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AIMS AND SCOPE

The Rachel Carson Council, Inc. is a nonprofit organization dedicated to furthering our un-
derstanding of and sensitivity to the environment. The Council was born out of the response
to the publication of Silent Spring, and the great public need to address questions and con-
cerns about the impact of pesticides on people and the environment. It is this public need for
scientific information and sound advice that has evolved into the mission for the Rachel
Carson Council, and Pesticides, People and Nature is another extension of the Council’s
commitment to meet this need.

Many fields of scientific study contribute to our understanding of the environment, and a ma-
ture appreciation and understanding of the environment cannot be gained without consider-
able intimate contact with a wide range of personal environmental experience. The journal is
concerned with communicating a better understanding of the environment, especially with re-
spect to the impact of pesticides and other toxic chemicals. Therefore, the journal will seek
articles from the traditional scientific fields of toxicology, biology, chemistry, physics,
medicine, environmental sciences, public health, etc.; but the journal will also accept articles
of high quality from any of those areas of human experience that add to our understanding of
and sensitivity to the environment.

Pesticides, People and Nature will consider for publication monographs from symposia,
workshops, conferences, or the complete proceedings of these events, and unsolicited
manuscripts describing reviews of current research or original scientific research. Articles de-
scribing ideas, opinions, or arguments based on solid scientific observation or evidence will
also be considered. These materials will always be published in a balanced format, so that
more than one position regarding an idea, opinion, or argument will be presented in the same
issue. In addition to scientific articles, the journal may include accounts of recent events and
environmental news.
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ABSTRACT: The increase in tourist traffic at Goa, India, has exerted
pressure directly on the quality of the water supply, the disposal of wastes,
and other community services. To sustain tourism and maintain high
treated water standards, the water quality of the treatment plants at dis-
charge points, reservoirs, and distribution systems at Goa was  monitored
during the monsoon, winter, and summer seasons of 1997 to1998 for
instantaneous trihalomethanes , trihalomethane formation potential, and
heavy metals. The final water quality supplied by the Assonora, Canacona,
Dabose, Opa, Salaulim, and Sanquelim treatment plants was found to be
within Indian Standard specifications and health-related World Health
Organization guideline values.

KEY WORDS: trihalomethane, trihalomethane formation potential, heavy
metals, water treatment and disinfection by-products

INTRODUCTION

Goa occupies the forest-clad Western Ghats, which rise to nearly 1300 m in the eastern margin
and sweep down to the Arabian Sea. Goa has been a place of worldwide tourist attraction
because of its 97-km-long coastline, picturesque beaches, and location on the western coast of
the Indian peninsula. It covers an area of 3800 km2 and has a population of 1.17 million.
Tourism is the major industry in the state of Goa, with an average of 125,000 foreign tourists
every year. The increase in tourist traffic has exerted pressure on various community services,
specifically water supply and the disposal of wastes.1,2 To sustain tourism development and
maintain high water quality standards, Goa’s water supply was monitored for a 15-month
period from 1997 to 1998 to appraise the levels of trihalomethane (THM) formation potential
(TFP), instantaneous THMs (InstTHMs), heavy metals (HMs), and related parameters.

* Author to whom all correspondence should be addressed; E-mail: npthackerin@yahoo.com.
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GOA WATER SUPPLY

A total of 302 million liters per day of treated water is supplied throughout the state of Goa by
the Assonora, Canacona, Dabose, Opa, Salaulim, and Sanquelim treatment plants. The Mandovi
and Zuari rivers encircle the island of Goa, and the Tiracol River separates it from its adjoining
state to the north (Figure 1). All the treatment units are based on conventional methods of
treatment comprising prechlorination, aeration, coagulation and flocculation, sedimentation, and
chlorination. All the treatment plants draw their raw water from rivers (Table 1), which are
seasonal and tend to dry up during the summer months. Thus, the source of intake water in the
summer is from impoundment and dams constructed on the courses of the rivers.

SAMPLING STRATEGY

Raw water samples were collected from the intake points of the treatment plants, treated water
samples from the outlets (after chlorination) to the master-balancing reservoirs, reservoir samples

Figure 1. Location of treatment plants in Goa selected for evaluation of water quality.
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at the outlets to the distribution system, and distribution system samples from taps located at a
distance of 2 km (Figure 1). Samples were collected in September, January, and May from 1997 to
1998, representing the postmonsoon, winter, and summer seasons at Goa, respectively.

Samples for estimating InstTHMs were collected in headspace-free glass bottles to which
approximately 5 ppm of ascorbic acid had been added to quench the residual chlorine. During
sampling, the sample bottles were filled to overflow without passing air bubbles through samples
or trapping air bubbles in sealed bottles. When sampling from a water tap, the tap was opened and
flushed until the water temperature had stabilized and stagnant water had been removed. THMs
are volatile in nature and may escape in case of any air bubbles trapped in a sample bottle. All samples
were protected from light and refrigerated at 4°C until extraction, excluding TFP samples.

MATERIALS AND METHODS

Equipment
A PerkinElmer Sigma 3B model gas chromatograph (GC) equipped with a glass-lined

injection port, an oven, an electron capture detection (ECD) unit with Ni63 as the ionization
source, and stainless steel columns 2 m in length by 4 mm in internal diameter packed with 3%
SP-1000 on 100/120 mesh Supelcoport, as well as a PerkinElmer Model 024 recorder, were used
for the separation of individual THMs and their detection.

For inductively coupled plasma atomic emission spectrometry (ICP-AES), a Jobin Yuon
model JY24 equipped with a fully automatic PC-AT computer was used for the HM analysis.

Standards
Reference standards of individual THMs, chloroform, bromodichloromethane (BDCM),

chlorodibromomethane (CDBM), and bromoform, as well as a mixture of the HMs arsenic,
cadmium, chromium, copper, iron, lead, manganese, and zinc were procured from the U.S.
Environmental Protection Agency and E. Merck Germany. All chemicals and reagents were
of residual GC analysis grade.

Procedure
TFP and InstTHMs in the water samples were determined using the liquid–liquid

extraction method followed by GC-ECD.3 The minimum detection limits for chloroform,
BDCM, CDBM, and bromoform have been recorded as 0.045, 0.02, 0.065, and 0.1 µg L–1,

TABLE 1. Water Treatment Plants at Goa

Capacity
Treatment plants (MLD) Raw water source

Assonora 42.5 Assonora and Podocem rivers and Amthane dam
Canacona 7.5 Talpona river and Chapoli dam
Dabose  5 Madei river
Opa 75 Khandepar river
Salaulim 160 Guloli river
Sanquelim 12 Assonora and Podocem rivers
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respectively. Ten milliliters of the preserved sample were extracted with 2 mL of pure n-hexane
by shaking vigorously for 2 minutes in a 24-mL capacity glass vial equipped with a TFE-lined
cap. The sample was kept for 15 minutes to allow the hexane layer to settle. A few microliters
of the aliquot of n-hexane were injected into the GC to analyze individual THMs. The
concentration of each THM present in the sample was calculated by comparing its retention
time and peak height with a mixture of the THM standards injected into the GC on the same
day under identical conditions.

Levels of HMs (arsenic, cadmium, chromium, copper, iron, lead, manganese, and zinc) in
the intake and final water samples of the treatment plants were analyzed by ICP-AES after
processing the water samples.

In estimating TFP, the samples were buffered at pH 7, chlorinated with a free chlorine
over 5 times the chlorine demand, and stored at ambient temperature for 7 days to allow the
reaction to approach completion. THM concentration was determined on day 7 if the sample
contained a free chlorine residual of 1 to 5 mg L–1. If the sample did not contain at least 1 mg
L–1 chlorine it was discarded, and the duplicate of the original sample was treated with a higher
chlorine dose.

TFP values are reported as single values in micrograms per liter of CHCl3 using the
following equations:

TFP µg L–1 = A + B + C + D
TFP µg L–1 as CHCl3  =  A + 0.728B + 0.574C + 0.472D,

where A = µg CHCl3 L–1, B = µg CHBrCl2 L–1, C = µg CHBr2Cl L–1, and D = µg CHBr3 L–1.

RESULTS AND DISCUSSION

The levels of InstTHMs, TFP, HMs, and physicochemical characteristics, namely, turbidity,
conductivity, chlorine demand, and residual chlorine, in samples of Goa’s water supply showed
variations throughout the year as changes occurred in their flow rate, raw water quality, and
water treatment procedures. The quality of all the water samples analyzed was found to be
within the regulated standards, excepting HM levels in a few samples. The data were assessed
by comparison with the regulated Indian Standard (IS) specifications (Bureau of Indian
Standard 10500-1991) and World Health Organization (1996)4 guideline values (GVs).

