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ABSTRACT

This study aimed to investigate the insecticide residuesin agricultural soil
and water in Pangasinan which isthelargest eggplant producing community
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inthe Philippines. A total of 24 soil and water sampleswith replicatesfrom . samples;
24 farmswere collected. Eleven (45.8%) sampleswere found positive with Environmental assessment of
insecticides;

insecticide residues. Soil samples were collected and delivered to the
laboratory for insecticide residue analysis using gas chromatography. The
positive residues were cypermethrin, chlorpyrifos, profenofos, triazophos,
and mal athionwhich exceeded the maximum alowabl e concentration (MAC)
set by the Environmental Protection Agency (EPA) and the European
Commission (EC). Profenofos at 0.10ppm exceeded the MAC at 0.05ppm.
Average triazophos residue detected in five farmsregistered at 0.02ppmin
threefarms, 0.04 in onefarm, and 0.05ppmin another farm, all exceeding the
Limit of Detection (LOD) of EC at 0.01ppm. Chlorpyrifosand cypermethrin
residues were minimal and within MAC. None of the water samples was
found with insecticide residues. However, the active ingredients of the
latter two insecticides have high bioaccumulation potential. This study
showed soil contamination by insecticide residues. Necessary actions by
thelocal government should be carried out to prevent the hazards posed by

Environmental health.

these insecticide residues in soil.

INTRODUCTION

Dueto theincreasing demand for food duetoin-
creasing population, modern agriculture hasbeen widdy
adopted worldwide. Greenrevolutionin agricultureis
theutilization of fossi| fuelsincultivation, fertilization,
pesticide application, irrigation, and harvesting aswell
asinhauling, cold storage, and processing of farm prod-
ucts. Modern agriculture has successfully increased the
crop yieldsand food supply, however, thishas caused
disadvantageous impactsto the environment such as
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s0il erosion, contamination of surface and ground wa-
tersfrom pesticidesand nitrate-based fertilizers, loss of
diversity, and increased pest res stancg2334:%6:384041.4451

Asaresult of modern agriculture, excessive use of
pesticides has caused contamination in soil, water, and
biota®. According to Pimentel, most of the pesti-
cidesapplied contaminate soil, water, and air, thereby,
posing risksto the non-target organisms. Only very small
amount of pesticideapplied on crops, which Pimentel
estimated at about less than 0.1% reaches the target
organisms. The 99.9% movesthroughout theenviron-


mailto:jinky_lu@yahoo.com

ESAIJ, 9(9) 2014

Jinky Leilanie Lu

ment, compromising theppublic hedlth. Pesticidesmove
through thefood chain affecting the consumer’s health,
most especialy humans. Heal th problems, accounted
by the hazardous effects of pesticidesinclude cases of
breast and prostate cancer and problemson the endo-
crine system239,

Soil hedlthisa so disadvantageously affected by
themisuseof chemicas. Soil hedth, asdefined by Doran
and Zeisd'¥ and Karlen et al .'#" isthe continued soil
capacity to serveasavitd living system duetoitshio-
logicd dementswithinland-use boundaries. Soil deg-
radation happensdueto the useof agrochemicals, thus
affecting soil hedth®™!. Pegticideresiduesleft inthepre-
vious planting season can affect the growing of the next
crops?.

Eggplant, Solanummelongena L. isanimportant
vegetable crop inthe Philippines. In 2007, the Philip-
pineswasone of thetop ten countriesintermsof area,
production, and productivity rlated to eggplant (TABLE
1). Oneof thetop producing provincesof eggplantis
Pangasinan. Of thetotd eggplant production of thecoun-
try in 2009, 30% was accounted coming from
Pangasinan.

In the Philippines, thefield site has been the top
eggplant producing province. In 2009 (latest data),
Pangasinan produced 60,069.65 metric tons of egg-
plants followed by Quezon province with only
26,564.94 metrictons(TABLE 2).

