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ABSTRACT

PESTICIDE POLLUTION IN SURFACE AND GROUND WATER OF AN
AGRICULTURAL AREA, KUMLUCA, TURKEY

Ozta, Nur Banu
Ph.D., Chemistry Department

Supervisor : Prof. Dr. Semra G. Tuncel

March 2008, 260 pages

Concentrations of 17 organochlorine and 14 organophosphorus pesticides were
measured in 27 ground and 11 surface water samples collected freaniky h
agricultural area, Kumluca, in spring and fall seasons of 2005. Thplesam
were preconcentrated by Solid Phase Extraction. GC-ECD andNRELC-
systems were used for quantitative determination of organochlauiue

organophosphorus pesticides respectively.

The quality check/quality assurance tests were performethébyarialysis of
field and laboratory blanks, standard reference materials, spikatol and
sample matrices, surrogate standards, sampling and analyscateplilt is
observed that, sample matrix lowers average percent recoverie8%nio
76%.



The uncertainties of measurements were calculated to detemmjoe factors
affecting the analysis results. It was observed that uncertanmging from
extraction procedure was generally the highest.

The most commonly observed pesticide was endosulfan (70%) and
chlorpyriphos (53%) for organophosphorus and organochlorine pesticides. The
highest average concentration was observed for heptachlor (26 augdl)

fenamiphos (184 ng/L).

Generally pesticides were detected more often in surfatersyavhere the
concentrations were also higher. The concentrations of organophosphorus

pesticides in spring, and organochlorine pesticides in fall season were highe

The high occurrences and detection of degradation products of chlorinated
pesticides clearly indicate their intense use before 1980sskomwn that, in
Kumluca environment, degradation of these pesticides mostly occausface

waters.

It is observed that agricultural activities affect wagaality in the region. The
total concentration limit (500ng/L) was exceeded for 27% of earéand 14%
of ground water samples, at least once in both seasons. The meigdbti a
single pesticide (100ng/L) was exceeded by 32 % of surface, @4dg¥ound

water samples.

Keywords: Pesticide, Ground Water Pollution, Surface Water Ruoilugolid

Phase Extraction
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KUMLUCA TARIM BOLGES N N YERALTI VE YUZEY SULARINDAK
PESTSTKRLL

Ozta, Nur Banu
Doktora, Kimya B6lumu

Tez Yoneticisi: Prof. Dr. Semra G. Tuncel

Mart 2008, 260 sayfa

Tar m faaliyetlerinin youn olarak surdurtldii Kumluca bélgesinden, 2005
y | ilkbahar ve sonbahar dénemlerinde toplanan 27 yeralt ve 11 yizey s
Orne inde 17 organoklorlu ve 14 organofosforlu pestisit dateri
olculmii tir. Ornekler Kat Faz Ekstraksiyonu yontemiyle énzengiinlkni

ve organoklorlu pestisitler icin GC-ECD, organofosforlu pestisitter GC-

NPD sistemleri kullan larak analitik tayinleri yap Iror.

Arazi ve laboratuar kor numuneleri, standart referans maddelerinnekle
kontrol matriksi, eklenmi 6érnek matriksi, vekil standartlar, 6rnekleme ve
analiz tekrarlar kullan larak kalite kontrol/kalite glvence tlezs
uygulanm tr. Sonuclar 6rnek matriksin ortalama ylzde geri kazan mn

%89’'dan %76’e diiirdu UnU gostermiir.

Vi



Analiz sonuclarn etkileyen ana etkenleri belirlemek igingUdhlerin
belirsizlikleri hesaplanmt r. Ekstraksiyon prosedurindn belirsidi etkisinin
en yuksek olduu belirlenmitir.

Organoklorlu pestisitler aras nda en ¢ok gbézlemlenen edosulfan (% 7k¢mlur
organofosforlular aras nda en ¢ok gozlemlenen chlorpyriphos (#8R) tur.
En ylksek ortalama deninler heptachlor (26 ng/L) ve fenamiphos (184 ng/L)

icin belirlenmi tir.

Pestisitlerin ylzey sularnda bulunma oranlarnn ve welerinin daha
yiksek olduu gozlemlenmitir. Organofosforlu pestisitlerin  denmleri

ilkbahar doneminde, organoklorlular n ise sonbahar doneminde ytksektir.

Klorlu pesitisitlerin bozunma trinlerinin yiksek miktarlarda bulunmas 1980
oncesinde bu pestisitlerin yon olarak kullan Id n gdstermektedir. Kumluca
cevresinde pestisitlerin bozunma oran n n yuzey sular nda yiuksekudiespit

edilmi tir.

Tar msal faaliyetlerin bdlgedeki su kalitesini etkileédyozlemlenmitir. Yizey
suyu Orneklerinin %27'sinde ve yeralt suyu orneklerinin %214’'Gnde her iki
mevsimde en az bir kere yasal toplam derilimiti (500ng/L) a Im tr.
Yuzey suyu Orneklerinin %32’sinde ve yeralt suyu Orneklerinin %2dé tek

bir pestisit icin limit (100ng/L) alm tr.

Anahtar Kelimeler: Pestisit, Yeralt Suyu Kirlili Ytzey Suyu Kirlili i, Kat
Faz Ekstraksiyonu
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CHAPTER 1

INTRODUCTION

Pollution means the introduction by man, directly or indirectly, of sulcsts

or energy into the environment resulting in deleterious effectaabf & nature

as to endanger human health, harm living resources and ecosyataims,
impair or interfere with amenities and other legitimate uselseoénvironment.

In all cases of pollution, there is a source of pollutants, the polutant
themselves, the transport medium and a target or receptor, whicklesc
ecosystems, individual organisms and structure. Pollution can bdiethssi
several ways according to source (e.g. agricultural pollutitmg, media
effected (e.g. water pollution) or by the nature of the pollutaugt pesticide
pollution) (Alloway and Ayres, 1997).

In most cases, air pollution is the form of pollution which causeplpethe
most concern. It is usually obvious by its effects on the eyes amlshasd
also causes obvious toxicity symptoms on vegetation. Water pollutite is
second most noticeable type of pollution, especially when it afteaiking
water supplies. In contrast, the soil pollution is often far lesspotunsus but it

is still very important. As a result of the adsorptive and buiteproperties of

the soil, some pollutants have long half-lives and so accumulate soithé&s

soil is difficult to remediate, the polluted soil may have effdasting for
centuries. The threats that environmental pollution poses to humai, healt
food, environment and welfare leads the need for a greater understahding

environment and pollution (Hill, 2004).



1.1. Introduction to Water Systems

Water covers about 71 % of the global surface therefore the Wwatkes
comprises a major part of the environment. Of this water mas¥ &7in the
oceans or seas, 2 % is in the form of ice and only almosegists mostly as
groundwater, than in lakes and rivers. Only this small portionhaflevwater
supply in the earth is available for human use. Worldwide, agricultemuats
most of (65 %) the water used, and agricultural demand is growsng a
population continues to increase. The industry or power generatidzbas

and domestic use has 10 % share of the total water consumption bg.huma
(ImpEE Project, 2006)

Water is constantly moving within and above the earth in a cytkedcdhe
hydrological cycle” (Figure 1.1). There are six major componentisi®tycle:
evapotranspiration, condensation, precipitation, infiltration, percolation and
run-off. Evapotranspiration is the combined effect of evaporation frofacgur
water and transpiration from the plants, producing the water vapor.
Condensation is the formation of clouds from water vapor which leads t
precipitation. The entry of the precipitated water into the sailfikration, by
which constitutes the source of water to sustain the growth ofategeand
ground water supply to wells, springs and streams. Percolatiotheis
downward movement of water through soil and rock. The terms infiltratidn a
percolation are often used interchangeably. The rainwatdr dbes not
infiltrate into the soil directly reaches the surface wdigrthe run-off to rivers

and lakes (Ground Water-Primer-Hydrological Cycle, n.d.).



Figure 1.1. The Hydrological Cycle (From USGS Circular 1139, 1998)

Some of the runoff carried to the ocean directly in surface svhtgrmuch of

the water falling on land percolates into permeable rock lagsrghe water in
form of precipitation seep into the ground, it first enters a zoneenthervoids
contain both air and water, referred as “unsaturated zone” or “vodasé. z
The upper part of this zone supports plant growth and called as “root zone”
Although a considerable amount of water can be present in the ureaturat
zone, this water can not be pumped by wells. The water contens inotie is
held by surface adhesive forces and it rises above the walerbta capillary
action. Water moves from unsaturated zone into the “saturated zomere w
all available spaces are filled with water. It is within tasurated zone that the
term “groundwater” is correctly applied. The upper surface ofsttarated
zone is referred to as “water table” (USGS Circular 1139, 1998).

Streams and other surface-water bodies may either gain fsaterground
water or lose (recharge) water to ground water. Streams comymoala

significant source of recharge to ground water downstream frormtaiau



fronts and steep hill slopes in arid and semiarid areas and sh tkarains,
areas underlain by limestone and other soluble rocks (USGS, Cidci8&r
1999).

Groundwater is a widely distributed natural resource found beneathrthése
surface. Usable groundwater available to supply wells and sprangsscfrom
geologic formations called aquifers, which are underground layavabér
bearing permeable rock or unconsolidated (loose) materials frémohw
groundwater can be extracted using a water well. Aquiferscamposed of
various materials such as rock, sand, and gravel that refleat deology.
Some consist of unconsolidated deposits of sand, clay, silt, or gravehaugtai
water in the voids between particles and rock fragments. Otheeesjoifcur
as cracks in bedrock or consolidated (solid) materials such as ignszus
(granite, basalt), sedimentary rock (limestone, siltstone, sanjistame
metamorphic rock (slate) (Whitford et al., 2004).

1.2. Water Pollution

The earth’s water supply remains constant but man is capableewhglthe
hydrological cycle. Population increases, rising living standandsistrial and
economic growth have place greater demands on natural environment. Ma
made activities can create an imbalance in the hydrologle ey can affect
the quality and quantity of natural water resources available.

The water quality is of great concern not only for the health cufatic
ecosystems, but also for human health and welfare. The major mannaset
pollutants arise from industrial and mining activities which pollute the water b
discharges of a variety of toxic materials and exposed sasichrge of
sewage represents the major global source of pollution redueadissolved
oxygen content, upsetting the biological balance of the water nsyste

Agriculture can foul surface and ground waters with excess nutrards



poisonous chemicals. Petroleum spills kill or adversely affeaiatan
organisms besides birds and mammals. Urban storm water runofffy whic
contains all the debris of a city, introduces some organic and inorgani
chemicals into water bodies. Fallout from the atmosphere is arsibere of
water pollution (Weiner, 2000; Spiro and Stigliani 2003). The sourcestef wa

pollutants are summarized in Table 1.1.

Table 1.1. Summary of Water Pollutants
(Compiled from Weiner (2000) and Spiro and Stigliani, (2003))

Source Pollutants

Agriculture (Growing Crops) Fertilizers  (nutrients), pesticides,
suspended soill

Agriculture (Animal Operations)  Animal wastes, nutrients (pathogens),
suspended soill

Construction and Mining Acids, heavy metals, oil/grease, debris,
soil, SO, CN
Sewage and Waste Water Organic wastes, detergents, nutrients

(pathogens), HP§Y, NOs, CI, SO

Industrial Effluents (Chemical,Metals, acids, solvents (VOCs), PAHSs,

electrical, metallurgical, etc.) PCBs, organometals, detergents

Petroleum Discharge Petroleum products, solvents

Urban Storm Runoff Suspended soil, oil/grease, heavy
metals, salts, PAHSs, bacteria, animal
wastes

Leachate from Landfills Metals, acids, organic chemicals,
microorganisms

Atmospheric Fallout Heavy metals, NOSQ?, pesticides,
PAHs

Radioactive Wastes Radioactive substances like U and Th




In considering the effects on water quality, “point sources” and -poont
sources” of pollution should be distinguished. Point source is any single
identifiable source from which pollutants are discharged, suchpgseaor a
factory. The majority of pollution episodes though arise from point soarcks

this type of sources are easily identified and controlled. Non-gointces are
harder to identify precisely and include agricultural or urban rumoid
emissions from transport vehicles. The progress made in contrgibimg
sources has drawn attention to non-point sources, which account for an

increasing fraction of the total pollutant load (Spiro and Stigliani 2003).

Natural waterways normally contain micro-organisms, which enidgm to
undergo self-purification. Similarly, as the rainwater oeatns percolates
down and replenish groundwater, the soil absorbs and detoxifies many
pollutants. As rivers are moving bodies of water, any pollution in these
medium can be discharged into the sea (Wright, 2003; Hill 2004).

Surface pollutants, dissolved in water, percolate down through the soil. How
much pollutant reaches groundwater depends on soil type, pollutant
characteristics, and the distance to the water source. Contamisatirces
include many types of runoff, agricultural and urban, chemical shsl
landfill leachate-anything that may percolate through theirsmilgroundwater.
Sewage from improperly installed or maintained septic systerdsconfined
animal operations can contaminate groundwater. Petrochemical daking
underground storage tanks can contaminate too. Groundwater often has
detectable levels of pesticides. A detectable dose not nebessditates a
problem, but does indicate a need for ongoing monitoring and efforts t
prevent further pollution (Hill, 2004).



1.3. Organic Pollutants

Organic substances consist of a potentially large group of aotijt
particularly in urban environments. Even at low levels, some gktbeganic
pollutants are toxic and can be hazardous to human health, @atyidgtithe

exposure is long term.

Considering their chemical and physical properties, they camduped into
different classes, such as volatile organic compounds (VOCs), pbtycy
aromatic  hydrocarbons  (PAHS), polychlorinatedbiphenyl  (PCBSs),
polychlorinated dibenzodioxins (PCDD-dioxins), polychlorinated

dibenzofurans (PCDF-furans) and pesticides.

Persistent organic pollutants (POPs) are a group of substancesehakic,
bioaccumulative, persist in the environment and can be transportechbte
regions of the globe. POPs are environmentally stable, so thelarfaynd in

air, water, soil, sediments and biota of different regions of the globe ity
have never been used. They are also fat soluble substances; thibefaran
bioaccumulate through food chain, causing adverse effects to humidm hea
(UNEP, 1999).

Due to the global dimensions of the potential impacts POPsdglabdlems

can only be handled on the basis of international agreementsedaniber
2000, representatives of 122 countries finalized a treaty, the “Stokhol
Convention” by the United Environmental Program (UNEP). Here, ibbas
defined a list of 12 high priority POPs, the so called “dirty dozetiesé
include 8 chlorinated pesticides (aldrin, chlordane, DDT, dieldrimrien
heptachlor, mirex and toxaphene), 2 industrial chemicals (PCBs and
hexachlorobenzene-HCH) and 2 unwanted byproducts of combustion and
industrial processes (dioxins and furans). The convention includes iesiisim

for the total elimination of these 12 POPs on a global scale.



1.4. Pesticides

A pesticide is any substance or mixture of substances thatekil or inhibits

in some way its development. Under the UK Food and Environmental
Protection Act of 1985, a pesticide is defined as “any substangaraten or
organism prepared or used, to protect plants or wood or other plant products
from harmful organisms; to regulate the growth of plants; to gre¢ection
against harmful creatures; or to render such creatures hatmlepest is a

living organism that is not required in some place because dtitsnental
effects (Wright, 2003).

Extensive pesticide use throughout the world is needed to inctbase
agricultural productivity to meet the increasing demand for food ptmoiuc
Pesticides have widely been used also in public-health reasorghtovfth
disease carrying organisms, such as mosquitoes, flies and rats ledd to

spread of malaria, yellow fever and plague (Hill, 2004)

Pesticides are classified according to their target orgamsipesticide that
kills insects is annsecticide The one killing unwanted plants isharbicide

The other pesticide types and target organisms are given in T&bldhe
pests attacking agricultural crops are insects, weeds, rodemtsdisease

causing organisms including fungi and bacteria.



Table 1.2. Common Pesticides and Target Organisms

Pesticide Target
Acaricide Mites and ticks
Biocide Microorganisms (bacteria, viruses)
Fungicides Fungi
Herbicide Plants (weeds)
Insecticide Insects and related animals
Nematicide Nematodes (worms)
Rodenticide Rodents (rats, mice)

The use of pesticides in agriculture and other areas is no¢rt i@ncern. For
thousands of years, people looked for means to keep their cropsnsentsi
eating them, the weeds choking them, or the fungi making them inedible.
Chemicals known to have pesticide activity such as lime, sulfcotine and
kerosene have extensively been used until 1800s. Later, inorganic alsemic
containing arsenic, mercury, lead, cupper and even hydrogen cyanige cam
into use (Hill, 2004). However, attempts to combat insect pestsrelaterely
ineffective until the development of modern chemical pesticides, Para-
dichlorodiphenyltrichloroethane (DDT) was the first of these chalsiic
patented as insecticide. During World War I, DDT was used taaayphus

and malaria outbreaks, due to its relatively long persistencep cduesd and
effect on wide range of insects. Saving millions of additional |iesugh
disease vector control, its discoverer was awarded the Nolzal iAril948
(Spiro and Stigliani 2003).

Use of DDT and related chlorohydrocarbon insecticides rapidlylexeted

during 1940s and subsequent decades. Food production was increasing rapidly
along with an exponential rise in the use of pesticides andZersiland little
attention was given to the consequences of their accumulation in the
environment, or of the toxicity of their degradation products. Howé¥ei,s
success came at a price; ecological implications of DB iasecticide use

have arisen. The bodklent Springoy Rachel Carson (1962) focused attention



on effects of pesticide pollution. The title dramatically refier a scenario of a
spring without birdsong because most birds had been killed by destior

their residues. This book had a major influence on policy makers and
environmental chemists and it initiated a large researchtareagh out the

world (Connell, 2005). This has resulted in the use of environmentally
acceptable but more expensive pesticides such as organophosphorus

compounds, carbamates and pyrethroids.

1.5.Types of Pesticides

Pesticides are classified according to the type of pest they céataiher way

for the classification is based on chemical structures, consideegrfgnctional
groups in their molecular structures, such as organochlorine (O&eks)
organophosphorous (OPPs) pesticides. This classification also detetimene
methods of sample preparation and analysis. The main types of compounds
used as pesticides are shown in Table 1.3. A detailed and welyj@drést of
pesticides with different chemical classes is availablenternet (Pesticide

Classification, n.d.).

In nature, the plants have some sort of self-protection agpess. For
example,pyrethrumis a natural insecticide found in the flowers of certain
plants. Today, these flowers contain up to 3% pyrethrins and uskghto
against insecticides. The clarification of the structure ofrahfpyrethrins ha
made possible the synthesis of related compounds, “synthetic pyrd#ihroi
processing similar insectical activity but being more stdablenoisture and
light (Connell, 2005).
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Table 1.3. The Main Types of Pesticides (Pesticide Classification, n.d.)

Pesticide Chemical Class Example

Insecticides Organochlorines DDT, Lindane, Aldrin
Organophosphorus Parathion, Malathion
Carbamates Carbaryl, Aldicarb
Pyrethroids Cypermethrin, Permethrin

Herbicides Phenoxy Componds Dichlorprop, MCPA
Carbamates/Thiocarmamets  Chlorprocarb, Molinate
Urea Compounds Linuron, Azimsulfuron
Amides/Anilines Dimethenamid, Alachlor

Fungicides Cu-Compounds Cu(OH)CusQ
Dicarboximides Captan, Folpet
Dithiocarbamates Mancozeb, Thiram
Benzimidazoles Benomyl, Carbendaizm

Pesticides constitute a wide range of research area. Idpe sf this work,
chlorinated and phosphorus pesticides, which are both insecticide®ewill
discussed. Therefore, other types of pesticides will no longer hel@tcin the

text.

1.5.1. Organochlorine Pesticides (OCPs)

This group of substances is referred to as chlorinated hydrocarbons,
chlorohydrocarbons of organochlorines. DDT is the most well known member
of this group. Lindane, aldrin and heptachlor are other chlorinated pestici
once widely used. Most of them have been banned or restricted in develope
countries due to their environmental persistence, damage to animadtomml

and ability to bioaccumulate in animal fat.

1.5.1.1. Chemical Structure of Organochlorine Pesticides

DDT is produced from the reaction of chloral with chlorobenzersulfuric

acid. DDT is biodegraded to DDE under aerobic conditions and to DDD under

anaerobic conditions (Zhou et al., 2006). It was soon discovered that other

organochlorine molecules, quite different than DDT, were also ingbxtic

11



properties. Several of these were products of reaction between
hexachlorocylopentadiene and an olefinic molecule through Diels-Alder
condensation. Combination with bicyloheptadiene leads to aldrin, which on
epoxidation leads to formation of dieldrin. A similar relationship found

between heptachlor and its more active epoxide (Spiro and Stigliani 2003).

Hexachlorocyclohexane (HCH) is obtained by the addition of chlomne t
benzene ring activated by UV radiation. In theory, there are &ghters in
which chlorine atoms occupy different positions about cyclohexane Timy.
product, technical-grade HCH consist principally five isomesslCH (60-70
%), -HCH (5-12 %), -HCH (10-15 %), -HCH (6-10 %), -HCH (3-4 %).
This mixture is marketed as an inexpensive insecticide, but siHEH is the
only isomer that exhibits strong insecticidal properties, itheesn common to
refine it from the technical HCH and market it under the nafimeldne”
(Willett et al., 1998). Chemical structures of some OCPs studidis work
and their chemical identities are given in Figure 1.2 and Table 1.4 respective

In this work, p-p’- isomers of DDT, DDD and DDE were studied. Therefore,

throughout the text, DDT, DDD and DDE refers fgep’- isomers of these

compounds.

12
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Table 1.4. Chemical Identities of Organochlorine Pesticides

Pesticide

CAS-

-
1

en-

ne

Formula IUPAC Nomenclature
Name Number
: 1,2,3,4,10,10-hexachloro-1,4,4a,5,8,8a-hexahydro-1,4:5,8-
Aldrin 309-00-2)  GoHsCle dimethanonaphthalene
DDD 72-54-8 | G4H10Cls |1,1-dichloro-2,2-bis(4-chlorophenyl)ethane
DDE 72-55-9 G4HsCls | 1-chloro-4-[2,2-dichloro-1-(4-chlorophenyl)ethenyllbenzene
DDT 50-29-3 G4HoCls | 1,1,1-trichloro-2,2-bis(4-chlorophenyl)ethane
s e 1,2,3,4,10,10-hexachlor-6,7-epoxy-1,4,4a,5,6,7,8a-oktahydroge
Dieldrin 60-57-11 GaHgCleO endo,exo-1,4:5,8-dimethanonaftalen
a-Endosulfan | 959-98-8| GHeClsOsS 1,4,5,6,7,7-hexachlor-,cyklicky sulfit,endo-5-norbornen-2,3-
dimethan
. on. 1,2,3,4,10,10-hexachlor-6,7-epoxy-1,4,4a,5,6,7,8,8a-oktahydrog
Endrin 72-20-8) @HsCleO | o1 o endo-1,4:5,8-dimethanonaftalen
gHCH 58-89-9 GHe&Cls |1 ,2 ,3 ,4,5,6 -hexachlorocyclohexane
Heptachlor 76-44-8 HsCl; | 1,4,5,6,7,8,8-heptachloro-3a,4,7,7a-tetrahydro-4,7-methanoinde
Methoxychlor | 72-43-5] &H15ClsO, | 1,1,1-trichloro-2,2-bis(4-methoxyphenyl)ethane




1.5.1.2. Physical and Chemical Properties of Organochlorine Pesticides

There is limited range of bond types present in this group of pkstici
formulations. These are C:C (aromatic), C=C, C-H, C-CI| anédassmber of
C-C. Among them only C-H and C-CI bonds have dipole moments which are
relatively low. Considering the whole molecular structures, theskenthe
compounds in this group tend to have low polarity, being fat soluble or
lipophilic and having low solubility in water (Connel, 2005). In Table 1.5,

some physical and chemical properties of this type of pesticides are give

1.5.1.3.Interaction of Organochlorine Pesticides with Environment

Besides the selective toxicity to insects, the choice of DDToémet OCPs as

was based on their chemical and physical properties: Theyharmiaally
stable and degrades only slowly under environmental conditions, so each
application is effective for a long time. They have very low séitybn water

(less than 1 mg/L for DDT at 20°C), therefore they are not Iseadished
away. These characteristics make OCPs persistent (Wright). 2008t of the
compounds in this group persist for long periods of time in soil, and &xhibi
long half lives (Table 1.5). All degradation pathways for the compounds

involve hydrolysis and oxidation at various stages.

1.5.1.4. Mode of Action of Chlorinated Pesticides

Being hydrophobic and fat soluble, DDT readily penetrates the \oakxsr
coating of insects and once introduced into body, it quickly paralymes t
insect. DDT acts by binding to the nerve cells of insectsviayathat it holds
open the molecular channels that admit sodium ions, which in turn lead to
uncontrolled firing of the nerves. DDT’s toxicity to mammals and dwins

low, as animals absorb much less of the chemical in their tigSypé® and
Stigliani, 2003).
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Table 1.5. Physical and Chemical Properties of OrganochlorinéciBest
(Compiled from PAN Pesticide Database, n.d.; ARS PesticidebBse, n.d.;
EXTOXNET Pesticide Information Profiles, n.d.)

Water | Vapor Soil Half

Molecular| Physical Solubility | Pressurg log | Log Life

Weight | State mg/L (mPa) | Kow | Koc | (days)
Aldrin 365 S 0.03 310 | 74 47 365
DDD 320 S 0.05 014 64 54 569
DDE 318 S 0.14 086| 69 59 °694
DDT 354 S 0.04 002 149 54 569
Dieldrin 381 S 0.25 005| 62 4.1 100(
a-Endosulfar] 407 S 0.32 083| 31 41 43
End sulfate 423 S 0.22 3y 4l
Endrin 381 S 0.23 002 53 40 4300
¢HCH 291 S 7.30 561 | 3.8 3.1 423
Heptachlor 373 S 0.06 53.08 555 4l 250
Methoxychlor] 346 S 0.10 035 48 49 170

1.5.2. Organophosphorus Pesticides (OPPs)

This group of pesticides was intensely investigated during World IWéor

use as military gases. These insecticides first developetieagerve gas
chemical-warfare agents. They were considered quite unsuitatile f
agricultural use due to their high mammalian toxicity. Afterrdegnition of
environmental problems that became apparent with OCPs, a gmadabfde
attention has been focused on organophosphate group for development as
commercial pesticides. In recent years, this group of pestisidbe most
widely used one all around the world (Connell, 2005).

16



1.5.2.1.Chemical Structure of Organophosphorus Pesticides

The organophosphate pesticides (OPPs) have the following general formula:

O (orS)
I
RO — P—OX
|
RO

The two R groups are usually methyl or ethyl groups. The oxygen atonhbeca
replaced by sulfur atoms. Although the group has a common coreusruct
there is considerable diversity due to variations in the attachedhical
groups. There are aliphatic, aromatic and heterocyclic derivatif’dbese
compounds (Connell, 2005). The structures of OPPs studied in this work and

chemical identities are given in Figure 1.3 and Table 1.6 respectively.
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Figure 1.3. Continued
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Table 1.6. Chemical Identities of Organophosphorus Pesticides

Pesticide Name CAS Number Formula IUPAC Nomenclatu
Azinphos-methy 86-50-0 GHNSOPS, 8-(3,4-dihydr0-4-oxoben;ﬁ!)—iﬁ(ﬁ(])—égﬁizggﬁ-ylmethyI)0,0-dimethyI
bromophos-ethyl 4824-78-6 18H1,BrClL,OsPS O-4-bromo-2,5-dichlorophenyd,O-diethyl phosphorothioate
bromophos-methyl 2104-96-3 al@sBrClL,OsPS O-4-bromo-2,5-dichlorophenyd,O-dimethyl phosphorothioate
Chlorpyrifos 2921-88-2 &1,,CIsNOsPS 0,0O-diethyl O-3,5,6-trichloro-2-pyridyl phosphorothioate
Diazinon 333-41-5 GH21IN,O5PS 0O,0-diethyl O-2-isopropyl-6-methylpyrimidin-4-yl phosphorothi@at
Dichlorvos 62-73-7 H-Cl,O,P 2,2-dichlorovinyl dimethyl phosphate
Fenamiphos 22224-92-6 14E1,,NOsPS R9-ethyl 4-methylthioat-tolyl isopropylphosphoramidate
Fenitrothion 122-14-5 &1 .NOsPS 0O,0-dimethyl O-4-nitro-m-tolyl phosphorothioate
Fenthion 55-38-9 GH1s0:PS 0,0-dimethyl O-4-methylthiom-tolyl phosphorothioate
Malathion 121-75-5 @H10PS diethyl (dimethoxythiophosphorylthio)succinate
Methidathion 950-37-8 1N, OPS, 8-2,3-dihydr0-5-methoxy-ih(:));(;&(,)?(,;lj-ittuiiigjazol-3-ydthyl 0O,0-dimethyl
Parathion-methyl 298-00-0 eB10NOsPS 0,0-dimethyl O-4-nitrophenyl phosphorothioate
Phosphamidon 13171-21-6 1d81oCINOsP (E2-2-chloro-2-diethylcarbamoyl-1-methylvinyl dimettghosphate
Pirimiphos-methyl 29232-93-7 1&H,0N30:PS O-2-diethylamino-6-methylpyrimidin-4-yD,O-dimethyl phosphorothioate




1.5.2.2. Physical and Chemical Properties of Organophosphorus Pesticides

The defining chemical structure of organophosphate pesticides cootans
P=0 and three P-O bonds. P-O bond has similar polarity to O-H bond, thus it is
polar. At the same time, the molecule usually contains a raingther bond

types, including O-alkyl, which is relatively of low polarifjhese compounds
generally have greater water solubility and lower lipophiliban OCPs.
However, depending on the R and X groups, the OPPs can have a wide range
of physicochemical properties (Connell, 2005). The properties of Sia&ied

in this work are given in Table 1.7.

Table 1.7. Physical and Chemical Properties of Organophosphorus d@sstici
(Compiled from PAN Pesticide Database, n.d.; ARS PesticideshBse, n.d.;
EXTOXNET Pesticide Information Profiles, n.d.)

Soil | Water
Water Vap Half | Half
Molecular| Physical| Solubility | Pres | log | Log | Life Life
Weight State | (mg/L) | (mPa)| Kow | Koc | (days)| (days)
Azinphos-me 317 S 29 0.08 269 30 10 19
Bromohos- et 394 L 2 6.1 568 38 8 -
Bromohos- me 366 S 40 17 488 3.0
Chlorpyrifos 351 S 1.18 250 550 38 30 58
Diazinon 304 L 40 0.10 3.30 3. 40 138
Dichlorvos 221 L 8000 2100 190 17 10 4
Fenamiphos 303 S 329 6.27 325 22 50 300
Fenitrothion 277 L 30 186D 343 33 4 36
Fenthion 278 L 9.3 4 484 341 34 41
Malathion 330 L 130 53| 270 3.2 30 6
Methidathion 302 S 240 186 4.72 2|6 T 26
Parathion-me 263 S 55 1.3 343 37 12 45
Phosphamdon 300 L 1.0X%02.93 | 0.795 1.5 17 48

L: Liquid, S: Solid
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1.5.2.3. Interaction of Organophosphorus Pesticides with Environment

This group of pesticides is chemically reactive. They arsceptible to
hydrolysis. The half lives in soil are considerably less thanOTReir lack of
persistence in soil indicates low persistence in biota, and togettretheir
moderate water solubility and low lipophilicity, leads to a lack of

bioaccumulation capacity (Connell, 2005).

1.5.2.4. Mode of Action of Organophosphorus Pesticides

The organophosphates work by inhibiting the enzyme called
acetycholinesterasewhich hydrolyzes the neurotransmittacetylcholine
Neurotransmitters are molecules that are released by a oelhvia order to

fire an adjacent nerve cell by diffusing across the gapdsivhe cells, called

the synapseand binding to receptors of the second cell. There are many kinds
of neurotransmitter molecules, but the one responsible for firingrmmatrve

cells in higher life forms isacetylcholine.Once acetylcholine binds to its
receptor, a motor nerve cell will continue to fire until the @cébline is
broken down by acetylcholinesterase, which is present in the synéjpise. |
acetylcholinesterase is inhibited, then the nerve firing continues undakbiyol

leading to paralysis and death (Spiro and Stigliani 2003).

Toxicity of OPPs is much lower than the nerve gases but hihaer OCPs.
Some of the most widely used ones, like parathion and malathion &g hig
toxic and can cause death and injury to many agricultural workers, Teus
environmental advantage of these nonpersistent agents is countexdignc
their health impacts on agricultural workers. Due to theseheaticerns, the

use of chlorpyriphos, previously most widely used household insecticide, has
been banned and use of methyl-parathion has restricted in U.S. éBpliro
Stigliani 2003).
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1.6. Pesticide Use in World Agriculture

Currently, world population is 6.4 billion and growing constantly with an
annual rate of 1.2 %, mostly in low-income countries. By the year 2080, t
world population is estimated to reach 9.1 billion. The 95 % of population
increase will take place in developing countries, where dailyageefood
consumption is already been limited, representing an increalse mutber of
undernourished for the near future. For the present time, to lessetypower
undernourishment the production of more food and ensure food security
regionally is the primary challenge for policy makers. Far fong term, the
challenge is to feed growing population. Therefore, future growth of the
agriculture is essential at global level (UN World Water Dewaent Report-

2, 2006).

Besides other possible means, such as increasing agricldtogalimproved

soil and water management, development and use of genetically modifie
organisms (GMOs), the immediate response to the need for treasig
production of food is more intensive use of agrochemicals. These include
chemical fertilizers and pesticides. Increased pesticiddaseadverse affects

on environment, food and human health. Although less harmful formulations
are found and used as pesticides in developed countries in scope of “gree
chemicals”, developing countries still use and invest on OCPs subiDas

and HCHs as they are cheap, easy to synthesize and eved bifateveloped

countries (Carvalho, 2006).

In 1990s, the global pesticide consumption was about 2.5 million tons,
accounting a market of US$ 25 billion per year. In the first 6000s, the

annual global pesticide expenditure was about US$ 30 billion for about 3.0
millions of tons, of which 24% is consumed in the USA alone, 45% in Europe
and 25% in the rest of the world. (Gupta, 2004; Mansour 2004). Herbicides

accounted for the largest portion of total use (36 %), followed lBcimsdes
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(25 %), fungicides (10 %) ant others (29 %). Globally, OPP use makes up 40 %
of total insecticide use, followed by carbamates (20.4 %), pyrdti(@i8.4)

and OCPs (6.1 %). Globally, more than 60 % of pesticides are usédefor
production of vegetables and cereals. (Eddleston et al., 2002 ; Gupta, 2004;
Mansour, 2004)

Only 25 % share of pesticide market belongs to developing countries, séere
% of the world’s agricultural land is located. Pesticide use @melbping
countries has an increasing trend. Besides the cumulative ajgplieatount,

the quantity of pesticide applied per acre of land is also inageasi addition,
farmers use higher concentrations of pesticides, with increasgdehcy of
application and they mix several pesticides to combat pestiegistance by
pests. While the majority of pesticides used in developed countrees ar
herbicides, the bulk of pesticides used in developing countries acticitses.
Furthermore, the insecticides used in developing countries often comsist
OCPs (Gupta, 2004, Mansour, 2004).

1.6.1. Pesticide Use in Turkey

Agriculture is an important economic sector in Turkey, although itsesisa
decreasing over time. In 2003, agriculture contributed 11 % gross domest
product (GDP) and 10.7 % of total exports (OECD in Figures, 2005). More
than 40% of the total population is engaged in agriculture, operatindidnmil
farm holdings and the arable and permanent croplands makes up 30 % of tota

land area of the country (Ozkan et al., 2002).

In Turkey, throughout 20 years, although there were some devi&tonghe
trend due to economical floatation and epidemiologic effects ottsissnd
plant diseases, the pesticide use has increased from 37 ktons in01985 t
ktons in 2005 (Data from Turkish Statistical Institute). Howevertigdes

consumption in Turkey accounts for just 1 % of the world’s total.
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The detailed pesticide use in Turkey is given in Figure 1.4, wheze t
percentage consumption of different groups of pesticides is given in
comparison with global ratio. As seen, insecticides are the widsty used
pesticide group as in the other developing countries. Organophosphorus
pesticides represent 41 % of the insecticides in Turkey. AmongBTes,
mostly used ones are methamidophos, chlorpyriphos, parathion-methyl,

dichlorvos and azinphos-methyl (Delen et al, 2005).

% Consunption B TURKEY

S0 , WORLD |
40 -
30
20 -
i %

o}

Insecticides Fungicides Others

Figure 1.4 Pesticide Consumption for Different Groups
(World data from Gupta, (2004), Turkey data from Turkish Statldtis#itute,
for 2005)

1.7. Environmental Fate of Pesticides

The environment is not static and materials are constantly b&ngported
between atmosphere, hydrosphere and lithosphere. At each stage of t
transportation, the concentration of the substances will be altgrezhdse
transfer, dilution, adsorption, transformation and degradation.
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Contaminants in the environment are driven to change by physica&sforc
chemical changes and biological activity. Physical forces mdve
contaminants to new locations without significant change in theimadal
properties. Chemical changes include the reactions of the cowmtasiwithin
the medium or with other contaminants. Biological activity is thekol@an of
the contaminant molecules via biological processes, which are al 4ediaf
chemical change. There are three possible naturally occurdtes fof
pollutants in the environment (Weiner, 2000):

1. All or a portion of the pollutant might remain unchanged in theireptes

location.