In all the samples analyzed, TFP values ranged from 6.83 to 144.48 µg L–1 in the
postmonsoon season, not detectable to 39.61 µg L–1 in winter, and 24.24 to 71.26 µg L–1 in
summer. TFP values were within the WHO GVs; however, higher values were observed in the
postmonsoon season. This may have been because of the runoff from the adjoining catchment
area after rainfall into the raw water supply. TFPs in the reservoirs and distribution systems of
the treatment plants are depicted in Figure 2. Total InstTHM levels in tap water were low and
ranged from 12.1 to 42.4 µg L–1 in the postmonsoon season, 1.91 to 18.5 µg L–1 in winter, and
from not detectable to 1.54 µg L–1 in summer (Figures 3 and 4). Among the relative
distributions of InstTHMs, chloroform was the predominant compound, followed by BDCM,
CDBM, and bromoform. Bromoform was not detected in any of the samples analyzed (Figure
4). Among HMs, iron, manganese, and copper exceeded IS specifications in some of the
samples (Figures 5 to 9). Iron levels were found to be high in the treated water of Assonora
and Opa and in the Salaulim reservoir during the summer (Figures 5 and 6). Manganese levels
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were found to be high in the treated water of Salaulim and Opa during the winter and summer,
respectively (Figures 7 and 8). Copper levels were found to be high in the Canacona and
Dabose reservoirs during the postmonsoon season (Figure 9).

Figure 2. Trihalomethane formation potential in Goa water supply.

Figure 3. Instantaneous trihalomethane levels of tap water supply at Goa.
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CONCLUSION

The quality of the treated water supplied at Goa by the Assonora, Canacona, Dabose, Opa,
Salaulim, and Sanquelim treatment plants was monitored from 1997 through 1998 during
the postmonsoon, winter, and summer seasons. InstTHMs, TFP, HMs, and general char-
acteristics (turbidity, conductivity, and residual chlorine) in the final water compositions met
IS specifications and regulated WHO GVs, excepting marginally high iron, manganese, and
copper levels in a few of the samples. Iron levels of 349, 770, and 1300 µg L–1 (higher than
the IS specification of 300 µg L–1) were found at Assonora, Opa, and Salaulim, respectively,
in summer. Manganese levels of 180 and 130 µg L–1 (higher than the IS specification of

Figure 4. Relative distribution of instantaneous trihalomethanes of tap water supply during postmonsoon
(µg L–1).
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Figure 5. Seasonal variation in iron levels in treated waters of Goa water supply.

Figure 6. Seasonal variation in iron levels in reservoir waters of Goa water supply.

100 µg L–1) were found at Opa and Salaulim, respectively, in summer and winter. Copper
levels of 170 and 280 µg L–1 (higher than the IS specification of 50 µg L–1) were found at
Canacona and Dabose, respectively, during the postmonsoon season.
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Figure 7. Seasonal variation in manganese levels in treated waters of Goa water supply.

Figure 8. Seasonal variation in manganese levels in reservoir waters of Goa water supply.
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Figure 9. Copper levels in treated waters (postmonsoon season) of Goa water supply.
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ABSTRACT: Over the past 50 years, pesticides have become  one of the
major components of modern agriculture. Coincidently, there has been a rise
in the number of effects on non-target organisms. In agroecosystems, soil
biota are among the most important non-target organisms affected by pesti-
cides. This article reviews the effects of agricultural pesticides on soil fauna.
Field and laboratory data evince direct toxicity effects on soil fauna mainly
from insecticides, and to a lesser extent from herbicides and fungicides. In
some cases there are reduced food sources and habitat refuges for many
arthropods. These deleterious effects of pesticides greatly modify some bio-
logical functions, such as soil organic matter decomposition and nutrient
availability in the soil, by the reduction in diversity of soil biota. Agricultural
pesticides may also affect some potential natural benefits provided by soil
fauna populations, such as biological  pest control. However, under different
farming systems, evidence of pesticide effects on soil biota is complex. There
is a large number of ecological interactions in the agroecosystem, such as
tillage, soil type, fertilizers and vegetation cover. There is need for research
focused on the long-term effects of pesticides as well as on stronger
agroecological evidence concerning the link between soil biodiversity and
farm sustainability.

KEY WORDS: agroecosystems, pesticides, review, soil fauna, sustainable
agriculture
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INTRODUCTION

Current agriculture practices manage productive landscapes to produce food and fiber. The
reduction of plant diversity to a single crop species, the enhancement of nutrients using
fertilizers, and pest reduction help to achieve high crop yields.1 Additionally, agriculture
depends on sound economics, ecology and sociology. Even then, agricultural production
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influences the natural environment in many ways. One of these ways is through the use of
pesticides to reduce crop losses to pests.

Over the last 50 years, pesticides (insecticides, herbicides and fungicides) have become one
of the major components of modern agriculture.2,3 Although pesticides are generally valuable in
crop production, the environmental side effects are undesirable and are rarely considered in cost-
benefit assessments.4 However, the emerging negative public health and environmental effects of
pesticides have encouraged vigorous debates about farm sustainability,5–9 and sustainable pesticide
use has become an important research item.10 Furthermore, concern about potential undesirable
side effects of pesticides on the environment has led many governments to consider their negative
effects on non-target beneficial organisms during the pesticide registration process.11

The ideal pesticide should be toxic only to the target organism(s); but unfortunately, this
goal has not been achieved and the widespread use of pesticides has become a serious
environmental and public health problem. Each year an estimated 2.5 million tons of pesticides
are applied to agricultural crops, although almost 99% of this amount does not reach the target
pests.12 As there is a wide spectrum of pesticide formulations, modes of action, and environ-
mental conditions, the use of pesticides has different effects on the thousands of different
agroecosystem species. Several pesticide studies report direct13,14 and indirect15,16 effects on
human health, mammal kills,17 bird mortality,18,19 and aquatic toxicity of algae, arthropods, and
fish.20–22 In agricultural systems, pesticides affect vertebrates, invertebrates, and microbes,
including soil organisms.23

Soil biota communities are among the most species-rich components of terrestrial ecosys-
tems.24 Soil biota include bacteria, fungi, algae, earthworms and arthropods. In agricultural
systems, soil biota and food webs play a prime role in the decomposition of organic matter,
cycling and redistribution of minerals and nutrients, sequestration of carbon, and biological
regulation of pest species.25 These functions are strongly linked to the success of agricultural
production models. The harmful effects of pesticides can alter the structure of the soil biota and
food webs; reducing or changing the soil species composition.26–29 The aim of this review is to
discuss the effects of pesticides on soil populations and the consequences of biota changes on
sustainable agriculture. The focus of this analysis will be on soil fauna (i.e., collembola, mites,
isopods, centipedes, millipedes, and earthworms). As soil macrofauna has a profound effect on
soil structure,30 and as soil microfaunal activity stimulates nutrient cycling,31 an understanding
of the effects of pesticides on faunal populations is important in interpreting the impact of
modern agriculture practices on soil processes and assessing their sustainability.32

PESTICIDES AFFECTING SOIL BIOTA

In general, pesticides are designed to affect specific physiological processes in target organisms.
In reality, pesticides are broadly toxic and therefore kill both target pests and non-target soil
organisms. Pesticides include a wide variety of chemicals and, consequently, there are major
differences in their uptake, detoxification, biotransformation, and elimination.  The mode and
site of action (systemic and non-systemic or contact, oral, and dermal), type of formulation
(baits, dusts, granules, wettable powders, flowables, aqueous dispersions, and suspensions) ,and
types and methods of application (ground and aerial, sprays and dust) may also interact with
the toxicity profile of the active ingredient, exhibiting manifold variations in toxicity.33

Pesticides are classified mainly as insecticides, herbicides, and fungicides. Although is
difficult to integrate the information to quantify the amount of pesticide use, herbicides are the
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most widely used pesticides in the world, constituting more than 40% of total use, while
insecticides account for approximately 30% and fungicides for some 20%.34 The United States
Department of Agriculture (USDA) estimates that herbicides represent approximately 85% of
all agricultural pesticide application in US.35