Ontheother hand, eggplant cultivation, likeother
vegetable crops, hasthe potential to degradetheenvi-
ronment dueto themisuse of pesticidesapplied onthese
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crops. Thedestructiveinsect pest of eggplant, namely
theeggplant fruit and shoot borer (EFSB) isaconcern
among farmerswhothenrely extensively on the use of
pesticidesto eliminatethepest!®. InIndia, thefarmers
practiced morefrequent timesof sprayingandindis-
criminately used cocktail sof pesticidesand higher dos-
agesto keep their eggplantsfreefrom damage caused
by EFBS. They sprayed their crops an average of 20-
30timesinasinglecrop season and used 26.7 litres of
pesticides per hectare. They used cocktails of pesti-
cides such as chlorpyrifos, cypermethrin,
monocrotophos, and dimethoate 2.

Dueto massive and widespread use of pesticides,
determination of res duesindl theenvironmenta matri-
ces (i.e., soil, water, and air) has been widely con-
ducted®™. Thisstudy wasdoneto assessthe pesticide
resduesin soil samplesin eggplant farmsin Sta. Maria
Pangasinan. Specificaly, theobjectiveswere: 1.) tolook
into the nature of insecticidesused inthefarm soil; and
3.) toevduatetheinsecticideresiduesfoundinreation
to the maximum allowabl e concentration (MAC) set
by the Environmentd ProtectionAgency (EPA) and the
European Union Commission (EC).

METHODOLOGY

Sudy areaand sampling

Thetarget sitewasPangasinan asit isthelargest
eggplant producing provincein the Philippines. Theunit
of analysisconsgsted of farms. Thisstudy was pursued
asacontinuinginvestigation of thepreviousinsecticide

TABLE 1: Worldwidedistribution of eggplant by area, production, and productivity of eggplant in 2007: Selected top ten

countries
Country Area(ha) Production (tons) Productivity (tons/ha) % World production share
China 1,200,000 18,000,000 15.00 56.2
India 512,800 8,450,200 16.47 26.4
Bangladesh 57,747 339,795 5.80 11
Indonesia 53,000 390,000 7.35 12
Egypt 43,000 1,000,000 23.25 31
Turkey 30,000 791,190 26.37 25
Irag 22,000 380,000 17.27 12
Philippines 21,000 198,000 9.42 0.6
Italy 12,059 271,358 22.50 0.8
Japan 12,000 375,000 31.25 12

Source: Choudhary B and Gaur K. 2009. The Development and Regulation of Bt Brinjal in India (Eggplant/ Aubergine). |SAAA

Brief N0.38. ISAAA: Ithaca, NY
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TABLE 2: Top ten eggplant producing provincesin the Phil-
ippinesin 2009 (latest data)

Province Volume of production (in metric tons)
Pangasinan 60,069.65
Quezon 26,564.94
lloilo 9,782.84
Isabela 9,342.16
Cagayan 7,885.04
Nueva Ecija 6,881.25
Tarlac 6,298.43
North Cotabato 5,399.76
Ilocos Norte 4,969.52
Cebu 4,574.20

Source: Bureau of Agricultural Satistics (BAS) CountryStat.
2009. Other Crops: Volume of Production by Crop, Geolocation
and Year. Available from http://countrystat.bas.gov.ph/
selection.asp. .Accessed on May 13, 2011
residuesineggplantinthesamearea.

Thestudy wasacross sectiona design of randomly
selected farmsin StaMaria, Pangasinan. Based onthe
equation below for samples zeand thenumber of farms
in StaMaria, Pangasinan, 24 farmswere sl ected ran-
domly.
n=NZ2xp (1-p)

Nd?Z2p (1-p)
Z=thevdueof thenormd variablefor ardiability leve;
thiswas set at 90 % reiability inthisstudy considering
budget and feasibility; p=.20 (the proportion of getting
apositive samplebased on previousstudies; 1-p=.80
(the proportion of getting anegative sample based on
previousstudies); d=sampling error, set a.1; N=popu-
lationsize*, 128 based on avail abledatain Pangasinan,
n=samplesize
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Samplecollection

Based onthe samplesize caculation and sampling
procedure, theaverage distance of thetarget farmsfrom
each other was 1,388.2 meters. One kg of soil was
taken fromthevarious plottingswithinthefarm. The
averagesizeof thefarmwas 1.15 has. Thevarious 1
kg soil samplesin onefarm were mixed together from
wherethefina 1 kgwastakenfor analysisinthelabo-
ratory. A soil auger was used to unearth the soil from
soil surfaceto adepth of onefoot The soil samplewas
placed in an opague plastic bag. One liter of water
samplewas al so taken from each farm.

