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ABSTRACT

'The green revolution package was introduced in Bangladesh agriculture tn mid 1960s.
lt promised Lo increase production of cereal erops, pamicularly rice, by the mtroduction
of HYV seeds. application ol chemical fermilizers and peslicides, and imigaion. HY'V
rice has contributed significantly 1o the progress lowards the food self sufliciency of
Bangladesh. The use of pesiicides has increased by 400% per hectare and iis cost has
incrcased by 600% during the last couple of decades. At present. 84 pesticide active
ingredients belonging to 242 trade names arc registered in Bangladesh. Out ol the total
pesticide use, over 80% are in rive fields. The rapid increase of pesticide use 1s causing
detrimental effect on the emvironment, and health of farm workers and consumers,
Pesticides arc contamimating ground and surface water, which [s causing depletion of
inland fishing resources and ecosystem. This study was carried out to assess the
impacts of pesticide used in rice fields on the ecological resources of the Arial beel. an
agroecolopical zone. Four ecological indicalors catfish, daphnia, alpae and rat were
used in this agsessment and the assessment was done by using a linear model known as
Pesticide Impact Rating index (PIRI). Various inpul dala required to cvalnate the
impacts were gathered from feld measurements, Focus Group Discussions with the
farmes and fishermen, informal interviews of Jocal leaders, secondary sources. elc.
Field data revealcd that most of the farmers {44%) used Basudin, a Carbamate pesticide
which has high impact on all of the four selecied indicator specics (catfish, daphnia,
alpae and rat). Besides this, Furadan also has high impacts on the indicators. Some
other pesticides, like Sumithion, Ripecord, Sevin and Malathion, have relatively lower
impacis on the ceolopical resources of the Arial Beel. Most of the farmers of the beel
arca belicved that Integrated Pest Management (IPM) is the meost reliable technique lo
minimize the offsite rimpm:ts of pesiicides. Local farmers and elite persons opmed that
training of Farmers to build their capacity in adoption of TPM technigues ceuld be one

of the suitable strategics to reduce the use of pesticudes.
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Chapter I .
INTRODUCTION ﬁ A0 FE3INE
X\ {’é* w3 s e
1.1 Background and Prescnt State of the Problem , puntt

The Arial Beel {s one of the major wetlands of Dhaka and Munshigonj districts. The
beel itsell is an Agro-Ecological Zone (AEZ-15) (FAO, 1988). The area of the heel is
approxunately 14504 ha. Agriculture is the main practice in relatively higher zone of
the beel and the deeper portion of the beel is important for faunal diversity, In the past,
menocropping of broadeasted Aman or mixed cropping of broadeasied Aman and local
Aus was practiced there, With the introduction ot Low Lift Pumps (LLPs) in the 19605
and Shallow Tube Wells (STWs) in the 1970s and 1980s. high yiclding variety (HYv)
Boro production, particularly in the perenmial wet patches, became the predominant
Rabi cereal. In the shallowly flooded areas, where the soils usually become cultivable
by the end of October, wheat, pulses or ollseeds are followed by the HYV Boro, which
is harvested just belore the normal Rooding in May-June and Aman follow (he HYV

Boro. This has now become the major cropping pattern of the area { Zaman., 1993),

Pesticides are used by the farmers to protect the erops from pesis. These pesticides with
rainfall arc washed out and discharged into the nearby depressions, locally known as
‘Ponds’. There are two types of Ponds: (i) unprotected small ponds from where poor
fishermen usually catch fish and (i1) protceted large ponds (locall ¥ known as dighis),
which are usnally leased out by the local governmenl, Ponds are importani dry scason
habitats of fishes, Chowdhury (2003) found 82 1o 90 ug/l residue in a rice field where
Phenthoate pesticide was applied one day beforc his sampling. Oun the other hand, in
the same field he found 5.25 (0 8.55 e/l residue of the same pesticide two wecks after
applcation, This means thal a large fraction of the applied pesticide had lost from the

field within this lime to (he ncarest depressions except some loss by evaporation.

Posticides draslically alfect the growth and productivity of the fishes in the aguatic
commnumty. As a result, ccological resources of the unprotected small ponds are
decreasing alarmingly. The reduction of brodiversity. aquatic and amphibian resources,

and wildlife habitats had led to a change in the wetland-based human occupations and
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shrinkage of socio-economic activities (Islam and Sadque, 1992). As a conscquence of
resource degradation, the beel dependent fishermen had lost their occupations. From
several field surveys, it was found that the poor hishermen after losing their previous
occupations could not easily adapt to new occeupations and in some cases they engapged
in illegal work like catching fish from the government leased ponds, which ultimatcly
led to social conflicts bebacen the fishermen and the landowners in the adjacent areas.
The records of Dohar and Sirajdikban police stations show that about 25 people have
been died from 1980 io 2006 due to the conflicts in the beel arca. Maost of the fishermen
of the beel area blamed the agricultural practices, cspecially the use of pesticides n
agncullural land, for the degradation of ecological resources of beel. So this stdy was
condacted 1o 1dentify the impacts of pesticide on ecolopical resources and to identify

convenient ophions for pest managenient.
1.2 Objectives with Specific Aims and Possible OQutcome

‘The specific objectives of ilns sludy are as follows:
1. To evaluaie the impact of pesticide use on the ecological resources of the
Arial Beel;
II. To identify the most convenient pest management options for minimizing

the impacts of pesticide on ecological resources,

The study has revealed how the use of pesticides in avricultural lands affects the
ecological resources of freshwaler wetlands. The oulcome ol the study will be very
helpful for the sustminable management of wetland system by adapling eco-friendly

pest management options.

1.3 Limitations of the Study

The major limitations of the study are given below:

»  Due io time and budgetlary consirainis, only filteen ponds were selected for this
study. Though thns number meels the criferia [or sampling as the fotal numbers
of such ponds were 147, if more ponds could be used in the assessnient process

more accurate result might be obtained,



e ]t is not easy to access the entire beel arcas during the study time, so all surveys
were done by considering the proximity of the areas to the road nchwork.

e In this study only the impacts ol pesticide on ecological indicator specics m
Boro and Aman scasons of a year were evaluated which may not be enough for
a firm conclusion. If assessment could be done in iwo o three consecutive
years, more accurate result mipht be obtained.

¢  Due to lhe lack of availabilitics of toxicity data for the pesticides used in the
Arial Beel, the puidelines of EPA (2000) werc used io lind the 48-hour LCsq

and LDs, values.

1.4 Organization of the Thesis
The thesis contains six chaplers. The organization of the chapters is as follows:

Chapter I The introductory aspects like backpround and present state of the problem,
objectives of (he study, limitations of lhe study and how the thesis is orgamized ane
discussed tn this chapler. This chapter also reveals the research problems on the basis

of the real context of the study area.

Chapter II: The available literatures rclated to the study have been reviewed in this
chapter. It briefly deseribes the relation berween agriculture and pesticides and trends
of pesticides use in Bangladesh. This chapter alse shows the application of various
models in differont countrics for pesticide impact asscssment, Ficld verilication of the

made] required in this study is also discussed in this chapter.

Chapter III: This chapter outlines the brief descripiion of (he study area. It includes
some imporlant characleristics of the study arca such as =o0il characteristics,

meteorological characteristics and hydrological features.

Chapter IV: This chapter ountlines the methodological aspects of the study. It includes
different materials and mcthods which were followed in this study to achieve the

intended objectives.

Chapter V: 'T'his chapter deseribes in detail the results of the assessment of the impacts

of pesticides on sclected ceological indicators in both Boro and Aman seasons. It also



shows seasonal vanations of iinpacts including the average impact, cumulative impacts
and the ficld venficaiion such impacts. Some convenient pest management options are

also supgested in this chapter,

Chupter VI: This chapter draws somc conclusions on the basis of the findings of this

study. It also makes some recommendations for further study,
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Chapter II
LITERATURE REVIEW

2.1 Introduction

Many groups of individuals and types of institutions--incheding fanners and other land
managers, consumers and consumer proups, food relailers and apribusimesses.
reculatory agencies and regulatory "watchdops® have a stake in better understanding of
the non-tarpet impacts of pesticides used in agoculture, landscaping, materials
preservation, and elsewhere in modem socicty. In the past, much of the attention on
pesticides focused narrowly on monttorng costs 1o producers and eflicacy in
conlrolling larget pests. When non-target impacts were considered, the gquantily of
pesticides applied was generally used as the only indieator of risk. However. especially
18 new classes of more potent chemicals have been developed which require far lower
dosages than older types of pesticides; it has beccome increasingly apparent that
pesticide weight 18 not a sufficient proxy for risk. ‘Thus a diverse research community is
working 1o develop methods for more aceurately estimating the impaclts of pest control
products and methods on one or more environmental indicators (Livilan, 1997}, In this
chapter a nwmnber of literalures have been reviewed for better understanding of

pesticides, their impacts and models for assessment of impacts on ecological resources.

2.2 Agriculturc and Pesticides

Parveen and Nakagoshi (2001} conducted a study in Bangladesh and found that a
fundamental coniributer to the preen revolution has been the development and
applicalion of pesticides for the control of a wide wvariety of insectivorous and
herbaceous pests that would otherwise diminish the quantity and quality of fond
produce. The use of pesticides coincides with the "chemical age" which has
transformed socicty since the 1950s. In areas where intensive monoculiure is practiced,
pesticides were used as a standard method for pest control. Unfortunately, with the
benefits of chemistry have also come dishenefits, some so serious that they now
threaten the long-term survival of major ccesystems by disruption of predator-prey
relationships and loss of biodiversily. Also, pesticides can have significant human

health consequences. So assessment of pesticide impact on ccological components tum

Sy r’



to 4 demand of time and many rcscarchers are consuming their wvaluable times to

develop a convenient lechnique for the assessment of pesticide impact.

MeLaughlin and Mineau {1996} conducted a study and found that pesticide use in crop
production has been suspected of being a major contribution 1w environmental
pollution. There are widespread and growing concerns of pesticide over-use, relating 1o
a munber of dilmensions such as contamination of ground water, surface waler, soils
and food, and the consequent impacts on wildlife and humsan healih. Farmers often
spray hazardous insceticides like organophesphales and organochlorine up to five to six
times in one cropping season while only two applications may be sufficient. The usual
practice of draining paddy water into imigation canals may cause nver and lake
contamination. Residues carried by the water can be taken up by non target {lora and

fauna, leach tn 1o soil, and possibly contaminate groundwater or potable water.

Farah {1994) found that to reduce crop losses due 10 pest attack, farmers in parts of

Asia are spraying as much as 800 times the onigmal recommendcd dosage of pesticides.

Dabhal (1995) found that the use and abuse of pesticides has disturbed the ecological

balance between pests and their predators in developed and developing counines,

FAD (1995} found that the lesser-developed countries still don't use as much pesticide
as does the industrialized world. Il also apprehended that in 21st century the pesticides

use would increase in the developing countries.

Yudelman et al. (1998) described that pest control becomes a social need in countries
where the food supply is short and there is an urgenl necessity to incrcase rice
production. Before the green revolution, pesiicide use was largely confimed to the
industrialized nations. Today, pesticides are produced and used globally. The third
world's use of pesticides increased greatly during ihe green revolution in the 196('s and
beyond, and it is rclated to the chanped growing conditions which was brought about
by the use of green revolution varictics and technologies. Monocullures couplad with
increases in irrigation and fertilization often improve conditions for pests, necessitaling
more control cfforts. Insecticide cheice in the developing world is ofien elder, broad-

spectruim  compounds belonging to the organophosphate and carbamate classcs

e



chemical families noted for their acute toxicity, These products are popular partly
because they are no longer under patent protection thus are considerably cheaper than
the newer, still-proprietary pesticides increasingly used in more developed countries,
Organochlorine insecticides such as DDT, lindane, and toxaphene are still widcly used
m the developing world, although their danger to humans and animals is well known. In
fact, about half of the pesticides used in the lesser developed countries are persistent
organo chloring, such as DDT. They are used becanse they are cheaper and are
considered saler for larmers to apply because of their relatively low short-lerm toxicity

lo mammals (including farmers).

2.3 Pesticide Use in Bangladcesh

I'AB (2000) and Islam (2000) conducted two separate studies 10 find out the use of
pesticides in Bangladesh. They found that pestieide as agneullural input was introduced
in Bangladesh in 1957 and mainly DDT and BHC were distributed by the Govemnment
to the farmers free of cost until 1973, The pesticides became very popular o the
farmers for two reasons; firstly quick and visible effect on pest and secondly, no cost
involvement. In 1974, the subsidy was reduced to 50% and in 1979 it was withdrawn
completely. As a result, at first pesticide use declined and again gradually increased and
in 1999 the amount reached 15000 metdc tons (Figure 2.1), Al preseni 84 pesticides

with 242 trade names have becn registered in Bangladesh.

Karim (1998) {found that the use of pesticides in Bangladesh is less in comparison to
other devcloping countrics. He found that approximately 0.03 kgtha pesiicides woere
used in Bangladesh whereas it was 0.3 kg/a in India and 0.4 kgtha in Sri Lanka and
0.8 kg'ha m Indonesia. He also reported that 14,340.40 meiric tons of commercial
pesticides are used annuwally, primarly n the cultivation of rice, lea, jute, sugarcane and
vegelables. Aboul 70% of pesticldes were used on rice. Pesticides used on nce consist
almost cxclusively of inscoticides, but fungicides are uwsed cccasionally. In 1989-90)
almost 90% of peslicides were used on rice. In Bangladesh, insect pests’ outhreak is

frequent in rice and crop losses occur due to rice insect pest attack up to 80%.
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Figure 2.1: Trends of pesticide use in Bangladesh {Data Sooree: BBS)

Barzman and Das (2000) conducted o study to investigme the impact of pesticides on
biodiversity. They found that biodiversity is declining due o the effect of pesticide nnd
fertilizer use. Population of native fich species (Channa spp., Heteropneusices clarios,
ard Anobas testudineus) is now endangered pnd the traditional rice fish systems have
disappeared. The bird and other small wild animals are in threat of wide spread because
of the usc of pesticides in rice aml vegelables. The rice-based agroccosystem is
showing signs of unsusininability. Most of the rce farmers are dependent on
insecticides for pest control,

A survey conducted in 2001 by a Non Governmert Organization, Community of
American Relief Everywhere (CARE) of rice farmers in Comilla distriet, o high-input
use area showed that 96% used insecticides during the dry season. But despite of or due
10 the prevnlence of insecticide use, old farmers reporied that insect pests are now more
difTicult to control than in their youth.

Rahman el al. {1995) conducted 8 survey on the use of pesticides in Bangladesh as pan
of the JAEA aprochcmical residues projeci. They found tht wwal pesticide
consumption doubled over the past 6 yeers. Among the pesticides applied 0



agriculiural crops, msecticides comprised more than 95% of the total used, fungicides,
weedicides, and rodenticides made up the remaining 5%. By chemical composilion,
organophosphorus compounds comprised 60.4%, carbamates 28.6%, organochlorines
7.6% and others 3.4% of the total pesticides. It was found that those used the lcast were
the most environmentally caustic pesticides. Although much is known about the
potential impact of pesticides on the environment and health, more data is required to

ascertain the present effects and future risks of incrcased pesticide use.

Parveen and Nakagoshi (2001) describe that in Bangladesh in the recent years growing
use of pesticides by the farmers, beings unawarc of the negative e(Jects. poses a big
challenge to health, environment and the declining of ihe economy of the country.
Cropland is a major source of sediment and the sediment resulting from soil erosion is
rcearded as the largest pollutant that affects the water quality. The occurrence of Iish
epidemics in different parls of the country is apprehended by the scientist and local
people that fish moralities in the open water of Bangladesh have occurred duce to the

uncontrolled use of peshicides in irrigated rice field.

Rola and Widawsky (1998) conducted a study and found that some extremely
hazardous pesticides are used in Bangladesh, although these are prohibited in the
producing couniries. Among the inseclicides used by the DBangladeshi farmers,
Bashudin 10 G, Diazinon 60 EC, Sumithion 60 EC and Padan 50 8P have already been
banned for use on rice in Indonesia in 1986. But in Bangladesh, these are not restricled
vet. Moreover, in Bangladesh the exisling pesticide laws and regulations arc not strictly
enforced in relation to impor, formulation, repackaging, distribution, advertising and
use. Therefore, obsolele pesticides like Bashudin are also still being used by the

farmers and available in market even at low price compared 1o others,

Pingali and Roger {1995) conducted a study to find the intensity of pesticide use in
Dangladesh and found that in Bangladesh the cropping inlensity is higher. fanners are
producing three crops in a year and more or less the pesticide is being in used for three
of the crops. Thercfore, the healih and environment are continuously exposed lo the
pesticide that is being used in the crop field. Moreover, the farmers used mostly hand
sprayer and other traditional methods. The spray methods they used are associated with

high risk of exposure and contamination.
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Meisner (2004) and NOVIB (1998} found that many pesticides used in Bangladesh are
banned or resmicted under intemational agreements. Pesticide suppliers in Bangladesh
even continne to scll the 12 particularly controversial pesticides known by activists

campaigning worldwide as the "dirty dozen”,

Ramaswamy (1992) stated ibal, substantial anecdotal evidence suggests that user’s lack
of information have led to widespread overusc or misuse of pesticides. As a result,

pesticide poisonings and ecological damage have become common in Bangladesh.

Islam {2000) describe that there is a suspicion that pesticide residues are common in
surface water system, especially in irrigation drains, which ultimately poliute the pond
and river water. There are many undocumented cases of chronic health cffect of
pesticides on Tarmers and other people. Several {actors are supposed to be responsible
for chronic health effcet, such as improper handling, lack of protective mceasure,

improper slorage, use of obsolete pesticides, ete.