2. All or a portion of the pollutant might be carried elsewhereragsport

processes.

a) Movement to other phases (air, water, soil) by volatilizatitisgolution,
adsorption.

b) Movement within the same phase under gravity, diffusion and advection.

3. All or a portion of the pollutant might be transformed into othemated
species by chemical reaction or biological processes.

a) Weathering:Pollutants undergo a series of environmental chemical changes
by processes such as oxidation-reduction, hydration, hydrolgsiglexation,
acid-base reactions, and photolysis reactions.

b) Aerobic/Anaerobic BiodegradatiorPollutants are altered structurally by
biological processes.

c) Bioaccumulation: Pollutants accumulate in plant and animal tissues to

higher concentrations.
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Considering the pesticides, the fate processes can be bengiejatan move
a pesticide to the target area or destroy its potentiallynfod affects.
However, they can also be detrimental, leading to reduced contralaofet

pest, injury of non-target plants and animals, and environmental damage.

Once pesticide is introduced to the environment by application, acident
release or waste disposal, it becomes distributed among foyor ma
compartments of environment: air, water, soil and biota. The distibusi
determined mainly by adsorption, transport and transformation/deigiradat
processes. Apart from other transport processes, adsorption is @él spe
importance as it influences how much of the pesticide is freetéo mto other
processes. Movements to other phases occur by runoff, leachingjzaailat

and uptake by plants. Transformation includes chemical and photodegradation,
biodegradation and bioaccumulation (Environmental Fate of Pesticides, n.d.)

These processes are demonstrated in Figure 1.5.

Figure 1.5. Fate Processes of Pesticides in Environment (Environmentaf Fate
Pesticides, n.d.)
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1.7.1. Pesticide Transportation in Environment

Adsorption is a reversible process that binds pesticides to theewfasoil
particles or sediments. Pesticides vary in their tendencydsorla to soll
particles. To measure the extent of adsorption, soil-wateitipartoefficient
(Kp) is used, which is the ratio of the compound’s concentration inGg)ikd

its concentration in water ({J:

Ko =GCs/ Cw

Many soil properties influence pesticide adsorption, such assieutexture,

pH and moisture content (Connel, 2005).

Soil has different physical and chemical properties; theréfgrevalues are
extremely site specific. To overcome this variability, saater partition
coefficients are generally expressed in terms of soil orgeaibon (koc)

rather than total soil mass. It is the normalization of thetdtotal organic

carbon content.

Koc=Kp/foc
Where, foc is the fraction of organic matter in soil. (Weiner, 2000) The K
values for the chlorinated and phosphorus pesticides studied have been given in
Table 1.5 and Table 1.7 for respectively.
Besides the soil properties, the adsorption process also depends on the

properties of the pesticides. The polarity of pesticide correlaiés its
solubility; the more polar the pesticide, the more soluble it is.
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Another valuable environmental characteristic of the organic aadsnis the
octanol-water partition coefficient, dt, which is the ratio of the concentration

in n-octanol to that in water.

Kow = Co/ Cw

The significance of octanol is that, it is a useful surrof@téhe weakly polar

organic matter present in soils and the lipid tissue of biota.

The water solubility of a pesticide andoK values are inversely related;
pesticides that are typically not very water soluble has higividlues. Similar
to Koc values, compounds with low water solubility has highytand tend to
partition strongly into organic-rich environmental phases, leading sorpdi
soil or sediments and accumulation in biota, rather than beingcchyririnoff
or leaching. (Weiner, 2000)

Pesticides can be moved by runoff when they are either has hign wa
solubility. The amount of pesticides in runoff water depends onrsiated
factors, climatic factors and pesticide interactions betwsshand water.
Pesticides carried by runoff can pollute drainage ditches, ponesmsty rivers
and lakes. Additionally, water bodies can be polluted by the impropdringas
away of spillages and leaks, and by the illegal dumping dicpess. (Wright,
2003).

Leaching is the movement of pesticides through the soil via sdirwa
Pesticides with high water solubility and low adsorption coeffictend to
move with water in the soil if they are persistent to degiadaturing the
movement. Soil factors affecting leaching are texture andnarganatter
content of the soil (Gevao and Jones, 2002). Similar to runoff, frequent and

heavy rainfall leads to transport of pesticide pollutants through leaching.
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Volatilization is another type of transport process. It is kvplen the pesticide
has high vapor pressure and there is high temperature, low relativditium
and air movemenSpray driftis the airborne movement of spray droplets from
the application site. This process depends on the spray dropletisidespeed

and application height (Gevao and Jones, 2002).

Absorption or uptake transfers the pesticides to plants, animals and
microorganisms. Once absorbed by plants, pesticides may be brokewidown
biochemical processes or they may remain until tissue dedaarneest (Gevao

and Jones, 2002).

1.7.2. Degradation of Pesticides

Pesticide degradation process can break down pesticide moleculesipiir Si
smaller and generally less toxic compounds. This could be reamangef
the molecule into another form or it could be the addition or loss ofifunadt
groups by environmental processes. Various degradation processesfely
reduce pesticide concentrations after the target pests havedmsoiled, thus
minimizing problems with persistence, accumulation and assdciate
environmental effects. There are three main types of pestigdeadation:

Photodegradation, chemical degradation and biotic degradation (Connel, 2005).

Photodegradation is the breakdown of pesticides due to exposure tooradiati
on the surface soil, on foliage and even in the air. This processedbéave
widely studied in the literature as it has been proved to be agingnmethod

for the treatment of waste water contaminated with pestigldesmann and
Guillard, 2000; Burrows et al., 2002; Devipriya and Yesodharan, 2005).

Chemical degradation is the breakdown of pesticides by procésgedo not

involve living organisms. The reactions of pesticides in environment can be

classified as neutral and electron transfer (redox) reactidhs. neutral
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reactions include the nucleophilic substitution (including hydrolysis),
dehydrohalogenation, rearrangement and addition (including hydratome S
pesticides are susceptible to oxidation and reduction reactions wbtech o
predominantly in aerobic and anaerobic conditions, respectively. Some OPPs
may undergo rapid oxidation in aerobic soils and some OCPs and various
pesticides with nitro-groups undergo anaerobic degradation (Gevao and Jones,
2002).

The microbially mediated breakdown of pesticides has been identifibeé
more important in degradation compared to chemical and physicaknigaa
rate of degradation is a function of the pesticide propertigsic{sre,
solubility, concentration etc.) and the environmental conditions aftgdhie

fate processes and microorganisms in the system (Gevao and Jones, 2002).

1.8. Pesticides in Water

Applications of pesticides to cropland can result in significalditeons of
contaminants to water resources. Some pesticides are onlyyskghible in
water and may adsorb to soil particles instead of remainingjutian, such as
OCPs. These compounds are less likely to cause contaminatiorowfdgr
water. Other pesticides, such as some OPPs having high waiteitittes are
detected in low, but significant, concentrations in both ground water and
surface water (USGS circular 1139, 1998).

Solubility of the pesticide can not be enough to estimate the belavibe
pesticides in groundwater. Gustafson (1989) has developed an assessment
method to rank pesticides for their potential to move toward groundwater

the basis of the adsorption coefficient (Koc) and the soil halftifTsg) of the
compound. From this observation, a groundwater ubiquity score is derived: the
GUS score.
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GUS = log (DEo) X [4 - log10 (Koc)].

The pesticide movement rating is derived from the GUS. Moveméngsa
range from extremely low to very high. Pesticides with eé8G&ss than 0.1 are
considered to have an extremely low potential to move toward grourrdwate
Values of 1.0-2.0 are low, 2.0-3.0 are moderate, 3.0-4.0 are high, and values
greater than 4.0 have a very high potential to move toward groundwhte

ratings for OCPs and OPPs studied are given in Table 1.8.

Table 1.8. Pesticide Properties Indicating Environmental and He#khtE
(From Vague at al., 1994)

Pesticide WHO
Common Name | Movement Rating | Classification

Aldrin Very Low @)
Azinphos-methyl Low IB
Chlorpyrifos Very Low Il
DDT Extremely Low Il
Diazinon Low Il
Dichlorvos Extremely Low IB
Dieldrin Extremely Low O
Endosulfan Extremely Low Il
Endrin Extremely Low ©)
Fenamiphos High IB
Fenitrothion Very Low Il
Fenthion Low Il
Heptachlor Extremely Low O
Lindane Moderate Il
Malathion Extremely Low [l
Methamidophos Moderate I B
Methidathion Low | B
Methoxychlor Extremely Low U
Methyl parathion Very Low I A
Phosphamidon High I A
Pirimiphos-methyl Low 1

Explanations for Classification: | A: Extremely Hazardous, :I Highly
Hazardous, II: Moderately Hazardous, lll: Slightly Hazardous, hlikély to
Present Acute Hazard in Normal Use, O: Obsolete as Pesticide, nofi€assi
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In addition to the non-point sources of water contamination by pestigidies
sources of contamination are common in agricultural areas wiefarms are
concentrated in small areas. These are due to spillage and wasiéngvhen
equipment is cleaned on site; spillage whilst transferring qpess from
containers to applicators or whilst mixing; pesticide storagasawhere the
cleaning up of spillage is not correctly carried out; the oppr washing out
and disposal of contaminated containers; and the improper disposalestexc
pesticides. Some point sources are controlled by discharge consgntxyre

manufacturing companies (Wright, 2003).

Ground water contamination presents special concern, because stieidgse
that are short lived in surface water may degrade verylsiowground water

and ground water is much more harder to clean up (Hill, 2004).

1.9. Effect of Pesticides

Of all the environmental contaminants, pesticides have properly beemtie
widely criticized due to their direct use in natural syste@mfel, 2005). The
nature of pesticide usage often requires broad distribution over dmegs of

crops, finally affecting human and environment.

1.9.1. Effect on Environment

Concentrations of OCPs, such as DDT and HCH, have been declining over the
past decade in environmental waters, as regulations to rekeictuse have

been put in place. Such compounds are the focus of major global stuelies (U

et al., 2003; Lia and Macdonald, 2005), because they are harmful to aquatic
biota, persistent in ecosystems, and their derivatives can bio-aletanin

food chains, having potentially significant impacts on animals atdpheof

these chains. Studies undertaken in the northern rivers of Rusaily dhow

the degree of decline in both river water quality and Burbat (ita lota)
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(Zhulidov et al., 2002). Similarly, HCH concentrations in China have dgtib
a significant decline over time. However, because of their pemses, the
impacts of DDT and other OCPs continue to be seen for many giar their
use has been discontinued (UN World Water Development Report-2, 2006).

Another interesting and unpredictable effect of uncontrolled pestisdehas
been observed for DDT; the biochemical effect of this neurotoximicia¢
DDT is the prime substance that enters birds and is not a stremngpter of
breeding success. However, its metabolic product DDE is veryrpdwrethis
area. It has been shown that, DDE interference with the endsystem (a
complex array of glands and organs that control the hormones in the circulatory
system) has disturbed the avian hormonal system of certairespdcbirds,
such as the peregrine falcon, that controls calcium deposition durmng eg
formation. As a result, birds having high levels of DDT lay egdh ghells

that are too thin to endure until hatching (Spiro and Stigliani, 2003; Gonne
2005).

It should be noted that, the pesticide pollution can be more importamt tha
industrial pollution in certain parts of the world affecting soiltevaand air.
Therefore, the monitoring and control of pesticide use has gaingdiicant

importance, especially in the last decades.

1.9.2. Effect on Human

By their nature, most pesticides create some risk of hatmirtans, animals,
or the environment because they are designed to kill or otheashisrsely

affect living organisms. Pesticides can enter the human body,adalimally

or by inhalation.

The toxicity of a pesticide is its capacity or abilitydause injury or illness.

The two types of toxicity are acute and chronic. Acute toxiaita pesticide
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refers to the chemical’s ability to cause injury to a persoanimal from a
single exposure, generally of short duration. Acute toxicity issorea as the
amount or concentration of a toxicant required to kill 50 % of the asimal

test population. This measure is usually expressed gg (ldthal dose 50) or
LCso (lethal concentration 50) (Pesticide Toxicity, n.d.).

The lower the LIgy or LCso of a pesticide product, the greater its toxicity to
humans and animals. Pesticides with a higlildde the least toxic to humans

if used according to the directions on the product label.

World Health Organization (WHO) has classified the pesticidesrding to

the LDso values of pesticides for oral and dermal exposure, for the rais si
these determinations are standard procedures in toxicology. Thiéicaties
involves the grouping of pesticides into: la-“extremely hazarddbs'highly
hazardous”, ll-“moderately hazardous”, lll-“slightly hazardous” aadtiVe
ingredients unlikely to present acute hazard”. (WHO, 2004). The WHO
recommended classification of pesticides studied in this work/éngn Table

1.8.

The chronic toxicity of a pesticide is determined by subjgctest animals to
long-term exposure to the active ingredient. Any harmful effdas dccur
from small doses repeated over a period of time are termed cheffects.
Some of the suspected chronic effects from exposure to certaioigesst
include birth defects, production of tumors, blood disorders, decrease in
fertilization and neurotoxic effects (nerve disorders). The cbraxicity of a
pesticide is more difficult to determine through laboratory amalysn acute
toxicity (Tielemans et al., 1999).

It should be noted that, pesticides are the most important methodfof sel

poisoning in many rural regions and associated with high rateath.0&/HO

estimates that, three million pesticide poisoning cases occldl wate every
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year and over 500 000 people died from self-harm in Southeast Asia and the
Western Pacific during 2000 alone (Eddleston et al., 2002).

1.10. Determination of Organic Pollutants

The environmental pollution, which is a result of human activities, hastedt

the development of legislative measures. The assessment dfitleney of
environmental protection policies requires applicable and reliabte arathe
concentrations of pollutants in the environment. Micropollutants were the
largest problems encountered as there are many different compaatdate

very low concentration levels, in a wide range of complexioestr The need

for reliable data on occurrence of micropollutants in the environmastan
important motivation for the development of modern analytical technigjes
procedures. In this development processes, two major areas can be
distinguished for trace organic analysis: First one is andlyg&aaration and
detection and the second is sample preparation. In the &tdt femarkable
processes have been achieved during several decades. However, the
developments for the second field had to wait until highly sensitiagy/taral
systems had become a common standard. It was realized thamistayke
occurring in sampling and sample preparation steps can lead tonsiabsta
error in the final result regardless of the excellent pevémce of the state-of-

the-art analytical technique used (Liska, 2000).

It is become possible to identify and determine a large vadktgrganic
environmental pollutants (pesticides, PCBs, PAHs, VOCs, phenols, phthalat
esters, benzidines, nitrosamines etc.) which exist at trads ievihe presence

of thousands of other organic compounds. Advances both in techniques of
separation (high-resolution gas and liquid chromatography), in methods of
identification (computerized mass spectrometry and selective dajeatat the
introduction of hyphenated techniques have been key factors in this

achievement. The result has been a dramatic increase in the mesgsches
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dealing with the identification and analysis of organic compounds in the

environment in general.

Following the rapid development of analytical techniques, increasingndisma
are placed on sample quality, and thus the extraction as a sarap&ation
tool. Trends in analytical extraction have been moved toward lessiorg
solvent consumption, faster extraction time, improved quantification (bgsnea
of higher recoveries, better reproducibility, lower method detedimits),

easy to use systems and automation (Raynie, 2004).

1.10.1.Extraction Methods

The basic concept of a sample preparation method is to convert raat
into a sample in a format that is suitable for analysis. G&msbe achieved by
employing a wide range of techniques. Extraction of organic polisitfrom
environmental matrices aims the followings (Smith, 2003):

- To convert the analyte into a suitable form for separation and detection.

- The removal of potential interferents for either separation octiete
from the bulk of the matrix, thereby increasing the selectigftyhe
method.

- To increase the concentration of the analyte and hence the sgnettivi
the assay.

- To provide robust and reproducible method that is independent of

variations in the same sample matrix type.

Although many traditional sample preparation methods are stillsen the

trends in recent years have been moved towards (Smith, 2003):

- The ability of smaller initial sample sizes even for trace arglysi

- Greater specificity or greater selectivity in extraction.
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- Increased potential for automation or for on-line methods reducing
manual operations.
- A more environmental friendly approach (green chemistry) vais |

waste and the use of small volumes or no organic solvents.

These goals are being achieved in a number of different wayararsdill the

subject of active research (Smith, 2003).

Over the past several decades, time consuming manual methodbdsve
used for sample preparation. Most of the time, about 60 % of a ltypica
chromatographic analysis is spent on sample preparation, requirnegtime
than collection, analysis and data evaluation. This step is alsodjoe source

for error in chromatographic analysis, which accounts 30 % of ernargged
(Settle, 1997).

Classical extraction procedures consume large amounts of solvileuss,
themselves creating environmental and occupational hazards, and oftele provi
very little selectivity. During the volume reduction step of modragtion
procedures, the solvents are frequently disposed to atmosphere (Aawlisz
2003). For the determination of the organic pollutants in water samples,
methylene chloride is removed as much as 5-10 million L perlyeéne US
Superfund Contact Laboratory Program alone. Methylene chloridevesm
ozone from upper atmosphere and is suspected carcinogen. As a réiselt of
Pollution Prevention Act of 1990, the US Environmental Protection Agency
(EPA) has taken action to reduce the use of methylene chlaritieir current

analytical methods (Thurman and Snavely, 2000).

The analytical community responded to this challenge by increassgarch
on solid phase extraction (SPE) and supercritical fluid extraC8b&) as less
solvent consuming alternatives to liquid-liquid extraction and Soxhlet

extraction, respectively. The development of new technologies, asch
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pressurized fluid extraction (PFE), hot-solvent extraction (acteld solvent
extraction-ASE), microwave assisted extraction (MAE) andreexiraction
approaches such as solid phase microextraction (SPME) also dezhleent

use, time and labor consumption for extraction (Pawliszyn, 2003).

For the extraction of organic compounds from solid matrices, Soxhlet
extraction has been used traditionally. In this method the solvent is
continuously recycled through the sample in a closed system fa kours,
leaching out analytes. However, the analyte must be stabldurimgf boiling
solvent. Less efficient methods include shaking the sample manaally
automatically in hot or cold solvents for prolonged periods. Sampilkars
filtered, decanted or centrifuged. This technique is often callesthase/filter
method The subsequent steps for both extractions involve the evaporation of
the solvent and concentration of the sample. All these procedurexteme
time consuming and require the use of significant amounts of samglarge
volumes of organic solvents (Settle, 1997).

The most recent methods involve the instrumental extraction techniguese
processes aim to reduce the amount of solvent and sample, to reeldiceect
required involve and to enhance selectivity. The extraction can be dpgede
by heating or agitating the sample (PFE and MAE) or bygusiternative
solvent which has higher diffusion rate (SFE) (Smith, 2003).

Pressurized fluid extraction (PFE) is commercialized aslerated solvent
extraction (ASE). In this technique, organic solvents are usedewated
temperatures above their atmospheric boiling points by employiaty drel
increased pressure. The solvent remains as liquid but has enhancedrsolvat
power and lower viscosity and hence higher diffusion rate. Thesgyeha
increase the extraction rate and procedures, which have takenhmarsyby

Soxhlet refluxing, can be carried out in minutes on a smaller sampleuite®q
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a smaller fraction of organic solvent and more concentrated. MereASE

system is able to carry out multiple extractions at the same timéh(2003).

Microwave assisted extraction (MAE) is similar to PFE, ameblves liquid
solvents heated. In the case of MAE, the heating is due to ircadiaiih
microwave energy, which results in more rapid heating. The saamle
solvent are subject to irradiation in either a sealed vessasjmized MAE) or
an open vessel (atmospheric MAE). The solvent or the sample mussp@ss
dipole to absorb microwave energy. The development of this systewéd
the development of microwave digestion for inorganic analytes (R&004,).

MAE also allows multiple extractions.

SFE involves carbon dioxide as primary extracting solvent. The carbriaeli

is pressurized above 75 atm, where the gas is used as a supérituidl.
Through alteration of the applied temperature-pressure combinatiorg som
alteration of the solvent properties is achieved (low viscobigh diffusion

rate). Initial limitations of the technique centered on its ingbtlb extract

polar molecules from matrix. Solvent polarity is modified through axdiof
organic co-solvents such as methanol. This technique is an environmentally

friendly as it uses carbon dioxide as solvent (Dean and Xiong, 2000).

Extractions from solids may also be accelerated through apphcaif
ultrasonic energy through water. It is based on the enhanceshengass
exchange in pores of the solid particles when exposed to ultrasound. This
technique can be applied to a wide range of samples, resulting in hig
extraction efficiencies in relatively shorter time with Migeproducibility
(Banjoo and Nelson, 2005; Babic et al, 1998).

Common and well established methods for the determination of seatilevol

organic compounds are based on the use of either liquid-liquid extraction
(LLE) or solid phase extraction (SPE). In the LLE, typicalyolume of 500-
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1000 mL sample is extracted with a non-polar organic solvent (100-250 mL)
and the extraction has to be repeated 2-3 times to achieve aebmlery.
(EPA Method 3510C). There are disadvantages of LLE: The resuémgls
usually includes matrix interferences, therefore furthelarcigp stage is
required. It is laborious, time-consuming, subject to problems arising the
formation of emulsions and requires use of large volumes of organic solvent
which are evaporated during the process and pose a risk for bothtdaigor
workers and the environment. In addition, recoveries of many pol&tesa
are low due to their relatively high solubility in water. Theslinique is also
difficult to automate. Alternatively, solid phase trapping methods aacBPE

and SPME has been developed. (Sabik et al., 2000, van der Hoff anchZoone
1999, Pichon, 2000, Poole, 2003).

SPE is a widely used sample preparation technique for the @solatid
preconcentration of selected analytes from a liquid phase. Int$pi€ally an
aqueous sample is passed through a small tube filled with porous soliteparti
such as poly(styrene-divinylbenzene) or silica. Alternativelyeabrane disk
containing sorbent particles may be used. The organic anafgtésaasferred
to solid phase where they are retained during the extractioregsodhe
sample is than isolated from the solid phase and the analytes lejutesmall
volume of an organic solvent, after a brief wash. Then the elutebean
analyzed by gas or liquid chromatography. It is now the most common
extraction technique in many areas of chemistry including enviromament
pharmaceutical, clinical, food and industrial chemistry. A high levEl
automation is also possible in the applications of this technique (R20l8,
Fritz and Macka, 2000).

More recently, SPME was developed for the need of fast, solventsfreple
and easy to automate extraction techniques. It has been evalaatdte f
extraction of a wide variety of pesticides, PAHs, PCBs and athlates from

water samples. SPME is based on the sorption (partitioning) ofnidgtes
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present in the water sample onto a small layer of stationarg jgbased onto a
syringe-like device. The main advantage of this method is itplisity,
besides the SPME device, only standard GC instrumentation is reqUined.
main disadvantage is that, since this method is based on pangtioni
equilibrium, extraction is in some cases incomplete which requintitation
difficult. Each analyte should be individually calibrated and the etxbmra
yield should be determined for each analyte. SPME is espesiatigd as a

rapid screening method (Baltussen et al., 1998).

1.10.2.Solid Phase Extraction

Solid phase extraction has several important advantages as aotiemtr

technique for the analysis of organic contaminants in the environment:

1. SPE is faster and requires less manipulation. A sample can bdyquic
passed through a SPE cartridge or disk with a gentle suction and
extracted substances can be easily washed from the solid iphase
small volume of organic solvent. By contrast, simple solvent extracti
requires a considerable amount of manipulation in adding extractive
liquid, shaking and separation of the phases. During the extraction,
emulsion formation is possible and it should be broken to complete the
extraction. These processes are time consuming and the manipulations
clearly decrease the reproducibility of the technique. The environmental
studies require the analysis of large number of samples, in a
reproducible way. Considering these necessities, the SPE technique
seems to be much appropriate for environmental analysis. Moreover,

SPE steps can be automated readily.
2. Besides the medium exchange of the analytes from sample matrix into a

solvent suitable for instrumental analysis, the SPE technique $@s al

assist the matrix simplification. By the choice of a proper S&Bent
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material, the selective extraction of target compounds from butikeof
matrix can be possible. It is clear that, the more seledizé&SPE step

is, the more sensitivity obtained. Hence, the new types of sorgtis

as selective immunosorbents or molecular imprinted polymers have
been introduced in that way (Pichon, 2000). In fact, SPE technique is
commonly used as a clean-up step after the extraction of solglesam
such as sediments, soils and foods employing hand packed, normal
phase materials such as silica or Fluorisil. In these appinsatithe
principal role of SPE was the retention of unwanted components from

the sample such as polar non volatile compounds.

. SPE requires much less amount of organic solvent. Disk extraction has
been reported to use 90 % less solvent than LLE and up to 20 % less
solvent than cartridge (Sabik et al.,, 2000). In an environmental
pollution research, use of SPE provides an environmentally friendly

way of extraction.

. SPE provides higher concentration factors. In environmental samples,
the organic contaminants usually found in very trace amounts. The
transfer of an analyte from 1 L of water sample into 1 misa¥ent

leads to a concentration factor of 1000, which makes the determination
of the analytes more reliable. This property makes SPE more
advantageous over SPME, in which such a concentration can not be

obtained.

. Environmental researchers have studied the potential use of SPE disks
for temporary pesticide storage, field extraction of pesticided
shipping pesticides from one location to another. Temporary storage on
Cis worked well and enhanced the stability of most compounds
compared with storage in water at 4 °C (Senseman et al., 2003). Mattice

et al. (2002) tested a field extraction manifold using disks. They
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have found comparable recoveries from field extractions compared with
sample collection followed by laboratory extraction. By the useR#

as a storage and transport media, many problems associated with
delivery of water samples, such as storage stability, bottiekage,

and high shipping charges can be eliminated.

1.10.2.1. Reversed Phase Solid Phase Extraction

Developing a SPE method requires understanding of the interactiomsebe
the analytes and the sorbents. Sorbent-analyte interactions lyafadaihto

three categories: ion exchange, normal phase and reversed phades Bes
general classification of SPE types, there are also compounfficsgerbents

such as immunosorbents or molecular imprinted polymers (Fritz, 1999).

In ion exchange mode, solid particles contain cation- or anion-exchange groups
that retain ionic analytes or ionic products of analytes convertedighra
change in pH. The retained analytes are desorbed by an aclosic eluent.

The normal phase SPE is used to isolate polar compounds from a non-polar
sample which were eluted by a polar solvent such as waterotroal@lumina

and various types of silica gels are often used in normal phake SP
Reversed phase separations involve a polar or moderately polale saatrix

and a non-polar stationary phase. The analyte of interest allypmid- to
nonpolar (Fritz, 1999).

The sorbents used in SPE include graphitized carbon black (GGB)sed-
phase (RP) materials (modified silica gels) and polymeriemnads (Weigel et
al., 2001).

Several SPE materials, such as the alkyl- or aryl-bondezhsikre in the

reversed phase category. Here, the hydrophilic silanol groups attface of

the raw silica packing (typically 60A pore size, 40 particle size) have been
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chemically modified with hydrophobic alkyl or aryl functional grsupy

reaction with the corresponding silanes.

Retention of organic analytes from polar solutions (e.g. water) basa tSPE
materials is due primarily to the attractive forces betwihe carbon-hydrogen
bonds in the analyte and the functional groups on the silica surfaese T
nonpolar-nonpolar attractive forces are van der Waals forces, or sisper
forces. To elute an adsorbed compound from a reversed phase SPE tube or

disk, a non-polar solvent is used (SUPELCO Technical Resources, 1998).

Since the retention mechanism is primarily controlled by hydibjgh
interactions between analyte and the carbonaceous moieties sdriient, a
relation can be established between the retention factor of thgeaaad its
Kow value. It has been shown that the use gfdlica is well appropriate for
the trace enrichment of compounds with logwKvalues higher than 2 and
application of Gg silica to the multiresidue extraction of moderately polar and

non-polar analytes has been described for monitoring purposes (Pichon, 2000).

1.10.2.2. Solid Phase Extraction Apparatus
There are two main formats of SPE material in the magkattridge and disk

format. These devices use the same sorbent technology. The foBRE& afre

presented in Figure 1.6, together with the apparatus for extractions via disks
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Disk Type Cartridge Type in Syringe
Barrel Format
a) Forms of SPE

b) SPE Apparatus for Disk Extraction

Figure 1.6. The Forms of SPE Apparatus
a)Forms of SPE (From Thurman and Snavely, 2000),
b) SPE Apparatus for Disk Extractions (Lab_Environ_Tech, n.d.)
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SPE cartridges are available in packed-tube form with a widgeraf sizes (1-

60 mL) and sorbent types. The particle size of the packing ialateries but
typically averages 40-50m in diameter. The selection of optimum cartridge
size depends on the concentration of the analyte in the sampldesalume,

final volume after elution. In general, the mass of the retainedh@onus
should be less than 5 % of the mass of the sorbent and the elution volume
should be 2-5 times the bed volume of the cartridge (Sabik et al., 20B). S
cartridges are popular, easy to use and work well for many pusrigbséz,
1999).

Resin loaded disks are produced by the embedment of the sorbemissgh
into a web of polytetrafluoroethylene (PTFE) or glass fibatrx. Glass fiber
disks are thicker and more rigid with faster flow rates. Jikes of the sorbent
particles impregnated (8Bm in diameter) in the disks are smaller than those
found in cartridges. The short sample path and small particle opeom
partitioning and allow efficient trapping of analytes with atigkly high flow
rate through the sorbent. Figure 1.7 compares the particke anzeflow path
for disk and cartridge forms. For the same bed height for a disk eartriage,

the disk has many more particles and much more tortuous path ofaffoeh
means there is considerably more surface area available ahihéties of
sorption is much quicker. Hence, a smaller mass of sorbent is agdtoir
process a similar volume of sample, permitting the use ofleamallumes of
elution solvent (Sabik et al.,, 2000, Thurman and Snavely, 2000). Moreover,
use of SPE disks also gives lower interference levels wherparech to
conventional SPE cartridges with polyethylene frits (Tolosa et al., 1996).
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Figure 1.7. Comparison of Particle Sizes for Disk and Cartridge Formats
(From Thurman and Snavely, 2000)

The disks are available in different sizes (25, 47 and 90 mm digmé&he
most frequently used size is 47 mm, suitable for 0.5-1.0 L of wataple

volumes and can be used with flow rates up to 200 mL/min (Fritz, 1999).

The main difficulties encountered with any kind of bonded silica plaase
caused by the presence of suspended particles in the sampjearfibles of

alkyl bonded silica act as a mechanical filter retainingigast of suspended
sediment giving a loss in flow rate. This is very inconvenient wiaege
volumes of sample are processed. To solve this problem, acidifitatfut 2

can be applied to solubilize insoluble salts of aluminum, magnesium and
calcium salts. However, such extreme pH conditions are not recaiecas
they may alter the chemical stability of target compounds legerformance

of disks. Therefore, filtering the water samples containingquéatie matter is
performed before the extraction (Viana et al., 1996).

1.10.2.3. Solid Phase Extraction Procedure
A typical SPE procedure consists of four main steps: (1) Conditio#)g
Adsorption, (3) Washing, (4) Elution. In Figure 1.8, these steps are soown

cartridges to visualize the processes occurring, which ane sar SPE disks
(Fritz, 1999, SUPELCO Technical Resources, 1998).

48



Conditioning Adsorption Washing Elution

Matrix
Impurity
Analyte
Solvent A
Solvent B
Solvent C

Figure 1.8. Steps for SPE Procedure (from Supelco Technical Resources, 1998)

Before extraction of the analytes, the sorbent bed must be ptegmthat it
will make intimate and effective surface contact with the@ama\etting the
sorbent by passing a small volume of organic solvent allows the ¢ha@kig
chains, which are twisted and collapsed on the surface of the, $didae
solvated so that they spread open to form a bristle. This ensures@uadt
between the analyte and the sorbent in the adsorption of the astelytdt is
also important that the sorbent remains wet in the following stgperwise
poor recoveries can result (Dean, 1998).The presence of air preferient

interfacial contact between the liquid and solid phases.
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The aqueous sample to be extracted is passed through the column odeisk u
gentle vacuum. After the adsorption of the analytes on the sorbentinsed
with a suitable solvent to remove unwanted extraneous material.iqthe |

used for rinsing should not elute the analytes (Dean, 1998).

In the elution step, the adsorbed analytes are removed from the @blhts

and are returned to a liquid phase that is suitable for andlgtEasurements.

The selection of the elution solvent is important, as it should diatartalytes

of interest completely using as small volume as possible (A9Q9). Strong

and weak elution solvents for adsorbed compounds in SPE are described in
Table 1.9.

Table 1.9 Elution Strengths of Solvents (from SUPELCO Technical Resyurc
1998)

Polarity Solvent Miscible in
Water?
Nonpolar  Strong Weak Hexane No
Reversed Normal Isooctane No
Phase Phase Carbon tetrachloride No
Chloroform No
A Methylenechloride No
Tetrahydrofuran Yes
Diethyl ether No
Ethyl acetate Poorly
Acetone Yes
7 Acetonitrile Yes
Isopropanol Yes
v Weak Strong Methanol Yes
Reversed Normal Water Yes
Polar Phase Phase Acetic acid Yes

Two small aliquots of eluting solvent generally recover the compounds of
interest more efficiently than one larger aliquot. Best recogégnalytes can

be obtained when each aliquot remains in contact with the tube pacldiskor
for 20 seconds to 1 minute. Slow or dropwise flow rates in this atep
beneficial (SUPELCO Technical Resources, 1998).
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1.10.2.4. Applications of Solid Phase Extraction for Pesticide Analysis

SPE is a widely used technique for the extraction of differestsels of
pesticides from drinking water (Quayle et al., 1997; Ballestanuk Parrado,
2004; Rodrigues et al., 2007), ground water (Vassilakis et al., 1998; Heznande
et al., 2001; Marin et al., 2006), surface water (Wolska et al., Bx8fheri et

al., 2000; Zhou et al., 2006) and rain water (Coupe et al., 2000; Nyagab

al., 2005).

Pesticides are routinely determined in vegetables, fruits and food prodeits. S
is used also for the extraction of different classes of pdsticirom liquid
foods, such as fruit juices (Khrolenko et al., 2002), wine (Jimendz 2081;
Miliadis et al., 1999), and oil (Barrek et al., 2003; Sanchez et al., 2B6&)re
SPE can be applied to a solid matrix such as fruits and vegetaldeparate
homogenization step and often, filtration, sonication, centrifugatien ar
required (Pico et al., 2007). However, SPE can still find appbcdir the
pesticide extraction from fruits and vegetables (Stajnbaher apangic-Kralj,
2003; Juan-Garcia et al., 2005).

In the analysis of pesticides, SPE is used not only for extragotibalso used

for clean up after the extraction of fruits and vegetables (Skhegrad., 2002;

Sharif et al, 2006), meat and fatty matrices (Juhler, 1997; Kuivimeh a
Bengtsson, 2002), soil and sediment samples (Bester and Huhnerfuss, 1997,
Dabrowska et al., 2003).

The extraction of pesticides from biological fluids can also Unessfully

performed by SPE such as urine, serum and blood samples (Lastagsie
2001, Pitarch et al., 2001).
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1.10.3.Analysis Methods

The use of pesticides leads to adverse effects on both human and ennvironme
Legislations were set in USA, European Union and other countriegtdate
pesticide residues in food and food products, drinking water and enviranment
The legislations and the risks to human health has brought the reqnoiref

the detection of pesticide compounds in a variety of matrices; foowiruyi
water, ground and surface water, soil, human serum, urine, tissuels etc.
addition, the actual state and the transformation products of theigestic
these matrices should be extensively monitored. It should be notedhibat
analytes (pesticides) are often not expected to be detected sarttpdes and

the regulations set very low limit concentrations. Thereforensists are
forced to develop simple, fast, selective, sensitive and reliabigplea
preparation and analysis systems for the determination of wafigtesticides

in numerous types of matrices.

For the analysis of pesticides, multiresidue methods (MRMs), whreh
capable of simultaneously determining more than one residue in @esim
analysis, have been developed. Multi-class MRMs involve residuearioius
classes of pesticides and selective MRMs concern multipleluess of

chemically related pesticides (Ahmed, 2001).

