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ABSTRACT

This work focuses on the fate of pesticide ressduainly; pentachlorophenol, lambda
cyhalothrin, chlorothalonil and chlorpyrifos in @mgc container farming in soil and crop
surfaces. Adsorption of pesticide residues, phetgr-aldation of pesticide residues by light,

pesticide levels in various crops and methods mbral have been discussed.

Food insecurity in the world has led to improvetaifarming methods to modern and
more sustainable methods which require less rajifdiald and agricultural inputs. These
methods translate to high yields and shorter timngrép maturity. Organic container gardening
methods is practical in areas where land is scémcexample in slums and therefore has been
adopted by some slum dwellers. Most farmers, wheotjze this type of farming, grow
vegetables, maize, beans arappiergrass in sacks, plastic bags, flower vases argtipla
containers. Questionnaire administered to farnmrsaled that 70% have prior knowledge of
organic farming. Most of them said they did not wiseir produce before use or selling. 78% of
the interviewed people do not know where the predbey eat/use come from. Some farmers

admitted to applying pesticides in their farms.

The adsorption phenomenon of chlorpyrifos by Ieamh particles where the crops were

grown in an agueous solution was studied usingearteich isotherm model which assumes the
adsorption/ desorption relatior "X+S®SX, K=[SXJ/[ X]"[S] andNX] ags=In (NK’) +
nin[x] e + [SXn] w, WhereiS the chemical species of interest; S is the sulestria the

adsorption/desorption equilibrium constant; ispheticle-pesticide complex. The apparent
adsorption equilibrium constant;§lis concentration of in adsorbed state in watgpsnsion.

[le is the concentration of in solution at equililniand [}, is the pesticide adsorption site
complex in the suspension at equilibrium. The anhofichlorpyrifos adsorbed was determined
against variation of mass of sediment, concentnagfachlorpyrifos and contact time using UV-
Visible spectrophotometer at 254nm. 89-99.1% obighjrifos molecules were adsorbed
regardless contact time with the process equiligafter 30 minutes. The data obtained in this
study best fitted the quasi Langmuir adsorptiothisom with regression values of up to 0.992.
The calculated values of the apparent K, n&@Bdvere found to be 118.665, 0.244 and -

11.7946kj/mol. The negative value &G confirmed the fact that adsorption reaction ogcur
iv|Page



spontaneously. Moreover, adsorption of chlorpyrdoso suspended/dissolved sediment

particles decreased with increase in mass of thstsaie and variation of concentration.

Photo degradation of pentachlorophenol, lambdaloghrin, chlorothalonil and
chlorpyrifos by sunlight, 40w, 60w, 75w and 100ghli bulbs on the surface of spinach and
tomatoes was also studied. The results obtainedatad that up to 84% pentachlorophenol,

71% chlorpyrifos, 72% lambda cyhalothrin and 85%uaithalonil degraded on the surface of
spinach on exposure to 100w bulb for 60 minutestdbegradation of these residues was found

to be dependent on temperature, time of expodgtdg,ihtensity and surface of exposure.

Analysis of pentachlorophenol, lambda cyhalotheiprothalonil and chlorpyrifos on
tomatoes, potatoes and spinach from organic catgerden was also studied. Extraction was
done using AOAC 2007.01 method without cleanup.stép samples were analyzed using
reversed phase high pressure liquid chromatografie/results indicated presence of
significant levels of chlorothalonil, pentachlor@piol and chlorpyrifos in spinach and high
levels of PCP in both tomatoes and potatoes. Peotaphenol (PCP) levels exceeded CODEX
limits by 26.47, 89.13 and 44.44 % in spinach, tmas and potatoes, respectively, while
chlorothalonil and chlorpyrifos in spinach exceed#dL levels by 20.00 and 28.57 %,

respectively.

Spinach and tomatoes were washed with; 0.9% NaCh NaHCQ, 0.001% KMnQ,
tap water and 0.1% acetic acid before extracti@haralyzed with the UV-Vis
spectrophotometer. For the washing solution treats®.001 % KMn@washing solution was
found to be most effective in reducing the peséagielsidues which was most probably due to the
high degree in the pesticide degradation.
Key words: Pesticide Residue, Organic Containardéning Vegetables, Quechers,

Adsorption, Photo-Degradation.
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CHAPTER ONE
1.0 INTRODUCTION
1.1 Food security in Kenya

The world’s population is expected to grow from Bilion people currently to 9.15 billion by 2050
(WHO, 2014). In order to guarantee that everyont@enworld can be fed by the year 2050, agricultura
production needs to increase by 70% (GTZ, 2010ddrction of enough food for the growing
population in Kenya is a great challenge. Unprediiet weather patterns, poor planning and slow
adoption of modern farming methods negatively iafice food security. Data from the International
Food Policy Research Institute (IFPRI,) shows tbatl security has worsened in the last two decades.
Food security is a situation in which all peoplealatimes, have physical, social and economieasc

to sufficient, safe and nutritious food which metbisir dietary needs and food preferences for &imeac
and healthy life (Kenya Food Security Steering @rd008). In the recent years, and especiallyistart
from 2008, the country has been facing severe fiogeCurity problems. These are depicted by a high
proportion of the population having no access talfm the right amounts and quality. Official
estimates indicate over 10 million people are fomgcure with majority of them living on food rdlie
Households are also incurring huge food bills duthé high food prices. Maize being staple food due
to the food preferences is in short supply and mosseholds have limited choices of other foodfstuf
The current food insecurity problems in Kenya atetaited to several factors (Ministry of agricuky
2013)

Poor food distribution mechanisms:There exist in efficient mechanisms to distribiated after
harvesting to low production regions and urbanesrat competitive and affordable prices. The
prevailing food shortages in such regions increkeseand for food, pushing the prices high. In the
circumstance, we have witnessed scenarios whedehfa® been rotting in farms in high production
regions in the north and central Rift Valley, whileople in low food production regions of North

Eastern, Coast and part of Eastern provinces goesex to famine.

Unstructured markets: Lack of organized market systems for major foochcadities has led to long

and inefficient value chains, affecting the avallabof food at affordable prices.
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Low investment in irrigation: Over-reliance on rain-fed agriculture in the coyas led to food
shortages whenever we experience poor weathertaomslilrrigation has been adopted mainly for rice,
horticultural crops and, only lately, maize undex Economic Stimulus Programme in Bura Irrigation

Scheme in North Eastern Province.

Over-dependence on a limited number of staple food#lany Kenyan communities grow and utilize
staple foods like maize, beans, rice and wheatlaid corresponding products. This has culminated i

a high demand for these commodities, and at the sane portends hunger if any of them is in short

supply.

Low mechanization in food production: Most farmers in Kenya are small-scale operatonking
holdings of less than 2.5 acres. This is due teegsing population pressure as well as expanding
urbanization, both of which require more land fettlement, thus reducing the amount of availalie.la

Mechanization is minimal in these circumstancedciwvhactively contributes to low productivity.

Poor post-harvest managementtt is estimated that over 40% of the food produisddst across the
value chain of food/agricultural commodities be@akpoor post-harvest management. Poor storage
facilities as well as inadequate value additionigapent and skills create a shortage in the matkag

contributing to rising food prices.

The impact of food insecurity in some regions imi& is depicted in figure 1. The government has set
policies to curb food insecurity disasters. Thages$ include Supply related policies, price related

policies, and Income related policies.

Food and nutrition security expected to improvetigh March 2013
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Figure 1.1: Food security outcomes, October 208@ufce: Kenya agricultural research institiite
1.2  Vegetables in Kenya

Vegetables are part of daily diets in many housishiri Kenya and a major source of vitamins,
fibers and minerals essential for human growtha@eklopment. Vegetables are made up of cellulose,
hemi-cellulose and pectin which give them theittes and firmness (Sobuka and Dairo, 2000).
Consumption of good quality vegetables is imporfanbetter health. More often than not most
consumers consider undamaged, dark green andavgdeas characteristics of good quality leafy
vegetables. However, external morphology of vedetatboes not guarantee un-contamination. In
Kenya the most commonly consumed vegetables inchudeimawikispinach, cabbages, onions,
pigweeds and tomatoes. Fruit, cereals and vegstablgamination mainly results from pesticide

residues sprayed during plant growth or from iti@ausing waste water and heavy metals from the
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industrial and domestic wastewater and from sewghgige applied as manure in vegetables gardens
(Cited from Daily Nation DN2, November 7, 2012).ttWsmall pieces of land in the slums and cities,
slums and cities dwellers have resulted to orgemintainer gardening to ensure vegetables is part of
their diet. Hence the importance of the currentdgtaimed at determining the extent of pollution of

vegetables especially the mode of contact (adsorfolesorption).
1.3 Organic container gardening

Organic gardening emphasizes soil improvement tiirdhe regular addition of organic matter,
and biological and genetic diversity to managecahaed disease problems. A growing numbers of
Kenyans are interested in buying and growing oxgproduce to reduce exposure to chemical
pesticides. For most gardeners, “organic” meansheonical fertilizers or pesticides. Fortunatelg it
possible to grow container vegetables organicMini-gardening is practical for those who do novéa
sufficient yard space for a huge garden. Even parBeing in apartments and condominiums can grow
at least a few vegetables by planting a mini garden

1.3.1 Crops

The basic rule for deciding which crops to planbigrow what you like to eat and what your
growing conditions allow. In most cases, farmemsitcol of the soil, and therefore light is the most
limiting factor. Most vegetables require a minimofrsix hours of direct sunlight a day. Leafy
vegetables (lettuce, spinach, chard and various gfteens) can tolerate more shade than root crops
(beets, carrots, potatoes). Fruiting crops (tongtpepper) cannot thrive at all in a shady spas. It
important to grow varieties adapted to cool, cloaliipate, especially of such heat-loving crops as

tomatoes and pepper.
1.3.2 Containers

Any container used for growing plants must havesalear the bottom to allow excess water to
drain out. Holes should be made on the sides dbawmers right near the bottom, but not on the ltto
itself. They should be at least 1/4 inch in diamdfehe basic need for drainage is met, any doeta
that will hold solil is suitable for growing plantSome commonly available cheap or free containers
include: plastic or metal buckets that restaurgetsvegetable oils or other foodstuffs in, plastitk

containers with the tops cut off, old leaky pdiashel baskets or fruit boxes lined with plastitiédd
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soil, plastic garbage cans, or nursery pots os.fleérra cotta clay pots are another widely avhalab
container. When clay pots, are used, watering iedequently, because they dry out much more
quickly than plastic containers. Heavy plastic bafygaried capacity can be used, too. In Britain,
tomatoes are commonly grown in soil-filled plastagys. Generally, large plants require wider and
deeper growing spaces than small plants. Largeaowrs make more efficient use of space and sarve a
a heat reservoir to protect plants from freezingimter or baking on warm summer days. But, smaller
containers are easier to move and may be betterdon-season crops that you want to start inside or
move to protected areas occasionally. Shallow aosts, 8 to 10 inches deep, are fine for most
vegetables, but they dry out faster than deepes.@wme crops, such as tomatoes, peppers, canwts a

other long-root crops require deeper containers.

Figure 1.2: Pictures of organic container gardert teea house.

1.3.3 Insects, Diseases, and Weeds

Container-grown plants are susceptible to the saseet and disease problems as any other
crops. Weeds can take over potted plants, robbmgsoof needed nutrients and sunlight. Fortunately,
weeds are easier to control in containers thap@an@arden spaces. Pulling young weeds or shallow

cultivation are the best controls. Herbicides areappropriate.
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1.3.4 Watering

Over-watering and under-watering are the most compnoblems. The water in the container is
the only water the plants can get. They cannot Hegidroots deeper to find water. Large plantetak
lot on warm days, and they must be watered oftesteY\loes not drain in a container as easily as it
may in a garden. A good light potting mix is esg@rior soil drainage. The best guide to whethenair

a container planting needs watering is to stickigefr 2 or 3 inches into the soil and see if ini@ist.
1.3.5 Fertilizer

Soilless mixes are very low in nutrients, so fertits are added. Initially, to each 16 gallons or

2.5cubic feet of mix, the following are added:

1 cup dolomite lime and

1 cup 5-10-10 fertilizer

In place of the 5-10-10, a "complete" organic fzér can be made from:
1 cup cottonseed meal or 2/3 cup blood meal and

2 cups bone meal and 1 cup kelp meal

Organic fertilizers are released slowly and wilt be available to your crop as quickly as

synthetic ones. This has advantage of less buthaglants from over-applications.
1.3.6 Advantages of organic container gardening

» It's perfect for all kinds of people; people withysical limitations, college students, renters,
novice gardeners, and any gardener wanting toank, l@ownsize, and save time. Watering and
harvesting of 10 containers can be done in 10 ragiut

* There is no digging or tilling. Gardening can baedn the rain without getting muddy!

» Container gardening is virtually weed-free.

* It's inexpensive to get started. Few tools are rded

» Helps to overcome some common gardener compldiatkyards that are too shady for
tomatoes, compacted, poor quality soils and soistaminated with lead, persistent soil-borne
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disease like Fusarium wilt of tomato.

» Temporary or permanent containers (including balcdeck, stoop, concrete pad, or any part of
your yard which means they can be moved anywhere.

» Containers can be located in a convenient plaeeéhe tomatoes in full sun and the lettuce in
partial shade.)

» Better control over growing conditions (water, sgit, nutrients) can lead to higher yields with
less work than a conventional garden (10 sq. ft.praduce 50 Ibs. of fresh organic produce).

» Container gardens are easier to protect plants Weather extremes, insect pests and bigger
critters.

» Vertical growth saves space and allows use of iextesalls; window boxes can be fitted to any
location.

1.4 Pesticide Residues

Pesticide and/or pesticide residues are defineshasubstance or mixture of substances intended
for preventing, destroying, repelling or mitigatiagy pest, including vector of human and animal
diseases, unwanted species of plant or animalsngalnarm or interfering with production, processing
storage, transport and even marketing of foodcafjural produce, animal feedstuffs or substances.
Pesticide may be administered to animals or crog®mtrol insects, pathogens or diseases. The term
pesticides includes substances intended for uggdat growth, plant regulator, defoliant or agkmt
thinning fruits or preventing premature fall of iflsiand substances applied to crops either befoaéter
harvest to prevent produce from deterioration dyharvest or storage (Food & Agricultural
Organization of United Nations 2002). There areesahforms a pesticide may adopt e.g. biological,

chemical substances, antimicrobial and disinfestant

Agricultural production has been accompanied bytinanus agrochemical applications. The use of
pesticides is normally associated with environmlesgatamination and human health problems in the
world, currently more than 1900 pesticide activgr@tients are commercially available products and
are registered for agricultural use to maximizedfpooduction for the growing population
(Winteringham, 2007). Pesticides are essentialodem agricultural practices but due to their kdeci
activity and potential risks to consumers, presearigeesticide residues in food is a growing sourfice

concern for general population and environment.ofding to Miller (2004), 98% of sprayed pesticides
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and 95% of herbicides reach a different destindtiom the target species including air, water amt s
Pesticides and heavy metals are among the majmoamental pollutants and contribute to high soils
contaminations. Pesticides uses biodiversity, regluitrogen fixation, contributes to pollinator hiee,
destroy habitats and threatens endangered sp8oee pests form resistance to pesticides which
translate to more pesticides use or use of nevicptest (table 1). This causes ambient pollution
problem (Rockets, 2007; Wells, 2007; Haefeker, 2@@&Wfssloff, 2001; Palmer et al.2007;
Winteringham, 1971).

Pesticides are very dangerous to consumers, woakerslose bystanders during manufacture,
transport, during or after use (U.S. EnvironmePRt@tection Agency, 2007). Uncertainty exists
regarding the long-term effects of low dose pedéi@xposures. The WHO and UNEP estimate that
each year, 3 million workers in agriculture in tteveloping countries experience severe poisonmg fr
pesticides with 18,000 of these dying (Winteringha®8i71). Annually 25 million workers suffer mild
pesticides poisoning (Food Additives and Contantsa2010). There have been many studies of

farmers intended to determine health effects otipational pesticide exposure.

Human beings are always exposed to pesticidesifotid they eat, water they use and the air they
breathe. There are three main channels for pesticidour body; dermal, respiratory and oral. This
means contacts with concentrated products durixghpr use posses a great risk. The level of
absorption of these contaminants depend on forioaland body part exposed. Human health risks
may be caused by short term or long term exposabée(l.0).

The pesticides need to undergo extensive efficawyironmental, and toxicological testing to be
registered by governments for legal use in spetdigplications. The applied chemicals and/or their
degradation products may remain as residues iagheultural products, which becomes a concern for
human exposure. Therefore, maximum residue led# 6) (or “tolerances” in the U.S.), which limit
the types and amounts of residues that can bdyggakent on foods, are set by regulatory bodies
worldwide. In Europe, EU Council Directive 91/41&E describes the regulatory framework by which
MRLs are set. If the farmers apply the pesticideperly on crops for which the pesticides have been
registered, and appropriate harvest intervals imengthen it is very unlikely that regulatory litmiwill

be exceeded. Unfortunately, not all farmers foll@eommended legal practices, and due to the
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tremendous number of pesticides and crops in ptaaychere is a need for routine multi-residue

pesticide monitoring using methods with wide anedjtscope (Fernandez-Alba, 2008).

Table 1.0: Selected pesticides residues

Brand Name Chemical name |Structural |crops Pests controlled Mode of
formula action
Dursban Chlorpyrifos f , Cabbages |Lepidopteron larvae, Contact
o i |
b rass hoppers, arm
o0 Onions 9 PP Y
CI worms, cut worms,
Tomatoes |bollworms, Cutworms Stomach
aphids and termites,
beans,
Flowers, Ants, Leaf worm,
Vapor
ornamentals bollworms, .
action
Aphids
Daconil chlorothalonil i Army worms, cut Eye
“ “ worms, bollworms, | contact,
LW Cutworms, aphids, |inhalation,
termites, ingestion
and skin
Ants, Leaf worm and
contact
bollworms
Karate Lambda cyathrin @ Vegetables,|Aphid ,Cabbage stem Contact,
Q
R ¢ =) |maize, flea beetle ,Pollen stomach
jg}_{’ \ |cotton beetles ,Rape stem |action, and
(0] N
weevil ,Seed weevil
Termite bud weevil ,
Imported cabbage  repellent
properties
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looper Diamondback
moth, Cabbage
armyworm, Beet sem
looper, Tomato
pinworm and Green

peach aphid .

