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Abstract

In recent years, pesticides were used heavily in Palestine, which led
to the contamination of soil and water and causing many diseases. As a
result of increasing environmental issues many centers were established
like Water and Environmental Studies Institute (WESI) at An-Najah
National University and Birzeit University and Chemical, Biological,

Drugs Analysis Center (CBDA) at An-Najah National University.

Many studies focused on the impact of pollutants such as pesticides

and oil on soil, humans, animals, plants and the environment in general.

The aim of this study was to study glyphosate kinetically in soil columns.

Laboratory analyses:

o Leachate: the samples were analyzed for glyphosate leachate
(herbicides moved through the soil), pH and glyphosate were

measured.

e Soil: the soil properties have been tested and classified under two

different categories; physical and chemical properties.

¢ Physical analyses are: pH, sieve analysis, hydrometer test.
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% Chemical analyses are: Kjeldahl nitrogen, calcium carbonate,

phosphorus, copper and iron.
The results of this study demonstrated that:

e Amount of glyphosate in soil decreases with increasing depth of soil,
where it is for 0-30cm(1lppm) > 30-60cm(6ppm) > 60-
100cm(2ppm) due to organic content and metal oxides founded in

soil that can form stable complexes with glyphosate.

e Glyphosate is highly adsorbed to soil due to metal oxides founded in
soil where it is for 0-30cm (2000ppm) > 30-60cm (1900ppm) > 60-
100cm (1800ppm).

e Doubling the concentration of glyphosate increases the amount
glyphosate (contaminant) in leachate where it is for 25x (15.96ppm)

>15x (3.91) > 5x (3ppm) column.

e The amount of glyphosate detected in leachate decreases with
increasing time. It takes time for 25x (17days) > 15x (13days) > 5x
(8days) until the inability to detect glyphosate in leachate for

concentrations less than 1 ppm.
e Glyphosate fit the first order reaction.

e Isotherm is in accord with the Freundlich adsorption equation with R
value 0.947, k value 0.9949 and n value 1.458 which is higher than

one indicates good adsorption to soil (Helby, 1952).
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e The adsorption isotherms for the soil is of S-type (Giles, 1960), this
indicating the easiness of the adsorption, mainly at higher

concentrations.

e Glyphosate has relatively rapid degradation; where DTs, values of
glyphosate was 2, 3 & 3.75 days for 5x, 15x & 25x column

respectively.

This study and others help to monitor soil erosion; number and
amount of pollutants affect soil. Assessing the extent of soil degradation
and identifying hot spots, where many steps and mitigation measures

could be taken to reduce soil erosion and maintain soil fertility.



Chapter One
Introduction

1.1 Introduction

Agriculture in Palestine is the chief earner of the overseas exchange
and provides the essential needs of the most of the local population
(mapsofworld.com, 2010). It is divided into rain-fed and irrigated

cultivation.

Agriculture needs good soil, clean water and sun light. Here in
Palestine many factors affect soil, surface and ground water. The extensive
use of pesticides, fertilizers in agriculture, as well as disposal of wastewater
from Israeli settlements in the West Bank, is also cited as contaminating the

soil and further reducing the water resources available for Palestinians.

Hazardous chemicals and their intermediate metabolites may reach
ground water and contaminate it. Once contaminating groundwater it is
difficult and costly to treat it (Viessman & Hammer, 2005). Glyphosate is a
Broad-spectrum herbicide (Cummins & Ho, 2005). It can kill most or all

unwanted weeds.

This work focuses on glyphosate residues in soils and ground water
of Nablus using soil columns which indicate the first impression of ground

water pollution with glyphosate.



There are many factors affect leaching of pesticides to ground water such

as:

Properties of the pesticide; chemical content, persistence, adsorption,

solubility, volatility.

Properties of the soil; permeability, soil texture, soil structure,
organic matter, soil moisture, pH, microbial biomass and

temperature.

Site conditions including rainfall, depth to ground water, sinkholes,

bedrock, light intensity, temperature, wind and humidity.

Management practices, including method rate of application and

irrigation practices.

All of these factors were taken into account in the study and provide

the appropriate conditions similar to nature.

The method used consists of sample preparation, derivatization and UV-

Spectrometer detection.

1.2 Palestine

Palestine is located on the western boundaries of the Asian continent

directly on the southeastern coast of the Mediterranean Sea, as well as on

the eastern boundaries of Africa. This geographical location provides the



link between the Asian part and the African part of the Arab world

(Palestinian Wildlife Society, 2005).

Agriculture plays an important role in the Palestinian economy
contributing to food requirements and providing jobs to more than
50% of the population (ICARDA, 2003). The total agricultural land in
Palestine is approximately, 18,340 donums 83% in the West Bank and 17%
in Gaza (ICARDA, 2003). The total agricultural land in the West Bank and
Gaza in 2000 was 1,860.7 Mio donums of which 1,557.4 Mio and 0.077
Mio donums are rain fed in the West Bank and Gaza Strip, respectively
(IPEP, 2006). Palestine is famous of olive trees which are more than just a
source of nourishment or profit. In the West Bank, approximately 750,000
donums of land are planted with olive trees, comprising about 50 percent of
all cultivated agricultural land in Palestine (and about 80 percent of the
orchard lands). Further, there are an estimated 10 million olive trees,
producing on average 18,000 tons of olives per year, comprising 12 percent
of the total value of agricultural output (Development Studies Programme,
2004). Approximately 19,000 donums of Palestinian agricultural land has
been cut off by the separation wall (ACRI, 2009), 6 percent of the land
dedicated to olive production in Palestine has been damaged, confiscated,
restricted, or destroyed. As a result of the above violations the lost olive
yield is estimated at approximately 2,100 tons of olives which mean
approximately 8.4 million dollars (Development Studies Programme,

2004).



It is well known that the political situation in the West Bank and
Gaza strip affect the agriculture sector. Most of the agricultural production
is for domestic use, especially as the products exposed to competition from

Israeli products that have freedom of access to Palestinian markets.

Soil and water are polluted in Palestine due to inappropriate
agricultural practices (especially an inorganic fertilizers, pesticides),
industrial activities (organic pollutants, heavy metals) and solid waste. As
these problems increased in Nablus, Jericho, Gaza, Khan Younis and
Hebron that suffering bad condition due to lack of waste management |,
outbreak of Intifada , partial and the total closures which related to public
safety. In March 1999, 250 barrels of unknown chemical waste had been

buried about near village of Umm al-Tut in Jenin (Sabri, 2005).

Pesticides’ leaching through soil to groundwater is complex process
controlled by environment conditions. In general leaching to ground water
depends on four factors; properties of the soil, properties of the pesticides,
hydraulic (total amount of water applied to the soil) loading on the soil and

crop management pesticides.



1.3 Extent of Pesticide Usage in the West Bank and Gaza
Strip

Pesticides are being heavily used in Palestine for various purposes in
household and agriculture. More than 100 metric tons of formulated
pesticides (about 75 pesticides) are used annually in Gaza Strip (Safi, et al.,
1993). The amount of pesticides used in the Gaza Strip was almost 400
tons in the year 2000 (IPEP, 2006 & IPEN, 2006). 1,300 metric tons of
pesticides were used in West Bank at a cost of over 15 million dollars
yearly. Application rate of 7kg/donum and 11kg/donum in open agriculture
and greenhouses, respectively per year (IPEN, 2006 & CEOHS, 1999). The
average seasonal consumption of chemical pesticides was found to be
4kg/donum in open irrigated fields and 6.5kg/donum in irrigated fields
covered with plastic houses or tunnels. Of the total pesticides used in the
Palestinian territories (P.T), insecticides contribute at 49.4 %, fungicides

33.7 %, herbicides 12.8 % and others 4.1% (Batta, 2003).

In 1995 the total quantity of chemical pesticides used in the P.T was
estimated at 730 tons per year in the West Bank, and 741 tons per year in
Gaza Strip (Saleh, et al., 1995; Koch-Weser, 1994 & Batta, 2003). About
88.5% of the total irrigated land, and about 18.4% of the total land rain-fed
in West Bank, dealing with pesticide where Jericho, Tulkarm and Jenin,
consumes about 61% of the total pesticides marketed in West Bank (Rock,

1996 & Krzm, 1999).



Jericho has the worst soil in the region; it is suffering from high
salinity and calcium because of the use of water containing high percentage
of salt. Also it is suffering from excessive and reckless use of pesticides
(Rock, 1996). It consumes about 29% of the total pesticides in the West
Bank (Rock, 1996 & Saleh, 1995). Intensive use of pesticides will cause

sterile soil and unfit for cultivation.
Table .1.1: Quantities of pesticides used by districts according to

cropping pattern*

District Nablus Tulkarem | Jenin Jericho | Ramalla | Hebron | TOTAL

Crop Pattern

Irrig. Trees 0.780 9.050 1.514 2.735 0.000 0.000 14.079
Irrig. Field Crops | 0.000 0.004 0.000 1.281 0.000 0.000 1.285
Vegetables in 0.084 18.843 0.840 0.720 0.130 0.000 20.617

Plastic Houses

Vegetables in 2.114 12.834 25200 | 77.961 | 0.960 0.288 119.335
Open Fields

Subtotal 2.978 40.731 27.554 | 82.697 | 1.090 0.266 155.316
Rainfed Trees 5.958 12.262 1.986 0.000 17.867 45.407 | 83.480
Rainfed Field 3.420 3.670 4.000 0.000 1.445 2.740 15.275
Crops

Rainfed 4.390 1.560 2.500 0.000 6.410 20.888 | 35.748
Vegetable

Subtotal 13.768 17.492 8.468 0.000 25.722 69.035 134.503
TOTAL 16.476 58.223 36.040 | 82.697 | 26.812 69.301 | 289.819

* (Saleh, 1995)



In 1995a total of 123 pesticides were used in the West Bank, 23 of
them are herbicides. Fourteen pesticides are banned (Saleh, 1995; WHO

1993; Safi 1991& Hassoun, 1991).

About 288 tons of glyphosate Isopropyl Amine Salt were used in 1998
(CBS, 1998).

1.4 Impact of Pesticides on the Health of Palestinians in Gaza

Strip and West Bank

The extensive use of pesticides especially in agriculture the
backbone of economy in Palestine causes harmful effect to environment,
illnesses to humans and animals. Excessive amounts of chemical pesticide
residues found in fresh commodities of fruits and vegetables which are
usually much more than the tolerance limits (Batta, 2003). Many studies
were carried out to evaluate the adverse health impact of all types of
pesticides on Palestinian people. It was found that 87.5% of farm workers
reported one or more symptoms potentially associated with exposures to
pesticides burning sensation in the eyes/face, itching and skin irritation,
chest symptoms, including cold symptoms, dyspnea, and chest pain, skin
rash, and dizziness were the most prevalent symptoms (Abu Mourad

2005).

Amount of pesticides used in West Bank and Gaza was significantly
increasing since early nineties. At the same time there has been a clear

increase in the number of infected cancerous diseases (in particular), beside



sexually transmitted diseases, genetic, neurological, congenital
malformations and abortions (Krzm, 1999). There are hundreds of cases of
immediate poisoning of pesticides that reach Gaza hospitals. In the early
nineties (of the twentieth century), in Gaza Strip, 19 compounds of
pesticides had been monitored; which are internationally prohibited due to
cancerous effect, however, pesticides were used there without restrictions
or controls or censorship (Krzm, 1999). According to Alshifa'a Hospital in
Gaza, since the eighties, cases of cancer was increased, especially cancers
of blood (Leukemia), lymphoma, and breast cancer which is known
medically that many of pesticides cause it. 3200 cases have been registered
as cases of cancer in Alshifa'a hospital in the period between 1990 and
1997 (Krzm, 1999). In Gaza, at the same period, 1500 cases of cancer in
men most of them were of lungs, lymphoma and leukemia cancer. It was
also found that 40% of children in Gaza were exposed to carcinogens

(Krzm, 1999).

Epidemiological association between chronic exposure to pesticides
and recorded cases of human malignancy in Gaza Governorates during the
years 1990-1999 was studied. Total cases recorded in males were 2277,
with average annual incidence and age-adjusted rate/100 000 was 53.2 and
96.8 respectively, whereas the total for females was 2458 cases, average
annual incidence and age-adjusted rate/100 000 was 59.7 and 105.3,
respectively, over the same 10 years. Lung cancer, lymphomas, leukemia,

cancers of the urinary bladder, prostate, brain, colon, stomach and liver



were the most abundant among males, while breast cancer, leukemia,
lymphomas, cancers of the brain, uterus, lung, thyroid gland and liver were
the most abundant in females. There was a highly significant positive
correlation between the type of pesticide and cancer incidence for male,
female and both (Safi, 2002). In 1992, Birzeit University has examined
fresh agricultural products existed in the markets of the West Bank. They
found that 52% of the products contain organophosphorus residues. 34% of
the same products contain pesticides residues higher than allowed by

Israelis (Krzm, 1999& EXTOXNET).
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Aims

The aim of this study is to assess the risk of glyphosate leaching into
deeper layers of soils and to verify if observed leaching concentrations may
have an impact on non-target organism.

The behavior of glyphosate was investigated on two levels:
e Batch sorption experiments.
e Column experiments.

This thesis consists of four chapters. In chapter LI of this work the

basic physiochemical properties of the soil were determined using standard

methods. Sorption capacity of soil for glyphosate determined with batch

sorption experiments.

The column experiments aims to investigate whether leaching of

glyphosate via soil layers occurs at different concentrations.

Taking into account factors that affect leaching of glyphosate to ground

such as:

e Properties of glyphosate; chemical content, persistence, adsorption,

solubility, volatility.

e Properties of the soil; soil texture, organic matter, and soil depth.

In chapter IV glyphosate leaching through packed laboratory columns
1s presented, which aimed to investigate whether leaching of glyphosate via

soil occurs. Batch sorption data also presented.

In this study conditions were similar to nature.
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Chapter Two
Literature Review

2.1 Glyphosate

Glyphosate (N-(phosphonomethyl) glycine) is a white and odorless
crystalline solid, broad-spectrum, nonselective, post emergence herbicide
in both agricultural, forestry and aquatic weed control (WHO, 2004). It’s
used to kill unwanted plant. It was first introduced for agricultural use in
1974 by the Monsanto Company (Baylis, 2000 & Bingzi, et al., 2009).
Glyphosate is very soluble in dilute bases and in strong acids, forming
soluble salts. Glyphosate is amphoteric (can be read as a base or an acid)
and may exist as different ionic forms, dependent on the pH of the soil or
water as shown in (Fig.2.2) (Mensink and Janssen, 1994).
The toxicity of the compound depends on the pH where it is more toxic at a

higher pH values (Folmar, et al., 1979 & Vereecken, 2005).

In recent years, glyphosate becomes the biggest selling and fastest
growing agrochemical in the world (Baylis, 2000). It has the ability to
control perennial weeds which make it essential tool in modern agriculture

(Baylis, 2000).

The major formulation of glyphosate is ROUNDUP@ which is made up of
glyphosate, a surfactant and water (Monsanto, 1995). Manufacturers add
these components to create products that are convenient to handle, mix well
with other agricultural products, or facilitate movement of the active

ingredient into plants (Hartzle, et al., 2006). ROUNDUPQS, contains
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480g/L. of glyphosate as an isopropylamine sodium salt, which is

equivalent to 360g/L of glyphosate as a free acid (WHO, 1994).