2.4 Impact of Pesticides on Freshwater Lcology

Pingali and Roger (1995) found that a preater problem lies in the bioaccumulation of
pesticides in benelicial organisms like fish, Residucs in food pose lo consumers if the
maximum residue limit sct by the Food and Agniculture Organization (FAQO) and World

Health Organization (WHQ) 1s exceeded.

Byard (1595} describes that since the early 1980s, when molinate was demonstrated to
have killed carp in agricultural drains, an intensive research effori has been undertaken
to ussess (he impact of rice peslivides on aquatic ecosystems in the Sacramento River
and Della. No impact has been found (hat can be clearly attribuled to rice pesticides,
However, the rice insecticides methyl parathion and carbofuran, and probably also
bufencarb, reached levels in the River and Delta that based on laboratory bivassays.
would have been toxic to aquatic microinvertcbrates and, in the case of bufencarb, to
eatly life siages of striped bass. Reduclions in micro invertebrate populations could
have impacted higher organisms in the aguatic food chain such as striped bass and
Chinook salmon. Bulencarb was not used afier 1981. Since then, changes in the

management of the remaining rice pesticides have resulted in dramatic decreases in the
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lcvels of ihese chemicals in the River and Delta. Levels achicved today have no known
toxicity to aquatic organisins. As releases of rice pesticides were reduced to achieve
nontoxic levels in the River and Delta, however, commensurate recoverics of striped
bass and Chinook salmon did not occur, suggesting that rice pesticides may have had

littlc or no role in the decline of these specics.

Parveen and Nakagoshi EEGDI) conducted a study in Bangladesh o know the funners’
perceplions regarding ecological impact of pesticides and found that the level of
perception of the Farmers about the ecological impact and the impact on air and health
hazard were higher than the impact on seil and water. They found that fanmers have
poor perception regarding the impact on water. A good proportion of the farmers did
not have any perceplion about any of the issues. Some respondents did not responsc to

the stalement either.

Handa ct al. {1999 conducted a study and found that due te continuous use of
pesticides, appreciable quantities of pesticides and their degraded products may
aceumulate 1n the sl ecosyslem. Microbes and plants are among the most imporiant
hiological agents that remove and degrade waste materials 10 enable their recycling in
ibe environment, Soil micro flora, mainly bacteria, fungi, algae and protozoa, makes a
valuable contnbution in making the soil fertile through their primary catabolic role in
the degradatiom ol plants and animal residues in the eyveling of the onganic. inorgame
nutrient contents of soil. Pesticides that disrupt the activities of the soil microorpanisms
could be cxpected to aftect the nutritional quality of soils and would therefore have

serious ceological conscquences.

Schugler (1995) described that when pesticides contaminate water they can be harmful
to the fish that lve there. Inseclicides can be particularly toxic to fish, Chlorpyrifos, a
common conlaminant of urban streams, was found very highly toxic to fish, and had
canscd fish kills in watcrways ncar trcated fields or buildings. Diazinon, also
commonly found in urban streams, was acutely toxic to many species of fish, including

salimon.

0
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Kalam (1998) conducted a study and found that the intensification of agriculturc has
been accompanicd by the rupid increase of insecticide use. Increascd nse ol pesticides
leads to two primary concems:
|} Adverse effcets on the health of farm workers as well as others exposed to the
pesticides.
2} Polluted ground water and surface water, causing harm 1o ihe water users as

well as inland fisheries and other aquatic animals.

Bues et al, {2004) conducted a study to find the envirommental impacts of pesticides
used on piocessing tomato crops al 10 experimental sites of five Medilermanean
countries and on the Reunion Island. Those were asscssed over 3 years using two
different methods. The indicator obtained using the cnvironmental impact quotients
{E1Q) of pesticides method was ghly correlated with the amount of active ingredients
used, whereas the indicator based on ihe pesiicide environmental impact (IPEST)
method was highly correlated with the number of treatments applicd. Both mcthods
showed that Tungicides were largely responsible for the estimated impacts. The EIQ
method showed that the itnpact was greater on non-human biola than [unn werkers and
consumers. The indicators obtained using these two methods were only slightly

correlated with each other but both methods used together provided a more complete

analysis of the iinpacts of pesticides.

Nwigwe (2006) conducted 2 review on the effects of carbamatc pesticide on tish in
freshwater ceosysterns and 1ound that Carbaryl is a methyl-carbamate 1- naphtholenol
marketed in MNiperia as Vetox 85R and used in controlling soil insects and many insect
pests of cash crops. It is also employed in controlling mites, lice, fleas, and ticks on
poultry, cattle and domestic pets. Indiscriminate application on crop fanns by aerial and
ground spray, accidental spillages, dumping of empty pesticide containers into
freshwalers and open ficlds, and leakages rom conlainers are important means through
which Vetox 85R gains entry into the environment. Vetox 85R is also applied on ponds
and slagnant water purposely te control aguatic insects. Rescarch reporns reveal chronie
and acute toxic effects of this chemical on fish and fish food. The deleterious elfecis of
subletha! concentrations of carbaryl on fish during spawmng period include rupture of

blood vesscls supplying the ovary with blood, ruplure of ovigerous lmmellae and
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enlargement of vocysts. Behavioral impact on fish inciudes restlessness. Chronically
qub-lethal concenirations wlso resulled in hypoglycemia and depletion of liver
glycogen. Other effects include rupture of the columnar epithelium of fish stomach.
Carbamate inscclicides are generally neuroloxic, inhibiting activity of cholincsterase.

High concentration of carbaryl in water leads w fish and {ish-food mortality.

Chang et al.(2005) assessed the responses of zooplankton communitics with different
populstion densitics of an invertcbrate predator, Mesoeyclops pehpeiensis, 1o
insecticide (carbaryl, 0.5 mg L—1) in small-scale mesocosm tanks (20 1.}. Cladoccrans
were climinated by carbary! application at both high and low predator densities. The
density of rotifers inercased afcr the climination of the cladocerans by carbaryl
application at low-predator density but not at high-predator density. Carbaryl
application inercased the relative impertance of predatory interactions in  the
zooplankton community. The results suggest that predator abundance can affect the
response of a zooplankton community to carbaryl application through predation on

surviving scoplankton.

2.5 Review of Pesticide Impact Assessment Models

Maud et al. (2001) roviewed five pesticide impact assessment models and stated that
the measurement of the direct environmental impact of pesticide use requires some
objective criteria for assessing thosc effects. A range of indices of pesticide risk (o the
cnvironment has been proposed. The models he studied arc:

e The Environmental Impact Quoticnt (EIQ) of Kovach et al. (1992}

+ The insect pest management index of Melcalf (1975)

¢ The environmental healih policy program ranking system of Peasc et al, (1950)

« The pesticide lndex (PD) of Penrose ct al. {1994)

« The integrated farming systems and environmental exposure to pesticides of

Wijnands and Dongen {1995).

After reviewing. Maud et al. (2001) suggests that an index should have the lollowing
properiies:
e usec easily available data

« be simple
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+ be transparent

s avoid contentions weighting systems

« have a large range of scores that allows differentiation of the products

s _explicitly exclude risks to humans and concenlrate on environmental risks

» be more analogous 10 the lechnical concept of risk = magnitude of damage x

probability of occurrence.

None of the [ive indices listed above demenstrated all these criteria, and most failed on
coveral of them. For those reasons Maud et al. (2001) were unable to recommend any
of those indices. On the other hand PIRT includes all of the following properties, so it
can be safely used for assessment of pesticides on ccological resourees in any part of

the world. Other models which have heen revicwed Jor this study are:

2.5.1 The NERI model

Spikkerud et al, (2005) doscribe a model for pesticide impact asscssment in Norway.
According to him Norwegian Environmental Risk Indicator (NER1} was developed by
o project group under the Norwegian Agricultural Tnspection Service (now par of the
Noswegian Food Safety Authority) in 1998. Tt was developed for tax banding of
pesiicides and as a tool lo evaluatc the risk reduction [rom different mcasures and
recommendations implemented under he National Action Plan for reduced risk {rom
use of plani protection produets (1998-2002). A summary of the risk classification
(possible risk values ranging from 0 to 4) for the different model components was

presented to give an introduction to the model specifics.

Ganzelneier ct al. (1995) conducted a study to estimate the spray drift of pesticides
based on the invesiigations. For surface runoff the basic assumplion, asserted in ECPA
(1995) with reference 10 Wauchope {1978), is that surface runoff for the majority of
pesticides is less than 0.5%. with the following modifications; 0.5% loss of peslicides
with high potential, 0.3% loss of pesticides with medium potential, and 0.1% loss of
peslicides with low potential for particle-bound transport. The potential for particle-
bound transport is judged according to a system hased on Goss and Wauchope {1990),

focusing on pesticide half-life in soil (DT50), somption to soil organic matter (Koc) and
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solubility. Details on the breakpoints are given by Spikkerud ct al. {2005). Due to the
complexity of mathematical jeaching models and NERI's intended use in the
agricultural admimstration, no calculation of runoff into the drainage systems is
included. A total score for environment is caleulated for each active ingredient in each

product in accordance with the equation below:
Total score for environment = Te+Ta+Tot A+LAP+BAF

where Te being score for eurthworms, Ta for bees and other arthropods, 1'b for birds. A
for aquatic organisms (daphnia/ fish and algaefwater plants), L for leaching potential, I?
for persistence, B [or bivaceumulation, and T for formulation type. The breakpoinis for
the individual organisms and processes arc given by Spikkerud ct al. (2005), and are for
the organisms based on toxicily tests in relation o the predicied environmental
concentration of the pesticide, The SCI-GROW model (US CPA. 2001} calculates a
score for leaching risk, based on pesticide dosage, mobility {Koc) and persistence
(DT50). This is used to assign a score L for leaching, Based on half-life in soil, gach
substance is assigned a persistence factor (P}, and the score for bicaccumulation (B} is
assigned according to different combinations of log POW and half-life in soil. In order
to lake Lhe spillage risk during the mixing ol pesticides into consideration, a score for
type of lormulation (F) is assigned. A iotal Environmental Index Risk (ERI) is
caleulated for each active ingredient in cach individual product. In this way an active
ingredient thal is used in several products can have several (different) environmental
risks depending on the application rate and type of use. The total Environmental Risk
index (ERY), for each individual active ingredicnt (j) in each produet is multiplied by
the area on which the product is used at a particular year, to give the refative
environmental load from a specilic pesticide. These indices are summed for the area
and time period investigated to obtain a cumulative risk index (see formulas below), to
monitor the changes in total environmental load from using pesticides within a defined
area over time. Here, they limit their analysis to aclive ingredient, not separating

between different formulations. The equation of environmental risk caleulation is:

Total environmental risk = Y F pouse ;X 8% gt
et pestrwdey
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The necessary input of toxicity data for each active ingredient was taken from a
database established by the Norwegian Food Safety Authority, which is hased on
official documents provided by manufacturers for the approval process in Norway. For

a few compounds, values were taken from the literature (Tomlin, 2002).

2.53.2 The E1Q modcl

Kovach ct al. (1992) describe the Environmental Impact Quotient (E1Q) model. The
model was developed by cxperts at Comell University, New York State, with a focus
on Integrated Pest Management (IPM), It provides an overview ol the extensive
toxicological data available on some common fruit and vegelable pesticides to help
growers and other I'M practitioners make more environmentally sound pesticide
choices. The EIQ is un average of three general risk components calculated for cach
pesticide: (1) potential health nsk to farm workers, (2) potential health nisk to
consumers either through direct food residues or via groundwaler contamination, and
(3) potential negative effects on the environment including terrestrial and aquatic

Organisms.

The basic pesticide data used in the EIQ model were gathered from a varicty of sources.
The Extension Toxicology Network (EXTOXNET) was the primary source (Hotchkiss
el al., 1989) and conveys pesticide-related information on the health and envirommental
effects of approximately 100 pesticides. Further, CHEM-NEWS of Cornell Cooperative
Extension Network (CENET) that contains approximately 310 U3 EPA—Pesticide
Fact Sheets, deseribing health, ecological, and environmental effeets of the pesticides

(Smith and Barmard. 1992), was utilized.

‘The impact of peslicides on arthropod natural enemies was delermined by using the
QELCTV database (Theiling snd Croft, 1988). Leaching, surface loss potcntials
(runoff) and soil half-life data of approximately 100 compounds are contained in the
National Pesticide/Soils Database developed by the USDA Agricultural Research
Service and Soil Conservation Service, developed from the GLEAMS computer model
(Leonard et al., }1987) that simulates leaching and surface loss polential. Bee toxicity
was determined using tables by Morse (1989) in the 1989 New York State pesticide

recommendations. 1n order to fili as many data gaps as possible, Material Safety Data
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Sheets and technical bulletins developed by the agricultural chemical industry were
also used when available, To simplify the interpretation of the data, the toxicity of the
aclive ingredient of each pesticide and the effeet on each environmental factor
evaluated were grouped into low, medium, or high toxicity catcgories and rated on a
scale from 1 to 5, with 1 having a minimal impact on the environment or of’ a Tow
toxicity and 5 considered to be hiphly toxic or having a majer negative effect on the

environment. The specific ratings arc given by Kovach et al. {19923,
2.5.3 The SWAT moadel

Brown and Hollis {1996) describe the details on the Surface Water Attenuation
(SWAT} model. According to them, this is a semi empirical model that simulates
concentrations of agriculturally applied pesticides moving 1o surface walers. The model
is based upon a direct hydrelopical link established between soil type and the amount of
water moving rapidly to strcams in response to rainfall, Altenuation faclors describe the
decreass in concenlrations of pesticide between field application and water moving
from the site into surface waters. The soil types in the Skuterud catchiment have been
classified by the Norwegian Forest and Landscape Institute and can be apprepated into
thiree groups, represented by the main types classified as Rk&, He8 and le3. The Je type
{37 ha} includes marine sand and moraine deposits while Bk {205 hay and He (30 ha)
are mainly marine silt clay deposits. Prior to simulation with SWAT, all soil types in
the Skuterud catchment were classified according to the Hydrology of Soil Types
systemn ([1OST-class) (Boorman ot al., 1995). SWAT-model simulations were run with
local weather data from the time peried in question, retricved from

http://Imt.bioforsk.noe {in Norwegian}.

The model estimates & best- and worst-case pesticide concentration in drainage water.,
[rom intormation of pesticide dose and physical/cheinical properties, soil properties and
precipitation. From this, each spraying is designated (o a risk class (Low, Low/Medium,
Medium, Medium/High, and High} on a umt area basis. Herc we also substituted the
risk classes with numbers {1-5). A total risk index for the catchment was calculaled by
summing the risk numbers fer all sprayings, giving outputs comparable to the two other

modcls on a catchment scale. Pesticide properly data were taken from the databasc of


http://lmt.bioforsk.no
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the Norwegian Food Safety Authority—being the same data as utilized in the NERI-

maodel.

2.5.4 The E¢oRR model

Sanchez-Bayo et al. (2006) describe a site-specific methodology which was developed
to assess and compare the eco-toxicological risk that agricullural pesticides pose to
ecosystems. The ecological relative risk (EcoRR) is a compesite sconng index for
comparing relative risks between different plant protection products, and 18 uscd to
assess the potential ecological impact theit residucs have afier being applied to
agricultural systems. lhe EcoRR model 15 based on standard frameworks for risk
assessment {e.g. PEC/toxicity), but takes account of factors such as persistence of
residues and biodiversity of ecosystems. The cxposure module considers the
environmenial concentralions of a substance, ils persistence, bioaceumulation and
probability of exposure in several environmental compariments {water, sediment, soil,
vegetation, air). The toxicily module lakes into account the biodiversity of the
ccosystems affected, whereby the endpoints used are weighted by the proportional
contribution of each taxon in a given environmental compariment. EcoRR. scores are
calculaled independently for each compartment and affected arcas, thus cnabling
pinpointing of where risks will occur. The procedure to catculate EcoRR scores 18
explained using an example. and a sensitivity analysis of the modet is included. A
simulated risk assessment ol 37 pesticides intended for use in a cotton development is
also given as a case study. Exposure data were obtained using fugacity model il in
areas previously defined by spray drift models. Toxicily data to verrcbrate taxa and
crustaceans were oblained from scveral databases, and biodiversity daula from local
sources. EcollR scores were calculated for each compartiment both on- and off-farm,
during a nommal growing season and during a flood, and a comparative relative
asscssment for gll pesticides is discussed. LeoRR scores werc also compared 10
sraditional asscssments using guoticnts for some laxa in the aguatic and terresirial
environmenls, revealing a good correlation between both models in some cases. It is
apparent that EcoRR scores reflect adequately the potential risk of those chemicals to
ccosystems, though they are less dependent on toxicity to scnsitive species (han the

simple quotient. This methodology cun be used cither with field measured data or
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model predicted data. so management options for new chemicals can be tested prior to

their applicalion on crops.

2.6 Pesticide Tmpact Asscssment Using PTRI

Levitan et al. (1995) and Werf (1996) described that syslematic methods that allow a
relative assessment of ofl-sitc impacts of pesticides arc of great value to many people,
including pesticide users, natural resource managers and regulators. as an aid in
choosing the pesticides and practices with the least detimental impact on the
environment. Risk indicalors are regarded as useful tools in minimizing off-site impacts
ol pesticides and can assist in decision making and policy formulaton (Reus el al..
2002). Generic methods for asscssing pesticide effects on Lhe environment arc curtently
imperfectly developed and conscquently are a field of current intcrest (I.evitan, 1997.

Rens et al,, 2002).