Two samples/replicates of the soil sampleswere
taken. The sampleswereplaced in anicebox, and de-
livered to thelaboratory within 24 hours. The samples
werestoredinarefrigerator at 5 degreesCelsius. The
sampleswere andysed using gas chromatography (GC)
(TABLE3).

Sampleanalysisand quality control

A standard procedurewas used to andyze samples
upon recel pt by the Bureau of pLant Industry (BP).
Briefly, theinsecticideres dueswere desorbed from the
samplesand analyzed using gas chromatography (GC)
operated inasplit mode. Mgjor chromatogram peaks
wereidentified in samples based on acomparison of
retention timesand mass spectrato peaksfrom acali-
bration method.

The sampleunderwent three stagecleanup tore-
moveparticulaesandimpuritiesinthesample Thefirst
clean up stagewas C18, then the use of carbon graph-
ite, andfindly, theuseof flourisil. Gaschromatography
wasused for the analysis of multi-insecticideresidues
in soil. Two detectors were used- nitrogen phospho-
rous and el ectron capsul e detectors.

The elements in the oven program such as the

TABLE 3: Samplecollection and analytical method

Ar:?tﬁ)'gg Specifics
Gas chromatography was be used in analyzing multi-pesticide residue in the samples. Two detectorswere
used- nitrogen phosphorous and electron capsule detectors. Solid phase extraction was done using
Soil and acetonitril. Thg soil sample underwent three stage clean up to remove p_articulatgs and impuritiesin th_e_
water sample. The_fl rst clean up stage was C18, then the use of carbon grap_hne, and f! nal Iy, the use (_)f flourisil.
samples The elementsin the oven program such as the temperature programming, retention time of various

pesticides, and temperature of the detector e were previously determined and will depend on each type of

pesticide. The recovery method will be about 70-120%. The coefficient of variation will be about |ess than
10%. A blank control matrix will be used in the laboratory.
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temperature programming, retentiontimeof variouspes-
ticides, and temperature of the detector were previ-
ously determined depending on each type of insecti-
cide. During sampletrandfer, theoventemperaturewas
mai ntained between 30 °C below and 20 °C above the
solvent’s atmospheric boiling point. After the sample
had been transferred, the oven temperature was pro-
grammed up and chromatography was started. Thein-
let temperature program consisted of 40 °C (4.2 min),
and 200 °C/min to 320 °C (2 min). The oven tempera-
ture program included 50 °C (6.13 min), 30 °C/min to
150 °C (2 min), 3 °C/min to 205 °C (0 min), and 10
°C/min to 250 °C (20 min).

The spiked calibration standard data was done.
Datareview was conducted on asingle midpoint stan-
dard. The midpoint standard was used asareference
to processtheremaining 5 pointsof thecdibration curve.
Assessment of al peak assignments, integrations, and
cdibration curvelinearity wasdone. Andysisof thein-
secticidesexhibited correl ation coefficient val ues of
greater than 0.9900.

The recovery was 70-120%. The coefficient of
variation waslessthan 10%. A blank control matrix
was used in the laboratory. Two trialswere donefor
each sample. Therewasno residue detected at thelimit
of determination (LOD) whichwas0.02 mg/kgfor or-
ganophosphates, and 0.005 mg/kg for organochlorines
and pyrethroids.

Datawere analyzed using descriptive statisticsfor
pesticideresidue concentration in samples. Compari-
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sonwith nationa and internationa standardsfor maxi-
mum residuelevel wasdone.

The study wasregistered with the Research Grant
Adminigtration Officeof the University of the Philip-
pinesManila Theresearch study doesnot involve hu-
man subjectsor vulnerable populations, andrisk to hu-
manswashil asthisinvolved environmenta samplesof
soil and water.

RESULTS

Pesticideusein thefarm

Inall farm, thefollowing were used- Prevathon®
(chlorantraniliprole). Ma athion® was used by 88% in
thefarms, followed by Lannate® (methomyl) at 83%.
Theinsecticidewith the highest amount usedin L was
Brodan® (chlorpyrifos) at 0.26L, followed by
Malathion® at 0.188L, then, Siga® (chlorpyrifos) at
0.183L. Theaverageamount used per application was
0.081 (s.d. 0.075) (TABLE4).