Sweet potato whitefly
Spider mites, aphids,

American bollworm,

Leaf miner
Pentachlorophen(pentachloropheng OH Vegetables |Ants, weevils and Contact,
cl cl
aphids stomach
cl cl

Cl

15 Photo-physical and Photochemical Processes @&gticide residues
1.5.1 Photo-physical Processes

Sunlight photolysis is highly dependent on UV apsion profiles of the pesticide, the
surrounding medium, and the emission spectrummfgu. The energy to break chemical bonds in
pesticide molecules usually ranges from 70 to 120 fol*, corresponding to light at wavelengths of
250-400 nm (Watkins 1974), spectral irradianceuotight detected near the ground becomes important
in determining the photo-degradation profiles aftpede. By passing through the atmosphere, sunligh
intensity significantly decreases to about 10%hmtroposphere, and no light is transmitted at
wavelengths from <290 to 295 nm, mainly due to gtitgan by ozone (Zepp and Cline 1977; Parlar
1990). As a result, sunlight near the ground exfidimaximum at around 440-460 nm, and its intgnsit
at the UV region responsible for photo-degradatibpesticide becomes approximately 5%—-6% of the
total intensity. There are many photo-physical patys of sunlight absorption (Turro 1978; Roof 1982;
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Parlar 1990). When a photon is subjected to agédstmolecule, molecular excitation occurs via
interaction between the electric field of a pedggcmolecule and that of light at a time scale oftte
seconds without a change of molecular geometrynfkeeCondon principle). Each photon can activate
only one molecule in the ground statg)(8ith a certain probability to the excited singt¢dte (Stark—
Einstein rule), and usually the lowest excitedes(&) is involved in further photo processes. Generally
pesticide molecules exhibiting a UV-VIS absorptspectrum at >290 nm have a substituted aromatic
moiety, sometimes being conjugated with the lone-glactrons or the unsaturated bonds such as
carbonyl or carbamoyl group, and hemce>n* or n —x* transition takes place upon irradiation.

There are three possible photo-physical pathways the $ state: non radiative internal
conversion, emission of fluorescence, and intetesy<rossing to the excited triplet statg)(The first
pathway means the relaxation from higher vibrati¢enels (1012 séd) in the S state followed by
decay to a lower electronic state with the sameipligity (106—1012 sed). The second one is a
radiative deactivation process. The fluoresceneetspm is usually close to a mirror image of that o
absorption due to the Franck—Condon principle hiftexd to the red. The lifetime of fluorescence is
very short (nanoseconds to microseconds) due ttydhsition between states with the same multiglici
The last pathway is a spin-forbidden process+ST;), followed by slow radiation less deactivation or
emission of phosphorescence. Thed S process is also spin-forbidden, and hence thigntigzof

phosphorescence usually becomes an order of rimis to 102 sec.

The foregoing consideration can also be appligeeiicide molecules in the solid phase, but
adsorption onto these media is most likely to affee photo-physical processes. Molecular motion
would be highly restricted, and interactions wkiege heterogeneous surfaces result in modificafion
their electronic states. In this case, the reflemaspectrum of a pesticide gives more useful métion
than an absorption spectrum, and this is deschlyetie relationship of Schuster and Kubelka-Munk

(Parlar 1984) instead of the Beer—Lambert law:

F(Ro) = (1 = Ro)2/2Rs = KIS oot eee e ee e, 1.1
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The diffuse reflectance, F{R represents the radiation penetrating into thedsv and resembles the
usual transmission spectrum, R the ratio of reflectance of a sample to thaa standard and thus the
relative diffuse reflectance of an infinitely thitkyer compared to a non-absorbing standard such as
magnesium oxide; K and S are the absorption arttesicay coefficients, respectively. Adsorption can
produce unequal displacement of the ground- antlegkstate potential curves, which would resul&in
different vibronic band shape. Thus, spectral ckariy adsorption are characterized by a speciifgl sh
changes of extinction coefficient, broadening ddaption bands, and appearance of new bands
(Wendlandt and Hecht 1966; Nicholls and Leermalk6i&l; Parlar 1984) are based on the literature
survey. Both bathochromic (red) and hypsochromiegpshifts on adsorption have been reported,
which are considered to depend on the type ofegtrenic transition. It is known that a blue shift
almost always occurs with—nz* transition and often a red shift with—=* transitions (Nicholls and
Leermakers 1971). In the case of the former tremmsit the change of a non-polar environment torpola
causes more stabilization of the ground state yilrdgen-bonding and dipole—dipole interactions than
the excited state, resulting in a blue shift. Fesn* transitions, the excited state is more stabilibgd
polarization in the polar environment, resultingained shift. The alteration of emission spectrym b
adsorption is likely, but the corresponding infotima is limited. Villemure et al. (1986) have repeat
the significant increase of fluorescence intensftgaraquat when adsorbed onto clays. Fluorescence
with an emission maximum of 345 nm was very wea&gneous solution, but adsorption resulted in the
increase of its intensity with a blue shift by 20.nThe increase of intensity is most likely to steom

an inhibition of radiationless quenching by couateon Cl- by intercalation of molecules into the

interlayer of clays.

1.5.2 Photochemical Processes

Unless the energy of an excited-state moleculesisds heat or emission of light, it causes
various types of chemical reactions in the exantedecule. There are two types of photochemical
reactions, well known as “direct” and “indirect” @olysis (Roof 1982; Miller and Zepp 1983). Direct
photolysis means the photo-reaction proceeds byrbing light energy, whereas indirect photolysis is
defined as reaction of a ground-state molecule thighother excited molecule or photo-chemically
produced reactive species. The former indirectgisis is called photo-sensitization or quenchang

12|Page



the latter is a photo-induced reaction with a rigaabxygen species. The average rate of direct
photolysis in a well-mixed system can be estimaedsing the GCSOLAR program based on spectral
irradiance of sunlight, absorption profiles, an@uum yield of pesticide (Leifer 1988). In contrast

when pesticide molecules exist as deposits orasdilplant surfaces, the heterogeneous micro-
environment makes such estimation difficult. Foaraple, many researchers have reported the quantum
yield for pesticides in solution photolysis, bu¢ tinformation is very limited on solid-phase phggsid
(Krieger et al. 2000; Samsonov and Pokrovskii 2001)he case of soil photolysis, Balmer et al.0@0
introduced a model function of light attenuatiorsoil with diffusion of a pesticide molecule to test

describe the dissipation profiles.

1.6 Pesticides in Kenya

Ochora et al., 2009-2010 found out that in Kemgsticides are used extensively on large farms
and by parastatal organizations, which are largehcerned with export crops. The use of extremely
and highly hazardous insecticides was observedépand bassein,.2003). 67% of those surveyed

attested to frequent change in pesticides to conglsattant strains affecting farm produce.

Among the most commonly used pesticides were Me&xo90sp and Diazol 60ec. Insecticides
were frequently used followed by herbicides andjfaidles based on the crop grown and area. Farmers
relied mainly on commercial sources for informatadout pesticides and on suppliers whose main aim
is to maximize profit. This resulted in misuse espcide residues; inadequate personal protection
equipment and consequently poor personal hygieme wadequate. The major concern of the
pesticides users is lack of gloves, nose mask prahavhich were practiced by more than half of
farmers. This has been reported to be a sourcendminations through skin absorption and inhatatio
(Berg 2001, Mathews et al., 2003, Burleigh etE98 and Yildirim, 2007).

In developing countries, adequate protective ahgtiis neglected for reasons of discomfort
and/or high cost. There are no regulations requifénmers working with pesticides to observe specif
precautions (Wilson and Tisdell 2001). Proper jpedi waste disposal is very important in contrglin
environmental contamination. Accidental and unaaled discharge of residues in the environment has
been reported to be harmful (Damalasb et al., 268B¢cially careless container disposal. These

containers may retain unacceptable quantitiessifiues if not rinsed properly (Miles et al., 1988).
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other countries like Germany, USA, France, Swetlere are policies on where to take these continer
for reuse or proper disposal but in Kenya the doeta are sold to dealers whose intention on coetai

recycles is unknown.

There is need for a comprehensive interventiachtinge farmers' pesticide use pattern. Both
short-term and long-term measures on appropriaeigesticides should be implemented. Limiting

access to hazardous pesticides, government anéraoullaboration on usage is needed.

Knowledge alone doesn't translate to practice (Muand Tayler, 2002). A broad variety of
factors play a role in shaping farmers actual pelts usage since they act rationally within thetext

of their resources and socioeconomic objectivesa(Biod Pingali, 1993).
1.7  STATEMENT OF THE PROBLEM

Pesticides are essential in agriculture, bothviestiock and crop production. They are widely
employed to prevent and cure crop diseases asaw@kst control. This has led to increased food

production as well as improved livelihood in agtiatal countries in the world.

Although they have many beneficial factors, poat arcess pesticide use is hazardous to life
due to environmental, soil and surface water coimtanon as well as food intoxication. Over the year
pesticide residues has been reported in food eéngsding vegetables, cereals and animal products.
Bio-accumulation of these harmful residues haddatkrvous problems, paralysis, reduced IQ and
sudden death resulting from inhalation or ingesti@urological and gastrointestinal problems, alt we
as problems in the endocrine and hormonal systawes been linked to pesticides (Maluniu, Gniob,

Joseluisu, Krystle et al, 2013). The risk is mamr@npunced in young children.

Despite the numerous risks our people are expasetiite using pesticides in their farms, pesticides
application cannot be abolished as crops need podzkiced. Organic farming seems to be the solution
to pesticide residues contamination in farm prodicee crop pest and diseases and weed control is
based on biological methods as well as non-resithesthods though it's very expensive and may not be
practical. Many city dwellers have resolved to migaontainer gardening to sustain their family tlue
limited land resources. They spray pesticides éar trops to ensure market quality and increased
produce. Without knowing how much of these harmpsticide residues are left in the food, they offer

the produce to the market to another group whosaaoewhere and how the crop has been grown. Over
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76% Kenyans do not wash these produce and useasteitained thereby posing great health
risk.(Cited from Daily nation-Zuka November 7, 20&2rms in a bowl (Nairobi ‘s deadbpkumawiKi
To be able to evaluate the effects of these comi@mts, there is need to evaluate their levels of
pentachlorophenol, chloropyrifos, chlorothalonildambda cyhalothrin in various staple crops grown
by organic container gardening, their photo-degiadand adsorption in organic container garden as

well as their mode of removal before consumption.
1.8 OBJECTIVES
1.8.1 Overall Objective

To determine the level of pesticide residues ircdjgecrops grown by organic container gardening
method, assess adsorption and photo-degradatiels lefresidues and assess possible methods of

pesticide removal
1.8.2 Specific Objectives

1. To determine the level of pesticide residues imagh, tomatoes and potatoes grown using

organic container gardening and comparing them thibise allowable by WHO and NEMA.

2. To study adsorption phenomenon of chlorpyrifosgdiad to organic container gardening soils
and determine apparent thermodynamic propeffissumption: adsorption of chlorothalonil,

lambda cyhalothrin and pentachlorophenol have simaldsorption properties as chloropyrifos)

3. To fit the adsorption of chlorpyrifos data to Frdtioh, Langmuir, Temkin and Redlich-Peterson

adsorption isortherm models and compare the oldtahmeymodynamic properties.

4. To study the photo-degradation of pentachlorophestdbrothalonil, lambda cyhalothrin and
chlorpyrifos by sunlight, 40w, 60w, 75w, and 100wls.

5. To assess methods of removal of pentachlorophehlaitothalonil, lambda cyhalothrin and
chlorpyrifos by washing with tap water, 0.9% NaCi% NaHCQ, 0.001% KMnQand 0.1%

acetic acid.
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1.9 Justification

Organic container gardening especially by slummodt city dwellers is becoming more pronounced in
many countries. This is due to the increased udaéion and population growth. Organic container
gardening is easier to monitor, inexpensive, da¢saquire digging or tilling. It can also be udmsdall
kinds of people since it requires little space pfotect the crops from various diseases and pesty m
farmers apply pesticides to their crops. This hassiased the contamination levels in both soil and
crops and thereby making human beings vulneral@daltoxic effects of these chemicals. More often
than not some of these pesticides e.g. chlorpyafasmalathion have resulted to paralysis and sudde
death as many of the users do not read the présargiocuments enclosed in the pesticides packet..
This study will fully describe the fate of residuasorganic container garden. This will help congusn

on various residue levels in order to take adequre@sures before consuming sprayed produce. There
is therefore need to study the levels of thesegees from Organic container gardening produce, th
contamination levels of soil due to spilled peslés and their biodegradation under different

environmental conditions in order to create awassrud pesticide levels in these crops.
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CHAPTER TWO
2.0 LITERATURE REVIEW

Soil and water pollution has attracted many sci#stio explore the level of pesticides
contamination extent in the environment. Previ@searchers have shown that bio-availability of
pesticides in soils depends strongly on chemiaahfand binding modes (Arrebola et.al., 2003). As a
result, single and sequential extraction schemes haen developed to evaluate the mobility or
bioavailability of pesticides in surface water, gspsoils and sediments. Pesticide residues angrktm

undergo; photolysis, microbial degradation and blygis on the earth surface.
2.1  Organic Container Gardening

Vegetable gardens range from mini-gardens (conts)ine max-garden (acre and more). Container
gardening is practical in apartments, slums andraiheas where land is insufficient. Areas suitalpde
along fences and in fence corners, in and arowveefl beds, adjacent to walks and drives, near the
foundation of the house, on patios, porches ancbhas, and even on roof-tops. Such small-scale
container culture can be both practical and ornaah&rproperly and imaginatively done (James 2001)
Organic gardening emphasizes soil improvement tiiraébe regular addition of organic matter, and
biological and genetic diversity to manage insect disease problems. For most gardeners, “organic”

means no chemical fertilizers or pesticides (Maggial., 2002).

A groundswell of interest in organic gardening Haseloped over the past few years in Kenya
with the government promoting adoption of this neethecause of its low cost to initiate, insuffidien
land in cities and climatic changes. Kenya agrigeltresearch institute has been training groups of
farmers on this new farming method. Emphasis has pet in ensuring there are no chemical pesticides
applied on these gardens (KARI).

2.2 Nairobi case study

Around 3 million people residing and foreign visgon Nairobi eat vegetables (kales) on regular
basis (DN2 2012). The population of city residen¢xpected to rise to 25 million in the next decade

This is quite a market for practicing and aspifiagners. On estimate, there are 3700 farmers wéhin
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20km radius in Nairobi practicing agriculture, watb0% using poor quality water and agricultural
practices. According to a research by universitilairobi and Sweden, kales from the city contaurdk f
spectrum of disease causing organisms. Spirsadtumawikicabbages, pigweed and tomatoes have
been major accompaniment fdgali a major staple food in Kenya. This is a substifatehose who
cannot afford meat and due to splinted campaignubitionist. “The greener the vegetables, thedrett

" has been the slogan but it should be noted tttatreal morphology doesn’t necessarily mean thetmos
nutritious (East African Medical Journal 2012).

Vegetables are often grown on small plots, bagsptamtic basins and along sewer lines due to
the increasing cost of living for commercial andraistic purposes. Farmers regularly use untreated
industrial water effluent for vegetables farmingr Example Nairobi river water is used by city
residents wherever it passes for farming, domesitceven industrial activities (East African Medlica
Journal 2012).

In Dandora Wastewater Treatment Plant, more thaaci€s out of 500acres is being used for
vegetable farming and other agricultural activitiesugh restricted. Water is used for irrigationleh
sewage sludge has been applied as manure. Thetseeweadsr sources consists of thousands cubic liters
of industrial and domestic effluent from millionrnes and over 5,000 industrial activities. A report
published in East African Medical Journal says thate a considerable number of Nairobi residergs a
eating highly contaminated vegetables (Ngugi e28l10). Researchers sampled kales grown along Athi
River, Ngong and Wangige and those sold in Kawangwg&angemi and Githurai, which markets
proved the vegetables to be health hazard. Thesdg®sitive for coli formsg-coli, and salmonella
bacterium (Karanja et al., 2010).

Contamination by feaces and urine originating fleammal and human waste disposed into water
sources used for irrigation and also wrong mangeshas been reported by a research conducted by
Karanja et al., 2010. According to researchers fegmversity of Nairobi, farmers were found to be
using liquid slurry from a sewer line in Kiberalara in Nairobi city while a farmer was found wategi
kales in soil-filled sack at her doorstep with veastater from the same sewer. These vegetabledysual

take short time to mature due to highly nutritioosnure and the watering practices.
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An earlier study by University of Nairobi and KemtgaUniversity carried out in Khadiha’'s
Kibera neighborhood a slum in Nairobi city and M&ba along Ng’ong River, in Nairobi city a
tributary of the Nairobi river basin was found ® lbeavily contaminated with heavy metals and germs.
The contaminants were mainly found in stem anddeand this is a health concern as leaves and stems
are harvested for consumption. The soil and plamiges contained high bacterial and parasitic loads
(Journal of tropical and sub-tropical agro ecosysteBacterial contamination of kale along the syppl
chain in Nairobi and its environs by Kutto et 2004). Water used for irrigation from Ng'ong River
was blamed for heavy metal and germs. An earlietysbn kales by the same group in Nairobi had
indicated the presence of heavy metals, pestiesidues and fertilizers residues in the samplest¢Ku
et al., 2004).