Several approaches and tools have been developed to carry out the relative assessment
ol pesticides impact on the environment (Lewitan 1997, Sanchez-Bayo et al., 2002;
Reus ct al, 2002: Brown et al., 2003). These approaches vary considerably in
complexity and comprehensiveness; include tabular databascs, single- and multiple-
parameter hazard asscssments, eomposite impact rating systems, a combination of
ecomomic and site-specific parameters, and holistic asscssments that include agro-
ecological impacts and pest control practices (Levitan ¢t al., 1995; Reus et al., 2002}
The objectives of these approaches may include assessments of the toxicity of
pesticides to a particular orgamsm (e.g. honcybees), the potential impact of pesticides
on the health of farm workers, the suitability of a pesticide lor an IPM system or the use
of the approach as a decision-making tool for choosing a pesticide with mimmum
potential for water contamination. Consequently, the packages dilfer in terms of the
pesticide parameters taken into account and their emphasis on varions components of
the environment {Balmer and Frey, 2001; Reus et al., 2002). The choice of the specific
tool or risk indicator should be made carefully, considering not only the environmental
component of intcrest, but also a range of other faclors. For example, Leviian (1997),

hased op a companison of ussessments made by three different methods, demonstrated
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that the rank order of pesticides depends in part upon the components of the analysis.
These components being, as Levitan (1997) stated:

“The pesticides considercd, the variables assessed, the choice of specific measurable
endpoints as the indicators of impacts on thesc variables; the mathematical structure of
the mode!, including relative weighting of variables and scoring of results; the method

for Filling data paps; and whether usage data are factored into the equation.™

Reus et al. {(2002) compared and evaluated eight pesticide risk indicators that had been
developed in Europe and observed a large variation in environmenial compartments
considered and risk rapking of pesticides. Ideally, an indicator needs to deal not just
with the inherent hazard of a pesticide but rather with the polential risk it poses. This
involves taking int account (he rate and methed of application of the pesticide as well
as cnvironmental and site conditions and taking into consideration the asset threatened

by use of that pesticide.

Brimner et al. (2003) used the EIQ risk indicator of Kovach et al. {1992) in a study of
the cffect of herbicides used in herbicide tolcrant crops on environmental impact of
weed management. In that study the EIQ data were multiplicd by the amount of active
ingredient per hectarc to give an Environmental impact (El} for each pesticide. The
ELQ) risk indicator was limiled by the three point ranking scales used for a variety of
measures {such as toxicity to birds, becs, other beneficial anhropods, persistence in the
soil and on the leal) and the arbitrary weighting given to chronic toxicity to mammals,
bees, beneficial arthropods, birds and fish, as well as the manner in which

environmental persistence both in soil and in the plant is incorporated.

Kookana ct al.{1998) have developed a soltware package named Pesticide linpact
Rating Index (PIRI} that provides an improved pesticide risk indicator for water
qualily. PIRI is based on pesticide use, the pathways through which the pesticides arc
expected to migratc to the water resources (asset), and the valuc of ihe asset. Fach
component is quantified using site conditions (soil type, soil organic matter content,
water input, slope of land, soil loss, recharge rale, depth of water table elc.) and
environmental conditions (rainfall and temperature). For each pesticide, the rate and

meihod of application, its sorption and persistence properties, its toxicity to a range of
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receptor organisms (chosen to represent different trophic levels, c.g. algae, daphnia,

fish and rat) is assessed.

Pesticide cnvironmenial risk indicators vary preally in terms of their purpose.
comparlments, methodology and arc ofien very broad in scope covering. for example,
the impact on aquatic organisms, soil organisms, bees, occupational exposure, human
health elfects. PIRI, in conirast, focuses solcly on assessing, with greater ripour, the
off-site migration potential of pesticides and nsk of surface or groundwater
contamination. PIRIL, however, allows considerations of conscquent cffecls on
(potential toxicity to) aquatic organisms and a comparison with drinking or
environmental water quality guidelines. Based on the literature, the ollowing unigue

properties of PIRI were found based on which the prescnt study was conducted.

= In assessing lhe risk to the groundwaler, PIRT takes into account ihe decrease in
soil organic carbon with soil profile depth, recognizing its major impact on
sorption and degradation of pesticides and consequently on leaching. Hence the
aitenuation of a pesticide in different zones of the soil profile i3 calculated
scparately to assess the overall leaching potential of each pesticide. This is a

more Tigorous treatment of pesticide leaching than that in ather risk indicators.

s Cooper {1996) and Muschal (1997) stated that caleulations of potential ofi-site
migration of pesticides to both surface and ground waters in PIRI have a much
stronger mechanistic and logical basis, rather than using relative scoring tables
to dilfcrentiale bebween pesticides. Examples of this include (i) the
jneorporation of the effect of deereasing organic carbon content with depth (as
mentioned above), and (ii} the effect of sorption of pesticide to soil organic
carbon {represented by the parameter Koc) on the transport through erosion,
which is based on @ sigmoid curve rather than often assumed lincar refation.
This iz a betlet way to incorporate the progressively diminishing effect of Koc

on pesticide transport at either the higher or the tower end of the Koce scale.

e+ DPIRI covers all the major pathways for surface transport of pesticides, namely

transport through soil colloids (duc to water erosion), dissolved phasc in runoff
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and spray drift. Some existing indicalors consider only one (spray driil} or two
pathways {drift and runoff). The colloid {soil erosion) pathway is often ignored
n risk indicators (e.g. OECD, 1998; Verro et al.,, 2002; Reus ct al., 2002).
However, soils in parts of Australia and other tropical countries arc likcly to be
more erosicn prone than Europe, where most work on risk indicators has been
carmied out.

* [eonard (1990) stated that the outputs from PIRT have tealistic bounds, which
are guided by published expenmental data, e.g. a maxinum of 10% of the
applicd mass of a pesticide transported to a surface water assct under a worst
case scenario 1s based on the review of experimental and monitoring data.

»  The rigour in PIRI has been achieved without making it a data-hungey model
and sacnlicing ils practicability, PIRI’s assessment has been corroborated by

monitoring data from case studies,

2.7 ¥erification of PIRT Assessment

A study was conducted by Kennedy et al. (2001) on endosulfan levels in runoff water
from two larms and found endosulfan levels in the range of 2.5 to 45 g L-1,
depending on the timing of runoff alter spraving. The exception in ihis category was
dimethoate which, althouph 1t was assessed 1o migrale, was nol delected in the residue
monitoring program. On the other hand, the pesticides that were monitored and found
to have low risk ratios (<1.0) by PIR! included amitraz, chlorpyrifos, demeton-s-
methyl, dicotol, omethoate, parathion methyl and (hiadizuron, Excepl (or chlomynios,
none of the above pesiicides was delected in the water samples from the area (Cooper,
1996, Muschal, 1997), In the case of chlompyrifos, the survey found that only 1084 of
farms m the area used it that year, therelore risk rating was low. Overall, PIRI
assessmenl was correct lor more than B3% cases. This general consistency between
residue momtonng data and sk rating by PIRI demonstrates that despile being a
simple risk indicator, PIR1 is able to make a reasonable qualitative prediction of off-site

migration potential of pesticides to surface water.

Daniel et al. (2005) conducied a sludy where the pesticide impact rating index (PIRI}
has been integrated with a Geographic Information System (GIS) o enable regional

assessment of pesticide impact on groundwater and surface water resources. The GIS
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version of PIRI (PIRI-GIS) was used to assess the impact of pre-planting atrazine usc in
the pine plantations on the Gnangara Mound, Western Australia. The impact on
groundwaler was found to be spatially variable, mainly dependent on soil type and
depth W groundwaler, because land use variables were spatially constant, Areas with
the gresiest impact on groundwater were those where the soil had a low sorption
capacity for atrazine. Knowledge of the spatial distribution of the sorption cocficient
bascd on organic carbon (Koc) for atrazine was found to significantly improve the
results from PIRI-G!S. Average values for Koc (i.e. based on overseas dala) were 100
low for most of the local soil types, resulting in a general overestimation of peshicide
impact on groundwater resources, but an underestimation of impact in arcas that should
be of greatest concern {i.c. where (he soil hus a low sorption capacily for atrazine).
They concluded in their work that, PIRI assessment was able to deliver a rcasonuble

output on offsite migration of pesticides (o surface and groundwater.
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Chapter III
DESCRIPTION OF THE STUDY AREA

3.1 Introduction

The Arial Beel lies approximately between 239327 to 23°48' N latitudes and 90708 to
90°27'E longitudes. It is a large depression of about 723 km? lying between the Ganges
and Dhaleshwari rivers south of Dhaka. Heavy clays occupy almost the whole
landscape. Despite the proximity to the two major river channels, the deep seasonal
flooding is caused predominantly by accumulated rainwater which is unable to drain
into rivers when they run at high levels. Much of this beel remains wet through the dry
season. [t has much in common will: the lower Atrai Basin and the CGopalganj-Khulna
Beel. The soils of this area are dark grey and acidic heavy clays. Non-calcarcous dark
prey floodplain soil is the chicl general soil type. Organic malter content generally
exceeds two percent in the top suhsoil. Available moisture holding capacity is
mherently low. General ferility level s medium (o high, The Arial Becl itself is an
agro-ceological zone according to the Food and Agriculiural Orgamization classification
(FAQ, 19881,

3.2 Arcal Distribution of the Reel

The total area of the Arial Beel is about 14436 ha. Tt belongs to Dhaka and Munshigonj
districts and located at four upazillas namely Dohar, Nawabgonj, Sreepapar and
Sirajdikhan (Figure 3.1} of which Dohar and Nawabgonj are in Dhaka district and
Sreenagar and Sirajdikhan are in Munshigon] district. The areal distribution of the beel
among the four upazillas is given in Figure 3.2, It can be seen from the figure that the
grealest portton (67%) of the beel belongs to Srecnagar upazilla which is followed hy
Nawabgon] upazilla (24%). The least portion of the becl (4%) belongs o Dohar
upazilla and it is followed by Sirajdikhan upazilla (5%),



FXR 4

2345

33400

23.35

23300

.00 $0.100 90.20° 90. 30"

LEGEND
FERy - [ TTR e

Figure 3.1: Location of the Arlsl Beel among four upazilias
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3.3 Climatie Condition

The Arial Beel area has a tropical and humid monscon climate. FFrom December 1o
March {winter) air flows from the northeast, while from June to September {monsoon)
it flows from the southwest; these two periods of air movemnent are called the northeast
and the soulhwest monsoous respectively. The southwest monsoon onginaies over the
Indian Ocean and carrics warm moisl air that produces some of the highest rainfalls in
the area. So, soutlrwest monsoon 1s often simply relerred to as the “monsoon™ meaning
rainy season, A reversal of the monsocon takes in about two months. The lirst reversal
occurs in April-May when the change of regional wind direction 15 [tomn the northeast
to the southwest via the northeast monsoon and the second reversal occurs in October-
November when the change 1g from the southwest to the northeast via the southwest
monsoon. lhese periods of chanping wind direction are called the pre-monsoon and
post-monsoon scasons, respeetively. Chmate is mamly influenced by the Indian Ocean
monsoon climate, Average annual rainfall ranges from 1400 mun to 2200 mm. About
£5% of the ranfall occurs during the monsoon i.e. from June to October. Flood comes
from three sources: direct minfall, over bank spills from the major rivers like the
Ganges and the Dhaleshwari. Each phenomenon occurs alone or in combination with
others. Average temperature varies from 25° to 35° C during the year. Somctimes it

falls below 10° C during the winter (Source: Danpladesh Meteormolorical Department}.
3.4 Hydrological Features

The Anal beel is a low laying basin bebween the Ganges and the Dhaleshwari Rivers.
The Ichamati River also flows through the beel area. A satellite image of the Arial Beel
is given in Figure 3.3 which shows the major rivers of the study area. Tt receives a
large quantity of runolf during the mensoon from its territorial seltlements (Figure 3.4),

Ttis the drainage outlet of ihe Dohar, Nawabgonj, Sreenagar and Sirajdikhan upazilias.

There are a number of large and small depressions in the beel which are locally known
as ponds. Figure 3.5 shows the satellile image of some ponds ol the Anal Beel. These
depressions of the beel are able to store a large amount of waler even in winter and are
the main reservoirs of (reshwaler fishenes. The approximate hydrological setting of the

Arial DBeel is given in Figure 3.6. Due to the floeding of the major rivers
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in this region, the greatest portion of ibe beel (approximately 10105 ha) is inundated
round the year and the completed surface drmnage of this portion does not occur (lable
3.1) and some of this portion remains wet even {hrough the dry season The flooding
depth of this portion is os nuch as 1.53- 3.05 m (Table-3.2). A number of canals like
Maodonkhal ¢anal, Jahanabad canal, Morichputi canal, Rarikhal, Sreenagar canal, etc.
help drain oul the waler when the water level of major rivers of this repion begins to

decrease. Figure 3.7 shows a satellite image of a canal network of the Arial Beel.

Table 3.1: Distribuiton of lands of the Arial Becl according to drainape

Surface Drainage Condition Amount of Land (ha})
Poorly Drained but Surface Drains Early 2,310
Poorly Drained and Surface Drains Late 10,105
Total 12,415

Soorce of data: Bangladesh Agricoliural Rescarch Council (RARC)

Dhaleshwari

Ichamati

Figure 3.6: Hydrological Sctting of the Arial Beel
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3.5 Ecological Resources of the Arial Beel

The Anal Beel has a great ecological, economic, commercial and socto-sconomic
imporiance. T conlains very rich components of biodiversity of local, national and
regional signilicance, Approximately 500 spectes of flowering plants, 150 of
vertebrates and 400 species of vertebrates were found in the beel area (Islam, 20004, It
also provides habitat for a varicty of resident and mmgralory walertowls, a significant
number of cndangercd species of intermational inmteresi, and a larwe number of
commercially important plants and animals. Approximalely 260 species of fin fishes
and 25 shell fishes are available in the beel. The fish species found in the Arial Beel are
koi. kholisha, bele, mola, dhela, taki, punti, meni, singi, magur, chanda, baim, pholy,
darlana eic. Fishes like wre, boal, shol, guzar and {ty and Gngerlings of nver breeding
major cams like rui, catla, mrigal and kalbasu also wisit the Arial Beel to feed and
grow. Besides fish, several species of freshwater prawn such as kucha chingree, gura
icha, golda chingree, thenpua chingree etc and their larvae & juveniles are also found.

In addition, several species of freshwater mussels and snails also oceur,

Some imporant plant species of the Arial Deel are Hizal (Barringfonia acutangula),
Yamal (Binspyros cordifolia), Barun (Crataeva nurvala), Madar (Evythring variegaia),
Oab { Diospyras peregring), Dumur (Fieus hispida). Chalta (Dillenia indica) and Dehua
(Arivearpus fucucha). Paniphal (Trapa bispinosa and . maximowickzii) is plentifully
available in the beel and provides nutritious starchy kemels to the poor community.
Large varieties ol aguatic vegetation and frulls like Makna (Ewrpale ferox), Singara
{Trapa bispinosa), Lotus, Lily and Hogla (Typha elephanting) have created a source of
livclihoods of the local people. Lhe beel is also important for medicinal plants. A
number of species of Polygonum. locally known as bishkatali of kukra are available in
the beel which are used as anlibaclerial agents. The (lowers and seeds of paddo (/ndian
lofusy are used for the treatiment of piles and as cardiac tonic. The Aowers of waler lilies
are reputed as a remedy for hean ailments. Local quacks harvest these medicinal
resources for their livelihood income caming and many local people use these for the

remedies from various diseases (Islam, 20007,



3.6 Soils Characteristics

The greatest portion (approximately 10538 ha) of the Arial Becl is lowland where the
flooding depth is about 1.53-3.05 m. On the other hand. 1877 ha of land can be
classilied as medium lowland and there the flooding depth varies from 0.93 m to 1.52
m and approximately 2021 ha of land contain variable Nooding depth (I'able 3.1). The
land slopecs of the beel are not so steep and in most cases it does nol exceed 3%. lhe
relief of the lands of the beel is almest regular. The beel docs not contain a large depth
of effective sotl and the effective soil depth of the largest portion of the beel {10105 ha)
is only 0.60-0.90 m. Only 722 ha of land of the beel contains the highest effective soil
depth {>1.22 m) (Table 3.3). The soils of the beel are dark grey, acidic heavy clays. A
non calcareous dark prey floodplam soil is the major general soil 1ype. Most of the soils
ol the Arial Beel arc clay soils and other dominating soil classes are: silty clay, silty
loam, and silty clay loam (Table 3.4). Almost all soils of the Arial Beel contain more
than 2% organic matter and organic maller contents arc high in topsoil only. The soils
ol the beel also have high Cation Exchange Capaeity {CEC) und the soil salinity does
not exceed 2 pmohs/ern. The moisture holding capacily of the soils of the beel is
inherently low and the meisture holding capacity of the greatest portion of the beel
{approximately 10538 ha) is only 100-200 mm (Table 3.5). Most of the soils (10115 ha)
of the Arial Deel have moderale permeability and it varies from 12 to 305 cmiday
{Table 3.6).