Theaverage sprayingtimewas 2 (s.d. 0.39) hours/
day, 3 (s.d. 0.60) days/week, 1 (s.d. 0.26) weeks/
month, 7 (s.d. 1.41) months/yearsand 1 year/cropping
season. Theinsecticideswith the highest liter-years of
exposure were Brodan (chlorpyrifos) and Siga
(chlorpyrifis) at 3.04 and 2.95 liter-years, respectively.
(TABLED).

TABLE 6isthesummary of the average spraying
factorsinthefarms. It includesthe number hours of

Spraying per day, number of daysof spraying per week,

TABLE 4: Digtribution of far msby typeand amount of insecticidesuse

Brand Name Activeingredient Type of pesticides Toxicity class Freq. % apzrl?gel:t?ctmuzend{_)
Prevathon® Chlorantranili-prole Anthranilic diamide Insecticide 4 24 100 0.073
Malathion® Malathion Organophosphate Insecticide 4 21 88 0.188
Lannate® Methomyl Carbamate Insecticide 2 20 83 0.144
Tamaron® Methamidophos Organophosphate Insecticide 1 14 58 0.123
Hosthathion®  Triazophos Organophosphate Insecticide 2 14 58 0.129
Decis® Deltamethrin Pyrethroid Insecticide 4 13 54 0.023
solomone  \Tidedloprid s bayflufin - Neoriooinald + el poecicide2 13 54 013
Mospilan® Acetamiprid Neonicotinoid Insecticide 3 12 50 0.136
Selecron® Profenofos Organophosphate Insecticide 2 12 50 0.144
Magnum® Cypermethrin Pyrethroid Insecticide 4 11 46 0.156
Padan® Cartap hydrochloride Carbamate Insecticide 3 10 42 0.030
Brodan® Chlorpyrifos Organophosphate Insecticide 2 10 42 0.264
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TABLE5: Digribution of farmsby per centage, amount and year sof insecticideuse

- . Amou_nt u_sed/ M ean number
Brand name Active ingredient Per centage Application
(inL) of yearsof usage
Prevathon® Chlorantraniliprole 100 0.073 3.04
Malathion® Malathion 88 0.188 10.00
Lannate® Methomyl 83 0.144 15.35
Tamaron® M ethamidophos 58 0.123 14.29
Hosthathio®n  Triazophos 58 0.129 12.29
Decis® Deltamethrin 54 0.023 15.77
Solomon® Imidacloprid + betacyfluthrin + cyclohexane 54 0.135 215
Mospilan® Acetamiprid 50 0.136 4.67
Selecron® Profenofos 50 0.144 5.50
Magnum® Cypermethrin 46 0.156 13.36
Padan® Cartap hydrochloride 42 0.030 4.30
Brodan® Chlorpyrifos 42 0.264 11.50

TABLE 6: Digtribution of farm by sprayingfactors

Spraying Factors Mean Standard deviation

Number of hours of spraying per day 214 0.39
Number of days per week 2.87 0.60
Number of weeks per month 1.43 0.26
Number of months per cropping season 6.66 141
Number of cropping season per year 1.00 0

Number of years 8.24 5.63
Amount of insecticide used in liters per usage 0.081 0.075
Dose Exposure to Insecticides (liter-years) 0.82 0.98

number of weeks per month, and thenumber of months
per cropping season. It asoincludesthe average num-
ber of yearsof pesticide usage and theamount of pes-
ticide used per gpplication.

Result of insecticide residue analysisin soil and
water samples

Therewere 11 farmsout of the 24 farms (45.8%)
found positivewith insecticideresiduesin soil. None
wasfound positiveinthewater samples.

For thesoil samples, theinsecticideres duesfound
werecypermethrin, chlorpyrifos, profencfaos, triazophos,
and malathion. Seven pesticide residues (29%) ex-
ceeded themaximumresiduelevel (MRL). Profenofos
residues, detected in 3 farmswere assessed based on
the MAC set by Environmental Protection Agency
(EPA). Triazophos, found in 5 farmswere evaluated
based on thedefault LOD MAC of the European Com-
mission under the Regulation 396/2005. Chlorpyrifos,

foundin 2 farmswas assessed based onthe MAC set
by EPA. Cypermethrin, detected in 2 farmswas also
evauated usingtheMAC set by EPA. Mdathion, found
in 2 farms was al so assessed using the MAC set by
EPA (TABLE?7).