The most common instrumental methods for trace analysis of pestici
involve Gas Chromatography (GC) with specific detectors such exgr&h
Capture Detector (ECD), Nitrogen Phosphorus Detector (NPD), eFlam
Photometric Detector (FPD); High Performance Liquid Chromapdgravith

UV and fluorescence detectors; and Mass Spectrometry for bp#ragion
techniques. For the analysis of pesticides in different chenuleases,
different analytical techniques are widely used and theseswmenarized in
Table 1.10.
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Table 1.10. Methods of Analysis for Different Classes of Pesticides

Type of Pesticides Method of Analysis
Chlorinated Pesticides GC-ECD, MS
Phosphorus Pesticides GC-NPD, MS
Nitrogen Containing Pesticides GC-NPD, MS
Herbicides HPLC-UV, MS
Carbamates HPLC-UV, MS

GC is preferably used for the analysis of volatile and théymstiable
pesticides, including OCP and OPPs. HPLC is used for the analisis
thermally labile and polar compounds which are not suitable for Glgsana
These include the carbamates, urea- and phenoxyacid herbicides,
benzimidazoles, etc (Balinova, 1996). The limitations of HPLC include
expensive instrumentation and operation, and the lack of a sensitivesahive
detector (Ahmed, 2001).

1.10.3.1 Gas Chromatography in the Analysis of Pesticides

Gas Chromatography (GC) is a widely used technique in environmental
analysis, due to its high resolution power and selectivity, good agcaral
precision, wide dynamic concentration range and high sensitivaigt¢S and
Galceran, 2002). The analysis of pesticides residues by GC s we
documented, and have been developed for 500-600 different compounds used
world wide (Fifield and Haines, 2000). Most standard multiresidue methods are
based on GC for determination of pesticide residues (AOAC Inici@ff
Method 990.06, 2000; AOAC Int. Official Method 985.22, 2000; EPA Method
8081 B,1998; EPA Method 8141 B, 1998).

Compounds which are gaseous or having low boiling points (up to 300°C) may
be separated and determined by GC. The liquid samples to be anatgzed

usually prepared in a readily volatile solvent and introduced to Gtemaywith
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a syringe into injection port or inlet, heated usually at 188stC above the
column temperature. For packed columns, the inlet is a relatiwelgles
device; samples are generally injected directly into a shatibpasf tubing at
the column head, which does not contain any stationary phase. Foargapill
columns, samples are injected into a tube (glass sleeve Qrdemmarate from
the column in a heated block with an inert gas stream. Therkguige sample
is vaporized instantly (flash vaporization) without decomposition, mixed
homogenously with the carrier gas and finally transferred to thenecoln the

vapor phase (Fifield and Haines, 2000).

For a capillary column, required injection volumes are on the order @l 1
to prevent overloading of the column. This is achieved by splittingdher-
gas stream into two highly unequal parts with the split va\amall portion is
swept to the column and the remainder is vented out. Splitlesgionjas
widely used for trace analysis for which maximum sensitivstydesirable,
where the sample is vaporized and slowly transferred onto the coldram
split valve is closed. For the analysis of pesticides, splitiegstion is

generally preferred (Santos and Galceran, 2002; Ahmed, 2001).

Split/splitless inlets are available for capillary GC anschematic diagram is
given in Figure 1.12. The GC system used in this study formakyss of OCP
and OPP compounds has this type of inlet.

The selection of the GC stationary phase depends on the natuecanfallites.
For the analysis of OCPs, non-polar stationary phases such asabi@-DB-5
are widely used. For the analysis of OPPs, the column seleshiould be
carefully done considering the polarity of the analytes. Be€idR4 and DB-
5, DB-170, DB-1701 and other chemically bonded phases available in the
market can be used (Ahmed, 2001, van der Hoff and van Zoonen, 1999).
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Figure 1.9. Split/Splitless Injector (from Rouessac and Rouessac, 2007)

After the separation of the analytes by GC system, the dietgrmination can

be achieved by a series of selective detectors, such as EEDENPD. FPD

is a highly selective detector for sulfur and phosphorus compound$aisesl

on element specific luminescence produced when sulfur or phosphorus
compounds are burnt in a hydrogen rich flame. These emission band$dor S
sulfur and HPO for phosphorus species are detected at 394 and 526 nm,
respectively (van der Hoff and van Zoonen, 1999). The detailed infamati

for ECD and NPD detectors are given in the subsequent sections.

Modern analytical systems use GC with MS detection. GC-M@idsmost
powerful technique available for the analysis of trace organic miateni#h its
ability to detect great number of compounds with high selectivity, good
sensitivity and its versatility. It combines a high performaseparation
method with a high performance measuring technique. However, inigestic
analysis, the use of GC-MS is restricted to a confirmatemhrtique as a
consequence of its higher detection limits achieved in generahuattirupole

analyzers operating in full scan mode (Fernandez-Alba et al., 1998).
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1.10.3.2 Electron Capture Detector

In the 1960s, a real advance in pesticide analysis by G@htwaduced by the
invention of ECD. It is the first selective detector with extedy high
sensitivity for halogenated compounds, enabling simultaneous analysis of
various chlorinated pesticides, at detection limits hundred timesr Itinan

available flame detectors (van der Hoff and van Zoonen, 1999).

This is the most widely used of several detectors which emaloyray
ionizing source. A typical ECD diagram is shown in Figure 1.10. As the
nitrogen gas, as carrier or make-up, flows through the detetitum or ®Ni
source ionizes the gas forming “slow” electrons which migrateartasv the
anode wire under an applied potential difference of 20-50 V. The flow of
“slow” electrons constitutes a steady current while onlyi@agas is present.

If a solute with a high electron affinity is eluted from theuooh, some of the
electrons are “captured”, reducing the current in proportion to its conéentrat
The detector is very sensitive to compounds containing halogens and sulphur
anhydrides, peroxides, conjugated carbonyls, nitrites, nitrates and
organometallics, but is virtually insensitive to hydrocarbons, alcoketenes

and amines. The electron capture detector is particularly usethe analysis

of halogen-containing pesticides which can be detected in the sujrgnito
range. Although it is the most sensitive available, its linear ranggsiricted to
only 1¢ or 1¢ and it is sensitive to temperature changes. The carriengsts

be exceptionally pure as the presence of oxygen, air and waget #ie
detector performance, besides causing column bleed. Halogermtedts

should be avoided in sample preparation (Fifield, and Haines, 2000).
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Figure 1.10 Design of Electron Capture Detector (from Rouessac and
Rouessac, 2007)

1.10.3.3 Nitrogen Phosphorus Detector

Since its introduction in 1964 the nitrogen phosphorus detector (NPD) (als
called as thermionic detector) has been successfully usebdefatetection of
phosphorus compounds, particularly pesticides, and has been developed for the
analysis of nitrogen containing compounds such as drugs. The N#tiotlser
sensitive, but, in this case, a specific detector. It is a mddHi@me lonization
Detector (FID) with an alkali metal bead (rubidium or cesiumate) inside a
heater coil placed between the flame tip and a collectoretiec{Scott, 1996).

The diagram of a NPD is presented in Figure 1.11.

A sufficient flame temperature vaporizes the alkali ms#dtl and generates a
stable population of alkali metal ions necessary for the therinppagess. The
NPDs use an electrically heated temperature controlled glead which
contains the alkali as a rubidium silicate which is thermatfbls. The
combustion products of nitrogen and phosphorus compounds interact with the
alkali metal ions by a complex series of reactions, which protherenionic
electrons. These are collected and give rise to the increasmiriant
(Braitwaite and Smith, 1999).
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Figure 1.11. Diagram of Nitrogen Phosphorus Detector (from Scott, 1996)

When compared with a standard flame ionization detector, NP toletisc
approximately 50 times more sensitive to N-containing compounds and 500
times more sensitive to P-containing compounds. The NPD has arameger

of 10° (Braitwaite and Smith, 1999).

The main disadvantage of this detector is that its perforendeteriorates with
time. The alkali used as the bead is usually a silicate amdémonstrated that
the loss in response was due to water vapor from the burning of hgdidgs
converts the alkali silicate to the hydroxide and free silica. Unfortiynaitethe
normal operating temperature of the bead, the alkali hydroxide hgisifecant
vapor pressure and consequently, the rubidium or cesium iscontinudlly los
during the operation of the detector. Finally all the alkali ipexated, leaving

a bead of inactive silica. This is an inherent problem witiNBlldetectors and

as a result the bead needs to be replaced regularly if thetodetgcin

continuous use (Scott, 1996).
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1.10.4.Quality Control

The Quality Control and Quality Assurance practices in chéraitalysis are
getting increasingly important for policy makers and the customersevgjuire
reliable data from an analysis in decision making such as tartakagement

actions or to have investments.

Obtaining reliable data is extremely crucial for environmesmalysis where a
set of environmental samples are collected for a specified pbiatcertain
time and the chemical analysis of contaminants is carried oo wsirious
techniques in the laboratory. The sampling and analysis are contiuctesbt
certain objectives that have been formulated to address sppefitions and
problems. As a result of the analysis, management actions are takieh
include reduction of discharge of contaminants, restrictions to usrilagnal
chemicals and change in chemical manufacturing methods, etc. Thieses ac
need to be based on accurate information; otherwise significant eicocasts
and damage to environment can occur. To be sure the chemicasisnaly
information is as correct as possible; a system of qualgyrasce/quality

control is needed (Cornell, 2005).

Quality assurance (QA) includes the activities by whicls ishown that the
analysis meets satisfactory standards by comparison vetidasds, setting
acceptable variability and detection limits, and that appropriat@raio
procedures in place. Quality control (QC) is a managemenemsysif
laboratory procedures and day-to-day activities to control andsatbeesesults

obtained.
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Typical QA/QC procedures are as follows (Connell, 2005; EPA 8000C):

1. Blanks (Field and Laboratory)These are the samples that are collected
or prepared in such a way to represent the levels of contaminants
reagents used in the laboratory, contamination on equipment used for
sampling, and so on. The concentration of the analyte in the blank
should not be higher than the method detection limit or 5 % of the

measured concentration.

2. Calibration of Equipment and Analytical Procedur&ampling or
analytical equipment should be calibrated before use and thaipreci
and detection limit should be known. Recalibration must take place
when the performance changes o the point that accepted performance

criteria can not be achieved and after significant maintenance iastivit

3. Laboratory Control Sampled-aboratory control sample(s) should be
analyzed with each batch of samples processed to verify that the
precision and bias of the analytical process are within coninats!

The results of the laboratory control sample(s) are compared tmlcont
limits established for both precision and bias. These are the sample
held by the laboratory of known composition, often from previous

analyses.

4. Standard Reference MaterialStandard reference materials (SRM) are
used as laboratory control samples and are obtained from an external
authoritative source that certifies the composition of the nahtdiney

should be analyzed as the laboratory control samples.
5. Replicates: The duplicate (two) or replicate (more than two)

preparation or analysis of the same sample provides the precision

associated with these laboratory procedures. To determine thsiqme
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of sample collection procedures, duplicate or replicate samsplasd

be collected during the sampling.

Matrix SpikesThe chemicals of interest can also be added to in known
concentrations to a matrix of the environmental sample, known as
matrix spike. The matrix spike sample is prepared and analyzdta

samples and its purpose is to determine the bias resulted feom th

sample matrix.

. Surrogate Recovent is the substance similar to the target analyte(s)
in chemical properties and behavior in the analytical process,Hicih w

is not normally found in the environmental samples. This substance is
added to the sample aliquot in known amount(s) before sample
preparation and is measured as analyte. The purpose of a sursoga
monitor sample preparation performance with each sample. For
example, for the extraction of organic compounds the percent
recoveries of surrogate compounds are calculated for each sanaple
ongoing recovery of extraction procedure is monitored. The recovery of
the surrogate must lie within 99 or 95 % confidence interval around the

mean surrogate recovery.

. Consistency of Analysi$he results from analysis of a known reference
material can provide a useful control on the analysis results.esa#s

of the analyses on a regular basis over time can be plottedhasta c
When a significant number of analyses have been carried out, the char

can indicate the deviations from control limits.

Laboratories can contact other laboratories conducting the sarysesnand

organize an interlaboratory calibration program. Laboratories caegistered

or accredited by appropriate organizations through on-site evalubtion

independent assessors (Connell, 2005).
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1.11. Literature Review

In the literature, the studies about the subject of “pesticides” well
documented and widely presented as these useful man made chdmial
adverse effects on human health and environment. The materials ooksr b
data bases, analytical methods, and journal articles. The books ariobdas
involve the general information about the pesticide properties, enviroaiment
fate, toxicity and their use statistics. The analysishefgesticides have been
performed not only in research laboratories, but also performenhetyutn
governmental agencies for many decades, due to legislative adtiwrefore,
there are well established analytical methods for pesticeldus analysis in
different matrices. It should be noted that, some of these eowan be
accessed easily through the internet, including general informatisticige
properties data bases, regulations, test methods, fact sbeeissficide use,

safety and etc.

The subjects of the publications can be divided into four groups; amélyti
chemistry studies for food, environmental and biological samples,
environmental studies (determination of pesticides as pollutantsiarogj
modeling, fate and removal processes), health effects (inclegidgmiology
and toxicity studies) and pesticide use policies (including theststat
legislative actions and regulations, discussions and comparisons oé$golic

the scope of this work, among the wide range of literatureuress, the
journal articles will be summarized only of which are about thalyécal
chemistry studies on the determination of pesticides in wat@ples and

environmental measurements in aqueous matrices.

The studies about pesticides performed in Turkey will be summdarize
separately in another sub-section. Only the studies related @tpetsticide
determinations in environmental samples and analytical chemistrybev

presented.
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1.11.1 Analytical Chemistry Studies

Analytical chemistry studies involve the method development datadin for
extraction and determination of pesticides. SPE is the most wickdy
technique for the extraction of pesticides from water sampléseititerature.
Although in most of the studies cartridges were used (Aguilal.etl997;
Wolska et al., 1999; Vidal et al., 2000; Hernandez et al., 2001; Soda et a
2003; Ballesteros and. Parrado, 2004; Rubio et al, 2007), the applicatien of
disks were also documented (Albanis et al., 1998; Golfinopoulos et al., 2003;
Leandro et al., 2006).

Aguilar et al. (1997) has determined 17 pesticides in differenticaégroups,
containing OCPs (including, and HCH, heptachlor and heptachlor-endo
epoxide, aldrin, dieldrin, and endosulfan) and OPPs (including malathion)
via SPE-GC-ECD and SPE-GC-MS systems. For SPE, cartneigesethyl-
vinylbenzene-divinybenzene copolymer were used. The parametectingffe
SPE process were optimized; elution solvent (first hexane, thghaettate),

pH of the medium (~6), addition of NaCl (15 g/L) and sample volume (500
mL). The percent recoveries were ranging between 40-106 %asltsivown
that, GC-ECD system has better limit of detection (LODJie® (0.2-1.0 ng/L)
than GC-MS system with SIM mode (20-100 ng/L).

Pocurull et al. (1998) has determined almost the same 17 pesiitidater by
on-line coupling of SPE to GC-MS through an on-column interface. A
precolumn packed with polystyrene-divinylbenzene copolymer was eglect
for the SPE process. The parameters affecting the trasfstee analytes from
the precolumn to the GC system (flow-rate, temperature and sokpot exit
time) were optimized. The use of the MS detector under SIM sitiqui
enabled the analytes to be quantified at sub pg/L levels withldnipL of

sample, and the LODs were between 2 and 20 ng/L. The linearitiieof
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response was obtained in the range of 0.01-10 pg/L. The reprodyabithe
measurements was lower than 21 % for SIM mode. The method wasdajapli

the determination of the pesticides in tap and river water samples.

SPE-GC-ECD, SPE-GC-MS (in SIM mode) and GC-MS-MS systemie
employed for the identification of 12 pesticides, covering OGRduding
dieldrin) and OPPs (including parathion-methyl, fenitrothion and malatimo
water samples by Vidal et al. (2000);gCartridges were used and the SPE
procedure was optimized in terms of the breakthrough volume and the
saturation concentration. Different volumes (100-600 mL) of the water sampl
were spiked with pesticides standards to determine breakthrough vahdane
500 mL was chosen as the optimum volume of the sample to use. The
saturation concentration was not reached to the tested highes$arstg1600
ng/L) for most of the pesticides, except dieldrin (200 ng/L) and lbegiro

(400 ng/L). The LOD values provided by three analysis systerase w
comparable being in the range of ng/L and GC-ECD system vesreraly
lower and GC-MS system has mostly higher LODs than otheeragstTo
study the extraction efficiency of the analytes, three 50Gahgjuots of Milli-

Q water was spiked to containl00 ng/L of each target pesticide. Good
recoveries (76-122 %) were obtained for all pesticides, excepincéipta %)

by using GC-ECD system.

An automatic method for the determination of 13 OCPs in wateplsanwvas
developed by Colume et al. (2001). The analytes were preconcerdrabed
Ciscolumn and subsequently eluted with ethyl acetate. GC-ECD veasfois
separation and selective detection. The LODs of the analysisawgisig from
0.01 to 0.1 ng/mL, and the RSD values for the measurements werehetwe
and 6 %. The average recovery at a fortification level of Znhghas 92%.
The method was used to screen OCPs in natural waters colleeted

agricultural areas and also to tap waters.
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Another recent publication is about the use of SPE in the analy8iO&Ps
(including diazinon, parathion-methyl, malathion, fenthion and methidathion)
including in natural and drinking waters (Ballesteros and. Parrado, .20004)
this study, the pesticides were extracted through a continuo@snsgsnsists

of two injection valves, a pump and an adsorbent column where theiqest
were preconcentrated and subsequently eluted with ethyl ac¥at®us
sorbent materials were assayed anglWas found to provide the best results,
with percent recoveries ranging from 96.8 % to 99.5 %. The wholecextes
collected in a glass vial and introduced to GC-NPD systemhtrahalysis.
Here, the authors claim that, this system can easily be coup@@ twith the

introduction of an injection valve, becoming an on-line system.

SPE-GC-MS system was used for the determination of 96 pesticide) @GP
(including aldrin, HCH isomers, DDE, DDT, dieldrin, endosulfarn,
endosulfan and endosulfan sulfate, heptachlor, its endo epoxide and
methoxychlor), OPPs (including azinphos-methyl, chlorpyriphos, fenitroth
malathion, pirimiphos-methyl), and their transformation products irkihgn
water (Leandro et al., 2006). The SPE medium wasdiks and MS was
operated in SIM mode. The percent recoveries were in the rargfe df6 %

and the RSD values were lower than 20 %. These results demonstra&dtha

can be successfully applied for the simultaneous analysis ougatclasses of

pesticides.

SPME is the most frequently reported technique in recent ykagsto its
advantages over SPE and LLE as being a solvent free, fapte snwbust and
easily to automate technique. Dugay et al. (1998), Valor et al. (2001),
Goncalvez and Alpendurada (2002a), and Perez-Trujillo et al. (2002) has
studied the effects of different SPME coatings on the extraetificiencies of
different classes of pesticides, including OCPs, OPPs, triaaimepyrethroids

in water samples. These studies have shown that, fibers cagtaini

divinylbenzene (DVB) provides higher extraction efficiencies. Gorez and
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Alpendurada (2002b) have later detailed their work on fibers and by cogpar
three different DVB containing coatings, they have found the matabse
fiber for each class of pesticides. Afterwards, the same authuesdeveloped

an analytical procedure for multipesticide residue analysis tervsamples
using SPME-GC-MS-MS technique which has quantitative and qualitative
capabilities (Gongalvez and Alpendurada, 2004).

Dong et al.(2005) has used headspace (HS) SPME for the determufatibn
OCPs by GC-ECD whereas Sakamoto and Tsutsumi (2004) has demdnstrate
that HS-SPME coupled to GC-MS system can be applied for tHgsenaf

multi-class pesticides (174 pesticides) in aqueous samples.

Lambropoulou et al. (2000) has compared the two methods for the ar@lysi

10 OPPs (including parathion-methyl, fenitrothion, malathion, fenthion,
bromophos-methyl, bromophos-ethyl and fenamiphos) in natural waters using
SPE, with C18 disks (requiring 1000 mL of sample) and SPME with
polyacrylate (PA) fiber (requiring 2.5 mL of sample). The anslggstem was
GC-FPD. The LODs obtained were similar for both methods; 0.01-0.07 pg
for SPE and 0.01-0.05 pg/L for SPME. The recoveries of SPME (86.2-119.7
%) were slightly higher than the recoveries provided by SPE (60.7-104.1 %
The authors have proposed the use of SPME technique as an alternative
technique to SPE, especially when the sample volume is limiteatle lsame
work, the analysis system, GC-FPD has compared with GC-M8Mm®®de

and it was found that GC-FPD has slightly lower LODs than GCslytsem.

The proposed methods were applied to the trace level screenanmiheition

of insecticides in river water samples originating from diffe(@rgek regions.

The SPE can also be applied in LC based procedures. Aragid, multi-
residual, sensitive and specific procedure for determining 35cipest in
environmental ground and surface water in was proposed by Hernaralez et
(2001). The method was based on the use of SPE combined on-line (LC)
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electrospray (ESI) tandem mass spectrometry (MS—MS). Sinewites target
analysis of 29 pesticides (1 fungicide, 16 insecticides, 10 herbieiags2
acaricides) and 6 metabolites with positive or negative ionizatias w
performed by the direct injection of only 1.3 mL of filtered watample, with

a total analysis time of 18 min. Aj§&cartridge was used for the extractions and
the SPE-LC-MS-MS method was validated. The percent recoveriesnvere
the range of 65-116 % for ground and 50-115 % for surface water saamples
100 ng/L fortification level. The LOD values were between 0.5-60.1 ragid,
the method was stated to be precise with RSD values lower than 15 %.

1.11.2 Environmental Measurements in Aqueous Samples

Senseman et al. has studied the pesticide pollution of groundwater \ 29@7a
surface water (1997b) in Arkansas, USA. The groundwater study inviblees
2-year monitoring of selected sampling sites, where pesticides mixed,
loaded or rinsed. The authors aimed to assess the temporal graemdwat
quality, regarding pesticide contamination at these point sourcegheAt
beginning of the study, the information about the pesticide use has bee
obtained from volunteer farmers by questionnaires. The 16 sampleg sit
located in 11 countries in Arkansas were representing varyingutgral
situations, applications and management schemes. 80 samples waeddl
times in 1990-1991 period. Samples were extracted with SPE disks and
analyzed by GC-ECD, HPLC-UV for 17 pesticides (including azinphetyl

and parathion-methyl) commonly used. The percent recoveries ramsgeg
from 82 % to 98 %, with RSD values below 7 %. The limit of quantifica
(LOQ) values were between 0.1-1.0 pg/L. Only 14 samples were etbtect
contain 8 different pesticides, single or multiple and only threetigts were
above advisory levels. The pesticide’s proximity to the wells dumirgng,
rinsing or loading was considered to be a greater influence ropotary

contamination than the chemical or site specific characteristics.
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In the surface water study, the water quality of selecéd@s| rivers and
streams of Arkansas was measured with respect to pesticitestddy was
based on monitoring of 59-62 sampling sites for 3 year period (1989-1991).
Totally, 485 samples were collected in 8 sampling time. Theesanalytical
methods were used for the detection of the same 17 pesticideshevgame

LOQ values in the previous study. The percent recoveries wegagafrom

72-98 %, with RSD values below 6 %. 256 samples were detected tinconta
14 different pesticides, alone or mixed and a total of 5 % ottiebts were
above the health advisories. Spring and summer samples provided 73 % of the
detections and rivers/streams were responsible for 62 % of the detections.

The studies performed to evaluate pesticide exposure both in Portuguese
surface and ground water, from 1983 to 1999, showed that some of the
monitored pesticides were present at different concentration (@eisjeira et

al., 2003). During the study period, different extraction and analydisoofe

have been used; liquid-liquid extraction, SPE, SPME, GC-ECD, GC-NPD, GC-
MS for both analysis and confirmation. LindareeBHC, b-BHC, d-BHC,
hexachlorobenzene, heptachlor, heptachlor-epoxide, aldrine, DDE, DDD,
endrine, dieldrine,a- and b-endosulfan, dimethoate, diazinon, atrazine,
simazine, molinate, chlorfenvinphos, propanil and its metabolite 3,4-
dichloraniline (DCA), ethyl-parathion, alachlor, metolachlor, MCPA,
bentazone and 2,4-D were monitored in surface water. All of gmiomed
pesticides were detected except the HCH isomers, cyclodieb$, anhd
derivatives, probably due to their agricultural interdiction. In somehef
samples, the concentrations of pesticides were higher than thenumaxi
admissible concentration (On/L); 32 ng/L (for chlorfenvinphos izomers), 48
ng/L (for molinate). Residues of each pesticide showed a seasutation of
concentration with the highest levels registered in spring, @igsticide
treatments. The monitored herbicides (alachlor, atrazine, miekmiac
metribuzine and simazine) in ground water were all detectediffarent

exposure levels in several agricultural areas. The herbicides frequently
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detected were atrazine (64%), simazine (45%) and alachlor)(2Z%4n the
surface waters, there were some concentration extremes dondywater
samples. For example, alachlor, atrazine, metolachlor, metribuzide a
simazine have reached the maximum values of 13, 30, 56, 1.4 and/D,4

respectively.

Golfinopoulos et al. (2003) has applied SPE withg Cisks for the
determination of 20 OCPs (including all of the OCPs studied inntbrk) in
the surface waters of Northern Greece. After the extractibe, final
determinations were performed by a GC-ECD system. The pesmeries,
for 0.4 pg/L fortification level, were ranging from 50 % (fddrén) to 145 %
(for endosulfan sulfate). The RSD values were lower than 14 %,thend
highest LODs was obtained was 0.020 pg/L faédCH. The SPE-GC-ECD
system was used for the seasonal monitoring of OCPs in fourameefive
lake samples for a period of two years, 1996-1998. The most commonly
detected OCPs were isomers of HCH, aldrin, dieldrin and endosuiliates
In some cases the concentrations were higher than the limit ofall@® ng/L
set by European Union (EU Council Directive 98/83/EC, 1998), espefnally
HCH and aldrin. The occurrences of these compounds in Greek swdbars
were attributed to intense agricultural activity and transboungdahtytion.
This study clearly shows the effectiveness of SPE techniquehéoroutine

determination of OCPs in environmental water samples.

A survey undertaken in Kanpur, northern India, has shown the presence of high
concentrations of both organochlorine and organophosphorous pesticides in the
surface and ground water samples (Sankararamakrishnan et al., 260&)-Li
liquid extraction of followed by GC-ECD was used for the deteation of

these compounds. Percent recoveries were ranging between 58.5a#ti¢par
methyl) and 110.8 %g(HCH) and the maximum LOD was 0.0Wy/L for
malathion. Among the various pesticides analyzed, high concentratiaps of

HCH (0.26ng/L) and malathion (2.6fig/L) were detected in the surface water
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samples collected. In the ground water samples collected fromribas/hand
pumps located in agricultural and industrial areas, apart fj¢thCH and
malathion, dieldrin was also detected. The maximum concentration vdlges
HCH, malathion and dieldrin were 0.90, 29.84 and 16@R&, respectively.
Pesticides like DDE, DDT, aldrin, ethion, parathion-methyl and endosulfa
were not detected in both the surface and ground water samples. Howeve
Shukla et al. (2006) has found the concentrations of DDT, lindanandb-
endosulfan in ground waters of Hyderabad city of India higher than the
gualitative target set by European countries. This was explained pgghible
transfer of OCPs from agricultural and health protection &ietsvicarried out
and in near Hyderabad. These results presented were alarmthg fogalth of

the human beings in the region.

The levels of 13 OCPs in surface water and sediments from QuiRtaegin

East China were investigated by Zhou (2006) to evaluate their @btenti
pollution and risk. In 2005, a total of 180 surface water samples from A& poi
and 48 sediment samples from 19 points were collected along thénrioeir
seasons. For the extraction of water samples, SPE cartridgeson the
sediment samples, ultrasonic extractions were used. The anakeses
performed by GC-ECD system. The percent recoveries fterwgamples were
between 76-87 %, RSD values were below 6 % and LODs were |baer t
0.15 ng/L. The concentrations of DDT isomers were much lower thai HC
isomers and other OCPs. Although they have never been used iartangats

the region, aldrin, dieldrin, endrin, heptachlor and heptachlor epoxide has
detected in most of the water samples. This has been explaynedeb
atmospheric transport from developing countries around the tropical helt. T
concentrations of OCPs were ranging from 7.64 to 269 ng/L. The maximum
concentrations were observed for the sampling points around the acktiter
river, which were subjected to farmland runoff along the riversitee
seasonal variations indicate higher concentrations in July and Ocidbeh,

was explained by wet deposition and the transport through soil eroding to
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waters with much rainfall in these seasons. In contrast, the rdoawens of
OCPs in sediments collected in spring were higher than summmdeautumn
samples. The dominance @HCH in the most sediment samples reflected the

recent use of lindane.

1.11.3. Pesticide Studies in Turkey

Barlas (1999) has determined the OCP residues in water, sedintefisia
(adipose tissue) samples in upper Sakarya River basin. The sawges
collected once in four months between 1995 and 1996. A GC-ECD system was
used for the analysis. It was observed that the sampling points tstijec
discharge of agricultural wastes were more polluted than othEns.
degradation products were observed in higher concentrations than parent
compounds, in all types of samples. A seasonal trend was also obfeerthex
different types of samples, with higher concentrations in fal aummer
months. This variation was related to the application and transportspesce

The OCP levels in sediment samples were higher than watetyqeréteria.

The DDT metabolites were dominant in fish tissue, indicating OCBtjri in

the food chain.

Turgut (2003) was determined the residues of OCPs and heavy nmetals
surface water of Kiicik Menderes River, Turkey. The samples esodiexted
between 2000 and 2002 from selected three sampling points. After liquid-
liquid extraction, OCPs were determined by means of GC-ECi2myslhe
results have shown that Kicik Menderes River was still pollutdd @@Ps
despite the bans on their use over a long time. The concentrafidd&Ps

have shown a seasonal trend, but the tendency was not same fori@tigsest
DDD was observed to be the dominant among DDT compounds. The observed

concentrations were mostly lower than the data in literature.
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The OCP concentrations in surface sediments, sea and rivenveagestudied

in mid-Black Sea region of Turkey by Bakan and Arman (2004). Hze s
sediment and water samples were collected from 6 points in Decel@98,

and river samples were collected from 8 points in April 1999-2000. The
sampling points were located along the coast of Samsun citgd statbe
hotspots of pollution. Soxhlet and liquid-liquid extractions, followed by a
clean-up step, were used to recover the pesticides from sedamenwvater
samples, respectively. The quantification of the analytes waisvad via a
GC-ECD system. Among 15 target analytes, only aldddiCH and
heptachlor epoxide were determined in water samples. The resifdDE3T,
DDD, DDE, aldrin, lindane, dieldrin, heptachlor epoxide,andd-HCH were
detected in sediment samples. The high frequency of observatiodriof ial
both types of samples has shown the widespread contamination amorgi Turki
Black Sea coast. The concentrations of OCPs in sediments were edmjitir
literature data and the concentrations of total HCH and DDT isomvere

reported to be higher than the values recorded for different parts of the world.

Erkmen and Kolankaya (2006) have determined the OCP residues inesurfac
water, sediment and fish samples in Meri¢ Delta to asses&xtesmt of
contamination and evaluate the toxicological significance of théues The
samples collected from eight points from May 2002 to August 2003 were
extracted with liquid-liquid and soxhlet extraction methods, and the
concentrations of 20 OCPs were determined by a GC-ECD sy$temmost
commonly observed OCPs in the samples veeHCH, b-HCH, DDE, DDT,
b-endosulfan, heptachlor endo epoxide and endrin ketone. In general, the OCP
concentrations in fish samples were generally higher thanalnes/for water

and sediments. The predominance a@HCH and b-HCH in all types of
samples were attributed to the use of HCH in the region. The high
concentrations of DDE in sediment samples were related to ibédtose of
DDT. It was concluded that, Meri¢ Delta is contaminated with levels of
OCPs.
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An analytical method for the simultaneous determination of four Giches
(folpet, chlorothalonil, quinomethionat, tetradifon) and one herbicide
(trifluralin) in fruit juices has been developed by Topuz et al. (20D&)solid-

phase extraction cartridges were used for the preconcentratidarget
pesticides form 25 g apple, cherry and peach juice samples. Sheides

were separated and quantified by HPLC-DAD system. The LODesavere
between 0.5-Ing/kg. Recoveries from spiked samples were ranging from
93.8% to 99.5% and % RSD values were less than 3.4% in the concentration
range of 1-161g/kg. The developed method has been tested on canned pure
apple, cherry juices and peach nectar manufactured in Turkeypeltieide

residues in these samples were below the limits of detection.

Yenisoy-Karaka (2006) has developed rapid extraction methods for the
determination of 16 OCPs in fresh vegetables by applying olti@&xtraction
with dichloromethane and ethyl acetate, followed by florigho-up. It was
observed that the extraction efficiencies were better withl @cetate, being
78-107% for cucumber samples. The procedures were validated with the
parameters of accuracy, precision, recovery, detection limitsseledtivity.
The result has shown that the methodologies developed can be aatiakern
for laboratories where new extraction techniques, such as SPE,asFE
SPME, are unavailable. The author has further calculated the untestaif

the measurements. The major uncertainty sources for two metheds
decided as standard preparation and repeatability, final volume ektizet,
sample weight and recovery. The expanded uncertainties (with aageve
factor of 2) were ranging between 5.2 and 16% without including theegco
correction. When this factor was included, the expanded uncertainties w
ranging between 6.4 and 21%. It was recommended to use recoveryf data

different types of samples separately to correct the results.
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1.12. Objectives of the Study

The aim of this thesis can be summarized as follows:

Setting up a quality control/quality assurance program for passtic
analysis in water samples.

Optimization of SPE technique for pesticide extraction from ground
and surface water samples.

Optimization of GC-NPD and GC-ECD systems for the analgsis
organophosphorous and organochlorine pesticides, respectively.
Analysis of the pesticides in ground and surface water samples of
Kumluca region with the desired quality control practices.

Determination of the major components of uncertainties in the
measurements.

Study of the general pattern of total, organophosphorous and
organochlorine pesticide concentrations, together with their occurrences
in Kumluca surface and ground water samples.

Determination of the extent of pesticide pollution in the region.

Study of seasonal trends in pesticide pollution.

Study of the spatial distribution of pesticide pollution in the region.
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CHAPTER 2

EXPERIMENTAL

In this chapter the study area, the field works, instrumentatinalyss
methods and extraction procedure will be explained.

2.1. Study Area

The study area covers a part of Kumluca-Finike plain, in Antatya/ntalya

has a population of almost 1.7 millions. Agriculture and tourism withllsim

medium scale industry are the major means of subsidence inegnen.r
Antalya is the leading region for tourist attraction in the cqun®n the

average, 6 million tourists visit Antalya city and surroundings eyegy. The
20 % of the city area is used for agriculture (Antalya Govehiora.d.).

Agricultural activities are based on fresh vegetables and orchhedge areas
to the west of the city are orchards and vegetable fields. Musthatoes,
green pepper and eggplant are cultivated in the greenhouses. Theskuagiri
areas with greenhouses constitute 33 % of the greenhouses in TAnkalyd

Agricultural Master Plan, 2002).

The Kumluca-Finike plain is in between 36 00'-37 00’ latitude and 30 00'-
3100’ longitudes. The total area of the plain is 102 kof which 56 km
belongs to Finike and 46 Knbelongs to Kumluca districts. The study was
mostly concentrated in Kumluca where there are intensive gvaseh

activities. Kumluca, lies at the Mediterranean cost 90 km west of Antayya ci
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The district is surrounded by the south edges of West Taurus rmouahtan

and Mediterranean Sea. In Kumluca, there is no industrial actwatytwo

settlement centers exists; namely Kumluca and Finike. The ecoisobaged
on agriculture with mostly greenhouses and than the citrus gardemgsthei
main investments. The agricultural production in the region is so impdintzn
it makes 1/3 of total country agricultural production (Antalya Agjtural

Master Plan, 2002).

There were approximately 300 dug wells in the plain, in 1978 acgptdi
General Directorate of State Hydrologic Works. However, cusrettie
number is about 3000 according to the regional governmental authorities
(personal communication). The well depths change between 10-15 m and the
groundwater depths are between 24-180 m (Gunay, 2003). According to
General Directorate of State Hydrologic Works (1978) in Kumluiee
precipitation events change the groundwater depths by 4-5 m in cpadtal
where the change is 1-2 m for the inner parts of the plain. Tve df

groundwater is generally in the direction of north to south.

In Kumluca, the total amount of water withdrawn from the groundwater
sources for drinking and potable water is 3:34.0° m*/year (Data from
Turkish Statistical Institute, 2004). In Finike, the groundwater mgehand
discharge rates are 561¢° m*/year, whereas in Kumluca, the rates afel®’
mlyear. In the plain, the streams, Goksu (Karasu) and Alake Hischarge
rates of 4.5 and 2.3%¥s, respectively (Giinay, 2003).

In Kumluca, 17 000 ha area is used for agriculture. Table 2.1 sunesaniz
land use and agricultural production in the region. Although most of the
agricultural area is used for cereal production (31 %) for thevatitin of

mainly wheat, barley and corn, the fruits and vegetables are main prochets. T
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vegetables grown are tomato, pepper and eggplant in descending order, and
they are mostly cultivated in greenhouses (98.8 %) rather tharfiefzen The

citrus fruits make up 94 % of the total fruit production. The o#twgicultural
products are industrial plants, indoor plants, feed and oil-grains (Qata
Turkish Statistical Institute for 2000).