Table 3.2: Soil classification according to inundation

Inundation Type Amount of Land (ha)
Medium [ow land (Flooding 00.91-1.52 o) 1877
Low land (Flooding 1.53-3.05 m) 10538
Miscellanecus land 2021
Total 14436

Source of dala: Bangladesh Agricultural Research Council (BARC)



Table 3.3: Classification of Laind according to their cffective soil depth

Effective Soil Depth | Amount of Land (ha)
D3 (0.60-0.90 m) 1105
D4 (0.96-1.22 m) 1588
D5 (=122 m) 722
Total 12415

Source of daly: Bangladesh Apricultural Rescarch Coungil (BARC)

Table 3.4; Classification of land according to their soil textures

Tewtural Class | Amount of Land (ha)
Silt Loam 289
Silty Clay Loam 289
Silty Clay 1299
Clay 10538
Miscellaneous 201
Total 14436

Sowrce of data' Banpladesh Agricultural Research Council {BARCY

Table 3.5: Classification of land of according to their moisture holding capacity

Moisture Holding Capacity

Amount of Land {ha)

100206 mm 10538
200-300 mm 1877
Total 14434

Source of data: Bangladesh Agricullural Research Counell (BARC)

Table 3.6: Classification of land according to soil permeability

Aoil Permeability Amount of Land (ha)
Slow (<12 cm/fday) 2,310
Moderate (12-305 cm/day) 13,105
Total 12415

Sowrce of data: Bangladesh Agricultaral Research Conocil {BARC)
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3.7 pH and Nutrient Status of Soils

As much as 73% of the total lands of the Anal Beel are lowtand which has Nooding
depth of 1.83 m-3.05 1 (Table 3.2). The seils of the lowland are acidic in naturce {pH
4.7-3.4). On the other hand, pH of medium lowlands is 5.3-6.8. Tablc 3,7 shows the
nutrient status and pll of the lands of the Arial Beel according to their heights. From
the table it can be found that the soils ol the Arial Beel contain low amount of Nitrogen
but optimum amount of Ca and Mg, B and Mo. 'The P content is low t¢ medium there
and Zn conlent is medium. The contents of K and 8 are medium to optimum in (he beel
soils. However, there are no diflerence in the nutrient contents between the medium

lowtands and lowlands,

Table 3.7; pll and nutreent status of seils of the Arial Begl

Majom Soil pH | Sml Kutnenr satns |
laned bype DRI K 3 Ca | Mz | Zn| B | Mo
bedm | 33-68 fM-H (L |L-M |M-Opt [M-Opt |Opr |Opt |[M [ Op | Opt
lowland
|1 3%
Lowlal (4754 | AM-H |L 0 [T-M0 | M-Opt | MOp [ Ope [ Ope [RD [ Opr | Opt
{730

Pl
]

Source of data; Bangladesh Apricultural Research Council (BARC)

3.8 Cropping Pattern of the Arial Becl

Table 3.8 shows the cropping pattern of the Arial Beel with estimaled goal for
production. Irom the lable it can be found that both rainfed and irrigated crops are
cultivated in the beel though most of the lands of the beel are lowland and surface
drainage is not very frequent (Table 3.1). Polalo is cultivated in the medium lowland as
a rabi crop and jule is cultivated in the same land as a kharif-1 crop. On ihe other hand,
in khanf-2 most of the medium lowlands remain as fallow land. Besides this, in sone
cases 1t was found that Grasspea and Mustard is cultivated as rabt crops and B. Aus and
B. Aman arc cultivated as kharit crop. On the other hand, in lowland, only Boro is
cultivaled as rabi crop which is immigailed by LLP and shallow tube well but in kharif

season almost all ands remain fallow.



The overall nutrient status of Arial Beel is medium o low. According to BARC (2005).
the yield goal of HYV Boro in Anial Beel is about 4.80+0.50 tha. On the other hand,
for medium lowland, where the flooding depth is about 0.91-1.83 m, vicld goul is 58t as
204020 tha for potato. HYY Doro rice s cultivated in both medium lowland and

lowland and the vicld goal is the same for the both lands.

Table-3.8: Crop grown the Arizl Beel

Land Type | Watcr Calegory Scason Crop Yield Goal
Source {t/ha}

Mcedium Raifed | Category-1 Rabi Potato 20.00+0.20

i.ow Land

Kharif-1 Jute 2.80+0.30
Kharif-2 Fallow -

Catcpory-2 Rabi (rasspea 1.00£0.10

Kharif | B.AustB.Aman | 2.50£0.30

Catecgory-3 Rabi Mustard 1.00+0.10

Kharif | B.AustB.Aman | 2.50£0.30

Irrigated | Calegory-1 Rahi Boro 4.80:+0.50
Kharif Fallow -

Low Land | Irrigated | Category-1 Rabi Boro 4.80x0.50
Kharif Faliow -

Source of data: Bangladesh Apricultural Research Council {BARC)
3.9 Socie-ecconomic Status of the Beel Dependent People

Surveys were conducted Lo find out the socio-econumic conditions of the communily
residing in the deep zone of the heel who directly or indirectly depend on the beel for
their lives and livelihood. From the surveys, it was found that most of the people
belonged to the low income group whe had annual inceme of less than 1k 20000
{Figure 3.8) and most of the members of this group were professional fishermen. The
Hve and livehhood of the fishermen mostly depend on the availabilities of fishes in the
beel. On the other hand. only 7% of the total pepulation had the annual income of more
than Tk. 100,000, The poor fishermen and their famiiics spent their whole day in
lishing and its associated activities like weaving and repairing ol nets {Photo 3.1},
processing of fish for sclling in the market, etc. The living standard of the fishermen
cormmununities was found to be very simple and mainly regulated by the availabidities of

fish in the beel. Due {uo decreases of fish in the beel areas, the sociv-economic
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conditions of those communities became worse day by day. Usually the children of
fishermen communilies do not go to school and help Lheir parents in fishing and its =

associated aclivities.
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Chapter 1V
METHODOLOGY AND DATA COLLECTION

4.1 Introduction

In this study, assessment of pesticide impact on the ecological resources of the Anal
Beel was dome by using a linear model, which is latter developed as a software
package, known as Pesticide Impact Rating Index (PIRD). The maodel was developed by
the Commenwealth Scientific and Industrial Research Organization (CSIROY, Land and
Water, Australia. The soltware is used to asscss the impact of pesticides on ecological
resourccs oh the basis of some inputs. There are two types of inputs, such as user input
and built in data. Usually some speeific constanis which mainly depend on ather
parameters are the built in data. On the other hand some climatic, hydrologic
parameters are user input data. User input data can be provided from primary as well as

secondary sources.

4.2 Methodology

4.2.1 Overviews

Assessment of pesticide impact through PIRD includes three major works such as
estimation of total load of pesticides in the calchment of a definite water body,
gstimation of total amount of pesticide transport from catchments o water bodies and
calculation of rating index. The estimation of total lnad of pesticides can be done by
mulliplying the wvalues such as ratc of application (kg/liter per ha), frequency of
application, [raciion of active ingredient and arca of catchment (ha) and (otal transport
can be estimated by the sumimation of transports of pesticides through direct runol?; soil
erosion and spray drift. On the other hand, Rating Index can be lpund from the ratio of
total transport and toxic limit of pesticides for any definite ccological indicator species,
The pathways for pesticide transpor from the site of application (o swlace waler bodies
are complex and site as well as compound specific. Pesticides may rcach water bodics
through runoff, eroding seil colloids, spray drifi during application, volatilization or

with dust particles. The wvolatilization and dust parucle pathways are of lower
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importance relative to the other pathways mentioned because the impacts arc asscssed
for use in rice ficld. In PIRI, the iransport factor to surface water is partitioned among
runoff water, soil crosion, and spray drift ouwt of the target area being sprayed. Thesc are
quite scparate pathways, although there will be a high correlation between the surface

runctf and the soil eromion pathways.
4.4.2 Transper! due to direct runoff

The amount of pesticides in mnoff water depends on the frachion of waler inpul leaving
the farm as runoff, sorption and persistence properties of pesticides, The sompihion of
pesticides { K, ) is specific to both the soil and the pesticide and can be approximated
by the product of absorption coefficient (X ) and factor of crpanic carbon{f,}. A
pesticide with a low absorption coefficient (K ) that has been deposited on a plant or

soil surlace can subsequenily be washed ofT in rain or irigabon and be transporled 1o

surface or proundwater.

The equation of pesticide iransport through direct runoft 13 given as (OECD, 199§;
Kookana et al., 1998):

¥
Thicetunolf= & {(% X 1+ lxd](e}{p(-f 1:1_2)} (41}

d
where R is the amount of water that runs off the site {(mm) and P represents the near

worst-case sccnario of minoff (here P is assumed to be 66 mum from a 100 mm rainfall
event in a clayey soil with high seil moisture), a is the upper bound of pesticide loss,
representing the combination of high soil loss and high sorption and the persistence of a
pesticide, The maximum valuc of @ in case of pesticide loss through direct runoff was
assumed to be 10% of the amount applied (Leonard, 1990). The terms ¢ and ¢, in
1

equation (4.1} represent the time elapsed belween application of pesticides in ficlds and
runoff generation and half lives of pesticides respectively, Equation (4.1} is cssentially

based on the model of Lutz (1984) and Maniak {1992), as developed by the OECD

{1998) and used by YVerro et al. (2002). The correction factor f, corrects for the effect

of slope on runolf of water [rom ihe site. In this model, the value of R is dependent on

the amount of rainfall. the amount of irrigation and site conditions, swl Lype, surface
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cover and soil moisture content. While the presence of buffer strip can help reduce the
sediment transpori, it docs not have a significant effect in reduction of dissolved phase
of pesticides. Therefore, unlike OLCD (1998), the correction in R duc to the prescnce
of butfer zone was not included in Equation {4.1). For direct runoff’ . the worst case of

pesticide loss would be represented when a persistent pesticide with low K, i

available for transport to the surface water by runoff in heavy rain or irrigation soon

alter the application of the pesticide,
4.2.3 Transport duc to soil erpsion

Pesticides transported with soil colloids through erosion depend on the magnitude of
soil less and the amount of pesiicides attached to soil colloids. The ioss of pesticide
through soil crosion requires a (unetion that is initially zero for no soil loss and which
asymptotes 1o the maximum proportion of the applied mass of the pesticide that is

likely to be lost under a near worst case scenario ( a). Depending on the nature of the

pesticide, the degree of soil loss and management control siructures such as buffer

strips, the loss will be lower than a. A suitable function is:

TErosion = @ = (Soil Loss Faclor xBuffer Factor =Sorptien Faclor *Persistence Factor)
Mathematically,

Soil loss !utlztnrx_,ﬂ Y exp (-1 %2)} {4.2)

1+ — 1
bk, 2

where the coefficient g is the upper bound of pesticide loss, representing  the

TEmhinn= [ {

cornbination of high soil loss and high sorption and the persisience of a pesticide.
Rased on litcrature data. the maximumn fraction ol pesticide that is likely to be lost due
te erosion (a)was assumed to be 0.10 of the amount applied {Leonard, 1990). On the

other hand, 4 is a correlation factor between K and loss of soil of pesticides with soil

colloids,

The “Soil Loss Factor” is simply a ratio of actual soil loss (Vha) at a site with an
cxpected maximum soil loss. varying from 0 to [. A soil loss fuctor of 1 represents a
worst-casc scenarie of transporl of pesticides with soil colloids. The bulfer corrcetion

factor f; in Equaiion (4.2) also varies (rom O to 1, and depends on the width of a buffer
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zone (WBZ).  f, is delined by OECD (1998) as f 2 =0.83 WBZ. As a guide, where

there is & densely grassed 10 m buller suip free of nlls, f, is given a rating ol 0.16.

The “Persistence Faclor™ is the fraction of pesticide residue calculated from the

pesticide degradation rate { #) and time ¢ elapsed since the last application of it, as
shown in Equation (4.2). Figure 4.1 shows the effect of £ on loss ol pesticides. [t can

be scen from the [figure that for the “Sorption Factor” funclion o asymptote to 0.1,
using a pesticide with Koe >5000, b in Equation (4.2} was required to be 0.3, From
Equation {4.2), it can also be found that a worst-case scenario of pesticide loss through
colloid transport would be when a pesticide with high sorption affinity for soil is used
{i.c. the “Sorption Factor” approaching 13} under high soil crosion condilions (ie. the
“Soil Loss Factor™ approaching 1), and the crosion evenl occurs soon after the
application of pesticide allowing little time for pesticide degradation (l.e. the
“Persistence [‘actor” approaching 1) and where there is no protection through

managenent options such as buffer strips.
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Figure 4.1: EfTect of increasing K, on the maximum pesticide loss due to erosion
for varying values of the parameter b (Keokana et al., 1998)
4,2.4 Transport through spray drift
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Pesticides sprayed through aerial and pround-based applications have s potential of
drifiing off target through droplet drifi, volatilization and dust transport. This transport
pathway i1s complex, is affected by several factors (such as application method, local
wind and humidity conditions, and proximity to a teceiving watcr body) and is
therefore difiicult o quantify accurately, The complexity of this process mukes
aceurate predictions [rom even comprehensive models quitc challenging, despitc when
local conditions arc well known. The multilude of factors alfecting atmosphetic
transport and the complexity of the processes involved preclude a comprehensive
inclusion of this transpont eomponent in PIRI, without sacrilicing its practicability.
However, considering the major importance of droplet size in determining the cxtent
and amount of downwind drill during spray. only the effect ol this parameter has been

included in PIRI (Raupach et ai., 2001).

The center of a very large ficld would receive the intended amount because the amount
lost to drift would be compensated by gains from other parts of the field. However, near
the edge of the field, ihe losses due to drifi would nol necessarily be compensated by
drift from other parts of the field. Beyond the boundary, the emount of spray deposition
due to drifi deercases, and a convenient way to quantify the effecl of drifi at a given
point is to define the driflt deposition fraction (1'npna) as the ratio of the amount of spray

falling at a given point compared to Lhe intended rate.

Towin 18 related to spray droplet size and the distance downwind of the water body from
the downwind cdge ol the sprayed area, with a decrease in the amount of spray dnift
with increasing distance. The relationships between droplet size and the drift at a piven
point {fiyag) are showa in Figure 4.2, However no adjustment has been made in PIRI for
field width, wind speed or release heipht. The actual amount of deposition for a
distance interval from the field can be found by integraiing over that distance. In
practice, the integration is estimated from across the widih of the water body using thc
trapezaidal rule, This requires the input of the distance 1o the water bady and the width
ef the waler body, together with the deposition fractions for some points in that
inlerval. Using this. the fraction of the pesticide applied io the field that is deposited on
the water body can be estimated, Due to the limitations of the data that (he user can

supply, the minimum distance [tom the crop to the water body has been used in PIRL It
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has been assumed that the pesticide has had no time to break down {i.e. 2 worsl case

scenario has been assumed in PIRI[).

107 5
101
E 20
= 107 160
F 104 248
101 4 320
10— —r— e —— e
1008 1 1o 10F 10# 1

x {m}
Figure 4.2: Model simubated spray deposition downwind (Raupach et al., 2001)

Knowing the sire ol the waler body and its distance from the crop being sprayed, the
value of Tphg was calculated by

A+
Tgeiy = I fiwin (droplet size, distance and size of the water body)
X

where, the water body of width w (in) is located at distance x {m) from the edpe of

field.
4,2.5 Selection of indicator species

PIRT assesses the impact of any pesticide on the ecological resources by considering
some indicators as representative of lotal ecosystemn (Kookana et al., 1998). The
selection of indicator species is a8 complex work and needed in depth knowledee about
local and regional ecosystem. This work was done mainly on the basis of  literature
review. The basic guidelines for the selection of indicator specics for the Arial Becl
were found from USEPA (2000). Other inportant literatures which were reviewed in
this regards are: Fu-Liu et al. {1999), Belnap (1598}, Hansaker and Carpenter {1990},
From the review of ihese hileratures 1l was found thai other three ceological indicator
speeies suggested in PIRI except Rainbow Trout {Table 4.1) can be adopted in

Bangladesh as they represent those specific levels of freshwater ecology which are
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almost universal. But selection of indicator species for direct impaet of pesticide on
fishes. it is necessary to have knowledge on the richness of fish species in the study
area. In this regard, a reconnaissance survey was conducted during May 2008 and it
was Tound that the Indian catfish as the most endangered lish species in the Arial Reel.
S50 rainbow trout of PIRI was replaced with the Indian catfish, Table 4.1 shows the

name of the selected indicatar specics and their ceological role.

Table 4.1: Indicator species and their representing trophic level

Name of the Indicator | Representing Organism/ | Ecological Role of Setected
species Functicn Indicator Species
Indian Cathsh/Catfish Freshwater fish Secondary consumer
Daphnia Freshwater invertebrate Primary consumer
Algae Treshwater food chain Primary producer
Ral Marmmzls Predators contral/ Top level
CONSLIMETS

4.2.6 Digitization of rating index

A qualitative value such as very low, low, medium, high, very high and cxtremely high
15 usually [ound from the PIRI model as output. These values denote the magnitude of
the impacts of that pesticide on a specific indicator, But for analytical purpose 1t is
necessary lo have a numerical value which can be easily averaped or added to get
cumulative impacts on the total ccological rescurecs. So digitization of the magnitude
of PIRI output was done in this sdy. The digitization process was dene considering a
value for each magnitude of impacts such as for very low Lhe value is 0-0.99, for low 1-
1.99, for medium 2-2.99, for high 3-3.99, for very hiph 4-4.99 and for extremely high
5-6. This work was done by placing the PIRI bar chart inlo a synthetic scale. The scale
was crealed by forming a table with six columns. Each column is then divided into 5
cells by sphiting the columns into five equal cells. The value of each cell was marked al
0.2 distances. As for example in Figure 4.3 two output from PIRI are placed inio the
synthelic scale formed for this study (the bottom herizontal bar) and found that the

impact of Carbaryl and Diazinon are low and very high respectively which contain
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values between 1-2 and 4-5 respectively. From eye measuremnent they can be rend ns
about 1.9 and 4.6 respectively.