A totd of 24 sampleswithreplicatesfrom 24 farms
were collected. Eleven (45.8%) sampleswere found
positivewithinsecticideresidues. Nineteen positiveres-
dues(79%) werefoundin 11 farmsout of the24 farms.
Fiveof thesefarms (20.8%) exceeded val ues of insec-
ticide residues. Six insecticide residues or 25% ex-
ceeded the MAC set by the above-mentioned interna
tional agencies(TABLE 8). No pesticideresiduewas
foundinwater samples.

DISCUSSION

Thefate of insecticides and their transformation
products (TPs) on the soil depend on the properties of

Snoivonmental Science
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TABLE 7: Insecticideresduesfound in the soil samples
Farm Code Positiveinsecticide Residues Actual reading MaximumresidueLevel Evaluation Reference
Farm 3 Chlorpyrifos 0.02ppm 0.03ppm Within MRL  EPA*
Chlorpyrifos 0.02ppm 0.03ppm Within MRL EPA*
Farm 6 Triazophos 0.02ppm 0.01ppm Exceeded EC*
Farm 7 Chlorpyrifos 0.03ppm 0.03ppm Within MRL  EPA*
Chlorpyrifos 0.01ppm 0.03ppm Within MRL  EPA*
Farm 8 Triazophos 0.02ppm 0.01ppm Exceeded EC*
Triazophos 0.05ppm 0.01ppm Exceeded EC*
Farm 9 Cypermethrin 0.02ppm 0.05ppm Within MRL  EPA*
Farm 10 Cypermethrin 0.03ppm 0.05ppm Within MRL  EPA*
Cypermethrin 0.02ppm 0.05ppm Within MRL  EPA*
Farm 11 Profenofos 0.10ppm 0.05ppm Exceeded EPA*
Triazophos 0.02ppm 0.01ppm Exceeded EC*
Farm 12 Profenofos 0.01ppm 0.05ppm Within MRL EPA*
Triazophos 0.01ppm 0.01ppm WithinMRL EC*
Farm 13 Triazophos 0.04ppm 0.01ppm Exceeded EC*
Farm 14 Malathion 0.01ppm 0.05ppm Within MRL  EPA*
Farm 15 Malathion 0.04ppm 0.05ppm Within MRL  EPA*
Profenofos 0.01ppm 0.05ppm Within MRL EPA*
Triazophos 0.01ppm 0.01ppm WithinMRL EC*

*EPA stands for environmental protection agency and EC for european commission. Regarding on the maximum residue level
(MRL) used in this study, the limit of analytical determination (LOD) of EPA method 8141A for soils and waters and the default

LOD MRL of EC wereadapted

TABLE 8: Summary of insecticideresiduesfound in soil samples

Positiveresidues

Residues exceeding MRL

Sample No. of samples

Farms

I nsecticides Found

Farms I nsecticides Found

Soil 24 with replicates 11 (45.8%)

19 (79%) 5 (20.8%) 6 (25%)

theactiveingredientsof theinsecticidesand thedegree
of interactionwith the soil particlesor adsorption. The
parameters such asthewater solubility, soil-sorption
constant (Koc), the octanol/water partition coefficient
(Kow), and half-life of insecticidesin soil (DT50) as
well asthe properties such aschemical functions, po-
larity, polarizability, and chargedistribution of both soil
andinsecticidemoleculesaredl thecharacteristicsthat
measurethe pers stence and movement of insecticides
andtheir TPsinthesoil*5348 Inthisstudy, insecticide
residueswithlow polar characteristicsand found to be
existent in the soil samples were chlorpyrifos,
cypermethrin, traizophos, profenofosand malathion.
The persistenceand mobility of insecticidesin soil
aredso controlled by several processes. The persis-
tence of insecticidein the soil isaffected by chemical
degradation (i.e. photolysis, hydrolysis, oxidationand