Insecticides

Insecticides vary in their impact but are considered as the most toxic to soil biota. The
organophosphate family of insecticides (e.g., fenitotrion, chlorpyriphos, dimethoate, terbufos,
and monocrotophos) is considered to be the most toxic insecticide group.33,36,37 These chemi-
cals act by interfering with the activities of cholinesterase, an enzyme that is essential for the
proper working of the nervous systems both of humans and arthropods. A second group of
insecticides, considered less harmful than organophosphates, are the synthetic pyrethroids
(cypermethrin, deltamethrin, and lamba-cyhalothrin), which rapidly paralyze the insect ner-
vous system, giving a quick knockdown effect.20 A third family of compounds, the carbamates,
also has a quick knockdown effect, but it causes a broad range of toxic effects on non-target
organisms, from relatively non-toxic to beneficial predators (pirimicarb), to highly toxic to
beneficial arthropods (aldicarb and some formulations of carbaryl).37

Field experiments reveal insecticide’s effect on soil fauna, including spiders (Aranae),38

springtails (Collembola),39 enchytraeids,40 and terrestrial isopods.41 Also, several insecticides
influence the mortality, behavior, and feeding rate of predatory arthropods.42 In addition,
laboratory tests by Panda and Sahu (1999)43 showed a sharp decline in growth and reproduction
of the earthworm Drawida willsi (Oligochaeta) following application of the insecticide malathion.
In a maize field, the applications of soil insecticides against corn rootworms significantly
reduced populations of predatory ground beetles.44  Wiktelius et al. (1999),45 in a regional
testing program, found that the insecticide Lindane significantly reduced the numbers of
Collembola in over 80% of the field trials, while spiders were reduced in 53% and ants in 64%
of the trials.

Soil biota may show wide variation in their response to insecticides. In a factorial experi-
ment, Yardin and Edwards (1997)46 observed that insecticides reduced aphid and beetle
populations by 85% and 72%, respectively. In the 2nd year of treatment, however, aphid
populations were 125% greater in the insecticide-treated plots than in the control plots. In a
pesticide treatment with dimethoate in the field, significant short-term (2- to 3-week) reduc-
tions in the number of Carabidae and Linyphiidae were observed, while treatment with
pirimicarb had no significant effect on polyphagous predators, justifying their selection as toxic
and soft standards, respectively.47 Doses up to eight times the maximum field application rate
of cypermethrin did not have any acute effects on larger beetles, whereas dimethoate at the
maximum field application rate harmed all other beetle species.48 Despite the overall negative
effect of insecticide use on soil biota, the great diversity, both of soil fauna and chemical
compounds, represents a wide range of impacts.

Herbicides

Although relatively few studies are available, herbicides are considered less toxic to arthropods,
compared with insecticides.2 Effects on the abundance of soil invertebrates vary among herbi-
cides. Candolfi et al. (1999)49 found differential sensitivity among nine non-target arthropod
families. They tested 34 herbicide formulations, obtaining a range response from no measurable
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effect up to 70% of all formulations having up to 30% of lethal or sub-lethal effects. In all cases,
herbicides showed less effect than insecticides. Rebecchi et al. (2000)50 found a reduction in some
Collembolan species of agricultural soils following applications of the herbicide triasulfuron.
However, field experiments do not generally show measurable herbicide effects on the soil food
web over and above what could be expected in terms of reduced ground plant cover.50 At practical
field concentrations, herbicide applications usually exert mainly indirect effects on the soil micro-
and macrofauna rather than direct toxicological effects.52 Loss of weed cover following herbicide
spraying reduces the availability of food for soil arthropods, altering the soil population balance.
In a factorial experiment, Wardle et al. (1999)29 showed that any observed reduction of soil fauna
by herbicide applications was likely due to mainly indirect effects (due to weed reduction) than
to direct toxicity effects. In some treatments, herbicide applications promoted a high number of
soil taxa, mediated by the invasion of herbicide-tolerant weed species. In a recent review, Norris
and Kogan (2000)53 concluded that most herbicides probably have very little direct effect on
arthropod populations and that direct toxicity effects could involve high doses of herbicides or the
use of inappropriate application methods.

The refuges for some species are also reduced by herbicide applications. Field borders and
some target weed species may benefit soil biota by providing needed habitats.54 These refuge
areas not only protect soil biota from pesticide exposure but also benefit predatory species of
beneficial organisms. The presence of refuge habitats was also associated with the maintenance
of pest aphids,55 and other pest species at low levels.56 The deleterious effects of herbicides on
weed and field border biomass may affect non-target soil species, decreasing populations and
leading to potential local extinctions.57

Fungicides

Fungicides’ effects on non-target soil biota appear to be less common than insecticides
and herbicides.58 Fungicides are designed to suppress fungi. As they are likely to affect non-
target soil-inhabiting fungi, they can also be expected to have an effect on soil fauna.
However, fungicides were found to produce very low levels of mortality to soil biota.59

Bostanian et al. (2001)60 found no toxic effects of fungicides on adults and nymphs of
Hyaliodes vitripennis, a predacious mite on the crops, even at four times the manufacturer’s
dosage rate. No consistent effects of the fungicides benzimidazole and triazole on collem-
bolan activity and overall abundance were found in a soil study.61 Although having no
apparent effects on soil biota, fungicides have the potential to eliminate or influence the
numbers and functions of a diverse range of soil microorganisms (e.g., main decomposition
pathways by altering the soil bacterial/fungi ratio).

PESTICIDE EFFECTS ON ECOLOGICAL SERVICES
PROVIDED BY SOIL BIOTA

Soil biological diversity is essential in the maintenance of the agroecosystem services.62,63

Ecosystem complexity that is determined by the biological diversity has intrinsic value, includ-
ing numerous services. Soil biota diversity is a vital factor in the stability of agroecosystem
processes, including the transformations of organic matter, energy, and nutrients.64 The loss or
the significant reduction of a particular species or population, by the negative effects of
pesticide use, may therefore cause a loss in ecosystem functioning and agricultural productivity.
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Decomposition of Plant Residues and Soil Organic Matter

Soil micro- and mesofauna play a vital role in the soil organic matter (SOM) decompo-
sition process.65 They mainly influence decomposition through direct physical breakdown of
organic matter. This fragmentation increases the surface area available for further attack by
microflora. Litterbag studies showed an association between the presence of microarthropods
and litter mass decomposition.66 Setälä et al. (1988),67exploring the effects of the addition of
a diverse soil fauna (Collembola, Acari, Enchytraeidae, Nematoda) in birch leaf litter, found
an increased cumulative CO2 evolution for 20 weeks of 32% in presence of soil fauna, compared
with the defaunated control plots.

The role of soil fauna in SOM decomposition is also influenced by litter quality (C/N ratio
and chemical composition). The contribution of soil fauna is greater in the decomposition of
materials with high C/N ratios.66 The increasing availability of water and nutrients increases
the activity of the fauna and aids the decomposition of soil organic matter.68 Moreover,
ingestion and associated transformation by soil invertebrates plays a part in the decomposition
process by exerting chemical changes in soil organic matter. Both comminution of coarse litter
and post-ingested transformations are closely linked to the SOM decomposition rate by the
stimulation of microbial activity,69 although long-term carbon dynamics seem to be less related
to soil faunal effects.70

Feeding habits of soil fauna may also influence the decomposition rate of SOM in
agricultural soils. Hendrix and Parmelee (1985)71 found concurrent reductions in decomposi-
tion rates and in the predator/prey ratio in agroecosystems treated with herbicides. The
reduction or  increase in specific soil species populations by pesticides may alter the grazing
patterns in soil food webs.  Differential grazing by bacterial and fungal populations that grow
on dead organic substrates may shift the soil microbial community dominance of decomposers
from fungal to bacterial,72 exerting some side effects on the rate of SOM decomposition.65

Pest Control

Possibly nowhere are the costs of biodiversity reduction more clear than in the area of
agricultural pest management.63 Human transformation of natural ecosystems into agricultural
ecosystems alters the self-regulatory mechanisms in natural communities. Pesticide use may
reduce direct, and cause indirect interactions between soil species populations. Pest control
mediated by direct interactions between soil populations has been widely documented.73–75

Many of the soil arthropod fauna act as specific or non-specific predators and others as strictly
phytophagous, detritivorous or opportunist polyphagous. Beneficial soil species that are sec-
ondary consumers utilize preys (pest species) that are primary consumers.53