Table 2.1. Land Use and Agricultural Production in Kumluca (Data from
Turkish Statistical Institute for 2000)

Land Use (ha) Production (tons)

Cereals 5250 11 620
Fruits 3933 129 600
Vegetables 3744 476 000
Others (with fallowing) 4073 2610

For many years, fertilizers and different classes of gdss, including
chlorinated and phosphorous pesticides, have been applied in the region. These
chemicals contaminated the air, soil and ground water for maarg.yEhis is

the first study for the determination of pesticide pollution in the region.

2.2. Sampling Strategy

In environmental studies, the sampling site selection is the most anpstép,
in order to achieve the goals of the study. The samples should repitese
entire study region and the data obtained should be informative aableeli

enough for further evaluations and decisions.

To investigate the study region, in July 2004, first field trip tor#uca has
been arranged and the sampling strategy was developed. Accordimgly
study region was determined covering 40 x 36 km area and it widsdlinto

grids and in total, 40-50 sampling points were defined. As the northeof t
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region is mountainous, most of the sampling points were selected mp=otit

where the agricultural activities are mostly concentrated.

In this field trip, it was recognized that, not only the ground wdtetslso the
surface waters should be studied to evaluate the water pollutierme bf the
pesticides. The surface waters were also subject to pollution and theardisc

to sea could pose a risk to the Mediterranean Sea.

A photographical image (from Google Maps) of the region is giaeRigure
2.1. In this figure, each sampling point can be seen one by one. Moreover, i
the figure, the intense greenhouse constructions can be seen neaadhe c

spreading through the north.

Two sampling periods were decided for pesticide analysis, samalg fall
period of the year. In spring period, the pesticides are applied hbadhuse
of increased production at this season, so this period represergslltted
period of the year. In fall season, the pesticides are not appliedyreszd for
most of the greenhouses the crops are removed to left the soilmestfore

the samples would represent the background levels of the pesticides.

The identities of OCPs to be quantified were decided from tite¥aand most
common 17 OCPs were selected. For OPPs, the crops -cultivated in
greenhouses in Kumluca and the pesticides used for that crops were
investigated. Information from Protection and Control General Heatggsiar
and from City Agriculture Headquarter of Antalya was obtaifeedthe most

common OPPs in the region and 14 of those were decided as analytes.
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Figure 2.1. Sampling Points

2.3. Sample Collection

Sampling points were located using the geographical positioning system
(GPS). At the groundwater sampling sites, the wells weredtugbr 3 min
before sample collection. Water samples were collected intamher glass
bottle, which were previously cleaned as explained in Section 2.4.2. The pH
salinity and conductivity of the water samples were measursdeaaind the
samples were kept at 4°C until the analysis. The pH values dcithges were
not altered as the addition of acids or bases may affect tpet tamalytes. It
should be noted that the pH of the samples were in the extracticemgel (0-

10) of the disks, as stated by the manufacturer.
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During each sampling program, field blank samples were prepared by

deionized water at 5 sampling points.

The ground waters were sampled from the wells of the greenhouses€ellh
waters which were sampled are being used for irrigation purpodgesand not
for human consumption or drinking. The surface waters were collecisd f
the surface of rivers in the region, from the source, from mid-poidtwhere
they reach to sea, aiming to follow the discharge pattern gfdsigcides to the
sea.

The first sampling program was performed for spring seasmples, between
May 4-6, 2005 at 39 points. Ground water samples were collected28om
wells. In total, 49 bottles of groundwater samples were collegigl, two
replicates for 21 points. The surface water samples werectsalldrom 11
sampling points with two replicates except for one sampling point.

The fall season samples were collected between October 10-11, @6038r
sampling points, 11 of which were surface waters. Almost alpkzmwere

collected as two replicates except for 6 wells.

The sampling stations, together with the information about the paratgiven
in Table 2.2 and Table 2.3 for ground and surface waters respectively.

80



Table. 2.2. Sampling Stations for Ground Water Samples

S. Site Agr. Well Depth Coordinates
Pt Structure (m)

N E
1 Akta GH 10 36%6.943'  3021.297'
2 Pamukalan GH 7 368.082'  3020.181'
3 llca GH 28 3619.233  30°20.787
4 ncekum GH 6 3628.765  30°18.890
5 Cori GH 8 3620.194 30°19.161
6 B.Orta M. GH+O 10 3620.542'  3099.561'
7 Beikci Ug GH 13 3621.727 30°20.514
8 Beikci GH 22 3621.405 30°19.519
9  Sar kavak GH 19 3@2.621 30°19.263
10 Topta GH 15 3624.650 30°19.115
11 Kanl kavak GH+O 24 36%.038  30°18.350'
12 Sar casu GH 10 383.697 30°15.864
13 Hac evler 0 9 3671.972 30°15.742
14 Salur O 10 3621.495 30°14.071
15 H z rkahya GH 15 36%1.327 30°15.401
16 Caydald GH 20 3620.750  30°15.938
17 irlengic GH 9 3621.688  30°17.800
18 F.Yarba GH 9 3620.615 30°12.704
19 F. Kum Mah. GH 10 36%8.686 30°09.484
20 Meysan - 6 36P9.318  30°11.238
21 F.Orta Mah o) 12 369.286 30°12.048'
22 Kar yaka M. GH 55 36°19.273'  30°16.968
23 Balk GH 100 36°19.287'  30°17.722'
24 Resiller M. GH 90 36°18.886'  30°18.375'
25 Corl O 75 36°20.248'  30°18.414'
26 irlengic GH 60 36°20.993'  30°18.990'
27 F. Haskdy GH 100 36°22.202'  30°12.606'
28 F. Turungcova GH 100 380.764'" 30°07.679'

S. Pt: Sampling point, GH: Greenhouse, O: Orchard
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Table 2.3. Sampling points for Surface Water Samples

S.
Pt. Site Area Description Coordinates
N E

29 ncircik Spring 36° 26.788 30°21.910'
30  Alakr Stream Mid. Point 36° 22.09330°12.771
31 Goksu Stream  Spring 382.104' 30°13.805'
32 Gavur Stream  Mid. Point 380.877" 30°16.902'
33 Akmaz Mid. point 3620.066" 30°17.768'

34  Akmaz Deresi Discharge pointto sea BEB13' 3017.682
35 Gavur Cay Discharge pointto sea  B8960" 3096.422
36 Goksu Cay Discharge pointto sea B&%9%961' 30°16.110'
37 Alak r Cay Discharge pointto sea  38°978" 30°15.078'
38 F. Zengeder Spring 3$0.523" 30°10.429
39 F. Tatl su Discharge pointto sea  B38°117' 30°08.958'

2.4. Reagents and Materials

C18 Solid Phase Extraction disks (ENVI discs) were purchases $upelco.

A Millipore filtration apparatus was used with a vacuum pump. All the
solvents used were chromatographic grade and purchased from Merck
Company.

The organophosphorus pesticide standards were purchased from Dr.
Ehrenstorfer (Ausburg, Germany) as certified neat standdrds. stock
solutions were prepared as 1000 pg/mL in acetone. Working standard solutions
were prepared by combining them and diluting with acetone. Forircued
pesticides, certified standard solution 1089 mL (in toluene/hexane) of 17
target pesticide was also purchased from Dr. Ehrenstorfer (Ausburg, Ggrman
The working standard solutions were prepared in acetone with appeopriat
dilutions. Hamilton gas-tight glass syringes (500, 100 and 10 uL) were used for
the preparation of the standard solutions in 2 mL amber vials. Akttuk,

intermediate and working standard solutions were stored in refrigerator.
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Pentachloronitrobenzene (ChemService) and the mixture of 2,4,5,6-tetrachloro-
m-xylene and decachlorobiphenyl (ChemService) were used amaintnd
surrogate  standards, respectively, for chlorinated pesticidesr
organophosphorus pesticides, triphenyl phosphate (ChemService) and tributyl
phosphate (ChemService) were used as internal and surrogate standards,

respectively.

For chlorinated pesticides, the Standard Reference MateB&Mg) were
purchased from National Institute of Standards and Technology (NNSSY

SRM 2261 (Chlorinated Pesticides in Hexane), NIST SRM 2273 (Chiedna
Pesticides (DDTs) and Metabolites in Isooctane) and NIST SEM5
(Chlorinated Pesticide Solution-1l in isooctane). However, some ofatiget
analytes were not present in each of these pesticide mixtunesefdre, to

check the accuracy of the analysis continuously, another standard solution from
AccuStandards, EPA Method 508/608 Pesticide Standard Solution was used, as

it contains all the analytes, except methoxychlor.

For organophosphorous pesticides, SRMs from NIST were not availabke in t
market. Therefore, the calibration curves were verified by uSimifferent
pesticide mixture standard solutions (Mix Standart Solution-167, Mirdairt
Solution-154, Mix Standart Solution-64) obtained form Dr. Ehrenstorfer. These

solutions contain all the phosphorus pesticides, except fenamiphos.

The SRM solutions were also diluted with acetone before use, intorteng

the analyte concentrations into working range.
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2.4.1. Preparation of NaSO, and Glass Wool

Anhydrous sodium sulfate (M80O,) was purchased from J.T. Baker Company
and used to dry the extracts. Although it is purchased in extragpade, it

was cleaned before use. For that purposeS®8awas put in a glass column

and sequentially washed twice with hexane and dichloromethane. The volume
of the solvent used for each washing was twice the estimatacheabdf the
NaSQO, in the column. Washed MN&O, was transferred to a large beaker,
covered loosely with solvent rinsed aluminum foil and conditioned at 225°C
overnight. Dry NaSQO, was then transferred to an amber glass bottle with

Teflon lined cap and stored in a desiccator.

Glass wool used was also cleaned before use. A quantity o$sawtol was
compressed into a glass column and washed sequentially with hardne

dichloromethane and treated as,8i@u.
2.4.2. Cleaning of Glassware

Since the amount of analytes was very low in the samples, exprernautions
were taken to eliminate the contamination. All the glasswazd uere rinsed
with acetone and hexane, washed with detergent and hot water, following

several rinses with tap water and deionized water successively athd drie
2.5. Instrument and Apparatus

A HP (Hewlett Packard) 6890 series gas chromatograph, couplediwath
split/splitless injectors was used for the chromatographparagon of the

analytes. The GC system was equipped with micro-cell Blec€apture

Detector (u-ECD) in whicA®Ni source was used to produce thermal electrons.
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The instrument was also coupled with a Nitrogen Phosphorus Detetkor wi
cesium silicate bead. The ECD and NPD detectors werkfas¢éhe detection

of organochlorine and organophosphorus pesticides respectively.

For the separation of chlorinated pesticides, a fused silica Hipllacy
column (Agilent Tech.) coated with cross-linked (5%-phenyl)-
methylpolysiloxane with a length of 30 m x 0.32 mm id and a film thiskrmodé

0.25 m was used. A non polar fused silica capillary column, 30 m x 0.25 mm
id and a film thickness of 0.25 m coated with cross-linked
dimethylpolysiloxane, HP-1 MS (Agilent Tech.), was used for the sepaef
organophosphorus pesticides. For both inlets, a 4 mm id., deactivated glass
liner (Agilent Tech.) packed with glass wool was used to prevent
contamination of the analytical column from sample particulatepmugs of

septum. The configuration of the GC system is given in Figure 2.2.

Front inlet HP-1 column NPD \
/ PC
Back Inlet HP-5 columr
GC-Oven

Figure 2.2. Configuration of the Analysis System

2.6. Optimization of Analysis Systems

The instrumental parameters were adjusted to give the highesl &g the

analytes with minimum time for running of the analysis and between the runs.
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2.6.1. Optimization of GC-ECD System

For the optimization of GC-ECD system, the parameters studied the
detector temperature, inlet temperature and the flow of malgaspDuring
the optimization studies, 100 ng/mL standard containing all the asalyt

surrogates and internal standard was injected twice.

Inlet and detector temperatures were decided accordingstdtsregiven in
Figure 2.3 and Figure 2.4 respectively. Make-up flow was a little bitwlif to
adjust, because, although the signal intensities were increasetiighter N
flow rates, the background was also increased. The optimum flewkhasen

as 30 mL/min.

Inet Tenmperature Optimization

—e—ahch
78m0 000 :‘/‘?\9\ — & —=—g hch
m% hept
50000 aldrin
4000(}4.'/.\._‘__.-—-. —¥—endos
00001 _—H = = = _e—dielar
20000
10000 DDE

0 —=—DDT
240 250 260 270 280
Inlet Temp (°C)

Figure 2.3. Inlet Temperature Optimization for GC-ECD
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Detector Tenperature Optinmization
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Figure 2.4. Detector Temperature Optimization for GC-ECD

The temperature program has also been developed to achievedhatisa of
all the analytes, as shown in Figure 2.5 for 100 ng/mL OCumEx The
program has a short run time, and has a high initial temperaturén whic

minimizes the cool-down time between runs.
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Figure 2.5. Chromatogram of 100 ng/mL Organochlorine Pesticide Mixture;
1. 2,4,5,6-tetrachloro-m-xylene (Surrogate Standar@.13;hch,3. b-hch,4. g-
hch, 5. Pentachloronitrobenzene (Internal Standaéd}ieptachlor,7. Aldrin,

8. Heptachlor-endo Epoxide,9. Endosulfan,10. Dieldrin, 11. DDE, 12.
Endrin, 13. b-Endosulfan,14. DDD, 15. Endrin Aldehyde,16. Endosulfan
Sulfate, 17. DDT, 18. Methoxychlor, 19. Decachlorobiphenyl (Surrogate
Standard 2)
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The optimized operating parameters for GC-ECD system is giv€able 2.4,

including the oven temperature program.

Table 2.4. Operating Parameters for GC-ECD system

Column HP-5 (30 m x 0.32 mm id, 0.25n)
Oven 80°C -150°C at 10°C/min, wait for 5 mins, 150-27%°C
Temperature at 5°C/min, wait for 3 min

P (total run time = 40 minutes)
Carrier Gas Ultra pure He at 35 cm/sec, in constant flow mode
Inlet Splitless, 250°C
Injection Manual, 1.0 L
Detector 290 °C,

Constant column and make-up,jMow 30 ml/min

2.6.2. Optimization of GC-NPD System

For NPD Detector, the most critical instrumental paramiteihe “Adjust
Offset” value which is the baseline signal produced by thegelapplied to

the bead. Default value for adjust offset is 50 pA, suggested operatigg is

30 to 60 pA, and allowable range is 10 to 99 pA. Use of 50 pA increases
sensitivity but reduces bead life. Lower settings reduce sgtysdnd increase
bead life. As higher adjust values decreases the lifetime difeihe, a value of

45 pA was chosen to work with the NPD.

The detector temperature should be greater than the highest oven ramp
temperature. With higher detector temperatures, less beaddeattage is
required for higher analyte signals. However, again, the héadidcreases

with increasing detector temperatures, therefore, a value of 330°C was chosen.
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Inlet temperature was optimized with In§/mL standard solution containing
all the analytes, surrogate and internal standards. The starudatiors was

injected twice and the results are given in Figure 2.6. The optimiua was

decided as 250°C.

Inlet Temperature Optimization

1200 - R —e— ddvp
w 1000 ;—/—i\;. —a— diazinon
< % _!/+ ; : phosph
§ 400 R A — parath
200 — — | | —x—fenitro
0] T —eo— malath
240 250 260 270 |—+— brom-met
—— methid

Tenperature °C)

Figure 2.6. Inlet Temperature Optimization for GC-NPD

The temperature program was optimized considering high resolutiome of
analyte peaks and minimum run time. The Figure 2.7 shows the chromatogra

of 1.0 ng/mL standard solution, which was obtained using the optimized

temperature program.
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Figure 2.7. Chromatogram of In@§/mL Organophosphorus Pesticide Mixture
1. Dichlorvos (DDVP), 2. Tributyl Phosphate (Surrogate Standar8l)
Diazinon,4. Phosphamidort. Parathion-methyl6. Fenitrothion7. Pirimihos,
8. Malathion, 9. Fenthion, 10. Chlorpyriphos,11. Bromohos-methyl12.
Methidathion,13. Bromophos-ethly14. Fenamiphos15. Triphenyl Phosphate
(Internal Standard}6. Azinphos-methyl.
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The optimized operating parameters for GC-NPD system isnsuized in

Table 2.5, including the oven temperature program.

Table 2.5. The Optimized Method for GC-NPD System

Column HP-1 MS (30 m x 0.25 mm id, 0.2%n)
Column 50°C -100°C at 10°C/min, 100-220°C at 5°C/min, Wait
Temperature for 1 min, 220-280°C at 30°C/min, wait for 4 min
P (total run time = 36 minutes)
Carrier Gas Ultra Pure He at 25 cm/sec, constant flow
Inlet Splitless, 250°C
Injection Manual, 1.0 L
Detector 330°°C,
Constant column and make-upj¥Xlow 3.0 ml/min

2.7. Application of Solid Phase Extraction

The SPE procedure used in this work was based on EPA METHOD 525.2
(1995). However, some modifications were done in this procedure. Different
conditioning solvents were tested to obtain higher recoveries ofigesticom
water samples. The procedures tested are given in Table 2.6.aFputpose,

1.00 L deionized water sample was spiked with chlorinated pesticigether

with surrogates at a concentration of 100 ng/L and extracted aogiyrdi

Duplicate extractions and blank samples were performed for each pracedure
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Table 2.6. Extraction Procedures Used for SPE Optimization

No | Extraction Procedure

Conditioning

10.0 mL hexane:acetone + 10.0 mL MeOH + 10.0 mL DI
1 | Elution

2 x 10.0 mL hexane:acetone

Conditioning

10.0 mL ethylacetate + 10.0 mL MeOH + 10.0 mL DI
2 | Elution

2 x 10.0 mL ethylacetate

Conditioning

10.0 mL DCM + 10.0 mL MeOH + 10.0 mL DI
3 | Elution

2 x10.0 mL DCM

Conditioning
10.0 mL DCM:ethylacetate (1:1)+ 10.0 mL MeOH + 10.0 mL DI
Elution

2 x 10.0 mL DCM:ethylacetate (1:1)
Conditioning

10.0 mL acetone + 10.0 mL MeOH + 10.0 mL DI
S | Elution

2 x 10.0 mL DCM:ethylacetate (1:1)

The percent recoveries of the chlorinated pesticides are preseirigdiie 2.8.

From the results, it seems that the recoveries are closacto ather. The
accepted criteria for the demonstration of the capability opkapreparation
methods are 70-130 % for percent recoveries (EPA Method 8000C). However,
the same study could not be applied for organophosphorous pesticides due to
time limitation for the sampling. Considering these limits, Pdace-3 was

selected for further studies including the phosphorous pesticides.
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Figure 2.8. Comparison of Different SPE Procedures

The procedure used for SPE optimization and sample extractions was
summarized in Figure 2.9. For the extraction, 1.00 L of water sangdeused.

After addition of surrogates and methanol, the sample was pdssegh a

disk with chemically bonded gorganic phase, which was conditioned before
with organic solvents. The analytes and surrogates were trapptte disk.
These organic compounds were eluted from the disk with small teardf
dichloromethane (DCM). The extract was than passed through anhydrous
sodium sulfate column to remove any water residues left. The solesnt
evaporated by gentle stream of nitrogen near to dryness amdltiee was
completed to 1.0 mL with acetone after the addition of internal stasdéhe

details of the steps were given in the following paragraphs:
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Addition of
Surr. Sts. and 5 mL
MeOH

Conditioning
the disk with
organic solven

Filtering the sample
through the disk

Drying through

Eluting the analytes
Na,SO, column

to collection tube

Drying the disk
with vacuum

E\_/aporation Addition of IS and Analysis with
with N, gas dilution to 1 mL GC-ECD/NPD

Figure 2.9. Flow Diagram of the Extraction Procedure

Step 1:Surrogate standard is an organic compound which is similar to the
target analyte(s) in chemical composition and behavior in the aahlyt
process. It is extremely unlikely to be found in any sample taisdadded to

the sample aliquot in known amounts before extraction or other processing, and
is measured with the same procedures used to measure other sample
components. The purpose of using the surrogate is to monitor the exgatime
performance witheach sample (EPA Method 525.2). The recovery of the
surrogate standard indicates unusual matrix effects, grossesgnmgaessing
errors, etc. Surrogate recovery is evaluated for acceptbycdetermining
whether the measured concentration falls within the acceptanite (i70-130

% according to EPA Method 8000C). The percent recovery of a surnsgate
calculated as follows:

Recovery (%) = Concentration Found / Concentration Added x 100
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In this study, tributyl phosphate was used as the surrogate for
organophosphorus pesticides. This surrogate was spiked as being 0.50 pg/L in
a 1.00 L sample. For chlorinated pesticides, the surrogates were -2,4,5,6
tetrachloro-m-xylene and decachlorobiphenyl, which were spiked to 1.00 L

sample solution with a final concentration of 0.10 pg/L.

The addition of methanol to the sample before the extraction is edqtar
allow a better extraction (Albanis et al., 1998; Lambropoulou et al., 2000;
Golfinopoulos et al., 2003). The methanol modifier maintains the conditioning
of the surface of the disk through the extraction. As suggesyedhe
manufacturer, methanol was added to the sample to a final con@nipéti
0.50 %.

Step 2:The surface of the disk should be conditioned before sample extracti
by organic solvents. This wetting step also provides the cleanintpeof
extraction medium. In this study, the conditioning was performed by sggjue
addition of 10.0 mL DCM, 10.0 mL methanol and 10.0 mL deionized water.
After DCM, addition of methanol and water helps to exchange theumeidi

match the sample matrix.

After the addition of DCM, the solvent was retained on the disR@aseconds
to allow the interaction with disk surface. The solvent was tiramvn by
vacuum. Beginning with the conditioning step, it is critical thatdis& not go
dry until extraction is completed. Therefore, the surface of thlesdivas not
allowed to contact with air and a thin layer of the solvent demaas left
before the following steps. Methanol and water was also kept inotdate00

seconds and drawn by vacuum sequentially.
Step 3:The samples were then loaded on the disk and passed through with

application of vacuum at a rate of 50-250 mL/min depending on thielare

matter of the water samples. Sample particulates may thigolid phase
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media and result in extremely slow sample extractions. Usa afppropriate
filter aid will result in shorter extractions. However,dtadlso recommended to
include any particulates in the original sample aliquot thattraeted, as some

of the analytes may be associated with particulate mattéeisample (EPA
Method 3535A). Therefore, in this study most of the samples werdtaoctd.
However, for a few fall season samples, the filtration was redjuas the
samples were with high particulate matter content. These samgke filtered
through glass fiber filters (Cole Palmer, 90 mm, 2.7 um pae) sifter the
addition of surrogate compounds. The filters were previously cleaned by
washing with hexane and DCM and dried at 225°C overnight.

Step 4:Following the sample extraction, the disc was dried under vacuum for

about 10 minutes.

Step 5:The analytes trapped on the disk were eluted by 20 mL DCM into a
collection tube placed inside the Erlenmeyer flask with vacuum. dherg

was added by 10+5+5 mL portions with a total contact time of 5 minutes.

Step 6:The extract in the collection tube was removed and dried by passing
through a drying column of N&QO,. The drying column was 1 cm diameter
glass tube containing 5-7 g of pre-cleaned anhydroyS®jaThe column bed

was wetted by 6.0 mL Ethyl Acetate, DCM (1:1) mixture befose. After
passing the extract, the drying column was rinsed with 5.0 mbheosame

mixture of the solvents and this portion was collected with sample extract.

Step 7:The collected extract was then placed in fume hood and dried under

gentle stream of nitrogen. The extract was not let to dry completely.

Step 8:The internal standards were added and the final volume was cedplet

to 1.0 mL with acetone.
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2.8. Calibration of Analysis Systems

Quantitative analysis demands that an analytical measurenant be
accurately and reliably related to the composition of the sampies T
relationship can be established by means of calibration proceduresa For
typical simple calibration, a range of standards is prepared omgaiarying
amounts of the analyte. These are then analyzed by the analgiod and a
calibration curve of signal versus amount of analyte is plottedulRefor
unknowns are then interpolated from this graph (Fifield and Haines,.2000)
chromatographic analysis, the peak heights or peak areas of arfedytethe
chromatogram of the standards were used to plot the calibration curve.

The most commonly employed calibration procedures involve the use of
external standards containing known concentrations of analytes. Howeve
chromatographic analyses, uncertainty associated with injectiona o
reproducible volume of a very small amount of sample (generally i)
with a microsyringe may be an important source of error. In addaitms, in
gas-chromatography, the sample is introduced to a heated samphehzog,
evaporation from the needle tip may lead to large variations irmctiofe
volume. The highest precision for quantitative chromatography is otitaye
the use of internal standards. In this procedure, a carefully mdasulesqual
amount of an internal standard (a standard whose identity is diffieoen the
analytes and its signal is well separated from tamgatytes) is introduced to
each standard, as well as samples. The ratio of analyte to irgEmdhrd peak

areas (or heights) serves as the analytical parameter (Skdqd 8986).
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The response factor is calculated as follows:

RF =(Asx Cs)/ (As x Cg)

where A and As are the area (or height) for the analyte and internal stgndard
respectively and £and Gs are their concentrations. To calculate the RF for
the analytes, a standard solution is used and than the unknown conceigtration

calculated as follows (Braitwaite and Smith, 1999):

Unknown Concentration = (As X Gs) / (Ais x RF)

However, this is a single-point internal standardization. To cortstac
internal standard calibration curve, it is necessary to prepaeeasstandards
containing different concentrations of analyte. A calibration cusvehéen
plotted with amount ratio versus response ratio (Harvey, 2000).

In this study, internal standard calibration was used for quatidit of both
organochlorine and organophosphorus pesticides. Calibration parameters are
given in Table 2.7. The standards were injected three times by it 10
ML glass syringe. The average values of these replicates wusd in
calculations. Linear calibration curves with linear regressioefficients
greater than 0.99 were obtained for all the analytes and suso@atiération

curves for both types of pesticides were given in Figures 2.10 and 2.11.

Table 2.7. Calibration Parameters for the Analysis

Internal Standard Standard Concentrations
(Concentration)

ocps Pentachloronitrobenzenes 0-10.0-20.0-50.0-100.0-200.0 ng/mL
(100.0 ng/mL)

opPps  Triphenyl phosphate g 05.0.10-0.20-0.50-1.00-2.00 pg/mL
(2.00 pg/mL)
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Figure 2.10. Calibration Curves for Organophosphorus Pesticides:

a)
b) Diazinon,

Bromophos-Me, Pirimiphos,

Malathion,

DDVP, Surr Std, Parathion# Fenitrothion Phosoamidon,

Bromophos-Et,

c) Chlorpyriphos, Fenthion, Methidathion, Fenamiphos, Azinphos-Me
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Figure 2.11. Calibration Curves for Organochlorine Pesticides:

a) -hch, -hch,

Decachlorobiphenyl (SSh) heptachlor-endo, endosulfan, heptachlor,
beta endosulfan, ddt,* endosulfan sulfate, methoxychlor, ¢) aldrin,
ddd,- endrin aldehyde

dde, dieldrin,

-hch,* Tetrachloro-m-xylene(SS), -hch,

endrin,
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2.9. Analysis of the Samples

The 1.0 pL aliquot of the each sample was injected twice. Thetgesate
calculated from the average values of these replicatlesosA for each 10
samples, i.e. for each 20 injections, SRM and blank samples weyzexhal
Final concentrations of the samples were obtained after the toanredth

percent recoveries obtained for each analyte.

The sample chromatograms obtained for GC-ECD and GC-NPD system
given in Figure 2.12 and 2.13, respectively. As seen, some chromatograms
have signals which were not qualified. These peaks may be due poelsence

of other substances in the samples, containing chlorine or phosphorus. It should
be noted that none of these peaks affected the quantification o&rthet t
analytes. The peak tailing observed for NPD detector is expected f
phosphorus compounds (Agilent 6890, Gas Chromatography, Service Manual).
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Figure 2.12. Sample Chromatogram for GC-ECD System.

1.SS(1),2.a-HCH, 3. 1S, 4. d-HCH, 5. Heptachlor6. Aldrin, 7. Unknown,8. Heptachlor endoepxid®, Unknown,10.

Endosulfan 1l b-endosulfan12. Endosulfan Sulfatel, 3. DDT, 14. Methoxychlor,15. SS(2). Retention Times are Given in

Table 2.8
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Figure .13. Sample Chromatogram for GC-NPD System.
1. Dichlorvos,2. SS,3. Diazinon,4. Parathion-methyl5. Chlorpyriphosg. IS, 7. Azinphos-Methyl.
Retention Times are Given in Table 2.8




In environmental analysis, generally the samples contain thgtesah very
low concentrations. Therefore, the analysis systems should be eapabl
measuring such low concentrations. In this study, pesticidesamaigzed and
they were expected to be “not present” in the samples. Moreoveagdtkpted
health limits of these pollutants are as low as 0.1 pg/L. Therefine
guantification was performed with specific detectors. To examime t
capability of the systems for low concentrations, the detectioitslimere
calculated for GC-ECD and GC-NPD systems. The limits ofctiete (LOD)
were calculated experimentally and they were the concemtsatof the
analytes at which signal-to-noise ratio (S/N) is equal to 3.cHhaulation of
S/N was performed by the instrument software. The LODs asepted in
Table 2.8., together with the retention times of the analytebolild be noted
that, these values are instrumental detection limits, and the ntoateans in
real samples were measured after 1000 fold concentration afidhges from
1.00 L to 1.0 mL.
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Table 2.8. Limits of Detection and Retention Times of the Analytes

RT LOD
(min)  (ng/mL)
Organophosphorous Pesticides

Dichlorvos 10.64 0.59
Tributylphophate (SS) 19.77 0.62
Diazinon 22.97 0.51
Phosphamidon 24.07 2.56
Parathion-methyl 24.32 0.82
Fenitrothion 25.44 1.08
Pirimiphos-methyl 25.82 0.95
Malathion 26.02 2.01
Fenthion 26.24 1.57
Chlorpyriphos 26.47 1.73
Bromophos-methyl 27.10 1.08
Methidathion 28.23 1.40
Bromophos-ethyl 28.83 1.32
Fenamiphos 29.26 2.60
Triphenylphosphate (IS) 32.58 1.22
Azinphos-methyl 33.48 2.34

Organochlorine Pesticides
Tetrachloro-m-xylene (SS1) 12.67 0.03

A-HCH 14.05 0.01
B-HCH 16.23 0.03
G-HCH 16.48 0.02
PCNB (IS) 16.73 0.01
D-HCH 19.07 0.01
Heptachlor 19.72 0.02
Aldrin 21.15 0.01
Hep. Endo Epoxide 22.28 0.01
Endosulfan 24.24 0.02
Dieldrin 25.25 0.04
DDE 25.38 0.02
Endrin 26.04 0.03
B-endosulfan 26.42 0.02
DDD 26.93 0.06
Endrin Aldehyde 27.15 0.03
Endosulfan sulfade 28.03 0.04
DDT 28.82 0.03
Methoxychlor 29.95 0.12

Decachlorobiphenyl (SS2) 36.20 0.12
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CHAPTER 3

RESULTS AND DISCUSSION

This chapter includes the results of quality check (QC) and quesgyrance
(QA) tests for the field and experimental work, calculationrufertainties for
the measurements, statistical evaluation of data set obtaoredadson of the
results with the literature, evaluation of the seasonal variabbrmesticide

concentrations and spatial distribution of the pollution in Kumluca region.

3.1. Evaluation of QC/QA Tests

As in the other environmental studies, the field and experimpatalof this
study consists of three main steps; sampling, sample prepaaatioanalysis.
These processes may bring some errors, which may resulttiesampling
procedures, extraction apparatus, analysis systems or by pefaotak,
affecting the reliability of the data. To minimize or at tems determine the
effect of these factors, a quality assurance program wasvesdl during whole
study from sampling to calculation of concentrations to obtain whteh is
scientifically valid, reliable and of known precision and accurdte quality
assurance program includes the procedures and controls at each stage;
sampling replicates, validation of extraction procedure, optimizatiod
calibration of the analytical systems and monitoring of the Igtalof these

systems.
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To achieve the quality assurance program, operational day to deyiest
quality control practices were performed, including blank analgsisulation
of recoveries for different matrix types, use of surrogatiesnonstration of

accuracy and precision of the measurements.
The quality assurance and quality control tests performedsrthsis during
sampling, sample preparation and analysis steps are summarizaolen3.1,

together with the explanation of their use.

Table 3.1. Summary of Quality Check and Quality Assurance Tests

STEP QC/QA TESTS AlM
. Check for Contamination During
Field Blanks .
1 Sampling and Storage
Sampling Check for Reproducibility of

Sampling Replicates _
Sampling

Check for Contamination During
Laboratory Blanks .
Sample Preparation

) Check for Precision of Extraction
Replicate Samples
Procedure for Real Samples

2
Spiked Control Check for Extraction Efficiency and
Sample : . . :
_ Matrix (Spiked DI) Precision of Extraction Procedure
Preparation : :
Spiked Sample Check for Effect of Sample Matrix
Matrix to Extraction Efficiency
Use of Surrogate Monitoring Extraction Performance
Standards For Each Sample
Use of Standard Check for Accuracy and Precision
3 Reference Materials | of the Analysis Methods
Analysis Check for Precision of Each

Replicate Analysis
Measurement
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As the extraction procedure and the optimization and detection lwhits
analysis systems have been presented in Chapter Il, thepawilbe further

discussed in the subsequent paragraphs.

3.1.1. QC/QA Tests during Sampling

3.1.1.1. Field Blanks

The field blanks were prepared with reagent water (DI) planedample
containers in five sampling points, during each field work. The fieldkisla
were treated as a sample in all respects, including exposusantpling
equipment, site conditions, storage and all analytical proceduregurpese

of it is to check the contamination of method analytes or otherenéedes in

the field environment, equipment used, sampling containers and to check

contamination during storage.

The concentrations of both Organochlorine Pesticides (OCPs) and
Organophosphorus Pesticides (OPPs) were below the Limit oftidetef the
analysis systems. Typical field blank chromatograms are showigure 3.1.
For ECD system, after the solvent peak, two major peaks, gtghtron times
of 9.7 and 11.8 min. These peaks were observed for blanks and for allsample
subjected to extraction procedure. These peaks were identifiedCbM$5
system, as being long chain hydrocarbons, which were eluted $®Bm
material. As the retention times of these peaks were far fh@n that of
analyte peaks, and as they were not affecting the quantitativendetgon of
pesticides, no action was taken to eliminate this carryover fkbraction. The
other three peaks were for two surrogates and the internal taAdaimilar
peak coming from the SPE material was also observed for NR&hsyEhis is
appearing as a small peak at retention time of 16.7 min, whichirsfagérom
the any analyte peaks. The later two peaks are for surrogaténtanoial

standards, respectively.
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(b)

Figure 3.1. Typical Blank Chromatograms for Analysis Systems
(a) For GC-ECD, (b) For GC-NPD
(x-axis: Retention Time, y-axis; Instrumental Signal)
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3.1.1.2. Sampling Replicates

To check the reproducibility of the sampling, i.e., whether tlzergplicates in

the sample sampling point give the same results, replicateisgnmoim some

of the sampling points was performed. From 77 of the samples in wtuolg,

63 of them were collected in two replicates. Among these, 15 seplidate
samples were used to calculate the sampling reproducibilityseTteplicates
were treated as different samples during sample preparatiomalydia steps.
The duplicate sampling may seem providing insufficient degreeseefldm,

but the methods commonly applied use one “duplicate” sample forseadi
samplesto check the variance in the sampling and analysis techniques (EPA
SW-846, 1996; USGS TWRI Book 9, 1999). Moreover, in the literature, there
is insufficient number of publications considering replicate sampfong

pesticide analysis in environmental water samples.

The analysis results were expected to be similar in aeptaigle sampling.
Unfortunately, not all of the pesticides were observed in the réplseanples.
The results are given in Table 3.2 showing the percent relatinelasth
deviations (RSD) of the detected pesticide concentrations amongritpdes
collected from the same sampling point. In the table, the numberaopdaits
evaluated and the ranges were also given. As seen, the averguasenft
RSD values were almost below 10 %. This demonstrates a good agteeme

between the replicate sample collections.
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Table 3.2 Evaluation of Sampling Replicates

N Av of Min Max
RSD

ENDOSULFAN 9 11.7 0.1 22.9
DIELDRIN 5 10.9 0.5 21.6
B ENDOS. 1 7.1 7.1 7.1
DDD 3 9.2 0.2 26.8
EN. SULFATE 6 10.4 0.1 27.9
DDT 2 2.9 0.8 5.0
METHOXY. 2 9.3 0.2 18.4
DIAZINON 3 8.7 0.8 23.0
PHOSPHAM. 1 11 1.1 11
FENITROTHION 2 7.8 0.7 15.0
MALATHION 2 3.8 3.1 4.4
CHLOPYR. 4 0.8 0.3 2.0
FENAMIPHOS 2 9.1 4.9 13.2
AZINPHOS-ME 2 5.1 1.7 8.6

3.1.2. QC/QA Tests during Sample Preparation

3.1.2.1. Laboratory Blanks

The laboratory blank samples were prepared by an aliquot of reagéert
(DI) that was treated exactly as a sample including expdsua# glassware,
equipment, solvents, reagents, internal standards, and surrogates ¢hasee
with other samples. They were used to determine if method amalytether
interferences are present in the laboratory environment, reageafgaratus.
For each set of 15 samples, one laboratory blank has been pregggetcer

with the samples, making up a total of 10 for whole sample preparation period.