Glyphosate is the major export variety of Chinese technical.  From
2006 to April 2008, the glyphosate price was rising gradually (CRI®, 2009).
Due to the successive increases of the global crude oil price in the previous
time, the advantages of the biological energy were showed fully. Besides,
the global planting areas of the glyphosate resistance genetically modified
crops were increased (CRI®, 2009). It is predicted that the demands will be
about 700 thousand tons in 2010. Because of the yield capacity surplus, the
price will not increase unseasonably in the next several years (CRI", 2009).
In china the glyphosate yield capacity will reach 900 thousand tons in

2010, accounting for 70% of the worlds yield capacity (CRI*, 2009).

Scientists are interested in studying current and future impact of
glyphosate on the environment. More attention to the practical aspects of
the glyphosate formulations with new adjuvants, or mixtures with other

herbicides used to enhance performance.
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Table .2.1: Overview of glyphosate's general data*

IUPAC name N-(phosphonomethyl)glycine
CAS name N-(phosphonomethyl)glycine
CAS registry number 1071-83-6
Common name Glyphosate
Molecular formula C;HgNOsP
Relative molecular mass 169.1
Structural formula HO ~ B;_?H
Melting point (decomposes) below 234°C
Density 1.7 g/cm?
12 g/L at 25 °C in water, and 1is
Solubility practically insoluble in most organic

solvents.

Vapour pressure, Pa at 20°C

Negligible (<1 x 10-5 Pa)

Primary use

Herbicide

Chemical group

Organophosphonate

Physical characteristics

Colorless, odorless, crystalline solid

Stability

Glyphosate formulations are stable

for extended periods below 60°C

Freundlich sorption coefficient(Kr)

0.6-303 LKg"

Half-life in soil fields

DT50 3-174 day

Half-life in water

DT50 5-91 day
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Main degradation product

Aminomethylphosphonic acid

(AMPA)
P NH,
H,C
\
P=0

by
HO OH

Monsanto,Cenex/Land O’Lakes,

Manufacturers DowAgroSciences, Du Pont,Helena,
and Platte, Riverside/Terra, Dow
AgroSciences, and Zeneca
Flammability Not highly flammable
Acetone 0.078 g/l
dichloromethane | 0.233 g/l
ethyl acetate 0.012 g/l
Solubility in organic solvents Hexane 0.026 g/1
Methanol 0.231 g/l
n-octanol 0.020 g/1
propan-2-ol 0.020 g/1
Toluene 0.036 g/l

* (Mensink and Janssen, 1994; WHO, 2004; chemyq.com & IPCS, 1994)
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2.1.1 Application Scenarios

Application should not take place if the vegetation or soil is very wet
or if rain is expected within 6 hours of application (and preferably not
within 24 hours of application) (Chris, et al., 2003 & Monsanto UK Ltd,
2007). This is because rain after an application can wash glyphosate off
before it has a chance to enter the leaf. Rain also reduces the activity by
dilution, so plant may not receive a lethal dose of the herbicide. Glyphosate
products are formulated to be mixed with water to facilitate application
(Jaffer Company, 2010 & Hartzle, et al., 2006). Water quality (soft or
hard) affects on glyphosate’s effectiveness. Hard water contains large
amounts of dissolved salts as calcium and magnesium salts these salts have
a positive charge and may associate with the negatively charged glyphosate
molecule, displacing the isopropylamine or other salt used in the
formulated product. Plants absorb less glyphosate bound with calcium or
magnesium salts than the formulated salt of glyphosate, thus reducing

glyphosate activity (Hartzle, et al., 2006).

Glyphosate’s performance is affected by many factors, and
applicators have little or no control over many of them. The primary cause
of weed control failures is a delay in application that allows weeds to reach
sizes that are difficult to kill consistently. Timely application and using the
proper rate for the specific situation minimizes the effects of factors outside
of the applicator’s control and reduces the likelihood of performance

failures (Hartzler, et al., 20006).
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2.1.2 Mode of Action

Glyphosate is systemic, post-emergence herbicide that is phloem-
mobile and is readily translocated throughout the plant (Franz, et al., 1997).
Glyphosate’s primary action is the inhibition of the enzyme 5
enolpyruvylshikimate-3-phosphate synthase (EPSPS) (Della-Cioppa, et al.,
1986). EPSPS is the sixth key enzyme on shikimic acid pathway that
catalyzes production of 5-enolpyruvylshikimate-3-phosphate from sikimate
-3-phosphate (Grossbard and Atkinson, 1985). It occurs only in plant and
microbes generate the aromatic amino acids phenyl-alanin, tyrosine, and

tryptophane (Uldis and Ronald, 1991).

2.1.3 Persistence

Glyphosate is mainly degraded biologically by soil micro-organisms
and has a minimal effect on soil microflora (USDA-FS, 1984 &
Massachustts, 2005). Doses of glyphosate <10 ppm were stimulatory to soil
microflora including actinomycetes, bacteria, and fungi, while
concentrations > 10 ppm had detrimental impacts on microflora
populations in one study (Chakravarty & Sidhu 1987). Microbial
biodegradation of glyphosate occurs in soil (Sprankle, et al., 1975), aquatic
sediment and water, the major metabolite being aminomethylphosphonic
acid (AMPA) (CHgNOsP). Chemical degradation is negligible and
photodegradation occurs in small extent (Franz, et al., 1997). No data on

biodegradation under anaerobic conditions are available.
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Glyphosate is retained strongly by various soil components (Franz,
et al., 1997; Ravanel, et al., 1999 & Patsias, et al., 2001), due to the
phosphate functional group strong adsorption of glyphosate to clay
minerals such as Fe and Al oxides and organic matter (Glass, 1987;

Piccolo, et al., 1996; Morillo, et al., 2000 & Candela, et al., 2007).

Glyphosate is chemically stable in water and is not subjected to
photochemical degradation. The low mobility of glyphosate in soil
indicates minimal potential for contamination of ground water. Glyphosate
can, however, enter surface and subsurface waters after direct use near
aquatic environments or by runoff or leaching from terrestrial applications

(WHO, 2004).

Glyphosate is considered to be a moderately persistent herbicide
with a half-life, t;,, ranging between 10 to 100 days (average 47 days)
(Hornsby, et al., 1996). The main route of biodegradation of glyphosate
appears to be by splitting the C-N bond to produce AMPA. A second route
with splitting of the C-P bond can also occur. AMPA is biologically
degradable where the end product is carbon dioxide. Degradation occurs
more rapidly in aerobic than in anaerobic conditions. Half-lives for
biodegradation in soil between a few days and several months; in water,

half-lives between 12 hours and 7 weeks (CCME, 1989).

Leaching of glyphosate was only observed at the sandy and loamy

site and, low concentrations (0.1ug/L) of both glyphosate and its metabolite
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AMPA have been found in shallow aquifers (Heinz, 1995& Kjaer, et al.,
2003).

Glyphosat
YR ROBACE Pathway observed in isolated soil

bacteria
Major pathway (inhibited by inorganic phosphate )
observed in soil
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Fig. 2.1: Glyphosate degradation pathway (Schuette, 1998).
2.1.4 Adsorption on Soil

Mobility or leachability of any compound in soil depends on its
sorption characteristics; where strong sorption to soil solid decreases
mobility of compound, while weakly sorbed compound can readily
leached. Glyphosate strongly sorbed after application to soil (Piccolo and
Celano, 1994; Tiberg, et al., 1998; De Jonge and De Jong, 1999; Gimsing
and Borggaard, 2001; Autio, et al., 2004 & Mamy and Barriuso, 2005). It

is a small molecule with three polar functional groups (carboxyl, amino and
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phosphonate groups). It is strongly sorbed by soil minerals (Gimising, et
al., 2004; Gimsing and Borggaard, 2002 & Gimsing, et al., 2007).
Glyphosate primary adsorption to soil occurs through the phosphonic acid
(organic compounds containing C-PO(OH), or C-PO(OR), ) moiety in its
phosphonate anion form as phosphate (PO,’") does in soil (Sprankle, et al.,
1975; Piccolo, 1994; Gerritse, et al., 1996; Gimsing and Borggaard, 2001 &
Wang, et al., 2005), even though the carboxylic group can also participate
in this process. Ion exchange and hydrogen bonding can explain glyphosate

soil adsorption (Miles & Moye, 1988).

In literature, there are several papers describing that the adsorption of
glyphosate by soils or clays depends on cation exchange capacity (CEC)
(the capacity of a soil for ion exchange of cations between the soil and the
soil solution. CEC is used as a measure of fertility, nutrient retention
capacity, and the capacity to protect groundwater from cation
contamination.), clay content (Glass, 1987), organic matter iron and
aluminum amorphous oxides (Morillo, et al., 2000). Glyphosate forms
mono- and divalent anions with high affinity for, in particular, trivalent
cations such as Al and Fe” within the pH rang 4-8 which found in most

soils ( Sheals, et al., 2002 & Barja and Dos Santos Afonso, 2005).

Phosphate reacts similarly as glyphosate so it may influence the
adsorption of glyphosate to soil surface sites it could compete with

glyphosate for the surface sites, which may affect glyphosate sorption, and
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mobility, in phosphate-rich soils (Gimsing , et al.,2004; Gimsing, et al.,

2007; De Jonge, et al., 2001& Hill, 2001).

Many studies agreed that by the increase of pH the adsorption of
glyphosate decrease (Nomura, et al., 1977; McConnell, 1985; Morillo, et
al., 2000 & Sheals, 2002). However, increasing pH by liming seems to
have the opposite effect however, increasing of the formation of (more)
glyphosate-sorbing aluminium and iron oxides at higher pH (De Jonge, et
al., 2001). However, Glass (1987) showed that pH had no effect on the

adsorption of glyphosate.

A metal-chelating herbicide (Subramaniam, 1988) is strongly binds
to cations, most especially transition metals form metal - glyphosate
complexes due to three functional groups carboxyl, amino and phosphonate
(Tsui, et al., 2005). The formation of these complexes leads to reduction in
the herbicidal activity of glyphosate as well as affecting its bioavailability

to microorganisms (Hall, et al., 2000; Tsui, et al., 2005).

Besides the mineral phase, the pH strongly influences the sorption of
glyphosate as it governs its electrical charge (McConnel and Hossner 1985;

De Jonge and De Jong, 1999& Gimsing and Borggaard, 2004).

Glyphosate can only be sorbed onto variable-charge surfaces, not
onto permanent-charge (negative) sites on layer silicates, as it is an anion in

the relevant pH range of soils.
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Glyphosate is a weak acid have the ability to dissociate in aqueous
solution to have four acidity constants: two for the phosphonic group (pK,,
pK.3), one for the amino group (pK.4), and one for the carboxylic group
(pKa) where pK,,, pKy; and pK,4 values that have been determined by
different analytical methods such as potentiometric titration (Madsen, et al.,
1978 & Barja and Dos Santos Afonso,1998), NMR (Appleton, et al.,1998
& Motekaitis and Martell, 1985) or Attenuated Total Reflection (ATR)
infrared spectroscopy ATR-FTIR Spectra. However, only three of them can
be measured due to the formation of a zwitterion between the amino and
the phosphono groups in aqueous solution.

Glyphosate is a zwitterionic molecule that has the ability to form
chelating and bridging structures with metal ions and surfaces. The
structures of metal complexes commonly consist of two chelating rings
where PMG (phosphonomethyl glycine) coordinates through the
phosphonate, amine and carboxylate groups (Sheals, et al., 2001, Ramstedt,

et al, 2004, Appleton, et al., 1986 & Heineke, et al, 1994).
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Fig. 2.2: Distribution of glyphosate species as a function of pH
(Bjerrum diagram). Acid dissociation constants: pK,; = 2.22, pK,, =
5.44 and pK,; = 10.13. The zwitterionic structure of carboxyl and

amino groups is shown in the entire pH range (Borggaard and

Gimsing, 2008).

In the presence of Fe and Al mineral surfaces, PMG forms bonds to
the surface primarily through the phosphonate group, leaving the amine and
carboxylate groups free to interact with metal ions in the solution (Sheals,

et al., 2002 & Sheals, 2002) as shown in Fig.2.3

14
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Fig. 2.3: Tentative reaction schemes for glyphosate sorption by an iron oxide:

A: formation of mononuclear, monodentate surface complex.
B: formation of binuclear, bidentate surface complex.

C: formation of dense packed mononuclear, monodentate surface
complexes from binuclear, bidentate surface complex at increased
glyphosate concentration. Zwitterionic structure of carboxyl and

amino groups omitted (Borggaard and Gimsing, 2008).

In contrast to almost all other pesticides, which are mainly sorbed by
soil organic matter (SOM) because of their domination by a polar groups,
i.e. aliphatic or aromatic carbon, glyphosate is due to its three polar
functional groups (carboxyl, amino and phosphonate groups) mainly sorbed

by soil minerals.
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Soil organic matter only seems to have an indirect effect by blocking
sorption sites. However, C,,, content and clay content have previously been
correlated with the ability of soils to adsorb glyphosate (Glass, 1987&
Piccolo, et al., 1996).

Glyphosate adsorption to soil is usually described by the Freundlich
sorption isotherm. However large variations in sorption capacity of soils
are reported in literature with Freundlich sorption coefficients (Kr) ranging

from 0.6 to 500000 mg '™ L" kg (Vereecken, 2005).

2.2 Environmental Fate of Glyphosate
2.2.1 Water

Glyphosate is highly soluble in water 11,600 ppm at 25°C (Kollman
and Segawa, 1995), stable in water at pH 3, 5, 6, and 9 at 35°C (Brightwell
and Malik, 1978). Glyphosate enters surface water by direct application to
aquatic system, binding to soil that washes of treated terrestrial sites, or
drift from treated areas that are near water (monsato, 2003). It is
moderately persistent in water and not removed by normal drinking water
processing. Glyphosate is more likely to occur in surface waters than
ground waters (poptel.org.uk; PAN, 1999 & water-matters.org) due to
direct application to aquatic system; stable to hydrolysis in water but
undergoes rapid microbial degradation in natural surface waters. Some
photolysis can also occur (Brenstad and Friestad, 1985). No appreciable

degradation of glyphosate was observed in water via chemical,
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microbiological or photolytic processes for 78 days (Anton, et al., 1993).
Glyphosate's half-life in surface waters after forestry spraying in Manitoba

was less than 24 hours.

The maximum contaminant level (MCL) for glyphosate in water
stated by EPA is 0.7 ppm (Kollman and Segawa, 1995). According to
Canadian Drinking Water Quality the interim maximum acceptable
concentration (IMAC) for glyphosate in drinking water is 0.28 mg/L
(280 pg/L) ( hc-sc.ge.ca).

2.2.2 Soil

In general, glyphosate is moderately persistent in soil. The soil field
dissipation half-life averaged 44-60 days (Kollman and Segawa, 1995). The
primary metabolite of glyphosate is aminomethylphosphonic acid (AMPA).
Degradation of AMPA is generally slower than that of glyphosate possibly
because AMPA may adsorb onto soil particles more strongly than
glyphosate and/or because it may be less likely to permeate the cell walls or

membranes of soil microorganisms (U.S.D.A., Forest Service, 1984).