Invertebrate predators, especially carabid beetles, effectively control cereal aphids on
wheat,76 leguminous crops, and sugar beets.77 In Catalonian maize plots, Asín and Pons
(1999)78 found a negative relationship between the number of aphids counted per day and the
number of predators caught in pitfall traps, pointing to the influence of polyphagous predators
on controlling maize aphids. Lang et al. (1999)79 also demonstrated that ground beetles and
wolf spiders (Lycosidae) depressed aphid abundance in maize. The potential reduction of soil
ecosystems diversity, caused by pesticides, may affect the number and the intensity of natural
controls (e.g., predation and competition) and increase the probability of the occurrence of
outbreaks of agricultural pests.80

Pesticides not only reduce the natural pest control by prey-predator interactions, but also
have an indiscriminate effect on the natural enemy complex. With the use of broad-spectrum
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insecticides, secondary phytophagous insects, normally of little importance, may become
serious pests.81 Applications of pyrethroid insecticides in cotton not only caused the decrease
in the bollworm egg and larvae predation on cotton fields, but also coincided with an enormous
build up of red spider mites, a secondary pest.82 Carabid beetles are long-lived predators that
are highly susceptible to insecticides. When carabids are reduced by insecticides, pest popula-
tions normally controlled by them increase to outbreak levels.83

The feeding habits of soil fauna may also provide natural pest control in agroecosystems.84

For example, in a simplified experimental system, the severity of fungal diseases on millet and
wheat was significantly reduced by collembolan feeding on fungi.85 Williams et al. (1998)86

demonstrated the important role of the mite Acarus siro in transmitting Coniothyrium minitans,
a mycoparasite. This mycoparasite played a role in biocontrol activity against Sclerotinia
sclerotiorum. Earthworms have been shown to decrease the severity of some soil-borne plant
diseases by increasing the metabolic rates of active microbial populations.87

Biological Weed Control

Biological control of weeds using imported insects is safe, environmentally sound, and cost
effective.88 Herbivores that are monophagus and utilize weeds as a food source may provide
biological weed control.89 Insects can control weeds by feeding on seeds, flowers, leaves, stems,
or roots. Seed-reducing insects have been most successful in the biological control of woody
alien weeds in farmland habitats in South Africa.90,91 Weed seed predation by invertebrates,
especially carabid beetles, increased post-dispersal weed seed removal in maize fields.92 In all
cases, biocontrol agents must be host specific in order to confine their attacks to target weeds.
This is extremely important when native confamilial or congeneric plants are at risk.93

Nutrient Recycling

Soil fauna have an important function in regulating rhizosphere microbial processes and
therefore significantly affect nutrient cycling and plant growth.94,95 In addition, high activity levels
of specific microbe populations may detoxify soil toxic chemicals, leading to a potential utilization
of soil fauna in bioremediation of soils.96,97 The action of invertebrates generally leads to an
increase in nutrient availability as a result of increased soil microbial activity.98 Both in field and
microcosmic experiments, soil fauna activity resulted in a significant enhancement of N
mineralisation.31,99,100 This increase in nutrient availability is usually related to differential grazing
by soil fauna on microorganisms (bacteria and fungi), which reduced microbial growth, and hence
the immobilization of N.101 Indirect effects of soil microbial activity also were shown after grazing
activity of earthworms, enchytraeids, and mites.102,103 Such increases in nutrient availability,
mediated by micro- and mesofauna, have been linked to plant productivity.31 For example, in the
presence of Collembola, and when nematodes and Collembola were combined, shoot N contents
of the grass Nardus stricta were significantly increased relative to a defaunated control.100 Brussaard
et al. (1995)104 found a bacterivorous mite inoculated with a soil suspension containing a mix of
bacteria and protozoa significantly increased nitrogen mineralization. Whether these effects were
caused by microfaunal grazing or by a stimulation of the protozoa, however, remains unresolved.

Recently, the importance of microfaunal grazing, not only for N-release from microbial
biomass, but also for the composition of the bacterial community in the rhizosphere and the
production of plant hormones has been demonstrated.95 There is also some evidence that soil
arthropods can influence the intensity of root symbiont activity. In a field experiment Lussenhop
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(1996)105 found 40% greater mycorrhizal root length and 5% higher leaf nitrogen tissue when
moderate densities of two collembolan species were added to the soil with soybean plants.
Although some of the positive effects of soil fauna on plant growth are not fully explained, they
illustrate the complexity of the plant-soil biota interactions in environmental systems.

PESTICIDE EFFECTS ASSOCIATED WITH
CROP MANAGEMENT STRATEGIES

Most of the experiments using pesticides as a variable are designed to test the vulnerability of
various species to some specific pesticides. Laboratory, microcosmic, and field experiments
attempt to set ecotoxicity thresholds, looking for the more vulnerable specie populations,106 or
indicator species.49 However, these types of experiments failed in testing the effects of the
pesticides in agricultural management. Field management experiments are scarce but they are
very useful in evaluating pesticide effects under realistic crop conditions.

There is increasing evidence that certain crop management practices (organic or conven-
tional) may significantly alter the structure of soil populations. The main difference with these
practices is the widespread use of pesticides and fertilizers in conventional management and
none in organic management. However, there are some other differences between practices
that may influence the pesticide effects on the soil biota (e.g., tillage system, crop type,
rotations, fertilizers, and compost amendments). The adsorption effect of the soil and the
weeds can reduce the toxicity of pesticides.107,108 Therefore, the results of farming systems are
not always consistent. Lee et al. (1990)109 observed that insecticide applications immediately
reduced carabid beetle activity and density and altered biotic community composition in crops.
A greater abundance and diversity of soil arthropods was found in less intensively managed
agroecosystems.110 Alvarez et al. (2001)111 found significant differences in the abundance of
most arthropod species in three geographical regions but few differences between the farming
regimes. Species richness and the relative abundance of functional guilds were clearly associated
with farm management in organic vs. conventional tomato production in California.112 How-
ever, insecticide intensity was a weak factor. Brussaard et al. (1990)113 detected some species of
edaphic Collembola in experimental wheat plots that were more abundant under conventional
management, whereas other species were more abundant under integrated organic crop man-
agement systems. All these data suggest that the analysis of the effect of pesticides on the soil
biota might have included many other factors in the analysis, such as landscape characteristics,
functional guild affected, site history, crop type, and the specific crop management practices.114

Assessing pesticide impacts by comparing pest management strategies affords a practical way
of dealing with these interactions and enables land managers to choose effective practices with
the least detrimental environmental impact.9,115

CONCLUSIONS

Pesticides applied to agroecosystems to reduce pest losses may have side effects on soil biota.
There is clear evidence that pesticides influence survival, growth rate, and behavior patterns of
soil fauna and other biotic ecosystem organisms. Soil biodiversity and some pesticide charac-
teristics (e.g., formulation type and mode of action) may result in some variability in the final
response to pesticides from different guilds and functional biological groups. The differential
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effects on soil organisms determine the potential loss of ecosystem services. Negative externali-
ties from pesticides include the decrease in nutrient recycling in agricultural soils, the instability
of soil organic matter, and the risk increment of pest outbreaks.

The identification of the potential risks of pesticides has led to the expansion of alterna-
tives to wide, extended chemical pest control. However, the analysis of the pesticide effects of
different land management strategies on soil organisms is complex. The tillage system, the crop
type, the weed infections, the soil type, and macroclimatic conditions are environmental
variables that can modulate the final effect of pesticides on the different soil organisms. These
variables may offer some biotic or abiotic conditions, such as refugees, soil pesticide adsorption,
pesticide breakdown, and the increase or decrease of food sources that determine the degree of
susceptibility of soil organisms to pesticides.

Despite the increasing investigations of pesticide effects on agroecosystems, many ques-
tions remain. First, there is limited ecotoxicity information about chronic and sub-lethal effects
of pesticides, and the potential additive or synergic effect of pesticide mixtures remains a
question. Food web transfer of pesticides and contaminants also requires more research.
Second, it is critical to clearly assess the long-term effects of pesticides on soil ecosystems and
on other environmental factors such as food safety and agroecosystem biodiversity. Research
should also focus on the effects of pest management as a whole, exploring the interactions
between pesticides and other agricultural disturbance regimes (e.g., tillage and human appro-
priation of biomass by harvest or grazing activities). In addition, agroecological evidence of crop
yield/quality reduction or loss of services leading to loss of biodiversity may encourage farmers
to conserve soil biodiversity. All this information could improve the development of cropping
systems to help farmers select the least harmful pesticide while enhancing the sustainability of
agroecosystems.
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INTRODUCTION

The quality of many of our water resources is deteriorating day by day because of the continuous
addition of undesirable constituents. Among various organic and inorganic water pollutants,
pesticides are very dangerous and harmful because of their tissue degradation in nature.1
Pesticides are bioaccumulative and relatively stable, as well as toxic and/or carcinogenic, and
therefore require close monitoring. European Economic Community Directive 80/778,2 con-
cerning the quality of water for human consumption, established the maximum concentration
of each pesticide at 0.1 µg/L and the total pesticide concentration at 0.5 µg/L.3 The World
Health Organization (WHO)4 has classified pesticides into five groups on the basis of their
hazardous nature (LD50 values).