As in the field blanks, the laboratory blank samples had the analyt
concentrations below the detection limits of the analysis sgstem both
chlorinated and phosphorus pesticides. This shows that the laboratory
environment, the chemicals and the glassware used did not contribie to

observed pesticide concentrations in the samples.
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3.1.2.2. Replicate Samples

The samples which were collected in two replicates and useldef@valuation
of sampling efficiency also served for the estimation of repiibditg of the

extraction procedures on real matrices. As it was explain&gétion 3.1.1.2,
the RSD values for the calculated concentrations were almost teth 10 %.
Besides indicating good sampling reproducibility, these resldts @oint out

high precision for the extraction procedure, when applied for real matrices.

3.1.2.3. Spiked Control Matrix

The spiked control matrices were used to monitor the ongoing eatract
efficiency and precision of the extraction procedures. The spikedotont
matrix was prepared by spiking 1 L of DI with the surrogates the target
chlorinated and phosphorus pesticides to make 0.1 and §/b in
concentration, respectively. This solution was then treated aplesaand
extracted with the same procedure. For each set of 15 samplespiked s
control matrix has been prepared, making up 10 spiked control safoples

both fall and spring sample’s extractions.

The percent recoveries of the analytes were calculated igrfgrimula given
below:

Recovery (%) = (€&~ Q) / Ccertifiea* 100

where; G = Measured concentration of spiked samplg, =C Measured
concentration of unspiked sample (original concentration of the tenalyhe
sample), Geriies = NOminal (theoretical) concentration increase that results

from spiking of the sample with the standards.
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As stated in Chapter I, Literature Review section, Solid Phasadirn (SPE)
is a commonly used technique in pesticide analysis. Different tgbes
extraction medium, such as cartridges or disks, were used for nigesa
preparation of different classes of pesticides from aqueous sanifie
extraction efficiencies vary according to the sorbent madeesticide

interaction, the sample matrix and the experimental procedure.

The percent recoveries obtained in this study for spiked controixnvegre
compared with similar studies and presented in Table 3.3 in whickceatr
of pesticides from water matrices was performed with SPE technique.

Golfinopoulos et al. (2003) and Zhou et al. (2006) have useadhtaining
cartridges for the extraction of OCPs in surface waféne analyses were
performed by using a GC-ECD system. Liquid chromatography/atmasphe
pressure chemical ionization mass spectrometry (LC-APCI-\V&) used for
the trace determination of several OPPs in groundwater safhalesrte and
Barcelo; 1996). This study involves online liquid-solid extraction stepgus

C,g cartridges.

Cyg disks were used by Tolosa et al. (1996) for the extraction of 11
organochlorine and 24 organophosphorus compounds. GC-ECD and GC-FPD

systems were used for quantification.

Patsias and Papadopoulou-Mourkidou (1996) has developed a multiresidue
method for the trace analysis of 96 pesticides from differasisek in surface

and ground waters. The pesticides were extracted;§gddtaining cartridges

and determined by Gas Chromatography-lon Trap Mass Spectro@€Etrif

MS) system. A method based on semi-automated SPE ugirigp@ded silica

disks and GC-MS was developed and used in the detection and quantification
of approximately 100 pesticides and transformation products in drinkireg wat
by Leandro et al. (2006).
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Table 3.3. Comparison of Percent Recoveries with Literature
(Average recoveries are given with standard deviations in the parenthesis)

A B C D E F G
OPPs N=3 N=5 N=9 N=3 N=3 N=5 N=1(
Azinphos-m - - 114 (22)84 (13)| 94 (2)| 82 (7) 78(13)
Bromophos-e - - - - - - 98 (5
Bromophos-m - - - - - - 96 (7
Chlorpyriphos - - - 91 (12) 79 (4 77(9 92 (6)
Diazinon - - 98 (23) 92(12) 86 (3 - 97 (6)
Dichlorvos - - 120 (31) 48 (19) - - 94 (8)
Fenamiphos - - - - - - 70 (15)
Fenitrothion - - 114 (22)96 (16)| 88 (5)| 100 (3) 92 (8
Fenthion - - 94 (30 - - 99(4 61 (8)
Malathion - - 94 (18) 92 (12) 99 (2 - 86 (9)
Methidathion - - - 91 (13) 85(3 - 64 (10)
Parathion-m - - 104 (2282 (12)| 97 (3) - 93 (7)
Phosphamdon - - - - - - 100 (4)
Pirimiphos-m - - - - 78 (5)| 92 (5 91 (9
OCPs
a hch 100 (8)| 76 (6) - - 67 (8) 76(14) 86 (8)
b hch 122 (7)| 87 (3) - - 86 (3) 79(11) 89(7)
g hch 100 (8)| 83 (5) - 110(3) 83 (7 94 (3) 90 (4)
d hch 104 (6)| 85 (4) - - 89 (2) 76(13) 95 (14)
Aldrin 50(7) | 78(7) - - 59 (5)| 67 (10) 73 (1)
b-endosulfan 95 (8) - - 105 (11) 92 (3) 100 (%) 95 (11)
Dieldrin 9% (7) | 78 (4) - - 89 (1) 84(8 99 (7)
Endosulfan 100 (7) - - 88(6)] 99(2) 82(8 89 (9)
Endosulfan sul.| 145 (9) - - 115(5) 89 (5 84 (7) 90 (1)
Endrin 104 (7)| 87 (6) - - 94 (1) - 99 (11)
Endrin aldeh | 101(10) - - - - - 88 (13
Hep. Endo Ep. | 68 (7) | 76 (3) - - 85(2) 80(12) 91(8)
Heptachlor 75(09) | 75(8) - - 66 (3) 70(13) 87 (1D)
Methoxychlor | 95 (14) - - - 82 (7)| 91(10) 96 (14)
p-p' DDD 80(8) | 79(5 - 108(5) 72(1 - 97 (1)
p-p' DDE 58 (6) | 80 (7) - 67 (12) 57 (8 92 (4) 81 (6)
p-p' DDT 64 (10)| 87 (5) - 102(9) 72(5 82 (9 97 (12

A: Golfinopoulos et al. (2003),
B : Zhou et al. (2006),

C : Lacorte and Barcelo (1996),

D: Tolosa et al. (1996),
E: Patsias and Papadopoulou-Mourkidou (1996),

F: Leandro et al. (2006),

G : This Work
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The percent recoveries obtained in this work is in good agreememt wit
previous studies for both OPP and OCPs. The findings justify thenoamise

of SPE technique for pesticide analysis in aqueous samples.

The percent recoveries of this study are between 61-100 %. Tdhggrerally

in the limit of acceptance (70-130%) according to EPA, excepiWorQPPs,
fenthion and methidathion which have 61 and 64 % recoveries, respectively.
The recoveries were ranging between 61-100 % for OPPs, beingshifpr
phosphamidon, and between 73-99 % for OCPs, being highest for dieldrin and
endrin. Except aldrin, with 73% recovery, the OCPs have recovegégrhi
than 80%, whereas the values are more variable for OPPs. This ts thes
higher variation in the physical and chemical properties ofS0R&n that of

OCPs, affecting the behavior of the analytes during extraction.

For spiked control matrix, the percent RSD values were lower tha%,10
except azinphos-methyl and fenamiphos for OPPs and lower than D5 % f
OCPs, except for endosulfan sulfate. The percent RSD valuesCies @ay
seem high but in the analysis of organic pollutants, these valuesraraon,
such as the ones obtained by Lacorte and Barcelo (1996) and Tolaka et
(1996). Considering that the extractions were performed with a higheruwh
replicates in a long period of time for sample preparation, westzd@a that the
precision of the extraction procedure was good and the extractiores we

performed with acceptable reproducibility.
The spiked control matrix study shows that, the SPE is a suitahl@qae for

the extraction of OCPs and OPPs from agueous samples and the procedure
applied in this work was successfully validated.
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3.1.2.4. Spiked Sample Matrix

To determine the effect of matrix on extraction performance replcate of
collected 47 replicate samples were spiked with the surrogatéshe target
chlorinated and phosphorus pesticides to make 0.1 and §/b in

concentration, respectively. The other replicate of these samples spiked

with only surrogates and left unspiked with respect to target analytes.

The percent recoveries of spiked sample matrices were presertable 3.4.
The particulate content of the samples may affect the percenverges of SPE
procedure. In Kumluca samples, the groundwater samples collected &itsn w
and the surface water samples were different in their patécotatter content,
representing two different water types. Therefore, in the tdidepercent
recoveries were presented individually for spiked control matroyrgt and

surface water samples.
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Table 3.4. Percent Recoveries of Pesticides for Different Matrices

Spiked Control
Matrix
N=10
Recovery RSD
% %

Organophosphorus Pesticides
Azinphos-methyl 77.5 13.4
Bromophos-ethyl 98.1 5.3
Bromophos-methyl 96.4 6.8
Chlorpyrifos 92.2 5.9
Diazinon 97.2 6.1
Dichlorvos 94.2 8.0
Fenamiphos 70.0 14.5
Fenitrothion 92.2 8.2
Fenthion 61.4 8.1
Malathion 86.2 8.8
Methidathion 63.5 10.1
Parathion-methyl 92.5 7.4
Phosphamidon 100.4 4.3
Pirimiphos-methyl 90.5 8.6
Tributhylphosphate(SS) 100.5 29
Organochlorine Pesticides
a hch 85.5 5.1
b hch 89.4 7.2
g hch 90.9 3.9
d hch 94.5 14.3
Aldrin 73.1 11.9
b-endosulfan 95.0 10.6
Dieldrin 98.7 7.3
Endosulfan 89.0 8.7
Endosulfan sulfade 89.7 16.8
Endrin 99.3 111
Endrin Aldehyde 88.1 12.7
Hep. Endo Epoxide 90.8 7.5
Heptachlor 87.4 10.3
Methoxychlor 96.0 13.7
p-p' DDD 97.2 10.7
p-p' DDE 80.5 6.3
p-p' DDT 97.4 12.1
Decachlorobiphenyl(SS) 76.1 8.7
Tetrachloro-m-xylene 90.2 9.8
(SS)

Ground Water

Samples
N=31

Recovery RSD
% %
73.6 15.7
89.7 10.8
92.2 8.7
78.4 6.6
90.3 7.8
91.3 9.2
64.7 17.4
85.8 8.7
58.7 15.4
81.6 9.9
60.2 16.5
89.3 10.3
97.1 12.4
84.2 9.6
97.6 6.9
81.9 8.2
97.1 6.5
84.0 7.9
86.6 12.0
71.0 15.1
81.0 14.8
85.6 13.3
80.1 10.7
83.3 12.9
85.0 10.9
71.9 12.1
93.1 8.4
71.2 13.3
714 16.4
81.6 11.0
84.9 10.6
77.6 18.6
75.8 8.2
83.3 7.8

Surface Water

Samples
N=17
Recovery RS
% %
72.2 18.8
82.6 21,
86.4 19.
71.7 12.
79.0 12.
83.6 13.
63.9 13
81.7 14.
53.9 11.
78.8 12.
62.4 13
83.5 15.7
96.2 16
78.2 13.
95.3 7.7
81.6 14.
96.0 10.
82.8 13.
80.3 21
70.1 20
78.4 16.1
81.7 17.
78.1 14.
78.0 18
7.7 15
70.3 16
92.1 13.
64.3 22
66.9 24
80.1 15
75.9 17.
73.6 23.4
70.6 9.3
82.1 8.2

‘oo OO 0T OO~

O p O

CowuokFwroo,ro

SS: Surrogate Standard
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As seen in the Table 3.4, the percent recoveries are decreasirigcrease in
the particulate matter content of the sample, which is highesirface water
samples and lowest in spiked control matrix (DI). For exwastifrom DI, the
average percent recoveries for all pesticides is 88.9 %, WRB value of
9.2% , whereas for ground water samples, the average of resoise8®.4%
with 11.7% RSD. The average of recoveries is further decreaséd.% %,

with 16.3% RSD for surface water samples. In the case of heptadbt

example, the recovery is decreased by 16 % for ground watethtégof DI.

Moreover, the recovery is further lowered by 7% when the matux surface
water. As stated, the reason for the differences in recaviyithe different

amount of particulate matter content of these three types of water sample

It is known that dissolved organic carbon may bind the analytes rogutyem
through the SPE material, thereby not allowing them to attacktétienary
phase. In addition, dissolved organic carbon may saturate the aas/efdihe
sorbent, as the particles of the bonded silica phase act as anmakthider

retaining particles of suspended sediment. This will also affelettive

recoveries. Large humic molecules may hinder the penetration efutien

solvent to the sorbent bound analytes. These factors usually redeltrease
in the recoveries (Ridal et al., 1997; Lyytikainen et al., 2003).

To resolve this problem, acidification to pH 2 is widely applied rideo to
solubilize the small particles of insoluble salts of Mg, Al &al(Viana et al.,
1996). However, such extreme pH values are not recommended as the

chemical degradation of the analytes is fastened.

In literature, similar results were obtained for the eff#fcsample matrix on
extraction efficiencies; showing the lowered recoveriesréat samples than
that of pure water without any particulate matter content. Laptaiou et al.
(2000) has used i@ bonded silica disks for the extraction of OPPs from

different types of water samples. The common target analytdsisinvork
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were parathion methyl, fenitrothion, malathion, fenthion, bromophos methyl,
bromophos ethyl and fenamiphos. The authors have reported recoveries
between 93 and 101 % for distilled water, 70-95 % underground, 74-87 % for
river, 65-77 % for lake water samples. The values were glilehiin distilled

water compared to underground and surface waters.

Another study represents the results of interlaboratory compaests for
SPE disk extraction and GC based detections (Senseman et al., A008. |
study, 6 out of 7 laboratories have reported lower extraction eftigs for

pesticides in surface waters than in deionized water.

In Table 3.4., it is seen that the percent RSD values are the thighsarface
water samples, ranging from 10.8 to 24.3 %, when compared witjrahed

water samples (with percent RSD values between 6.5-18.6%) and spiked
control matrix (with percent RSD values between 3.9-16.8 %). Thetivasa

are due to the differences in particulate matter content antengamples

collected, which are significantly changing for surface waters.

To evaluate the effect of matrix type on percent recoveriehlofinated and
phosphorus pesticides in water samples, a detailed discussion isangdes

obtained data set for Kumluca samples.

In this study, we wanted to confirm statistically the défeces in between the
recoveries obtained from different water samples. Thereforenéaams of the
percent recoveries were compared with one-way ANOVA testguSiSS
13.0 software. It was observed that within 95.0% confidence interval, oho

the pesticides have significantly different percent recovémiesfferent types

of water samples, except for phosphamidon, malathion, methidathion,
fenamiphos, azinphos-methy@;HCH, b-HCH, aldrin, heptachlor-endo, DDE
and endosulfan sulfate. Further, Post-Hoc multiple comparison was usstl to

the difference between each pair of means. These comparisapeviErmed
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for the average recoveries between the pairs of spiked contiplesand well
water samples; the spiked control sample and surface wateresanapid

surface and well water samples within a confidence level of 95 %.

The results of the comparisons for organophosphorus pesticides werdquese
in Table 3.5, for the pairs significant difference was observeshduld be
reminded that the recoveries were decreasing in the ord®x idd=10), well
water samples (N=31), and surface water samples (N=17allf@pecified

pesticides.

Table 3.5. Organophosphorus Pesticides with Significantly Higher Percent

Recoveries for Different Types of Water Samples

Well Water Surface Water
Bromophos Ethly
Chlorpyriphos

Diazinon

Pairs Compared

Bromophos Ethly

Spiked Control
Matrix

Chlorpyriphos
Diazinon
Fenitrothion
Pirimiphos

Fenitrothion
Pirimiphos

Bromophos Methly
Dichlorvos
Fenthion

Parathion

Well Water

Bromophos Ethly
Chlorpyriphos
Diazinon
Fenitrothion
Pirimiphos

Bromophos Methly
Dichlorvos
Fenthion

Parathion
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From the table one can easily observe that, among all the OPPspbiash
ethly, chlorpyriphos, diazinon, fenitrothion and pirimiphos have mostly been
affected from sample matrix. The reason lies behind the solebilii these
pesticides; their solubilities (all below 70 mg/L) are lowsrt the other OPPs.
As stated in Chapter |, the water solubility of a pesticide Kagglvalues are
inversely related. Pesticides with low water solubility h&aigh Koc values
and tend to partition strongly into organic-rich environmental phasssintg
sorption to particulate phase (Weiner, 2000). The leg ¥alues of these
pesticides were between 3.0-3.8, being the highest among all QidRsIsAs
stated in previous paragraphs, the reason for the low recoveridsesHd
pesticides in real environmental water samples is the paticwaontent in
these samples, leading to the pesticide partitioning on the pat¢icohase

rather than being trapped and eluted from extraction media.

In addition to these five pesticides, the recoveries of bromophtsdne
dichlorvos, fenthion and parathion also differ between spiked control sampl
and surface water samples. Except dichlorvos, which has a solabiBO0
mg/L, these pesticides also have solubilities lower than 100 nmglllog Koc

values about 3.0.

The results of the statistical comparison tests for chlodnpgsticides are
given in Table 3.6, where again significant differences batwgairs were
shown as in Table 3.5. The percent recoveries were decreasingoiaéndor
DI, well water samples, and surface water samples for hall Specified

pesticides.

122



Table 3.6. Organochlorine Pesticides with Significantly Highercéte

Recoveries for Different Types of Water Samples

Pairs Compared Well Water Surface Water
DDD DDD
DDT DDT
Dieldrin Dieldrin
Endosulfan Endosulfan
. b-endosulfan b-endosulfan

Sp'k?d Control Endrin Endrin

Matrix Endrin Aldehyde Endrin Aldehyde
ghch ghch
d-hch d-hch
Heptachlor Heptachlor
Methoxychlor Methoxychlor

Well Water - Endrin

The OCPs; DDD, DDT, dieldrin, endosulfab;endosulfan, endrin, endrin
aldehyde g-hch, d-hch, heptachlor and methoxychlor have been affected from
sample matrix indicated by the significant difference betweeaveries of DI

and real environmental aqueous samples. This can again be explained by th
lower solubilities and higher log d¢ values of these pesticides. Slightly
soluble analytes have been mostly associated with particulater raat lead

to the observed differences. In fact, all the 17 OCPs studied, bh®lifes
smaller than 1 mg/L and logds values higher than 4.0 excephch with a
solubility of 7 mg/L and log Kcvalue of 3.1. The 11 OCPs acting in identical
manner in extraction can represent the behavior of OCPs.

Only endrin has different recoveries between ground and surfaeeswH is
clear that, whether the sample matrix contains low or highcpéate matter
content, OCPs have shown similar behavior, leading to a lowering i

recoveries during SPE process.
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3.1.2.5. Surrogate Standards

The surrogate standards were used to monitor the performanaangies
preparation procedures for each sample. The application of sugagatas
work and calculation of their percent recoveries has been explair@stion

2.7. The surrogates were spiked to all samples, blanks, spiked contrigl ma
and spiked sample matrix before the extraction, so as to givenah fi
concentration of 0.5 pg/L for organophosphorus, 0.1 pg/L in chlorinated

pesticides.

The percent recoveries of the surrogate standards are giveabie 3.4
together with the target analytes. The percent recoverissifivgates used for
chlorinated pesticides, decachlorobiphenyl and tetrachloro-m-xyleeeg w
74.2 and 85.2 % respectively. Tributyl phosphate, which was used as sirrogat
for phosphorus pesticides, has a percent recovery of 97.8 %. The percent
recoveries of the surrogates were in the accepted limit, whict0i130 %
according to EPA (EPA Method 8000C). Moreover, the RSD values fof all

the surrogate recoveries were lower than 10 %. This showsdtiratg the

sample preparation steps the procedure was performed successfully.

3.1.3. QC/QA Tests during Analysis

3.1.3.1. Use of Standard Reference Materials

To check the accuracy of the measurements of GC-ECDnsysikich was
used to determine the chlorinated pesticides, different SRMsnd&d
Reference Material) from NIST were available in therkaa It should be
mentioned that, these SRMs does not related with real sampldbgputave
certain concentrations of some chlorinated pesticides in a sustaloknt. The
analysis of these SRMs also used to determine the retenti@s tthe

analytes precisely. The studied Nist SRMs and the results are presented in
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Table 3.7, shows the initial demonstration of the accuracy of the
measurements, which compares the found concentrations with devafiges.
However, to check the ongoing accuracy, another standard solution from
AccuStandards, EPA Method 508/608 Pesticide Standard Solution was used, as
it contains almost all the analytes. The results of the asabyshis solution

are presented in Table 3.8. The percent errors for 11 of the tdnigenated
compounds were lower than 10 %, and all of them were below the 20tP&. In
organic analysis, these results can be considered good and cartedes

high accuracy.

Table 3.7. Initial Demonstration of the Accuracy of the Measuresneitl the
Analysis of NIST SRMs (N=5).

Values inng/mL.

NIST-2261 NIST-2273 NIST-2275

Av. S.D. Cert.| Av. SD Cert.| Av. S.D. Cert
a hch 199 0.11 2.0¢
b hch 2.15 0.03 2.0b
g hch 1.96 0.07 1.97
d hch
heptach | 2.16 0.031.98
aldrin
hep-end| 1.92 0.09 1.98
endos 211 0.04 199
dieldrin | 2.16 0.06 1.97
dde 203 012 1984 203 0.04 1.97
endrin 2.19 0.11 2.01L
b endos 2.09 0.08 2.d3
ddd 1.78 0.22 199 179 0.05 2.0
end ald
end sulf 1.63 0.08 2.02
ddt 213 0.21 197 210 0.06 2.0D
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Table 3.8. Demonstration of Ongoing Accuracy of the Measurematftshe
Analysis of EPA Method 508/608 Pesticide Standard Solution (N=31).

Found Certified St.Dev % error
(mg/mL)  (ng/mL)

a hch 95.6 100 4.7 -4.4
b hch 103.0 100 4.2 3.0
g hch 94.9 100 4.7 5.1
d hch 80.4 100 5.4 -19.6
heptachlor 110.9 100 4.2 10.9
aldrin 91.7 100 54 -8.3
hep endo 92.7 100 5.8 -7.3
endos 168.5 200 6.8 -15.8
dieldr 226.1 200 20.0 13.1
dde 204.0 200 15.4 2.0
endrin 215.6 200 22.6 7.8
b endos 180.6 200 20.7 -9.7
ddd 664.1 600 60.6 10.7
en aldh 616.8 600 64.8 2.8
en sulfate 552.7 600 44.0 -7.9
ddt 536.4 600 55.8 -10.6

To check the accuracy of the measurements of GC-NPD sySiBils
(Standard Reference Material) from NIST were not availablthe market.
Therefore, the calibration curves, which were constructedamylatd solutions
prepared from pure solid or liquid standards, were verified by Bsoifferent
pesticide mixture standard solutions (Mix Standart Solution-167, Mirdsirt
Solution-154, Mix Standart Solution-64) obtained form Dr. Ehrenstorfer. These
solutions contain all the phosphorus pesticides, except fenamiphos. The
concentrations of all analytes were 1@/mL in all standard solutions. The
results of the analysis of these solutions are presented ie B&blIt can be

concluded that the measurements were highly accurate for all of tlygeanal
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Table 3.9. Results of Standard Solutions for Accuracy Check

MIX STD-167 MIX STD-154 MIX STD -64
N=18 N=14 N=13
( g/mL) ( g/mL) ( g/mL)

Av SD Av SD Av SD
DDVP 10,05 0,51 10,53 0,33
DIAZINON 10,62 0,49 10,01 0,51
PHOSPHAM 9,50 0,78
PARATHION 9,78 0,40
FENITRO 9,90 0,40
PIRIM 10,23 0,56 10,42 0,38
MALATH 10,12 0,44 8,97 0,11 9,79 0,33
FENTHION 11,14 0,18
CHLOPY 10,05 0,33 10,06 0,62
BROM-ME 9,66 0,34
METHID 9,37 0,59
BROM-ET 9,99 0,90
AZIN-ME 9,61 1,05

The EPA Method 508/608 Pesticide Standard Solution of OCPs and Mixed
Pesticide Standard Solutions of OCPs were also used to monitoatiigysof

the GC-ECD and GC-NPD systems, respectively. For each 2@iamgcEPA
Pesticide Solution and at least one of the Mixed OCP Standartic®sl were
analyzed. The results are given in Figure 3.2 and Figure 3.9@#s and

OPPs, respectively.

As seen from the figures, the readings of the solutions were aobnst
throughout all the analysis period, in an acceptable degree ofimariaithin
+ 2 range. It can be concluded that the analysis systems wele wtaib the
end of the analysis. Moreover, the calibration curves were stitl aad were

giving highly accurate results.
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Figure 3.2. Monitoring the stability of GC-ECD System
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Figure 3.3 Monitoring the Stability of the GC-NPD System
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3.1.3.2. Replicate Analysis

To check the repeatability of each measurement, the standards, SRk s
spiked control matrices, spiked sample matrices and blanks weenh
twice. All of the results presented in this work are the ayeresults of these

two replicates. The calibration curves were constructed by tipection of

the calibration standards. The RSD values for the replicate stmdby the
samples are presented in Table 3.10. As seen, the repeatability of
measurements is better than 10% for all of the analytesaampless and better
than 5% for most of them. The use of internal standards may beabenrfor

this good precision in chromatographic analysis.

Table 3.10. Repeatability of Duplicate Measurements (N=40)

Pesticide Av. of Pesticide Av. of
% RSD % RSD

a hch 3.0 Azinphos-methyl 6.2
b hch 6.0 Bromophos-et 3.4
g hch 8.2 Bromophos-me 0.6
d hch 6.7 Chlorpyrifos 1.2
Aldrin 4.1 Diazinon 2.0
b-endosulfan 5.6 Dichlorvos 1.8
Dieldrin 54 Fenamiphos 5.2
Endosulfan 4.2 Fenitrothion 2.4
End. sulfade 5.6 Fenthion -
Endrin - Malathion 2.2
Endrin Aldehyde 0.4 Methidathion 15
Hep.End Epox. 4.4 Parathion-methyl 0.9
Heptachlor 4.4 Phosphamidon 3.3
Methoxychlor 7.3 Pirimiphos-me -
p-p' DDD 4.5 OPP Surr. Std. 2.3
p-p' DDE 5.9

p-p' DDT 5.9

OCP Surr. Std. 15
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3.2. Estimating the Uncertainty of the Measurements

Measurement uncertainty is a statistical parameter whidrides the possible
fluctuations of the result of a measurement (Meyer, 2007). In msss cthe
uncertaintyrelates to the general conceptdufubt However, uncertainty of
measurement does not imply doubt about the validity of a measuremehe
contrary, knowledge of the uncertainty implies increased conf@d@mdhe
validity of a measurement (EURACHEM/CITAC Guide, 2000). A
measurement result is complete only when accompanied by a giamtita
statement of its uncertainty. The uncertainty is required in ¢od#ecide if the
result is reliable for its intended purpose, to be able to compdieredif

measurements, to establish traceability and to improve the analysis method.

The uncertainty of the measurement may arise from many possibkces

such as uncertainties of masses and volumetric equipment, magaksedihd
interferences, environmental conditions, approximations and assumptions, and
random variations (EURACHEM/CITAC Guide, 2000).

The approach used for the estimation of uncertainty of measoteroe the
determination of pesticides in Kumluca environmental water samywis
adapted from the guidelines of EURACHEM, which is a network of
organizations in Europe with 32 member countries including Turkey, having
the objective of establishing a system for the internationakafality of
chemical measurements and the promotion of good quality practiesg B

definitions and the approach used in the calculations are given in Appendix A.
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3.2.1. Estimation of Uncertainty for Pesticide Analysis in Kumlua

Environmental Water Samples

As stated, the EURACHEM guidelines were followed in the estimaof
uncertainties in this study. The procedure explained in AppendixillAbes
followed and presented stepwise in the following sections.

3.2.2.1. Specification of the Measurand

The analytical procedure used is summarized by a flow diagrahpresented

in Figure 3.4. The measurand is defined as the pesticide concentratios i

ground and surface waters of Kumluca.

Sampling I
S

Preparation of

SPE Extraction Calibration
Standards

GC
Determination

v

GC Calibration I
RESULT I

Figure 3.4. Flow Diagram of the Analytical Procedures
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In Figure 3.5, the fishbone diagram is presented showing the factorsngffec
the calculation of analyte concentrations, which are the sources of
measurement uncertainty.

Repeatibility

of the
Sampling Recovery Measruement

Pesticide
Concentration

[

Calibration Curv ]
Standard Preparati

Volume Volume
Mas:
Estimated ]
Sample y Purity
Concentration Calibration Stock Std

Standards Preparation

Figure 3.5. Fishbone Diagram for the Determination of Pesticides in Kumluca

Environmental Water Samples

3.2.2.2. Identification of the Uncertainty Sources

The analyte concentrations in the samples were calculated with thedormul

given below:
C=5C Fy~ % (Eq.1)
where,

C.: final concentration of the analyte in the samples (ng/L)

SC: is the estimated analyte concentration obtained from the calibratien c
in mg/mL for OPPs, ng/mL for OCPs

Fqi: Dilution factor arising from the 1 L sample to 1 mL after extraction
procedure

R: Recovery of the analytes after extraction procedure
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The uncertainty sources for the determination of pesticide contensrare
identified as, analyte concentration estimation, variation of thevesy of
extractions, repeatability of the measurements. The effectlwatiodi factor
operation on uncertainty calculations will be discussed in analytectaton

estimation factor.

The repeatability of the measurements should be included, whichtsetie

day-to-day variations of the analytical systems.

The sampling may bring some variation for the analysis resiltfeld
samples. To evaluate the effect of this variation, the uncertaihtthe
sampling is finally included in the uncertainty calculations. The keoed

uncertainty should include these sources;

Uy (COM) = JUZ, (sMp) + U2, (SO) +uZ, (rep) + u?, (R) (Eq.2)

3.2.2.3. Quantification of Uncertainty Components
3.2.2.3.1. Uncertainty for Samplingu(smply

As stated in Appendix A.2.1., to calculate the uncertainty coming from
sampling, the average of coefficient of variation values presemtédble 3.2
were used. The uncertainty arising from sampling replicates gaculated as

being 0.021 for all pesticides.
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3.2.2.3.2. Estimated Analyte Concentration in the Sampl&SC):

The main factors affecting the estimation of sample concemigitire the
uncertainty arising from the preparation of the standards andirbar |

calibration curves.

U(SQ) =,/u?(stdg +u?(cal) (Eq.3)

The calculation of uncertainty components for the estimation of fustic
concentration is presented in the Appendix, A.2.2. Table 3.11 gives the
calculated uncertainty components used and combined uncertaintigS@y

for all pesticides.
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Table 3.11. The Uncertainty Components and Uncertainty Values for the

Estimation of the Pesticides Concentrations

u(stds) u(cal) u(sSC)
a hch 0.009 0.013 0.016
b hch 0.009 0.010 0.014
g hch 0.009 0.011 0.015
d hch 0.009 0.041 0.042
Aldrin 0.009 0.008 0.012
b-endosulfan 0.009 0.014 0.017
Dieldrin 0.009 0.012 0.015
Endosulfan 0.009 0.006 0.011
Endos. Sulf. 0.009 0.013 0.016
Endrin Ald. 0.009 0.031 0.032
Hep. Endo Ep. |  0.009 0.008 0.012
Heptachlor 0.009 0.006 0.011
Methoxychlor 0.009 0.014 0.017
p-p’' DDD 0.009 0.022 0.024
p-p' DDE 0.009 0.011 0.014
p-p' DDT 0,009 0.009 0.013
Azinphos-me 0.009 0.015 0.018
Bromophos-et 0.009 0.016 0.018
Chlorpyrifos 0.009 0.019 0.021
Diazinon 0.009 0.011 0.015
Dichlorvos 0.010 0.016 0.018
Fenamiphos 0.010 0.012 0.016
Fenitrothion 0.010 0.023 0.025
Malathion 0.009 0.021 0.023
Methidathion 0.009 0.035 0.037
Parathion-me 0.009 0.027 0.028
Phosphamidon| 0.010 0.038 0.039
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3.2.2.3.3. Repeatability of the Measurements(rep):

As stated in Appendix A.2.3, the uncertainty arising from the repesatl

the measurements are calculated using the CV (coeffidiesatriation) values
for SRM readings, as these are the samples analyzetiefartiole analysis
period. The data set used in the calculatiom(oép) for all the pesticides is

given in Table 3.12.

Table 3.12 Uncertainties for the Repeatability of Measurements

CVv N u(rep)
a hch 0.055 31 0.010
b hch 0.074 31 0.013
g hch 0.050 31 0.009
d hch 0.069 31 0.012
Aldrin 0.059 31 0.011
b-endosulfan 0.101 31 0.018
Dieldrin 0.084 31 0.015
Endosulfan 0.040 31 0.007
Endos. Sulf. 0.080 31 0.014
Endrin Ald. 0.108 31 0.019
Hep. Endo Ep. | 0.063 31 0.011
Heptachlor 0.076 31 0.014
Methoxychlor 0.077 31 0.014
p-p' DDD 0.091 31 0.016
p-p' DDE 0.069 31 0.012
p-p' DDT 0.105 31 0.019
Azinphos-me 0.109 18 0.026
Bromophos-et 0.090 18 0.021
Chlorpyrifos 0.033 18 0.008
Diazinon 0.046 18 0.011
Dichlorvos 0.050 18 0.012
Fenamiphos 0.054 18 0.013
Fenitrothion 0.040 13 0.011
Malathion 0.043 18 0.010
Methidathion 0.016 14 0.004
Parathion-me 0.040 14 0.011
Phosphamidon| 0.082 13 0.023
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3.2.2.3.4Recovery,u(Ra)

The estimation of uncertainties for recovery component was giveppemdix
A.2.4. The calculated uncertainty components and uncertainty values for

recoveries for each pesticide are presented in Table 3.13

Table 3.13 Uncertainty Components and Uncertainty Values for thadimtr
Recoveries of Pesticides

U(Cops) | U(Ccen)
Rav | Cow | Cew | R
a hch 0.810 0.022 0.014 0.021
b hch 0.938 0.012 0.014 0.017
g hch 0.830 0.018 0.014 0.019
d hch 0.824 0.027 0.014 0.025
Aldrin 0.707 0.028 0.014 0.022
b-endosulfan 0.758 0.035 0.014 0.028
Dieldrin 0.842 0.028 0.014 0.026
Endosulfan 0.717 0.027 0.014 0.022
Endos. Sulf. 0.818 0.022 0.014 0.021
Endrin Ald. 0.717 0.027 0.014 0.022
Hep. Endo Ep. | 0.887 0.026 0.014 0.026
Heptachlor 0.723 0.022 0.014 0.019
Methoxychlor 0.732 0.025 0.014 0.021
p-p' DDD 0.800 0.027 0.014 0.024
p-p' DDE 0.817 0.024 0.014 0.023
p-p' DDT 0.768 0.026 0.014 0.022
Azinphos-me 0.720 0.033 0.014 0.026
Bromophos-et |  0.873 0.029 0.014 0.028
Chlorpyrifos 0.765 0.019 0.014 0.018
Diazinon 0.868 0.024 0.014 0.024
Dichlorvos 0.892 0.022 0.015 0.024
Fenamiphos 0.657 0.030 0.015 0.022
Fenitrothion 0.841 0.019 0.015 0.020
Malathion 0.802 0.020 0.014 0.020
Methidathion 0.623 0.026 0.014 0.018
Parathion-me 0.878 0.025 0.014 0.025
Phosphamidon| 0.968 0.028 0.015 0.030
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The t-test is applied for the recoveries to see the deviatmn fmity, as
explained in Appendix 2.4, Whegg> ti, the recovery correction is included

in the calculation of combined uncertainty (EURACHEM/CITAC Guide,
2000). The ¢ value for degrees of freedom of 47 at 95% confidence is 2.01.
Except phosphamidon, it is observed that all the recoveries weré&csigtly
different than unity; therefore, recovery factor was included ircéheulations.

As significance has been detected, the observed concentrationpafsticede
obtained was corrected with recovery. Therefore, uncertainty brdaygtitis

operation was included in the calculation of combined uncertainties.

3.2.2.4. Calculation of Combined Uncertainty

The combined uncertainty for the measurements is calculatéteByquation
2. Later, the corrected combined standard uncertainty is calculateglased
in Appendix 2.4 The comparison of the uncertainty contributions and the
discussion about the estimation of uncertainty for the analysissttiges in

Kumluca water samples will be presented in the following sections.