Glyphosate has a potential toxic effect when applied to soil which is
inhibition of symbiotic N, fixation (King, et al., 2001) observed in
greenhouse and growth chamber experiments using potting media that
early applications of glyphosate at a rate of 1.68kg.ha”' delayed N, fixation
and decreased biomass and N accumulation in glyphosate-tolerant soybean,

especially when soil water content was low (Motavalli, et al., 2004).
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In the U.S it has been suggested that herbicides, including
glyphosate reduce winter hardiness in trees and their resistance to fungal
disease (ENDS, 1991). It has been suggested that damage to maple trees
increases during the second year following treatment with glyphosate, and
that clover planted 120 days following treatment showed reduced nitrogen
fixation and growth. This implies that glyphosate which is bound to soil
particles can remain active and may be released from soil and taken up by
plants (Esty, 1991). The US-EPA has also stated that many endangered
plants may be at risk from glyphosate use (US-EPA R.E.D, 1993).

2.2.3 Health Impacts

The producer of herbicide containing glyphosate is Monsanto
Company. Its popular trademark is Roundup. It has been reported that
exposure to glyphosate causes problems with kidneys or reproductive
difficulties, eye and skin irritations. The direct toxicity of pure glyphosate
to mammals and birds is low (Pan-uk, 1996). Monsanto claims that
extensive testing of glyphosate has shown that it has a low order of toxicity

and exhibits no unusual toxicological effects in animals (Monsanto, 1985).

Glyphosate has United States Environmental Protection Agency
Toxicity Class of III in 1993 (U.S. EPA, 1993). It has been rated as class I
(Severe) for eye irritation. Glyphosate is being evaluated for effects to
unborn fetuses and their development. It is currently on the USEPA

Endocrine Disrupter Screening list, published in 2007(U.S. EPA, 2007).



27

It causes many problems as excess fluid in the lungs, pneumonia, lung
dysfunction, clouding of consciousness, destruction of red blood cells,
abnormal electrocardiograms, low blood pressure, kidney damage and
damage to the larynx. Glyphosate is one of ninth chemicals (which are
alachlor, beryllium,chromium, 1,1-dichloroethylene, diquat, glyphosate,
lindane, oxamyl and picloram) that is cancer assessments postdating the

Maximum Contaminant Level Goal (MCLGQG) (Office of Water, 2003).

Japanese researchers analyzing suicides have found that drinking 3/4
of a cup (200 milliliters) of commercial glyphosate products is fatal (Leu,
2007). However, glyphosate’s broad spectrum of herbicidal activity has
led to the destruction of habitats and food sources for some birds and

amphibians leading to population reductions.

There is, indeed, direct evidence that glyphosate inhibits RNA
transcription in animals at a concentration well below the level that is
recommended for commercial spray application .Transcription was
inhibited and embryonic development delayed in sea urchins following
exposure to low levels of the herbicide and/or the surfactant
polyoxyethyleneamine. The pesticide should be considered a health

concern by inhalation during spraying (Marc, et al., 2005).

It's shown that a brief exposure to commercial glyphosate caused
liver damage in rats, as indicated by the leakage of intracellular liver

enzymes (Benedetti, et al., 2004). A study of effect of the herbicide
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glyphosate on liver lipoperoxidation in pregnant rats and their fetuses
shows that the effects that 1% glyphosate oral exposure has on
lipoperoxidation and antioxidant enzyme systems in the maternal serum
and liver of pregnant rats and their term fetuses at 21 days of gestation. The
excessive lipid peroxidation induced with glyphosate ingestion leads to an
overload of maternal and fetal antioxidant defense systems (Beuret, et al.,
2005). Glyphosate has reported oral LDs of 4,320 and 5,600 mg/kg in male
and female rats (RTECS, 1982; Massachusetts, 2005& USDA, 1984). In a
number of human volunteers, patch tests produced no visible skin changes
or sensitization (Weed Science Society of America, 1994). In 2004 WHO
said in their report that there was no toxic effects were observed on mice

and rates (WHO/FAC, 2004).

Applying of glyphosate to soil increases carbon and nitrogen
contents in the soil. An increase in the concentrations of CO, in the soil
lead to an increase of nitrifying bacteria, which in turn leads to an increase
in the concentration of nitrites, making the food grown there also have
greater concentrations of nitrites that combined with amines produce
nitrosoamines that defined as cancerous substances. In addition, nitrites in
high concentrations can produce metahemoglobinemia in animals and
human beings. So glyphosate could indirectly lead to carcinogenesis and
other pathologies (Ministry of Health and National Institute of Health,

1992).
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An Egyptian study of the effects of glyphosate on soil fungi and the
decay of organic matter found that treatment with Roundup influenced the
soil fungal community structure, reducing some species while enhancing
others, and affected soil respiration and rate of decay of organic matter

(Abdel-Mallek, et al., 1994).

2.3 Methods of Glyphosate Analysis

Glyphosate is one of the most difficult herbicide to analyze. The
difficulty of analysis of glyphosate residues due to its chemical properties ,
highly solubility of water and polar nature, so it needs to be derivatized
because of the lack of chromophore or flurophore (Sahasrabuddhey, et al.,
1999; Kun, et al., 2009).

A great variety of analytical methods have been applied for
determination of glyphosate residues in soil and water but limited
published for food samples. Many analytical methods to determine
phosphonic and amino acid group-containing pesticides, which included
glyphosate, glufosinate..etc have been published.

Analytical methods for analysis of glyphosate include thin layer
chromatography (TLC) (Franz, et al., 1997), gas chromatography (GC)
( Alferness& Iwata ,1994), liquid chromatography (LC) ( Piriyapittaya, et
al., 2008) capillary electrophoresis (Hsu & Whang, 2009 & Goodwin, et al.,
2003), electrochemiluminescence (Hsu & Whang, 2009), conductivity
detection (Zhu, et al.,1999), inductively coupled plasma—mass spectrometry

(ICP-MS) (Guo, et al., 2005), integrated pulsed amperometric detection
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(IPAD) at gold electrodes (Sato, et al., 2001), detection by immunosensors
(Gonzalez-Martinez, et al., 2005), and the enzymelinked immunosorbent
assay (ELISA) method (Rubio, et al., 2003). LC is preferred over GC
because of the ionic character of glyphosate. Overview of chromatographic
methods, e.g. gas chromatography (GC), liquid chromatography (LC) and
1on chromatography (IC) has been presented below.

2.3.1 Gas Chromatography

Gas chromatography is one of the most sensitive methods for residue
analysis. Glyphosate, being very polar and non-volatile compound, has to
be derivatized for GC analyses. In the literature trifluoroacetic acid
(TFAA)trifluoroacetic ~ anhydride—trimethyl  orthoacetate = reagent
(Watanabe, 2004) , N-methyl-N-(tert-butyldi methylsilyl)
trifluoroacetamide (MTBSTFA) 1% tertbutyldimethyl chlorosilane
(TBDMCS) (Hori, et al., 2003) have been used for derivatisation of

glyphosate for GC analyses.

In most cases, derivatization is performed to convert polar N-H, O-H
and S-H groups into thermally stable, nonpolar groups. GC derivatization
methods can be classified into four groups according to the reagents used
and the reaction achieved; silylation, acylation, alkylation and esterification

(Sigma-Aldrich, 2002).
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2.3.2 Liquid Chromatography

Liquid chromatography (LC) is a method where the compounds are
separated according to their partition between stationary and mobile
phases. The mobile phase acts as a carrier for the sample solution. The
stationary phase is solid support contained within the column over which
the mobile phase continuously flows. In general three primary
characteristics of chemical compounds can be used to create HPLC
separations; polarity, electrical charge and molecular size. In LC exploit
polar differences. If the stationary phase is more polar than the mobile
phase the chromatography is called a normal phase chromatography. If the
mobile phase is more polar the chromatography is called a reversed phase
chromatography (RPC). Sample components that partition strongly into
the stationary phase spend greater time in the column and are separated
from components that stay predominantly in the mobile phase and pass

through the column faster.

HPLC analysis of herbicides is most often performed on reversed-
phase columns (Tadeo, et al., 2000) with fluorescence detection using
precolumn dirivatization with FMOC-CI (9- fluorenylmethylchloroformate)
to give the fluorescenscent derivative (Sancho, et al .,1996& Hogendoorn,
et al., 1999). 4-Fluoro-7-nitrobenzofurazan (NBD-F) (Lei, et al., 2006),
Phthaldialdehyde (OPA) (California Dept, 1997), Trifluorethanol (TFE)
and Trifluoracethic anhidride (TFAA) (Alexa, et al., 2008) are used for

glyphosate derivatization.
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2.4 Derivatization

Derivatization is a technique which transforms a chemical compound
into a product of similar chemical structure. It is change chemical and
physical properties. Chemical derivatives may be used to facilitate analysis
(wikipedia.org). Derivatization reactions are also difficult to implement
quantatively at very low concentrations of analyte (sub-nanogram per
milliliter) (Venn, 2001). Derivatization reactions should produce stable
derivatives that achieved by pre-column (before analytical separation),
post-column the reaction is performed automatically by adding a
derivatization reagent after separation, and before detection, by means of a
second HPLC pump. A specific detection method as fluorescence or

absorption in visible light, at a long wavelength will be used.

Chemical derivatization modifies or converts substances with a low
UV absorption into highly sensitive products. Post column derivatization
procedures represent a powerful analytical tool. The methodology is
suitable for trace and ultra trace analysis and offers enhancement of both
detectability and specificity compared to conventional HPLC methods

(Stewart, 1982).

The disadvantages are the post column is not always amenable to
automation, also the danger of there being insufficient reagent due to
sample matrix reaction. Thiofluor (N,N-dimethyl-2mercaptoethyl

aminehydrochloride), ortho-phthalaldehyde (Patsias, et al., 2001) and
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ortho-phthalaldehyde with 2-mercaptoethanol (Tadeo, et al., 2000) have

been used for glyphosate determination with fluorescence detection.

The advantages of using pre-column derivatization for increasing the
sensitivity of an assay are that the chromatography, particularly of basic
compounds, can be improved; less complex equipment is required than for
the post-column derivatization and the wavelength of absorbance can be
shifted into the visible band where very few impurities or interfering peaks

absorb (Venn, 2001).

Pre-column derivatization studied p-toluenesulphonyl with HPLC
method and UV detector (Khlorenko and Wieczorek, 2005), mostly
FMOC-CI with HPLC method with MS/MS (shimadzu application News).
In some papers e.g. 4-chloro-3, 5-dinitrobenxotrifluoride reaction with
glyphosate has been studied to optimize reagent’s concentration, reaction
time, temperature, and pH. The derivative was more stable than that with
FMOC-Cl and more mildly and it has applied to the quantaive
determination of glyphosate in environmental water (Kun, et al., 2009).
The secondary amino group in glyphosate treated with nitrous acid, and
converted to an N-nitro group (March, 1992). This one can be easily
reduced, making possible its determination by voltammetric strategies
(Smyth, et al., 1975). Bronstad and Friestad (Bronstad and Friestad, 1976
& Friestad and Bronstad, 1985) showed the possibility of applying
differential pulse polarography (DPP) as an inexpensive and fast technique

for glyphosate determination.
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In this study a method used for derivatization of glyphosate was
based on reaction of glyphosate with carbon disulphide to convert the
amine group into dithiocarbamic acid. The dithiocarbamate group was used
as chelating group for reaction with transition metal ion Cu (II). The
resultant yellow colored complex was measured using spectrophotometer at
435 nm using a glass cell and pH measured using pH meter (pH &
Conductivity Meter, 3540 JENWAY) (Rasul, et al., 2009).
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Fig .2.4: Proposed reaction mechanism (Rasuel, et al., 2009).

The aim of sample preparation is a sample aliquot that is relatively

free of interferences that may be caused by contaminants in solvents ,



35

reagents, glassware and other sample processing that elevated baselines in

the UV-Spectrophotometer.

Glassware, Collection of a sample, storage of a sample, preservation
of a sample , high purity reagents and solvents preliminary sample
processing, weighing or volumetric dilution, alternative sample processing,
removal of particulates, sample extraction and derivatization have critical
effects on the accuracy and precision on the final method. The solid
particles centrifuged and the supernatant filtered through a 0.45um

membrane filter before analysis for greater precision and accuracy.

To analyze low concentrations of glyphosate, methods of
purification of analytes are required. Purification methods are well
established techniques as: liquid-liquid extraction, solid phase extraction
(SPE), ion exchange chromatography, and supported extraction technique
(SLM) that could considered as alternative for pretreatment of liquid
samples containing herbicides. SLM is a porous polymeric hydrophobic
membrane with organic solvent immobilized in its ports. The membrane
separates the aqueous (donor) phase and the receiving aqueous (acceptor)
phase. It depends on the charge of the extracted analytes where in case of
acidic and basic compounds the enrichment is achieved by adjusting the pH
to appropriate values (Wieczorek, et al., 1997). SLM samples more cleanly

than other extraction techniques (Maxim, et al., 2005).
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2.5 Chemical Kinetics
2.5.1 Rate of Reaction

The rate is defined as change in concentration (Ac) with time (At).
The rate can be positive or negative: a positive rate means that the
concentration is increasing with time e.g. a product; a negative rate means
that the concentration is falling with time e.g. a reactant. A rate law is a
mathematical equation that describes the progress of the reaction. In
general, rate laws must be determined experimentally.
There are two forms of a rate law for chemical kinetics:

e Differential rate law.

e Integrated rate law.

The differential rate law describes how the rate of reaction varies
with the concentrations of various species, usually reactants, in the system.
Each rate law contains a constant, k, called the rate constant. The units for
the rate constant depend upon the rate law, because the rate always has
units of mole L sec” and the concentration always has units of mole L™

The rate is the derivative of concentration with respect to time.
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2.5.2 Order of Reaction

The power to which its concentration term in the rate equation is
raised. For example, given a chemical reaction 2A + B — C with a rate

equation.
r=K[A][B] oo, (2.3)

The reaction order with respect to A would be 2 and with respect to B

would be 1; the total reaction order would be 2 + 1 = 3.

Reaction orders can be determined only by experiment. It is not necessary
that the order of a reaction be a whole number.
2.5.2.1 Zero-Order Reaction

The rate of reaction is a constant when the limiting reactant is
completely consumed.

Differential Rate Law:

the rate constant, k, has units of mole L™ sec™.

2.5.2.2 First-Order Reaction

For a first-order reaction, the rate of reaction is directly proportional
to the concentration of one of the reactants.

Differential Rate Law:
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For any order other than first order, the half-life of the reaction is

dependent on the concentration. The rate constant, k, has units of sec™.
2.5.2.3 Second-Order Reaction

For a second-order reaction, the rate of reaction is directly

proportional to the square of the concentration of one of the reactants.

Differential Rate Law:
T =K [A]Z oo C(2.11)
_dA] gap
ai KA (2.12)
Al _
T+ kiA], [A] (2.13)
tip= 1 /k[A]o ...................................... (2 14)

The rate constant, k, has units of L mole™ sec".
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Fig. 2.5: The use of the characteristic kinetic plots (chem. davidason.edu, 2010).

0: zero-order
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2: second-order

2.6 Adsorption onto Surface
Adsorption Theory

Adsorption is adhesion of the molecules of liquids, gases, and
dissolved substances to the surfaces of solids, on the contrary absorption, in
which the molecules enter the absorbing medium (answers.com). The
adsorption process is classified as physical and chemical adsorption.
Physisorption (or physical adsorption) is result of intermolecular forces
between the adsorbate and the adsorbent (Roberts, 2006). Physical

adsorption is a readily reversible process (Frank, et al., 2004); the forces

involved are (van der Waals forces) (weak bonds) (old.iupac.org , 2001) ,
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repulsion through dipole-dipole interactions and dispersing interactions,
and hydrogen bonding (Roberts, 2006). While Chemisorption (or chemical
adsorption), is produced by the transfer of electrons and the formation of
chemical bonds between the adsorbate and the adsorbent (strong bonds). It
may be an irreversible reaction bonding (Roberts, 2006), have high
activation energies takes place only in a monolayer and high enthalpy
change (an exothermic chemical reaction) (en.wikipedia.org) ranging from
80 to 400 Btu/lb. mole (2.326 Btu/lb mole equals 1 kJ/kg mole) (Roberts,

2006).