2.3 Factors Controlling Photolysis on Plant Surface

2.3.1 Environmental Factors

A number of factors such as meteorological cond#jdormulation type, sprayer characteristics,
and affinity of plant surface to formulation arene@ered to determine the amount of pesticide lagizhc
to the surface as well as ground cover and carapkrtess of plants (Willis and McDowell 1987).
Zongmao and Haibin (1997) extensively investigdéatiors controlling dissipation from tea plant
surfaces for 16 pesticides. Photo-degradation wasd to be one of the most important factors in
dissipation process except for evaporation, rdiefation, and growth dilution. Both photolysis and
rainfall elution were found to play a great roldlve dissipation of diflubenzuron in a conifer feire
(Rodriguez et al. 2001). Garau et al. (2002) exachthe extent of pesticide loss from a cellulose
membrane due to evaporation and co-distillatiothépresence or absence of underlying water. They
found that; evaporation, co-distillation, and phypscs all contributed to dissipation of pyrimethlegimd
cyprodinil with slight variation, and the contrelg factor for azoxystrobin and fludioxinil was falito
be photolysis. The existence of tomato fruit waostty retarded evaporation and co-distillation of
pesticides and exhibited a screening effect againgight. For a pesticide with higher vapor pressu
and less photo-reactivity, volatilization loss bmeapredominant in dissipation as observed for
chloropyrifos (Meikle et al. 1983). In additionttwese factors, penetration of pesticide into cetid
biotic metabolism therein are also considered ingmr(Bentson 1990; Katagi and Mikami 2000)
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2.3.2 Illumination Conditions

Spectral irradiance of sunlight at the plant swefecmost important to understand the effect of
photolysis. Because the window glass used in orgdiggeenhouses absorbs a considerable amount of
light in the UV-B region (280-320 nm), this filtag effect is likely to reduce the overlap betwesn t
solar emission spectrum and the near-UV absorgpeactrum of many pesticides (Kleier 1994). Garau
et al. 2002 realized that photo-degradation wassorahly reduced by covering the Petri dish as a
model of the greenhouse window. Fukushima et 8032 examined the photolysis of 14C-fenitrothion
on tomato fruit in a greenhouse with a ceiling mafiguartz or borosilicate glass. The intensity of
sunlight at <360 nm was significantly reduced ie borosilicate glass greenhouse, and neither the
corresponding oxon nor ti&isomer generated by photolysis in the quartz dgreegse was detected.
Furthermore, transmission through the greenhousdom is also known to be reduced by glass
pollution, and its extent was larger in the showaxelength region (Van Koot and Dijkhuizen 1968).
The structure of greenhouse changing the inteasityspectral irradiance of the transmitted sunlight
known to give insignificant effect on dissipatiohablorpyrifos. Type of crop and season were thestmo
relevant factors (Marti'nez Vidal et al. 1998), gamresults were obtained for fenpropathrin (Maugz
Galera et al. 1997), while degradation of methows$ found to depend on the type of greenhouse (Gil
Garcia et al. 1997).

Degradation of pesticides in the greenhouse orcougiwas compared by Cabras et al. 1990 to
examine the controlling factors in foliar dissiati They applied carb to lettuce in a greenhousdran
field. No significant differences occurred in hhlfes of total carbamates, but greater formatiothete
degradation products was observed in the field.cdmparative degradation study of parathion using a
growth chamber, greenhouse, and open field withvatitbut motorized covering exhibited more
formation of the oxon ang-isomer in the field (Joiner and Baetcke 1973).d8lasn these results, the
experimental conditions of growing plants shouldrmnitored and compared with the real environment
as much as possible to investigate the most riegtissticide photo-degradation process.

2.3.3 Effect of Formulation
Pesticide formulation is composed of an activeedgnt, carrier such as clay, surfactants as

wetting and spreading agents, non-evaporating usstickers, humectants, and penetrating agenis suc
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as crop oils (Hazen 2000). These additives whicke teydrophobic and hydrophilic parts provided a
very complex medium for photolysis of pesticideleif aromatic moiety becomes a possible photo-
sensitizer or quencher (Nutahara and Murai 1984nids and Harrison 1990). Baker et al. (1983)
investigated extensively the changing nature ofigpmiular waxes on the impact of several formulagio
containing™‘C-labeled pesticide using scanning electron mi@pgcX-ray analysis, and micro-

autoradiography.

2.3.4 Pesticide on the Leaf

Leaves are covered with protective cuticles thatfion by decreasing water loss and protecting
the plant from infection by various pathogens. Thgcle is a complex structure consisting of a jmect
layer that binds the cutin to the epidermal celllsvand a layer of epicuticular wax on the outsithés
structure is known to depend on plant species (MaRa 1995; Bianchi 1995). When the stomata are
open, gas molecules can diffuse in and out andactevith a large hydrophilic area of water-covered
mesophyll cells. Most pesticides are hydrophobitetudes, and thus the large lipid-covered surfdce o
leaves (cuticles) forms an ideal sink for accumarabdf pesticides. The fine structure of the wayela
greatly differs between plant species and is mdgghcally classified by using light microscopy into
four main forms: needles, rods, granular layersfamd (Baker 1982). Use of the electron microscope
has revealed that the aerial surfaces of all higleerts carry a partial or continuous coverage of
amorphous wax and that formation of crystalline wsaftequently superimposed on amorphous layers.
Penetration through these wax regions and the lymgigicutin layer has been extensively studied, for
example, by using the diffusion cell method (Schein and Riederer 1989). Radiant energy of sunlight
is considered to interact with the leaf structuyeabsorption and scattering. Sunlight is reflecad
scattered by hairs, leaf pubescence, and the glaueaf surface, and a portion of the light eniieis
the leaf (Robberecht and Caldwell 1980; Holmeskagitler 2002). This light is critically reflected
internally at the cell walls in the intercellulgrexe as a result of the difference of refractiviein
between air and water in tissues (Gates et al.)18&Sticides by foliar application are considered
distribute mainly on the epicuticular wax layert buyportion may enter into the plant directly thygbu
stomata opening or diffusion; thus, depth and spkdistribution of penetrated sunlight would be
important when photo-degradation is considered. \M&ndies have been conducted to investigate this
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using a fiber optic probe (Vogelmann and Bjo'rn4R&bout 90% of the penetrating monochromatic
light (310 nm) was attenuated within the initiakahird of the leaf (100-15dm) of Brassica napus.,
mostly at the epidermal cells; polychromatic radiai280—320 nm) exhibited a relatively uniform
spectral distribution within the leaf (Bornman anagelmann 1991; Cen and Bornman 1993). UV-B
radiation was found to reach the epidermis and ptegbin other measurements for this leaf (Alenétis
al. 1995). Day et al. (1994) measured UV absorpjmectra and the epidermal transmittance spectra at
280-350 nm of foliage from 42 plant species andatestrated that some flavonoids act as a UV-
absorbing agent. These observations imply thatqidstmolecules in the leaf can absorb some part of
the radiation energy of sunlight irrespective @ithocation, and chromophores in leaf tissue dao a

affect their photo-degradation.
2.4  PESTICIDES RESIDUES

Thousands of pesticides of different chemical clagsorganochlorine, organophosphate,
pyrethroids, carbamates are used for agriculturdlreonagricultural purposes throughout the world
today.

2.4.0 Method of analysis

Widespread use of pesticides has led to developaientilti-residue analytical methods for
analyzing environmental and food samples which owatain residues of pesticides, pesticide
transformation products and other environmentakttoxs.

Various analytical methods have been applied iard@hation of the level of pesticide residue
in vegetables and other crops. The choice of metised depends mainly on the availability of the
equipment, type of crop analyzed, efficiency, aacyr cost and sensitivity. Some of the methods are
briefly highlighted below:

2.4.1 Spectrometric methods
2.4.1.1 UV-visible spectrophotometry

The use of UV-visible spectroscopy as a primaryhoetof determination in organo-phosphorus
(OP) pesticide residue work has declined to amgmfcant level in recent years (W P Cochrane.,}981
This method is based upon the measurement of gwlancy of the pesticides or derivative pesticides

For example, Turner has described a procedure dsi(#nitro-benzyl)-pyridine as a
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spectrophotometric reagent for most OP pesticibg;h is sensitive to low microgram amounts. The
direct utility of a UV-visible spectroscopic methodpesticides residue analysis is limited becaists

relatively low sensitivity and selectivity.
2.4.1.2Infrared spectroscopy

The sensitivity of infrared instrumentation andhieiques have increased in the past years with
the improvement of instrumentation, the use ofardd spectroscopy in pesticide residue work istdichi
to conditions where microgram or greater amountsesticides are present in the sample matrix.
Infrared spectroscopy is very useful for confirmthg identity of a pesticide residue (Ruzicka et al
1973 ) . Gore et al have compiled the infrared E@Ndspectra of 76 pesticides for this purpose. Tée u
of infrared spectrometry as a selective detectehnmomatographic methods appears to have good

potential for future applications in the pesticatea (Ram et al., 1982).
2.4.1.3 Chemiluminescence spectroscopy

A highly sensitive method for the determinatiorsome alkyl phosphates based upon
chemiluminescence has been developed by Frits@0§1%he alkyl-phosphate is reacted with sodium
perborate (NaBg) or hydrogen peroxide (kD) to produce a peroxophosphate, which then oxidires
amine such as luminol in alkaline medium to prodiheechemiluminescence. This method can also be
employed for spectrophotometric or fluorometric sxeament when the appropriate amine is
substituted for the luminol. This method has ordg applied to phosphorus-containing nerve gases
thus far, but application to OP pesticides apptabe possible (Fritsch et al., 1978).

2.4.2 Electrochemical methods
2.4.2.1 Polarography

The polarographic determination of OP pesticide®austuffs has been reviewed
(Davidek.,1980). Electroanalytical techniques gugliaable to those OP pesticides which possess-nitr
(e.g. parathion) or other electrochemically-acsubstituents. It appears that sulphur-containing OP
pesticides may be determinable after a hydrolysis at a mercury electrode in an anodic mode
(Davidek., 1980) . However, a chromatographic sa&pan step would be desirable to reduce

interferences from the sample matrix. A piezoeledarystal detector which is sensitive to OP péséis
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has been reported (Schiede et al., 1972) . Thecttet although useful for gas-phase determinations

requires further development before it can be modely applied.
2.4.3 Enzymatic methods

The inhibition of acetyl-cholinesterase activityndae useful for the sensitive detection of OP
pesticides (Alsen et al., 1981), especially whesdua conjunction with chromatographic separation
(Hormann et al., 1975), by using a substrate vatiofable spectrophotometric or fluorometric
measurement properties. However, when used by, itsi technique is non-selective in that no
information as to the identity of the inhibitorpsovided, and thus its use is possible only unéey v
carefully controlled conditions. The high cost dhd difficulty in maintaining consistent activitie$
the enzyme preparation are important limitationseaonsidered. The determination of blood acetyl-
cholinesterase activity in farm workers is a goodicator of OP pesticides (Toy., 1976), but, agtia,

identity of the pesticides must be determined ihepmeans.
2.4.4 Chromatographic methods
2.4.4.1 Thin layer chromatography

Considerable advances in the separating poweirofaper chromatography (TLC) have been
made in recent years through improvement in saapbdication and plate technology. After separation,
the plates are normally dried and scanned withnaitameter or fluorometer to quantitate the
components. In many cases, including the tracd-thatermination of OP compounds, treatment of the
plate with a development reagent is necessarytamrobdequate sensitivity and selectivity. Becahse
utility of TLC in OP pesticide residue analysis dags to a large extent upon the detection scheme,
considerable effort has been made to devise sensitid selective spray reagents for OP pesticides
(Ebing., 1970). For example 4-(4-nitrobenzyl)-pyrereacts with most OP compounds and results in a
blue spot which can be quantified to low microgr@mounts. The formation of hetero poly-
molybdenum blue can be employed as a TLC detet#dmique after in-situ mineralization of the OP
compound on the plate (Murty et al., 1980). Theckidn limits are greater than 0.1 microgram using
this technique (Murty et al., 1980). Inhibitionadtetyl-cholinesterase provides a more sensitive

detection scheme (Bhasar et al., 1981). While T4.Gsked to a limited extent as a primary method for
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pesticide residue analysis (Hulpke et al,., 198@,especially valuable for screening (Ambruslet
1981) and confirmation of identity (Hulpke et d1980; Biros 1971).

2.4.4.2 Gas chromatography

Numerous papers have been written about gas-ldumimatography since the first description
by James and Martin (James et al., 1952). It has Bpplied most frequently in modern analytical
chemistry and has been used to solve a wide rang®Iloslems in medical, biological, and
environmental science areas, as well as havingtnduapplications. In spite of developments in
spectroscopy and liquid chromatography, gas chrognaphy remains the most widely used separation
tool in analytical chemistry and is likely to remao for the foreseeable future. This techniquenhae
resolving power and sensitivity for the separatod determination of volatile organic compoundsitha
any other method in analytical chemistry. The latidgns of the technique are established primasly b

the thermal stability of the samples and chromatplgic substrate (Cochrane et al., 1976).

Generally, one is restricted to an upper tempesattiaround 400 °C and a molecular weight of
less than 1000, although higher temperatures hese bsed and larger molecular weight samples have
been separated in a few instances (Cochrane é9@b). In gas chromatography, the sample or some
convenient derivative samples must be thermallylstat the temperature required for volatilization.
Gas chromatography has become the method of cfaripesticide residue analysis because of the
excellent sensitivity and selectivity afforded e tspecialized detectors which are available (AA®51
Cochrane et al., 1976; Ewing 1987; Willard et B988). The detectors which are the most usefuien t
determination of op pesticides are the flame phetamdetector (FPD), thermionic detector (TID) and
the electron capture detector (ECD). The FPD opsray combusting the OP compounds in a
hydrogen-rich medium, which results in the formatad electronically-excited HPO. The luminescence
is monitored at 526 nm. The FPD is very reliabld achieves detection limits of the order of 100pg
less for most OP compounds (Aue., 1975). The BIBo(known as the alkali flame ionization detector)
is sensitive to both nitrogen and phosphorus. TIEei§ about ten-fold more sensitive than the FPD bu
is less reliable (Cochrane et al.,1976) « The E€ihé second most widely used ionization detector
(23.84) and it owes much of its popularity to itsurpassed sensitivity to a wide range of toxic and
biologically-active compounds. Consequently, ividely used in trace analysis for the determinatbn

pesticides, herbicides, industrial chemicals ingheironment, drugs and other biologically active
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compounds in biological fluids, and for the deteration of the fate of the volatile organic composind

in the upper atmosphere.

These highly selective and sensitive detectors kaabled the development of GC methods for
the residue-level determination of OP pesticidegwhave excellent signal-to-noise ratios at lggall
important limits. These methods have been apphietetermination of OP pesticide residues in frod a
vegetables. Their clean-up procedure consistedtcd@ion, evaporation and column adsorption piaor
GC analysis. The selectivity of the TID and FPDnpies the use of a less rigorous sample clean-up
procedure than is the case for highly sensitiveatets such as the electron capture detector (Aue.,
1975). Figure 2 highlight the various component&afinstruments.
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Figure 2.1: Schematic flow chart of gas chromatplgyanstrument (Shimadzu Corporation)

There are six selective detectors readily availaliieeh can cover the requirements for the GC
analysis of the majority of op pesticides. No or&edtor can fulfill all residue requirements antenf
there is a choice between several detectors fores @pplication. However, the percentage of piilels
paper on FPD, TID, ECD, MS, FID and NPD GC detectoe 30.89, 16.26, 14.63, 10.57, 9.76 and 4.88,
respectively and the publishing percentage for L&i8113.01. (Aue., 1975).
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2.4.4.3 Gas chromatography-mass spectrometry

A chromatogram gives quantitative (peak heightreap and qualitative (retention parameter)
information of the components in a mixture. Thentifecation is based solely on retention. Evendor
simple system, a peak at a certain position inrarnhtogram may be a substance other than the one
anticipated (two or more components may elute éxagth the same retention). The identity can be
firmly established, when the selectivity of infortiaa from the chromatogram is very good.
Spectroscopic techniques provide a rich sourcaualitgtive information with high degree of certgint
but have, two practical limitations: It is ofterffdiult to extract quantitative information fromeh
signals, and pure or single-component samplesegrgred. Thus chromatographic and spectroscopic
techniques provide complementary information altleeitcomplexity and the concentration of
components in the sample. Their tandem operatiovigees more information about a sample than the
sum of the information gathered by either instrumedependently (Zlatkis et al., 1977), thus
combinations of this type can be particularly fiwlit The coupling of gas chromatography with mass
spectrometry was at the forefront of the developgmérsombined analytical instrumentation

"hyphenated" systems.

The principal hyphenated techniques are gas chogregihy interfaced with mass spectrometry
(GC-MS), Fourier transform infrared spectrometrfC(ETIR), and optical emission spectroscopy (GC-
OES); liquid chromatography combined with mass spatetry (LC-MS), Fourier transform infrared

spectrometry (LC-FTIR), and nuclear magnetic reroaapectroscopy (LC-NMR).

GC-MS has had an impact on OP pesticide residugsasg@Vander et al., 1975). The technique
of selected ion monitoring (SIM) can be operatedesy high sensitivity for a mass selective
chromatographic detector, and selectivity is olgdihecause the mass is a substance specific paramet
Selected ion monitoring is now a widely used teghaiin the area of biomedical (Millard., 1978;
Garland et al., 1981; Halpen., 1981) and envirortai@malysis.

2.4.4.4 High performance liquid chromatography (HPLC)

The role of high performance liquid chromatographpesticide residue analysis has been
assessed by several authors (Sieper et al., 1808ehce 1980; Moye 1981; Hankset al., 1981) and its

potential is beginning to be more fully exploredsigenerally accepted that HPLC detectors must be

27| Page



improved for applications to pesticide residue gsialto be fruitful. Since the first reported uge o

HPLC in an OP pesticide residue determination in11@enry et al., 1971), a number of publications
have appeared in this area and are highlightediwbieldllustrate the approaches towards detection
which have been taken. Most workers have employédiétection of the intact pesticides. For example,
Wilson and Bushway (1981) determined Azinphos-miedhg its Oxon analogue in fruit and vegetables
using reversed-phase HPLC with UV detection s@dtnm. The precision at the lower level of
determination (0.16 ppm) was less than 4%. A furth@mple of the use of a UV detector in the
determination of op pesticide residues by HPLCQasfthe work of Cabras et al.,1981 Several OP
pesticides were determined in grapes by simplaettm with benzene, evaporating to dryness and
reconstituting the extract in the mobile phasdpfeéd by injection. Detection was accomplishedzit 2
nm and detection limits were in the range 0.04.2oppm. UV detection is applicable only to those
pesticides which possess suitable chromophoridisudast and which are in relatively uncomplicated
sample matrices. The UV detection sensitivitieshaist OP pesticides have been compiled (Hoodless et

al., 1978; Lawrence 1980). Figure 2.1 represenbuarparts of HPLC instrument.
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Figure 2.2: Schematic flow chart of HPLC instrumgttimadzu Corporation)

Several attempts have been made to devise altegrdgtectors for OP compounds which are
more sensitive and selective. Acetyl cholinestenalsibition has been used to detect OP pesticigles b

coupling HPLC with an auto analyzer. The combimatbd HPLC (Ott,., 1977) and the auto analyzer has
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also been exploited by Att in connection with tleéedmination of parathion and it's Oxon in dust
samples. A diazotization reaction was used, butdetection limits were not achieved. The specificit

of the auto analyzer detection allowed confirmatbthe UV response. Some workers have attempted
to adapt flame spectroscopy techniques for deteatdrquid chromatography. McGuf fin and Novotny
have demonstrated the potential of an FPD usednjunction with micro-column HPLC. A detection
limit of 2 ng was achieved. Chester examined tlodlem of quenching of HPO emission by organic
solvents and found that alcohols and acetone didawsse quenching at moderate concentrations, but
acetonitrile caused nearly complete quenching ateatrations above 10%. Szalonti has used flame
ionization detector for his study of the normal-ph&PLC of op pesticides. Graphite furnace atomic
absorption has been employed for the detectiop aoonpounds (Tittarelly et al., 1981) , but further
work is needed on this technique to increase seitgidnd to decrease processing time. Cope
investigated a rotating molecular emission cavétedtor for possible applications to OP compounds,
but found it to be relatively insensitive and noi$fe use of electrochemical detectors in the
determination of pesticide residues by HPLC hasi be@ewed. Electrochemical detector is expected to
be applicable only to the few OP pesticides whosetiral features permit it, i.e. samples componen
is electro-activity (e.g. parathion).The applicapibf on-line LC-MS was demonstrated by Parker and
co-workers for OP pesticides. The use of liquitcbamtography-mass spectrometry (LC-MS) has been
successfully applied by several workers in receatry (Lee et al., 1986; Henion et al., 1985; Niesse
1986;). The work of Barcelo was aimed at expantteggeneral insight into the usefulness of PCI and
NCI and chloride-enhanced negative ionisation (Q)EdI the determination of some
organophosphorus compounds in on-line LC-MS. ORqéss are thermally-labile, such as trichlorfon,
or polar such as parathion. Because of these prshline analysis of organophosphorus pesticides and
their corresponding metabolites has been carriethpuC using UV and selective MS detectors
(Barcelo et al., 1988; Farran et al., 1988).