3.2.2.5. Calculation of Expended Uncertainty

After the recovery correction operation, the expended uncertél(®) is
obtained by multiplying the corrected combined uncertaiaf§ OM).or) with
a coverage factor of 2, giving

U(Ca)=2 "u(COM)orr (Eq.4)
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3.2.2. An Example for the Estimation of Uncertainty: Estimation of

Uncertainty for Dichlorvos

The two steps in the estimation of uncertainty are presented ior&e8t2.2.1,
(specification of the measurand) and 3.2.2.2 (identification of the umtgrtai
sources) are valid for dichlorvos (ddvp). Therefore, the calculatiohdev

shown starting from third step; quantification of uncertainty components.

3.2.2.1. Quantification of Uncertainty Components for Dichlorvos

3.2.2.1.1. Uncertainty for Samplingu(smpl)for Dichlorvos

As stated in Section 3.2.2.3.1,tismpl)is 0.021 for all pesticides.

3.2.2.1.2. Estimated Sample Concentration(SC)for Dichlorvos

The u(SC)value given in Table 3.11 for ddvp is calculated using Equation 3.,
where the unceartainty fo(stds)are calculated as follows:

u(stdy _ \/ UM 7, W) *, P, W), Whooa) W), Woe)
C

'stds m \/J.OOnL P \/10011. 1 \/500117. 1 \/10011 2 \/50011 2

(Eq. 5)

The concentration of the standard solution was assumed to be the average o

calibration standard concentrations, which is O.6Gg/2nL.
Purity of ddvp is 98.51.0 %, leading toy(P) = 0.01/ 3 = 0.006

The values and uncertainties for estimated sample concentratiddviprare

calculated as explained in Appendix A and summarized in Table 3.14.
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Table 3.14. Values and Uncertainties for the Components of Estimatgoles
Concentration Factor for Dichlorvos

Description Value(x) Standard Relative Std.
uncertainty u(x) Uncertainty
u(x)/x
mass 100 mg 0.173 mg 0.002
V 100mL 100 mL 0.499 mL 0.005
Purity 0.985 0.006 0.006
(V 1001 )1 20nL 0.245nL 0.012
(V s00m)1 500nL 1.162nL 0.002
(V 100m.)2 64nL 0.245nL 0.004
(V s00n)2 500nL 1.162n 0.002

The values in the table are used for the calculatiar{stfis)with Equation 5;

uéztj? = /(000% +(000% +(000§ +(001¥ +(000¥ +(000¥ +(000¥

u(stds¥0.010ng/mL

For the calibration curve of ddvp, where n=6,
B;=6.313

Bo=-0.251

S=0.122

Si= 2.832
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The average concentration of ddvp calculated from calibration cuwe f

sample extracts (p=13) is 0.08§/mL

2
U(Ca|)=§\/1+1+(co'—%v) (Eq. 6)
B,\p n S

XX

=0.011ng/mL

u(cal) ‘%Ji+l+ (0.097- 0.642)
6313V13 6 2832

Combiningu(stds)andu(cal) to giveu(SC)(Eq. 3)

u(SC) =+/0.010? +0.0122 =0.015nmg/mL

3.2.2.1.3. Repeatability of the Measurements(rep) for Dichlorvos

The mix-std 167 was used to calculate the repeatability of ddvgectaton
measurements. As given in Table 3.12, the percent RSD obtained for this

pesticide is 5.03%, for 18 measurements. Therefore,

u(rep) = 0.050/ /18 =0.012ng/mL

3.2.2.1.4. Recovery(R) for Dichlorvos

Combining the standard deviations for spiked and unspiked sample
concentrations for ddvp(Cond/Cops is obtained as 0.022. Th&Copgd/Cobs
contribution is calculated similar to the calculation of ti{stds) using the
formula given for OPPs in Appendix 2.2.1, and found to be 0.015. The percent

recovery of ddvp was 89.2%. Therefore ti{B,,) is calculated as follows;
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urel (Rav) = U(RaV) :\/ U(CObS) ¥ U(Ccert) (Eq 7)

R CObs CCert

av

u(R,)

0805 J(0.0227 +(0.015? , leading u(Ra)=0.024, as given in Table 3.13.
. Z

The t-test is applied to decide weather the recovery factordibeuincluded

or not in combined uncertainty.

B |1- 0.894 B
“®0.024
therefore the recovery factor will be included in further calculations.

4.58. This value is higher than the critical value of 2.01,;

3.2.2.2. Combined Uncertainty for Dichlorvos

First, the combined uncertainty is calculated with the recosenyponent, as

given in Equation 2.

The components are summarized in Table 3.15., with average dichlorvos

concentration of 0.09g/mL among all data set, without recovery correction.
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Table 3.15. Uncertainty Components for Combined Uncertainty of ddvp

Description Value (x) Standard Relative Std.
uncertainty u(x) Uncertainty
u(x)/x
Sampling Rep.| 1 0.021 0.021
SC 0.09hy/mL 0.015 0.155
Repeatability 1 0.012 0.012
Recovery 0.892 0.024 0.027

Using Equation 2, the combined uncertainty is calculated as follows;

Uy (COM) =4/(0.0292 + (0.155°2 + (0.012)% + (0.027) =0.159

Than the recovery correction operation is performed on combined ungertaint
as the final concentration {§) is obtained after the recovery correction;

Ceonr=C/Ray (Eq-8)

Using Equation 8, &= 0.098/0.892=0.116y/L

The uncertainty for the operation in Equation 8 is calculated as follows;

2 2
UCOM)eor _ | UCOM) —, UR,,) (Ea. 9)
CCorr CaV Ra" |

U(COM),,, =0.110° 4/(0.1592 + (0.027)? =0.018ng/mL.
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3.2.2.3. Expanded Uncertainty for Dichlorvos

The expanded uncertainty (Eq. 4) can now easily be calculated, alsvalue

of 2, for 95 % confidence interval.

U(C)=2 "u(COM)r= 2~ 0.018 = 0.036rg/L

Therefore, the average concentration of dichlorvos in the samaptedd be

reported as follows;

Concentration of Dichlorvos: (0.1160.036)m7g/mL*
* The reported uncertainty is an expanded uncertainty calculated for 95%

confidence level

3.2.3. Evaluation of Uncertainties of Pesticide Measurements inufluca
Environmental Water Samples

The uncertainty components and calculated combined uncertaintiedl for a
pesticides analyzed in Kumluca environmental water samples egenped in
Table 3.16. It should be emphasized here that, the uncertainties obtained f
OCPs are for concentrations in the range of ng/L, whereasnt®e for OPPs
are in theng/L levels. The higher combined uncertainty values for OCPs

should be considered accordingly.
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Table 3.16. Uncertainty Components Used for the Calculation of Combined

Uncertainties
u(sQ u(R.,)

u(smpl) | ¢ u(rep) R, U(COM)corr
Organochlorine Pesticides
a hch 0.021 0.003 0.010 0.026 0.294
b hch 0.021 0.004 0.013 0.018 0.121
g hch 0.021 0.015 0.009 0.023 0.052
d hch 0.021 0.039 0.012 0.031 0.083
Aldrin 0.021 0.001 0.011 0.031 0.617
b-endosulfan 0.021 0.005 0.018 0.037 0.278
Dieldrin 0.021 0.006 0.015 0.031 0.149
Endosulfan 0.021 0.010 0.007 0.030 0.235
Endos. Sulf. 0.021 0.001 0.014 0.026 0.716
Endrin Ald. 0.021 0.010 0.019 0.030 0.235
Hep. Endo Ep. 0.021 0.008 0.011 0.029 0.088
Heptachlor 0.021 0.001 0.014 0.026 1.177
Methoxychlor 0.021 0.010 0.014 0.029 0.120
p-p' DDD 0.021 0.014 0.016 0.030 0.109
p-p' DDE 0.021 0.009 0.012 0.028 0.094
p-p' DDT 0.021 0.003 0.019 0.029 0.283
Organophosphorous Pesticides
Azinphos-me 0.021 0.193 0.026 0.036 0.026
Bromophos-et 0.021 0.352 0.021 0.032 0.021
Chlorpyrifos 0.021 0.367 0.008 0.023 0.028
Diazinon 0.021 0.273 0.011 0.028 0.021
Dichlorvos 0.021 0.153 0.012 0.026 0.017
Fenamiphos 0.021 0.130 0.013 0.034 0.026
Fenitrothion 0.021 0.466 0.011 0.024  0.030
Malathion 0.021 0.686 0.010 0.025 0.028
Methidathion 0.021 0.456 0.004 0.030 0.059
Parathion-me 0.021 0.417 0.011 0.029 0.032
Phosphamidon | 0.021 0.558 0.023 0.034  0.040

(u(rep): Uncertainty for repeatability of the measuremenigsmpl):
Uncertainty for sampling; u(SC): Uncertainty for estimatedalyge
concentration; u(R): Uncertainty for recovery, u(COM): Combined
Uncertainty)
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The data set in the table can be visualized in Figure 3.6 for OPPs.

B u(rep)
O usnmpl)
B u(sCO)
B u(rec)

Figure 3.6. Uncertainty Components of OPPs
(u(rep): Uncertainty for repeatability of the measurementgsmpl):
Uncertainty for sampling; u(SC): Uncertainty for estimatedalge
concentration; u(rec): Uncertainty for recovery)

From Figure 3.6., it is seen that the uncertainty arising frometeatability of
the measurements has generally the lowest contribution to totaltainter

This is due to stability of GC-NPD system through all analysis period.

The uncertainty arising from the extractions, as indicated rdgovery
component is generally highest for OPPs. As seen in Table 3.4., the RS
values for recoveries are higher, especially in surface wssenples.
Therefore, the uncertainties of recovery component for somes @Phigh,

such as azinphos-methyl, bromophos-ethyl and phospamidon.

Sampling replicates seem to have considerable contribution on total
uncertainty. In Table 3.2, it is shown that the replicate samples $small

147



variation. As the number of data points (N=15) in the calculationthef

uncertainty of this factor was low, its contribution became somewhat higher.

The high contribution of uncertainty arising from estimation of yeal
concentration in total uncertainty of phosphamidon and methidathion arises
from the calibration uncertainties. The calibration curves of tipesticides
have linear regression coefficients of 0.9985 and 0.997, respectively (Figure
2.11). With these correlation factors, it is clear that theblon curves
obtained for these pesticides have poor fit on linearity amon@RBPs,

increasing the uncertainty for calibration.

The uncertainty components of OCPs are presented in Figure 3.7.

Unceartain

—
] q"

'_ﬂ

O u (rep)
B usO

B u(rec)
O u(snpl)

|

Figure 3.7. Uncertainty Components of OCPs
(u(rep): Uncertainty for repeatability of the measurementgsmpl):
Uncertainty for sampling; u(SC): Uncertainty for estimatedalge
concentration; u(rec): Uncertainty for recovery)
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For OCPs, the uncertainty from repeatability of the measuresmbas
generally the lowest contribution to total uncertainty, similar to ©FRe high
uncertainties for estimation of sample concentrations d&tCH, endrin
aldehyde and DDD are again due to calibration curves with poor fit on
linearity. Sampling uncertainty has higher contribution to combined
uncertainty than OPPs, as other factors have low contributions. The
uncaertainty arising from extractionsi(iec) is highest forb-endosulfan,

heptachlor endo and dieldrin.

3.3. Evaluation of Data Set

In this section, produced data will be evaluated using differttistscal
treatments. In this way we will try to find the answers to ¢becentrations,
occurrences, sources and effects of pesticides observed in surfdce a

underground waters of Kumluca region.

3.3.1. Concentrations of Chlorinated Pesticides in Kumluca

Environmental Water Samples

The summary of the data set obtained in whole study period for
Organochlorine Pesticides (OCPs) in ground water (55 samplesalip and
surface water (22 samples in total) samples are presenteabia 3.17. The
values presented are for the concentrations above the Limit of (Quadin,
which is determined as the concentration at S/N value of 10.

149



Table 3.17. Summary Statistics for Organocholorine Pesticides (values)n ng/

GW SW GW SW
Av Av Av Av
Pesticide (% RSD) (% RSD) Pesticide (0/.0 RSD) (% RSD)
min-max min-max min-max min-max
N N N N
5.7 8.2
(60.6) (129.9)
a-hch 02-101  0.4-32.6 | Endrin BLOQ BLOQ
11 8
3.6 2.7 47
(88.1) (128.7) | Endrin (191.2)
b- hch 0.6-10.8  02-8.6 |Aldehyde 06300 B-OQ
15 5 10
12 1.0 3.4
(82.0) Hep. Endo (55.7) (107.1)
g heh 0733  BLOQ | Epoxide 0422 0383
6 12 6
1.9 05 265
oo 083 9 o (09, eioo
4 3 3
115 14.4 2.1 2.7
Aldrin (166.1) (198.7) | Methoxych  (40.2) (95.2)
0.3-76.4  0.6-98.4 | lor 1.1-3.6 1.0-9.6
27 11 6 10
2.2 6.4 2.2 1.9
b- (176.7) (146.2) | 5op (74.5) (69.2)
endosulfan 0.4-10.9  0.8-28.1 | PP 0.5-5.0 0.6-3.5
7 10 7 4
1.9 53 15 25
o (74.3) (218.4) . (85.5) (33.4)
Dieldrin 0539 05379 | PP DDE 0.4-3.2 1.8-3.6
14 10 4 4
2.9 3.9 3.8 7.9
(125.8) (125.3) . (107.9) (213.4)
Endosulfan 5139 03179 |PP'PPT 57161  04-57.9
35 19 13 11
4.8 31.7
Endosulfan  (209.3) (164.5)
sulfate 05525  0.6-188.1
28 20

GW: Ground Water, SW: Surface Water, N: Number of Observations,
BLOQ: Below Limit of Quantification
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The concentration levels (ng/L, ppt) presented here seems to bowefyr
any organic pollutant analysis with these analytical syst& herefore, before
discussing the actual levels of these pollutants, calculations hef t

concentrations will be explained.

The calibration curves were prepared with ng/mL (ppb) level carateons.
The samples were collected as 1 L and at the end of thetexiracocedure
the final volume was 1 mL. Therefore, the original samples haen be
concentrated 1000 fold, and the concentrations of the analytes weresaacrea

to the limits of quantification of the analysis systems.

The observed low concentration levels of OCPs in environmentalr wate
samples are very common in literature and also reported for different refjions
the world (lwata et al, 1995; Tanabe at al., 2001; Golfinopoulus et al, 2003;
Risatto et al., 2006; Zhou et al., 2006).

The high percent RSD values indicate high variations from one sagraint

to another on the observed concentrations. This is an expected itrend
environmental studies, as the concentrations of the pollutants mawikaly
from one sample to other, depending on the factors affecting thelisgm
region. As a matter of fact the reason why this study is tadder is to
understand these external factors. Considering the high variatghsostly
the low concentrations, it can be stated that in Kumluca environmeateai
samples, the chlorinated pesticides were in very low concemsatexcept a

few extremes for certain sampling points.

In general, the concentrations of OCPs were lower than thanmmuiax
allowable limit for a single pesticide by EU directive (Elduncil Directive
98/83/EC, 1998) which was 100 ng/L. The highest concentration was 188.1

ng/L and observed for endosulfan sulfate in a surface water samjddl
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season. The next pesticide with the high concentration was aldrinn@&.y
observed for a similar sample. This was also close to thevahie. However,
these concentration extremes were not common and they should be handled

carefully during the evaluation of the results.

Heptachlor seems to have the highest average concentration (26.5img/L)
ground water well samples. However, this value was due to s ssaghple

with a high concentration (72.4ng/L) and the evaluation of this resiilbe

given in the following paragraphs. Excluding this case, aldrin laighest
average concentration (11.5 ng/L) and the highest observed maximum
concentration (76.4 ng/L) among all the other pesticides in the wakr

samples.

In surface water samples, besides the maximum concentration abhserve
endosulfan sulfate has also the highest average concentration (81.6Thg
average concentration of this analyte in well waters is only 418 fbis trend

can be further generalized to all data set; the surface waatersore polluted
than ground water. Only DD, andd HCH has higher average concentrations

in ground waters than surface waters.
Figure 3.8 shows the distribution of average OCP concentrations among

surface and ground water samples for both sampling campaigns, which ar

given in Table 3.17.
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Figure 3.8. Average Concentrations of Organochlorine Pesticidedfardbi
Types of Water Samples

The concentration of aldrin in surface waters is also high (14.4).ngHis
pesticide has the highest concentration for ground water samplesn{(ll)5
followed by a-HCH (Hexachlorocyclohexane) (5.7 ng/L). The well waters
have also endosulfan sulfate and endrin aldehyde in relatively high
concentrations.

The percentage of number of samples with a certain pesticide gigeneral

idea about the pollution and helps to evaluate the observed concentrations. The
percent occurrences, i.e. the frequency of detection, of OCPs fstudly

period were calculated and given in Figure 3.9, where the valugsesmented

for each type of water samples.
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Figure 3.9 Percent Occurrences of Organochlorine Pesticides

From Figure 3.9, it can be seen that heptachlor has the |qeesent
occurrence (5 %) for well samples. This value means that thigideswas
observed only in 3 samples. However, among all the chlorinateaigestiit
has the highest average for well samples (26.5 ng/L). This isodilne thigh
concentration (72.4 ng/L) observed for a single sample in falbseasd it
shows a clear indication that this pesticide has applied around thenagbe
for domestic purposes as there is strict regulations for gpkcation of the
most of the chlorinated pesticides in agricultural products. Withowt thi

extreme, the average value would be 3.5 ng/L.
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Pesticides were detected more frequently in surface vsat@ples than in
ground water samples. In Kumluca surface water samples, endosuilfai®

and endosulfan were the most commonly observed pesticides with percent
occurrences of 91 % and 86 %, respectively. These values oweeeed to

51% for endosulfan sulfate and 64% for endosulfan in ground water samples,
which are still the highest among other OCPs. Aldrin has ble¢ected in
similar frequencies for both surface (50 %) and well (49 %) sssn@s it is
related with endosulfan, the occurrence$-@ndosulfan should also be noted;
this pesticide was detected in 45 % of surface, and only 13 ¥oumd water

samples.

The high occurrence of endosulfan sulfate in surface waters tieslitat, the
observed high concentrations are not extreme cases and the average

concentrations were common levels of this analyte.

Figure 3.10 combines the average concentrations and percent occurnences. |
ground water samples, the extreme case for heptachlor hasyalvead
described. Aldrin has a similar trend with endosulfan and endosulfartesulfa
with high occurrences and moderate concentrations. Dieldrin, heptacidor
epoxide, a-HCH, b-HCH, DDT and endrin aldehyde has relatively high
percent occurrences but low concentratidn&ndosulfan, DDD,d-HCH, g

HCH, methoxychlor and DDE have both low detection of frequencies and

concentrations.
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Figure 3.10. Average Concentrations and Percent Occurrences of OCPs
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In surface waters, endosulfan sulfate displays an extraordiaaeywith high
percent occurrence and concentrations. Endosulfan also has high moeurre
but with low concentrations. Aldrin with slightly high concentration has
moderate percent occurrence. Methoxychlor, dieldriendosulfan, DDT and
a-HCH have moderate occurrence and low concentrations. The other

pesticides have both low percent detections and concentrations.

Endosulfan and its Derivatives

Endosulfan is used in the cultivation of vegetables, fruits, paddyncdta,
coffee, tobacco and timber crops. Worldwide use of endosulfan increabed wi
the bans or restrictions in use of the more persistent organocht@stieides

like DDT and endrin. It should be noted that, although the use of maisé of
chlorinated pesticides were banned in our country since 1980s, the use of
endosulfan is still legitimate. In Kumluca, it is still commonlged as

insecticide for tomato production in both greenhouses and orchards.

Technically endosulfan is a mixture of two isomers, al@)aefdosulfan and
beta b)-endosulfan in the ratio 8:2. Endosulfan can be broken down by
photolysis, hydrolysis and bio degradation to endosulfan sulphate. Tthis is
main degradation product of both isomers, which is equally toxic aalf is

more persistent in the environment (Usha and Harikrishnan, 2005). In wate
endosulfan has a half life of 35 to 150 days (Romeo and Quijano, 2000),
whereas the endosulfan sulfate with a half life higher than 296 (Guerin,
2001).

In Figure 3.10, it is seen thatendosulfan and endosulfan sulfate have high
occurrences in both types of water samples (86 and 91 % for surface, 64 and 51
% for ground water samples, respectively). This is due to widecagiph of
endosulfan in Kumluca. However, they have moderate concentration levels

(below 5 ng/L) in ground water samples. Although it is detected in 45% surface
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water samples, and 13 % of well samples the concentratidnsrmaosulfan in

both types of water samples were also moderate (lower than &)5 Tlis is

due to low solubility and high Koc values of these substances. @leased,
they tend to accumulate onto soil instead of being dissolved. However,
endosulfan sulfate has higher concentration levels in surface wamples.
This indicates the degradation of endosulfan via photolysis or mi@oisrgs

in surface waters and surface run off from fields afteratdgion, as it has
longer half life than its parent compound.

The relative concentration of the degradation product endosulfan to total
endosulfan compounda{ andb- isomers and endosulfan sulfate) can be used
to assess the degradation or how recent the endosulfan contaminatioachccur
The concentration ratio of (endosulfan sulfate)/(total endosulfan compunds
lower than 0.5 indicates the recent use of endosulfan, at leastasifa half

life (150 days).

In 24 of all ground water samples, endosulfan sulfate and at leasif dhe
endosulfan isomer were detected. In surface waters, the numbeampfes in

which the parent compounds and endosulfan detected together was 20. These
data points are used to calculate the ratio between the conoastraf
endosulfan sulfate to total endosulfan in order to assess the recent or past use of
endosulfan in Kumluca. The results are given in Figure 3.11 where the

concentration ratio was plotted against number of samples.
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Figure 3.11. Ratio of Total Endosulfan to Endosulfan Sulfate

In 14 of the ground water samples the ratio was equal or lowerOtba This
indicates definite use of endosulfan around these wells at letstasits half

life. As this pesticide has been used commonly more than a decdde in
region, slightly higher ratios than 0.5 does not mean that endosulfanotvas
applied; instead they may reflect the cumulative effect of potiutivith higher
endosulfan sulfate concentrations. In 8 of the samples, the dominant endosulfan
sulfate concentrations indicate the past (longer than 150 days) use of

endosulfan.

In most of the surface water samples, the ratio is higharGHha This is due to
the conversion of endosulfan to endosulfan sulfate by photo- and bio-

degradation (Awasthi et al., 2003) in Kumluca surface waters.

Aldrin and Dieldrin

Aldrin and dieldrin are insecticides with similar chemicalistures. They are

both included in the high priority list of POPs. From the 1950s until 1970,
aldrin and dieldrin were widely used pesticides for crops lika end cotton.
Because of concerns about damage to the environment and potentially to
human health, their use has been banned since 1980s in our country. As a
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result, the primary source of aldrin and dieldrin to the environment sheuld
the past agricultural use (U.S. Department of Health and Humanc&er
2002a).

Aldrin was classified as moderately persistent meaning atklife in soil
ranged from 20-100 days. Sunlight and bacteria change aldrin to dieldnn. The
bind tightly to soil and slowly evaporate to the air. Dieldrin id aad water
breaks down very slowly (U.S. Department of Health and Human Services
2002a).

As seen in Figure 3.10, similar to endosulfan sulfate, aldrin asohiigh
occurrence in surface water (50 %) and ground water (49 %) esrapd
relatively high average concentrations for surface water (14.4 agd_yround
water (11.5 ng/L). However, dieldrin has moderate detection frequeA&iés
for surface, 25 % for ground water) and slightly lower concentra{®Bsg/L
for surface, 1.2 g/L for ground water). This shows the slow detpadaf

aldrin to dieldrin in the region.

According to local authorities, aldrin has been widely used indbmsm for
cotton production before 1990s. At almost all points where data is laeajta
surface, 8 ground water data points) concentration ratio of aldrin ltidies
higher than unity. The local authorities strictly claim taklirin has not been
used since 1990s in the region. Therefore, the observed presemdenotan
be explained by its wide use in the past and slow degradatiomltyimliin

Kumluca environment.

In literature, the higher concentrations of aldrin than dieldrin arentonly
reported in environmental water samples for Turkey and differeta pathe
world, where use of aldrin has been banned in for decades (Aghs E297;
Espigares et al., 1997; Hung and Thiemman, 2002; Golfinopoulos et al., 2003;
Bakan and Ar man, 2004; Erkmen and Kolankaya, 2006).
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Hexachlorocyclohexane (HCH) Isomers

HCHs are one of the most widely used and most readily detected
organochlorine pesticides in environmental samples. The relatively hig
volatility of HCH has led to global transport, even into formerly cleaations

such as the Arctic (Walker et al.1999). When compared with othersOCP
lindane has highest solubility and lowest Koc values, indicatindnigher

potential for the contamination of water sources.

Compositions of the isomers are considered as a useful tool for iamdieng

the formulation types, origin, transport pathways, etc (Iwatd. £1995). This

tool is widely used in the pollution studies in sediments and soils, by evaluating
the distribution of the isomers in samples (Doong et al., 2002; Zhaal, e
2004; Zhou et al., 2006). However, in this study, the data set produced is not
available to derive such conclusions sample by sample, as tleereisgsing
points. These isomers were not detected together in most of nigesa
Therefore, at least, to characterize the general situatioumluca, the
following conclusions will be based on the average concentrations of the

pollutants among the samples.

The distribution of HCH isomers in Kumluca samples are presemtéure

3.12. as seen,-isomer has similar contribution for both types of water

samples. For ground water samples, the major isomeHISH (53 %). The
-isomer makes up 38 % of this type of samples. It is seen-bkamer and

some portion of -isomer is converted toisomer in surface water samples.
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Figure 3.12. Distribution of HCH Isomers in Kumluca Water Samples

The presence of -HCH in ground water samples indicates biological
degradation of lindane use in the past and its leaching through soground
waters (Willett et al., 1998; Doong et al, 2002). Thesomer is the second
mostly observed product of lindane in ground water sampledCH is not
observed in surface waters, but the major HCH constituentHEH. The
dominant presence ofHCH has observed in surface waters indicates photo
degradation of lindane (Willett et al., 1998; Rissato et al., 2006). Mareove

thed-HCH has equal contribution for both types of water samples.
The obtained results generally show that, the HCH pollution in tfierras

due to the past use of this group of OCPs, as the major contribsitfoom

degradation products ofHCH, namely the -, - and - isomers.
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Dichloro Diphenyl Trichloroethane (DDT) and Its Derivatives (DDD and
DDE)

DDT was the first synthetic pesticide of the modern age. Althauiggudi found
wide applications, it has later created widespread concean asvironmental
hazard and toxicant. It is highly persistent in the environment, avifported
half life of between 2-15 years and it is immobile in masiss Routes of loss
and degradation include runoff, volatilization, photolysis and biodegradation
(aerobic and anaerobic), which generally occur very slowly. Boaakd
products (also called as metabolites) in the environment are (dizhloro
diphenyl dichloroethylene) and DDD (dichloro diphenyl dichloroethane),
which are also highly persistent and have similar chemical ardigath

properties (U.S. Department of Health and Human Services, 2002b).

The relative concentration of the metabolites can be used t® élssgzossible
degradation mechanism and how recent the DDT contamination occurred.
Since DDT can be biodegraded under aerobic conditions to DDE and under
anaerobic conditions to DDD, and the ratio of (DDD+DDE) / totallBD 0.5

can be thought to be subjected to a long term weathering showintghéhat
degraded derivatives (p,p-DDD and p,p-DDE) formes a significangqgption

of total DDTs (Hong et al, 1999; Doong et al, 2002; Zhou et al., 2006).

Similar to HCHSs, the concentration of DDT and its degradation predact
Kumluca water samples are evaluated by using the average gatioest as a

general interpretation.

From Table 3.17 it is observed that, in the surface waters thegave
concentration of DDE (2.5 ng/L) is higher than DDD concentration (1.9 hg/L
indicating aerobic degradation is dominant. In ground waters, due tmhitaer
degradation, the average concentration of DDD is higher (2.2 ng/L) thaof tha
DDE (1.5 ng/L).
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In Kumluca samples, the (DDD+DDE) / total DDTs ratio is Ol &.5 for
surface and ground waters, respectively. If the two extreme cdrati@ms of
DDT (16.1 ng/L for ground and 57.9 ng/L for surface waters) is egdude
values are increased to 0.6. This approach clearly demonstratd3Dih

residues were due to the past use of DDT in the region, before 1980s.

Heptachlor and Heptachlor Epoxide

Similar to other OCPs, heptachlor is also has low water sdjulaitid high
affinity to partition in soil. It is readily converted to itsgiadation product,
heptachlor epoxide in soil, plants and animals. Both of these substmeces
resistant to degradation in the environment and can be transported (U.S.

Department of Health and Human Services, 1993).

In Kumluca ground waters, heptachlor epoxide occurred more frequiatly t

its parent compound. This can be attributed to degradation of heptachlor
Moreover, there was no detection of heptachlor in surface watetsoWihe
extreme case explained before, heptachlor and its epoxide havdowery

concentrations.

Endrin and Endrin Aldehyde

In the samples analyzed, the concentration of endrin was belolmiihef
guantification, which is 0.1 ng/L for real samples. Its degradatioayat,
endrin aldehyde was observed in ground waters with relatively low
concentrations, with an average of 4.7 ng/L. This indicates the pasbfu
endrin, which is no longer a pollutant in Kumluca region. The reason of endrin
aldehyde detection only in well samples points out slow leachorg titeep

soil layers, which are protected from surface run-off.
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The high occurrences of OCPs and detection of degradation products in
Kumluca environmental water samples clearly indicate theeng# use before
1980s. As the OCPs are persistent in the environment, their residuesl ¢an stil
found in soil, water and sediments. Other than this study, chlorinatedgestic
are still being detected in aquatic environments in differenbmegof our
country (Barlas 2002; Turgut, 2003; Bakan and Ar man, 2004).

Except few extreme cases, they have low concentrations, antbtedhey do
not pose a risk on water pollution. However, these types of pesticales
tendency to attach soil particles and accumulate. Therefore fusthdies
required to determine the OCPs in soils and sediments to evéheat@CP
pollution in the region.

3.3.2. Concentrations of Organophosphorus Pesticides in Kumluca Water

Samples
The summary of the data set obtained for organophosphorus pesticidethfor

ground water (N=55) and surface water (N=22) samples are prdsarifable
3.18.
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Table 3.18 Summary Statistics for Organophosphorus Pesticides (w#alues

ng/L)
GW SW
Av (% RSD) Av (% RSD)
Pesticide Range Range
N N
100.0 (32.0) 184.1 (101.8)
Azinphos-methyl 70.3-178.8 85.1-564.9
12 6
71.6 (42.5) 42.1 (65.3)
Bromophos-ethyl 46.9-124.5 13.2-60.5
6 4
Bromophos-methyl BLOQ BLOQ
68.8 (22.9) 85.8 (50.8)
Chlorpyrifos 56.7-119.0 51.0-193.4
27 14
68.6 (76.8) 85.0 (58.6)
Diazinon 16.3-234.9 15.7-176.8
13 12
103.5 (35.6) 116.3 (91.2)
Dichlorvos 73.5-174.5 67.6-322.2
7 6
191.2 (45.6) 155.2 (16.6)
Fenamiphos 111.4-394.8 140.5-168.8
8 2
60.5 (39.3) 68.4 (56.0)
Fenitrothion 35.7-89.8 35.2-123.7
4 4
Fenthion BLOQ BLOQ
38.8 (8.6) 49.6 (18.1)
Malathion 35.6-44.6 43.3-56.0
7 2
128.8 (25.2)
Methidathion BLOQ 109.7-166.2
3
73.4 (34.6) 79.4 (38.9)
Parathion-methyl 56.8-124.2 52.2-123.7
6 8
64.7 (27.2) 88.7 (31.5)
Phosphamidon 33.8-79.0 55.8-123.5
9 4
Pirimiphos-methyl BLOQ BLOQ

BLOQ: Below Limit of Quantification,
GW: Ground Water, SW: Surface Water
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The values presented are for the concentrations above the Limit of
Quantification. As seen, the concentrations were almost ten hiiglesr when
compared to chlorinated pesticides. Bromophos methyl, fenthion and
pirimiphos methyl have not been detected in any of the samples.

At the first glance, the most striking feature of the tablsase of the OPPs in
Kumluca water samples are higher than maximum allowable coatientof a
single pesticide (100 ng/L). The acute effects of phosphorus pesticire
more severe than other types of pesticides. Therefore, thegnme in high
concentrations poses a risk for human health. It is clear thaumluca
region, the sampled wells and surface waters are polluted wih gesticides,

and they should not be consumed for domestic purposes.

The highest observed concentration (565 ng/L) was for azinphosinetay
surface water sample in fall season. This value is asdsgh SD (standard
deviation) than the mean value for surface waters. Azinphos-methyl
commonly used in the region for the control of insecticides in greenhandes
orchards. The high concentration is due to surface run off to the after the
extensive use and spray drift during the application of pesticmendrthe
sampling point. However, it should be emphasized that in the region, the
disposal of empty containers of pesticides or other agricultbheahizals onto
surface waters is a common practice among farmers. Moreovehdkieybeen
easily recognized during the field trips. This pollution magodead to the

observed extreme concentration.

The second highest concentration (395 ng/L) was observed for fenami@hos in
well in spring season. This value is also higher than the mean walReSD.
Fenamiphos is used for the control of tomato root nemotodes, and others for
tomatoes, pepper and cucumber, which are currently cultivated nmedfon.

This pesticide is one of the most commonly used OPPs from September to May
and it has relatively high solubility (330 mg/L). The observed catnagon of
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this insecticide reflects the pollution of the well due to tlaehéng into ground

water.

To figure out the values given in Table 3.18, average concentrationBRsg O

for different types of water samples are given in Figure 3.13.
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Figure 3.13. Average Concentrations of Organophosphorus Pesticides in
Different Types of Water Samples

Similar to OCPs, the surface water concentrations were agnkigher than
ground water samples. The maximum average concentration wasdrfphas
methyl (184.1 ng/L). Fenamiphos, methidathion and dichlorvos also have high
average values. Methidathion and dichlorvos are well known and commonly
used pesticides in the region as stated by local authorities.

The highest average concentrations (191.2 ng/L) for ground watgyesam
were observed for fenamiphos. Moreover, all the observed concentrations f
this pesticide in ground water samples were higher than theJahie. The
average concentrations for dichlorvos (103.5 ng/L), and azinphos-methyl
(100.0 ng/L) were also high when compared to the rest of ORRgever, in
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order to evaluate this high average values, the percent ocmesrehould be

considered.

The percent occurrences of OPPs are given in Figure 3.14. Simi@ECPs,
generally, the OPPs are also detected more frequently in sudidéeesamples.
The mostly observed pesticide was chlorpyriphos with a percentrencarof
64 and 49 % for surface and well water samples respectively. @hjdrps is
another mostly used pesticide in the region for both greenhouseschiaddst
This is followed by diazinon with percent occurrences of 55 % and 2dr % f
surface and ground waters, respectively. Diazinon is also commoety us
especially in spring season, for vegetables in greenhouses. Azinmibygl
has also considerably high frequency of detection in ground watgslesam
(22%).

o)
70 Yo Occurance

7 Surface Water
Ground Water
— Total

]
60 | fe
gy

gy
gy
s
[S{0 A
gy
gy
gy
gy
40 s
gy
gy
gy
gy
30 Heved
gy
gy
gy
20 L
]
gy
gy
gy
10 L
gy

e

e
e
0 e

Figure 3. 14. Percent Occurrences of OPPs

In Figure 3.15, the average concentrations of OPPs were compéted
percent occurrences. In ground waters, fenamiphos, dichlorvos and azinphos-
methyl have low percent occurrences (lower than 40 %) and higlageve

concentrations (higher than 100 ng/L). In contrast, chlorpyriphos has high
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occurrence in low concentrations. As stated, all these four pestieide
commonly used in the region, together with methidathion and diazinon

according to local authorities.
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Figure 3. 15. Average Concentrations and percent Occurrences of OPPs

Before discussing the observed concentrations and percent ocesfrénis
necessary to mention the pesticide use trends in the region. 3[a8lgives
the application field and extend of use of pesticides, together lvétpdsticide
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properties given in Table 1.7. It should be noted that, there is no record of
pesticide use in the region and the amounts (high/low) are givérelistrict
Agriculture Directorate by personal communication. It is alsdest by the
local authorities that, the pesticides are mostly applied in spring season.