Strong sorption to soil particles reduces the risk of leaching (Walker,
et al., 2005). Adsorption is described by isotherm where the adsorption and
desorption rates balance each other at equilibrium. The quantity of
adsorbate that can be bound up on a particular adsorbent is a function of the
concentration of the adsorbate and the temperature (Walker, et al., 1995).
The amount of material which is adsorbed on the surface at a particular
temperature depends upon the amount of that substance in the gas or liquid
phase which is in contact with the surface, and this is called the adsorption
isotherm. The isotherm is useful in determining the interactions between

the adsorbate and the adsorbent.

The isotherm can be determined in batch experiments by varying the
solute mass or the phase ratio this could be performed in a vessel with a
known liquid volume and known amounts of solute at different time till

equilibrium. The two most common equations used to describe the
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equilibrium between a surface (adsorbent) and a chemical in solution
(adsorbate) are the Langmuir and Freundlich adsorption equations.
Freundlich was published by Freundlich and Kiister (1894) for gaseous
adsorbate (en.wikipedia® ). Langmuir published in 1916 (en.wikipedia®).
The Langmuir equation treats the interaction between the adsorbent and the
adsorbate as a linear, reversible, monolayer chemical reaction (Roberts,

2000).
It is based on four hypotheses (en.wikipedia®):
e The surface of the adsorbent is uniform, that is, all the adsorption
sites are equal.
e Adsorbed molecules do not interact.
e All adsorption occurs through the same mechanism.
e At the maximum adsorption, only a monolayer is formed: molecules
of adsorbate do not deposit on other, already adsorbed, molecules of

adsorbate, only on the free surface of the adsorbent.

Amax KC
M = m ........................... (2.15)
Where:

M is the substance amount of adsorbate adsorbed per gram (or kg) of the
adsorbent at equilibrium, the unit of M is mol.g”', mol.kg" respectively.
Anax 18 the maximal substance amount of adsorbate per gram (or kg) of the
adsorbent. The unit of A is mol.g”, molkg” respectively. K is the
adsorption equilibrium constant mol™.L; ¢ mol.L™" is the concentration of

adsorbate in liquid.
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Chapter Three
Methodology
3.1 Study Area: Nablus

Nablus district is in the northern part of the West Bank. It is the
capital of the Nablus Governorate and a Palestinian commercial and
cultural center. Its population is 320,830 people, according to statistics in
2007 (Palestinian Central Bureau of Statistics, 2007) and it has a total area

of 613582 dunoms (613.5 Km?) (ICCPR, 2006).

The relatively temperate Mediterranean climate brings hot, dry
summers and cool, rainy winters to Nablus. Spring arrives around March-
April and the hottest months in Nablus are July and August with the
average high being 28.9°C (84°F). The coldest month is January with
temperatures usually at 3.9°C (39°F). Rain generally falls between October
and March, with annual precipitation rates being approximately 23.2 inches
(589mm) (en.wikipedia). Cumulative amounts of rain that fell on the
governorates of the country since the beginning of the current rainy season
2010/2009 mid-morning on Monday 03/05/2010 is 581.2mm and average
of 660.1mm (Meteorological Palestinian, 2010 ). The hottest months in
Nablus are July and August with the mean monthly temperature 25.2°C and

25.4°C respectively for the year 2008 (Meteorological Palestinian, 2008).



43
3.2. Sampling Site and Sample Collection

The soil was sampled in three layers; 0-30cm, 30-60cm and 60-
100cm from agricultural locations in Nablus, Mount Gerizim before
herbicide treatment of the fields. The soil samples were mixed well

separately.
3.3 Soil Analysis

The soil used for chemical analysis was sieved in 2mm sieve, and
dried at 105°C. Basic physico-chemical properties of soil were conducted

on soil before any treatment with glyphosate.
3.3.1-Soil Texture (Hydrometer Test)

The particle size distribution of a soil expresses the proportions of
the various size classes (clay < 0.002mm, silt 0.002-0.02mm and sand 0.02-
2.0mm particle size), commonly represented by weight percentages of the
total soil. The proportions of these fractions are determined by Hydrometer
method (Bouyoucos, 1962) based on the Stokes's Law which states that the
rate of fall of particles in a suspension is directly proportional to their size
(Bouyoucos, 1962 & Dhyan,et al., 1999). The soil was sieved using 2mm
sieve, and dried at 105°C for 24 hours using Elle oven. The soil texture was

determined by ASTM 152-H hydrometer.



44

3.3.2- Moisture

The results of soil analysis were calculated on the basis of an oven
dried sample weight. Therefore, the moisture analysis was executed before
any other analysis. The results on the basis of the air-dry weight were

multiplied by a moisture correction factor (mcf).

A porcelain crucible was placed in Ari J. Levy oven at a temperature
of 105°C and left for 2 hours, then cooled down to room temperature in a
desiccator. The weight of the empty crucible was recorded. Ten grams of
soil sample were weighed in the crucible. The crucible was placed for 12
hours in the oven at 105°C. Then cooled down to room temperature in a
desiccator and reweighed again. The moisture content and moisture
correction factor were calculated using the following equations (Buurman,

1996 & Dhyan, et al., 1999):

(B—C)x100%

M (moisture content) =
(B-A)

Where:

A: Empty crucible weight

B: Sample + Crucible weight before drying
C: Sample + Crucible weight after drying

100+ M %

mcf (moisture corrction factor) = 100
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3.3.3- pH

pH of the soil is measured potentiometrically in a 1:5 soil — water
suspensions. Twenty grams of an oven dried - sieved soil were weighed,
transferred into 200 ml beaker; 100 ml of distilled water were added while
stirring for one hour using Electric magnetic stirrer. The pH conductivity
meter (JENWAY) was calibrated using pH buffer 4.0, 7.0 & 9.0, and then
the pH of suspension was measured (Dhyan, et al., 1999 & USSL, 1954).

3.3.4 Electrical Conductivity

The measurement of EC will give the concentration of soluble salts
in the soil at any particular temperature. EC measured in 1:5 soil-water

suspension using conductivity meter.

3.3.5 Organic Carbon (Walkely and Black 1934)

The organic carbon in the sample is oxidized with potassium
dichromate and sulphuric acid. The excess potassium dichromate is titrated

against ferrous ammonium sulphate.

One gram soil was weighed and transferred into 500mL conical
flask. 10 mL of IN K,Cr,0O; and 20 mL of conc. H,SO, were added.
Swirled carefully then let to stand for 30 minutes. Slowly 200 mL distilled
water and 10 mL H3;PO, were added. Then 1 mL of diphenylamine
indicator was added and the resulted suspension was titrated against 0.5 N

ferrous ammonium sulphate solution until green color started appearing
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indicating the end point. Blank must run simultaneously (Walkely and

Black, 1934 & Jackson, 1962).

The carbon content was calculated using the following equation:

10(B — S) % 0.39 x mcf
(BxW)

Organic Carbon =

Where:

B = mL of ferrous ammonium sulphate solution used for blank.

S = mL of ferrous ammonium sulphate solution used for sample.

mcf = moisture correction factor.

W = sample weight (g).

0.39 = conversion factor (including a correction factor for a supposed 70%

oxidation of organic carbon.

% of organic matter = 1.72 x % of organic carbon

3.3.6 Total Nitrogen (Kjeldhal Method)

Nitrogen in soil/sediments is mostly present in the organic form with
small quantities of ammonium and nitrate. This method measures only

organic and ammoniacal form, therefore nitrate is excluded.

One gram of the soil sample was placed in digestion tube. Two and a

half grams of a catalyst mixture (containing K,SO,, CuSO,.5H,0) were
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added. A 10 mL of conc. H,SO, was added. Mixture was heated to about
400°C until the mixture became transparent, then allowed to cool. 50 mL
sample of 2% boric acid were added into 250 mL conical flask, and the
flask was placed under the condenser of the distillation apparatus. The end
of the condenser was dipped into the solution. 20 mL of 40% NaOH were
added in digest till the colour changed to blackish. About 200 mL of the
condensate were distilled. The condenser was rinsed and few drops of
indicator (0.1g of bromocresol green, 0.02g of methyl red in 100 mL
ethanol) were added to the distillate. Then sample titrated with 0.01N HCl
till the pink colour started to appear. The percent nitrogen was calculated

using the following equations (AOAC, 2002):

(S—B)x N x14x100%

Total Nitrogen (mg/kg) =
gen (Mg /kg) weight of soil

Where:

S: Volume of acid used against sample.

B: Volume of acid used against blank.

N: Normality of acid.

3.3.7 Calcium carbonate

Five grams of soil were added into a 250mL conical flask. 100 mL of
IM HCIl were added using pipette and swilled gently and let to stand

overnight, then shaked for two hours. The suspension let settled, then 5 mL
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of the supernatant was pipetted into a 100mL conical flask and 10 mL of
water were added. 2-3 drops of phenolphthalein indicator were added and
titrated with 0.25M NaOH till colour change to purple (Piper, 1966;
Buurman, et al., 1996; Dhyan,et al., 1999 & Page, et al., 1982).

The percent calcium carbonate was calculated using the following

equations:

caco, = (B=3)xNx100 ¢
weight of soil (g)

Where:

B = mL NaOH used for blank.

S = mL NaOH used for sample.

N = Normality of NaOH.

mcf = moisture correction factor.

100 = conversion factor.

3.3.8 Available Phosphorous (P- Olsen)

Five grams of soil transferred into a 250mL shaking bottle. 100mL
of sodium bicarbonate extractante (0.5M NaHCOs; adjusted to pH 8.5 with
IM NaOH) was added. Then shaken for 30 minutes and filtered through
whatman # 42 filter paper. SmL of the standard series sample or blank were

pipetted into a test tube and SmL of mixed reagent (50mL 4M sulphuric
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acid, 15mL 4% ammonium molybdate, 30mL 1.75% ascorbic acid, 5 mL
0.275% potassium antimony tartrate and 200mL water were added
successively to a S00mL bottle) was added. Mixture was shaked and stood
for one hour for the blue colour development. The concentration of the
solution was measured at 882 nm or 720 nm using spectrophotometer
(Olsen, et al., 1954; Buurman, et al., 1996 & Dhyan, et al., 1999).

(S-B)x D><[100+{W—n\1/\(;¢}]

Available P (mg/kg) = aht of s0il (@) ——— xmcf
weignt o1 So1i(g

Where:

S = P concentration in sample (mg/L) read by spectrophotometer.

B = P concentration in blank (mg/L) read by spectrophotometer.

D = Dilution factor (standard 1 for undiluted samples).

W = sample weight (g).

mcf = Moisture correction factor.

100 = Volume of extractant.

3.3.9 Metal contents (Fe&Cu)

3.3.9.1 HC1O4-HF Digestion

0.5-1.0gram of soil transfered into a clean 100 mL teflon beaker and

wet with SmL of distilled water. Two mL of HCIO, (70%) and 12 mL of
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HF (40%) were added then heated to incipient (near dryness). Again 8§ mL
of HF were added and heated to dryness. Two mL of HCIO, and about 5
mL of distilled water were added and heated to incipient. The remaining
residue was dissolved in 8mL of HCI and 20mL of water. Volume was
made up to the 100 mL volume and stored in polyethylene bottle. Fe and
Cu in the supernatant were determined by AAS (Dahlquist and Knoll,
1978; Blancher, et al., 1965; EPA, 1992; Jackson, 1958 & Hossner, 1996).

The physico-chemical soil properties (Tab.3.1) were determined

using standard methods.

Table.3.1: Physico-chemical characteristics of the soil column.

Soil texture: 35%
* Sand [%] 57.5%
o Silt [%] 7 50,
o Clay [%]
Moisture % 3.3%
Moisture correction factor (mcf) 1.033
pH 7.62
Organic Carbon % 2.11%
Organic Matter % 3.63%
Conductivity(uS) 530
N% 0.1934%
Ca CO3; % 0.795%
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Cu (mg/kg) 44
Fe (mg/kg) 1982.27
Available Phosphorous (P) (mg/kg) 62.41

The physico-chemical soil properties after glyphosate application were

listed in table (4.7)
3.4 Leachate Extraction Columns

Leachate extraction columns consist of four columns of 1m long
polyvinyl chloride (PVC) pipe and internal diameter of 15cm (6inch). A
metal mesh screen was placed at the bottom end of each column and a
plastic bottle was placed under each column to collect water. Soil column
was washed with distilled water to remove air bubbles from soil and to

ensure that the pH of leachate water from each column is neutral.

3.5 Glyphosate Application to Soil-Column Experiment
Glyphosate (Monsanto Co, St. Louis, MO, USA) contains the
monoisopropylamine salt of glyphosate (N-(phosphonomethyl)-glycine)
(360g L") was applied to each column with concentrations; 5X, 15X and
25X, where X equals amount of glyphosate applied to soil yearly (nearly
2L / dunom), numbers (5,15,25) are the years of applying glyphosate to
soil. Blank soil samples were used as controls without glyphosate addition.

The concentrations of glyphosate added to soil columns are listed in table

3.2
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Table 3.2: Glyphosate amounts applied to soil columns.

Column Blank | 5x 15x 25X
Glyphosate (g) 0 63.585 | 190.755 | 317.925
Kg /dunom 0 3.6 10.8 18

The glyphosate was displaced from the column with water until

glyphosate could no longer be detected in the column effluent.

3.6 Leachate

Leachate was collected from each column in plastic bottle at the end
of every period. Leachate volumes were determined gravimetrically, stored

at 2°C prior to analysis and analyzed within a week.

Leachate water was centrifuged to remove solid particles and then
the supernatant was filtered through a 0.45um membrane filter before
analysis. Glyphosate extracted by the method described below (3.12.1) and
derivatized using the method shown below (3.12) then measured by

Spectrometer at 435nm.
3.7 Soil Columns After Glyphosate Application

At the end of the experiment, soil columns were cut into three parts.
Three samples were taken from each part, air dried and stored in an air tight
polythene bottle to analyze their parameters in soil lab at An Najah
National University. Glyphosate were extracted from the three parts of soil

columns, derivatized and measured spectrophotometrically.
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3.8 Instruments

Absorbance readings of glyphosate were detected using
Spectrophotometer (spectro 23 RS from LaboMed, inc.USA) at 435 nm
using a glass cell with an optical path length of lcm. pH was measured

using pH & conductivity meter(3540 JENWAY).