The major sources of pesticide pollution are industrial, agricultural, forestry, and domestic
activities. However, airborne pesticide pollution has also been reported.5 Our natural water
resources are being contaminated by pesticides because of the same activities, and the pollution
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Leaching Capacity of Lindane in Sandy and Loamy Soils
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ABSTRACT: The pesticides used for agricultural, forestry, and domestic
activities are leaching into groundwater. Therefore, it is very important to
study the leaching behavior of pesticides in sandy and loamy media. Lindane
is used widely in India for a variety of purposes. The effects on the leaching
behavior of lindane of various operating variables, namely, concentration, pH
of the mobile phase, soil column length, and flow rate, were studied. The
concentrations, ranging from 5 to 25 µg and 5 to 35 µg, were retarded by
sandy and loamy soils, respectively. The pH was varied from 2.0 to 7.0, and
it was found that the minimum transportation of lindane occurred at pH 7.0
in both sandy and loamy soils. The effect of column length on the transpor-
tation of lindane is that the amount of lindane transported decreases with
increasing column length. The effect of flow rate did not show any significant
effect on the transportation of lindane. The distribution of lindane was also
studied under saturated conditions. The uniform distribution of lindane (25.0
mL of 5.0 mg/L) was observed after 240 hours and 12 weeks in sandy and
loamy soils, respectively.
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of groundwater due to pesticides has become a worldwide problem today. It is apparent that
groundwater is the major source of water in the world. Therefore, the monitoring and mainte-
nance of the quality of groundwater  are very important and necessary aspects of hydrology.
Because of the importance of groundwater and the dangerous nature of pesticides, scientists have
become more focused on the monitoring of pesticides in groundwater. The study of pesticides
in groundwater started in 1979 in the United States, with the detection of various pesticides. The
same issue has been addressed in other countries. It has been reported that increasing amounts
of pesticide residue may be present in soil, and these can ultimately leach into aquifers and
contaminate groundwater or be carried away by runoff waters and soil erosion.6–8 The leachability
of pesticides is measured in terms of the groundwater ubiquity score.9

Groundwater pollution due to pesticides is a worldwide problem. The Environmental
Protection Agency (EPA)10 elaborated the list of pesticides’ properties that indicate their
groundwater contamination potential. Bottoni and Funari11 evaluated the impact of 48 herbi-
cides on groundwater quality. Atrazine was found in groundwater and surface water in maize
production areas of the Transvaal in South Africa.12 The leaching of atrazine in Germany13 and
Denmark14 was also reported. The contamination of well water by atrazine, alachlor, and
carbofuran in Switzerland15 has been detected. Atrazine, simazine, and cyanazine were found
in well water in the United States.16 Pesticides have also been found in wells in the Netherlands,
Italy, Israel, Japan, Canada, and Australia. Additionally,  herbicides and nematicides are
presumed to be major groundwater pollutants because they are applied directly to soils.
Pesticides and about 36 volatile organic compounds have been detected in 208 urban wells in
the United States.17 Similarly, various pesticides have been detected in groundwater in Nor-
way18 and France.19 Many reports have been published on groundwater contamination due to
pesticides20 all over the world. Further, pesticides in groundwater have been reviewed by
Timothy21 and Fioretti et al.22  The level of some of the pesticides in groundwater was reported
by the EPA in 1995, with greater values of pesticides than permissible.

India is currently the world’s largest producer and user of technical hexachlorocyclohexane
(HCH), of which lindane is a constituent. Its production capacity ranged from 25,000 to
30,000 tons/yr from 1985to 1995.23–25 Lindane is the γ-isomer of HCH (γ-1,2,3,4,5,6-
hexachlorocyclohexane). Therefore, although little attention has been paid to monitoring
pesticides in groundwater in India, lindane may be present in surface and groundwaters there.
Some reports, however, have been published on the presence of organochlorine pesticides in
some urban water resources near Calcutta.26 Groundwater contamination by some arsenic
pesticides27 has been reported in some of the districts of West Bengal (Calcutta). Further, the
contamination of groundwater by pesticides has also been reported in some areas nearer to
water storage ponds in Gujrat. Lindane, the most common pesticide in India in both the the
agricultural and public health sectors has been selected for the present study. In consideration
of all these points, attempts have been made to determine the transportation behavior of
lindane in loamy and sandy soils because these soils are very common in agriculture and forest
areas. The transportation behavior of lindane has been studied under varied experimental
conditions.

FACTORS EFFECTING THE LEACHABILITY OF PESTICIDES

The leachability of pesticides in groundwater is controlled by the nature of the soil and the
pesticide itself. Soill nature includes the soil texture, total organic and inorganic matter, and
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biological populations. The pattern of pesticide use, structures, and degradation products are
also responsible for the transportation (leaching) behavior of the pesticides. The fine texture
of soils, in general, inhibits pesticide leaching either because of low vertical permeability or
because of high surface area, which enhances adsorption of pesticides. The high organic matter
in soils dissolves the pesticides and retards their transportation into the soil. The pH and the
temperature of the soils are also important factors for the leachability of pesticides.8,28,29

However, the mass flow of water through the soil profile is also an important factor in
pesticides leaching to groundwater. It has also been reported that some of the bacteria degrade
the pesticides into different degradation products.30 The variety and concentration of the
bacteria in soils are also the determining factors for the transportation behavior of the pesti-
cides. The various pesticides have different types of structures with different physicochemical
properties and, therefore, manifest different transportation behaviors.

EXPERIMENTAL

All the chemicals and reagents used were of pesticide grade and were procured from Merck,
Germany/India. The qualitative and quantitative analysis of the lindane was carried out by Gas
Chromatograph (model Nucon 5700, India). The extraction of pesticides from water samples
was done in 500-mL capacity separating funnels. The extracted n-hexane was concentrated
with the help of a Kuderna-Danish assembly and rotary evaporation apparatus. The other
glassware and equipment used were measuring cylinders, graduated pipettes, beakers, Hamilton
syringes, boiling chips, water bath, balance, etc.

The samples of loamy and sandy soils were collected from agricultural fields with the help
of soil samplers up to a depth of 25 cm and packed in different columns. The solutions of different
concentrations of lindane were prepared in n-hexane (1.0 to 10.0 mg/L). The physical charac-
teristics of the soil samples were determined using the standard methods.31–34

For the measurement of pH, the soil samples (5 g of each soil) were shaken with 25 mL
distilled water (pH 6.1) for 60 minutes on a mechanical shaker and these samples were filtered
by Whatman 24 filter papers. The pH of the filtrate was determined by standard methods. The
density and porosity were determined with help of a Multi volume Pycnometer (model 1305,
USA) and a Geo. Pycnometer (model 1360, USA), respectively. The percentage of gravel,
sand, clay and silt were determined by sieve analysis and with the help of the Master Sizer
E-System (model MAE 5000, UK).

Soil samples (50 g of each) were mixed separately, with 250 mL of distilled water, and
shaken for 60 minutes on a mechanical shaker; these samples were filtered by Whatman 24 filter
papers. The soil sample residues were further shaken separately, with 250 mL distilled water, in
a similar way, and filtered. The two filtrates were mixed together to make the total volume of 500
mL of filtrate. The various physicochemical parameters were determined in these filtrates.

Two types of glass columns were used; these are shown in Figure 1.  The first type of glass
column, comparable to an unsaturated zone, was simple, measuring 20 × 2 cm, while the second
type of glass column (20 cm × 2 cm), comparable to a saturated zone, had outlets at 5.0 cm
distance from each other. These columns were packed with the above mentioned soils separately.
For packing the column, the supporting media—i.e., glass wool—was packed by hydraulic filling.
The slurry of the weighed soil samples was prepared in de-ionized water and then it was used to
pack the column. The column was kept undisturbed overnight for its full settlement and
saturation. The flow of the effluent in the column was controlled by the stopper point at the lower
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end of the column. The solutions of lindane (5.0 mL) at different concentrations were loaded onto
each column and fractions of 25 mL were collected from each column. The effect of lindane
concentrations, pH of the mobile phase, soil column length, and flow rate of mobile phase was
studied. The fractions collected from each column were 25.0 mL in volume. To find out the
diffusion and distribution of lindane in the saturated zone of the soils, the second type of glass
columns were also packed with these soil samples in the same way. The effluent flow rate of these
columns was set to zero. The lindane (25.0 mL of 5.0 mg/L) was loaded onto these columns.  Water
samples were collected from each outlet with the help of a vacuum pump and the lindane was
analyzed by gas chromatography. To find out the effect of the diffusion time of lindane in these
columns, water samples were collected from each outlet at different time intervals.