The on-line combination of liquid chromatographyssigpectrometry (LC-MS) plays an
important role in environmental organic analysisasipared with gas chromatography-mass
spectrometry (GC-MS) (Barcelo et al,., 1988)
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2.4.4.5 Combined HPLC-MS

The introduction of HPLC has made it possible foasate and also identify highly polar compounds
which are not gas chromatographable. If compareid e@pillary GC, HPLC has two major
disadvantages. 1) There are only a few detectidhads: ultraviolet (UV), fluorescence and
electrochemical detection. 2) The separation efficy of HPLC is considerably poorer than that of
capillary GC. This lower performance increasespitodability that several components co-elute and
cannot be differentiated by non-specific detectArmiass spectrometer represents a specific ar at t
same time sensitive detector. Unfortunately HPLC-®d8pling is far more difficult than GC-MS
coupling as the vacuum system of the mass spedeoimas to handle up to 2 ml min -1 of solvent
(corresponding to - 2000 ml min -1 gas), and swmitaation methods are required for polar compounds
(Barcelo et al., 1988).

2.5  Sample Extraction and Clean Up

QUECHhERS is the acronym of Quick, Easy, Cheapch¥fe, Rugged and Safe, a matrix
dispersive solid-phase extraction mainly basecherPSA bulk adsorbent, is carried out on the
acetonitrile extract of the crop to be analyzede Bhlk adsorbent is dispersed after extraction,esom
salts are added (magnesium sulphate, sodium chjaidl a citrate buffer), and then the extractosan
directly analyzed after centrifugation. The QUECIS=&traction followed by LC-MS-MS assay is,
therefore, a valuable tool for pesticide residuesysis, allowing good analytical performance aighh
throughput. The QUEChERS sample preparation proeathnsists of extraction, clean-up, and solvent
exchange. The solvent exchange provides a fingéabthat is more amenable to split less injection.
Care must be taken to adequately and thoroughlybemze the sample. When analyzing grains such
as rice, water must be added during the homogemizatep and taken into consideration in the final
calculations of spikes and standards. To perfogondi-liquid extraction requires water. Also, thetera
helps mix the rice during the homogenization sté@ most common techniques in modern multi-
residue target pesticide analysis are gas chromagiby and liquid chromatography coupled to mass
spectrometry (GC-MS; LC-MS) and/or tandem masstspeetry (GC-MS/MS; LC-MS/MS) with

triple qua-druple mass analyzers (Valenzuela, ,At.&1,2001).
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2.6  Theory of adsorption phenomenon

Burchill et al., (1981) proposed an adsorption nhazfebinary dilute solution, based on kinetics of
chlorpyrifos on loam soil. This model is adoptedhis work. The apparent thermodynamic data is also
calculated. The characteristic adsorption of pektidy soils or sediments can be described by the

Freundlich empirical isotherm (Graham-Bryce, 1981):

Co = Ke Gl (1)

Where the Freundlich constant,,s€is concentration (mg/ml) of the pesticide adsorlmsd the
soil/sediment in a colloidal solution andi€ the concentration of the pesticide in the solugimg/ml)

at equilibrium (Hance, 1965; Bowman and Sans, 19Bytaking batches of known mass of sediments
(adsorbent), and mixing with solutions of knowrtiadiconcentration of pesticides, followed by shmaki
and the equilibration, the concentration of theoaldsd pesticide (£&9 and that at equilibrium (Ce) can
be estimated. The Freundlich factor is a contdar a given system and therefore may be used to
compare the degree of adsorption of different ssluinto various sediments. On the other hand, n is

regarded as a measure of adsorption non-lineagtiyden solution solute concentration and adsorption

The adsorption process of pesticides on soils eagwed by Burchill et al., (1981). They attestbdtt
several factors need to be considered in condudaprption studies. They include; kinetics and
energies involved nature of interactions betweea #$olute and the adsorbents and initial and

equilibrium conditions.

In order to obtain the adsorption/desorption, Eopuum, thermodynamic and kinetic data, there
is need to come up with a functional adsorptiordgdason equilibrium model, from which the apparent
equilibrium constant and kinetic information can balculated. Assuming that the adsorption of
pesticide solute by the colloidal/sediment or bpénticles occurs during the shaking period, imgyin
when the sediment is in suspension, then the atisofgesorption equilibrium can be described as

follows [Seungman et. al., 2005]:

NXHSE SX oot (2)
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K=[SXIXTIS] v eeeeeeee e (3)

On re-arrangement:
[SXTZK IXTTS] e v ()

Where X is the pesticide molecule of intere< is the adsorbent/substrate or adsorption site en th
sediment or colloidal particle in solution aX is the adsorption/desorption equilibrium const SX,
is the particle-pesticide adsorption complex rhsnumber of molecules adsorbed. Also, one nots th

S is a solid whose mass is very large compared &b ¢fi the solute. Therefore, thi[S] can
customarily be taken to be unity thereby reduciggegion 4 to:

[SXIZK IXT oo ()

And on taking logs we have:
log[SX,]= logK+nlog[ X].......cccoviviiii i ()
It means, since equation (6) is linear, the valu X can be obtained from the slope and intercept of the

10g[SX,1 versus 1290 X] plots respectivelyin addition, the standard Gibbs free energy ofvatitn AG,

can be estimated by use of the conventional equatio
K=e /R .

A7)
Considering the assumption that the adsorptiahlafrpyrifos by colloidal and/or soil particles acs
during the shaking (suspended patrticles) and hbsoall the adsorbed pesticide goes to the sediorent

settling, then the concentration of pesticide aolsdtto the suspended partic [Xags can be obtained

using equation 8 below:

[XTaa= IXT= IX Jar e eeeeeeee e (8)

Where [X] represents the initial pesticide concentratiorokeefh known mass of sediments is added,

and [Xle is the equilibrium pesticide concentration. Alsgitation facilitates the settling down of the
sediments and thus the separation of dissolvedadadrbed pesticides. Since n molecules of pesticide

are associated with a single adsorption site, f S%n ] is given by:
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[SX]= In(XTi= [X]I)cvvvevreveneen(9)
[SX,]= LML X Jager +eeveeeenereenseeeneennennn.. (10)

Nomura and Hilton (1977) and later Zaranyika et. @993), demonstrated the existence of a colloida
bound fraction when a pesticide is shaken with watmtaining sediment. They also showed that the

colloidal bound fraction in suspension after setflwas significantly small compared to the bound
fraction in the sediment thus justifying the asstionp made regarding the determination Sx_n]

using [Xlaas above. _an] is the concentration of the colloidal bound frawtin suspension at settling
equilibrium, since not all the pesticide is adsdtb€herefore, on modifying equation 10 to show the

total adsorbed pesticide we have:

[XTag=NK (DX T ISXT) oo (1)

where K' is the apparent adsorption equilibrium constard [S*%lw is the concentration of the
colloidal bound fraction in suspension at settlegggilibrium. On taking logarithm equation 11 yiels

linear expression:

IN[XJage= N (MK (XTAISK L)oo (12)

Assuming that equilibrium exists between the cdibibound fraction in the sediment and that in the

suspension, then equation 2 becomes:
NX+S (SX ) <> (SX)sediments «« - +v e v eeernenees(13)

It is apparent from equation 13 that a steady steit#s with respect t [SX)w at settling equilibrium.

Moreover, a plot o IN[XTaas versus N (XIe+[SX 1) in equation 12 will not affect the value n in
equations 6 and 10, but will affect the valu "K . Therefore, the value (K obtained is not a true

equilibrium constant, but rather an apparent eopiilm constant K' ).
2.7 Pesticides removal

Various simple home based methods have been stiatipdsticides removal. According to

Mathew et al., 2000) tamarind water and vinegatbas# suited to remove pesticides from vegetables.
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The authors used a majority of pesticides availabtee market -- rated red (extreme), yellow (high
and blue (moderate) according to toxicity levets,the tests. "Tamarind water and vinegar have been
reported to be effective in removing the pesticelgdue (up to 95%), especially in spinach, curry
leaves, chillies, lady's finger, snake gourds amujdds that were contaminated with heavy doses of
pesticides." Chemical solutions have also been @yeplin pesticide residues removal. They include;

Acidic, alkaline, ozone and neutral solutions.

Solutions of NaOH, acetic acid, potassium dichren@atd soap are used as decontaminating
agents. Dipping of fruits in NaOH solution remowsito 60 percent surface residues of pyrethroids
compared to 40 to 50 percent removal by hydrolyéigradation with NaOH and a detergent solution
removed 50 to 60 percent residuBsvésthi et al ., 1983 Ozone because of its powerful oxidizing
property is effectively applied in drinking watercawaste water treatment. Recently some scientists
found that certain pesticides like 2, 4-dichloroptweyacetic acid, carbofuran, phorate, chlorophaegu
can readily be degraded in agueous solution byefenitez et al., 2002; Brillas et al., 2003
Ozonation is a safe and promising process forgh®val of pesticides from aqueous solution and
vegetable surface under domestic conditions. Tapnteeatment along with ozonated water treatments
significantly reduced the pesticide residues orevedgles, as compared to no-wash treatnmafalter et
al., 1998.

Sodium chloride solution is largely used to decomitete the pesticide residues from different
fruits and vegetables. There are several studied.(6.999; Powell et al., 1970; Fahey et al.,2%4,96
Zohair et al., 2001) to prove the efficacy of sediter washing for dislodging the pesticides fromitf
and vegetable surfaces. In these studies, samipbte®pped fruits and vegetables were put in a beake
containing 5 and 10 percent NaCl solution for 1Butes. The samples were gently rubbed by hand in
salt solution and water was decanted. Twenty &mB8 percent reductions in organochlorines and 100
percent organophoshates removal were achievedihg Ssand 10 percent NaCl solution (Wheeler
2002). The percentage reduction in pesticide resigocreases with the gradual increase in
concentration of solutions (Ismail et al., 1993,08bArab et al., 1999). NaCl with 2, 4, 6, 8 and 10
percent solution caused 20 to 90 percent reduatipesticide residues. Similarly 18 to 65 percessl|
in pesticide residues was reported by Soliman (RB9Lsing 2, 4, 6, 8 and 10 percent acetic acid

solution.
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Soaking of contaminated vegetables in acidic smiutike citric acid, ascorbic acid, acetic acid
and hydrogen peroxide at a concentration of 5 @npetcent for 10 minutes indicated significant
reduction of pesticide residues (Desmarcheliet.e1888). Acidic solutions give more pesticide
dissipation than neutral and alkaline solutionsr@a et al., 1966). The acidic solutions of 5 afd 1
percent eliminated pesticide residues completeljewbitric and ascorbic acid solutions of 5 and 10
percent eliminated pesticide residues up to 80guer@Vheeler et al., 2002). Some other scientists
(Soliman et al., 1999; Powell et al., 1970; Fahtegl.¢ 1969) also reported that partial removal of

residues was affected by the washing operationefveatd/or acetic acid, sodium chloride).

The current study was focused on determinatioraabus levels of pesticides residues in
vegetables and other crops grown by organic comtgardening, adsorption of chlorpyrifos by loam
soil, washing contaminated vegetables with potasgarmanganate, hydrogen peroxide, sodium
chloride, sodium hydrogen carbonate and aceticauiphoto-degradation of PCP, chlorothalonil,
chlorpyrifos and lambda cyhalothrin by sunlighty4®0w, 75w and 100w bulbs.
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CHAPTER THREE
3.0 METHODOLOGY AND INSTRUMENTATION

Analysis of pesticide residues in crop, soil ad8orp study, residues removal and photo-

degradation phenomenon involved the use of theviatig:
3.1 Reagents

Pesticides standard (lambda cyhalothrin, chlorothiglchlorpyrifos and pentachlorophenol)

were obtained from Dr. Esterphester, Germany.

Acetone, Ethyl acetate, 1% Acetic Acid, Aceton@triftom sigma Adrich and were used as

received.

Distilled water, Sodium Acetate, Anhydrous Magnesiiulfate, Concentrated nitric acid,
Sulphuric acid, Potassium permanganate, Sodiunolygdr carbonate, Sodium chloride were from

Kobian chemical distributers, Nairobi and were uasdeceived.
Ms excel 2007, Libre calc, and Minitab 16 softwauss used for data analysis.
3.2 Instrumentation

UV-Visible spectroscopy, High pressure liquid chedography instruments were from shimadzu

Kyoto in Japan
Centrifuge, Blender (Eleketa) and Analytical balamere also used in this work.
3.3  Organic container gardening Data collection

Organic container garden data was collected by mehstructured questionnaire (appendix 2)
for information on crop grown, type of containesed, pest diseases, pesticides used and washing
methods and consumers. Data was collected in Kikikijaera and KARI which was representative of
organic farming in the country. Collected data wesn analyzed using Minitab 16 and Microsoft adfic

excel 2007 and presented using charts, tablesrapthg
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3.4  Soil Fertility Analysis

1. Available nutrient elements (P, K, Na, Ca, Mg ath Mn): Mehlich Double Acid Method (Tran, T.
S. et al,., 1993, Mehlich, A. 1953)

The oven - dry soil samples were extracted in adtib (w/v) with a mixture of 0.1 N HCI from Kolma
distributors and 0.025 N430, (Simard et al,. 1993).

Elements such as Na, Ca and K were determinedarlime photometer and P, Mg and Mn were

analysed using calorimetrically method (Mehlict953).
2. Total organic carbon: Calorimetric method(Gislason et al., 2005)

All organic C in the soil sample was oxidized bydified dichromate at 15 for 30minutes to ensure
complete oxidation. Barium chloride was added todbol digests. After mixing thoroughly digests are

allowed to stand overnight. The concentrations wigectly read on the spectrophotometer at 600 nm.
3. Total nitrogen: Kjeldahl method (Persson et al,. 2008)

Soil samples were digested with concentrated suiplacid containing potassium sulphate, selenium
and copper sulphate hydrated at approximately@G50otal N is determined by distillation followeg b
titration with HSO..

4. Soil pH (1:1 soil-water)
Soil pH was determined in a 1:1 (w/v) soil-watesgension using a pH meter.
5. Available trace elements (Fe, Zn & Cu): Extracon with 0.1 M HCI (Yang et al,.,2005)

The oven - dry soil samples are extracted in 8 fafio (w/v) with 0.1 M HCI. The elements were

determined using an atomic absorption flame emmssjectrophotometer (AAS).
6. Cation Exchange Capacity (CEC) pH 7.0 and Exchajeable Ca, Mg, K and Na

The soil sample was leached with 1IN ammonium aedtaffered at pH 7. The leachate was analyzed
for exchangeable Ca, Mg, K and Na. The sample wiisdr leached with 1N KCI, and the leachate is
used for the determination of the CEC. Elementf siscNa and K were are determined with a flame
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photometer and Ca and Mg with AAS (atomic absorpsipectrophotometer). CEC is determined by
distillation followed by titration with 0.01MHCI (&roll et al,.1959,Turner et al,.1966).

3.5  Organic Container Gardening

Recommended seeds (Kales, spinach, tomatoes,gehlzarrots, beans, peas and potatoes)
were obtained from the dealers. They were planmtelifierent plastic basins in a pattern shown guife
3.2 to a fully treated manure soil whose pesticadues content was known. Drip irrigation was
administered daily. Measures were put in placédabthe crops would not be interfered with. Pedési
were sprayed as per plant specialist advice. Arobatganic garden was also set up, where no pastic

was administered. Figure 3.1 illustrates the orggarden plan.

nurserv samples control
e e e S ——
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C— T | |[ee———
|

Figure 3.1: Organic container garden plan

In the figures 3.2 below, the pictures were takietwa levels of plant growth. Crops were planted in

containers, cement bags and sacks and place aatedlestands (figure 3.2).
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(@) (b)

Figure 3.2: Pictures of organic garden showing stadifferent levels of growth.
3.6 Sampling and pretreatment

The level of pesticide residues was assessedmadpi potatoes and tomatoes 14 days after
pesticides application. The samples to be analyerd harvested, packed in well ventilated and &bel

plastic bags, taken to the laboratory and storddGbefore being extracted for analysis.
3.7  Pesticides Residue Analysis
3.7.1 Solutions and Standards preparation

Standard pesticide mix of 10 ppm stock solutions pr@pared in 0.1 % acetic acid in
acetonitrile. Calibration curve standard solutigh2, 0.4, 0.8, 1, 2, 4, 8 and 10 ppm) were prepare
from 2 and 1Qug/mL solutions in acetonitrile containing 0.1 % @cacid by serial dilution. System

suitability was tested by running a 10 and 100ptandard solution. Lambda cyhalothrin,

pentachlorophenol, chlorpyrifos and chlorothalavelre used as internal standards.
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3.7.2 HPLC conditions

The residues levels were determined using Shim@adzporation Kyoto Japan HPLC: Pcbm-
20A prominence bus module fitted with spd-20A pnoemice UV visible detector, Ic-20at prominence
LC and cto-10-AS Vp Shimadzu column oven was usedtientification and quantification of pesticide
residues in crop. Separation was performed on seyginase Luna C18 column. Samples were injected
manually through Rheodyne injector. The detects eamnected to a computer for data processing.
The working conditions were; 20l injection volurmidie mobile phase was acetonitrile: water (80:20) ;
flow rate was 0.5-1 ml per minute and the wavelermmjtthe UV-VIS detector was fixed at 254 nm for
residual analysis for all the pentachlorophendbigyrifos, chlorothalonil and lambda cyhalothrirhe

run time was 20 minutes.