reduction) and microbial degradation with theaid of
soil microorganisms. Thedegradation processranges
from theformeation of transformation products(TPs) to
decomposition of inorganic products. Mobility of in-
secticidesindudessorption, plant uptake, volatilization,
wind erosion, run-off and leaching. Furthermore, the
fate of insecticidesvariesdepending onthetypeof soil,
agricultural practices, and climate”. Inthisstudy, farms
were sprayed on the average of 2 hours per day, and 3
days per week, and 8 years. The average amount of
insecticide used per applicationinthefamwas81 m.
All thesefactors contributed to the persistence of in-
secticidesinthesoil inthisstudy™. Theresultsinthis
study reveal moreinsecticideresidue readingin soil
compared to the previous study® sincemore varies
communitiesand farm samplingwasincluded (TABLE
9).
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TABLE 9: Classification of insecticidesin relation tothestudy

Pesticide Class*

Description*

Results of insecticideresiduein
this study

Hydrophobic,
persistent, and
bioaccumulable

These insecticides strongly bound to the soil. Examples are
organochlorine DDT, endosulfan, heptachlor, endrin,
lindane and their TPs. Mgjority of the pesticides included
in this group were aready banned but till their residues

None found in the soil samples
in this study.

pesticides existed in the environment.
These insecticides moved from soil by means of run-off These \ nse(_:t|C|de residues were
- and leaching thus may possibly contaminate groundwater found |n_th|s study namel_y
Polar pesticides " chlorpyrifos, cypermethrin,

Insecticides that belong to this group are the carbamates,
fungigicides, some organophosphates and their TPs.

traizophos, profenofos and
malathion.

*Source of data: Andreu V and Pico Y. 2004. Deter mination of pesticides and their degradation productsin soil: critical review and
comparison of methods. Trends in Analytical Chemistry 23 (10-11) : 772-789

Eachinsecticidevariesintoxicity, persastenceand
mobility, thus, pesticides aso differ to the degree of
environmenta risksthey posed™. AccordingtoAndreu
and Pico, if ainsecticide has alow sorption coeffi-
cient, long hdf-life, and high water solubility, thenit has
the potentid to contaminategroundwater through leach-
ing. Moreover, accordingto Barnard et.a [, theactive
ingredients of pesticidesdiffer widely interms of per-
gstence. Haf-life, whichisthetypica measurement for
persistence, hasranged to 10 to 100 daysfor modern
pesticides. Also, thelonger theactiveingredient leftin
theenvironment, themoredanger it posesto other non-
target organi Mg 71L18:47,54,55]

Chlorpyrifosresidueswerefound positivein soil
samples in two farms. The reading was 0.02 ppm.
Chlorpyrifosisnon-mobile, haslow leachability, mod-
eratdy persstentinsoil, and volatile. These properties
of the compound can bemost likely explained why it
wasfound pogitivein soil samples. Thisissmilar tothe
study of Laabset d.*¥ wherein chlorpyrifosremained
within the top 15 cm of the soil. They noted that
chlorpyrifosshowed extremely rgpid dissipation and this
was attributed to the high vapor pressure of the com-
pound and a so to thetropi cal weather conditions. The
immobility through and over thesoil profileof thecom-
pound was accounted by the high level of Koc. It has
an average of soil and sediment sorption coefficient
(Koc) of 84983, Other studiesa so showed thesame
result suchthat of Fermanich and Danid 1991; Kathpa
etal. 1997. In addition, chlorpyrifos, whichisanon-
polar molecule, hasalow water solubility. It has not
been found and proved to contaminate groundwater.
Although, small amount of chlorpyrifosresidue was

foundinthisstudy, thiscan still poserisk tothehedth of
humanssinceit hashigh rate of bioaccumulation poten-
tid.

Residuesof profenofoswerefound positivein soil
inthreefarms, and one exceeded the MRL. Thiscom-
pound ismoderately vol atile, non-persstent insoil, has
low leachability and dlightly mobile. Thepostiveres-
duefound can be accounted to these properties of the
compound.

Triazophos residues were found positiveinfive
farmsand four exceeded thedefault LOD MRL set by
EC, which is 0.01ppm. The residues that exceeded
MRL had a reading between 0.02- 0.05ppm.
Triazophosismoderately volatile, moderately persis-
tentin soil, and moderately mobile. No researchesyet
were done regarding on the positive residues of
triazophosinsoil.