The extraction of pesticides from water (column fractions) was carried out by n-hexane.
25 mL of water fraction was shaken with 5.0 mL of n-hexane in a separating funnel for 30
minutes. The n-hexane layer was allowed to separate from the water for about 10 minutes. The
n-hexane layer was separated and the same procedure was repeated three times. The three
fractions of extracted n-hexane were mixed together and the total volume of extracted n-hexane
obtained was 15 mL.

The combined n-hexane (15 mL) extract obtained from the water fractions was concen-
trated to 1.0 mL by using a Kuderna-Danish assembly and rotary evaporation apparatus. The
extraction was carried out using a water bath at 40°C. The moisture in the concentrated
n-hexane (5.0 mL) was removed by adding anhydrous sodium sulphate (0.1 g) into the

Figure 1. Vertical view of soil column: (a) unsaturated and (b) saturated columns.
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extracted n-hexane (1.0 mL) fractions and keeping them overnight. All the extracted n-hexane
fractions were already clean and clear and therefore no further clean up was carried out.

To find out the transportation behavior of lindane in loamy and sandy soils, adsorption and
desorption experiments were carried out. The adsorption experiments were carried out by the
batch technique using a series of Erlenmeyer flasks of 50 mL capacity covered with a teflon
sheet to prevent the introduction of any foreign particle contamination. The effect of pH,
concentration, dose, temperature and shaking time was studied. Isotherms were run by taking
different concentrations of lindane at desired temperature and pH. These concentrations were
decided after a good deal of preliminary investigations. After the required experimentation was
over, the solutions were centrifuged and the concentrations of lindane were determined in a
supernatant using gas chromatography.

The standard solutions (5 µg/L) of lindane were prepared in n-hexane. The instrument
was calibrated with this standard solution. The chromatogram of the standard lindane was
recorded. The values of the retention time obtained were used for the identification of lindane
in the extracted column fractions. The surface area of the peak obtained by the standard lindane
was used to determine the concentration of the pesticides in each column fraction.

The qualitative and quantitative analysis of the lindane in each column fractions was
carried out by gas chromatography. The electron capture detector (ECD) was used to detect
the lindane. The column used was made of glass, Ch. W.H.P., OV-17 (3%), mesh size 80-
100 (120 cm × 3 mm). The temperatures of the column, injector and detector were 240, 250,
and 275°C, respectively. The flow of carrier gas (nitrogen) was kept constant at 60 mL/min.
The extracted fractions (containing lindane) of n-hexane were analyzed by gas chromatography
under the chromatographic conditions mentioned above. The 2.0 µL of extracted hexane was
injected with the help of Hamilton syringe. The chromatogram of the standard lindane was
also recorded under the identical gas chromatographic conditions. The confirmation of the
lindane was also carried out by the internal standard addition method. The concentration of
pesticides was determined as described earlier.35

RESULTS AND DISCUSSION

The selected soil samples (i.e., sandy and loamy) were analyzed for physicochemical para-
meters. The physical parameters determined were pH, density, porosity, percentage of gravel,
sand, clay, and silt. The chemical parameters analyzed were alkalinity, sodium, potassium,
calcium, magnesium, nitrate, sulphate, phosphate, chloride, and total organic carbon. The
values of physical and chemical parameters are given in Tables 1 and 2, respectively. It is clear
from these tables that these aqueous soils are alkaline in nature. The density of sandy and loamy
soils was found to be 2.63 and 2.59 g/cm3, respectively, while the porosity of sandy and loamy
soils was 46.3 and 30.7 fractions, respectively. The percentage of gravel, sand, clay, and silt for
sandy soil was 0.1, 83.4, 1.4, and 15.1, respectively, while for loamy soil it was was 0.1, 37.9,
5.2, and 56.8, respectively. The sandy soil contained high amounts of alkalinity, chloride,
magnesium, and phosphate, while the loamy soil contained high amounts of calcium, sodium,
potassium, sulphate, nitrate, and total organic carbon only. The concentration of alkalinity,
sodium, potassium, calcium, magnesium, nitrate, sulphate, potassium, chloride, and total organic
carbon was 82.0, 23.5, 5.2, 5.6, 3.9, 0.8, 1.0, 0.8, 32.0, and 1.4 mg/kg in sandy soil, respectively,
while the concentrations of these parameters in loamy soil were 58.0, 29.1, 8.2, 16.0, 2.9, 1.6, 4.5,
0.5, 28.0, and 3.1 mg/kg, respectively.
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Adsorption

To optimize the experimental conditions for column experiments, the adsorption behavior
of lindane was carried out on sandy and loamy soils. The adsorption experiments of lindane
were carried out under varied conditions of pH, concentrations of lindane, contact time, and
dose. After extensive experimentation, it was found that the maximum uptake of lindane took
place in sandy soil at pH 6.0, with 30 minutes of contact time at 30°C. The adsorption capacity
of lindane in sandy soil was found to be 0.306 µg/g. In the case of loamy soil, the maximum
adsorption capacity was observed at pH 7.0 with 30 minutes of contact time at 30°C. The
uptake capacity of this soil was found to be 0.457 µg/g. The desorption experiment of lindane
from these soils was tried with distilled water of different pH values, but no desorption was
observed. These findings were used to design the column experiments.

Transportation Behavior of Lindane under Unsaturated Conditions

The glass columns, 20 cm × 2 cm in size, were packed with sandy and loamy soils
separately. The transportation behavior of the lindane was studied using these columns. The
fractions of 25 mL each were collected and extracted with hexane. The lindane was determined

Table 1. The Physical Properties of Soil Samples
(mg/kg)

Sample No. Parameter Sandy Soil Loamy Soil

1 pH 7.3 7.1
2 Density (g/cm3) 2.63 2.59
3 Porosity (%) 46.3 30.7
4 Gravel (%) 0.1 0.1
5 Sand (%) 83.4 37.9
6 Clay (%) 1.4 5.2
7 Silt (%) 15.1 56.8

Table 2. The Chemical Properties of Soil Samples
(mg/kg)

Sample No. Parameter Sandy Soil Loamy Soil

1 Alkalinity 82.0 58.0
2 Sodium 23.5 29.1
3 Potassium 5.2 8.2
4 Calcium 5.6 16.0
5 Magnesium 3.9 2.9
6 Nitrate 0.8 1.6
7 Sulphate 1.0 4.5
8 Phosphate 0.8 0.5
9 Chloride 32.0 28.0

10 TOC 1.4 3.1
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by gas chromatography in the hexane fractions. The effect of lindane concentrations, pH of
mobile phase, soil column lengths, and flow rate was studied for the transportation behavior
of lindane in sandy and soil columns separately.

Effect of Concentrations

The pH of the aqueous solution of sandy soil was found to be 7.30 (Table 1) and,
therefore, all the column experiments with different concentrations were carried out at pH 7.0.
Five mL solutions of different concentrations of lindane, that is, 1.0 to 10.0 mg/L (5 to 50 µg),
were loaded on different soil columns and the fractions of 25 mL were collected. The results
obtained for concentration effect are given in Figure 2. It is clear from Figure 2 that the lindane
of the concentrations of 5, 10, 15, 20, and 25 µg was retarded by the soil. On the other hand,
the lindane was detected in column fractions when 30, 35, 40, 45, and 50 µg concentrations
were used. It is also clear from this figure that the concentration of lindane first increases in
column fractions and then decreases in all five different concentrations. The lindane was
detected up to 10 column fractions (250 mL) in 30 to 40 µg concentrations, while it has been
detected in 11th column fraction in the cases of 45.0 and 50 µg concentrations. This is simply
due to the high concentrations of lindane. The same set of experiments was carried out on a
loamy soil column again at pH 7.0 (pH of loamy soil is 7.10, Table 1), and the results are given
in Figure 3. It is clear from this figure that 5.0 to 35 µg concentrations of lindane are retarded
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Figure 2. Effect of different concentrations of lindane on its transportation behavior in sandy soil
under unsaturated condition.
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by the column, while the lindane was detected in column fractions when 40 to 50 µg
concentrations were used. Further, it is clear from Figure 3 that the concentrations of lindane
first increase in column fractions and then start to decrease. The lindane was detected up to
13th column fractions (325 mL) when 40.0 to 45.0 µg concentrations were used, while in the
case of 50.0 µg concentration the lindane has been detected in 14th fraction, too. The amounts
transported in different concentrations are given in Table 3. It is clear from Table 3 that
maximum transportation of lindane occurred when 50 µg of lindane was loaded.