3.7.3 Recovery analysis

Pesticide free samples of spinach, potatoes andtt@® were harvested from the organic container
garden where no pesticide residue had been appledsamples were spiked with known concentration
of standard solutions of 10, 40, and 100 ppm fortgehlorophenol, chlorpyrifos, chlorothalonil and
lambda cyhalothrin. The samples were extractedgUQIUECHERS AOAC 2007 method
(Anastassiades et al., 2007) without the cleanupgral detection made to determine the percentage

recovery.

Tomatoes, potatoes and spinach were chopped i@ton pieces, homogenized with a kitchen
blender and placed into a zip-lock bag, and stored-4°C freezer before analysis.15 g of pretkate
sample was weighed in a 50 mL centrifuge tube. kets of samples were spiked at 10ppm, 40ppm
and 100 ppm stock solution using 1ml of stock sotutAn aliquot of 15 mL of 1 % acetic acid in ACN
was added to the samples and 1ml of pentachlorabhairiorothalonil, lambda cyhalothrin and
chlorpyrifos were added as internal standards.®g§04 and 1.5 g NaOAc was dispensed into each
tube. The tubes were first shaken by hand for Juteiand then centrifuged at 3500 rpm for 2 minutes.
The aliquot was filtered through A42 Whatman filpaper and analyzed with HPLC with UV-Visible
detector at 254nm.
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3.8  Adsorption study

Solutions of standard pesticides standards in aeeto the concentration range 0-100 ppm were
prepared. Each of the 20, 40, 60, 80, 100 ppm isokitprepared was scanned using the UV-Vis
spectrophotometer on a wavelength range 200-800ie.resultant absorbance curves was made and

further used to determine the levels of adsorbatipdes.

In order to demonstrate the existence of the atisovdesorption equilibrium, 0.1, 0.5, 1.0, 1.5 &hdg

of the dried sediment were shaken with 10ml of 2rhgesticide aqueous solution for 60 minutes in an
orbital shaker. The soil samples were then alloteeskettle for 72 hrs, after which the water phass w
decanted, and then filtered through Whatman A4@rfipaper. The concentration of pesticides in the
clear aqueous solution was determined by UV-Visdgpectrophotometer. In order to determine the
values ofn and 0.5g of the dried sediment was shaken with 10stilldid water spiked with 10, 20, 30,
40 and 50mg/ml level of pesticides. Each of the@amin quadruplicate was shaken for 15, 30, 45 and
60 minutes using an orbital shaker. The conceptratf the pesticide in clear solution was deterghine
with UV-Visible by reading the absorbance and usiafibration curve to determine the concentration.
The apparent thermodynamic properties were detexnby making regression line using SSPS or
Minitab 15/16 software.

3.9 Removing pesticide residues

Washing of pesticides contaminated residues wasedayut as follows:
3.9.1 Washing solutions preparation

All washing solution treatments were prepared fthmingredients available in common
household kitchen. These consisted of 0.9% NaC%MNaHCQ, 0.001% KMnQand 0.1% acetic acid
(5% Distilled vinegar), distilled water was usedcastrol and diluents for all the solution treatitsen

All washing solutions were freshly prepared. Thagents were obtained from school equipment and

chemical supplies in Nairobi.
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3.9.2 Studies on degradation of pentachlorophenathlorothalonil, lambda cyhalothrin and
chlorpyrifos in washing solutions

The standard pesticides were diluted with digtilieater according to the product label
recommendation to the concentration of 100ppm agctigredient. The pesticides were mixed with the
washing solutions in 1:9 ratios and allowed to dtenm 15 min. Then 0.5 ml of the mixture was taken
and extracted immediately. The concentration ofpiticides was determined as outlined above to

determine the effect of the washing solutions @ngésticide degradation.

3.9.3 Studies on reduction and dissolution of pentadlorophenol, chlorothalonil, lambda

cyhalothrin and chlorpyrifos in washing solutions

Vegetable samples were harvested from Organic rantgarden. The samples were equally
divided into 20 sub samples of about 2.0g by hartdesach was soaked in 100ppm pentachlorophenaol,
chlorothaloni) lambda cyhalothrin and chlorpyrifos in washing sl for 5 min to simulate the
deposition of pesticides on them. The treated sesnwkre then air-dried for 1 hour in the shade.
Samples from each pesticide treated produce wexlgzad for the pesticides. Each of the samples left
was then divided into five groups assigned forgpecific washing solution tests. The pesticidete@a
samples were soaked in the washing solutions fenibSwith the initial 15s gentle rotation by hand.

This is believed to mimic actual household vegetaidshing procedure. Following the washing process,

the vegetable samples were picked up and air-dlored hr.

3.9.4 Sample extraction
The pesticides were extracted from the treated-kmmgnd after-wash sample solutions using
the procedure of QUECHERS AOAC 2007.01 method withclean up described above and the

extracts analyzed using UV-visible spectrophotomete

3.10 Photo-degradation

Five set of spinach leaves and tomatoes were placegetri dish. 0.01g each of lambda
cyhalothrin, chlorothalonil, chlorpyrifos and pecitéorophenol were dissolved in analytical grade

acetone to make 1000ppm solution each. 2ml of pasticide standard solution was spread on the
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spinach and tomatoes surface. Acetone was allogvedaporate for 1 minute. The set was then exposed
to sunlight, 40w, 60w, 75w and 100w bulbs whichevenclosed in a container to prevent light loss for
4 hours. An empty petri dish which had been spikel the above standards was also set in each case.

Temperature from each container was also recorded.

After four hours, the samples were allowed to $itadbfor 24 hours before washing with 10ml
acetone for chlorothalonil, lambda cyhalothrin,azplyrifos, and pentachlorophenol. The extracts were
then analyzed for the pesticide levels using UViMespectrometer at 340nm for chlorothaloni,
chlorpyrifos and pentachlorophenol and 254 nmdarbda cyhalothrin. The amount of residue left after

exposure was determined.

To study the effect of time on the rate of degriaadf these pesticide residues, 5cm by 5¢cm of
spinach leaf was cut and dipped in 100ppm starstatdion of chlorothaloni, chlorpyrifos,
pentachlorophenol and lambda cyhalothrin prepareatétone for 2 minutes. Figures 3.3 indicate the

experimental setup for the photo-degradation erpentis.

Figure 3.3: Schematic illustration of photo-degtamtaexperiment setup.

The leaves were placed in a petridish and acetitowel to evaporate in air for 1 minute. The
set was then placed in a plastic basin where thupsevere exposed to sunlight, 40w, 60w, 75w and
100w bulbs for 10, 20, 30 and 60 minutes. The patas removed and washed with 5ml acetone and

then residue concentration analyzed with UV-Vistpectrophotometer.
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CHAPTER FOUR
4.0 RESULTS AND DISCUSSION

The results obtained for organic farmer’s survelgoaption of chlorpyrifos by loam soil photo-
degradation of pesticide residues, analysis ofi@dss level and methods of removal are discussed.

4.1 Organic farming survey

A survey was carried out among organic farmersARK Kibera and Kikuyu areas of Nairobi
city as a representative of organic farming teduatne the extent of organic farming in the citgan
whether, how and which pesticides are used in thesss. Kibera is a slum area and therefore less la
is available for growing vegetables, KARI is souoéénformation for organic farmers and therefdre i
was the reference point while Kikuyu has the largesnber of recently trained organic farmers. The
survey was to give an overview on what is happenirtge field. This was conducted using structured
guestionnaire, attached in the appendixA2. Thelteate given below: twenty seven organic farmers
from Kikuyu and 3 from Kibera were interviewed. @nic farming specialist from Kenya agricultural
research institute was interviewed to give guidamterganic farming. When the farmers were asked on
the crop they grew in their organic gardens, 56&tvggpinach while 57% grew kales. The graph in

figure 4.1 shows different crops usually grown agnier in their organic gardens.
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Figure 4.1: A graph of no. of farmers versus typerop grown.
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Spinach and kales grow fast and have ready market.is the reason they are highly grown.
Farmers also grow nappier grass in their organidegasince it can be irrigated with any type ofevat

including soapy water.

Organic farmers grow their crops in different tygdeeontainers as shown in the graph below

(Figure 4.2) including; plastic bags, sacks, floweds, plastic buckets among others:

14 ~
12 -
10 -
8..

plastic sacks flower beds  plastic bags
buckets

Farmers

oON B O

Garden

Figure 4.2: A graph of the number of farmers vetgpe of garden.

Flower beds are cheap to construct and hold mogsaompared to others. Sacks are cheap and

readily available since most of the interviewedrfars also practice livestock farming.

Knowledge of organic farming

4%

= trained
m untrained

m don’t know

Figure 4.3: A pie-chart of farmer’s knowledge ogamic farming
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90% of the interviewed farmers know what organistamer gardening is and have prior
knowledge on this farming method (figure 4.3). 4faqbice organic container gardening with no prior
knowledge. Most of the interviewed farmers are memalof the group which is being trained by the

government on this gardening method.

The crops are often attacked by pests e.g. cutwanoths and spider mites. Among the diseases
that affect these crops include wilting diseasesstMarmers reported that they do not use pestcide
since organic farming doesn’t support chemical as&pme farmers reported use of dursban,radozim,
perl mancizebs, metalaxyl, benalaxy, radomil, tggraaster galvanized, sulcop, culprit, caffarta ta
master and daconil. Pesticides use is widely usedlbbages and tomatoes in green house farming.
Those who use these chemicals reported to hatvestrops after hours, days and others as

recommended by plant specialist.

The graph below (figure 4.4) indicates where tredpcts harvested from organic container

garden are used:

- market,6

Figure 4.4: A chart of where organic produce aetus

After harvest, washing the produce before use en@ifering to the market was surveyed. 98%

said they wash the produce while 2% said they davash. Those who said yes; wash their produce in
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water. 98% said they don’t think most consumeiskhow the produce are grown while 2% said they

think they know how the produce are grown and eyatrto the market.

The farmers gave the following advantages of oig&arming: easy to manage, little space

required, less labor, no chemical use, more yieldupit area and healthy produce.
4.2  Soil analysis

The properties of Limuru loam soil where the plamged in this study were grown are shown in the
table 4.1 below:

Table 4.1: Properties of loam soil where plantseagrown.

Profile Properties Profile Properties
Soil depth cm Top Calcium milli- 44.4
equivalent(me)%
Soil pH-H,0 (1:2.5) | 6.5 Magnesium me% 3.1
Elect. Cond. ms/cm | 0.3 Potassium me% 15
Carbon % 2.7 Sodium me% 3.6
Sand % 40 Sum me% 52.6
Silt % 40 Base % 100+
Clay % 20 ESP 14.4
Texture Class L Total nitrogen % 0.25
Cat. Exch. Capacity.| 24.8 Phosphorus ppm 44
me%
Zinc ppm 62.9 Iron ppm 96.2
Copper ppm 1.22 me is mill-equivalen
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4.3  ADSORPTION

The adsorption of chlorpyrifos by loam soil useddoganic container gardening was studied

and the results analyzed by using various adsaorjmherm models. The results are discussed below:
4.3.1 Calibration curve

Standard solutions were prepared using 99.9% stdmthiéorpyrifos in analytical grade acetone.
Shimadzu UV-Vis spectrophotometer was used to olite absorbance from which calibration curve

was plot. The standard solutions were scanned 280nm to 400nm and figure 4.5 obtained.

Figure 4.5: UV scans for chlorpyrifos pesticide

Concentration scans using UV-Visible at wavelengtige of 250 to 400nm yielded a lambda

maximum at 308nm.When the photometric scan was dbttes wavelength; the results obtained were
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used to plot the calibration curve in a plot of@bsnce versus concentration. The curve obeyedsBeer
law in the investigated range of 1 to 10ppm (lowaantrations). The deviations from Beer’s law at
high concentrations can be attributed to chemitfates (At high concentrations, chemical species
associates and dissociates). The nature of thesdirom figure 4.6 below and figure 4.5 above, is
explained by both chemical and physical effectst{umental and samples reparation errors) leading t

positive and negative deviation from Beer’s law.

high and low concentrations

0 20 40 o0 80 100 120

cong

Figure 4.6: A plot of absorbance versus concewnindtr standard chlorpyrifos.

Varying amounts (0.1-2g) of loam soil were equdited in aqueous solutions containing same amount
of pesticide residue (2mg) in the experiment fdedaination of the effect of different mass of smil

adsorption of chlorpyrifos. The obtained data orded and used to plot figure 4.7 below.
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Plot of % adsorbed chlorpyrifos versus mass of soil
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Figure 4.7: Plot of % adsorbed chlorpyrifos venass of soil in grams.

Figure 4.7 shows that when a 20 pg/ml chlorpyrgfolition is equilibrated with increasing
amounts of sediment, the amount of the chlorpyrifesiaining in solution and/or suspension decreases

exponentially as the amount of soil increases. EEh@®nsistent with equation 11 above, and confirms

a) The existence of an adsorption/desorption equilibrin the system.
b) The predictions of the adsorption/desorption efyiim model presented above.

An elaborated picture is shown in figure 4.8 whas data obtained is plot against different massoof

Plot of [ X]e + [SXn]w, [X]Jads versus mass of soil in gram
_ I Variable
20 /._._--—-—-—-—'—__ - —e— [X]e + [SXn]lw
— —B— [X]Jads
—
_ -
154 ~
~
~
-
g - -
E 104
é 7]
(ohy — e
T T T T T
1 2 3 4 5
Mass in grams(1-0.1,2-0.5,3-1.0,4-1.5,5-2.0)

Figure 4.8: Combined graph of [X} [SXq]w) and [X].asversus mass of soil sample in grams
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To illustrate a more clear picture of adsorbed ighafos and amount in the
suspension/desorbed, a plot of {X][SX,]w and [X]gsagainst mass was made (figure 4.8). From the
figure, we deduce that the amount desorbed de@®ateincrease in mass as the amount adsorbed
increase with increase in mass. This is expectedus® as mass increases, the adsorption sitesesrea
At around 1.0g any increase in mass doesn'’t tremgbancreased adsorption. This can be explaiyed b
the limited number of chlorpyrifos molecules. 0.8d of loam soil seems to have the maximum

adsorption site for 20pg/ml solution.

The next experiment involved equilibrating 0.5 gldferent samples of soil and spiking the
resulting solutions with different concentratiorisblorpyrifos (tableA2 in appendix). The aim ofgh
experiment was to determine the concentrationdloirgyrifos in dissolved, suspension and adsorbed

forms.

The amount of time the pesticide and soil are ma&ct is an important parameter in adsorption
kinetics of an adsorbate at a given initial concdidn (H. Babazadeh et al., 2011). Therefore the
effect of contact time on adsorption of chlorpysifoy loam soil was investigated for 60 minutesu(feg
4.8). The kinetic studies were carried at differgpike levels of 10, 20, 30, 40, 50ug/ml at room
temperature, 2&. Figures 4.8 illustrate the amount of percentidderpyrifos adsorbed against
concentration and contact time. The soil adsorlpetb 5% of chlorpyrifos. From the plots, for lower
concentrations, maximum adsorption was obtainédrmnutes. This indicates that the soil readily
adsorbs chlorpyrifos which may indicate that weahdom spraying, a significant amount of residue is
left in the soil. This should spark concern to vale authorities since it indicates that even adter
particular pesticide stops being used for any nedgsolicy, harmful indications or availability of
alternative) chlorpyrifos would remain in the saild still cause environmental concerns. On therothe
hand, it shows that the soil can be deliberatetpiiporated in a waste water treatment unit witly ver
positive results. It can also be incorporated @ensilde of storm water ways to arrest pollutantsteef

the water gets into other sources.
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Plot of % adsorbed against contact time in minutes Plot of xads against initial concentration in ppm
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Figure 4.9: Amount of chlorpyrifos adsorbed ver&@jscontact time in minutes and (b) initial
concentration.

4.4  Adsorption isotherm models

These are models that describe the distributidghe@fdsorbate species among liquid and solid
phases, based on the assumptions related to heteibgor homogeneity of the solid surface, theetyp
of coverage and possibility of interaction betwaesorbate specie. In the present work of adsarjatio
chlorpyrifos by loam soil, equilibrium data wereatyzed using Freundlich, Temkin, and Langmuir and

Quasi Langmuir isotherms expressions.
4.4.1 Freundlich Equation
The Freundlich (1906) equation is an empirical é#ignabased on adsorption on a heterogeneous surface

The equation is commonly represented as:

1/n

qe: KFCe ........................................................................................... 4.1

Where Ce (mg/L) is the equilibrium concentration amgd (mg/g) is the amount adsorbed pesticide
molecule per unit mass of the adsorbent. The cohastémeasure of adsorption non-linearity between
solution solute concentration and adsorptios)the Freundlich equation exponent that represems

parameter characterizing quasi-Gaussian energetezdgeneity of the adsorption surface (Bansal and
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Goyal, 2005) Kk (L/g) is the Freundlich constant indicative of ttedative adsorption capacity of the
adsorbent.

Taking the logarithm on both sides

|I"l qe: |n KF + 1/n In C:e .......................................... 4.2

This means that a plot of Irf ggainst In € is linear with slope of 1/n and is shown in fig4.10

Scatterplot of In ge versus In Ce for 45 and 60 minutes

24 Variable
- —@— I|n ge45 * In Ce 45
—#— In ge 60 * In Ce 60

2.5 3.0 3.5 4.0
In Ce

Figure 4.10: Scatter plot of In gersus In ¢

The data in table 4.2 below shows the Freundlichliégum constant values from the plots. The
regression value ranged from 0.701 to 0.912. Tlheewvaf n increases with increase in shaking time
from 0.1998 to 0.2914, Zaranyika et al., 2003 hlaskoved that as shaking time increases, more
adsorption sites are exposed. This was also olséyw&amau et al., 2012 for the adsorption of
chlorothalonil.

Table 4.2 Freundlich isotherm parameters

Time in minute n InKF R

15 0.1998 2.964 0.858
30 0.2022 3.447 0.701
45 0.2805 3.449 0.904
60 0.2914 3.469 0.912
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From the Rvalues, the Freundlich isotherm is best obeydtgiter contact time (45 and 60
minutes). This is most probably because at higbetact times, sorption equilibration is achieved an

thus adherence to the model.