Lo
0 1 12 3 4 5 6
TA PPV R T I I A PR BV P P T PV P TP TTTITT
Very low Low Medium High Very High | Extremely
Hi .
Carboryl
4.6
&
0 1 2 3 d 5 6
HEEEEREEENEEEEEEEEENNEEEEEEE
Verylow | Low Medium High Very Hgh | Extremely
Hi
. - coanr] I
Diazinon
— .

Figure 4.3: Placement of PIR] outpaot in synthetic messoring scale

4.3 Dats Requircment

Offsite impact of eny pesticide moinly depends on its chemical, physical as well as
loxic properiics. Besides these, frequency of application, opplication procedure, clc.
influcnee the impacL As offsite impact is a function of pesticide migmation w nearby
water bodies, climatalogieal charscteristics of the concern area as well as Iznd and
lopographic conditions are the most importam fectors based on which PIR] axsesses the
impacts. All the daln needed for the assessment of pesticide impaet through PIR1 are
armanged in Table 4.2. From Lhe table it can be seen thet the data were collected by

measurernent, group discussion as well as from the secondnry sources.



Table 4.2: Data requiremcnts in the PIRI software and collection procedure

18

PIRI Interface Required Data Collection Methaod
Land Use Types Field Observation
Soil Texture Soil Map
Turget Species Literaturc Review and
Bascline Survey
Moisture Condition of the Soil Ficld Observation
Starting Month of the Season Ficld Observaiion
Ending Month of the Scason Field Observation
Soil Organic Maiter Content Soil Map
Land Use Diameter of the Nearest Water Field Measurement
Interface Body
Distance of Water Body from the Field Mcasurement
Edge of the Langd
Slope of Land to Water Body Land Elevation Map
Width of Buller Zone Field Measurement
Estimated Average Soil Loss Umversal Soil Loss
Equation
I'otal Raintall During a Scason Bangladesh Meicorological
Depariment
Totai Tirigation During the Field Flow Measurement
Season
Average Minimum Alr Bangladesh Meteorclogical
Tempcrature Depariment
Average Maximuin Air Bangladesh Meteorological
Temperature Depariment
Minimum Number of Days from Rangladesh Meleorological
the Application of Pesticides Lo Department
the First Rainfall
Pesticides Name of the Peslicide CGroup Discussion

Application

Interface

Chemical Type of Pesticide

Online Database of Pesticides

Rate of Application of Pesticide

Group Discussion
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Frequeney of Application Group Discussion
Pesticide Spray Type Group Discussion
Half Life of Pesticide Online Database of
Pesticides
Adsorption Cocfficient (Koc) Online Databasc of
Pesticides
LiCep for Catfish {Online Database of
Pesticides
LCsp for Daphma Online Database of
Pesticides
LCsp for Algae Online Database of
Pesticides
I.I}sq for Rat Online Databasc of
Pesticides
Catchment Arca of Catement (Google Earth Software
Characteristics
Interface

4.4 Data Collection

Data collection was done by following dilferent methodologies. Some of the required
primary data (e.g. disiance ol a definite pond from the edge of its catchinent) were
collecied (hrough field measurement whereas some other data such as the names of the
pesticides uscd by the farmers and their rale and [requency of applicalion were
colleeted through Focus Discussions. Seme other primary data like aclive ingredient of
applied pesticides were collected from the label of the pesticide packets. Like primary
data secandary data were also collected by following different methodolopies. As for
example, climatic data of the study arca were collected from Banpladesh
Meteorological Department {BMD), textural classes of soils of the sclected catchments
were collected from Bangladesh Apricultural Research Council (BAIRRCY and data on
persisieney and toxicity of pesticide were collecled Itom the websites of pesticide
regulation  and  information  networks like  EXTOXNET and USEPA

{www.cxtoxnet.orst.edu and www.uscpa.org; acecssed on 7 October 2008)


http://www.nscpa.org;accesscdon
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4.4.1 Selection of ponds and separation of catchments

T'he selection of ponds was done by the help of Google Earth software (version-Goople
Larth-Win-plus-5.0.113). From the soltware, the hydrological characteristics and land
usc practices around the ponds of the Arial Beel were observed and tolal nuinber of
ponds was counted. A total of 147 ponds were identified from the software. Fifteen
pends {10% of total ponds) were seleeted on the basis of three major cntena such as: 1)
The ponds are very close to rice field and 1i) receive agricultural runolt from four sides
iii) are small in size and noet protected with high bank. The global position (longilude
and latitude) of each pond (Table 4.3} was also noted from the sofiware. After selection
of ponds, a print screen imaoge of each pond was taken. The print screen images of the
ponds were used 1o dentily those ponds in the beel with the help of Cell Phone Global
Positiomng System {C-GPS, madel — Toshiba TG 3G GPS). Afer identification of
pends in the beel, their catchiments were separated by monitoring the runofl. The runoli
momionng was done during June-July 2008. The arcas of the catchinents of selected
ponds {Figure 4.4) were also calculated with the help of Google Earth seftwarc. ‘The

approximate locations of the selected ponds in the beel are given in Figure 4.5,

The naming of the selected ponds was done by using iwo letlers of upazilla name {e.g.
DO {or Dohar, NW {or Nawabgonj. SR for Srcenagar, 81 for Sirajdikhan) and with a
numerical value as a subscnpt. The numerical value was given by constdering the
distance from the reference point. The point from where the lield measurement process
starled was set as a reference point. As for example, the name D{), denotes a pond

which is located at Dohar Uparilla and 1l is (he nearest pond from Dhaka-Dohar Road.



Table 4.3: Global positions of selected ponds

District Upazilla Name of the Pond Latitude Longitude
DO, 23%6'07'N | 90"08'11"E

Dohar DO, 23%45'48" N | 90”1223 E

DO, 23°43'56" N | 90"09'58" E

Dhaka NW, 23%4209" N | 90"1207"E
Nawsabgonj NW, 2343'59" N | 90°1322"E

NW; 23%1"6"N | 90°14'08" E

NW, 23%3736" N | 90"13'55" B

SR, 2336'10"N | 90"112"E

Sreenagear SR, 23V3448" N | 90"1611"E

SR; 2313752° N | 90°1751"E

SR, 2373641"N | 90°18'52"E

Munshigonj I 23°4108" N | 901707 E
Sirajdikhan SI; 23°41'56" N | 90°19'01"E

SI; 23%41'29" N | 9021'58"E

SL; 23"36'19"N | 20"22'05"E

Figure 4.4: Catchment of a selected pond of the Arial Beel
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4.4.2 Mensurement of field slope and distance

For assessment of impact of pesticides on ecological resources by using the PIRI
madel, a2 number of ficld dat are needed. Some imporiant of them are the distonce of 0
field where pesticides are gpplied from the edge of the selected pond and diamcter or
width of the pond. These measuremnents were done by wing n measuring tope (Photo
4.1). As oll datn needed in PIR] should be mensured in MLK.S. system, the distance was
measured in meter (m). Besides this, the slope of lands to the ponds wos measured by
using Goggle Earth softumre where clevation of each field from the mean sea level is
found. The slope calculation was done in percent as per the requirement of PIRI.

Photo 4.1: Measurement of distance between » aclected pond and the field

4.4.3 Measurement of pond stze and water depth

Length and width of (he ponds were measured for the rectangular pords apd diameters
were measured for circular ponds. The measurements were done by using o measuning

tope s reported eartier. All the measurements were 1aken in MLK.S. sysuem. Water
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deplh was measured by using a mcasuring stick which was prepared by marking a
bamboo stick with colour pen. lor getting the cffective water depth, depth of bottom
clay was subtructed from the measured value, The depth of clay malerials were found
to be 0.15 m which was obtained from the average of several measurernents. 1o get an
average effective water depth, water depth of [ive sample poinis of cach pond were

taken and then averaped.
4.4.4 Estimation of average scasonal soil loss

Estimation of average seasonal soil loss from the ficlds of the Arial Decl was done by
using the Universal Soil Loss Cquation { LSLE) which predicls the average scasonal
rate of erosion on a ficld. The estimation was done on the basis of rainfall, soil type,
topography, erop system and management praclices. USLE only predicts the amoun| of
s0il loss that results from sheet ot rill erosion on a single slope and does not account [or
additional soii losses that occur from prlly, wind or tillage crosion. This erosion model
was  created for use in selected cropping  and nanagement  gystenis
(http://www omafra.gov.on.ca/english/enginecr/ (e (s/00-00 1 humdftab2, last accessed on
4 October 2008),

Five major factors were uscd to calculate the soil loss for the Arial Beel. Tach factor
was the numerical estimate of a specific condition that affecis the severily of soil
erosion at a particular location. The erosion values reflected by these fuctors can vary
cnn'siderabl}' due to varying weather conditions. Therelore, the values obtained from

the [FSI.E are representative long-term averages. The equablion is given below:

A=RxKxIS=x =P {4.3)

where A represents the polential seasonal soil loss in tons per ha, & is the rainfa1t and
runoff lactor by geographic location, X is the soil erodibility lactor, which is a measure
of ihe susceptibility of soil paricles 1o detachment and transport by ramnfall and rumof!]
L5 is the slope lengih-gradient factor, C is the crop/vegetation and management
factor. It is used to detenmine the relative eflectivencss of soil and CIop management
systcms in terms of preventing soil loss, and P is the support practice factor. The field

verification of USLE result was also done by using the {i ollowing steps:
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* Collection of one [iter sample from the peint of runoff.
« Tiltering the water to getl the soil.

o Air drying of soil to get the dry weight of croded soil.
» Estimation of seasonal runoff and

e Calculation of scasonal soil loss and conparison with USLL output.

4.4.5 Obscrvation of rainfall cvents

The offsite impact of pesticide depends on its transporiation to the nearby water hodies.
In this case identification of minimum number of days betwecn application of
pesticides and first rainfall 18 an tmportant factor. To find this nimnber, abservation of
rainfall event duning 20 March-07 April was done. This time schedule was found from
group discussions with the farmers and {ield observations. The rainfall observation was
done both in 2008 and 2009, Ouly those rainfall events which were able to generate

runelt from {ield to nearby pond were considered.

4.4.6 Availability of fish per caich

To verify the PIRI result, ficld data on the availabilities of some local freshwater fish
species were collected. This was done by counting the number of fish caught in a dry
season calch by a professional fisherman. This counting was done by seleeting some
points where fish availability was morc than the other parts of the beel. ‘The information
on time of catching fish and expen fishermen were collected from local key informants
such as local school teachers. The selected fish species for this study were walking fish,

climbing fish, catfish, scorpion fish, etc.

4.4.7 Data collected through group discussions

In the present study, a number of group discussions were conducted with the fanmers
and the [shemmen. This was done to collect necessary information on names of
pesticides used in the rice field, rate and frequency of application of pesticides. elc.,

from the fanners of the study area. To venly the impacts of pesticides in acmal
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condition, the information about the availabilities of fish were collected from the
fishermen. The discussions werc carried oul during the Bore and Aman seasons. In this
repard aboul twelve field trips were made and each trip was two days long. The leld
trips were done during the February 2008 to March 2009, The discussions were
conducled in the 40 spots of the beel area. The sclection of the spots and the farmers

and fishenmen groups were random with the help of local peoples and key informants.
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Chapter V
RESULTS AND DISCUSSIONS

5.1 Introduction

Assessment of the impaects of pesticide vse in agncultural land on the ceological
resources of the Arial Beel was done by using a linear model known as PIRIL. For the
asgessmend, {our ecological indicators were uscd. From the PIRT assessment, intensity
of the impact caused by each pesticide were found which is then converted to numerical
value for statistical analysis, The pumerical values were also used to identify the
scasonal variation of the impacts of all six pesticides. A ranking of pesticides based on
their impacts were also done in this study. Moreover numerical values were used 10
find eut the cumulative impacts of all sin pesticides in the actual field condition which

were verified by the ficld data.

5.2 Characteristics of the Catchments of the Selected Ponds

Some charaeteristics of pesticides applied fields and selected ponds were colleted. This
work was mainly donc by collecting secondary data from the relevant organizations as
well as through dircet ficld measurements. Detailed methodologies of the field
measurcments were given in Chapier IV, Some important data which were obtained
from direct field measurement were: distance of a pond from the cdge of ils catchment,
slope of lands to ponds, average soil loss during the period of intercst, diamcter of the
sclected ponds (in case of circular ponds) or width of ihe selected ponds (in case of
rectangular ponds}. The term "period of interest” means the scason for which impacts of
pesticides were evaluated,  The delails about the period of interest were given in
Chaptler IV, Table 5.1 shows the major characteristics of the catchments of the sclected
ponds which were necded to cvaluate the impaets of pesticides by using the PIR]
software, From the 1able 11 can be seen that most of the selected ponds were very close
o their calchmenls and the maximum distance was found in this case was 9.60 m.
Slopes of lands to ponds were found to be variahle and not so stecp. The maximum
slopc was found only 3.00% for a pond located in Mawabponj upazilla (NW;). Table
5.1 also shows that the soil textures of Dohar and Nawabgon] uparillas were mainly

silty clay whereas those in Sreenagar and Sirajdikhan upazillas were mainly clay and
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most of these soils belong to the deepest portion of the beel where flooding depth varies
from 1.83 m to 3.05 m. In case of organic matter content of soil, it can be lound that the
catchments of the selecled ponds of Sreenagar upazilla contain the highest amount
(2.65%) of organic matter which is followed by Nawabponj upazilla (2.50%). On the
other hand, the catchments of the ponds of Sirajdikhan upazilla contlain the least
amount of organic mater (2.30%) and it is followed by the catchmenis of Dohar
upazilla (2.36%). The loss of soils from agricultural fand is dircetly relaled to the
arganic matter content of soil as organic matter acts as a cementing agent to form sl
aggrepaies. As the catchments of the selecled ponds of Sreenagar upazalla conlain ithe
highest amount of organic matter, the $0i] loss 15 munimum there (0.17 Uha) and the
same was found o be maximum (0.35 (ha) in Sirajdikban upavilla where organic
matter content was found to be minimum {2.30%). Pesticides transport from ficlds to
the water bodics by soil crosion. One of the most important for transport of pesticides
from the ficld to water bodies is the soil erosion. Organic matter agpregates the soil
particle and hence less erosion lor which less transporl oceur. Besides this complex
compound of organic matter also 1ix the peslicides molecule which also resiriet the
transport of pesticides 10 the water bodies by direct runofl. The assessment was done
for nee field where 100% of the land was covered with foliage and the seils of the

fields rematned wel during ihe time of application of pesticides (period of inferest).



Table 3.1: Characieristics of the catchments of the selected ponds

Upazilla Pond Field Cover Sail Crganic Average | Ldstance of Pond Average Moisture | Catchment
o, Cexture Matter Sail from the Edge of Slope of Condition Area {lia)
Content Loss [1s Catchment Land to of Soils
{5} {Lha}) fm} Pond (%)
Diahar (Bl&H Covered Ground | Silty Clay 2.36 020 7.00 .50 Wet 2.5
DO; | Covered Ground | Silty Clay 236 025 9.50 2.50 Wt 32
Dy Covered Ground | Silty Clay 236 023 2.60 2.00 Wel 5
Nawabgonj MW, Covercd Ground | Silty Clay 2.50 .23 380 3.00 Wet 4.5
W, Covered Ground | Silty Clay 2.50 .28 2.90 .80 Wet 38
MW, | Covered Ground | Silty Clay 250 0.28 3.00 1,25 Wet 14.5
W, Covered Ground | Silty Clay 2.50 0.35 4.3 2.60 Wl 10
Sresnagar SRy Covered Ground Clay 165 0.7 38 Q.65 Wet 13
SRa Covered Ground Clay 2.65 0.17 1.28 085 Wet 8
5By Covered Ground Clay 2.65 017 Q.80 2.10 Wl 1.5
SRy Covered Ground Clay 2.65 017 0.75 156 Wet 2.1
Sirajdikban sl Covered Ground Clay 2.3 035 1.30 150 Wet 1.5
5l Covered Ground Clay 230 035 1.25 230 Wer 3.2
g1 Covered Ground Clay 230 033 .60 1.50 Wt 1.5
Sl Covered Ground Clay 2.50 0.35 2,30 230 Wet 1.8
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5.3 Characteristics of the Selected Ponds

The characteristics of the selected ponds were found from the field measurements. T he
results of the ficld measurements are given in Table 5.2. From the table it can be found
that most of the selceted ponds (13 nos.) were rectangular in shape and onl y 2 ponds
were circular in shape (SR and SIy}. Almost all the ponds were small in size and the
maximum length (58.60 m) was found for 2 pond of Dohar upazilla (D05) and the
minimum length (6,90 m) was found for a pond of Sreenagr upazilla (SR3). The
diameters of thc twe circular ponds (SR, and 813} were 850 m and 1536 m
respectively. The dry season water depih among the ponds varied from 0.58 m to 2.10
meler. 1he maximun water depth was found for a pond located in Nawabgen] upazilla

(NW4) whereas the minimum was found for a pond of Strajdikhan upazilla (SL),

Table 5.2; Characteristics of the selected ponds

Pond Shape Length | Width | Diamneier Average Dry Season
No. {1} {m) {m) Water Depth (m)
(November.-December)
DOy, Eectangular | 25.80 | 7.50 - 1.30
B, Reclangular | 58.60 | 22.60 - .40
DO; Rectangular | 16.80 | 7.50 - 1.62
NW, Rectangular | 9.60 5.20 - 1.45
NW, Rectangnlar | 1890 | 12.60 - 1.26
NW; Rectangular | 21.00 | 9.80 - 1.29
NW, Rectangular | 11.25 | 3.60 - 2,10
SRy Circular - - 8.50 1.95
SRz Rectangular | 8.50 0.30 - 1.45
SR, Rectangular | 6.90 | 2.65 - 0.98
SRy Rectangular | 28.60 | 17.40 - 1.25
31, Rectangular | 12.50 | 6.50 - 1.00
51; Rectanpular | 11.80 | 7.60 - .58
51 Circular - - 15.36 F.20
Sly Rectangular | 7.80 3.50 - 0.85
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5.4 Mcteorological Characteristics of the Arial Beel Area