3.9 Calibration Curve

Stock solution of glyphosate 1000 ppm (purity = 99% purchased
from SUPLECO analytical) was diluted in water to a concentration of 100
ppm as a working standard. A series of glyphosate standards of 1, 5, 10, 20,
30 and 50 ppm. 0.5, 2.5, 5, 10, 15 and 25mL transferred into 50ml
volumetric flasks. Distilled water was added to volume. 50mL distilled
water without glyphosate used as blank. Standards and blank were
derivatized with CS, by the method described in section (3.12). The

absorbance measured spectrophotometrically at 435 nm.
The calibration curve for glyphosate was used linear in the range (1-

50) ppm as shown in Fig. 3.1

0.8
0.7
0.6
0.3 4
0.4 4
0.3 A
0.2 4
0.1

0

y=0.0132x+0.0235
R2=0.9303

Absorbance at 435nm

0 10 20 30 40 50 B0
glyphosate (ppm)

Fig .3.1: Calibration curve for estimation of glyphosate at 435 nm.
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3.10 Batch Sorption Experiments

Sorption kinetics was analyzed by altering the contact time at a
constant concentration of 20 & 30 ppm per vessel for determination of an
appropriate equilibrium time at room temperature for the sorption isotherm
experiments. They were shaken for 1, 2, 4, 6, 8, 24, 48 and 72 hours,

respectively. Samples were equilibrated and processed.
3.11 Adsorption Isotherm Experiment

A series of five selected glyphosate concentrations were carried out

to determine the adsorption isotherms of glyphosate on soil.
The adsorption measuring steps were as follows:

200 ml of a PTFE vessels containing 25g air dried weight soil.

e 100 ml aqueous solutions containing 0-50mg/L glyphosate were
equilibrated for 24 hr at room temperature on a reciprocating shaker

at low speed 120 excursions per minute.

e The supernatant equilibrium concentration 1is obtained after

centrifuging at 3000 rpm (round per minute) for 20 minutes.
e Blank without glyphosate was also equilibriated.

The equilibrium concentrations of each soil were measured

spectrophtometrically after derivatization.
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The equilibrium concentrations were determined with respect to a standard

curve Fig (3.1).

Sorption parameters were estimated from the Freundlich equation:

Where C; is the concentration in the soil (mg kg™), Kr is the Freundlich
sorption coefficient (mg'™ L" kg™), C. is the concentration in the solution

after 24 hours (mg L) and n is a linearity factor (Freundlich exponent).
3.12 Derivatization Procedure of Glyphosate

Glyphosate was derivatized using carbon disulphide to convert the
amine group into dithiocarbamic acid. The dithiocarbamate group was used
as chelating group for reaction with transition metal ion Cu (II). The

resultant yellow colored complex was measured at 435 nm.

Carbon disulphide (1% CS,) solution was prepared by mixing 0.5mL CS,
in chloroform and diluted to 50mL with chloroform. An aliquot 10mL of
glyphosate were added to a series of 100 mL separating funnels followed
by the addition of SmL of 1% CS, solution. Then the mixture was shaken
for 3 minutes for the formation of dithiocarbamic acid. 0.4 mL ammonical
solution of Cu(Il) (1000ppm) was added to the mixture, shaken again
vigorously to form complex with dithiocarbamic acid and then kept for
separation of two phases. The yellow colored chloroform layer containing

the complex was separated in a 10mL flask and diluted with ethanol. The
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absorbance of the complex was measured at 435 nm. (The product is
slightly soluble in lower alcohols) (Catherine, et al., 1949). Ammonical
solution of Cu(Il) prepared by dissolving an appropriate amount of Cu
(NO;), in (20mL) distilled water and diluted to 100mL with ammonia

solution.

3.12.1 Procedure for Solid-Phase Extraction (SPE) of Glyphosate from

Water Samples

A cation exchange resin was used for the preconcentration and clean-
up of glyphosate. A slurry of the Amberlite IR-120, Na-ion exchange resin
(cationic) (ACROS ORGANICS, New Jersey, USA) was made in 10mL
distilled water and packed into a narrow glass column (4.8mm wide, 30cm
long), plugged with glass wool at the bottom. The resin was rinsed with
distilled water and then with 1M HCI at a flow rate of 2 mL.min™" several
times, before sample application. The pH of water sample spiked with
glyphosate was adjusted to pH 2 and amine group of glyphosate was
converted into its protonated form. The protonated sample (25mL) was
passed through the column at a flow rate of 0.5mL.min™, in order to have
maximum exchange of protonated sample. After the loading step, the
sorbent was washed with 25mL of 2M NacCl solution (used as eluent) at the
same flow rate. The eluted solution was evaporated to about 10mL at 70°'C

then evaluated by the proposed method (Rasul, et al., 2009).
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3.12.2 Glyphosate Extraction from Soil Samples

Homogenized soil sample (10g) was extracted for 60 min with
25mL of 2M NH,OH solution (Hu, et al., 2006). The extraction was
repeated three times. The pH of eluted sample was re-adjusted to pH 5.4
and was evaluated by the proposed method ( 3.12.1 & 3.12). Each recovery

was performed in triplicates (Rasul, et al.,2009).
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Chapter Four

Results & Discussion
4.1Batch Sorption Experiments

The sorption kinetic of the soil was studied to determine an
appropriate shaking time for the sorption isotherm experiments. Readings
were recorded until 72 hours, no changes in concentrations were observed
after 24 hours for all samples, and therefore 24 hours were chosen as
equilibrium time for the sorption isotherm experiment. Glyphosate
degrades quickly (Nomura and Hilton 1977; Rueppel et al. 1977; Strange-
Hansen et al. 2004).

The equilibrium adsorption data over the range of concentrations

studied here were used to fit Freundlich adsorption equation.

Where:

k and n are Freundlish constant

x/m =moles adsorbed per unit wt of adsorbent
x: mol compound adsorbed

m: weight of soil (g)

C. = equilibrium concentration (mol/L)
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Log S =1log (k) + 1/n (log C)............. (4.2)
Where:

S is the sorbed amount (mg kg™'), C is the concentration in equilibrium
solution (mg L"), ke is the Freundlich adsorption coefficient (L kg-!), and
I/n (-) is a correction term needed to describe the nonlinearity of the

sorption isotherm.

The Freundlich equation constants "k" & "n" could be obtained form
the empirical Freundlich adsorption equation (4.1)
k related to the adsorption capacity.
1/n is the intensity of adsorption.
n: is the linearity factor.
The values of n within the range of 2-10 represent good adsorption (Teng
and Hsieh, 1998; Ozer and Pirincci, 2006& Dhir, et al., 2009). Higher
values of k indicate high adsorption capacity.
The isotherm equilibrium results for the examined soil are shown in Fig.
4.2 for glyphosate as the amount of glyphosate adsorbed against the
equilibrium concentration.
Fig.4.1 showed that adsorption equilibrium was obtained after 24 hours of

contact time between soil and solution.
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Fig .4.1: Plot of time vs. concentration of glyphosate.

The isotherm equilibrium results are shown in Fig.4.2 as the amount
adsorbed against the equilibrium concentrations after 24 hours of

adsorption. All concentrations were converted into mol/L.
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Fig .4.2: Plot of C, vs. x/m for Glyphosate.
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Freundlich isotherm constants (k & n) for glyphosate, the correlation
coefficient "R" were obtained from Fig. 4.2 and listed in tab. 4.1.
Table.4.1: Freundlich isotherm constants (kK & n) & the correlation

coefficient R for glyphosate.

Substance K 1/n n R? R

Glyphosate 0.9949 | 0.6857 1.458 0.9484 0.974

Glyphosate sorption at 25 C in the studied soils was evidenced to be
a kinetics process, with a reasonable equilibration time of 24 hours.
Literature usually reports Frendlich adsorption constants for glyphosate
adsorption by soils (Hance, 1976; Glass, 1987) which are consistent with

that founded in our study.

It is indicated from the previous table 4.1 and Fig 4.2 that "n" of
glyphosate adsorption is higher than 1. According to Helby (1952)
represents good adsorption. The adsorption isotherms for the soil is of S-
type (Giles, 1960), this indicating the easiness of the adsorption, mainly at

higher concentrations.
4.2 Glyphosate in Leachate

It is indicated that the amount of glyphosate detected in leachate
decreases with increasing time. It takes time for 25x > 15x > 5x until the

inability to detect glyphosate in leachate for concentrations less than 1
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ppm. Doubling the concentration of glyphosate increases the amount

glyphosate (contaminant) in leachate.
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Fig 4.3: Plot of time vs. concentration for 5 times glyphosate in leachate.
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Fig.4.4: Plot of time vs. In concentration for 5 times glyphosate in leachate.
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Fig.4.6: Plot of time vs. In concentration for 15 times glyphosate.
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The above resulting curves shows that the best fit of the glyphosate
degradation data was obtained using a first-order reaction. DTsy values of
glyphosate was 2, 3 & 3.75 days for 5x, 15x & 25x column respectively

this indicate relatively rapid degradation.
4.3 Glyphosate in Soil

The results indicated that the glyphosate mobility in the soil columns
increased with application rate. With more glyphosate applied, more
glyphosate in the soil columns was capable of moving out of the columns.
Amount of glyphosate detected in soil columns was increased in the order
25x > 15x > 5x. The amount of glyphosate was decreased with depth
increasing due to decreasing organic content. It means that the adsorption
tendency decreases as the depth increases. No glyphosate detected in 60-
100cm depth as shown in Fig.4.9. This due to low concentration of
glyphosate less than 1ppm that couldn’t be measured by the method used
here, lowest concentration was used also most of glyphosate adsorbed on

the upper layer of soil (0-30cm).
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Fig .4.9: Concentration of glyphosate in soil column at different depths.

This study indicates that glyphosate can be extensively mobile in soil
environment if it is applied on soils unable to retain the molecule long
enough for its microbial degradation. This may also lead to herbicide

leaching to lower soil layers where a limited biological activity occurs.
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Table 4.2: Main characteristics of soil after application of glyphosate

at different depths

Column | Depth PH C oM N Available | CaCO; Fe Cu

(cm) % % % P mg/kg | mg/kg | mgkg
mg/kg

0-30 7.45 1.56 2.69 | 0.145 791 0.211 1941 43

Blank 3-60 7.78 1.53 2.64 | 0.082 53 0.245 1997 38

60-100 | 7.7 1.36 233 | 0.024 5.27 0.292 2008 52

0-30 7.55 2.08 3.58 | 0.321 66.62 0.147 1853 30

5x 30-60 | 7.86 2.05 3.53 | 0.270 48.49 0.161 1953 35

60-100 | 7.72 2.03 3.49 | 0.250 45.71 0.199 2000 64

0-30 7.68 2.08 3.58 | 0.373 72.57 0.194 1909 35

15x 30-60 7.75 2.02 3.48 | 0.356 66.1 0.197 2053 44

60-100 | 7.88 1.99 3.42 | 0.305 53.26 0.208 2103 52

0-30 7.49 221 3.80 | 0.425 95.04 0.178 1909 24

25x 30-60 7.56 2.05 3.53 | 0.375 88.31 0.206 1985 29

60-100 | 7.66 2.01 3.46 | 0.319 74.13 0.200 2032 34

4.4 The Effect of Organic Matter

Soil organic matter consists of a variety of components. These

include, in varying proportions and many intermediate stages:

« Raw plant residues and microorganisms (1 to 10 %).

« "Active" organic traction (10 to 40 %).
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« Resistant or stable organic matter (40 to 60 %) also referred to as

humus (Lickacz and Penny, 2010).

Table 4.2 shows that organic matter content of the soil at different depths
ranges between 2-3.8% which is considered as a moderate organic matter-
soil. Organic matter content of the soil at different depths for each column

nearly the same as shown in Fig. 4.10, 4.11&4.12

4.5
4
35

3
25
2
15
1
0.5
a

30-0 60-30 100-60

B Glyphosate for 5x O%0 .M for 5x

Fig .4.10: Organic matter content in 5x column and concentrations of glyphosate at certain

depths.
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Fig. 4.11: Organic matter content in 15x column and concentrations of glyphosate at

certain depths.
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B Glyphosate for 25x 0% O.M for 25x

Fig. 4.12: Organic matter content in 25x column and concentrations of glyphosate at

certain depths.



70

It's indicated that organic matter only may not affect the adsorption
of glyphosate at different depths.
It could affect sorption in two ways:
e Reducing glyphosate sorption by blocking sorption sites.
e Increasing glyphosate sorption because poorly ordered aluminium
and 1ron oxides with high sorption capacity are favored at higher soil

organic matter content.

4.5 The Effect of Soil Metals

The high sorption values for glyphosate can be in part due to the pH
values of soils and to the presence of iron oxides, copper and other metalls

that can form stable complexes with glyphosate.

Glyphosate coordinates strongly to Cu, and Cu—glyphosate complexes
formed seem to have higher ability to be adsorbed on the soil than free
glyphosate. Copper acts as a bridge between the soil and glyphosate.

At these pH values glyphosate is a dianion and both the carboxylate and the
phosphonate functional groups in its molecule are deprotonated, being able

to compete for the surface adsorption sites on the metal oxides.

4.6 Available Phosphorous after Glyphosate Application

Fig 4.13 shows that the amount of phosphorous in soil columns after
application of glyphosate increased this indicates degradation of glyphosate

to its components where phosphorous is one of the degradation products.
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Glyphosate could be source of phosphorous, nitrogen and carbon in soil as

it’s shown in Fig.4.13& 4.14 and table 4.2.

100
=1
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20

BN |

30-0 60-30 100-60

B Availabel P in 25x column B Availabel P in 15% column

0O Availabel P in 5x column ® Availabel P in Blank column

Fig. 4.13: phosphorous content in soil columns after application of glyphosate.
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4.7 Available Nitrogen after Glyphosate Application

The nitrogen content of soil has been increased after glyphosate

application to soil columns due to biodegradation of glyphosate.

0.45
0.4
0.35
0.3
0.25

0.2
0.15
0.1
0.05

30-0 60-30 100-60

O%M in 25x column @% Min 15x column = %M in 5x column B%MN in Blank

Fig.4.14: Nitrogen content in soil columns after application of glyphosate.
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Chapter Five
Conclusion & Recommendations

5.1Conclusion:

Adsorption is an important process in determining the fate of
glyphosate in soil. The texture for soil used has been founded to be silty

clay and the total organic matter (T.O.M) close to 4 %.

Batch equilibrium technique was used to evaluate the extent of glyphosate

adsorption on soil as adsorbent.

Isotherm is in accord with the Freundlich adsorption equation with R
value 0.947; the parameters of this isotherm have been calculated.
The adsorption isotherm was fit the S-type isotherm according to Giles.
The values of "n" in Freundlich equitation was more than one indicating

good adsorption for glyphosate with the soil used.

Freundlich constant "k" indicates the tendency of glyphosate in this
study to be adsorbed on soil particles. k increases with increasing the soil
minerals and decreases with increasing the depth of soil where the main
binding mechanism for glyphosate is the covalent bond between the
herbicide and the metals from soil oxides, and so the adsorption decreasing

due to decreasing the organic matter content as depth increases.

Many factors affect the adsorption of glyphosate as phosphorous

content, pH, and temperature. The high sorption values for glyphosate can
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be in part due to the presence of metal oxides that can form stable

complexes with glyphosate.

Simple and sensitive method has been used for derivatization of

glyphosate after extraction from water and soil.

It is based on formation of dithiocarbamic acid from glyphosate and further
reaction of dithiocarbamic acid with copper (II) to form a yellow coloured

complex. The method is applicable to environmental samples.

Compared with chromatographic methods which are based on
derivatization of glyphosate but the derivatization procedures are quite

complicated and also produce unstable products.

The molar absorptivity (g) equals 1.864x10° (Lmol ™' ¢cm™') and stability
constant (Ky) 1.06x10°.

This study and others showed that the use of glyphosate can be

problematic under certain circumstances.

According to our experimental conditions, leaching through the three soil
columns, and therefore the potential risk of groundwater contamination, is
greater for higher concentration of glyphosate. This study is just a step

forward in the right way and it is thought that there is still a lot to be done.