Cypermethrin residueswerefound positiveintwo
farmsbut withintheMRL set by EPA. Cypermethrinis
moderatdy volatileand moderately persstent insoil. It
isnon-mabileand haslow leach ability. Mdathionres-
dueswerefound positivein two farmsbut within the
MRL set by EPA. Malathion haslow leach ability thus
itsmovementislimited only in superficid surfaceof the
soil. Thismay explain why malathion residueswere
positiveinsoil samples.

TABLE 10 presentsthe propertiesof the positive
insecticideresdues, namely, chlorpyrifos, profenofaos,
triazophos, cypermethrin, and maathion. Chlorpyrifos,
cypermethrin, and triazophos are moderately persis-
tent in soil while profenofosand malathion werenon-
pers stent. Cypermethrin, triazophosand profenofosare
moderately vol atilebased ontheir Henry’s Law of Con-
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TABLE 10: Physico-chemical propertiesof theactiveingredientsof insecticides
Soil Bio-

. Henry’slaw Koc- GUS (typical accumula .
Active Water  Vapour f constant  Organic-car bon leaching aerobic)  Tion Charac Resultsin
ingredient  solubility pressure or con sor ption potential - teristics the study
(dimensionless) - . Half  potential
constant index life
Low water
solubility e
Volatile{based HoStvein
on Henry’s Law two farms
105a 143 5 ghy qg0y of Constant) &
Chlorpyrifos 20°C(mg 25°C e 8151 ml g-1 0.15 50 days High Moderatdl 0.01-0.03
I (mPa) oderdely ppm; none
persistent in soil exceeded
Low
leachability ~ MRG
Non-mobile
Low water
solubility Positivein
Moderately three farms
volatile(based  (0.01,
28 at 253 at on Henry’s Law 0.4ppm),
Profenofos  200C (mg  250C 1.39 Xzé 005 a 2016 ml g-1 0.59 7days Low of Constant) and
oC .
I-1) (mPa) Non-persistent one
in soil exceeded
Low MRL( 0.10
leachability ppm)
Slightly mobile
Low water
solubility
Moderately Positivein
volatile(based  fivefarms,
35at 133a 1.30 X 10-06 a on Henry’s Law and four
Triazophos 200C(mg 250C ) 200C 358 ml g-1 2.38 44days Moderate of Constant) exceeded
I-1) (mPa) Moderately MRL
persistent in soil (0.02-0.05
Trangition state  ppm).
Moderately
mobile
Low water
solubility
Moderately Positivein
volatile(based  two farms
0.004a  0.00034 175X 10-05 at on Henry’s Law but none
Cypermethrin 200C (mg at 250C ™ 200C 57889 ml g-1 -1.18 3bdays High of Constant) exceeded
I-1) (mPa) Moderately MRL
persistent in soil (0.02-0,03
Low ppm)
leachability
Non-mobile
Moderate water
solubility
Volatile(based Positivein
onHenry’s Law two farms
148 at 3la 05 of Constant) but none
Malathion 20°C(mg 25°C 4.80 ;0"1((:) a 217ml gt -1.28 3'17 Low Non-persistent ~ exceeded
) (mPa) ys in soil MRL
Low leach (0.01-0,05
ability ppm)
Moderately
mobile

Source of data: International Union of Pure and Applied Chemistry (IUPAC). 2011. Global Availability of Information on Agro-
chemicals. Available from http://sitem.herts.ac.uk/aer u/iupac/index.htm. Accessed on March 22, 2011
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stant while chlorpyrifos and malathion are volatile.
Chlorpyrifos, malathion, cypermehrin, and profenofos
havelow leaching potentid whereastriazophosisintran-
sition state. Chlorpyrifos and cypermethrin are non
mobile, profenofosisdightly mobile, and triazophosand
malathion are moderately mobile. Chlorpyrifosand
cypermethrin hashigh rate of bioaccumulation poten-
tial, profenofosand ma athion havelow rate of poten-
tid andtriazophoshasmoderaterateof bioaccumulation
potential. Thehigher Koc, thelower the leaching po-
tentia, therefore, the compound islimited from move-
ment throughout and over the soil profileand so less
potentia for groundwater contamination. Almost al of
theresiduesdetected havelow leach ability thusground-
water contaminationisunlikely to occurinthearea.