4.4.2 Langmuir Model

The Langmuir (Langmuir, 1918) model assumes thttkgpof pesticide molecule occurs on a

homogenous surface by monolayer adsorption withoytinteraction between adsorbed molecules. The
_ QmKpCe

. . e A
Langmuir equation L+KLCe o, 4.3

wheregeis the amount adsorbed (mg/@gis the equilibrium concentration of the pesticidel@cule
(mg/L), gm(mg/g) is the maximum amount of adsorbed molegoéeainit mass of sorbent
corresponding to complete coverage of the ads@sitesK, (L/mg) is the Langmuir constant related
to the energy of adsorption. This can further bigtenr as:

Codde =1/ K QP4 Cof Q0. e, 4.4

A plot of GJ/qe versus Ggives a straight line with intercept of 1/ K @nd slope oL/ Q° (figure 4.10)

Assumption made is that the adsorbed chemical epéld not react with one another.

Scatterplot of ce/qge vs ce
0.25+ Variable

—®— ce/qgqe 15 * ce 15

—@— ce/qe 30 * ce 30

ce/qge 45 * ce 45

0.20 — — ce/qe 60 * ce 60
g 0.151
0.10
0.05 +
0.00

T T T T T T
o 2 4 6 8 10 12 14 16
Ce

Figure 4.11: Scatter plot ofQe versus ¢

From the scatter plots abovbe obtained values are presented below (tab)eMt regression values,

ranging from 0.908 to 0.990.
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Table 4.3: Langmuir isotherm parameters

Time in minute 1 Q 1/ K R2

15 0.019000 0.01557 0.908
30 0.022172 0.004877 0.991
45 0.022470 0.003286 0.990
60 0.029820 0.002838 0.953

The Langmuir isotherm model is seen to fit stroriglyhe adsorption of pesticides in the soil at all
contact times investigated £/0.9). This is indicative of monolayer adsorptioml @tso points at
physisorption of the pesticide molecules onto thieparticles. This would be encouraging if soieds
in the waste water treatment unit, because it neaydssible to desorbs the pesticides from theasail

reuse the soil. The pesticide molecules then reedvean be tested for re-use.

4.4.3 Temkin Isotherm Equation

The Temkin isotherm equation assumes that thedieatsorption of all the molecules in layer
decreases linearly with coverage due to adsorlasdrbate interactions, and that the adsorption is
characterized by a uniform distribution of the bioigdenergies, up to some maximum binding energy

(Temkin, 1940). The Temkin isotherm is represeigthe following equation:

=
e =7 L 4.5

Where,T is the absolute temperature (IR)is the universal gas constant (8.314J/mol.Kk)is the
equilibrium binding constant (L/mg), athd is the variation of adsorption energy (kJ/m@&4).is
Temkin constant related to the heat of adsorp#dinol).This can be rearranged linearly as
qe = BrInK+ + ByLnC.-

Therefore a plot of gagainst In €is linear (figure 4.11). From the plots, the datéable 4.4 was

obtained
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Scatterplot of qe vs Ince
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Figure 4.12: Scatter plot of gqgainst In G

The obtained values from the plots of the adsonpdi@ta obtained subject to Langmuir equation are
recorded in table 4.4 below:

Table 4.4: Temkin isotherm parameters

Time in minute BT BrlnK+ R

15 4.624 21.91 0.811
30 5.171 34.63 0.852
45 6.803 33.90 0.979
60 6.298 33.90 0.975

Like in Freundlich isotherm, the curve fits betéhigher contact times. This is expected since
at higher contact times, equilibration is achieaed thus the adsorbents interaction has equilitbrae=,
the rate of forward and backward reactions are legtidower contact times, this has not been ackiev
and therefore the points are more diverse.

4.4.4 Redlich Peterson (Quasi Langmuir) Model

Quasi Langmuir model is used as a compromise betwaegmuir and Freundlich models,
which can be written as (Redlich and Peterson, 1959
(e = KRPC(Z(;

I+ARPCe . .o 4.6
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This can be expressed in its linear form as:

ot - 3

de Krp KRp © ., 4.7
WhereKRP (L/g), are(L/mmol) andf are Redlich-Peterson constants. The valygelefs between 0 and
1. The Redlich—Peterson isotherm constants camdaicped from the plot betwedy/geversusCe’. A
special case of Langmuir would give the same lirgamation as follows
1/ge = (1/KaQm) 1/Ce + o 4.8
This means a plot df/ge versusl/C. is linear with1/K,q, as the slope and interceptldg, and is

shown by figure 4.13

Scatterplotof 1/ge vs 1/ce
0.114 Variable
—@®— 1/gqe 15 * 1/ce 15
0.10 _ - —m®— 1/qe 30 * 1/ce 30
~ - 1/qe 45 * 1/ce 45
0.09 ~ . - — - 1/ge 60 * 1/ce 60
~Z
0.08 e ///
V4 -
0.07 7 ~
g o
0.06 P
0.05 -
0.04
0.03
0.02
T T T T T
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1/Ce

Figure 4.13: Scatterplot of I/gersus 1/G
The parameters of Quasi Langmuir adsorption isathane stipulated in table 4.5 below

Table 4.5: Quasi-Langmuir isotherm parameters

Time in minute 1/KaOm g™ R

15 0.005945 0.03490 0.969
30 0.003105 0.02249 0.992
45 0.002980 0.02343 0.983
60 0.002207 0.02451 0.981
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The data for all contact times fitted well into fDeasi-Langmuir isotherm model{&R98), table
4.5. This model was therefore used to determin@dhieus thermodynamic parameters.
4.4.5 Dubinin- Radushkevich (D-R) Isotherm

Dubinin- Radushkevich (D-R) isotherm was appliethi® obtained data to deduce the heterogeneity of

the apparent adsorption energy on the adsorptier{&kpomie et al,. 2012). The equation linear fasm

given as
INGe= 1N GD -BD £2. . e, 4.9
E RTIN[L+HL/Ce] e e e 4.10

Where @ is adsorption capacity of the adsorbery,i®the D-R isotherm constant related to enefgy,

the Polanyi potential. The plot of In ge agaiéfss shown in figure 4.14 below,

Scatterplot of In ge vs € squared
4.0 Variable
—@— In ge 15 * € 15
—#— In ge 30 * € 30
In ge 45 * € 45
—& — |n ge 60 * £ 60
3.54
& 30
2.5
T T T T T T
o 20000000 40000000 60000000 80000000 100000000
£€2

Figure 4.14: Scatterplots of Inq versiis

The D-R isotherms parameters are given in tablédl®@v. The mean adsorption energy E (kj/mol) can

be obtained from the value of, By using the formula

B0/ 2 B oo e 4.11
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Table 4.6: D-R isotherm parameters

Time Ln 9o Bp R? E( kj/mol)
15 3.422 0.000001 89.3 0.707
30 3.715 0.00000001 95.4 7.071
45 3.689 0.000000002 | 96.6 5.000
60 3.671 0.000000002 | 95.4 7.000

When the adsorption energy is less than 8kj/moktrption process is said to be dominated by
physisorption( physical attachment of pesticideeuole to the soil surface), if E is between 8 and
16kj/mol, the process is dominated by chemicaldwchange mechanism and if the value of E is greater
than 16kj.mol the process is dominated by chenpagticle diffusion (Dubinin et al,.1972). The value
of E obtained in this work is 4.4445kj/mol whichdinates that the adsorption of chlorpyrifos is

dominated by physisorption.
4.4.6 Scatchard plot analysis

The scatchard plot analysis is applied to obtamme@hensive information on the affinity of of bindi
sites and to analyze the result of the adsorpsiotherms (Anirudhan et al ., 2012). The equation is

given below

Qe Cem QDG et 4.12

Where Q and b are the Scatchard adsorption isuthenstants, if the plot of ge/Ce versus ge gives a
straight line, the adsorbent consist of one typeilnding site (homogeneous surface). However gf th
plot deviates from linearity, then the adsorbemtsists of more than one type of binding site. The
regression value obtained is 0.744 which show stewétion from linearity implying that the loam koi

used in this experiment is made up of many sitesiwére responsible for the adsorption process.
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Scatterplot of qe/ce vs ge
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Figure 4.15: Scatterplots of ge/Ce versus ge

The isotherm parameters obtained from the plofigure 4.14 are shown in table 4.7 below whereby

the regression ranges from 0.893 to 0.966.

Table 4.7: Scatchard plot analysis parameter

Time Q b R?

15 30.825 4.545 89.3
30 45.805 16.21 95.4
45 42.814 7.794 96.6
60 41.756 10.48 95.4

Based on the higher regression values in Quasithairgsotherms, the experiment was found

to follow this model. Freundlich isotherms scatikats were used to calculate the apparent

thermodynamic values of Gibbs free energy, equiliorconstant and. The result from the table in

appendixA2 for different shaking time is illustrdt®garithmically in figures 4.15 which is a pldt o

IN[X] ags Versus In ([X} + [SX.]w). The obtained scatter plots have regressiofsréRging from 0.71-
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0.91. This confirms that adsorption of chlorpyriagheres to Freundlich adsorption model to some

extent. The obtained plots parameters were furibed to obtain apparent thermodynamic properties.

Scatterplot of In[X]Je + [ vs In[X]ads for45 and 60 minutes

Variable
—®@— 45in[X]e + [SXn]w (pg/ml) * 45 In[X]ads
—ll — 60 In[X]e + [SXn]w (hg/ml) * 60 In [X]ads

T
2.5 3.0 3.5 4.0
In [ X]Jads

Figure 4.16: Adsorption of chlorpyrifos by loamlssamples: In[x]q4s versus In [X} + [SXy]w-

Table 4.8 shows the equation obtained when the pidX] . + [SX] w against In[xLg4s Were

made with their linear regression values.

Table 4.8: Freundlich equation for different shakiimes

Shaking time(minutes) Equation regression
15 Y=2.964+0.1998x 0.858
30 Y=3.447+0.2022x 0.701
45 Y=3.449+0.2805x 0.904
60 Y=3.469+0.2914 0.912

From the linear plots in figures 4.16 and figuréldabove, the intercept and the slope were used

to calculate the apparent thermodynamic propestiesvn in table 4.8.
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Table 4.9: Values for n, K* antiG’ for the adsorption/desorption of chlorpyrifos logm soil

Model Freundlich Langmuir

Time N LnnK | K AG (kj/mol) | Kc AG(kj/mol)

(min)

15 0.1998 2.964 |96.974 -11.333512 | 34.289 -8.766590

30 0.2022 3.447 | 155.322 -12.500591 | 284.568 -14.01437

45 0.2805 3.449 | 112.189 -11.694598 | 111.745 -11.69680

60 0.2914 3.469 |110.174 -11.649.695 | 139.439 -12.24595

Mean 0.244+0.05 118.665+22.311| -11.7946+_0.3| 142.510+_122.3 -11.6809+_2.568
65

Table 4.9 shows the values of the apparent thernadic properties calculated from Freundlich
and Langmuir adsorption isotherms. Adsorption/desom equilibrium constant, K’ 0f118.665 was
obtained from the log plots (figures 4.10 and 4.18nhgmuir constant of 142.510 was obtained fkom
= Cadl CewhereCg is the concentration at equilibrium a@de is the amount adsorbed on solids at
equilibrium. This illustrate that despite the modséd, the apparent thermodynamic properties adatain
are almost the same. The mean value of 0.&t4and the meanG’ for the adsorption of chlorpyrifos
is-11.7946Kj/moland 41.6809Kj/molfor Freundlich and Langmuir isotherms respectifehthe
loam soil where the plants were grown. The negatalae forAG’ confirms the adsorption reaction
occurs spontaneously, as expected. Desorptiospgeial case of thermal dissociation, thereforeare
use transition state theory to obtain that appatesorption rate constantg kh terms of the apparent
adsorption/desorption equilibrium constant, K’,ghu

Kq=kT/hK'. . ........ (13)
Where: k is the Boltzmann distribution constanB8D6*1023Kgnts’mol/k), T is the absolute
temperature (298K), h is the Planck’s constant2@*60°>%s’mol/K).

In equation 13, Kis given by:

62| Page



T DR S A )5 I (24)
The mean lifetime of a molecule of adsorbed statgiven by 1/k (Atkins, 1978).

Substitution of the appropriate values in equati8ryields a value of 1.916* Tfs, for the apparent
lifetime of a molecule of chlorpyrifos in the adsed state. Such apparent life time of the adsosted
points to physisorption, rather than chemisorpfarwhich room temperature lifetimes as long a8B0
s have been predicted(Atkins 1990). This agreds thé earlier observation using Langmuir model

whereby physisorption was hypothesized.

The exponent is the number of pesticide molecules associatéd avsingle adsorption sit8,
to give the pesticide-site complex SMhich is represented graphically as shown belovis Fdicates

that the adsorption site increases with increashaking time as expected.

The value of n 00.244+-0.05suggests that each molecule of chlorpyrifos is@aged with adsorption
site. The major adsorption interactions which kenehll organic molecules in the soil particles@fre
colloidal dimensions, i.e., 1nm to 1mm (Burchillaét 1981). Combining equations 9 and 10 one
obtains equation 15 which gives the relationshigvben the apparent equilibrium constant, K’, ared th

true equilibrium constant, K:

K'= K[X] d[X] e+ [SXJw....... (15)

It is apparent that the extent to which K’ devidresn K depends on the value of [§¥ and the value
of n. The values of K anddead to a value for the rate constant for the gudsm reaction, kg4 of
1.912 X 10's.

4.5  Photo-degradation of pesticides

The degradation of pesticides is currently focusethly on hydrolysis, photo-degradation and
microbial degradation as earlier studied (Pu e2&l02; Tang et al., 2000; Yang et al.,1999; Zheingj.,
2001). Photo-degradation of pesticides has a stgnif influence on pesticide residue, efficacy tayi
and even the environment (Itoh et al., 2005; Abdenetal., 2005; Li et al., 2008). The photo cheahic
degradation properties of pesticides have becomaortant index in ecological environment safety
evaluation of pesticide. It is required to providirmation of photo-degradation for pesticide

registration in many countries. Photo-degradatiopesticides in the environment as an important
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process of degradation plays a major role in resahd fate of pesticide in crop surface, atmospheri

and water environment (Holmstead et al., 1978; gretal., 2003). On running the standards of

pesticides in UV-Vis at different wavelengths, thbowing calibration curves were obtained and

further used for photo-degradation studies (figifer)

Pentachlorophenol

0.6

0.5 y=0.004x+0.009 &
R*=0.981 05
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Figure 4.17: Calibration curve of (a) pentachlorepdi (b) chlorothalonil in acetone at 254nm.

Table 4.10 show the equation of standard residitbstiaeir regression values on scanning with

UV-VIS spectrophotometer

Table 4.10: Calibration curve equations

Pesticide Equation Regression
Chlorpyrifos Y= 0.000x + 0.003 0.992
Pentachlorophenol Y= 0.004x + 0.009 0.981
Chlorothalonil Y= 0.005x + 0.006 0.993
Lambda cyhalothrin Y=0.010x + 0.015 0.969

Figures 4.16 represent the calibration curves wiiete used to determine the amount of

pesticides residue photo-degraded on the surfaspiméch, tomatoes and blank petri dish. Rate of
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degradation is assumed to follow first order kictiThis is attested by Weerasinghee et al., 1892,

the equation they proposed, which were used instiidy are as follows:

1057 IN2/K=0.693/K. .. ..ot 4.13

K= 1/TXAN @I0X e 4.14

Where: k = Rate of decomposition, ¥ Time in days, a = Initial residue, bResidue at time(x)
4.5.1 Lambda-cyhalothrin

4.5.1.1 Photolysis

Naturally occurring pyrethrins are unstable in tighhile the photo stability of recent synthetic
pyrethroids has been improved. Photochemical studin lambda-cyhalothrin had been conducted
under UV and sunlight irradiation to understandtpkaiegradation kinetics, pathways, and products
(Fernandez-Alvarez et al. 2007; Ruzo et al. 19BXjposure of lambda cyhalothrin spiked spinach,
tomatoes and blank samples to sunlight, bulb lkg#0w, 60w, 75w and 100 W at254 nm) for four
hours resulted in nearly complete degradation bafthrin with losses greater than95% of initial
amounts applied. The results are indicated in tald#& below. The degradation was observed to vary

with light intensity and applied surface.

Table 4.11: Photo-degradation of lambda cyhalotafier four hours.

Light Temperature(°C) Spinach Tomatoes Blank
Lambda Initial(ppm) | % loss | Initial(ppm) | % loss | Initial(ppm) | % loss
cyhalothrin

Room 25 1000 -- 1000 -- 1000 --
Sunlight | 26 827 82.7 827 82.7 848 84.8
40w 36 853 85.3 858 85.8 863 86.3
60w 40 862 86.2 865 86.5 864 86.4
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75w a7 879 87.9 877 87.7 896 89.6

100w 58 922 92.2 882 88.2 927 92.7

The amount of lambda-cyhalothrin degraded on tieasp and tomato can be represent as

shown in the figure 4.18 for light and temperatuespectively.

Plot of lambda cyahlothrin degraded on spinach and Tomato surface Plot of lambda cyahlothrin degraded on spinach and Tomato surface
Variabl ] Variable
10001 —— spa'\ran: et —&— spinach
—&— Tomato —#— Tomato

950+ 950

900+ 900

Degraded amount
Degraded amount

8501 8501

light (1-initial, 2-100w,3-75w,4-60w,5-40w,6-sunlight) Temperature(1-26,2-36,3-40,4-47,5-58) in degree celcius

Figure 4.18: Plot of %lambda cyhalothrin degradedpinach, tomato against (a) light and (b)

temperature.

The similarity in figures 4.18 (a) and (b) refletisit as light intensity increases, so does th@ésature
and therefore confirms the fact that light inteysihd temperature are some of the factors whidateis

the rate of degradation of pesticide residues.

Figure 4.19 represent the percentage lambda cymalategraded on the surface of spinach and

tomato when exposed to different lights
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Plot of % lambda cyhalothrin degraded on spinach and tomato

Variable
—@— spinach
—B— Tomato

S/odegraded

1 2 3 4 5
Light(1-sunlight,2-40w,3-60w,4-75w,5-100w)

Figure 4.19: % lambda cyhalothrin degraded wipeet to light.

Different wattage bulbs emitted different amountigifit intensity and heat. This means that
photo-degradation of lambda cyhalothrin on theaaefof spinach; tomato and blank petri dish redulte
from both light intensity and heat. Figure 4.189slirate the amount degraded versus temperature in
degree Celsius. Lambda cyhalothrin degradationhigisest at 5% as expected from light and heat
emission from 100w bulb. This is in agreement it Stark Einstein law which stipulates that for
every photon absorbed a molecule undergoes phatocalkereactions (Atkins 2011). This means that
the reaction depends on the number of photonsllinainate a surface (wattage) and the bond being
cleaved (substance).