Effect of pH

The effect of pH was studied by using a 5.0 mL solution of lindane at an 8.0 mg/L
concentration (40 µg). The value of pH varied from 2.0 to 8.0 for both the soils. The results
obtained are given in Figures 4 and 5 for sandy and loamy soils, respectively. It is clear from
Figure 4 that the maximum leachability of lindane occurs at pH 2.0, that it decreases up to pH
7.0, and then it starts to increase. Further, it is clear that the lindane is retarded maximally by the
sandy soil column (25.5 µg) at pH 7.0. Therefore, it may be concluded that the transport of
lindane at pH 7.0 (natural pH of sandy soil) is very poor. The same trend in pH effect was also
obtained in the case of loamy soil (Figure 5). The maximum transportation of lindane was
observed at pH 2.0, it starts to decrease up to pH 7.0, and then it starts to increase. Therefore,
the maximum and minimum transportation of lindane in loamy soil occurred at pH 2.0 and 7.0,

Figure 3. Effect of different concentrations of lindane on its transportation behavior in loamy soil
under unsaturated condition.
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respectively. The amounts of lindane transported by using the mobile phases of different pH are
given in Table 3.

Effect of Column Length

To find out the effect of soil column lengths on the transportation behavior of lindane, a
study was carried out with different soil column lengths (5, 10, 15, 20, and 25 cm) for both
sandy and loamy soils. The pH of the mobile phase was 7.0, and the loaded amount of lindane
was 5.0 mL of  8.0 mg/L (40 µg). The results obtained for this are shown in Figures 6 and
7 for sandy and loamy soils, respectively. It is clear from Figure 6 that the transportation of
lindane was 31.4, 26.1, 21.2, 14.7, and 12.4 µg in 5.0, 10.0, 15.0, 20.0, and 25.0 cm sandy soil
column lengths, respectively. It indicates that the maximum transportation (31.4 µg) of lindane
occurred at 5.0 cm, while the minimum transportation (12.4 µg) was observed at 25 cm length.
Figure 7 clearly indicates that the transportation of lindane in the 5.0, 10.0, 15.0, 20.0, and
25.0 cm loamy soil column was 31.5, 23.0, 14.0, 5.1, and 1.8 µg, respectively. Further, it is clear
that the minimum and maximum transportation of lindane in loamy soil was 31.5 and 1.8 µg,
respectively. The details of the transportation of lindane at different sandy and loamy soil
depths are given in Table 3.

Table 3. Transportation Amount of Lindane Under
Different Experimental Conditions (µg)

Sample No. Parameter Sandy Soil Loamy Soil

Concentration loaded in µga

1 30 4.4  —
2 35 9.8  —
3 40 14.5 4.8
4 45 18.7 9.2
5 50 24.2 14.1

pHb

1 2 34.8 32.2
2 3 31.4 24.5
3  4 26.1 15.2
4 5 16.5 13.0
5  6 15.7 9.2
6 7 14.5 4.8
7 8 15.7 3.2

Soil column length (cm)c

1 5 1.4 31.5
2 10 26.1 23.0
3 15 21.2 14.0
4 20 14.7 4.9
5 25 12.4 1.8

a Soil column length: 20 × 2 cm; pH of mobile phase: 7.0.
b Soil column length: 20 × 2 cm; concentration of lin-

dane loaded: 40 µg.
c pH of mobile phase and amount of lindane loaded: 7.0

and 40 µg, respectively.
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Figure 4. Effect of pH on transportation behavior of lindane in sandy soil.

Figure 5. Effect of pH on transportation behavior of lindane in loamy soil.
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Figure 6. Effect of column length on transportation behavior of lindane in sandy soil.
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Figure 7. Effect of column length on transportation behavior of lindane in loamy soil.

400

200

100

0

0 4 8
No. of Fractions

C
on

ce
nt

ra
tio

n 
of

 L
in

da
ne

 (
µµµµ µg

/L
)

  5.0 cm
10.0 cm
15.0 cm
20.0 cm
25.0 cm

300

12



104 I. Ali & C. K. Jain

Effect of Flow Rate

The flow of the mobile phases under natural conditions was 5.0 mL/min and 2.5 mL/h
in sandy and loamy soil columns (20 × 2 cm), respectively. The flow rate of the mobile phase
varied from 1.0 to 5.0 mL/min in the sandy soil column, but there was no marked effect on
the transportation behavior of lindane at these flow rates. This may be due to the fact that the
25.0 mL column fraction required 25 minutes (with a maximum 5.0 mL/min flow rate), and
the sandy soil takes 30 minutes for the maximum adsorption of lindane at room temperature
(30°C). Therefore, it may be concluded that no effect of flow rate on the transportation
behavior of lindane on sandy soil was observed because of the 30.0 minute adsorption time,
which is comparable to the time required for one fraction collection. In case of loamy soil, the
flow rate of the mobile phase was very poor (2.5 mL/h) and, therefore, the effect of flow rate
on the lindane transportation was not carried out.

Distribution of Lindane under Saturated Conditions

To study the distribution of lindane under saturated zone conditions, glass columns (20
× 2 cm) with four outlets at 5.0, 10.0, 15.0, and 20.0 cm lengths were fabricated. These outlets
were connected to the vacuum pump for water sample collection at the required time intervals.
All the experiments in sandy and loamy soils were carried out at pH 7.0. The lindane loaded
on each column was 25.0 mL of 5.0 mg/L concentration  (125.0 µg). The time intervals for
the collection of water samples from the different outlets of the columns were decided after
extensive experimentation. In sandy soil, water samples were taken from the 5.0, 10.0, 15.0,
and 20.0 cm distances after 24 hours. The results are given in Figure 8, and it is clear that, first
of all, the lindane was detected after 24, 48, 120, and 168 hours at 5.0, 10.0, 15.0, and 20.0
cm distances, respectively. It is also clear that the uniform distribution of lindane (3.10 mg/L)
was observed after 240 hours.  In a similar way, water samples were taken at 5.0, 10.0, 15.0,
and 20 cm distances from the loamy soil column after 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, and 12
weeks. The results of this set are given in Figure 9, and it is clear that, first of all, the lindane
was detected after 1, 2, 4, and 5 weeks at 5.0, 10.0, 15.0, and 20.0 cm distances, respectively.
The uniform distribution (3.11 mg/L) of lindane was observed after 12 weeks. Therefore, it
is clear that lindane takes 240 hours and 12 weeks for its uniform distribution in sandy and
loamy soil columns (20 cm × 2 cm), respectively, under the reported experimental conditions.

CONCLUSION

The optimum concentration of lindane loaded was 40 µg with a 20 cm × 2 cm soil column.
A comparison of the transported amount of lindane in sandy and loamy soils indicates that the
transportation of lindane is less in loamy soil as compared to sandy soil. This behavior has been
observed at different concentrations of lindane, pH, and column lengths. This may be due to
the higher adsorption capacity of loamy soil than the sandy soil. The higher amount of total
organic carbon present in loamy soil is also responsible for the poor transportation of lindane
because of the high capacity to hold lindane. It is very important to observe that 5 to 25 µg
concentrations of lindane are retarded by the sandy soil, while 5 to 35 µg is retarded by loamy
soil at pH 7.0. It has also been observed that the transportation of lindane decreases by
increasing the column length. Therefore, it may be concluded that the transportation of lindane
in sandy and loamy soils is very poor under natural conditions. The poor transportation of
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Figure 8. Distribution of lindane at different depths of sandy soil column in saturated conditions.

Figure 9. Distribution of lindane at different depths of loamy soils column in saturated conditions.

16

5.0

3.0

1.0

0

0 4 12
Time (weeks)

C
on

ce
nt

ra
tio

n 
of

 L
in

da
ne

 (
m

g/
L

)

  5.0 cm
10.0 cm
15.0 cm
20.0 cm

2.0

4.0

8

4.5

4.0

3.0

2.0
0 100 200

Time (hours)

C
on

ce
nt

ra
tio

n 
of

 L
in

da
ne

 (
m

g/
L

)

  5.0 cm
10.0 cm
15.0 cm
20.0 cm

2.5

3.5

50 150 250



106 I. Ali & C. K. Jain

lindane may be due to the high partition coefficient of lindane between the soil organic matter
and water. Therefore, the detection frequency of lindane in groundwater is rare. Further, it was
observed that the transportation of lindane is at maximum under acidic conditions. Therefore,
the use of lindane in acidic soils should be restricted.

