pineapple areas has a higher BChE activity than S. americana in the 

conventional ones. In the case of V. jacarina and R. passerinii, all the activity values of the males 

were lower than those of the females. The measured enzyme activity of S. funerea males in both 
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pineapple areas was similar. Generally, all birds captured in the organic pineapple plantations 

showed higher levels of BChE than those living in the conventional ones. In the case of AChE, 

there was a statistically significant difference between male and female of S. americana in the 

conventional areas. The V. jacarina and R. passerinii females showed higher enzyme activities 

than males, while the opposite was observed in the case of S. americana and S. funerea. The R. 

passerinii and S. funerea males from the organic pineapple cultivation areas showed higher 

activities than the males from the conventional ones. No differences were found between the 

AChE values of V. jacarina males and females in the conventional areas. Contamination of the 

feathers by ametryn and diuron was observed in all the species, independently of the gender. 

Ametryn, diuron and bromacil were detected in the soil of the conventional pineapple cultivation 

areas that coincides with other studies conducted in different Costa Rican regions. No pesticides 

were detected in the pooled samples of skin and feces. Neither a direct effect on the health of the 

birds nor signs of toxicity were observed. However, indirect effects in the bird ecosystems and 

their feed sources cannot be discarded. Since up to now, no AChE and BChE activity data were 

available for these tropical wild bird species, it is recommended that further studies are 

undertaken to determine the environmental impact of pineapple pesticides on wildlife birds and 

their habitats. 
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9 Zusammenfassung 

Angelova, Lora: 

Wildvögel als Bioindikator für Wildtiertoxizität in Ananasanbaugebieten in Nord Costa 

Rica 

Vier nicht migratorische Vogelarten (S. americana, S. funerea, V. jacarina and R. passerinni), die 

in den Waldbereichen nahe der konventionellen und ökologischen Ananasanbaugebiete in Nord-

Costa Rica leben, wurden ausgewählt,  um die Auswirkung von Organophosphaten und 

Carbamaten durch die Messung der Cholinesterase-Aktivitäten im Plasma und Hirngewebe zu 

bewerten sowie den Kontaminationsgrad von Pestiziden in Boden-, Feder-, Haut- und 

Kotextrakten mit UHPLC-TOF-MC (Ultra High Performance Liquid Chromatography Time Of 

Flight Mass Chromatography)  zu bestimmen. 

Die Proben wurden gesammelt, klassifiziert und in der beschriebenen Reihenfolge verglichen: 

196 Plasmaproben (108 vom konventionellen  und 88 vom organischen Anbaugebiet), 197 

Hirnproben (106 vom konventionellen und 91 vom organischen Anbaugebiet), 201 

Federentnahmen (109 konventionelle und 92 vom organischen Anbaugebiet), 31 gepoolte 

Hautproben (109 vom konventionellen und 92 vom organischen Anbaugebiet), 29 gepoolte 

Kotproben (109 vom konventionellen und 85 vom organischen Anbaugebiet)  und zwei 

Bodenproben pro Sammelpunkt. Die Enzymaktivität von Buturylcholinesterase (BChE) im 

Plasma und von Acetylcholinesterase (AChE) im Hirngewebe wurden mit dem Hauptziel 

gegenübergestellt, mittels spektrophotometrischen Verfahren von Ellmann Unterschiede 

zwischen Geschlecht, Art und Aufenthaltsbereich darzustellen. Statistisch wurden die Daten 

mithilfe  des Kruskal-Wallis- und Mann-Whitney-Tests ausgewertet. 
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Alle Vertreter der S. americana vom organischen Ananasanbau weisen höhere BChE-Werte auf 

als die vom konventionellen. Im Fall von V. jacarina und R. passerinii sind die Werte der 

Männchen niedriger als die der Weibchen. Die Männchen von S. funerea zeigten Ähnlichkeit in 

der gemessenen Enzymaktivität. Die Vertreter der organischen Ananasplantage zeigten 

grundsätzlich erhöhte BChE-Werte als diese von der konventionellen. Im Bezug auf die 

Ergebnisse der AChE zeigte S. americana eine bestimmte Signifikanz zwischen Männchen und 

Weibchen in den konventionellen Bereichen. Die Weibchen der V. jacarina und R. passerinii 

zeigten höhere Enzymaktivität als die Männchen.  Das Gegenteil wurde bei S. ameicana und S. 

funerea beobachtet. Die Männchen R. passerinii und S. funerea der organischen 

Ananasanbauflächen zeigten höhere Werte als die Männchen der konventionellen. Es wurden 

keine Unterschiede zwischen den AChE-Werten von den Männchen und Weibchen der V. 

jacarina im konventionellen Bereich festgestellt. Die Kontamination mit Ametryn und Diuron 

wurde in den Federn bei allen Vogelarten unabhängig vom Geschlecht beobachtet. In den 

Bodenproben der konventionellen Ananasanbaugebiete wurden Ametryn, Diuron und Bromacil 

nachgewiesen, was mit den Ergebinissen  anderer Studien in verschiedenen Regionen von Costa 

Rica übereinstimmt. Es wurden keine Pestizide in den Mischproben von Haut und Kot 

nachgewiesen. Obwohl keine direkten Auswirkungen auf die Gesundheit der Vogelarten 

beobachtet wurden, sind jedoch indirekte Effekte auf die Vögel sowie  auf ihre Ökosysteme und 

Futterquellen nicht auszuschließen. Aufgrund fehlender Informationsquellen über die vier 

Vogelarten, ist es empfehlenswert, weitere Studien mit dem Schwerpunkt auf 

Umweltauswirkungen von Ananaspestiziden in Wildvögeln und auf deren Lebensräume 

fortzusetzen. 
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