A field study concerning glyphosate, pesticides contamination of the
ground water should be carried out to study the behavior and fate in

Palestinian soils.
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5.2 Recommendations:

Alternative methods of weed control such as mechanical weeding
and grazing by sheep should be encouraged to preserve the quality of

surface water and groundwater in Palestine.

If the application of glyphosate is inevitable, the following points should be

considered:

e As leaching of glyphosate through the soil can't be excluded, the soil
as well as the ground water levels should be included in the
assessment of the risk of ground water contamination by glyphosate

or its biodegradation product.

e The application of glyphosate should be limited to once a year, due to
measured background concentrations of glyphosate.

e At any rate, glyphosate should only be applied if no rain is likely as
claimed in the principles of Good Professional Practice (BMELYV,
2005).

e Integrated pest management should be used and followed.

e Farmers and agriculturists must take the necessary precautions when
using herbicides.

New methods should be founded to remove glyphosate residues from
water using safe and economic methods such as natural organic substances,
olive stones, rice bran, rice husk, date stones, chickpea husk, and avocado

stones.
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Appendices

Appendix .1: Concentrations of Glyphosate at different times.

Time Glyphosate
(hour) (mol/L)
1 0.01456
2 0.01180
3 0.01090
4 0.00909
5 0.00814
6 0.00276
24 0.00091
48 0.00045
72 0.00046

Appendix .2: Equilibrium concentrations (C,) & amount of Glyphosate

adsorbed per gram of soil (x/m)

X/m C.
(mol/g of soil) (mol/L)
0.0114 0.0022
0.0348 0.0046
0.0574 0.0139
0.0876 0.035
0.1098 0.042
0.1317 0.051
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Appendix .3: Concentrations of 5 Times Glyphosate solution at different

times.
Time (day) | Glyphosate [Glyphosate] | In [Glyphosate]
(ppm) mol/L
3 3 0.0177 -4.034
4 2.69 0.0159 -4.14
5 1.72 0.01 -4.605
6 1.19 0.007 -4.961
8 Not detected Not detected Not detected

Appendix .4: Concentrations of 15 times Glyphosate in leachate.

Time (day) Glyphosate [ Glyphosate | | In [Glyphosate]
(ppm) mol/L
3 3.91 0.023 -3.77
4 2.95 0.01745 -4.048
3 2.08 0.0123 -4.39
o 1.62 0.0096 -4.65
s 1.238 0.0073 -4.91
13 Not detected Not detected Not detected
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Appendix .5: Concentrations of 25 Times Glyphosate solution at different

times.
Time (day) [Glyphosate] [Glyphosate] In
(ppm) mol/L [Glyphosate]
2 15.96 0.094 -2.36
3 13.46 0.0795 -2.53
4 9.77 0.058 -2.85
5 9.08 0.054 -2.92
6 6.46 0.038 -3.26
7 5.07 0.03 -3.51
8 4.77 0.028 -3.57
10 3.31 0.0196 -3.93
13 2.46 0.0145 -4.23
15 1.23 0.0073 -4.92
17 Not detected Not detected | Not detected

Appendix .6: Glyphosate concentrations in soil columns at different depths.

Depth 25x 15x Sx
(cm) (ppm) (ppm) (ppm)
0-30 11.460 8.310 4.150
30-60 6.620 3.230 1.345

60-100 2.540 2.000 Not detected




79
References

Abdel-Mallek, A.Y; Abdel-Kader, M.I.A. and Shonikeir, A.M.A. (1994).
Effect of glyphosate on fungal population, respiration and the decay of

some organic matters in Egyptian soil. Microbiological Research 149:

69-73

Abu Mourad, Tayser. (2005). Adverse impact of insecticides on the
health of Palestinian farm workers n the Gaza Strip: a hematologic
biomarker Study. International Journal of Occupational and

Environmental Health. 11(2):144-149
ACRI. (2009). http://www.acri.org.il/eng/story.aspx?1d=688

Alexa, E; Hafner, M; Negrea, M and Lazureanu, A. (2008). HPLC and
GC determination of glyphosate and aminomethylphosphonic acid
(AMPA) in water samples. 43" Croatian and 3" International Symposium

on Agriculture. Opatija. Croatia (100- 105)

Alferness, P.L; Iwata, Y. (1994). Determination of glyphosate and
(aminomethyl)phosphonic acid in soil, plant and animal matrixes, and
water by capillary gas chromatography with mass-selective detection.

Journal of Agricultural and Food Chemistry. 42:2751-2759

Analytix advances in analytical chemistry. (2002). 1-7pages
http://www.sigmaaldrich.com/img/assets/4242/fl analytix3 2002 new .pd
f



80

Anton, F.A, Cuadra, L.M, Gutierrez P, Laborda, E and Laborda, P. (1993).
Degradation behavior of the pesticides glyphosate and diflubenzuron

in water. Bulletin of Environmental Contamination and Toxicology.

51:881-888.

AOAC Official Methods of Analysis. (2002). Method 990.03. Protein
(crude) in animal feed combustion method (Dumas method). 17th edition.
Reference: JAOAC 72,770(1989).Manual of Tecator digestion system
6/12. 1981.

Appleton, T.G; Hall, J.R and McMahon, 1.J. (1986). NMR-spectra of
iminobis (methylenephosphonic acid), HN(CH,PO;H,),, and related

ligands and of their complexes with platinum(II). Inorganic Chemistry.

25:726-734.

Autio, S; Siimes, K; Laitinen, P; Rdmo, S; Oinonen, S and Eronen, L.
(2004). Adsorption of sugar beet herbicides to Finnish soils.
Chemosphere .55:215-226.

Barja, B.C and Dos Santos Afonso, M. (2005). Aminomethylphosphonic
acid and glyphosate adsorption onto goethite: a comparative study.

Environmental Science & Technology 39:585-592.

Barja, B.C and Dos Santos Afonso, M. (1998). An ATR-FTIR study of
glyphosate and its Fe(IIl) complex in aqueous solution. Environmental

Science & Technology 32, 3331-3335



81

Batta, Yacoub. (2003). Application and usage of pesticides in Palestine:
uurrent and future outlook. An-Najah University Journal for Research -

Natural Sciences.17 (1):089-098.

Baylis, A. D. (2000). Why glyphosate is a global herbicide: strengths,

weaknesses and prospects. Pest Management Science. 56(4):299-308.

Benedetti, A.L; De Lourdes, Vituri. C; Trentin, A.G; Dominguesc, M.A.C;
and Alvarez-Silva M. (2004). The effects of sub-chronic exposure of

Wistar rats to the herbicide glyphosate-biocarb. Toxicology Letters.
153(2): 227-232.

Beuret, C.J; Zirulnik, F and Giménez, M.S. (2005). Effect of the herbicide
glyphosate on liver lipoperoxidation in pregnant rats and their fetuses.

Reproductive Toxicology. 19(4): 501-504.

Bingzi, Zhao; Jiabao, Zhang; Jiandong, Gong; Hui, Zhang and Congzhi.
Zhang. (2009). Glyphosate mobility in soils by phosphate application:
Laboratory column experiments State experimental station for agro-
ecology, state key laboratory of soil and sustainable agriculture.
Institute of Soil Science. Chinese Academy of Sciences, Nanjing 210008,

PR China. 149(3-4): 290-297.

Blancher, R.W; Rehm, G and Caldwell, A. C. (1965). Sulfur in plant
materials by digestion with nitric and perchloric acid. Soil Science

Society of America Proceedings. 29:71-72.



82

BMELYV. (2005). http://www.bmelv.de

Borggaard, O.K and Gimsing, A.L. (2008). Fate of glyphosate in soil and
the possibility of leaching to ground and surface waters: a review. Pest

Management Science 64:441-456.

Bouyoucos G.J. (1962). Hydrometer method improved for making

particle size analysis of soils. Agronomy Journal. 54: 464.

Brightwell, B and Malik, J. (1978). Solubility, volatility ,adsorption and
partition coefficients, leaching, and aquatic metabolism of MON 0573

and MONO010: Report No.MSL-0207.(00108192

Bronstad, J.O. and Friestad, H.O. (1985). Behaviour of glyphosate in the
aquatic environment. In: The herbicide glyphosate. Grossbard, E and

Atkinson,D (eds.). Butterworths, London, U.K. p. 200.

Bronstad, J.O and Friestad, H.O. (1976). Method for determination of
glyphosate residues in natural waters based on polarography of the N-

nitroso derivative. Analyst. 101(1207): 820-824.

Buurman, P ;Van Langer, B and Velthrost, E.J. (1996). Manual for soil

and wateranalysis. Backhuys Publishers, Leiden, The Netherlands.

California Department of Food and Agriculture .Center for Analytical
Chemistry Environmental Monitoring. (1997). Determination of
glyphosate (N-phosphonomethyl glycine) in runoff water. Section3292
Meadowview Road Sacramento, CA 95832 Method #:33.5



&3

Canadian Council of Ministers of the Environment (CCME). (1989).
Canadian water quality guidelines. Ottawa, Ontario, Environment

Canada.

Candela, L; Alvarez-Benedi, J; Condesso de Melo, M.T and Rao, P.S.C.
(2007). Laboratory studies on glyphosate transport in soils of the
Maresme area near Barcelona, Spain: Transport model parameter

estimation. Geoderma 140(1-2): 8-16

Catherine, R. Miller and William, O. Elson. (1949). Dithiocarbamic acid
derivates I. The relation of chemical structure to in vitro antibacterial
and antifungal activity against human pathogens. The Research
Laboratories of Bauer and Black, Division of the Kendall Company,

Chicago, Illinois Journal of Bacteriol. 57(1): 47-54.

Centre for Environmental and Occupational Health Sciences (CEOHS).
(1999 June). Environmental health and toxicology unit. Birzeit

University.

Chakravarty, P & and S. S. Sidhu. (1987). Effect of glyphosate,
hexazinone and triclopyr on in vitro growth of five species of

ectomycorrhizal fungi. Eur. J. For. Path. 17:204-210.

Chem. davidason.edu. (2010). Chemical Kinetics

http://www.chm.davidson.edu/vce/kinetics/IntegratedRateLaws.html



84

China Research & Intelegence (CRI®). (2009). Research report of chinese

glyphosate industry, china. http://shcri.com/reportdetail.asp?1d=283

China Research & Intelligence (CRI®). (2009 May 4). The Glyphosate yield
capacity will reach 900 thousand tons in 2010.
http://www.prlog.org/10229708-the-glyphosate-yield-capacity-will-reach-
900-thousand-tons-in-2010.html

Chris, Britt; Alison, Mole; Francis, Kirkham and Adrian, Terry assisted by
other ADAS colleagues including Dave Arnold; James Clarke; Rossy,
McLaren; Anna, Gundrey and Simon, McMillan. (2003). The herbicide
handbook: Guidance on the use of herbicides on nature conservation
sites, Based on a report by ADAS under a contract from English Nature
Contract No. EIT 31% April 2003. English Nature in association with
FACT. July 2003. 108 pages.

Cummins, Joe and Ho, Mae-Wan. (2005). Glyphosate toxic & roundup
call for urgent worse, regulatory review of the most widely used
herbicide in the light of new scientific evidence. Institute of science in

society (ISIS) Report 2005 March 7.

Dahlquist, R.LL and Knoll, JJW. (1978). Inductively coupled plasma-
atomic emission spectrometry: Analysis of biological materials and
soils for major trace, and ultra-trace elements. Society for Applied

Spectroscopy .32:1-30. ICP: ARL (Fisons) Model 3560 ICP-AES.



85

De Jong, H and De Jong, L.W. (1999). Influence of pH and solution
composition on the sorption of glyphosate and prochloraze to a sand

loamy soil. Chemosphere .39:753-763

De Jonge H; De Jonge L.W; Jacobsen, O.H; Yamaguchi T and Moldrup P.
(2001). Glyphosate sorption in soils of different pH and phosphorus
content. Soil Science 166:230-238

Della-Cioppa, Guy; Christopher, Bauer .S; Klein, Barbara .K; Shah, Dilip.
M; Fraley, Robert. T and Kishore, Ganesh. M. (1986). Translocation of
the precursor of S-enolpyruvylshikimate-3-phosphate synthase into
chloroplasts of higher plants in vitro. The Proceedings of the National

Academy of Sciences U S A .83(18):6873—-6877.)

Development Studies Programme. (2004). Palestine human development

report. Birzeit University. Development Copyright 2005. 199 pages

Dhir, B and Kumar, R. (2009). Adsorption of heavy metals by Salvinia
Biomass and agricultural residues. International Journal of

Environmental Research. University of Tehran. 4 (3): 427-432

Dhyan , Singh; Chhonkar, P.K and Pandey, R.N. (1999) . Soil, plant &

water analysis - amethod manual. IARI, New Delhi

Environmental Data Services (ENDS) Report. (1991 Feb). No. 193

En.wikipedia.Adsorption. http://en.wikipedia.org/wiki/Adsorption



86

En.wikipedia. Nablus. http://en.wikipedia.org/wiki/Nablus)

Esty, Dinur. (1991 Dec 23). Roundup - is it good for you and your

environment? Article posted on internet conference. gn.en.pesticides

EPA Method No. 3051. (1992). Microwave assisted acid digestion of
sediments, sludges, soils, and oils. In Test Methods of Evaluating Solid
Waste, Physical/Chemical Methods, SW-846, 3rd Edition. U.S.

Environmental Protection Agency

EXTOXNET (Extension Toxicological Network). (April, 1998).
Azinphos: Methyl

Folmar, L.C; Sanders, H .O and Julin, A. M. (1979) .Toxicity of the
herbicide glyphosate and several of its formulations to fish and aquatic

invertebrates. Archives of Environmental Contamination and Toxicology.

8:269-278

Frank, R. Spellman and Nancy, E. whiting. (2004). Environmental

engineer's mathematics handbook, 1st edition. CRC Press .664 pages

Franz, J. E; Mao, M. K and Sikorski, J. A. (1997). Glyphosate: a unique
global herbicide. February 1, 1997.American Chemical Society.
Washington.DC. 189: 678.

Friestad, H.O and Bronstad, J.O. (1985). Improved polarographic
method for determination of glyphosate herbicide in crops, soil, and

water. J. Assoc. Off. Analytical Chemistry. 68(1):76-79



87

Gerritse, R.G; Beltran, J and Hernandez, F. (1996). Adsorption of
atrazine, simazine, and glyphosate in soils of the Gnangara Mound,

Western Australia. Australian Journal of Soil Research 34:599—-607.

Giles, C. H; MacEwan, T. H; Nakhwa, S. N and Smith D. (1960). Studies
in adsorption. Part X1. A system of classification of solution adsorption
isotherms, and its use in diagnosis of adsorption mechanisms and in

measurement of specific surface areas of solids. Journal of Chemistry

Society. 65: 3973-3993

Gimsing, A.L and Borggaard, O.K. (2002). Competitive adsorption and
desorption of glyphosate and phosphate on clay silicates and oxides.

Clay Minerals. 37:509-515

Gimsing, A.L and Borggaard, O.K. (2001). Effect of Background
electrolyte on the competitive adsorption of glyphosate and phosphate

onto goethite. Clays and Clay Minerals 49:70-275



88

Gimsing, A.L; Borggaard, O.K. and Bang, M. (2004). Influence of soil
composition on adsorption of glyphosate and phosphate by contrasting

Danish surface soils. European Journal of Soil Science,55: 183-191

Gimsing, A.L; Szilas, C and Borggaard, O.K. (2007). Sorption of
glyphosate and phosphate by variable-charge tropical soils from
Tanzania. Geoderma 138(1-2):127-132

Glass, R.L. (1987). Adsorption of glyphosate by soils and clay minerals.
Journal of Agricultural and Food Chemistry .35: 497-500.