In the two plants investigated the half-life desesawith the strength of radiation which further
agrees with Stark Einstein law; the higher theaatlenergy, the more the photons, the higher the
amount of molecules undergoing reaction and theedfte shorter the amount of time required for half
the entities to photo-degrade (figures 4.18 an@)4.1

In the case of 100w, there is significant differemt half-life of spinach and that of tomatoes.
This may be due to the fact that tomatoes havet@give layer which keeps the pesticide from rapid
degradation and also from high temperatures. Spinadhe other hand is a leafy crop that does not
have that protective coat and is degraded at leigipératures. This may account for its relatively lo
half-life.
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Table 4.12: Half-lives of lambda cyhalothrin.

Light Temperature(’C) | spinach(ty) tomatoegt ) Blank (t1/2)
Sunlight 26 0.066 0.066 0.061
40w 36 0.060 0.059 0.058
60w 40 0.058 0.058 0.058
75w 47 0.055 0.055 0.051
100w 58 0.045 0.054 0.044

Except for the 100wattage, the half-lives do neins¢éo depend on the species of the plant under
investigation, which may imply that reaction ratdyodepends on the radiant energy and the substance
being degraded.

4.5.2 Pentachlorophenol (PCP)

When PCP was exposed to sunlight and differentggriaulbs, the amount of PCP after 4 hours
were recorded and used to plot figures 4.18 belwvthe trend of the residues degraded against light
(figure 4.20 (a) and temperature (b) is shown eftgures below.

Plot of degraded pentachlorophenol on Spinach and Tomatosurface Plot of degraded pentachlorophenol on Spinach and Tomatosurface

Variable
—8— Spinach
—&— Tomato

Variable
—&— Spinach
—=&— Tomato

1000 1000

950 950

900 900

Amount degraded
Amount degraded

850 850

T T T T T T T T T T T T
1 2 3 4 5 6 1 2 3 4 5 6
Light (1-initial,2-100w,3-75w,4-60w,5-40w,6-sunlight) Temperature (1-25,2-26,3-36,4-40,5-47,6-58) degree

Figure 4.20: Plot of pentachlorophenol degradednagéght and temperature.
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The % loss degraded from initial concentration @@0ppm as indicated in figure 4.20 shows
that 92.2, 88.2 and 92.7% PCP on the spinach, toarat blank surfaces, respectively degrade on
exposure to 100w. PCP degradation is highly depgratetemperature and light intensity.

Plot of % degraded PCP on spinach and tomato vs light in watts Plot of % degraded PCP on spinach and tomato vs temperature in degrees

Variable
—8— spinach
—B— tomato

Variable
—&— spinach
—&— tomato

% degraded
% degraded

1 2 3 4 5 6 1 2 3 4 5 6
Light (1-sunlight,2-40w,3-60w,4-75w,5-100w) Temperature (1-26,2-36,3-40,4-47,5-57) in degree

Figure 4.21: % PCP degraded (a) light (b) tempeeatu

After 4 hours exposure, the, half-life of PCP wakglated and was recorded in table 4.12 for
spinach tomatoes and blank dish. The half-liveseddmn temperature and the light intensity reaching
the residue surface. The half-life on the blankase is explained by total exposure compared toues
on tomato and spinach. Unlike the case of lambdaloyhrin, the half-lives obtained upon degradation

of PCP seem to depend on wattage, plant surfacg beialyzed and the residues being photo-degraded.

Table 4.13: Calculated half-lives of PCP.

Light Temperature(°C) Spinach(ty,) tomatoes(t) Blank (t1,)
Sunlight 26 0.074 0.074 0.043
40w 36 0.141 0.115 0.104
60w 40 0.105 0.096 0.091
75w 47 0.091 0.089 0.089
100w 58 0.060 0.055 0.036
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The half-lives obtained for different light intétysdepend on the surface of exposure except for
the sunlight. PCP degradation is different fromabeer residues studied which can be explainedhéy t
different reactions that occur when degrading tb&tipides. The half-lives for spinach are consibgen
higher than those of tomatoes with all variatioarafrom the sun. This could be due to the protecti
coating on tomato fruit and/or interference witlocbphyll at the surface of spinach. In the secoaske
it may mean that the photo-irradiation, other moles other than PCP are being photo degraded and
that activation energy maybe similar to that exgeced when PCP is being degraded. It could be that
there are two competing reactions which mean #ss PCP is degraded per unit time, i.e., the fate o
photo-degradation of PCP is lower and thus takeshnanger to get to half the initial concentration.
The protective coat and lack of chlorophyll in tdmemake the half-life less than that of spinacts It
worth noting that half-lives of PCP are much higthem those of lambda cyhalothrin at all instances,
which may be due to the structure of PCP and theympeoducts formed up on PCP degradation (table
4.12).

4.5.3 Chlorothalonil

The % loss of chlorothalonil on exposure to differigght intensity from the initial concentratiom o

1000ppm is recorded in figure 4.22

Plot of % chlorothalonil degraded on Spinach, Tomato and Blank surface
94+

Variable
—@— Spinach
—@— Tomato

Blank

92
g 90-

88
£ o

84

82

1 2 3 4 5
Light (1-sunlight,2-40w,3-60w,4-75w,5-100w)

Figure 4.22: % degradation of chlorothalonil aftasr hours of exposure to different lights (bullis o

different energy).
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Plots of percentage degraded on spinach and toagaiost wattage and temperature are presented in
the figures 4.23 below

Plot of % chlorothalonil degraded on Spinach and Tomato surface Plot of % chlorothalonil degraded on Spinach and Tomato vs temperature
Variable Variable
—&— Spinach T —&— Spinach
—&— Tomato —#— Tomato
o -
4 LY
- -
[ [
= =
L LY
o -
= =
= =
o o
£ £
<< <
T T T T T
1 2 3 4 5
Light (1-sunlight,2-40w,3-60w,4-75w,5-100w) Temperature (1-26,2-36,3-40,4-47,5-57) in degree

Figure 4.23: Plot of PCP adsorbed on spinach amatim against light and temperature

Like lambda cyahlothrin the photo degradation dbadthalonil is found to be independent of
species of crop analyzed, but only dependent otagatvhich could indicate that they have similar
photo-degradation patterns. The presence of cyamgogdn both species may greatly influence the

degradation pattern in the plants in the investidaand thus the nature of the plant may not inftee
the degradation.

Despite the fact that the obtained half-lives ammgarable to those of lambda cyhalothrin, the
amount of chlorothalonil degraded by each of tlkatad lights is much lower than that of lambda
cyhalothrin (figure 4.19). This can be due to theoant of energy required to breaking of the CIHC (i
benzene) bond; thus eventually these is the deipadaf the pesticide even with the same amount of
radiation. Once more, the half-life decreases witltage due to photons degrading more molecules.
The rate of degradation in the four hours exposwre calculated and hence the half-life of

chlorothalonil on the surface of spinach and tonzetevell as on blank dish was obtained (table 4.14)
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Table 4.14: Calculated half-lives of chlorothalonil

Light Temperature(’C) | Spinach tomatoes Blank
Sunlight 26 0.111 0.111 0.111
40w 36 0.079 0.080 0.079
60w 40 0.058 0.058 0.063
75w 47 0.054 0.054 0.058
100w 58 0.041 0.041 0.042

4.5.4 Chlorpyrifos

When 1000mg/L of 99.8% standard of chlorpyrifostios surface of spinach, tomato and blank
petri dish were exposed to sunlight and differeattsvbulbs, the results are as stipulated in figu?d

below.

Plot of % chlorothalonil degraded on Spinach, Tomato and Blank surface

94 Variable
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—#— Tomato

92 Blank

-
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82-L,

Light (1-sunlight,2-40w,3-60w,4-75w,5-100w)

Figure 4.24: Amount of chlorpyrifos lost after fduours of exposure to different lights.
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Figures 4.25 indicate that the % chlorpyrifos ddgdawith respect to light intensity and temperatsre

the same. This is explained by the fact that déffiebulbs emit different amount of energy and tfozee
high bulb wattage translate to higher temperature.

Plot of % chlorpyrifos degraded on Spinach and Tomato against light Plot of % chlorpyrifos degraded on Spinach and Tomato against temperature

Variable
—&— Spinach
—&— Tomato

Variable
—&— Spinach
—&— Tomato

Amount degraded
Amount degraded

T T T T T T T T T T
1 2 3 4 5 1 2 3 4 5
Light (1-sunlight,2-40w,3-60w,4-75w,5-100w) Temperature (1-26,2-36,3-40,4-47,5-57) in degree

(@) (b)

Figure 4.25: plot of % chlorpyrifos degraded omsgh and tomato against light and temperature.
Like lambda cyhalothrin and chlorothalonil, phatgdadation of chlorpyrifos is independent of
species of crops analyzed but dependent on ligleted which indicate that photo-degradation of

chlorpyrifos on spinach and tomatoes are similant€ary to that, irradiation on blank surface irsdes

that the half-life of chlorpyrifos is higher thamat on the spinach and tomatoes.

Calculated half-lives for chlorpyrifos in spinacbmato and blank dish are recorded in table 4.15
below. The half-lives decrease with wattages durdeeased photons degrading more molecules.

Table 4.15: Calculated half-lives of chlorpyrifos.

Light Temperature(°C) spinach(ty)) tomatoes(t)) Blank (t1/)
Sunlight 26 0.069 0.069 0.069
40w 36 0.065 0.065 0.067
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60w 40 0.064 0.064 0.070
75w 47 0.062 0.062 0.064
100w 58 0.042 0.042 0.044

4.5.5 Energy calculations

The total amount of energy absorbed by 5cm by Bahdurface from the sun on a hot summer can be
calculated as follows;

Energy= power * time
Power = area * current

Electromagnetic wave from the sun is 1.4k\kbut only 80% of this reaches the earth surfaca bat

summer day, therefore,

80/100% 1A=L L2KWIIL.. .. e e e et s 4.15
Area = 5cm *5cm=25/10000=0.0025mf spinach leaf
power=0.0025m2*1.12kW/m2=0.0028kW

Energy = 0.0028kW*14400sec=40.32joules.

This means that the amount of energy absorbedebggimach and tomato when exposed to 40w, 60w,
75w and 100w bulbs for four hours can be calculatade the area and the wattage is known. The
amount of energy responsible for breaking dowrpénsticide molecules are shown in table 4.16.
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Table 4.16: Energy reaching the plant surface

Light Temperature (°C) Spinach(joules) Tomato (joules)
Sunligh 26 40.320( 45.090:

40w 36 1.440( 1.610¢

60w 4C 2.160( 2.415°

75w 47 2.700( 3.019°

100w 58 3.600( 4.026:

The sun has the highest amount of energy reachigurface of 0.0025 and 0.002798afthe
spinach and tomato, respectively. From the plofseotentage degradation of the four residues,uthe s
degraded the least. Several factors account ferdégradation trend; the distance from the suheo t
molecule surface is 93,000,000 miles meaning ttensity reaching the crop surface is reduced to a
large extent unlike for the bulb which is 30cm abdive surface. Secondly, as noted earlier by Suett
(1979), temperature is a major factor in the breakdof pesticides whereby he reported doubling of
chemical reactions with 2@ rises in temperature. Photo-degradation fronstimeis influence by light
intensity while light intensity and temperaturelignces breakdown of residues. This explains the

pattern of photo-degradation. Clear illustratiorihed observation is shown by figure 4.26.

Plot of energy reaching spinach and tomato surface vs lights Plot of energy against temperature

Variable
—e— spinach
—— tomato

Energy in joules
Energy in joules

Light(1-40w,2-60w,3-75w,4-100w,5-sunlight) Temperature(1-26,2-36,3-40,4-47,5-58) degree celcius

Figure 4.26: Plot of energy in joules versus (ghtiand (b) temperature
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When the residues photo-degradation was investgaitd respect to time, the following results
were obtained (figures 4.27):

Plot of % PCP degraded with minutes Plot of % chlorothalonil degraded against time
90 Variable 90 Variable
—— sun —@— sun
80- A [—= 40w 80 —E— Aw
e 60w 60w
70 - —A - 75w 704 —a& - 75w
100w 100w
60 -
°
< 50 -
[ g
& 409 g
ho J
8 30 s
204
10
04 4
T
1 2 3 4 é 1 2 5] 4 5
Time (1-0,2-10,3-20,4-30,5-60) in minutes Time (1-0,2-10,3-20,4-30,5-60)
(a) (b)
Plot of % lambda cyhalothrin degraded against time Plot of % chlorpyrifos degraded versus time
80 Variable 80 Variable
—&— sun —&— sun
70 —m— 40w 704 —m— 40w
_ A 60w 60w
- - —& - 75w - —& - 75w
60 .- A 100w 60 100w
9 501 - 50
Q 9
° °
£ 401 £ 404
3 3
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10 104
0 04 ¢
T T T T T T T T T T
1 2 3 4 5 1 2 3 4 5
Time (1-0,2-10,3-20,4-30,5-60) in minutes Time (1-0,2-10,3-20,4-30,5-60)
(c) (d)

Figure 4.27: Plots of % residues degraded agamstibh minutes (a) PCP, (b) chlorothalonil, (c)
lambda cyhalothrin, (d) Chlorpyrifos.

For all the residues studied, photo degradatialependent on time of exposure, light intensity and
temperature. This is consistent with Stark Einslam The percentage loss is higher in
pentachlorophenol, chlorothaonil with chlorpyrifasd lambda cyhalothrin degrading similarly at 100w
on exposure for 60 minutes. The % loss for 100vexposure for 60 minutes is 87, 83, 71 and 71 for
PCP, chlorothalonil, lambda cyhalothrin and chlotfog, respectively
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4.6 The rate of degradation

To determine the rate of degradation of pesticedgdues with respect to time, plots of natural
logarithm of concentration against time were madhe rate of degradation is the slope of the plots.

Figure 4.27 illustrate the rate of degradationther different pesticides residues.

chlorpyrifos Lambda cyhalothrin
4.7 4.7
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chlorothalonil Pentachlorophenol
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Figure 4.28: Plots of rate constants for pesticedtdues.

The rates of degradation of the residues were dkgpeon: time of exposure, light intensity, partéu
molecular structure and temperature. As shownguréis 4.28, the rate constant for lambda cyhalothri

and chlorpyrifos were the same while chlorothalanil PCP rates were 0.005 and 0.009, respectively.
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Table 4.17: Rate of degradation plots

Lambda cyhalothrin
Light Equation Rate Regression value
sunlight y=0.007x+4.543 0.007 0.781
40w y=0.010x+4.579 0.010 0.961
60w y=0.012x+4.579 0.012 0.958
75w y=0.014x+4.433 0.014 0.855
100w y=0.016x+4.116 0.016 0.541
Chlorothalonil
sunlight y=0.010x+4.616 0.010 0.987
40w y=0.013x+4.535 0.013 0.968
60w y=0.013x+4.456 0.013 0.888
75w y=0.014x+4.329 0.014 0.751
100w y=0.016x+4.218 0.016 0.671
Pentachlorophenol
sunlight y=0.005x+4.595 0.005 0.959
40w y=0.006x+4.559 0.006 0.945
60w y=0.010x+4.473 0.010 0.870
75w y=0.013x+4.408 0.013 0.825
100w y=0.028x+4.404 0.028 0.957
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Chlorpyrifos
sunlight y=0.006x+4.664 0.006 0.86
40w y=0.009x+4.548 0.009 0.962
60w y=0.013x+4.542 0.013 0.970
75w y=0.023x+4.334 0.023 0.885
100w y=0.030x+4.260 0.030 0.886

The rate of pesticide residues degradation fronplbis is represented in figure 4.29. The rate was
found to decrease in the order of PCP, chlorothiallembda cyhalothrin and chlorpyrifos, respectyve
apart from the 100w bulb. This was seen to be di#gr@ron molecular structure, wattage and time of

exposure. Figure 4.29 below shows the rate of @ifferesidues degradation

Rate constant
0.035

0.03 -
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0.02
0.015
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40w —
60w —
75w
100w  —

sun
40w ‘_
 Gow —
75—
100w —
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60w |—
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100w
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chlorpyrifos ambdacyhalothrir{ chlorothalonil pentachlorophenol‘
\

Figure 4.29: Plot of rate constant of pesticidédess.
4.7  Analysis of pesticide residue levels in crops

The occurrence of pentachlorophenol, chlorpyriétdorothalonil and lambda cyhalothrin in
tomatoes, potatoes and spinach grown by organi@ican gardening method was investigated in this

work. The plants were chosen to represent frustst crop and leafy vegetables. HPLC was used for
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identification and quantification of the pesticidsidues, according to observation by Pradeep et al
(2008). The results obtained are discussed below:
4.7.1 Linearity

From the prepared standard solutions, calibratioues were obtained and their linearity tested

by getting their respective regression values. Ehshown in the table 4.18 and figure 4.30 below:

Table 4.18: regression equations of pesticide vesid

Pesticide Linear equation Regression
coefficient

Lambda cyahalothrin y2512x + 19.32 R2=0.995
Chlorothalonil y =128.5x + 18.94 Rz =999
Pentachlorophenol y = 147.8x + 3.034 RR398
Chlorpyrifos y =128.9x + 21.49 R?z = (B99

The obtained calibration curve when pesticide stash@vere run on HPLC instrument are shown in

figure 4.30 below.

Calibration curves
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Figure 4.30: Calibration curve of lambda cyhalathhlorpyrifos, chlorothalonil and PCP using HPLC.
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According to figure 4.30, linear relationship wdsganed for the four pesticide standards, as erpect

The observed calibration curves were used to oliti@moncentration of the unknown.