The distribution of lindane was also studied under saturated zone conditions. It was observed
that the uniform distribution of lindane occurred after 240 hours in sandy soil, while in the case
of loamy soil, it was observed after 12 weeks. This may be due to the fact that the intra-particle
space is greater in sandy soil than in loamy soil. Moreover, the high adsorption capacity of loamy
soil is also responsible for this process. Therefore, it may be concluded that the contamination
of groundwater from the surface is faster in sandy soil compared with loamy soil.
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ABSTRACT: An owner of four parrots was operating the cleaning cycle
of a polytetrafluorethylene (PTFE)-coated oven. After 2 hours, one par-
rot began showing signs of ataxia and died shortly thereafter. The three
other parrots died a short time later. This case demonstrates that PTFE
fume fatalities continue, regardless of the amount of literature and pub-
licity addressing this problem, and indicates a need for further education
of the public.

INTRODUCTION

According to Dr. Jerry LaBonde, polytetrafluorethylene (PTFE) is the most commonly
reported inhalant toxicity in birds.1 There are many household items that are coated with
PTFE, but the most common are Teflon and Silverstone nonstick cookware, heat-lamps,
drip pans, and self-cleaning ovens. The danger of PTFE-coated items is due to the toxic
fumes released into the air when they are heated above 260°C. Normal use of these surfaces
has not resulted in the release of fumes. For example, eggs are fried at 180°C and potatoes at
210°C. Many cases of PTFE toxicity have been documented in the literature. In 1975, one of
the first cases involved a case of five Cockatiels that died 5 minutes after being exposed to fumes
from a frying pan coated with PTFE. The owner also experienced symptoms of polymer-fume
fever—a usually transient disease similar to influenza. The histopathology of the birds dem-
onstrated lung parenchyma severely congested and edematous. There was also severe conges-
tion in the liver.2

In 1978, PTFE fume poisoning was observed in wild birds exposed to an overheated
metallic pan coated with PTFE. The birds were being housed in the kitchen at a wildlife rehab
center. All the other animals, two dogs and a hamster, were unaffected.3

The first clinical study that proved an absolute link between the fumes emitted from
overheated pans and the high sensitivity in birds was done by Wells in 1982. Thirty-two
Budgerigars were exposed to pyrolysis products of either heated PTFE cookware or plain
aluminum cookware in a specially designed exposure chamber for given periods of time.

*Author to whom all correspondence should be addressed; Jennifer Ramelmeier, DVM <holistic.vet@juno.com>
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Only the PTFE products caused acute respiratory distress and rapid death. Histopathology
demonstrated extensive pulmonary hemorrhage and congestion.4 Wells then published a
clinical case of three pet birds found dead after exposure to a PTFE-lined frying pan on a red-
hot electric burner in 1983. This overheated pan acquired an abnormal blue color after 12 to
20 minutes, and the birds were kept in a room ten meters from the kitchen. Necropsy revealed
severe abdominal visceral congestion and pulmonary congestion and hemorrhage. The lungs
were dark red and sank in formalin solution. Histopathology revealed severe pneumonitis
characterized by diffuse congestion and hemorrhage. The airways were filled with a hemorr-
hagic exudate.5

Most cases of PTFE toxicity occur when PTFE-coated pans are left unattended on an
extremely hot burner. Several other household products have also been implicated in the
literature. In the United Kingdom, a baking sheet that came in close contact with a heat source
was responsible for killing four birds in a household. Gross and histopathological findings were
consistent with PTFE toxicosis. The same letter mentioned that heat-lamps used to warm
raptors in an otherwise unheated building resulted in a loss of eight birds over a 3-month
period. The lamps were coated with PTFE and were found to be the source of the fumes.
Histopathological findings were consistent with PTFE toxicosis.6

In a case reported in 2000, new heat-lamp bulbs coated with PTFE caused 52% mortality
in chickens housed in a poultry research facility. The microscopic lesions were nearly identical
to the previous cases mentioned. The only change in management practice that could be
identified was the replacement of 48 heat-lamp bulbs with PTFE-coated bulbs, prior to the
increase in mortality.7

In 1992, 10 psittacine birds of various species died suddenly when an oven was operated
in the self-cleaning mode. The birds, housed in the kitchen, exhibited signs of choking,
regurgitation of fluid, ataxia, and trembling, followed by death within a short period of time.
The histopathological changes were consistent with those of PTFE fume toxicosis.

Humans can also be severely affected by these fumes. Several reports exist in the literature
describing significant lung disease and several deaths as a result of heavy industrial exposure to
PTFE fumes.8

CASE REPORT

On Saturday, November 18, 2000, in preparation for Thanksgiving Day, an owner of eight
parrots started the cleaning mode of his 1995 oven. He opened two skylights in accordance with
the manufacturer’s directions. The birds were housed in a room off the kitchen. After 2 hours,
the owner noticed his Caique showing signs of ataxia and difficulty breathing; within minutes,
this parrot had expired, along with three others—a Lovebird, a Blue Crowned Hanging Parrot,
and a Kakariki. The owner’s four remaining birds survived, although housed in the same affected
area. The owner’s carbon monoxide (CO) monitor never indicated abnormal levels. The oven
was lined with PTFE. Self-cleaning ovens reach temperatures of 750°F.

Gross necropsy findings on all four birds demonstrated a bright cherry red color to all lung
lobes. The lungs of the Caique and the hanging parrot sank in the formalin fixation solution.
All other organs were essentially normal in appearance. No atrophy of the pectoral muscle had
occurred. Histopathology showed air capillaries with marked congestion. Random respiratory
atria and some parabronchi were also edematous. No lesions in the brain, liver, or kidney were
seen. Pulmonary lesions were consistent in appearance with exposure to an inhaled toxicant.
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DISCUSSION

Although information on PTFE toxicity has been available to the public for decades, pet bird
fatalities due to these fumes continue. Many pet owners continue to use these products despite
having knowledge of these dangers. Others simply have not been informed, largely because
most of these household PTFE products do not carry warnings regarding its potential for toxic
effects on the respiratory tracts of birds. For example, the operation manual of the oven
mentioned in this article had no such warning of toxic respiratory effects.

REFERENCES

1. LaBonde J. Pet avian toxicology. Proc Assoc Avian Vet 1988; 159–174.
2. Blandford TB, Seamon PJ, Hughes R, et al. A case of PTFE poisoning in cockatiels accompanied

by polymer fume fever in the owner. Vet Rec 1975; 96:175–176.
3. Holt PE. Polytetrafluoroethylene fume poisoning in wild birds. Vet Rec 1978; 103(15):343.
4. Wells RE, Slocombe RF, Trapp AL. Acute toxicosis of budgerigars caused by pyrolysis products

form heated polytetraflouroethylene: Clinical study. Am J Vet Res 1982; 43(7):1238–1242.
5. Wells RE. Fatal toxicosis in pet birds caused by an overheated cooking pan lined with PTFE.

J Am Vet Med Assoc 1989; 182(11):1248–1250.
6. Forbes NA, Jones D. PTFE toxicity in birds. Vet Rec 1997; 140(19):512.
7. Boucher M, Ehmler T, Bermudez AJ. PTFE gas intoxication in broiler chickens: Avian diseases.

2000; 44(2):449–453.
8. Stolz JH, Galey F, Johnson B. Sudden death in ten psittacine birds associated with the operation

of a self-cleaning oven. Vet Hum Toxicol 1992; 34(5):420–421.





113

AUTHOR INDEX — VOLUME 2

Pesticides, People and Nature

Page Numbers for Issues:

Issue 1, 1–67; Issue 2, 69–111

Ali, Imran, 93

Brown, Jerry, 25

Carson, Rachel, 1
Czerkowicz, Thaddeus J., 9

Davidson, James P., 109

Erdog
v

an, Ilkay, 57

Ferraro, Diego O., 79

Jain, C. K., 93

Katkar, S. L., 49
Kaur, Preeti, 69

Mangano, Joseph J., 25

Nagami, Hiroshi, 29

Pimentel, David, 79

Ramelmeier, Jennifer L., 109
Rudra, Anjana, 49, 69
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