Gonzalez-Martinez, M.A; Brun, E.M; Puchades, R; Maquieira, A; Ramsey,
K; Rubio, F. (2005). Glyphosate immunosensor, application for water

and soil analysis. Analytical Chemistry. 77:4219-4227.

Goodwin, L; Startin, J.R; Keely, B.J; Goodall, D.M. (2003). Analysis of
glyphosate and glufosinate by capillary electrophoresis—mass

spectrometry utilising a sheathless microelectrospray interface. Journal

of Chromatography A. 1004:107-119.

Grossbard, E and Atkinson, D. (1985). The Herbicide Glyphosate.

London; Boston: Butterworths.490 pages.

Guo, Z.X; Cai, Q; Yang, Z. (2005). Determination of glyphosate and
phosphate in water by ion chromatography—inductively coupled

plasma mass spectrometry detection. Journal of Chromatogry A.

1100:160-167.



&9

Hall, G.J.; Hart, C.A and Jones, C.A. (2000). Plants as sources of cations
antagonistic to glyphosate activity. Pest Management Science. 56:351-

358.

Hance, R. (1976).Adsorption of glyphosate by Soils. Journal of Pesticides
Science. 7: 363-366.

Hartzler, B; Boer, boom. C; Nice, G and Sikkema, P. (20006).

Understanding glyphosate to Increase performance .12pages

Hassoun, R. (Summer 1991). Hazardous pesticide use in occupied

Palestine. SPES Journal. USA.

Heinz, 1. (1995). Economic analysis concerning the drinking water
directive (80/778/EEC)—the parameter for pesticide and related
products. EU-project B4-3040/941000223/MAR/B1. Final Report.

Brussels, Belgium

Health Canada. Environmental and Workplace Health. (1987). Guidelines
for Canadian drinking water quality - supporting documents —

Glyphosate.

Heineke, D; Franklin, S.J. and Raymond, K.N. (1994). Coordination

chemistry of glyphosate. Inorganic Chemistry. 33:2413-2421

Helby, W. A. (1952). Adsorption isotherm studies. Chemical
Engineering. 59,153-158.



90

Hill, H. H. (2001).Competitive sorption between glyphosate and
inorganic Phosphate on clay minerals and low organic matter soils.

Journal of Radioanalytical and Nuclear Chemistry. 249 (2): 385-390

Hogendoorn, E.A; Ossendrijver, F.M; Dijkman, E. and Baumann, R.A.
(1999 Feb 12). Rapid determination of glyphosate in cereal samples by
means of pre-column derivatisation with 9-fluorenylmethyl
chloroformate and coupled-column liquid chromatography with
fluorescence detection Laboratory of Organic—Analytical Chemistry.
Netherlands Journal of Chromatography A. National Institute of Public

Health and the Environment ( RIVM), Bilthoven, 833( 1): 67-73

Hori, Yasushi; Fujisawa, Manami; Shimada, Kenji and Hirose, Yasuo.
(2003). Determination of the herbicide glyphosate and its metabolite in
biological specimens by gas chromatography-mass spectrometry. A
case of poisoning by roundup® herbicide. Preston Publications, Niles,

IL, ETATS-UNIS (1977). Journal of analytical toxicology. 27(3): 162-166

Hornsby, A.G; Wauchope, R.D and Herner, A.E. (1996). Pesticide

Properties in the environment. Springer-Verlag, New York.

Hossner, L.R. (1996). Dissolution for total elemental analysis. In:
Methods of soil analysis, Part 3—chemical methods. Soil Science

Society of America, Madison, WI, USA.

Hsu, C.C& Whang C.W. (2009). Microscale solid phase extraction of
glyphosate and aminomethylphosphonic acid in water and guava fruit

extract using alumina-coated iron oxide nanoparticles followed by



91

capillary electrophoresis and electrochemiluminescence detection.

Journal of Chromatography A. 1216:8575-8580

Hu, J.Y; Chen, C.L and Li, J.Z. (2006). A simple method for the
determination of glyphosate residue in soil by capillary gas
chromatography with nitrogen phosphorus. Journal of Analatycal

Chemistry. 63 (4) :371- 375.

ICCPR. (2006). Article 12.

http://www.poica.org/editor/case_studies/view.php?recordID=946

International Center for Agricultural Research in the Dry Areas ICARD
caravan. (2003). Supporting agricultural development in Palestine. Issue
No.18/19. http://www.icarda.org/Publications/Caravan/Caravan1 8-

19/Article26.htm

International POPs Elimination Project — IPEP. (2006 Feb). Green Peace
Association. Raising awareness, evaluation and, assessment, and

sources of POPs in the, Gaza Strip. Palestinian Territories.6pages.

Jackson, M.L. (1962). Soil chemical analysis. Prentice Hall of India Pvt.
Ltd. New Delhi.

Jackson, M.L. (1958). Soil chemical analysis. Prentice-Hall, Englewood
Cliffs, NJ, USA.

Jaffer Company. (2010). Glyphosate 48 SL.

http://www jaffer.com/BusinessUnits/JAS Agro_ Glyphosate.aspx



92

King, C.A; Purcell, L.C and Vories, E.D. (2001). Plant growth and
nitrogenase activity of glyphosate-tolerant soybean in response to
foliar glyphosate applications. Agronomy Journal. 93:179-186

Kjaer, J; Olsen P; Ullum, M and Grant, R. (2003). Leaching of glyphosate
and AMPA as affected by soil properties and precipitation
distribution. In: DelRe A; Capri E; Padovani L and Trevisan, M. (Eds.).
Pesticide in Air, Plant, Soil and Water System. XII Symposium Pesticide

Chemistry. Piazenza. Italia. 107-114

Khlorenko, M and Wieczorek, P. (2005). Determination of glyphosate
and its metabolite aminomethylphosphonic acid in fruit juices using
supported-liquid membrane preconcentration method with high-
performance liquid chromatography and UV detection after

derivatization with p-toluenesulphonyl chloride. Journal of

Chromatography A. 2005 Nov 4. 1093(2):111-117

Koch-Weser, C. (1994). Securing environmentally sustainable
development in the Arab countries. Workshop organized by the council
of Arab ministers responsible for the environment. Egypt. Cairo. World

Bank. 1994

Kollman, W and Segawa, R. (1995). Interim report of the pesticide
chemistry database. Environmental hazards assessment program.

Department of Pesticide Regulation. California. 45pages.

Krzm, George. (1999 Aug). Chemical pesticides and dirty war: an

introduction to alternatives.



93

Kun, Qian; Tao, Tang; Tianyu, Shi; Fang, Wang; Jiangiang, Li and
Yongsong, Cao. (2009). Residue determination of glyphosate in
environmental water samples with high-performance liquid
chromatography and UV detection after derivatization with 4-chloro-

3,5-dinitrobenzotrifluoride. Analytica Chimica Acta. 635(2):222-226

Leu, Andre. (2007 May 15). Monsanto's toxic herbicide glyphosate: A
review of its health and environmental Effects. Organic Producers
Association of Queensland.

http://www.organicconsumers.org/articles/article 5229.cfm

Lickacz, J and Penny, D. (2010). Soil organic matter. Government of
Alberta Agriculture and Rural Development. Plant Industry Division

Source: Agdex 536-1.

Lei, Zhou; Zhi, Luo; Shumin, Wang; Yang, Hui; Zhide, Hu and Xingguo,
Chen. (2006). In-capillary derivatization and laser-induced
fluorescence detection for the analysis of organophosphorus pesticides
by micellar electrokinetic chromatography. Journal of Chromatography

A. 1149(2): 377-384

Madsen, H.E.L; Christensen, H.H. and Gottlieb-Petersen, C. (1978).
Stability constants of copper (II), zinc, manganese (II), calcium, and
magnesium complexes of N-(phosphonomethyl) Glycine (glyphosate).
Acta Chemica Scandinavica A 32:79-83



94

Mamy, L and Barriuso, E. (2005). Glyphosate adsorption in soils
compared to herbicide replaced with the introduction of glyphosate

resistant crops. Chemosphere 61:844—855

Mapsofworld.com. (2010). Palestine Agriculture.
http://www.mapsofworld.com/palestine/economy-and-

business/agriculture.html

Marc, J; Le Breton, M; Cormier, P; Morales, J; Belle’, R and Mulner-
Lorillo, O. (2005). A glyphosate-based pesticide impinges on

transcription. Toxicology and Applied Pharmacology. 203: 1-8.

March, J. (1992). Advanced organic chemistry: reactions, mechanisms,

and structure. John Wiley and Sons, New York.

Maxim, V. Khrolenko and Piotr, P. Wieczorek. (2005 Nov 4).
Determination of glyphosate and its metabolite aminomethylphosphonic
acid in fruit juices using supported-liquid membrane preconcentration
method with high-performance liquid chromatography and UV
detection after derivatization with p-toluenesulphonyl chloride. Journal

of Chromatography A. 1093(1-2):111-117

McConnell, J. S; Hossner, L. R. (1985). pH dependent adsorption
isotherms of glyphosate. Journal of Agricultural and Food Chemistry. 33:
1075-1078

Mensink, H and Dr. Janssen, P. (1994). Glyphosate. International

programme on chemical safety. Environmental Health Criteria 159. The



95

United Nations Environment Programme. The International Labour

Organisation. The World Health Organization Geneva

Meteorological Palestinian. (2008).

http://www.pmd.ps/ar/Images/climate2008.pdf

Meteorological Palestinian. (2010). http://www.pmd.ps/ar/rainyseason.htm

Miles, C and Moye, H. (1988). Extraction of glyphosate herbicide from
soil and clay minerals and determination of residues in soils. Journal of

Agricultural and Food Chemistry, Washington. 36:486-491

Ministry of Health and National Institute of Health, eds. (1992 Feb).

Information on glyphosate. Use and Toxicology. Bulletin No.1.

Monsato Company. (2003). Backgrounder glyphosate and water quality.
http://www.monsanto.com/products/Documents/glyphosate-background-

materials/gly water bkg.pdf

Monsato Company. (1995 June). Roundup tedinical fact sheet.

Monsanto Company. (1985). Toxicology of glyphosate and roundup
herbicide.

Monsanto UK Ltd. (2007 Sep). Roundup Biactive product guide.

20pages.

Morillo, E; Undabeytia, C; Maqueda, C and Ramos, A. (2000). Glyphosate
adsorption on soils of different characteristics: Influence of copper

addition. Chemosphere .40(1): 103—-107.



96

Motavalli, P.P; Kremer, R. J; Fang, M and Means, N.E. (2004). Impact of
genetically modified crops and their management on Soil microbially
mediated plant nutrient transformations. Journal of Environmental

Quality .3(3):816-24.

Motekaitis, R.J and Martell, A.E. (1985). Metal chelate formation by N-
phosphonomethylglycine and related ligands. Journal of Coordinaton

Chemistry. 14: 139-149.

Mustafa, Sabri. (2005March 18). Israel's toxic waste transferred to the
Palestinian Territories secretly and contamination of humans and

rocks and trees. Al-arabeya, Palestine News Network.

New U.S. EPA Endocrine Disruptor Screening Program. (2007 June). Draft
List of 73 Chemicals, for Initial Tier 1  Screening.

http://www.accustandard.com/asi/np_endocrine disruptors.php3

Nomura, N. S and Hilton, H.-W. (1977). The adsorption and degradation
of glyphosate in five Hawaiian sugarcane Soils. Weed Research. 17:

113-121.

Office of Water, Office of Science and Technology. (2003 June). Six-year
review chemical contaminants. Health effects technical support.
Document Office of Water Office of Science and Technology EPA 822-R-
03-008.



97

Old.1iupac.org. (2010). Chemisorption and physisorption.
http://old.iupac.org/reports/2001/colloid 2001/manual of s and t/nodel6.

html

Olsen, S.R.; Cole, C.V; Watanabe, F.S and Dean, L.A. (1954). Estimation
of available phosphorus in soils by extraction with sodium bicarbonate.

Cire USQep. Agriculture. Q39.

Ozer, A. and Pirincci, H. B. (2006). The adsorption of Cd(II) ions on
sulphuric acid-treated wheat bran. Journal of Hazard. Materials.

137:849-855.

Page, A.L; Miller R.H and Kenny, D.R. (1982). Methods of soil analysis.
Part-I &II. Amer.Soc. Agron. Madison, Wisconsin, USA

Palestinian Central Bureau of Statistics. (2006). Annual Report 2006.
Palestinian Children—Issues and Statistics. Child Statistics Series (No.9).

Ramallah-Palestine

Palestinian Central Bureau of Statistics. (2007). The West Bank summary

(Population and Housing).

Palestinian Wildlife Society. (2005 Des). IBA’s in Palestine.
http://portal.wildlife-

pal.org/php/modules.php?name=News&file=article&sid=3

Patsias J; Papadopoulou A and Papadopoulou-Mourkidou E. (2001 Aug
29). Automated trace level determination of glyphosate and

aminomethyl phosphonic acid in water by on-line anion-exchange



98

solid-phase  extraction followed by cation-exchange liquid
chromatography and post-column derivatization. Pesticides Science
Laboratory, Aristotle University of Thessaloniki  .Journal of

Chromatography A, 932: 83-90.

Pesticide Action Network UK (pan-uk). (1996). Glyphosate fact sheet.
Pesticides News No.33: 28-29.

http://www.pan-uk.org/pestnews/Actives/glyphosa.htm

Pesticide Action Network (PAN). (1999). Glyphosate summery

background. http://www.poptel.org.uk/panap/pest/pe-gly.htm

Piccolo, A; Celano, G and Conte, P. (1996). Adsorption of glyphosate by
humic substances. Journal of Agricultural and Food Chemistry.44: 2442—
2446.

Piccolo, A and Celano, G. (1994). Hydrogen bonding interactions
between the herbicide glyphosate and water-soluble humic substances.

Environmental Toxicology and Chemistry .13:1737—-1741.

Piper, C.S. (1966). Soil and plant analysis. Hans publications, Bombay.

Piriyapittaya, M; Jayanta, S; Mitra, S; Leepipatpiboon, N. (2008). Micro-
scale membrane extraction of glyphosate and aminomethylphosphonic
acid in water followed by high-performance liquid chromatography
and post-column derivatization with fluorescence detector. Journal of

Chromatogry A 1189:483-492.



99

Ramstedt, M; Norgren C; Sheals, J; Bostrom, D; Sjoberg S and Persson, P.
(2004).Thermodynamic and spectroscopic studies of cadmium(II)- N-
(phosphonomethyl)glycine (PMG) complexes. Inorganica Chimica
Acta.357 (4):1185-1192.

Rasul Jan, M; Shah, Jasmin; Muhammad, Mian and Ara, Behisht. (2009
Sep 30). Glyphosate herbicide residue determination in samples of

environmental importance using spectrophotometric method. Journal

of Hazardous Materials. 169(1-30):742-745.

Ravanel, P; Liegeois, M.H; Chevallier, D and Tissut, M. (1999 Dec 19).
Soil thin-layer chromatography and pesticide mobility through soil

microstructures. New technical approach. Journal Chromatography A.