Table 3.19. Pesticide Properties and Use Trends in Kumluca (framt PI

Protection Products, 2002 and information from District Agriculture
Directorate)
Water Water
Solubility | Half Life Field Extend of
(mg/L) (days) Applied Use
Azinphos-me 29 19 GH+O High
Bromohos- et 2 - GH+O Low
Chlorpyrifos 1.18 58 GH+0O| High
Diazinon 40 138 GH High
Dichlorvos 8000 4 GH High
Fenamiphos 329 300 GH High
Fenitrothion 30 36 0 Low
Malathion 130 6 GH+O | Low
Methidathion 240 26 @] High
Parathion-me 55 45 GH+0Q| Low
Phosphamdony 1.0 X 0 48 O Low

High water solubility (330 mg/L) and long half life in wat800Q days) of
fenamiphos explain the observed high concentrations. The longer haif life
fenamiphos may also lead to accumulation in waters, increassg i
concentrations. However, when compared with other pesticides, the use of
fenamiphos is limited, while the other pesticides are used in beémigouses

and orchards than fenamiphos, which is used only in greenhouses. This leads

lower occurrence of this pesticide in wells among others.
Dichlorvos has short half life in water, (4 days) and high solub{B§00

mg/L). The high solubility of this substance explains the high extnations,
and low occurrences are due to degradation of these pesticithesigal it is
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widely used. Once applied, dichlorvos readily enters to surfacersyat
however as it is not stable, the detected concentrations reveatsdne use. It
should be stated that in the region, the pesticide applicationsaatedsby
March and the sampling was performed in May.

The case for azinphos methyl is somewhat different. Thiscmisthas low
water solubility (30 mg/L) and short half life (19 days). Knowihg wide use
in the region, the high concentrations and low occurrences mayibeatatl to

recent and intensive use of this pesticide, around the sampled wells.

Chlorpyriphos is widely applied in greenhouses and orchards leading the
higher occurrences due to surface run off and spray drift frelasfito rivers
through channels. However it has low solubility (1 mg/L). This erpldhe

high occurrence and low concentrations of this pesticide.

Although diazinon is also a well known and preferred insecticide usstiym

in greenhouses, it has low occurrence and low concentration in ground.water
The seasonal comparisons will be given in the following sectionsit kit
notable that, the concentrations of diazinon in fall season sarfvpiths an
average value of 56 ng/L) are lower than the spring season a\@&aag/L),
lowering the average values obtained for both seasons. Diazinon isdle s

OPP that has high difference in concentrations for both seasons.

The use of parathion-methyl, bromophos-ethyl, phosphamidon, malathion and
fenitrothion in the region is limited, and these pesticides have low

concentrations and low occurrences in both surface and ground water samples.

Similar conclusions for surface waters can be drawn for fgytarj azinphos
methyl and dichlorvos which have high concentrations (> 100 ng/L) with low
percent occurrences (< 40%). In surface waters, methidathion, ishattsent

in the wells is also observed. This pesticide similar propdittigh solubility,
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240mg/L) and short half life (26 days), and have similar behavior facgur
waters with dichlorvos. Chlorpyriphos still has high occurrence awd |
concentrations in ground water samples. However, the frequency afiatiazi
has increased from 24 % in well waters to 55 % in surfacersiafs stated,
the surface waters are subject to pollution more than ground watertodu
surface run off and spray drift from application fields, and dilpokempty

containers.

3.3.3. Total Pesticide Concentrations

In order to evaluate the pesticide pollution in Kumluca samples, the
concentrations of all OCPs and all OPPs detected in the saanplesimmed
up to obtain the total pesticide concentrations. The average valbe tdtal
concentrations observed in both sample types in whole study per&d.is
ng/L. The average of total concentrations is 171.1 ng/L in ground, and 339.8

ng/L in surface waters.

Although the difference between the total concentrations of pesicin
different types of water samples was obvious, we wanted to show itichdliist
by using t-test. The t-test results show that, these ground arateswater
concentrations are significantly different than each other in 9&8fidence.
This difference is expected, as the surface waters arecstijeollution more

than ground waters.

Figure 3.16 presents the distribution of total pesticide concentradimesg

the samples.
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Figure 3.16. The Frequency of Samples as a Function of TotakiBesti
Concentrations.

The total concentration of detected pesticides in water intendedufoan
consumption should be maximum 500 ng/L, according to EU regulations (EU
Council Directive 98/83/EC, 1998). As clearly seen in the figure, therevall

and surface water samples exceeding this limit. Among wéllsamples,
among surface waters, 6 samples have high concentrations, making 1% the

% of the total samples.

Similar to single pesticide concentrations, the total concemrisatire higher in
surface waters, as 27 % of surface water samples excedichithealue. As
explained before, the reason for surface water pollution is the rdreoffthe
fields after application and the disposal of empty containers irgarss. The
percentage of well water samples with total concentrations higlae 500
ng/L is only 7% considering both seasons. However, this representsof4 %
the sampling points, where the total concentration limit is exceatédeast

once.
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The figure shows that, although some samples exceed the limit radse pf

the samples are below that. In fact, 71 % of all samples hotad t
concentrations below 300 ng/L; 78 % of ground and 54 % of surface water
samples have pesticide concentrations below 200 ng/L. The 48% of all the

samples have total concentrations even lower than 100 ng/L.

There are limited numbers of studies about agricultural pollution inlkaan
concerned about the effect of fertilizer use (Muhammet@and Yard mc,
2006; Kaplan et al., 1999), and vulnerability of soil to pesticides (26I07).
Unfortunately, there is o’ record of pesticide use among the farms in
Kumluca. The findings of this study can only expose the fact tieastrface
and ground waters are being affected by the uncontrolled plestici

applications.

3.4. Comparison with Literature Data

To assess the pollution level, it is necessary to compare theexbtata with
similar studies performed at different regions. The pesticiheantrations in
ground and surface waters of Kumluca will separately be cadpatth

literature data.

As stated in Chapter I, the use of chlorinated pesticides are banmaxbt of

the countries. Being in the POP group, they have still environmeonakern

all around the world. However, in developing countries, such as India,ridey a
widely used as insecticides both in agriculture and in the controladdria.
Therefore, especially in the far East region, the OCP pollutiorthe
environment has been widely studied, especially in China (Hong et al., 1999;
Zhang et al., 1999; Wang et al., 2003; Xue et al., 2005; Zhou et al., 2006; Xu et
al., 2007), in India (Singh and Gupta, 2002; Sarkar et al., 2003; Singh et al.,
2005; Sankararamakrishnan et al., 2005), in Taiwan (Doong et al, 2002; Hung
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et al., 2007), in Philippines (Bouman et al., 2002), and in Vietham (Nhan e
al., 1999; Hung and Thiemann, 2002). The data for India, China, Japan and

Philippines are included with this respect.

However, for the OPPs studied in this work, the research is highlges
Again as stated in Chapter I, the trends in pesticide use @lag@vg countries
are different than that of developed countries, the herbicides are m
commonly used than insecticides in countries such as USA, UK, Ggranan
France. Being in the Mediterranean region and similar ofinzanes and
cultivations, there are few studies available concerning about SI@H&s in

Greece, Spain, Egypt and even Portugal, with Turkey.

The OCP and OPP levels in ground water samples in Kumluca wammicaim
with similar data sets obtained for different parts of the wanmidl presented in

Figure 3.17.
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Figure 3.17. Comparison of Ground Water Pesticide Concentrations with
Literature
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Although there are numerous studies about pesticide pollution, few ofaiteem
concentrated on the ground water pollution. The studies presented ie Figur
3.17 were selected as common pesticides are studied in groundcsaratges

with this study.

The Indian OCP data was for ground water samples in Unnao d{Sirgh et
al., 2005). Total 96 samples were collected in October-November of 2003 a
after liquid-liquid extraction, the determinations were perforingd>C-ECD
system. Sankararamakrishnan et al. (2005) has studied OCP and ORénpollu
in both surface and ground water of Kanpur region, where OCP caatammsr
were much lower than Unnao district. As the number of OCPs athlyas
lower, only the OPP data (available just for malathion) of thidystvas used

in Figure 3.17.

Bouman et al. (2002) has studied nitrate and pesticide contaminatiof i
wells from 1989 to 2000, under the rice based production systems in Luzon,
Philipines. The common pesticides studied were DDT, diazinon, endosulfan,
endrin, lindane, malathion and parathion. The data used in Figure 3.17 was for
1989-1990 period.

A pesticide monitoring program of was conducted in Portugal, withveonket
comprised 23 sampling points sampled every 3 months during a 2-year period
(Azevedo et al., 2000). 42 pesticides of different chemical daaseuding
lindane, diazinon, chlorpyriphos, endosulfan, endosulfan sulfate, fenamiphos
and DDE, were analyzed by solid-phase microextraction (SPME) gas
chromatography with electron-capture detection-thermoionic fepéeitection
(GC-ECD-TSD) or mass spectrometry (GC-MS).
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SPME-GC-ECD was used for the determination of OCPs in grounersvat
Spain (Perez-Trujillo et al., 2002). After the optimization, thpeexnental
procedure was applied to polluted ground water samples. Among the 12
analytes studied, the pesticides, with detectable concentratioagvesented

in Figure 3.17.

Vassilakis et al. (1998) has evaluated the use of C-18 bonded porocagasili
the extraction of 32 pesticides in different chemical classefyding OCPs,
from surface and ground waters. GC-ECD was used for the anatySGPs.
The authors have applied the developed analytical methodology to real
samples; 30 ground water samples collected monthly from LassstaaR,

Crete Island, Greece, where there is unsustainable agriculturaliestivi

The concentration levels of OCPs in Kumluca water samples earerajly
agree with literature values. The OPPs concentrations may béeger;
however it should be noted that the number of publications about thisftype

pesticides is limited, and further comparisons are required.
The comparison of pesticide concentrations in surface waters oukamwith

similar studies at different parts of the world and Turkey isgreed in Figure
3.18.
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Figure 3.18 Comparison of Surface Water Pesticide Concentratidths w

Literature

Zhou et al. (2006) has studied the distribution of 13 OCPs in surfdee aval
sediment of Qiantang River, in East China to evaluate their pat@aiiution
and risks. From 45 sampling points, 180 surface water samples oliectad
regularly during 2005. The data used in Figure 3.18 is for Octobgulesam

SPE-GC-ECD system was used for the extraction and analysis of th@sampl

Greece data presented in Figure 3.18 was compiled from diffeveles The
concentrations of diazinon and parathion-methyl were reported faniéal
River, a river in Western Greece in the vicinity of agricultaraas, in January
and December of 2000 (Lambropoulou et al 2002). After application of SPME,
GC-FTD and GC-MS systems were used for the analysis.

The OCPs concentrations for Greece surface waters wetedidias (Axios
and Evros Rivers, all in Northern Greece where there were entgrgcultural

activities. Loudias samples were collected May 2006 to April 200ibger
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(Albanis et al., 1998; Konstantinou et al, 2006); and Axios and Evros River
samples were collected in June 1996-June 1998 period (Golfinopoulos et al.,
2003). The SPE-GC-ECD system was used for the extraction ahgiana

these studies.

The Spanish surface water data was obtained from differentesodor
different pesticides. Espigares et al. (1997) has studied both ad@FROPP
pollution in Guadalquivir River and streams reaching to this rivesmF22
sampling points, samples were collected from May 1989 to March 1996. SPE
GC-ECD system was used for the extraction and analysis dZBs@nd 6
OPPs. Claver et al. (2006) has studied the pesticide pollution in Eoeo, R
around agricultural areas. Analyses were performed by SPE-&Gydtem.
Among 44 substances found in Ebro River samples, 6 of them (parathion-
methyl, ¢ andd-HCH, heptachlor, DDE and methoxychlor was presented in
Figure 3.18. Planas et al. (2006) was also used SPE-GC-MS sfgste¢he
analysis of 32 pesticides in 93 Spanish surface water samplkesedults for 5

OPPs common with our work were used in the comparisons.

The data obtained for Brazil was for samples collected aroundubigrad
fields and forests in 2005 (Rissato et al., 2006). After liquid liquidaetion,
18 OCPs and 7 PCBs were analyzed by GC-MS system. The Slitinaaro
the largest river in Japan, was sampled between April and Awduad06
(Tanabe et al., 2001). The concentrations of 48 pesticides with different
chemical classes and 6 metabolites were determined by SPES5system.
The Egypt data in figure 3.18 was obtained for an agricultural ldrAdatam,
Giza (El-Kabbany et al., 2000), with samples collected from senfeaters in
April-May 1996. Again, SPE-GC-MS system was used for the asabysll

pesticides including two common OPP and three OCPs with the current study.
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Turgut (2003) was determined the residues of OCPs in surfaee efdficik
Menderes River, Turkey. From selected three sampling pointsceusfaters
were collected between 2000 and 2002. After liquid-liquid extraction, OCPs
were determined by means of GC-ECD system.

The concentrations of OCPs in Meri¢ River were determinedrikmé&n and
Kolankaya (2006). The results presented are the average valussumip8ng
points, which were sampled between May 2002 and August 2003. Inner
Anatolia data is the average concentrations of OCPs in %,la@mpled
between April 1998 and October 1999 (Barlas, 2002). In both of thesesstudie
the OCPs were quantified by GC-ECD after liquid-liquid extraction.

The OCP concentrations observed in inner Anatolian lakes, Kicik Mssnder
and Meri¢ Rivers are mostly very high when compared to Kumluea datan

be stated that, the Kumluca seems unpolluted with respect to @@B8ag
other regions of Turkey. However, the OCP concentrations in Kumluacsurf
water samples are generally in good agreement with the observed

concentrations in different parts of the world.

The concentrations of diazinon, parathion methyl and malathion are also
comparable with literature findings. Kumluca surface waterstain slightly

higher concentrations of dichlorvos, fenitrothion and chlorpyriphos.

From Figure 3.18, it can easily be observed that, the concentrations
azinphos-methyl and methidathion are extremely higher. As stat8dction
3.3.2, the percent occurrence of methidathion was only 14 % in suréaeesw
meaning detection only in three sampling points. These detectieres far
spring season. Therefore, it would not be logical to extrapolase tiesults to
all data set and state the methidathion pollution in Kumluca samiples.

contrast, azinphos-methyl was observed in both seasons with totahiperc
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occurrence of 27%. Knowing the high application rates in the regimn¢lear

that azinphos-methyl is a potential pollutant in Kumluca waters.

3.5 Seasonal Variations of Pesticide concentrations

The critical factors for the time interval between the appion of pesticides
and their occurrences in surface and ground waters include thiegbheysd

chemical properties of pesticides besides the soil type, appliGanhount, size
of the water table, and meteorological conditions (Capel et &01;2

Konstantinou et al., 2006).

This study undertakes sampling and analysis of Kumluca environnvesiizd
samples in spring and fall seasons of 2005. Up to now, the discussions were
based on all data set covering the both seasons. In this sectiorsuite wal

be presented in more detail, considering the seasonal behavidabf

pesticide concentrations and individual pesticides.

3.5.1. Seasonal Variations of Total Pesticide Concentrations

Figure 3.19 compares all data set with respect to both seadomater type. It
should be first noted that, all spring season samples have an ateti@ge
concentration of 237.1 ng/L, and it is 203.4 ng/L for the fall season sampl
Although spring season samples seems to have higher averageetiicide
concentrations, in 95 % confidence level, t-test reveals no diffefesteesen

these two means. In spring season, the averages of total conoestiratvell

and surface waters are 191.1 and 354.3 ng/L and in fall season, 150.1 and
325.4 ng/L, respectively. Again, there is no difference observed at 95 %
confidence between the means of total pesticide concentrationaénssanple

types among the two seasons.
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Figure 3.19. Number of Samples with Varying Total Concentrations
GW: Ground Water, SW: Surface water

In Section 3.3.3, the general distribution of total pesticide concentrations in two
different types of water samples were discussed, for whotey gieriod. As
stated in that section, there are samples with total congengdtigher than
allowable maximum value of 500 ng/L, according to EU regulations (E
Council Directive 98/83/EC, 1998). Considering this limit and the pattern i
Figure 3.19., it can be stated that, slightly higher number of sangoe
polluted in spring season, for ground waters. Surface waters havarsimi

pollution levels in both seasons.

It may be surprising to see these lower concentrations afdaon samples.
They were expected to be higher, as the water levels ingbevoirs are lower
in this season. However, the percentage of samples with coneaanteatels
below 300 ng/L is similar for both seasons, around 70 %. The reasba is

higher application rates of pesticides in Kumluca in spring season.
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The 6 of surface water concentrations, lower than 50 ng/L arevelsér
water springs for both seasons, with total pesticide concentravamslower
than 10 ng/L.

In Figure 3.20, Box-Whisker plots of total OCP and OPP concentrations i
different types of water for both seasons are given. As seertothl OPP
concentrations are higher in spring season. The reason is the dpghieation
rate of OPPs in spring season in Kumluca, as stated befocentrast, the
OCP concentrations are higher in fall season. As most of thes @€&Pnot
currently used, they are not introduced in water systems anyfrweaesidue
concentrations are lowered in spring season as the amount ofmtiiewells

and surface waters are high, diluting the pollutants.

Similar to total pesticide concentrations, t-test was apphe2b®o confidence
to compare the total OPP concentrations in two seasons. It nistkat
although spring samples seem to have higher total OPP concenirétiens

difference is not significant in ground and surface waters.
The total OCP concentrations seem to be high in fall season fomettand

surface waters. However, t-test in 95% confidence shows thatffdrentce is

not significant among seasons, as it is the case for OPPs.

184



436
395

232
173

74

18 37 22

Figure 3.20. Box-Whisker Plots of Range of Total OPP and OCP
Concentrations for Both Types of Waters in Different Seasons
(* ; extremes, ; autliers. Mean values are given in red)
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The amount of rain after the application of pesticides also sffauir
concentrations in surface and well waters (Castilho et al.,, 2000;
Lambropoulouet al., 2002; Konstantinou et al., 2006), increasing the surface
run-off and leaching. In Kumluca, the daily average rain amount betwee
January and May 2005 is 32.6 mm/day, between June and October 2005 is 7.2
mm/day. As seen, before the first sampling campaign, the pritpabil
pesticides to reach ground water sources and surface waters is highenayhi
result in the increased concentrations of OPPs, which have highdityniobi

soil, in spring season for both types of waters.

3.5.2. Seasonal Variations of Individual Pesticides in Ground Waters

The seasonal differences of total pesticide, total OPP and @G®
concentrations were discussed in previous section. Although the total
concentrations of OPPs seem to be higher in spring season and ofnd@lPs
season, this general conclusion may be incomplete without the infonmat

about every single pesticide.

To itemize the findings, the seasonal variations for individual pestic
concentrations are presented in Figure 3.21 for ground waters, together wi
the percent occurrences. For the construction of the figure, onpestieides
observed in both seasons were considered. The excluded cases dmvas fol
Parathion-methyl was observed only in spring season in 14 samples, 8 of which
were surface waters. All three detections of malathion \wgeén among fall
season surface water samples. @H¢CH was measured in 7 spring samples,
three of which are surface waters. The DDD was only observeaveil§ and

3 surface water samples.
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Figure 3.21. Seasonal Variations of Individual Pesticides in GrouneérWat

Samples

The concentrations and percent occurrences of OPPs can bieexkbia their
use in Kumluca, as their life times are short. The observed higlematons
and percent occurrences are due to high application rates, asnegpin
Section 3.3.2. As mentioned in Section 3.3.1, the detections and concentrations

of OCPs are due the use of these pesticides before 1980s, in the region.

In ground waters, the OPPs have generally low concentrationd seéson,
except dichlorvos, phosphamidon and bromophos ethyl. For OCPsaenly
HCH, gHCH and DDE have lower concentrations in fall season; others are

higher as mentioned in the previous section.

In spring season the pesticides with the highest concentrat®rfisr@miphos
and azinphos methyl, being 223.9 and 135.4 ng/L respectively. These values
are higher than the limit value of 100 ng/L set by EU direct{t&$ Council
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Directive 98/83/EC, 1998), for a single pesticide. It should be noted tha
dichlorvos, with a concentration of 97.6 ng/L is also indicating pollution in
spring season. Among OCPs, the highest concentrations are obserieldirfior
(9.9 ng/L) anda-HCH (7.2 ng/L).

In fall season, the highest concentrations were observed for fa@masnand
dichlorvos, with 136.8 and 118.3 ng/L, respectively. The concentration of
azinphos-methyl was lowered to 82.4 ng/L. Heptachlor seems to drave
average concentration of 72.4 ng/L. However, that is a singlevathiser of

this pesticide in fall season. Excluding this case, in fallsetdse highest OCP
concentration is obtained for aldrin and endrin aldehyde, with 18.4 and 8.0

ng/L, respectively.

Especially in ground waters, it is observed that the percentri@nces in fall
season are generally lower for both OCP and OPPs (Figure 3.21PRPs &e
applied less frequently in fall season, this trend is expectethdse types of
pesticides. However, it is surprising to observe the lower numhastettions
for OCPs in fall season, which have generally higher concentratiotissi

season.

The lower percent occurrences for fall season may be due todhiidient
mixing of the underground water tables. The high amount of water inates
reservoirs in spring season may lead to mixing of the aquiferspdemzing
the pollution, giving high percent occurrences. However with the lowdefel
water, the aquifers may be present as separated withnessaof mixing,

keeping the pollutant non-dispersed.
In well waters, the most commonly observed pesticides in speagos are

chlorpyriphos (57 %) and phosphamidon (21 %) among OPPs; aldrin (79 %)
and endosulfan (64 %) among OCPs.
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Among OPPs, chlorpyriphos is still the most frequently detecteiiciglesin
fall season, with 41 %, followed by, diazinon and azinphos methyl 3Gtho
occurrence. In fall season, endosulfan and its degradation product, eaadosulf

sulfate has highest percent occurrences, above 50 %.
3.5.3. Seasonal Variations of Individual Pesticides in Surface Waters

Figure 3.22 shows the seasonal variations of individual pesticidesfateu

waters, together with the percent occurrences.
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Figure 3.22 Seasonal Variations of Individual Pesticides in Suifdater

Samples

As stated before, the surface waters are more polluted than grnateds in
Kumluca. This can easily be recognized from the Figure 3.22, wgh hi

number of pesticides having concentrations above or close to limit value of 100

ng/L.
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In spring season, the highest concentrations are observed for phosphamidon
(123.5 ng/L) and dichlorvos (122.4 ng/L). These two pesticides have highest
solubilities among other OPPs; the solubility of phosphamidon is 1,0°X 10
mg/L and it is 8000 ng/L for dichlorvos. This trend supports the suggested
contribution of rain events on the observed concentrations of soluble

pesticides, increasing their surface run-off into the rivers.

In spring season, the concentrations of azinphos methyl (93.9 ng/L) and
chlorpyriphos (91.3 ng/L) are also close to the limit value. The concentration of
endosulfan sulfate (15.1 ng/L) is the highest among OCPs, in sprsgrse
surface samples. One of its parent compobrehdosulfan has a concentration

of 9.8 ng/L.

In fall season, azinphos-methyl has an average concentration of 229,3 ng/L
followed by diazinon with 87.6 ng/L. Phosphamidon, dichlorvos and
chlorpyriphos also have concentrations above 70 ng/L. Similar to ground
waters, the concentration of endosulfan sulfate in surface watgrlesaare

higher (45.2 ng/L) in fall season.

As seen from Figure 3.22, in almost all surface water samge®sulfan and
its degradation product, endosulfan sulfate is observed for both sedsons
stated before, this is due to wide application of endosulfan in thenregi
Chlorpyriphos is detected in 64 % of surface waters in both spridgfadl
season. Similarly, diazinon has high detection frequencies; 64 %iny,sp6

% in fall seasons.
The extend of pesticide pollution in Kumluca well waters are suimgthin

Table 3.20, considering the limits set by EU directives (EU Coinezctive
98/83/EC, 1998), for a single pesticide (100 ng/L).
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Table 3.20. Number of Sampling Points with Concentration Values Higher

than the Limit for Individual Pesticides

Season Spring Fall
Sample Type GW SW GW SW
Azinphos-methyl 4 1 - 3
Bromophos-ethyl - - 1 -
Chlorpyrifos 2 3 - 1
Diazinon 1 2 - 1
Dichlorvos 1 1 2 -
Fenamiphos 5 - 3 2
Fenitrothion - 1 - -
Fenthion - - - -
Malathion - - - -
Methidathion - 3 - -
Parathion-methyl 1 3 - -
Phosphamidon - 1 - -
Endosulfan Sulf - - - 3

In ground water samples, the limit value is exceeded 20 timesda@analyzed
pesticides. Although it is not reflected in the table, in sprewgssn, 9; in fall
season 4 ground water samples contain at least one pesticide thayhehis
limit. We can state that, 24% of the ground water samples the ricatoens
for single pesticides reflects certain pollution. In surface watersinthe/alue
exceed 25 times., for 4 sampling points in spring and 3 sampling poiiad$ in

seasons. These make up 32 % of the surface water samples.

3.5.4. Environmental Behavior of Organochlorine Pesticides

The seasonal differences among parent compound and degradation products
may give information about the behavior of OCPs in Kumluca environment.
The OPPs can not be taken into consideration as their lifetireeshart to

show a seasonal change.
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Kumluca shows typical Mediterranean climate characterjstith hot, dry
summers and cool wet winters. As stated, the sampling campaigres w
performed at the end of spring and fall seasons. Therefore, the sanrges
represent the pesticide behavior after a wet winter anddalpkes represent

their behavior after a dry and hot summer season.

The most commonly observed OCP in the region is endosulfan. It isvedser
in 70% of all samples in both seasons. Its degradation product, endosulfan
sulfate has a percent occurrence of 62%. Bbheomer of endosulfan is

observed only 22 % of all samples.

Similar to discussions in Section 3.3.1, the concentration ratio ¢fatot@nd
b-endosulfan to endosulfan sulfate may give information about the degradation
pathway of this pesticide in Kumluca environment. Now, the ratitisbe
compared between two season samples. When we look at the grourg] wate
the ratio is 1.0 and 1.4 for spring and fall seasons. Whereas, itaad@.2 in
spring and fall seasons for surface waters. As seen, ingsp@ason,
endosulfan and its derivatives have similar concentration pattersgriizce

and ground waters, as this pesticide is currently applied in molsé dgatms.
However, the lowest ratio in fall season clearly demonstiateegradation to
endosulfan sulfate in surface waters, which are open to atmosphesebgact

to sunlight.

Similarly, the concentration ratios of aldrin to dieldrin for growaders are 10
and 13; for surface waters, 0.5 and 20 in spring and fall, respecthgedjated
in Section 3.3.1, aldrin has slow degradation in Kumluca. However, éeis s
that the degradation product, dieldrin is dominant in surface watesgring.
This is due to the almost ten times higher solubility of dieldrantaldrin. In
spring, as the pollutants are subject to run-off from soil due moesants, the

dieldrin is dissolved more and polluted the surface waters.
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The concentration ratio of DDT and its derivatives in ground waters are 1.7 and
1.3, in surface waters, 0.5 and 1.4 for spring and surface watgsectigely.

Here, the extreme concentration (57.9 ng/L) observed for DDT in ofel of
season surface water samples was excluded. Similar to djeldlDE has
higher water solubility than its parent compound DDT, therefore, it is dominant

in surface waters in spring.

These findings show that, in Kumluca environment, the degradation o§ OCP
mostly occurs in the surface waters. Here, it should be notedhbadata set
obtained for HCH isomers is not suitable to drive such conclusionseasite

not observed together footh seasons in water samples.

3.6 Spatial Distribution of Pesticides

In order to evaluate the pesticide pollution in Kumluca region, findle

spatial variation of the target analytes will be presentedthis purpose, the
contour maps for the distribution of total pesticide concentratioifisbe
demonstrated, and the relationship between the observed concentrations and
the characteristics of the sampling points will be discusselisnsection. In

these discussions, the seasonal trends will also be consideraccdonplete

evaluation of the data set obtained.

The general pattern and seasonal variations of the total pesticidentrations
have been shown in previous sections. To visualize their spatiabufisn,
the maps were drawn by using Maplinfo Professional 7.5 SPC prpgrith
Vertical Mapper VM 1.51 utilities.
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3.6.1. General Distribution of Total Pesticide Concentrations

Figure 3.23 shows the distribution of the total OPP concentrationagaal
the samples in spring and fall seasons. It should be noted that, thibutaortr
of OCPs on total concentrations are almost negligible when comimaf@8P

concentrations, as shown in Section 3.5.1.

From the figure the higher OPP pollution in the spring seasdeasl\c seen.
As stated before, the reason is the higher application ralbesé pesticides in
this season. As the half lives of the pesticides are mostly shorteahthpariod

between two sampling campaigns, the fall season concentrations aredower

However, the pollution near the coast is also obvious for both seasosss Thi
due to the streams, discharging to see among these polluted pokmsaz A
(34), Gavur (35), Goksu (36) and Alak r (37).

The spatial variations of total OCP concentrations are shown in FigyreA3.2
seen, in contrast to OPPs, OCP concentrations are higher isetsdbn.
Moreover, the OCPs are more homogenously detected in Kumluoa.rétie
coastal site is more polluted also with OCPs, when compareddoparts. In
fact, the green houses are concentrated at the regions shown to ke pollut

Figure 3.24 (Karyaka, Resiller, Beykonak and Mavikent).
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Figure 3.25 shows the variation of total pesticide concentrations iry eve
sampling point in spring and fall seasons. In this figure, the nuraber
pesticides detected in every point is stated to give generamafion about

the pollution. Moreover, the limit value (500 ng/L) set by EU diresti{ieU
Council Directive 98/83/EC, 1998), is also shown. It should be noted that, the
contribution of OCPs on total concentrations are almost negligilblenw

compared to OPP concentrations, as shown in Section 3.5.1.

The information about the sampling points has been given in Table 2.2 and
Table 2.3 for ground and surface waters, respectively. It shouldnbeded
that, the sampling point numbers which are higher than 28 represent the surface

waters.

From the figure, the higher pollution levels in surface waters aaityebeen
observed for both seasons. Sampling points 29, 31 and 38 are water gprings
streams in the region and the concentrations of the pesticidesgrdéow

compared to other sampling points, in both seasons.
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3.6.2. Pesticide Pollution in the Wells

There are some wells exceeding the limit for total pesticmteentration (500
ng/L) set by the EU directives (EU Council Directive 98/83/E298), as seen
in Figure 3.25. For spring season, these are sampling points 4, 17 dod 25,

fall season itis only 2.

The sampling point 4 belongs to a well in a greenhouse where pagser
cultivated in sampling season. In spring, the total number of pesticithzsete

at this point is 16, 7 of which were phosphamidon, malathion, chlorpyriphos,
bromophos ethyl, fenamiphos and azinphos methyl among OPPs. It should be
noted that, this point also exceeded the concentration limit of k sesticide

(100 ng/L) for fenamiphos and azinphos methyl. During the samptingas
recorded that, the pesticide applications have been performed justeeke
before sampling. The results obtained clearly indicate thectefié this

application in the well.

In the fall season, in addition to diazinon; phosphamidon, chlorpyriphos and
bromophos ethyl were also detected. In fall season, the concentcdtion
bromohos ethyl was higher than 100 ng/L and the concentration of

chlorpyriphos was close to this limit with a value of 93 ng/L.

In both seasons, the OCRs, andg-HCH, heptachlor endo-epoxide, dieldrin,
endosulfan and endosulfan sulfate were detected, with generallyr highe
concentrations in fall season. These findings clearly show theipoliditie to

agricultural activities for this well.
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The sampling point 17 also belongs to the well of a greenhouse, in which
tomato was cultivated. Similar to previous case, this well@tseeds the limit

of 100 ng/L for fenamiphos and azinphos methyl. Besides these, at this
sampling point, 8 more pesticides were detected, 4 of which aPs.Q fall
season, only two OCPs were detected, aldrin and endosulfan, whietalser

observed in spring season.

The sampling point 25 was a well in an orchard. In spring season, $ &EP

11 OCPs were detected in this well. Among OPPs, the concentrations
parathion, chlorpyriphos and azinphos methyl was higher than thevitni¢

and the concentration of diazinon (94 ng/L) should also be emphasized.

However, in fall season, none of the pesticides were detected.

In sampling point 2, which belongs to a green house where paper was
cultivated, the concentrations of dichlorvos and fenamiphos were higimer tha
and that of azinphos methyl (96 ng/L) was very close to the Viahue in fall
season. Among OCPs, endrin aldehyde, heptachlor, endosulfan and its
degradation product, endosulfan sulfate were detected. In spriranseasy
dichlorvos and endrin aldehyde were observed. The detection of endosulfan
(13 ng/L) and its sulfate derivative (5 ng/L) indicates the appbn of this

pesticide between two sampling campaigns.

In fact, this findings correlate well with the pesticide usads in the region.
In the region, the use of pesticides is not controlled. The farmnensot aware
of their needs and they have a tendency to apply different fationg at the
same time, as indicated by the higher number of OPPs obsertieel same

wells for the same season.

Figure 3.26 shows the concentrations of mostly observed OPP9feipbos,

azinphos methyl and diazinon) in the ground water samples for both seasons.
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Figure 3.26. Distribution of Selected OPPs among Wells fosgang and (b)

Fall Seasons
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As seen, the Hac evler, Beykonak and Mavikent regions of Kumlucagwher

the green houses are concentrated, is more polluted than other sites.

The higher concentrations of these OPPs in spring season caly tlea
observed in the figure. From the figure it is also recognizedtheatOPPs
detected at high concentrations in spring was disappeared indatirgesuch

as chlorpyriphos at sampling points 1, 20 and 21; azinphos methyhdt2ba
diazinon at 3,4 and 25. This is due to short half life of these mhsticafter

their application, they have high concentrations in the wells. Howsuérthe

second sampling campaign, they have decomposed and have not been observed

in fall season.

Another important conclusion picked up from data set is about the degradati
pattern of fenamiphos. This pesticide was detected in 5 wellplisgnpoints
4,12, 16, 22) in spring season, and only in a single well (sampling poiimt 22)
fall season. All these detections were higher than the limievd00 ng/L) for

a single pesticide.

The hydrolysis half life of fenamiphos is stated as 300 daydN(PAsticide
Database, n.d.), leading the formation of fenampiphos sulfoxide asdime m
degradation product (Patterson et al., 2000; Megharaj et al., 2003). However,
Lacorte et al. (1995) has reported a half life of 1.8 days inddtestuarine
water. Rate of degradation for fenamiphos vary significantly ahdw
dependency on individual site conditions (Patterson et al., 2002). The time
period between two sampling campaigns was 165 days. Roughly,assume
complete degradation after 4 half-life period, the half lifeepfaimiphos would

be lower than 41 days.
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The findings of this work show that, to evaluate the pesticide pollutidine
region, a monitoring program is necessary. This program should be teshduc
more frequently, in shorter time intervals and should include the saasay
soil and sediments. Besides these, the pesticide application rebordd also

be obtained.

The distribution of most frequently observed OCPs in both seasons are
presented in Figure 3.27. For fall season, the concentrations agealfen
higher. Similar to OPPs, in the spring season, more OCPsdetzeted in the
wells. As explained before, the reason may be the mixing of veditierstat this

season.

Some OCPs detected in spring season seems to be disappearkdaastah

for some sampling points. For example aldrin was detected in segaints

11, 19, 20, 27 and 28, where in fall season, this pesticide was not detected.
Knowing that, aldrin is a persistant pesticides when compared Rs,QRis
finding may be surprising. However, as stated, the fate oédicde in
environment depends on physical and chemical properties of the g $tie
solubility of pesticides, their Koc values) the environmental condit{sng
properties, water flow, and temperature). In spring season, the pramipéad
irrigation may desorp the pollutants which have bonded to soil moreitha

fall season, in addition to leading the mixing of water tables.
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Figure 3.27. Distribution of Selected OCPs among Wells foBaing and (b)
Fall Seasons
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From the data set obtained, it is seen that in some wetidasiOCPs were
detected. For example, in sampling points 1 and 3, the pesticides observed
were similar;a-HCH, b-HCH, heptachlor endo, endosulfan and endosulfan
sulfate were detected in both wells. The concentration ratieH€H/a-HCH

is 0.13 and 0.19 for sampling points 1 and 3 respectively. Considering their
closeness to each other, we can suggest a connection of groundabkgsr

between these points.

Similarly, for both sampling points 4 and®HCH, g-HCH, aldrin, heptachlor
endo, dieldrin, DDT, endosulfan and endosulfan sulfate were detected. The
concentration ratio offHCH/a-HCH is 0.12 and 0.09 for sampling points 4

and 9, respectively.

Sampling points 22 and 25 have alseHCH, gHCH, d-HCH, aldrin,
heptachlor endo, DDT, endosulfan and endosulfan sulfate. However, for a
certain statement, these findings should be supported with the measticdm

other parameters, such as the ions.

The aim of this work was just to detect the pesticide pollutioiKumluca
surface and ground waters. Therefore, the findings may be used as
supplementary data for the studies about behavior of these pollutamétar
systems and for the studies about hydro-geological characteridtitse

aquifers in the region.
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The comparison of the total concentrations among wells with diffelepths
gives information about the pesticide behavior. The pesticides eza 1to

shallow aquifers more easily than deeper wells, where thécidest may
absorb to soil before they reach to water tables. The depths wofetlsefor

each sampling point are given in Table 2.2. Figure 3.28 shows the craéti
total pesticide concentrations with well depths. The sampling ploams22 to

28 have depths higher than 50 m.
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Figure 3.28. Well Depth and Total Pesticide Concentrations

As seen, the total concentrations of pesticides in shallow waedlgenerally
higher, as expected. When the well depth is higher than 80 m, the tota
pesticide concentrations are significantly lowered. However, for sagnpbint
22 (Kar yaka), with a depth of 55 m, the total pesticide concentrations for both
seasons are considerably high. The observed high total concentnasiorinig
season is due to the cumulative effect of 12 different pestigwtbsmostly
lower than limit concentrations, except fenamiphos (204 ng/L). Hasdakon,
the number of detected pesticides is 8 for this point, with ag@in
concentrations except dichlorvos (115 ng/L) and fenamiohos (111 ng/ls). Thi

is due to high application rate of various pesticides around this sampling point.
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In sampling point 25, the well depth is 75 m and the total pesticide
concentration is only high in spring season, due to 16 different plestjci

mostly with low concentrations, similar to sampling point 22.