Pesticide Impact Rating Index (PIRI) evaluates the impacts of a pesticide on ecological
resourees by considering the transport of that pesticide into the nearby water bodics by
processes like runoff, soil erosion and spray drift. Transport of any pesticide from the
field where it was applied te the ncarby waler body depends on mectcorological
characteristics of the site. Tmportant meteorological parameters needed for this stndy
were: maximum temperature, mininum temperature, lolal rainfall and minimum
number of days from the application of pesticide to the first rainiall, From the
discussions wilth the farmers of the Arial Beel, it was found that Boro season starts in
ihe Arial Dieel at approximately 5-15 February ends at 15-25 May, whereas the Aman
season starls at 3-15 July and cnds at 15-23 October. So daily temperture (maximum
and mminimum) and rainfall data of Dhaka and Munshigonj meteorological stations (rom
February 2008 1o October 2008 were collecied from Dangladesh Metcorological
Department (BMD). Minimum number of days between the application of pesticides
and the first rainfall were collected from Lhe observation of rainfall events during 20
March to 7 Aprii in the year of 2008. All of the above mentioned dala are given in
Table 5.3 which shows that about 325 mim of rainfall oceurred during the Boro season
at Dhaka district, whercas in Munshigonj district the rainfall was about 498 mm. In
Aman season 1250 mm of rainfall occurred in 2008 at Dhaka, whercas in Munshigonj
rainfall was 1340 mm. In case of maximum temperature, it was found that maximum
temperature in Boro season was 30.8"C in Dhaka and 29.7°C in Munshigonj. Minimum
temperature in Boro season was 19.2°C and 16.5%C in Dhaka and Munshigonj districts
respectively, whereas in Aman season it was 18.7°C and 17.4"C respectively. Average
minimum numbcer of days between the applications of pesticides to the first minfall 1o

be cbserved 8 days at Dhaka district and 6 days al Munshigon] district.
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Table 5.3: Mctcorological characteristies of the Arial Beel area af Boro and Aman

Scasons

Parameter Dhaka Munshigonj

Boro | Aman | Boro | Aman

Average Maximum Air Temperature ("C) 308 | 238 | 297 | 224

Average Minimum Air Temperature ('C) 152 | 187 | 165 | 17.4
Total Rainfall (mm) 325 1250 { 498 1340

Souree of Data: Bangladesh Metearological Department

3.5 Pesticides Used By Farmers in Rice Fields of the Arial Beel

Field surveys were conducted at 40 points of the Atial Beel during March-April 2008
(for Boro season) and July-Augusi 2008 (for Aman season} to colleet information on
the use of pesticides in rice fields. The surveys were conducted on 115 farmers and
agricultural labourers. As pest attack oceurs mainly in the vegetative stage of rice plant,
pesticides were usually used by the farmers 30-45 days afier transplantalion and
surveys wore conducted during that time, The list of pesticides used by the farmers of
the Arial Beel which was obtained from the surveys is given in ‘Table 5.4. It is seen
from the table that Dasudin, a curbamate pesticide, was the most popular pesticide to
the farmers and the largest portion of farmers (44%) used this pesticide to control steam
borer, gall midge plant hopper and green leaf hopper of rice. Other pesticides which
were used by the farmers were: Furadan (15%), Sumiihion (14%), Ripcord (12%) and
Malathion (10%). Only a fewer portions of farmers (5%) were found to vse Sevin for
managing sleam borer, grass hopper and rice bug in their fields. From the field survey,
it was also found that most of the farmers did not have any specific choice of pesticides
and in most cases they uscd pesticides based on the availabilities to the local
distributors whercas the local distributors used to seil those pesticides which are more
profiluble. In some cascs, it was found that the farmers used pesticides according 1o the

advice of the block supervisurs of the local agriculiure office or ncighbourer larmers.
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Table 5.4: Pesticides used by the farmers in the Arial Beel and their purposes of uze

Name of the Purpose of Usc Percent of
Pesticide Farmers Usad
Basudin Steam borer, Gall midge plant hopper, Green 44%%

leaf hopper
Furadan Steam borer, Grass hopper, Rice bug 15%
Sumithion | Leaf rolier, Rice hipsa 14%;
Ripcord Rice hipsa, Green leaf hopper, Steam borer 12%
Malathion | Green leaf hopper, Steamn borer, Thrips, Rice 1%
bug
Sevin Steam borer, Grass hopper. Rice bug 5%

3.6 Application of Pesticides and the Characteristics of Applied Pesticides

The off site impacts of a pesticide depend on the method of its application in the field
as well as on the physical state of the pesticide. For (his study, the methods of
applicalion of pesticides were collected through group discussions with the [armers and
agricultural labourers. From lhe group discussions, il was found that most of the
farmers of the becel area used back pack air pumping spray method for pesticide
apphcation and they mainly did this work in the morning time usually from 10.00 AM

to 12.30 PM.

In casc of frequency of application, it was found that most of the farmers of the study
area uscd pesticides just for one time and in some cases two times. The decision on the
use of pesticides depended on the cvidence of pest attack. The rate of application of
pesticides varied from 8.27 kg/ha {Basudin) to 0.96 liters’ha (Ripcord) (Table 5.5).
Usually farmers used pesticides according to the recommendation of pesticides vendors
and block supervisors of local agricultural office. From the group discussions, it was
found that in most cases farmers uscd pesticides during the vegetative stage of the
plant, i.e. 30-45 days afier transplantalion of rice as pest attack occurs usually during

this time.
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The physical and chemical properiics of these pesticides were pathered from various
pesticide information databasc networks. Active ingredicnts present in the pesticides
were collected from the [abels of pesticide packets. The most cornmonly used pesticide
was the Basudin which belongs to the common group Diazinon (Table 5.5). The trade
name of this pesticide is Basudin 10G. The trade name of any pesticide gxpresses its
physical stale as well as the percent of active ingredicnt. So from the trade name of
Basudin 10G it can be said that it is a granular pesticide which contains 10% active
ingredient. Another pesticide of same chemical group bul of different trade name
{Diazinon 10G) was found to be used in some paris of the Ariul becl. All properties of
the applied pesticides, including the trade name, common name, chemical group,
physical state, percent of active ingredient and adsorption cocfficient. needed in PIRI
are given in Table 5.5. From the lable it can be found that most of the pesticides used
by the fanmers in the Arial Beel belong o the chemical group Organophosphate
(Furadan, Ripecord, Malathion), whereas olhers belong to the Curbamate (Basudin and
Sevin) and Pyrethroid (Sumithion) groups. Active ingredient varies from 5% (Furadan)
to 57% (Malathion) and adsorption coefficient {Koc) varies from 22 liters/kg (Furadan)
to 100,000 liters’kg {Ripcord). The frequency of application of all pesticides cxcepl
Basudin is 1 and for Basudin ir was 2. The frequency of application of pesticides in

Aman season was lower than that of Boro seasorl.

Toxicity of any pestieide is also a function of ils persistency in the environment which
is expressed as half life (t,2) of that pesticide. Half life usually varics with the pH of
the medium, The variation of persistency of pesticides in the environment with pH is
not a lincar relation and varies greaily with the chemical nature of pesticides. The
persistency of Organophosphate pesticides increases with the increase of pll, but for
Carbamate it decreases with the increase of pH. A correctlion factor was introduced in
this study to adjust this variation. From the Table 5.5 il cun seen that Furadan has the
longest persistency in the environment (50 days) which is followed by Ripeord (45

days) and Basudin has the shortest persistency in the enviromnent (16 days).
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Table 5.5: Propertics of the applied pesticides in the Arial Beel and their frequency and rate of application

03

[ Pesticide Trade Common Chemical Group | Physical Acltve Kex: Persisiency | Frequency Rate of
Name Name Name State Ingredient (ltersfke) Envirz;:ncn ( ol Application
{%o) {Days} Application | (kg or Vha)
Basudin Bazudin Diazinon Carbamate Granular 10 332 i6 2 8.27
10G
Furadan | Furadan 5 | Carbofuran Organophosphaie | Granular 5 22 50 ! 4.89
G
Sevin Sevin 50 Carbaryl Carbamate Crystalline 50 3000 20 1 2.56
WT Powder
Sumithion | Sumithion | Cypermathrin Pyrethrotd Liquid 50 2000 435 1 5.83
30 EC
Ripcord Ripcord | Fenitrothion | Organophosphate | Liguid 10 100000 17.5 1 0.96
I0EC
Malatiuon | Malathion | Malathion | Organophosphate Laguid 57 1800 14 1 4.38
$7TEC

Sources: Extension Ecological Network (EXTOXNET) and United States Envitonmental Protection Agency (USEAF)
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3.7 Toxicological Propertics of the Applied Pesticides

Impact of any pesticide on ecological resources is dependent on the loxicolopical
properties of that pesticide which is again dependent on ils chemical nature. lior
expressing the toxicily of a pesticide several terms are widely used such as Lelhal
Coneentration 50 or 1.Csy and Lethal Dose 50 or LDsp, LDsg is a dose in which 50% of
experimental animal/plant dic within a definite time. LCs is a concentration in which
0% of experimental animal/plant die within a delinite (ime. The iem LC:q iz used g
denote the toxicily of a pesticide to aquatic organisms, whercas the term LDsq is used
for terrestrial animals for oral intake, LDsp and LCsy values arc specilic to plants and
animals and have different valucs for each of them according to their mhysiofopical
condition and biochemical reaction of pesticides with enzymes, In this study 1.Dsg and
LCsp ol all pesticides for selected indicalor specics were collected from some pesticides
information support networks, such as Extension Ecological Network (EXONL),
United Slates Environmental Protection Agency (USEPA) pesticide wing. cte. Table
5.6 shows the values of major toxicolopical parameters of applied pesticides for rice
pest management in the Anal Beel arca from where it can be found that daphnia is very
much sensitive to almost all pesticides used in the Arial Beel and LCs value lor
daphmia varies from 0.00015 mg/l (Ripeord} 1o 0.015 mg/l (Futadan). On the other
hand, aral LDs, valuc for rat varies from 8 mg/kg (Furadan) to 2200 mg/kg (Ripcord).

Table 5.6: Toxicological characteristics of pesticides used by the farmer in the

Arial Beel

Name of Pesticide 1.CS0 (mgil) LD5O {mg/kg)

Cat Fish | Daphnia | Algae Rat

Basudin 2.90 0.096 {1001 1250
[uradan 0.30 0.015 0.060 8

Sumilhion 1.30 0.086 0.013 1700

Ripcord (L0069 | Q.00015 | 0.001 2200

Sevin 1.30 (0.006 (0.00] 675

Malathion 3.50 0.071 0.0080 4510)

Sources: EXTOXMNET and USEPA, Mole; Bath LCsy and LDy, values are taken for 48 hours

experimentafl time.
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5.8 Assessmient of Pesticide Impacts

5.8.1 Quzlitative assessment

In this study, fileen unprotected ponds were randomly selected to assess the magnitude
of impacls of pesticide use on ccological resources. Only those ponds were sclected
whose catehiments ocenpy rice farms, Impacis of applied pesticides on the ecological
resources of those fificen ponds were assessed by PIRL, The tmpacts of each pesticide
on ponds of all four upaxillas are given in Tables 5.7- 5.10. The notations used io the
tables are: VL=Very low, L=Low, M=Medium, H=High, VI I=Very Iliph, and
FH=Extremely High,

Table 5.7 shows the impacts of pesticides on catfish at different upazillas. From the
table it can be seen that the impacts of Basudin on catfish af Boro season were
Fxiremely High in cight ponds and in the rest seven ponds the impacts were Very High
The {mpacts ol Furdan on catfish in Boro season were Exiremcly High in two ponds,
Very Iligh in four ponds and High in nine ponds. Sumithion, Ripeord, Sevin and
Malathion showed variable impacts on catfish. The minimum impacts {Very Low) were

[ound for Sumithion in two ponds.

Table 5.8 shows the impacis of pesticides on daphnia at different upazillas. From the
lable it can be seen that daphnia is very much sensitive 1o Basudin and Lxtremely Iligh
impacts were found in twelve ponds at Boto season. Three ponds were found to be
Extremely Iligh sensitive 1o Furadan and three ponds woere Jound to be Very High

sensitrve. The impacts of other pesticides were not VETY scvere on daphnia,

Table 5.9 shows the impacts of pesticides on algae a1 differcnt upazillas. From the table
it can be found that the impacts of Basudin on algae at Boro season werc Extremely
ITigh in only one pond, Very High in six ponds and High in the rest eight ponds. The
impacts of Furdan, Sumithion. Ripeord, Sevin and Malathion on algac was found to be
lower at Boro season than those of Basudin. Bxiremely High unpacts were not lound

tor these pesticides in any pond ol the beal,
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Table 5.10 shows the impacts of pesiicides on rat at different upazillas, From the able
it can be seen that the impacls of pesticides on rat were relatively lower that those on
other indicator speeies. For ral, the maximum impacts werc found Very High only in

one pond (NW)) and m other ponds the impacts varies from Very Low to Medium,

Most of the lands of (he Arial Beel remain as fallow land in Aman season and rice was
found 10 be cultivated only in the higher lands. 8o pesticides were found to be used
only in two ponds (DO and NWg4), out of Nfteen, in Aman season. As the present study
calculated the total load of pesticides from the summation of the amount of peslicides
applied in the ficlds of a catchment, comparatively lower load of pesticides were found
in Anan scason. From the tables 5.7-5.10, it can be found that the impacts ol all
pesticides in Aman scason were comparatively lower (han those in Boro sessom,
Medium impacts were found for Furdan, Sevin and Malathion on catfish in hoth ponds.
For Ripeord Low impacls on catfish werc found for both ponds and for Basudin
Medium inipacts on catfish were [ound in DO, and Very High impacts in NWy. The
impacts on another indicator species were found to be variable and in mosi cases those

were Medium o Low.



Tabie 5.7: Qualitative impacts of pesticides on catfish at diffcrent upazillas

Pond No. Basudin Furadan Sumithion Ripcord Sevin Malathion
Bore | Aman | Bero | Aman | Boro | Aman | Boro | Aman | Boro | Aman Boro | Aman

DO, EH - H - M - M - L. - L -
DO, VH - H - M - M - L - L -

DOs EH M H M L L M L L. M M M
NW, LH - VII - - H - H - M -
NW; VH - VH - VL - VH - M - H -
N, VI - H - L - I1 - M - VH -

NWy EH VEI H M VL H M L M M H M
SR, EH - VYH - M - M - M - M -
SR VH - H - H - H - H - H -
3R; VI - EH - M - M - M - M -
SRy EIT - H - L - L - L - L -
SI EH - VH - M - M - M - ! -
Sl VH - I - H - H - H - H -
S, VH - EH - M - M - - %l -
Sy FEH - H - L - L - L - L -

o7



Table 3.8: Qualitative impacts of pesticides on daphnia at different upazillas

Pond No. Basudin Furadan Sumithion Ripcord Sevin Malathion
Boro | Aman | Boro | Aman | Bore | Aman | Boro | Aman | Boro | Aman | Boro Aman
Dy LH - H - M - M - M - L -
DO, EH - I - 1% - H - FI - L -
DO, CH M H M L L VH L H M M M
NW, EH - ETI - H - I1 - EH - M -
NW, EH - VI - FH - VH - % | - H -
NW, EIl - H - %1 - H - I - VH -
NW, VH VI H M H VH Ry L M H I L
SR EH - LH - H - H - ELI - M -
SR, LH - VH - EH - VII - M - I1 -
SR EL - H - M - H - H - VH -
SE4 VII - H - H - M - M - H -
51 EH - LEH - H - H - EI1 - M -
Sl EH - VII - EH - VI - M - H -
Sy LH - H - M - H - H - VII -
Sly VH - H - I - M - M - H -




Table 5.9: Qualitative impacts of pesticides on ulgae at differcnt upaxillas

Pond No. Basudin Furadan Sumithion Ripecord Sevin Malathion
Boro | Aman | Boro | Aman | Boro | Aman | Boro | Aman | Boro Aman | Boro | Aman

D0, EH - I - M - M - hYl - L -
DO, H - H - L - H - VH - M -

DO, H M 11 %1 M L M L M M M M
NW, VH - VH - ™M - H - H - M -
NW; H - VH - VL - VH - M - H -
NW,; VH - H - L - M - M - VII -

NW,y H VH I M I VH M M VI H H M
SR, VH - H - M - H - M - %8 -
SR, YH - Vi - L. - M - VL - L -
SR H - VH - VL - L - % - -
SRy H - H - L - M - L - VL -
Sk VH - H - M - H - o - VL -
Sia VH - VH - L . M - VL - -
Sla 11 - V11 - V1. - L - M - -
NI H - H - L - M - I - VL -

69



Tabhle 5.10: Qualitative tmpacts of pesticides on rat at different upazilias

70

Pend No, Basudin Furadan Sumithion Ripcord Sevin Malathion
Boro | Aman | Boro | Aman | Boro | Aman Boro | Aman | Boro | Aman | Boro | Aman
DOy, I - H - H - M - L - L -
DO, H - M - H - M - L - L -
DOs 31 L H M M L M L L M AL | M
NW, VH - H - M - H - H - M -
NW, H - VH - L - H - M - H -
NW; H - [ - L - I - M - VH -
NW, II H H M VL VH M L M M H M
SR H - M - L - L. - VL - L -
SRa I - H - VL - VL - M - VL -
SR, M - I - VI, - M - M - M -
SRy M - M - - M - L - M -
ST, H - M - - L - VL - L -
Sl I - H - VL - VI. - M - VL -
RIE M - I - VL - M - M - 1% -
Sy M - ™ - L - M - L - M -
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5.8.2 Quantitative assessment

To obtain a cumulative impact of pesticides on the totai ecological resources of the
Arial Beel, it is necessary to get the impact of a pesticide on o pond in numerical scale
s0 that the impacts from difYereni ponds can be averaged to get an average impacl or
added to gel a cumulative impact. So the qualitative impact values were converted into
quantitative numerical values. The processes of quantification of impacts were
described in Chapter IV, Tables 5.11-5.14 show the quantitative impacts of Basudin,
Furadan, Sumithion, Ripcord. Sevin and Malalhion on calfish, duphnia, algae and rat as
well as average values of such impacts in each upazilla. From the tables it can be found
that the impact of Basudin varies from 5.80 (NWg) to 4.20 (NW4) at Doro season and
4.60 (NW4) to 2.60 (D(43) in Aman season. The | mpact of Furadan on caifish at Boro
season varies from 4.80 (NW)) to 3.20(D04) and from 3.8(NW) to 2.8 (DO4) at Aman
season. The wmpacts of Sumithion, Ripcord, Sevin and Malathion on catfish were
comparalively lower than those of Basudin and Furadan both at Boro and Aman
seasons, The impact of Dasudin on daphnia were the maxinmum (5.90) among all ponds

as well as all indicator species.