.864(1):145-54.

Registry of Toxic Effects of Chemical Substances (RTECS). (1981-1982).
National Institute for Occupational Safety and Health (NIOSH), US Dept.
of Health and Human Services Ref QV 605 T755. Vol. |, 2, &3.

Roberts Alley, E. (2006). Water quality control handbook, 2edition.

McGraw-Hill Professional. 848 pages.

Rock, khames. (1996 Feb 13). Organic aerosols (Agricultural affairs and

development). Al-Quds newspaper. Palestine.

Rubio, F; Veldhuis, L.J; Clegg S; Fleeker, J.R; Hall, J.C. (2003).

Comparison of a direct ELISA and an HPLC method for glyphosate



100

determinations in water. Journal of Agricultural Food and Chemistry.
51(3): 696-691.

Rueppel, M.L; Brightwell, B.B; Schaefer, J and Marvel, J.T. (1977).
Metabolism and degradation of glyphosate in soil and water. Journal of

Agricultural and Food Chemistry 25:517-528.

Safi, J.M. (2002). Association between chronic exposure to pesticides
and recorded cases of human malignancy in Gaza Governorates (1990—

1999). The Science of the Total Environment. 284(1-3): 75-84.

Safi, J.M; ElNahhal, Y; Soliman, S.A. and ElSebae, A.h. (1991 Sep).
"Mutagenic and carcinogenic pesticides used in the Gaza Strip
agricultural environment." presented in the third workshop of chemistry

and metabolism of modern pesticides. Bilthorn, Netherlands.

Safi, J.M; el-Nahhal, Y.Z ; Soliman, S.A and el-Sebae, A.H. (1993).
Mutagenic and carcinogenic pesticides used in the agricultural

environment of Gaza Strip. The Science of the Total Environment.

Hebron University, West Bank. 132(2-3): 371-380.

Sahasrabuddhey, B; Jain, A and Verma, K.K. (1999). Determination of
ammonia and aliphatic amines in environmental aqueous samples
utilizing pre-column derivatization to their phenylthioureas and high

performance liquid chromatography. Analyst. 124: 1017-1021.



101

Saleh, Azzam; Neiroukh, Faten; Ayyash, Osama and Gasteyer, Stephen.
(1995). Pesticide usage in the West Bank. Applied Research Institute -
Jerusalem (ARIJ). 32pages.

Sancho, J. V; Hernandez F; Lépez, F. J; Hogendoorn, E. A. and Dijkman,
E. (1996 June 14). Rapid determination of glufosinate, glyphosate and
aminomethylphosphonic acid in environmental water samples using
precolumn fluorogenic labeling and coupled-column liquid

chromatography. Journal of Chromatography A. 737(1): 75-83.

Sato, K; Jin, J.Y; Takeuchi, T; Miwa, T; Suenami, K; Takekoshi, Y;
Kanno, S.(2001). Integrated pulsed amperometric detection of
glufosinate, bialaphos and glyphosate at gold electrodes in anion-

exchange chromatography. Journal of Chromatogry A 919:313-320.

Schuette, J. (1998 Nov). Environmental fate of glyphosate.
Environmental Monitoring & Pest Management Department of Pesticide

Regulation .Sacramento, CA 95824-5624. 13pages.

Sheals, J. (2002). Molecular characterisation of glyphosate complexes in
aqueous solution and at the solution—mineral interface, Ph.D. thesis,

Umed University, Sweden. ISBN .91-7305-343-0.

Sheals, J; Persson, P and Hedman, B. (2001). IR and EXAFS
spectroscopic studies of glyphosate protonation and copper (II)
complexes of glyphosate in aqueous solution. Inorganic Chemistry. 40:

4302.



102

Sheals, J; Sjoberg, S and Persson, P. (2002). Adsorptionof glyphosate on
goethite:  molecular caracterization of surface complexes.

Environmental Science & Technology.36: 3090-3095

Shimadzu application News. HPLC analysis of glyphosate in drinking
waterbyHPLC.
http://www.shimadzu.com.br/analitica/aplicacoes/cromatografos/lc_ms/131

3a.pdf

Smyth, W.F; Watkiss, P; Burmicz, J.S and Hanley, H.O. (1975). A
polarographic and spectral study of some C- and N-nitroso

compounds. Analytical Chemistry Acta.78 (1): 81-92.

Sprankle, P; Meggtt, W and Penner, D. (1975). Adsorption, mobility and
microbial degradation of glyphosate in soil. Weed Science. Lawrence.

23:229-234.

Stewart, James T. (1982 March). Post column derivatization
methodology in high performance liquid chromatography (HPLC).
TrAC Trends in Analytical Chemistry. Available online 19 November
2001.1(7):170-174.

Strange-Hansen, R; Holm, P.E; Jacobsen, O.S and Jacobsen, C.S. (2004).
Sorption, mineralization and mobility of N-(phosphonomethyl) glycine

(glyphosate) in five different types of gravel. Pest Manage. Science.
60:570-578.



103

Subbramanian, V and Hoggard, P.E. (1988). Metal complexes of

glyphosate. Journal Agricriculture and Food Chemistry. 36:1326-1329.

Tadeo, J.L; Sanchez-Brunete C; Perez, R.A and Fernandez, M. D. (2000).
Analysis of herbicide residues in cereals, fruits and vegetables. Journal

of Chromatography A. 882:175-191.

Teng, H and Hsieh, C. T. (1998). Influence of surface characteristics on
liquid-phase adsorption of phenol by activated carbons prepared from
bituminous coal. Industrial & Engineering Chemistry Research. 37: 3618-

3624.

The Association for civil Rights in Israel. (2009).Following ACRI
Petitions, Separation Barrier Ordered Rerouted. Decision will return
thousands of dunams of Palestinian agricultural land to the Palestinian side,
removeimpedimentstoaccessUpdate:22/09/2009.

http://www.acri.org.il/eng/story.aspx?1d=688

The Commonwealth of Massachustts Executive Office of Environmental
Affairs, Department of Agricultural Resources, (2005). Glyphosate. 6

pages
http://www.mass.gov/agr/pesticides/rightofway/docs/Glyphosate2005.pdf

The International Covenant on Civil and Political Rights (ICCPR). (2006
Oct 15). Nablus governorate and the nightmare of the Israeli checkpoints.
Articlel2.

http://www.poica.org/editor/case_studies/view.php?recordID=946



104

Tiberg, E (ed); Greve, M.H.; Helweg, A; Yli-Halla, M; Eklo, 0.M; Nyborg,
A.A; Solbakken, E; Oborn, 1. & Stenstrom, J. (1998). Nordic reference
Soils, 1. characterisation and classification of 13 typical nordic soils,
2.sorption of 2,4-D, atrazine and glyphosate. TemaNord 1998:537,

Nordic Council of Ministers, Copenhagen,Denmark. 106pages.

Tsui, M.T.K; Wang, W and Chu, L.M. (2005). Influence of glyphosate
and its formulation (roundup) on the toxicity and bioavailability of

metals to Ceriodaphnia dubia. Environ. Pollut.138:59-68.

Uldis, N .streip and Ronald, E. Yasbin. (1991). Modern microbial

genatics. New York, N.Y.: Wiley-Liss.533pages.
US-EPA R.E.D. (1993 Sep). Facts: Glyphosate.

U.S.D.A., Forest Service. (1984). Pesticide background statements. p.
G1-G72. In Agriculture Handbook No. 633. Vol. 1. Herbicides. Part

2.U.S.D.A., Forest Service. 1981. Herbicide Background Statements.

U.S. Department of Agriculture, Forest Service. (1984). Pesticide
background statements. Volume 1. Herbicides. Picloram. Agriculture

Handbook 633. Washington, DC: U.S. Department of Agriculture. 1-87.

U.S.EPA (Environmental Protection Agency). (1993 Sep). Registration
decision fact sheet for glyphosate (EPA-738-F-93-011) United States.

U.S.EPA (Environmental Protection Agency) Federal Register. (2007 June
18).72(116):33486-33503

http://www.epa.gov/endo/pubs/draft list frn 061807.pdf



105

U.S.EPA (Enviromental Protection Agency). (2010). About Pesticides.

http://www.epa.gov/opp00001/about/

USSL. (1954). Diagnostic and improvement of saline and alkali soils.

USDA Handbook 60.

Venn, Richard. F. (2001 March). Principles and practice of bioanalysis. 1
edition CRC Press. Taylor &Francis Group, Boca Raton, London, New

York .384pages.

Vereecken, H. (2005). Mobility and leaching of glyphosate: a review.

Pest Management Science 61: 1139-1151.

Viessman, W; Hammer, M. (2005). Water supply and pollution control.
7™ edition. Prentice Hall Higher Education. USA .846pages.

Walkely, A.J and Black, I.A. (1934). Estimation of soil organic carbon

by the chromic acid titration method. Soil Science.37:29-38.

Walker, A; Welch, S.J; and Turner, 1.J. (2005) .Studies of time-dependent
sorption processes in soils. In: Walker A.S., 1995 (ed) Pesticides

Movement to Water. BCPC Monograph ,62:13-18

Wang, Y.J; Zhou, D.M and Sun, R.J. (2005). Effects of phosphate on the
adsorption of glyphosate on three different types of Chinese soils.

Journal of Environmental Sciences (China) .17:711-715.



106

Watanabe, S. (2004 Feb). Simultaneous analysis of glyphosate and
glufosinate in vegetables and fruits by GC-FPD. Journal of the Food

Hygienic Society of Japan. Japan .45(1):38-43.

Water matters. (2007.Agu.21).Weeding out the myths: Pesticides in our

water. http://www.water-matters.org/story/112

Weed Science Society of America. (1994). Herbicide handbook, Seventh
Edition. Champaign, IL, 1994.10-59.

WHO. (1994). Glyphosate. IPCS international programme on chernical

safety, Environmental Health Criteria 159. 177 pages.

WHO, UNEP and ILO. (1992-1993). The WHO recommended
classification of pesticides by hazard and guidelines to classification.

International Program on Chemical safety (IPCS).

Wieczorek, P; Jo'nsson, J.A and Mathiasson, L. (1997). Concentration of
amino acids using supported liquid membranes with di-2-ethylhexyl

phosphoric acid as a carrier. Analytica Chimica Acta. 346(2):191-197.

Zhu, Y; Zhang, F.F; Tong, C.L; Liu, W.P. (1999). Determination of
glyphosate by ion chromatography. Journal of Chromatography A.
850:297-301.



A g il daals
Llad elod al A

At i) A 30 b A el il giDa RS A
O'QS..O %‘A

3as)

e Cpun el lia

539 Baaud ..

das o gua A

A0S plassl) A pialal) Ay o cilulbiial Ylagind 4a g kY oda cuand
Caadd ¢ alils 8 Atk gl) ladl) daaly (A Lilad) il

2011



Adlide 580 i Atdacaldl) 4 1) & A yal) il sdDlad) AS ja A o
e
Aae Cpa aa) lia
il )
dan P ge Al Baga Basdd .2
uadlal)
L B oale JSE lapd) S5 e Al Al BTG Gas SLaay)
e il S (s sial) 93 Blaliall b dals 4 sal sl s ) Lellinl dplSal
o Ak deind Lo Wle A 5 Glapall e by L0 5 olpal)l Sl dais mhad)
Gl pall 22 g Adliadl) sl 5 A Sua e AP Glaladll Gulat (550 5 msaa

A DA 2D

Jii 5 A n Al aedl Aglae (B 45 8 Al sSlal A8 a0 Ay Jea S e S
ool sl A Aol Gaags 5 LS Al a4l Aalad) el el apd) el
Jare i g 4ie Adline 380 5 Ll 5 ¢ Al al cad ol ol Selall daliaay)

CA gl dsee B A s e Slal A a e saeeY) ) el dil)

Pl o ) Al Ciad 5 Gl ALl daala 8 e LasSD and 3 Ala) Al cu

Cian Ll e g 5 ol Slal (aliaed) dlee Al 0t JSY) 25l e
Slo ol ma Gl b s dis G oosu )l lail de ) 3e ) 0
Al sSilal) Jslae (e Je 200 pe & 55 2225 7 & Ll A ale Sl o Gl
3 5 dels 7270 e Ay <l @lly 5 ilaaleS0 —0 e A aie O3S 5y
Dl 5 e Kl (e dmenddl Ll sl w8 ) 35S w8 el

il L



qz_;i_uﬂ\zwig Al Salall a5 g9 ) A ja 3 Al pall e B 3l 8 @
Baa g aoiall &5 2 L Ayl Baga gell cled 8 e palds 5 A A Jue dglee
AAD e dsec 5 saee N Jala e OoST Cua oddl) & JEY) A

sand) Jand pum g A0 JSG e i 5 ga i 5 (PVC)

b o Jslaall Gl & e aul5 ks anl00 Jsbay Ll saeel Lip
Slo sl Jad an gy o) il S diid 5 5] el ALl dglee s @l 2y & Sl

e e sSlal (DI el dayy L as IS i) ol 8

D85 adaliall o3 38l w30 dlowy alalia Y A osee auki &5 A el
Lo dpubid) (5l alasiuly Gaedl e sSilall S5 5 skl o siaall L
i) Al )l 5 Aplan) el o) jal 5 el gan 5 Lgle Juania) bl sl

t Y Lo Jeanial i) Gandli (Ko
roabaay) i jlad e

A clalasy) il o ekl

Al ddladl salall 35S 53aL ) ae o) Y die Al Slall S 5 A33L) O

delu 24 oy galbaad) ke A o) FY) Ss0a O

& el O sl Sl paliae) caliadl 38 5 sal) ae deaeal a8 3355 O
dlad) 3ol (e oY) 3 5l

Al sSlall abacd ge uedll 8 Adadll je 5 il Galu b Al Caal O
J g il Jelee ) dwpatdll UL pe e 5 cV ) 238 el
(5815 %95

5 Al gl (DAY lap Galiny juabiall sda pabas of il o ekl

A 8 3aa) el alal)

JEN) kel e



A Lla) il Ciaa
chall (e el 585 Bz ot s e Al Al Ak & alusSlal S5O
Lols ial Bandl sl o S0 iy D 2y 5 20mall Gaadl V(oY) 3S50)

(100-60) Y Gaall 8wl Solall Gilaal Fusad e (5 sinal) 2 ganl) 3 8
Al lall Lyl ) dabud Ul clidad 8 aleSlall bl 58580 w0
A 2alsm (A Gy small S sall e Al psSE5 QlA (B Bas) sial) ol

liee V) hlil b aie & 1 mlas

ol Bl ae £ LAY oy ) 3 o Silal 3S 5 o il @ pld O

e G LYY Al saeel & b Slal) AS el | g aas Agllall A
canal e ddlisd) 580 54 Cliea D cand il Silal)
Jsall oda JEm ldY amll agdll b Gl Glasy) e Glanadl oda 5y shal |k
gl praal Cun Sine halaal) o3 (g3l dagaall okl A re G so% L5
Leatl 5 A8 3 gl jobiae 53S0k el jeaedl 85 jphd Gy A Claal
Al g e Al Jalainl) s dale e Gk Lty o AL 5 Adall cilal) aass
I skl sadl o Ll Ll B el sda oS5 ) o Les s 50 L
Ll G A dadaid) 48 ) oLl
b Silall paliaas) dlee (e LWL 22N 5 Al Clul )2 sa g e Y
Eigli e 2all A DU o) ) 5 cllallalgay) 380 8 salin) 5 il aladiad e A

Al el