In sampling point 26, where the well depth is 60 m and 9 pesticides wer
detected. However, only diazinon with a concentration of 235 ng/L is
dominating over the others, increasing the total concentration up togdD2
However, for fall season, the total pesticide concentration isrkxvto 137
ng/L with diazinon concentration of 57 ng/L.

3.6.3. Pesticide Pollution in the Surface Waters

The samples from surface waters of Kumluca were collected from fimiags
(sampling points 29, 31 and 38), mid-points (30, 32, 33), and their discharge
points to the sea (34, 35, 36, 37, 39). The Incircik spring (sampling point 29)
flows through Gavur stream (32 and 35). Goksu spring (31) feeds also Gavur
stream and through irrigation channels, it reaches to Akmaarsi{&a and
34). The water from an irrigation dam, in northern part of Kumlu@ghes to
sea through Alak r stream (30 and 37). Besides these, in Finike,ishene

stream sampled, named as Tatl su (39), with its spring in Zengeder (38).

As stated in previous sections, the percent occurrences and conoestead
higher for surface waters than ground waters. From Figure 3.i8%atn that
for some sampling points (32, 34, 35 and 37), the spring season total
concentrations are higher than fall season. These are streavirgyfthrough

dense green house regions and subject to pesticide more in spring season.

The distribution of total pesticide concentration through the strez;ugisen in
Figure 3.29.
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Figure 3.29. Total Pesticide Concentrations through Streams

From the figure, it is seen that the pesticides used in the fsddsarried to the
sea through these streams, with increasing total concentratibesmain
mechanism for this carryover is surface run off and spray-drtie high
application rates and observed precipitation events in spring season a

increasing the pollution in surface waters, when compared to fall season.

The spatial distribution of total concentrations for OPPs and O&CBsriace

waters are shown in Figure 3.30.
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The Akmaz stream (33) flows through a dense green house region, tiwhere
OPP concentrations were highest among wells (Figure 3.26). Thevedbse
high concentrations in this stream are due to the application B @Round
this stream. As seen the discharge point (34) is the most pollobemnt
indicating a high discharge rate to sea from this point. It shHzeildoted that,

in the region, there are numerous irrigation channels and crackadlawiong
the farms to the streams. They all have contribution to the pollutiom he
besides the sampling point 33.

Similarly, the OPPs were carried through Alakir (30) and G#88) streams
to sea at the points 37 and 35, respectively. This is indicated leasnog total

OPP concentrations from middle parts to discharge points.

From the figure, it is also seen that, the OCP concentradi@nalso increasing

in the streams through their way to the sea.
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CHAPTER 4

CONCLUSIONS

This study covers analysis of pesticides in environmental watkran
important agricultural area of our country, Kumluca for the fiigtet
Moreover, among similar studies conducted in Turkey, this study baimgsv
perspective in the analysis of high number of pesticides with elétaialytical

chemistry approaches.

Surface and well water samples in Kumluca, a distinct of gatad Turkish
Mediterranean coast, were analyzed for 17 organochlorine (OQdP)14
organophosphorus pesticides (OPP). The water samples from domdiic we
and surface waters were collected in spring and fall seagd205. In total,

140 samples were collected from 39 points, 11 of which were sunfaiess.

The pesticides in water samples were extracted with Soélébd® Extraction
(SPE) technique by means of extraction disks. The analysispsgmmed by
GC-ECD and GC-NPD systems for chlorinated and phosphorus pesticides,
respectively. The SPE procedure and the analysis systemsoptmazed

before their use for real samples.

The quality check (QC) and quality assurance (QA) practices applied
during sampling, sample preparation and analysis steps. The EHQIEQA
tests reveal that, the laboratory and field environment did notilcotarto
observed pesticide concentrations. Analyses of the samplingateglibave

demonstrated a good agreement between the replicate sample collections.
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The sample extractions were performed mostly with acceptabtveries for
spiked control matrix which were ranging in between 61-100 %. Theg wer
generally in the limit of acceptance (70-130%) according to ,Ex&ept for

two OPPs, fenthion and methidathion which have 61 and 64 % recoveries,
respectively. Moreover, high reproducibility of the SPE procedureeapplas
shown by RSD values better than 15 % for spiked control matrix. The
surrogate recoveries were in between 70-130 % showed that eaattientr
was performed successfully. These results indicate thatREBetéhnique was
appropriate for the extraction of chlorinated and phosphorus pesticatas fr

aqueous matrices.

The SPE procedure was applied to spiked sample matrix, in ordeetonoret

the effect of matrix on extraction performance. The percerdvezies are
decreasing with increasing amount of particulate matter coméiné samples.

The lowest recoveries were obtained for surface water sampits,an
average of 77.5 %. For ground water samples, the average of recaseries
81.4%, and highest were obtained for spiked control matrix with 88.9 %. These
differences were statistically proven. The particulatetenatontent was also
affecting the reproducibility of the samples, the percent RSD valeeshe
highest for surface water samples (16%), when compared gthgrtound

water samples (12%) and spiked control matrix (9%).

The standard reference materials (SRM) were continuouslyzauato check
both the accuracy of the measurements and the stability of rihlgsis

systems. The relative percent errors for the SRMs aknest below 15 %,
indicating high accuracy for almost all of the target pesticitiéoreover, it is
shown that the analysis systems were stable during the anpérsod, as the
results of the SRM analysis were in the limit 02 +(standard deviation) from

the averages.
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The uncertainties of the measurements were calculated withpaoeah based
on EURACHEM/CITAC guidelines. The main uncertainty componentse wer
decided as sampling, recovery, estimated analyte concentration sartipe
and repeatability of the measurements. It was shown that, forQkh and
OPPs, the uncertainty arising from the reproducibility of theasuements
were lowest almost for all pesticides, whereas the unogrtairising from
recoveries were generally the highest. It was observed thatdtce the
uncertainty arising from sampling replicates, the number of tkasgples

should be higher.

In Kumluca water samples, among two types of pesticides, tHesQe@re
generally observed more frequently observed. In both sample typ&s laoith
seasons the most frequently detected pesticides, wereassiodimong OCPs,
endosulfan (70%), endosulfan sulfate (62%) and aldrin (49%); among, OPPs
chlorpyriphos (53%), diazinon (33) and azinphos methyl (23%). The percent
occurrences of most of the pesticides were higher in surfatswvén spring
season, the frequencies of detection were generally highet fugssicides, in
surface and ground waters. The OPPs are more frequently appbedrig,

and the rain events can carry the pesticides to ground watezadbyrig and to
streams by surface run-off. For OCPs, the reason of high deteess due to

sufficient mixing of water sources in spring season.

The concentrations of OCPs were almost 10 times lower than OPPs, asthey a
not currently used in the region and as their solubilities are nowgdr than
OPPs. The highest concentration among OCPs was 188 ng/L and observed f
endosulfan sulfate in a surface water sample in fall seasahe imells, aldrin

has the highest concentration (76 ng/L). The highest average caticeist
were also observed for these pesticides; in surface wateendosulfan (32
ng/L) and in well water for aldrin (12 ng/L).
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Although they have low concentrations, the high occurrences of O@Ps a
detection of degradation products in Kumluca environmental water samples
clearly indicate their intense use before 1980s, except endosulfah iwlstill

used.

Some of the OPPs in Kumluca water samples have concentratibres than
maximum allowable concentration of a single pesticide (100 nghs. acute
effects of phosphorus pesticides are more severe than othepfypesicides.
Therefore, their presence in high concentrations posek torisuman health.
The highest OPP concentration was 565 ng/L for azinphos-methysunface
water sample in fall season. This pesticide has also the shigiverage
concentration for surface waters (184 ng/L). In the well watergmiphos has

the highest observed (395 ng/L) and average (191 ng/L) concentration.

In general, the pesticide concentrations were higher in surfaes samples.
The surface waters are subject to pollution more than ground whterso
surface run off and spray drift from application fields. The disposampty
containers to open streams was another pollution source for surédees in

Kumluca region.

The analysis results of Kumluca water samples reveal thaigulgral

activities affect the water quality in the region. The totadcentration limit of
500 ng/L, set by the EU regulations, was exceeded for 27% of saridct4%
of ground water samples, at least once in both seasons. The liraisiogle
pesticide (100 ng/L) was exceeded by 32 % of surface, 24 % of gveated

samples.
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The total OPP concentrations for both types of water sampleshigirer in
spring; the total OCP concentrations were higher in fall season. ldovibese

differences were shown to be insignificant.

These findings show that, in Kumluca environment, the degradation of OCPs
mostly occurs in the surface waters. Moreover, the half liferedmiphos was
suggested to be lower than 41 days in Kumluca environment, although it i
stated to be 300 days.

The pesticide pollution was higher in Beykonak and Mavikent regions of
Kumluca, where the green houses were concentrated. It was showthethat
pesticide pollution in the rivers (Akmaz, Alakr, Goksu and Gavur)ewer
increasing through the sea. This is due to the carryover gidihgants via
surface run off and spray-drift from application areas througlyation

channels and cracks flowing among the farms to the streams.
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CHAPTER 5

RECOMMENDATIONS FOR FUTURE STUDIES

In this study, it was observed that the environmental waters inu¢anwere
polluted by pesticides due to intense agricultural activities. Idcanis a very
important agricultural area for our country. The results obtainedisnthesis
are valuable for the sustainability of the agriculture in #gion. However,
there are some further studies required to see the completee paftiuhe

pesticide pollution in Kumluca.

The first and the most important data set required are the pesticidendsin
the region. The presented pollution patterns should be correlated witledlefi
pesticide application records answering the questions; which pestiaire

used, when, how much and how.

It is clear that, although the work in this study provides thst, flvasic and
informative data on pesticide pollution in Kumluca waters, the fugheties
should be conducted using these findings within a monitoring program. This
program should include sampling for a longer time with shorter if&eri@

evaluate the pesticide pollution.
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Besides these, to evaluate the environmental behavior of the pestitides
monitoring program should include the determination of pesticides in soil
sediment and vegetable samples. The determination of metals and
organometallic compounds may also help to assess the environmentabmollut
in the region for a sustainable agricultural planning. The dathisnwiork

further may be used for risk assessment calculations.

The findings in this thesis work may be used for, or supported, byuties
about hydro-geological characteristics of the aquifers in theongghe
groundwater table depths, hydrological properties, flow patterdsdapth of

sampled wells.

Another data required to complete the pesticide pollution assessment i
environmental waters of Kumluca is the flow regime of surfagters. Further
studies should be performed considering the pattern of surface leatewith

seasonal variations.
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APPENDIX A

ESTIMATION OF UNCEARTAINTY IN MEASUREMENTS

A.l. Basic Definitions and Background Information

The International Organization for Standardization (ISO) has deedl a
detailed guide for the calculation of uncertainties. The documentigGo the
Expression of Uncertainty in Measurement”, the so-called “GUMHS
published in 1993 (corrected and reprinted in 1995) with a number of detailed
examples. It defines the term “measurement uncertainty” clews:
“Parameter, associated with the result of a measurementhfigicterizes the
dispersion of the values that could reasonably be attributed to trseimraed”.

The parameter may be “standard deviation” or the width of a cowide

interval.

The main approaches to calculate the uncertainty are “bottomngp™tap-
down” methods. The former considers each individual step for measurement
process, and combines them to give a final uncertainty. This approach wa
proposed by ISO and it is the favorite overwhelmingly, being detatnamany
associations such as EURACHEM, American Association for Ladrgrat
Accreditation (A2AL) (Vanatta and Coleman, 2007). On the other hand, the
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“top-down” approach uses validation data and proficiency testing results
estimate uncertainty in measurements. A disadvantage of this metthad no
information is available about the variation of uncertainty and noecive
actions can be performed to improve the analytical methods usedgauett

al., 2001). The approach used in this work for the estimation of uncedamtie

the measurements was “bottom-up” approach, based on the guidelines of
EURACHEM. The guidelines presented in “EURACHEM/CITAC Guide,
Quantifying Uncertainty in Analytical Measurement”, which was basetsO
Guide, was adapted for the estimation of uncertainty of measnteriog the

determination of pesticides in Kumluca environmental water samples.

In bottom-up approach, the main steps in the estimation of uncertainty are;
1. Specification of the measurand

Identification of uncertainty sources

Quantification of uncertainty components

Calculation of combined uncertainty

ok~ 0N

Calculation of expanded uncertainty

1. Specification of the Measuran@ihe measurand should be well defined
and relationship between the input quantities and the measurand should be
stated. A flow diagram of the procedures followed will be helghdwing the
steps. An Ishikawa diagram or cause-effect diagram (also deas\éishbone
diagram) is also a useful tool to identify the influence parareefMeyer,
2007). By drawing such a structure, one can identify, sort and didoess t
parameters. A fishbone diagram for this study will be presentethen

subsequent sections.

2. ldentification of Uncertainty Sourcedn the estimation of overall
uncertainty, each source should be specified carefully anddreaeparately.
The each separate contributor is called “uncertainty component” ridimtg

component is known as “standard uncertainty(kx}) when it is expressed by
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standard deviation. For the measurement uncertaingytbe total uncertainty
is called as “combined standard uncertainty” and donated.(yy. It is an
estimated standard deviation equal to the positive square root stitimeof
variances for all uncertainty components (EURACHEM/CITAC Guide, 2000).

3. Quantification of uncertainty components:the case of the uncertainty
component evaluated experimentally, the standard deviaig directly used

in combination. These type of contributors are called Type-Au&)d= s

The other components, which can also be characterized by standattbds,

are evaluated from assumed probability distributions are calypeé-B. The
evaluations of distributions are based on experience, general knowletihge of
behavior and property of relevant materials or instruments, previous

measurements, manufacturer’s specifications, calibration data etc.

Rectangular, triangular and normal distributions are mostly used.
“Rectangular” or “uniform” distribution is used to model cases re@hihne
probability of obtaining any value between two limits is equal he t

probability of obtaining any other value. The uncertainty is obtainethéy

i, where,x a is the containment limits. It may be the case

V3

that there is a tendency for the values of the uncertainty cowtritube near

formula,u(x) =

the center of the distribution. An estimate should be made as dlitan

distribution”, for which the uncertainty can be calculated(xy = i.

J6

When an estimate is made from repeated observations of a randanyilyg
process, the “normal distribution” is assumed and the uncertaintives g
directly in the form of standard deviation, s, or coefficient of viama CV
u(x)=s (Adams, 2002).
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EURACHEM offers to use(x)=s/ n, where n is the number of measurements,
for the uncertainties of run to run variations when an analyticaledtoe is
applied for “long term” preferably with high number of replicatasch as in
in-house validation studies. By this way, the variations among tepleates

are corrected for the uncertainty of the single values.

4. Calculation of Combined Uncertaintytollowing the estimation of
individual components of uncertainty, the next stage is the calaulafio
combined uncertainty. In general, the mathematical model wal fo@ction of
several input quantities showing how the measurement result is abteone
the input quantities or components. If the input quantities are @éstas,

X2 ,....% , then the functional relationship between the measurement yesult

and the input quantitiescan be written as

y =1, %, ...X) (Eq.A.1)

This function is to be understood in the broadest possible context agirggl
every possible source of variation in the measurement result @dz002).
The uncertainty of the measurement regufty) arises from the uncertainties
of the input estimateg (u(x)) in the equation above. Once all of the values of
the uncertainty contributors have been estimated and reduced to nd&rdta
deviation, the square root of the sum of the squares of the uncertaimztes
give the combined standard uncertainty;

Us (Y) =4U(x)? +u(x)? +...+ u(x,)? (Eq.A.2)

The combination of input parameters requires a detailed quantitatigel of
the experimental procedure. When it is possible to establishttzematical
model between the parameters, the law of propagation of uncertantissd

for the calculation of resultant uncertainty:
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For models involving only the sum or difference of the quantities, ssch a
y=(p+g+...), the combined uncertainty is calculated by the equation above. For
the models involving only a product or quotient, suchyag/(q’r~..), the

combined uncertainty is given by,

uc(y)=y\/@ LG (Eq.A.3)
p q

For the models involving both sum or difference and multiplications or
divisions, the mathematical model is broken down to expressions which
consists only the operations explained above. The partial uncertainées
combined according to the rules explained (EURACHEM/CITAC Guide,
2000).

5. Calculation of Expanded Uncertaintyhe final stage is to multiply the
combined standard uncertainty by the chosen coverage {&gtor order to
obtain expanded uncertainty. The expanded uncertainty is required tdeprovi
an interval which may be expected to cover a large fractionstriitaition of
values attributed to the measurand. In choosing a valug, fire level of
confidence required the knowledge of the distribution of measurements and the
knowledge of the number of measurements should be considered. For most
purposes, it is recommended that khis set to 2 for 95% confidence interval
with  relatively high degrees of freedom (higher than six)
(EURACHEM/CITAC Guide, 2000).
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A.2. Calculation of Uncertainty Components for Pesticide Analysi in

Kumluca Water Samples

The combined uncertainty for the measurements is modeled by theifagl
formula, considering the experimental steps used for the deteioninaf

pesticide concentrations in Kumluca water samples.

U (COM) = U, (smp) + U2 (SO) + U2, (rep) + U2, (R) (Eq.A.4)

The calculation of uncertainties for each component is given ifotlosving

sections.

A.2.1. Unceartainty for Sampling,u(smply

As stated in Section 3.1.1.2, sampling replicates were used to iueahility

in sampling. To calculate the uncertainty coming from sampling, the avefrage
percent RSD or CV (coefficient of variation) values presentethble 3.2 are
used. The uncertainty arising from sampling replicates weralatdd with the

formula,

u(smp) =CV,, /N (Eq.A.5)

whereN is equal to 15.

The percentCV values are considered instead of standard deviations to
normalize the variation for different sample concentrations
(EURACHEMI/CITAC Guide, 2000). Moreover, average of the coefficant
variations CV,,~0.83) is used, as there are pesticides for which the data is not
available and for some pesticides, the values are calculateohdbe sampling
points, which brings insufficient degrees of freedom. Thg, is not directly

used, but divided by a factor ofN, to correct the long term deviation on the
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uncertainty of single values. Therefore, for all the pesticidésampl) is

calculated using Equation A.5 as follows,

u(smp)) = 0.083/+/15=0.021

A.2.2. Uncertainty for Estimated Sample Concentrationu(SC)

The uncertainties arising from preparation of standards and tmeniirtear
calibration curves affects the estimation of analyte concenmigtin the

samples. Therefore, a mathematical model can be drawn as follows;

U(SC) =/u?(stdg +u?(cal) (Eq.A.6)

The obtained concentrations from calibration curve (C) were metltiphy

dilution factor (DF) to calculate the concentration in 1.0 L sample.
C " DF = Ceorr (Eq.A.7)

This operation would be reflected in uncertainty calculations as follows;

u(sQ °, u(DF) °
C DF

u(Sc)corr,rel :\/ (EqA8)

Here the dilution factor is not conversion of analyte concentratioxantlg
1.0 mL extract to the concentration in exactly 1.0 L sampleoWers the
conversion of the concentration of the analyte detected in apprekynia®
mL extract, obtained from approximately 1.0 L sample, to a contientrr
exactly 1 L. As the internal standard calibration was used, theuéd be no
uncertainty arising from the volume of 1.0 mL of extract. Howevsrihe

samples were collected with bottles and their volumes areumseh#& the
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laboratory by using 1000 mL graduated cylinders, an uncertainty frisrstep

may be expected.

The number of measurements for the volume measurements with 1000 mL
graduated cylinder were higher than 100. Therefore the CV valuesensel
for the estimation of uncertainty arising from dilution faciofDF). The CV

value for the volume measurement of 100 samples was 0.006. For the
calculation of u(DF), this value should be divided by(/ﬁ), giving
u(DF)=0.0006. Moreover, the actual DF values are very close to 1 L.
Therefore, the contribution of this conversion operation DF)/DF) on

u(SC)orr calculation is negligible, leading(SC)=u(SCo-
A.2.2.1. Uncertainty Arising From Standard Preparation; u(stds)

The operations in standard preparation are the stock standard poepanat

further dilutions of these to working standards (calibration standards).

The stock standard is the b®/mL mixture standard for 14 OPPs, prepared
from 1000 ng/mL single standard of each OPP. The 10@@mL single
standard solutions of OPPs were prepared from neat standards, by w8ighing
g of neat pesticide and diluting them to 100 mL in volumetrickflasith
acetone. The preparation of stock standard solutions can be expresbed i

formula;

m . .. Moom)
Cstock:— pu”ty e

100mL (VSOOnL ) 1

(EQ.A.9)

where,
Cstock The concentration of OPPs in standard mixture solutiomgli®L)

m: mass of neat standard

247



V10omi Final volume for single standard (100 mL)

Vioomi: The volume taken from single stock to preparenydmL standard
mixture solution (20m.) with 100nL injector

Vsoomi: Final volume of standard mixture solution (2 mL), obtained withe00
injector

Purity: The certified purity of neat standards by the supplier (%)

The calibration standards were prepared by further dilution ofgl®L stock

solution with 100 and 5006L injectors.

(\/100/71L ) 2

500m ) 2

Cstds=Cstock’ (Eq.A.10)

The Gugs IS the concentration of calibration standards, changing for each
calibration level. The deviations for each calibration standard$evileflected

in calibration uncertainty, therefore average concentratiorteotalibration
standards (64 ng/mL for OCPs, 0.64)/mL for OPPs) are used in this

operation.

Combining Equation A.9 and Equation A.10, the overall uncertainty for the
standard preparation will be;

stds

U(Stdys:\/ u(m 2+ UMio0n) 2+ uP) 2+ UMoon) 2+ U(Veo0s) 2+ U\ 2+ U(Vao01) i

C m \/J.OOnL P \/J.OOJIL 1 \/500111 1 \/10017. 2 \/50017. 2

(Eq.A.11)
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For the preparation of OCP standards, 100nL mixture solution was used.
Successive dilutions were performed to obtain b@@mL (dilution 1), 1
ng/mL (dilution 2) and calibration (dilution 3) standard solutions, using the
100 and 50Q1L injectors. Therefore, the combined uncertainty for the OCP

standards will be,

C

‘stds

stdy _ \/ WP, W) |, W), W), W) | U)  U)

P \/J.OOHL 1 \/50(}11. 1 \/lOOﬂL 2 \/50011. 2 \/lOOﬂL 3 \/500)Il 3
(Eq. A.12)

a) Mass, u(m):

The weighing procedure is a weight by difference of theaadegross weight.
Each of them is subject to run to run variability and the uncertahihe

calibration of the balance. The calibration itself has two uaiceyt sources,
the sensitivity and the linearity. As the weighing is done on the saaie over
a small range of weight, the sensitivity contribution is negtectEhe balance
linearity contribution has to be counted twice, one for tare and ongrdes

weight as each one is an independent observation and the linefaity efre
not correlated (EURACHEM/CITAC Guide, 2000).

u(m) :\/2u2(bal - cal) + u®(bal - rep) (Eq.A.13)

where
u(bal-cal): uncertainty component for balance calibration

u(bal-rep): uncertainty component for repeatability of weight measurements
The manufacturer certificate quotes 0.2 mg for the linearityOahdng for the

repeatability. Assuming rectangular distribution for these contibuaind
using Equation A.13,
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2 2
, 02
um=./2" — + — =0.173m
m J NRNE g

b) Uncertainty for Volumetric Flasks, u@dm.):

The volume of the solution contained in the volumetric flask is suldbirée

major sources of uncertainty:

- The uncertainty in the certified internal volume of the flasi/0omi-
cal)

- Variation in filling the flask; repeatabilityy(Vioomi-rep)

- The flask and solution temperatures differing from the temperature

which the volume of the flask was calibrata{V;0omi-temp)

UV100mL) = \/UZ(VmOmL - cal) + UZ(VmOmL - rep) + UZ(VmOmL - temp (Eq.A.14)

- Calibration:

The manufacturer quotes a volume of the flask of 10&0rlLmL measured at
a temperature of 2€. The value given without distribution information, so an
assumption is necessary. Here, the standard uncertainty utatedcassuming
a triangular distribution (EURACHEM/CITAC Guide, 2000);

010ML _ 5 041 mL
V6

u(Vioomi-cal)=

- Repeatibility:

The uncertainty due to variations in filling is estimated bynfilland weighting

the 100 mL flask for 10 times. This experiment has yielded adatdn
deviation §) of 0.44 mL. This value is directly used as standard uncertainty.
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u(Vioome-rep)=s= 0.440 mL

- Temperature:

The manufacturer cites that the flask has been calibratedeat@erature of
20°C. The uncertainty from the temperature effect can be cadufedm the
estimate of the temperature range and coefficient of the vodxpension. A
variation of+4°C from calibration temperature is assumed in this work. The
volume expansion of the solvent (acetone) used for the dilutions is
considerably larger than that of the flask, therefore onlydhadr needs to be
considered. The coefficient of volume expansion for organic solvents are
almost 10*°C™* around 20C (Meyer, 2007).

The volume variation due to temperature becomes,

Volume Variation (T) =+ (100 4.00" 10%=+ 0.400 mL (Eq.A.15)

The standard uncertainty is calculated using the assumption ahgeddr
distribution for the temperature variation (EURACHEM/CITAC Guide, 2000),

0.400mL

73

u(VloOmL-temp)= =0.231 mL

The three contributions are combined to give the standard uncertdititg
100 mL volumetric flask with the Equation A.17;

U(V,0qn ) =+ 0.047 +0.4407 +0.23F = 0.499 mL
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c) Purity, u(P):

The purities of OPPs are quoted in the supplier's certifieate% values
together with their tolerance values. These values are includethe
uncertainty calculations with an assumption of rectangular digtibufo

obtain the standard uncertaint{P), the purity values has to be divided [

d) Uncertainty for Volume Taken with 10 injector ; u(Moomw):

The single standards were combined to give a final standard solution of
mixture of all OPPs. To prepare this solution, 20 of the single standards
were taken with 10@rL injector and diluted to 2 mL with acetone using 500
nmL injector. Further, this mixture standard was used to prepdilarateon

standards by using these injectors.

The uncertainty of the volume taken is arising from the unceytaint00 nL
injector used. Similar to the volumetric flasks, the uncertainthisfoperation
depends on the factors of calibration, repeatability and tempenratmiation

and calculated as in Equation A.17.

- Calibration:
The manufacturer quotes an accuracy+d® of volume for the injectors.

Assuming a triangular distribution,

001L

V6

U(V]_oom_-Cal)= = 0.004nL
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- Repeatability:

The uncertainty due to variations in use of this injector ismestid by
weighting the dispensed water for 10 times. This experimentyietded a
standard deviation of 0.088L. This value is directly used as standard

uncertainty.

U(Vioom-rep)=s=0.083nL

- Temperature:

The volume variation due to temperature is calculated similarlask f
calculations, and the standard uncertainty is calculated usingsilvaatson of
rectangular distribution for the temperature variation; giwif\d oox-temp)is

0.231nL

The three contributions are combined to give the standard uncerddititg

100nL injector similar to Eq.A.14;

U(V,00,, ) =+/0.004% +0.083F +0.23 = 0.245nL

e) Uncertainty for Final Dilution with 50@% injector; u(Moar.):
After combining the single standards for OPPs, BDGnjector was used to

dilute the constituents to the final volume. The uncertainty forrBOhjector

is calculated similar to 106L injector, givingu(Vsoan)=1.162mmL.
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A.2.2.2. Uncertainty Arising From Linear Calibration Curve; u(cal)

The concentrations of pesticides were calculated using six-poietnaht
standard calibration curves obtained for GC-ECD and GC-NPD systesch
calibration standard was injected three times and the linesirdgaares fitting

procedure was performed. The calibration curves have the generaldormul

A=B," C+ B (Eq.A.16)

Where,
A: Peak area, C: Concentration, Blope, B: Intercept

According to EURACHEM, the uncertainty sources arising from the astm

of concentration of analytes are;

- Random variations in measurement of A, affecting both calibration
standards and analyte concentrations.

- Random effects resulting in errors in the assigned referesloes of
calibration standard concentrations.

- Constant unknown offsets for the values of standard concentrations and
corresponding peak areas, such as serial dilution of calibration
standards.

- Deviation from linearity.

EURACHEM suggests calculation of uncertainty associated wigati square

fitting procedure {(cal)) to estimate the analyte concentratios) és follows;

2
u(cal) :E\/E N CEYE (EqQ.A.17)
B.\p n S

XX
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A
j=1

where, S: Residual Standard DeviatiBr

p: Number of measurements to deternune

n: Number of measurements for the calibration
n

S(X: Sxx = (CJ - Cav)2
j=1

j: index for the number of measurements to obtain calibration curve

A.2.3. Estimation of Uncertainty for Repeatability of the Measurenents;
u(rep):

The % RSD (or CV, coefficient of variation) values for SRMdiegs are used
as these are the samples analyzed for the whole analysisl &30 for
OCPs, N=18 for OPP mix-std 167, N=13 for OPP mix-std 64, N=14 for OPP
mix-std 154) to monitor the stability of analysis systems. Theertainty

arising from this component is calculated as follows,

u(rep) = CV/+/N, whereN is the number of analysis replicates of SRNY.
is used instead of standard deviations to normalize the deviatidifferient
concentrations of SRMs and the samples (EURACHEM/CITAC GuiaeQ)2
For the pesticides, methoxychlor and fenamiphos, the SRM reseites ot
available, therefore the average of CV values of the reseilts used for the

calculations.

255



A.2.4. Estimation of Uncertainty for Recovery,u(Ra)

The recoveries of the analytes were calculated using theufrgiven in
Section 3.1.2.3:

Recovery = (6— Q) / Ccertified (Eq.A.18)

Where,(Cs— G)) can be defined as observed concentratipierved

The uncertainties of the average recoveries are calculatadify the law of
propagation as follows;

(Eq.A.19)
R Cobs CCert

av

U(R,) _ J UCor) *, U(Ccu)

where R,, is the average recovery angR,) is the uncertainty of this
parameter. As the sample matrix affects the recovery afaidns, the
average recoverieR{,) from ground water (for which N=31) and surface

water (N=17) are used.

Theu(Copg can simply be calculated using the formula,

U(Cype) =/U*(CS) +u?(Cu) (Eq.A.20)

whereu(Cs)andu(Cu)are the uncertainties for the spiked and unspiked sample
concentrations, respectively. They are calculated as;

u(Cs or Cu) =s/+/N , (Eq.A.21)
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wheres is the standard deviation of the concentrationsNuglthe number of

samples used for the calculation.

As the same standard solution was used to spike the samples puegadce
calibration standards, as explained in A.2.2.1, tH{€ce) for OPPs is
calculated using Equation A.11 and for OCPs using Equation A.12.

The t-test is applied for the recoveries to see the deviation droty. When
texp > trit, the recovery correction is included in the calculation of combined
uncertainty (EURACHEM/CITAC Guide, 2000).

(Eq.A.22)

The ti; value for degrees of freedom of 47 at 95% confidence is 2.01. In case
of the detection of significance, the concentration of the pestiobtained
should be corrected with recovery. This brings another operation for
uncertainty calculations:

Ceor=Cav/ Rav (Eq.A.23)

whereC,, is the average concentration obtained for all data set.

The contribution of this operation to combined uncertainty is;

U (COM) ¢, =+/U2, (COM) +UZ (R,,) (Eq.A.24)

257



CURRICULUM VITAE

PERSONAL INFORMATION

Surname, Name: OztaNur Banu

Nationality: Turkish (T.C.)

Date and Place of Birth: August, 30 1975, Adapazar
Marital status: Single

Phone: +90 312 815 43 00 - 20 99

Fax: +90 312 815 43 07

e-mail: nur.oztas@taek.gov.tr

EDUCATION

Degree Institution Year of Graduation
MS METU, Chemistry Department 2001

BS METU, Chemistry Education 1998

BS (Double Major)  METU, Chemistry Department 1998

High School Tansel Private High School 1992

WORK EXPERIENCE

Year Place Enrollment
2006-present Turkish Atomic EnergyChemist
Authority
1999-2006 METU, Chemistry Department Research Assistant
July 1997 Toprak Medicals Intern Chemist
Fall 1997-1998 Gazi Anatolian high School Intern Science Teacher

FOREIGN LANGUAGES

Advanced English, Intermediate German

258



PUBLICATIONS

1. Gullu, H. G., Olmez,., Ozta, N.B., Tuncel, G., 2003. Da Akdeniz’'deki
Atmosferik Eser Element Konsantrasyonlar: Zamana | B®e i imleri
Etkileyen Faktorler, Cevre Bilim ve Teknoloji, 1 (3), 41-49.

2. Tuncel, S., OztaEmek, N.B., Erduran, M.S., 2008. Air and Ground Water
Pollution in an Agricultural Region of Turkish Mediterranean Coamtirnal of
air and Waste Management Association, (in press).

ATTENDED MEETINGS

1. Ozta N.B., Tuncel S.G., “Bebek Mamas nda Arsenik ve Selenyumun
Hidrur Jeneratorlil ICP-AES ile Tayini”, XIl. Ulusal Kimyadfgresi, Edirne,
Turkiye, 7-11 Eyliil, 1998.

2. Ozta N.B., Tuncel S., Tuncel G., “Water Solubility of Trace Elements i
Atmospheric Aerosols”, 3rd Mediterranean Basin Conference on Acellyti
Chemistry, Antalya, Turkey, June 4-9, 2000.

3. Ozta N.B., Tuncel S.G., “Atmosferik Partikiillerdeki Eser Elementleri
Sudaki Cozunarltd”, XIV. Ulusal Kimya Kongresi, Diyarbak r, Turkiye, 10-
15 Eylul 2000.

4. Tuncel, S.G. , Oztas, N.B., Tuncel, G., "Water Solubility of TraeenEhts
in Atmospheric Aerosols: Application of GF-AAS, FAAS, FAES", Colloquium
Spectroscopicum Internationale XXXII, South Africa, July 8-13, 2001.

5. Kulo lu, E., Ozta, N.B., Tuncel, G., “Size Separation and Dry Deposition
Fluxes of Particles and the Size Dependent Solubilities of Metéle Eastern
Mediterranean Basin”, 2nd International Symposium on Air Quality
Management,stanbul, Turkey, September 25-28, 2001.

6. Ozta, N.B., Tuncel, S.G., Tuncel, G., “Size Dependent Solubilities of
Metals in Atmospheric Aerosols”, 3rd Aegean Analytical Chéawi®ays,
Lesvos, Greece, September 29-October 3, 2002.

7. Oztas-Emek, N.B., Tuncel, S.G., Tuncel, G., “Bioavailibility oétMs in
Mediterranean Aerosols”, 12th International Symposium on Environmental
Pollution and Its Impact on Life in Mediterranean, Antalya, Turkestoler,

4-8, 2003.

8. Ozta-Emek, N.B., Tuncel, S.G., Tuncel, G., “Partikiil Faz nda Eser Element
Kimyas ”, XVIII. Ulusal Kimya Kongresi, Kars, Turkiye, 5-9 TemmR@04.

259



9. Ozta-Emek, N.B., Tuncel, S.G., “Solid Phase Micro Extraction and GC-MS
Analysis Applied to Organochlorine Pesticides in Ground Water”, 4tleéeg
Analytical Chemistry Days, Kadas , Turkey, September 29-October 3, 2004.

10. Ozta-Emek, N.B., Tuncel, S.G., “Sampling and Analysis Methodologies
for Pesticides in Groundwater Samples”, 1st International Carderen Air
Pollution and Combustion, Ankara, Turkey, June 22-25, 2005.

11. Ozta-Emek, N.B., Tuncel, S.G., “Pesticide Pollution in surface and
Ground Water of an Agricultural Area, Kumluca, Turkey”, 16th Regional
Conference on Clean Air and Environment in Asian pacific Area, Tokyo,
Japan, August 2-4, 2005.

12. Tuncel, S.G., OztéeEmek, N.B., Erduran, M.S., “Air and Groundwater
Pollution in Turkish Mediterranean Coast”, Workshop on Agricultural Air
Quality: State of the Science, Washington DC, USA, June 5-8, 2006.

13. Ozta, N.B., Tuncel, S.G., “Application of Quality Assurance and Quality
Control Practices for the Analysis of Pesticides in Environmewaker

Samples”, Colloquium Spectroscopicum Internationale XXXV, Xiamen,
China, September 23-27, 2007.

CONFERENCE ORGANIZATION

Member of Organizing Committee, 1st International Conference on Air
Pollution and Combustion, Ankara, Turkey, June 22-25, 2005.

FIELD OF INTEREST

Analytical Chemistry, Environmental Chemistry, Atmospheric WRah,
Water Pollution, Archaeometry.

260