The average quantitative impacts of Basidin on catfish tor ponds of Dohar upaziila are
the maximum (5.26) which is followed by Nawabponj upazilla (5.05). The impact is
muntnum at Sreenagar and Sirajdikhan upazillas (4.92). The tables also show that fur
daphnia the average gquantitative impact is the maximum (5.60) for all ponds of
Nawabgonj, Sreenagar and Sirjadikhan upazillas. It can also be seen from the tables
that the average impacts of Basudin for all pends of Dohar wpazilla on catfish, daphnia,
algae and rat were 526, 5.46, 426 and 3.60 respeetively in Boro season, in Aman
scason the average impacts were 0.86, 0.93, 0.93 and 0.40 respectively, On the other
hand, the average impacts of Furadan for the same ponds on ihe same indicator species
were found to he 3.46, 3.60, 3.73, and 3.33 for Roro seuson and (.93, 0.80, 0.93 and
(193 for Aman season respectively. The minimum average impact (1.40% was found for
Sevin in all ponds of Dohar Upazilla and the maximum (3.40) was found for Basudin in
the same upazilla, Like gualitative impacts, the quantitative impacts in Boro season
were comparatively higher than those of Aman scason because in Aman season
pesticides were found to be used in a few ficlds of the catchments of the only two

ponds (DO and N'W,),
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Table 5.12:

Quantitative impacts of pesticide on daphnia at dilferent upazillas

Pond Ne, Basudin Furadan sumithion Ripcord Sevin Malathion
Boro | Aman | Boro | Aman | Boro | Aman | Boro | Aman | Boro | Aman | Bore | Aman
0y 540 3.60 - 2.60 - 2.80 - 240 1.60 -
DOy 3.20 340 - 2,80 - 3.60 - 360 1.80 -
0Oy 5.30 280 3 Al 2.4 1.60 1.20 4.20 1.8 340 240 244 2.40
Average 5.46 0.93 .60 .8} 233 0.40 353 0.6 L .80 1.93 0.80
MW 380 380 3.80 - 3.60 - 580 2.80
NW, 5.80 4.44) 540 - 4,80 - 230 - 300
NW; 6 00 3.80 240 - 350 330 450
NW, 4.80 3.80 3.60 280 340 4,60 2,70 1.9 2.60 340 3.40 130
Average | 5.60 .95 4.40 0.7} 175 1.15 3465 0.47 3.50 .85 345 0.37
SR, 3.80 5.40 3.30 - 3.20 510 - 280
Sk 380 4.90 5.10 - 4,10 2.90 - 100 -
SR 390 370 230 - 310 3.0 - 4.00 -
HRy 4 a0 380 3.00 - 250 2.90 - 3.10 -
Average | S.60 - 4.47 357 - 332 - 3.50 - 3.25 -
a1 380 5.40 3.30 - 320 510 - 250 -
51, 580 4.90 310 - 4.10 290 - 3.00 -
51, 390 3.70 2.90 - 310 3.0 - 4.00 -
5l 4.90 - 390 3.00 - 2.90 2480 - 310 -
Average | 560 - 4.47 357 - 3.3z - 350 - 3.25 -
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Tabic 5.13: Quuntitative impacts of pesticides an algae at different upazillas

FPond Ho. Basudin Furadan Sumithion Ripcord Sewin Malathign
Bore | Aman Bora Aman | Boro | Aman | Boro | Aman | Boro | Aman | Boro | Aman
(B 340 - 3.60 - 2.50 280 - 2.60 - t.20 -
3, 3.60 - 3.80 - 1.60 - 3.40 - 4.60 - 2.40 -
DOy 3RO 2,80 3.80 2.80 220 1.80 2.40 2.20 240 2.60 2.60 1.50
Average 4.24 .93 3.73 .93 2.20 0.60 2.86 0.73 .20 0.86 1.26 060
MW, 4.30 - 4,30 - 2.80 3.60 - 360 - 2.60 -
W, 380 - 470 - .70 450} - 2.80 - 3.30 -
MW 4,50 - 3.60 - 110 - 2.80 - 260 - 540 -
N, 3.60 4,90 3.50 330 1.20 4,50 2.0 2.00 540 i 3.20 2RO
Average 4.05 1,25 4.[5 0.52 1.45 1,12 3.27 0465 .60 0.92 375 .70
SR, 4.10 - 390 - 280 - 3.0 - 2.20 - .80 -
SR, 4 06 - 4.00 - 1.%0 2.90 - 90 - 1.20 -
SR; 3.80 - 4,20 - 0.90 1.90 - 200 - 1.00
SRy 3.90 370 1.10 - 2,00 - 1.20 - .70 -
Average 3.97 - 195 - 1.67 - 2.47 - 1.57 - 0.92 -
a1 4.10 - 3.90 2.80 310 - 2.20 - .80 -
Sl; 4.00 - 400 - 1.90 290 - (R21)] - 1,20 -
Sl 3.20 - 4.20 - (.50 .50 - 2.00 - 1.00) -
51, 380 370 - 110 - 2.00 - 1,20 0.7 -
Average 397 - 3.95 1.67 - 2.47 - 1.57 - 092 -
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3.8.3 Average impacts of dilferent pesticides

In this study. impacts of six pesticides on fifleen selecied small ponds were evaluated.
To get a picture of the impacts of these pesticides on total beel ecolopy, simple
mathematical averaging was done. Table 5.15 shows the average impacts of Basudin,
Furadan, Sumiitbion, Ripeord, Sevin and Malathion on catiisl, daphnia, algae and rat.
From the table il can be found that the average impaet values of Basudin on catfish
were 3.03 for Boro season and 0.50 for Aman season. For daphnia, the average impacts
of Basudin were 5.56 and 0.47 for Boro und Aman season respectively, As in Aman
scason pesticides were applied enly in one or two fields of the catchment, the average
impact was found to be very negligible. The maximum average lmpact (3.56) was
found for Basudin on daphnia in Boro season and the minimum {1.53) was found lor

Sumithion an rat in the same season.

The comparative pictore of average impacts of Basudin, Furadan, Sumithion, Ripcord.
Sevin und Malathion is shown in Figure 5.1. From the figure it can be clearly scen {hat
Basudin has the highest impacts on catfish, daphnia, algac and rai which is followed by

Furdan. On the other hand, Sumithion has the least impacts on al} the indicator species,



Table 5.15: Average and cumulative impacts of pesticide on indicator species

Pesticide Name Catfish Daphnia Algae Rat Average Ecological limpacts

Boro | Aman | Boro | Aman | Boro | Aman | Boro | Aman Boro Auman

Basudin 5.03 0.50 | 556 047 | 4.06 .54 3.36 0.30 4.50 0.45

Furadan 3.91 0.47 | 4.23 037 | 394 0.43 316 | 039 3.81 0.41
Sumithion 2.16 0.41 3.30 (.38 1.74 0.43 L.55 (.37 218 0.39

Ripeord 299 | 025 3.45 0.26 2.76 0.34 2.08 0.28 2.82 0.28

Sevin 236 0.37 | 340 0.41 248 0.44 1.89 0.33 2.53 (.38

Malathion 2.51 0.32 | 2.97 0.29 1.96 0.32 2.03 0.41 2.36 0.33

Average Impacts of Pesticide | 3.16 {+.38 3.81 0.36 2.82 0.41 2.34 0.34 - -

Cumulative Tmpacts 3.03 0.73

L
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Figure 5.1: Comparative impact of pesticides on indicator species

5.8.4 Seasonal variation of pesticide impacis

The present study also assessed the impacts of pesticides in both Boro and Aman
segsons. The seasonal variation of impact of pesticides on ecological resources of the
Arial Beel are shown by bar diagram in Figwres 3.2, 5.3, 5.4, 5.5, 5.6 and 5.7 for
Basndin, Furadan, Ripcord, Sumithion, Ripcord, Sevin and Melthion, respectively, on
catfish, daphnia, zlgae and rat. From the figures it can be clearly seen Lhat the impact of
Basndin on almost all indicator species is several limes higher in Boro season than that
in Aman season. The similar differences in impacts can also be found for Furdan,
Sumithion, Ripcord, Sevin and Malathion.

It was found ihat most of the beel area is low iand where Hooding depth is aboul 1,53-
3.05 m (Table 3.2) and ihe deeper porlion of the beel remains fallow during the Aman
season (Table-3.9). So the impacis of pesticides on ecological resources in the Aman
season were found to be almost negligible. Although transplanted Aman is cultivated in
the upper parts of the beel and pesticides are used, the impact is not much. However
pesticide use in the Boro season was found to have an adverse impact on the beel

SCosystem.
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5.8.5 Rankinp of pesticides based on thelr impacts

Ranking of pesticides is an importanmt insk for ecological manngement of wetland
ecogysiem. Based on such manking. the use of more harmful pesticides can be
discournged ar banned. The ronking of pesticides used by the farmers in the Arial Beel
was done on the basis of their impacts. This ranking procedure is known as
hazardousness mnking (Kookama e al., 1998). Renking was done from the
mathematical average impacts of pesticides in Boro and Aman Scasons.

The ranking of pesticides based on their impacts is shown in Figure 5.8 by bar diagram.
From the figure it can be seen thot Basidin hes the highest rank based on ils impacts on
ecological indicator species. Furadan arnins the second positton and Ripoord, the third.
From the figure, it can also be foand that the rank of Sevin, Maolathion and Sumithion
are very ¢lose to each other and Sumithion is in the last position. The figure also shows
that the impact of Basudin can be marked as “Very High’ and Furedan as *High'. On
the oiher hand, the impacts of Ripcord, Sevin, Malathion and Sumithion can be marked
s ‘Medium’ though there are some differences among the values of their impacts,
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3.8.6 Cumulative impacts of pesticides and field observations

The assessment of impact of pesticides on ecological resources reported earlier was
dane by considering the use of the same pesticide for whole catachment of a particular
pond. Dut in reality the same pesticide is certainly not used in the whole catchment,
rather a variety of pesticides arc used. S0 the cumulative impact was evaluated
considering the actual use ol six pesticides in the carchunents of all fificen ponds. In that
case, {or Boro season the impact score was found to be 3.03 (Table 5.15) which can be
marked as ‘Iligh’ according hazardousness marking of PIRL. The value 3.03 means
that approximately 30% of the wndicalor species will die if rainfall occurs within 13.5
days (average half hife of all six pesticides used in the Arial Beel) from the date of

application ol pesticides in the fields.

Boro scason starts in the Arial Beel dunng 5-15 February and in most cases pest attack
accurs in vegetative stape of the nee plant which is approximately from 20 March- 7
April. Most of the farmers ol the Anal Beel use pesticides during that time. Rainlal]
events of the Anal Beel area during (he time of application of pesticides (20 March - 7
April) were observed in 2008 and 2009, The rainfall events which can ercate run-off to
the ponds were only considered. Table 5.16 shows the number of rainfalls that occurrcd

during 20 March to 7 April in 2008 and 2009

Table 5.16: Number of rainfall events occurred during 20 March to 07 April 2008

and 2009
Year | Number of Date of Occurrence Amount of Rainfall
Rsainfalls
2008 pi 30 March & 4 Apnl 112 mr and 87 mm
2009 3 26 March, 30 March & 2 65 mm, 78 mm and 95 mm
Aprl

Fish mortatity was found to cceur afier all of the ahove mentioned rainfall cvents but
the most dangerous thing happened was in 2008 at a number cof ponds in Sreenagar
upazilla. On 29 March 2008, three fammers of the Anal Beel area used pesticides in

their ficlds and on 30 March 2008 heavy rainfall oceurred in the area which caused a

44
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huge run-olf 10 & number of ponds and severe lish monality (Photo 5.1) occurred In

some ponds which received mostly Basudin mnolT from their catchments,

Photo 5.1: Fish montality im a pond of the Arial Beel

This was scen during the field visit on 30 March 2008. Almost 1% species of the
affected ponds had died. Table 5.15 shows that the average score of impacts of Basudin
on lolal ecology is 4.50 which means that 75% of 1he total species will die if minimum
number of days betwecn the application of pesticide and the first minfall is 7 days
(average). Though we find a 75% decrease in ihe tolal ecological resources of a pond if
it receives munoff contaminaled with Basudin, the actual elfect may be more dangerous
if rainfall oceurs earlier. However, this event was a parficular case and cannot be
considered as & regular evem. On the basis of ihis phenomenon, a survey was
conducted on 31 March 2009 to find out the changes in fish availabililies over 2008.
Fish catches of some freshwater wetland fishes such as catfish, walking fish, scorpion
figh, etc. with standard fishing gear such as cast net was observed. The observation was
done in 20 points of the beel and the numbers of catcher were assumed same m 2008
and 2009. Table 5.17 shows the result of the survey. From Lhe table it can be seen that
the availabilities of almost &ll fishes had decreased in 2009 compared to 2008 and the

highesl decrease was for the scorpion fish.



85

Table 5.17: Change of availabilitics of common fish species from 2008 to 2009

Name of the Figh MNumber of Fishes/Catch Change in Availability
2008 2009 ()
Climbing fish 5 4 20
Walking fish 3 2 33.33
Cat fish 6 4 33.33
Sheat lish 2 1 50
Scorpion Fish 3 0 100
Averace Change in Iish Availability 47.37

Tahle 5.15 shows that the cumulative impact score of the pesticides used by the farmers
n the Arial Beel is 3.03 which mean approximately 50% of the tarpet specicies will die
il the fime mierval between the application of pesticides and the first rainfall is 13.5
days (average hall life of six pesticides) and Table 5.17 shows that, availabilitics of
commion fish specices in the beel area had decreased by 47.37% which verify the PIR]
result. However, 1" only Surmithion was used in the whole catchment the fish mortality
would have been approximalely 36% with other parameters remain the same. So it can
be said that alt chernical pesticides have adverse impact on freshwater ecology though

sommne can be less harardouos (han olhers.

5.9 Identilication of Convenient Pest Management Opfions

591 Introduction

To minimize the impacts of pesticides on ccological resources, it is necessary o
identily the most convenient pest management options for the Aral Becl. This work
was donc by following a three step methodology. Tn the [irst step, literature review was
done to find out some sustainable pest managemeni options. The sceond step was to
asscss the acceplance of such pest management options to the farmers and the third step

was to identify the ways (o implement the most acceptable option.
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5.9.2 Sustainable pest management options

A number of literatures were revicwed to find the way for minimization of impacts of
pesticides in the Arial Becl. Feder et al, (2004), Fakih et al. (2003). Altieri et al. {1999,
and I"arah (1994} sugpested a number of eco friendly pest management options as well
as approaches which were adapted and practiced in many countries ol the world

including Bangladesh. Some of the most important of them are:

(a) Adaptation of integrated pest management (IPM) technique

Therg arg many definitions of IPM. The FAQ definition of IPM is "A pest management
system that, in the contest of the associated environment and the population dynamigs
of the pest species, wlilizes all suitable techniques and methods in as compatible a
manner a5 possible and maintaing the pest populations at levels below those causing
gconomiic ijury”. In the context of Bangladesh, the term IPM includes elements
contributing to an effective, safe, sustainable and econamically sound crop protection
gystem. Major components of 1PM are the use of bio pesticides, optimization of active
ingredient in pesticides, adjustment of the application of pesticides with the rainfall ete.
The use one or more oplions of the above mentioned techniques could minimize the
adverse impact ol pesticides on environment. ‘The benefits of IPM over chemical

conirol of pests are:

o Increases self-relivnce of farmens by promoting locally developed and adapted
Crop management practices;

s [educes the risks to farmers, general public and the environment: Lhese include
the risks of crop loss and all risks related to the use of pesticides;

s [rings enormous savings by reducing the use of farm chemicals;

« Reduces use of pesticides at the national level;

= Improves the field conditions for benelicial insects and gencrates cxXtra income
as well as nutritious food for the farmers; and

+ Promotes community activities and the formahon of larmer groups (e.p. 1IPM

clubs) and facilitates empowerment of both female and male fanners,
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(b} Development of bio/herbal pesticides

Biopesticides arc certain types of pesticides derived from such natural materials as

animals, plants, bacterta, and ccrtain minerals. For example, canola oil and haking soda

ave pesticidal applications and arc considered biopesticides. At the end of 2005, there

were approximately 193 registered biopesticide active ingredients and 780 produets,

Biopesticides fall into three mujor classes (Feder et al. (2004)

1.