Fateof insecticidesin soil

AccordingtoAharonson et . thesoil servesasa
“purifying filter” and as such contamination of ground-
water isunlikely to happen. However, Hamilton et a.
2003 noted that there newer studiesshow pesticidecom-
pounds, specificaly herbicides, detected in surfaceand
ground waters. Dueto modernization, pesticidesbeing
devel oped are more water-sol ubl e, thermolabile, and
more polar and havelonger pers stenceto enableeffec-
tive pest control“”, Perhaps, thisservesasaninklingto
thepossibility of pesticidecontaminationinweter.

For groundwater contamination, thesoil profileplays
asignificant rolein determining the potential of pesti-
cidesto leach to groundwater. Asmentioned earlier,
the more organic content of the soil, the greater the
persistence of the pesticidein the soil. For thisstudy,
no residueswerefound in groundwater sampl es.

Thetypeof soil usedin growing eggplantsissandy,
loam soil withapH rangingfrom 5.5t06.5. Thistype
of soil usedineggplant cultivationisrich, well-drained,
and has high organic matter'®53, Thus, according to
Harper?, thevery low tendency for insecticidetoleach
can be accounted by the high organic matter content of
thesoil. Assuch, noinsecticideresidueswerefoundin
surface and groundwater samplesinthisstudy dueto
the high organic matter of thetype of soil usedinegg-
plant cultivation.

Risk exposureto contaminated soil
Detectabl e concentrations of insecticideresidues
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in soil, water (both groundwater and surface water),
air, and even commodities pose hedlth risksto the hu-
man health and the environment(*>%1, Simcox et al.[*%
investigated the pesticide exposure of childrento soil-
contaminated pesticidesand household dust. Thefarms
werewithin 200 feet away from their housesand the
pesticidesinvestigated were organophorous pesticides
including chlorpyrifos, parathion, phosmet, and
azinphosmethyl. It wasfound that higher concentrations
were detected in household dust than in soil. In this
study in Pangasinan, thereispotentid for thecommuni-
ties to be exposed to household dust- and soil-con-
taminated insecticides since houses are very closeto
thefarms.

Effect of insecticide contaminated soil to vegeta-
tion

Residuesthat originatefrom pesticidesand usedin
agricultureare called bound residues®. Studieshave
shown that bound residues present in the soil could be
taken up by vegetation'*. Themustard plants, for ex-
ample, was studied by Suss and Grampp!>, took up
minima amountsof bound 14C-monolinuron resdues
insoil. Other studies have also shown that bound resi-
dues such as [methyl-14C]parathion in the study of
Fuhremann and Lichtenstein*”, 14C-cypermethrinin
Roberts and Standen(*s!, and 14C-hydro-
xymonolinuroninHagueet al.[?%. All these pesticides
weretaken up by plants. It has a so been shown that
portions of theseres dues have thetendency to bound
within plant tissued®",

CONCLUSION

Thisstudy showed that soil contamination dueto
insecticidesisevident in Pangasnanwhichisthelargest
eggplant producingcommunity inthe Philippines. Eleven
farmswerefound pogitivewith pesticideresduesinsoil,
and 5 farmsexceeded the MAC. Thestudy hasshown
that severa factors such asfarming practices, amount
and duration of insecticide used, soil typeand charac-
teristics of theinsecticidesdll affect the persistence of
insecticidesinthesoil. Evenfor theinsecticideresdues
that werewithinMAC, thiscould still poserisk tothe
health of the community since someinsecticideresi-
dues found in the study have the potential of
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bi oaccumul ation. Thus, based on thefindings of this
study, it issuggested management programsbe devel -
oped to minimizethe adverse effect of contaminated
soilsand remediation practicesfor the contaminated
oils.

For future studies, it isrecommended to do more
extendveresearch onthetransformation products(TPs)
of theinsecticidesand their fatein thesoil, thebonding
forcesbetween the soil and activeingredient, aswell as
thechemicd structure of each activeingredient.

Acknowledgement iscited to Internationa Service
for theAcquisitionof Agri-biotech Applicationsfunding
support extended for thisstudy.
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