Microblal pesticides consist of a microorganism {e.y., 2 bacterium, fungus, virus
or protozoan) as Ihe active ingredient. Microbial pesticides can control many
different kinds of pests, although each scparate active ingredient is relatively
specific for ils target pests. For example, there are some fungi that control
certain weeds, and some ther fungt that kill specilic insects. The most widely
uscd microbial pesticides are subspecics and strains of Bacillus Thuringicnsis,
or BT. Each strain of this bacterium produces a different mix of proteins, and
specilically kills one or a few rclated species of inscet larvae, While some BTs
control moth [arvae found on plants, other BTs are specific for larvae of {lies
and mosquitoes. The target insect species are defermined by whether the
particular BT produces a protein that can bind to a larval gut reccptor, thereby
causing the insect larvac to starve.

Plant-Incorporated-Protectants (PIPs) are pesticidal substances that plants
produce from genelic matcrial that has been added 10 the plant. For example,
scientists can take the gene for the BT pesticidal protein, and intreduce the gene
inlo the plant's own genetic material. Then the plant, instead of the DT
bacterium, manufactures the substance that destroys the pest. The protein and its

genehe material, but not the plant itself, are repulated by EPA.

Biochemical pesticides are naturally occurring substances that control pests by
non-toxic mechanisins, Conventional pesticides, by contrast, are gencrally
synthetic maferials that dircctly kill or inactivatc ihe pest. Biochernical
pesticides include substances. such as inseci sex pheromones, (hat interfere with

niating, a5 well as various scented plant extracts like Neem extractior.
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Benefits of biopesticides over chemical pesticides are:

¢ Biopesticides are usually inherently less toxic than conventional pesticides.

+ Biopesticides penerally affect only the taroet pest and closely related orpanisma,
in contrast 1o conventional pesticides that may affect a broad spectrum of
organisms as different as birds, insecis, and mammals.

¢ Biopesticides ofien arc cifective in very small quantitics and often decompose
quickly, ihereby resulling in lower exposures and largely avoiding the pollution
problems caused by convenitonal pesticides.

¢ When used as a component of Inlegraled Pest Management (IPM) programs,
biopesticides can greatly decrease the use of convenhonal pesticides, while crop
yields remiain high.

» To use biopesticides cffeetively. however, nscrs need to know a great deal about

managing pests.

{¢) Optimization of active ingredients in formulated pesticides

The funclional chemical compound present in a pesticide is known as the active
mgredient of that pesticide and the rest is knewn as the inert ingredient. Lack of
apprapriasle  guidelines and momtoring practices in Dangladesh, the so called
formulation industry does not consider environmental safe factor during fermulation of
pesticides. In most cases, it was found that the fractions of active ingredients are several
times higher than those of developed countries (Kanim, 1998). This may causc the
economical #s well as environmental loss. So optimization of active ingredicnt in
formulated pesticides can maximize the economic benefit including the conservation of

ecolozical resources,

(1} Adjustment of timing of pesticide application with rainfall events

Rainfal! induced runoff is an important process for migration of pesticides from ficlds
to watcr bodies. Prediction of rainfall occurrence during a crop season can be done by
the analysis of meteorolopical data of the concerned area. From the field survey in the
study area it was found thal il the Boro season of the Arial Beel area can be staried 10

days earlier, substanuial prolection of ceological resources can be ensured. So altemnpls
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can be made to mativate the farmers to use pesticides in a safe time, This adjusiment of

timing can also play a vital role in the maximization of economic benefit,
(e) Regulatory approach to prevent the use of proseribed pesticides

Farmers of the study area were found to be ceriainly aware aboul the offsite miptation
of pesticides. They usually use those types of peslicides which arc economically cheap
and can be collected easily. However, it was found ihat most of the pesticides which are
cheaper in price have alrcady been banned by govermment. There is no regulatory
action regarding the usc of these banned pesticides impacts of these pesticides arc more
severe, So legal actions against import, formulation, distribution, sell and use of
proscribe pesticides can play a vilal role in minimizing the adverse impacts of

pesticides.
5.9.3 Existing pest management practices

Fight nos. FGDs were conducted during March-April 2008 to find out the existing pest
management practices in the Arial Beel. The results of FGDs are given in Fipure 5.9. It
can bc seen from the figure that the greatest portion of the farmers (86%) were
habijtuated with the use of chemical pesticides for rice pest management and only 8% of
the total farmers used IPM in this regard. Only 3% of the farmers of the Arial Beel ysc
biopesticides like Neem extract for -::nanllling rice pests and the rest 3% farmers used

some others miscellancous pest management techniques,
3.9.4 Farmers’ awareness about sustainable pest management options

Another attempt was taken to know the farmers’ perceptions regarding sustainable pest
management aptions, In this case, those oplions that were found from literature revicws
{section 3.10.2) as sustainablc pest management opticns were discussed with the
farmers and they were asked to informt whether they were conversant with those
options or not? The discussion was held with 85 farmers. It was found that only 40-
45% farmers were conversant with one or more options of the suswinable pest

management and most of the farmers have no 1dea about such options (Figure 5.10).



Figure 5.9: Existing peat management praclices in the Arial Ree!
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3.9.5 Level of acceptance of sustainable pest management techniques by farmers®

Assessmenl of the farmers” level acceptance of dilferent susiainable pest management
options was done by FGDs. About seven nos, FGDs were conductled for this purpose.
Almost all farmers who participated in the discussions believed that the use of chemical
pesticides was the main reason for a decrease of fishes in the beel area. Moreover,
though the farmers were not well conversant with (he sustainahle pest management,
they were some how iniplementing 1PM to manage pests up to a cerfain level. In some
fickds, bamboo sticks which were found to be used to support ihe birds to consnme

harmiul pests (Photo 5.2).

When the larmers were asked about sulluble pest manapement technigues, 36 % of the
farmers (Figure 5.11) respond that the use of natural/indigenons techniques like [PM is
the most suitable way of pest management. Some farmers also quoted their childhood
cxpericnces as examples and informed (hat there were no pesticides in that time but
they centrolled pests at that time by using some products like Neem cxtraction, 15% of
the furmers respond that optimization of active ingredient in formulated pesticides can
minimize the adverse impact and 10% of the farmers respond that bio/herbal pesticides
can be used ag 4 suslainable pest management technique. Only 12% of the {farmers
apreed and believed that the adjustment of the time of application of the pesticides with
rainfall evemls can minimize the adverse impacts while others thought that this
technique can be adapled as pesticides are used immediately when its application is
neoessary to stop the pest attack and it may nol be possible to wait further. However a
larpe portion of famers (27%) of the farmers believes that the regulatory approach can
play a vital role in mumimizing the adverse impacts. On based on farmers’ view, it can
be concluded that IPM is one of ihe most suitable pest management aplions which can

be adapted to minimize the offsite impacts.



Photo 3.2: Photo showing the ase of an indigenous technigque (bamboo stick) for
pest control
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Figure 5.11: Farmers’ opinion regarding svitabllity of sustsinable pest

management options

5.9.6 Development of 1PM Gulidelines

A guideline for implementation of IPM in the Arial Beel is developed from the review
of Stem et al. (1959), Manhews (2000), Naranjo (2001). Berg (2004), Mansfield el al.
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(2006), Kou! et al. (2008) and Romeis ot al. (2008). The guideline has three major
sieps- avoidance, surveillance and control. Figure 5.12 shows the three steps in o

pyramid form. The description of cach step is given bellow:

1.

Avoldance of poats: The avoidonce of pest can be done by the proper
management of landscape, cultural comrol of pests, conservation of natural
enemics of pests, development of rexistance of host plants and bio-control of
pests,

Development of surveillance: The development of surveillance for sustninable
pest management can be done by monitoring the pest os well as the crops
Proper monitoring of pests end crops is an important pre-requisite for ection
threshold.

Control of pests: Il management of pests cannot be done by adapling the nbove
mentioned two {echniques, ections can be token to control pests. The control
measures in [PM includes development of genetically modified pesi resistant
plent specics, development of less harm{ul chemical pesticides by considering
the mode of ection of pesticides. control of active ingredient in pesticides during
the time of formulation and control of migration of pesticides from fields to

water bodies by optimizing the time and roie of application.

Figure 5.12: Steps of Integrated Peat Manapement (1PM)
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Meetings werc held with the clite persons of union level like UP chairman and
members, and political leaders of different parties for identifying the suitable ways for
implementation of IPM techniques in the beel area for pest management in rice fields.

From those mectings following options came out:

1. Upazilla agricullure office can take necessary steps to train the farmers on IPM
and can form a cell 1o moenitor its implernentation by the farmers.

2. Non government organizations can play a vital role in this sector. They can lake
projects to create awareness on adverse impacts of pesticides on enviranment
and farmers health.

3. Government can take initiative to award the lor most suecessful IPM users Lo

inspire the farmers on IPM practices.

5.10 Discassions

The Arial Beel is onc of the major wellunds of Dhaka and Munshingon] disiricts. There
1s a4 great social, cconomical and ecological value of the becl. It provides a huge support
to the livelihoods of local poor community. Fish is one of the most imporiant resources
ol the beel. The poorest communiry of the beel area is the Asherman community who
direclly depends on the availabilities of fish in the beel. But the extensive use of
pesticides in nice tields has caused a degradation of narural resources ineluding the
fishes. As a consequence of tbe resources degradalion, beel dependent fishermen had
lost their prefession which lead them to get involved in illegal works like catching of

[ish from govermment leased larpe ponds.

Lhis shudy was conducied to assess the impacts of pesticides use in rice ficld on the
ccological resources of the Anal Beel. The assessnient was conducted by selecting four
ecolopical indicators such as catlish, daphnia, algae and rat. One species of cach of the
four trophic levels was laken in such assessment. As the productivity of any ccosvstem
depends on the food chain of that system, the assessinent was done by considering the
above mentioned four indicator species. The availabilitics of the fish in the Arnal Beel
will be affected if ecological functions of any of the four indicator species are allected.
T'or cxample, some pesticides were not affect the fish directly, but they affect the fish

indircctly by alfecting the growth of algag. In this casc, the food chain of fsh is
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affecled as the availabilities of foods for small iishes are decreased and ultimately fish
production of the becl is decreased. However in the present study it is found that almost
all pestictdes have medium to high impact in the Boro scason on almost al] indicator

species. In this case, the fish production of the beel is greatly affected,

I'ish availabilitics in a wetland system depend on so many factors that sre interlinked
with each other. For this reason the total production of a wetland system 1s affected if
any one of the Tuctors affects the growth. In the present study, the impact of pesticides
on fish were assessed by PIRI and the result was tested and verified by (he ficld data of
change of fish availabilities of some common freshwater fishes like scorpion fish, sheet
fish, walking fish, climbing fish, ete. Here, it was considered that ihe number of caicher
was (he same in boih years of 2008 and 2009, From the discussion with the farmers it
was found that 1 actual cases, the number of professional fisherman is decreasing day
by day becausc it is not possible io tead lifc by fishing these davs. For a fisherman it
has now bocome a hard task 10 manage a family only by fishing, so most of the
[ishermen of the beel area have already piven up the fishing. But population in the bee
area is inereasing day by day. By considering these factors, the number of catcher can
be aken as the same. Considering the number of catchers the same in Lhe consceutive
years, the study revealed that a great change (47.37% decrcases) of (ish availabililies
had occurred. Though it cannot be said that total decrease of the fish availabilities was
wecurred only for pesticides, it can be easily said that unwise use ol pesticides is onc of

the most impartant factors in ihis reduction.

HYV rice cultivated in the Boro season usually requires a huge agricultural input like
fertilizers and pesticides. In this study. medium to high impacts on indicator specics
were found fer almost all such pesticides, On the other hand, in the Aman BELS0IL,
traditional varicties were found to be cultivated which were almost nature dependent
and farmers were found to have used less agricultural inputs. Moreover in the Aman
season, huge rainlall generate surface overfiow on land and lor this reason farmers do
not like to use pesticides. In the Aman season there exists no boundary of any ficld, all
remain under water. The local varieties arc most pest resistance than the IIYV rice and
hence comparatively low amounl of pesticides is needed. Pesticides were found to be

used only in some fields, which were located in a relatively higher topography. As the
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amouni of pesticides applicd in the Aman season is neglipible in comparison with the

Boro season, Ihe impact was found to be very low.

Farmers usually try to grow more food W ensure their food sceurity. In this case, they
always try to usc agricultural inpui hke pesticides and fertilizer as much as possible and
do net consider the effeet of this use on environment, Jowever, the farnmers are willing
to accept those technigues which will reduce their producton cosl as well as ensure
betler yield. By taking appropriate initiative to make the (anmers understand about the
cconomic benefits of using Integrated Pest Management (IPMN), the [armers may starl
using IPM techniques. Chemical pesticides never bring good to farmers. It decreascs
the pest resistancy of the crops but increases the resistancy ol pest. Il was found in the
steady that it became hard to contral the old pests by using pesticides. Use of pesticides
is also not economical. It increases the production cost of the famers because for the
use of pesticides. the productivity of field decreases gradually and more ferlilizers are
needed to pet expected production. The use of pesticides hampers the activities of sl

microbes, so decomposition of organic matker cannol be done smoaothly n the field.

There is a number of traditional pest management systems which were Tound o used in
the Arial Beel arca. Somce farmers were found to use neem plant extraction for pest
management in the vepetative stage of rice. They prepare the neem extraction by
hoiling the old tcaves with water and then by filtering the solution. Some farmers were
also found to use sume bamboo sticks n their ficlds to support the birds to sit in the
fields. These birds consume the larvae of pests and control the pests. Some farmers
were found to collect the pest larvae by net to damage these. It appears thal, the
componenis of IPM are not new concepts to the beel people rather they do net know the
name otly. Some important components of TPM which were described in this study are:
development of bio or harval pesticides, adjustment of timing of application of
pesticides with rainfall, conirol of active ingredient in fonmulated pesticides, ete, The
total sequences of 1IPM implementation were described as a three siep IPM guideline. A
stepwise implementation of such guideline could be very uselul lour sustainable pest

management in the beel arca.
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Chapter V1
CONCLUSIONS AND RECOMMENDATIONS

6.1 Conclusions

Based on the findings of the present study, the following conclusions are drawn:

The farmers of the Arial bezl used a number of pesticides for management of
riec pests. Maost of the farmers (44%) used Basudin {a carbamate pesticide) and
a significant fraction of farmers (15%) used lFuradan (an organophosphate
pesticide). Other pesticides, which were {requenily used by the farmers, are
Ripeord, Sevin, Malathion and Sumithicn.

Almost all of the pesticides used by the farmers during the Boro scason have
very high to medium impacts on the indicator species such as catfish, daphnia,
alpac and rat. However, two widely used pesticides (Basudin and Furandan)
have very high and high impacts, respectively, on the ecological indicators.
Qualitative assessment revealed that Basudin has the highesl tmpactls score of
4.5 which means that if the first rainfall cecurs within 7 days of application of
this pesticide, 75% of the indicator species will be affecied.

The cumulative impact score [or all of the pesticides used by the fanmers in the
Arial Beel s found to be 3.03 which indicatc that approximately 50% of 1he
total ecological resources will bhe degraded if time interval between the
application ol pesticides and the [irst rainfall is less than 13.5 days,

A tanking ol pesticides was done on the basis of impacts [ound in the study.
Based on the sevenity of impacts, the pesticides can be ranked as: Basudin>
Furadan=> Ripcord= Sevin™ Malathion >Sumithion.

The impacts of pesticide in Aman scason were comparatively very low and at
was found 1hat in Aman season pesticides were used only in the catchments ol
those ponds which were located in relatively higher topography.

As much as 36% of the total farmers tunk that Intcprated Pest Management

{TPM} technique is the most suitable pest management technique.
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» It Boro season of the Arial Beel area can be started 10 days earlier, subsiantial
rratechion ef ecelogical rescurecs can be ensured by miinimiizing rainfall
induced mrgration of pesticides from ricc ficlds to ponds.

¢ Farmers’ suggestions regarding the implementation of 1PM lechmgues in ihe
beel area are to organize training for farmers on 1PM.

* Governinent and non-povernment organizations can take projects in the heel
area to create awarcness on harmful impacts of pesticides on cnvironment and

to train the farmers about various technical sides of TPM.
6.2 Recommendations

From the findings of the present study following recommendations can be proposcd:

¢ (Government shonld take necessary measures to ban the ecologically hazardous
pesticides as well as legal action should be taken to control the import, supply
and use of unauthorized pesticides 1o the country.

s« For popularizing IPM techniques at farmers’ level, govermnent and non-
governmenl organization should take initiatives.

o« Local agriculiural oflice should help the farmers to find the right time for
pesticide application o minimize the ofT sitc impacts.

o Before importing of a pesticide in the couniry, government authority should
assess (he possible impacts of that pesticide on ecology and lirmers” health,

e In this study impact assessment was based on the use of a hiner model PIR],
developed by CSIRO, Land and Water, Australia. Many data required in ihe
model were available from the secondary sources. No direct measureiments of
pesticide residucs in the pond water were made due o budgetary and laboratory
constraints, It future, further application of the model can be made suing more

primary data,
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