4.7.2 Recovery analysis

Recovery analysis was carried out to determineetfigency of the HPLC equipment in
determining the residues level. The percentagevezis are recorded in table 5.19 below. The regove
levels of lambda cyhalothrin for 10, 40 and 100mpike levels were 18.356, 24.879 and 28.965;
25.236,19.568 and 29.124; 27.568, 21.363 and 29@6&fpinach, tomatoes and potatoes, respectively.
Chlorothalonil had the best recovery in all thedgtd crops. In spinach, the recoveries were 57.239,
76.366 and 78.958 for 10, 40 and 100 ppm spikddewespectively. The high recovery levels can be
attributed to the large surface are of the leahwhe residue adsorbing to the leaf surface. Ragan

potatoes was least compared to spinach and tomatoes

Table 4.19: % Pesticides recovery in spinach, toraatl potato

Spinach
Spike chlorothalonil pentachlorophenol Lambda Chlorpyrifos
level(mg/L) cyhalothrin
10 57.239+_10.8 | 34.935+_5.6 18.356+-1.2 30.236+-5.0
40 76.366+-4.8 43.257+ 7.8 24.879+ 3.6 44.632+-2.9
100 78.958+ 2.3 | 43.683+-5.2 28.965+ 7.0 67.895+ 6.2
Tomato
Spike chlorothalonil pentachlororpheng Lambda Chlorpyrifos
level(mg/L) cyhalothrin
10 41.256+ 6.3 54.658+-5.3 25.236+ 4.2 41.256+-6.3
40 62.368+ 2.8 | 44.968+ 4.7 19.568+ 5.4 | 57.856+ 4.6
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100 77.968+ 11.5 |47.425+ 6.5 29.124+ 5.6 73.235+_8.9
Potato

Spike level Chlorothalonil Pentachloropheno| Lambda Chlorpyrifos

(mg/L) cyhalothrin

10 48.965+ 4.8 38.659+ 2.3 27.568+ 7.2 47.112+ 8.9

40 51.369+ 4.5 38.428+ 9.2 21.363+ 2.5 50.254+ 1.3

100 64.457+-4.4 42.545+-8.5 29.365+_10.3 52.634+-6.8

Pentachlorophenol recoveries were almost uniforallithe crops. This indicated constant
behavior in different surfaces. This is differeot €hlorpyrifos whose percentage recoveries intpeta
are shown in table 5.19. The general % recovefiep to 86.17% have been reported in spinach and
tomatoes (Pradeep et al 2008).

4.7.3 Maximum residue limits

The contamination level of tomatoes, spinach artdtpes by pentachlorophenol, chlorpyrifos,
chlorothalonil and lambda cyhalothrin in organiat@ner gardening was also studied by applying the
recommended levels of each residues in the gaRBsticide residues concentration was determined
when the above crops were harvested. These aneleecim table 4.20.

Table 4.20: Pesticide residue levels in spinaanato and potato

Pesticide Spinach | MRL(mg/kg) | Tomato | MRL(mg/kg) | Potato MRL(mg/kg)
Chlorothalonil 0.12 0.04 0.03 0.1 ND 0.1
Pentachlorophenol | 0.68 0.50 0.92 0.1 0.09 0.05
Chlorpyrifos 0.07 0.02 0.03 0.5 ND 0.05
Lambda cyahlothrin| 0.04 0.10 ND 0.02 ND 0.02
ND=Not Detected MRL=Maximum Residue Level
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It was found from the results that spinach adsothedour residues at different levels with
pentachlorophenol having the highest concentratfdh68p g/l followed by chlorothalonil, chlorpyrgo
and lambdyahlothrin at 0.12, 0.07 and 0.04, resgeygt In tomatoes, lambda cyhalothrin was not
detected. 0.92, 0.03 and 0.03 were the levels &f,RGlorothalonil and chlorpyrifos in tomatoes,
respectively. In potatoes, only pentachlorophered detected. Being a root crop, the leaching lefvel
the residues may take place slowly and therefotegazhing the surface of the tuber.
Pentachlorophenol is the least soluble and maylberbed to the soil and tuber surface. It may laéso
collected during harvest. The low residues obthren be attributed principally to growth dilution
occurring between application and sampling, as astb the volatilization associated with applicati
removal by weathering, heat decomposition, sunligfftradiation, microbial breakdown or other
complex conditions.

Figure 4.31 below illustrates the level of pestcrdsidues on spinach, tomato and potato from the

organic container garden

0.8 -
N
a 0.6 -
=1
© B spinach
o 04 +
@ M tomato
0.2 1 potato
PCP dursban chlorothalonil Lambda
Pesticide

Figure 4.31: Pesticide residues level in plants.

As shown in figure 4.30 and table 4.20, some ofctlops contain residues at, below or above the
maximum residue limits established by either theld/blealth Organization or European Union.

From table 4.21 below, the percentage in excessmok pesticides was calculated and recorded
in table 4.21 below.
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Table 4.21: % in excess of residue compared to OOt

Pesticide Spinach Tomato Potato
Chlorothalonil 20.00 Below ND
Pentachlorophenol | 26.47 89.13 44.44
Chlorpyrifos 28.57 Below ND

Lambda cyahlothrin | Below ND ND

ND=Not Detected

CODEX-International body for standardization of food and other related products

The in excess pesticide levels in various croghvn in table 4.21. From the results, spinach
level of contamination is the highest with contaation levels exceeding the set standards by 2@726.
and 28.57 % for chlorothalonil, PCP and chlorpysjfeespectively. These kinds of results are ofipubl
concerns since most of the users do not wash dplefore cooking and are short-time cooked and yet
the pesticide level may exceed the allowable datgke. PCP low solubility and mobility in the soil
and soil surface plays a role in exceeding the MRie high levels in tomatoes are of concern since
most people take tomatoes when raw. The indicatesld of photo-degradation of PCP in tomatoes by
sunlight may not play a big role in reducing itsitamination. Its degradation products are equally
hazardous.

4.8  Produce residues washing

The data in table 4.22 shows the initial pesticegdues in spinach, tomatoes and potatoes after
immersing the plants in 100ppm pesticide standalutisns of the individual pesticides.
Pentachlorophenol adsorption on the surface otthesps was higher compared to the others; this is
most probably due to its low solubility in waterarhda cyhalothrin is the most soluble in water ef th
four pesticides and hence much of the residues fwetwater indicating that little is adsorbed ba t

crop surface.
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To illustrate the effect of washing solutions oa ttegradation of these residues during washing,
when the pesticides solution standard was mixeld thi¢ washing agent in the ratio of 1:9
volume/volume and the setup allowed for 15 minuagesticides showed different degrees of
degradations. This is indicated in table 4.22 &edrésults further represented in figure 4.31 below
Table 4.22: Effects of washing solutions on PCRjdda cyhalothrin, chlorothalonil and chlorpyrifos

degradation

Pesticide/ Solution PCP Chlorpyrifos | Lambda Chlorothalonil
cyahlothrin

Tap water 66.70+_2 68.70+_1 88.68+_5 85.30+_1

0.9% NaCl 66.00+ 1 81.30+_2 83.30+_1 84.40+ 2

0.1% NaHCO3 78.60+_3 82.62+ 2 82.62+ 3 82.63+ 2

0.001%KMnO4 88.70+ 2 85.65+ 1 89.65+ 2 92.30+_1

0.1% Acetic acid 76.60+_4 56.10+_1 84.10+_2 86.32+_2

When the data in table 4.22 was plotted, figur@ 4sbtained which shows that all pesticides ressd
degraded in all the washing solutions with lambglaatothrin having the highest degradation.

% residue degraded in washing solutions
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NaHCO3

0.001% 0.1% acetic
KMnO4 acid

tap water

Figure 4.32:% pesticide degraded in washing saistio
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0.001% potassium permanganate registered highgsidigion value of 85.65-92.3% while the
other washing solutions showed no significance=dgfiice. This could mean that the pesticides were
less stable in potassium permanganate comparée tther washing solutions. The difference in the
degradation is due to the differences in chemioap@rties of the residues. From table 4.20 abopéta
of initial concentration minus what was degradeitlustrated in figure 4.31. The percentage reducti
of chlorpyrifos, PCP, chlorothalonil and lambda algthrin in spinach, tomatoes and potatoes are
presented in table 4.20 below. To determine thd pesticide reductions, treated sample concentratio
was compared to the non-wash treated sample coatient After the washing process, the reduction of
pesticides in lambda cyhalothrin treated samplesskawn to be superior to the reduction in PCP,
chlorothalonil and chlorpyrifos treated samplescérding to Gouri Satpathy et al., 2012, the reduncti
levels of chlorpyrifos in okra are consistent witle findings of this study. As shown in figure 2.3
lower degree of degradation was observed for PliBrathalonil and chlorpyrifos in all washing
solution and explains the low washing solutiongcefhcy for these compounds. The lower degree of
degradation of PCP, chlorothalonil and chlorpyriémsthe samples surface as indicated earlier & thi
work may be another reason for the difficulty ieithremoval.

In table 4.23, the percentage pesticide loss imegihi, tomato and potato in washing solutions are

stipulated:

Table 4.23: % Reduction of pesticide residues inasgh, tomato and potato

Spinach
Solutions/P | 0.001% Tap water 0.1% NaCl 0.1% NaHCO3; | 0.1% acetic
esticide KMnO 4 acid
Initial | % Loss | Initial | % Initial | % Initial | % Loss | Initial( | %
(ppm) (ppm) | Loss | (ppm) | Loss | (ppm) ppm) | Loss

Pentachloro| 58.5+ | 58.738+| 58.5+ | 35.221| 58.5+ | 60.04 | 58.5+ | 59.885+ | 58.5+_| 49.609

phenol 3 3 3 + 2 3 6+ 4 |_3 2 3 + 0.6
Chlorpyrifo | 20.7+ | 78.797+| 20.7+ | 20.826| 20.7+ | 54.72 | 20.7+ | 47.855+ | 20.7+_| 35.295
S 3 2 3 + 05| _3 5+ 4 3 _0.9 3 + 1
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Lambda 18.5+ | 87.189+| 18.5+ | 46.324| 18.5+ | 73.33 | 18.5+ | 68.659+ | 18.5+ | 62.216
Cyhalothrin | _2 1 2 + 2 2 1+ 2 | 2 2 2 + 3
Chlorothalo | 24.0+ | 69.283+| 24.0+ | 10.875| 24.0+ | 19.27 | 24.0+ | 16.954+ | 24.0+_| 52.625
nil 1 4 1 +-3 1 5+ 1 | 1 5 1 + 1
Tomato
Pentachlorop | 70.0+ | 78.03 | 70.0+| 15.276 | 70.0+ | 48.011| 70.0+_3| 50.104 | 70.0+| 70.094
henol 3 +2 |_3 + 2 3 + 2 + 2 3 + 2
Chlorpyrifos | 28.5+ | 84.95 | 28.5+| 14.397 | 28.5+| 49.488 | 28.5+ 0| 11.706 | 28.5+| 28.456
09 |9+ 2| 09 |+ 2 09 |+1 9 + 02 |_09 |+.3
Lambda 19.7+ | 93.40 | 19.7+| 92.437 | 19.7+| 66.127 | 19.7+ 3| 90.335 | 19.7+| 80.030
Cyhalothrin | _3 1+ 1] 3 + 3 3 + 0.9 + 5 3 + 1
Chlorothaloni | 24.6+ | 62.24 | 24.6+| 21.508 | 24.6+ | 33.622 | 24.6+_2| 14.671 | 24.6+| 13.033
I 2 6+ 4 | 2 + 2 2 + 4 + 3 2 + 2
Potato
Pentachloro| 72.3+ | 73.195+| 72.3+| 15.520| 72.3+| 32.762 | 72.3+_2| 46.140 | 72.3+| 62.136
phenol 2 1 2 + 2 2 + 2 + 2 2 + 4
Chlorpyrifo | 24.8+ | 93.168+| 24.8+| 45.831 | 24.8+| 68.049 | 24.8+_4| 63.976 | 24.8+| 63.682
S 4 2 4 + 2 4 + 4 + 3 4 + 1
Lambda 38.3+ | 94.846+| 38.3+| 87.136 | 38.3+| 85.136 | 38.3+_1| 79.285 | 38.3+| 76.527
Cyhalothrin | _1 2 1 + 1 1 + 1 + 3 1 + 2
Chlorothalo | 55.5+ | 74.500+| 55.5+| 56.894 | 55.5+| 65.083 | 55.5+_5| 56.142 | 55.5+| 70.467
nil 5 1 5 |+4 | 5 |+06 + 4 5 |+2

Lambda cyhalothrin reduction by all the washinguiohs was the highest with 87-62%, 93-66%

and 94-76% in spinach, tomatoes and potatoes,atdgglg. This implies that on average total redoisti

of lambda cyhalothrin is more than 80% irrespecti/ehe crop and washing solutions as earlier

observed in photo-degradation.
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The low solubility of chlorothalonil, chlorpyrifoend PCP explains the obtained % reduction. PCP
chlorothalonil, chlorpyrifos and PCP are systenastides and therefore are adsorbed on the crop
surface and hence are easier to remove. Examinattiiie obtained data clearly indicated that thigain
residues of PCP in all samples were higher inrallpce than other residues. An earlier study byaflan
et al2010 found that boscalid initial deposit in sprorgon was approximately 7 times higher than in

green beans, as the surface area in spring oniands higher than in green beans.

0.001% potassium permanganate was on average #teeffective pesticide residue washing
solutions. This is indicated by the percentage ¢gdn for all the residues under investigation. Tap
water was the most effective in reduction of lambylaalothrin in spinach, tomatoes and potatoes.This
is further corroborated byCabresal (1999) who reported that home washing with wegeroved
about 50% of imazalil residues and 90% of thiabeal#es from oranges.

The variation in each pesticide reduction depengeuh the specification of washing solution. In
lambda cyhalothrin the 0.001% KMn®ad the greatest effect on residue reduction @45%6. This
could be patrtially be explained by the degradagifiect of this solution. Other studied pesticidessav
also found highly degraded in the 0.001% KMnO4 sotu(Table 4.21) because KMa® a strong
oxidizing agent and the solution resulted in a higdox potential when used as the active ingredant
a given concentration. Oxidative compound suchyasthloric acid in strong acids electrolyzed water
has also been reported for its most effectivenessducing dimethoate concentrations by oxidation
(Zhanget al, 2007). Thus, the oxidative property of KMp&uld also have a significant effect on
degradation of studied pesticides. 0.1% acetic @lsid registered substantial degradation which is

explained by the relatively high acidity and/orhigdox potential.
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CHAPTER FIVE

5.0 CONCLUSION AND RECOMMENDATIONS

From this research work, the following conclusion @&ecommendations are made:

5.1 CONCLUSION

Adsorption of chlorpyrifos decreases with incresmass of loam soil. The longer the contacts
time the higher the adsorption with an equilibnatione of 30 minutes. Increase in concentrationltes
in decreased percentage (%) adsorption. This igusecat high initial concentration the number of
moles of chlorpyrifos available to the surface asese high, so functional adsorption becomes
dependent on initial concentration. Adsorption libepyrifos followed Redlich-peterson isotherm
model with regression values ranging from 0.95@.892. As shaking time increased from 15 minutes
to 60 minutes, the value of n increased from 0.1®982914. The value &G was

11.7946+_0.3kjol/mol which indicates that adsonptid chorpyrifos by loam soil is spontaneous.

Photo-degradation of residues on the surface agspileaf by different light intensity followed
first order kinetics. The degradation rate wassiguence of 100w>75w>60 > 40>sun. The rate of
degradation heavily relied on temperature, exposore and light intensity. The half-life rangedrno
0.069 to 0.141 for spinach and 0.074-0.105 for toes

The results of monitoring the four residues undeestigation indicated significant levels of
chlorothalonil, pentachlorophenol and chlorpyrilospinach and high levels of PCP in both tomatoes
and potatoes. PCP levels exceeded CODEX limitsth472 89.13 and 44.44 % in spinach, tomatoes and
potatoes, respectively, while chlorothalonil antbgbyrifos in spinach exceeded levels by 20.00 and
28.57 % respectively.

Washing solutions showed significant efficiency@moving the residues to be below the
recommended MRL. Factors such as physical and da¢prioperty of pesticide, the type of vegetable
and the washing solutions affected the removakstipide residues. Among the washing solution
treatments, 0.001 % KMnO4 washing solution washiost effective in reducing the pesticide residues

which was consistent to high degree in the pestidieyradation.
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5.2

RECOMMENDATION

Based on the findings, results and discussionsi®féisearch project, the following recommendations

are highly proposed;

5.3

The government and agricultural experts should pterarganic container farming in slums,

arid and residential areas.

Organic farming should be organic farming i.e. farsishould avoid residues in their farms.

Biological pest and weed control measures shoulaskd.

Whenever organic garden produce are offered tondndet, farmers should indicate so and the

residue levels clearly indicated in the package.

Environmentalist and scientist should come up withre efficient and effective ways of

disposing residues and residues packaging materials

Thorough washing of produce is encouraged with inqiwater as well as peeling of fruits
before consumption.

KEPHIS, KARLO and Pesticide board should come ugh wiKenyan database containing
residues in particular area with their disposal mag@tsms

The government should ensure banned residues apeasent in the market in any formulation.
Pesticides adulteration should be dealt with muretly.
RECOMMENDATIONS FOR FURTHER WORK

Further research work is highly recommended to:

Further survey on farmers praising organic contai@ening in slums and other areas, those

using pesticides and marketing of produce.

Produce should be sampled from the market andcmstiesidues level determined.

Information should be disseminated to the generblip
Determine the mechanism of pesticide residues dagoa in organic container garden.

Further work on adsorption behavior of these ressduith respect to change in temperature
should be done. This is because of the differemitinex conditions under which different farmer

use these residues.
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» A database should be put in place on how farmersising different classes of residues, how
they dispose them and more so how they disposeotiitainers holding these residues.
Different washing methods should be researchedy $heuld be efficient, easy and practical in most

areas e.g. market, roads and homes.
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APPENDIX Al

Table 1: Results of tap water rinsing in reducing residugess all commodities

Pesticides Pairs of Data | Significantly Reduced Water Solubility
(mg/L @ 20 ° C)

Insecticides

Endosulfan 60 Yes 0.32
Permethrin 37 Yes 0.2
Diazinon 22 Yes 40
DDE 21 Yes <1
Chlorpyrifos 13 No 2
Methoxychlor 12 Yes 0.1
Malathion 7 Yes 130
Bifenthrin 7 No 0.1
Fungicides

Captan 34 Yes 3.3
Vinclozolin 23 No 3.4
Iprodione 13 Yes 13
Chlorothalonil 9 Yes 0.6
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APPENDIX A2
QUESTIONNARRE

ANALYSIS OF PESTICIDE RESIDUES IN SELECTED CROPS GROWN USING ORGANIC
CONTAINER GARDENING METHOD

1. Which crops do you normally grow in YOUr Orgaf@iim?.......ccceeeiiiiiiiiiieeeeeeeeee e

2. Do you grow your crops in plastic buckets, ptalsags, and sacks or in flower
01T 0 TR UURTSRRURRURR

3. Do you know what organic gardening is? If yesydu have any prior training organic garden
METNOAS? ...

4. Are your crops often or at times attacked byt pad/or diseases? Which pest and
HISEASES? ...eeeeieiie e ee ettt oottt e oo oot e e e e e e _E e et e e e e e e R e e e et e e e e e e e e e n b e e e e e et eneeannees

5. Do you apply any chemicals in your farm? If ydgch ones and when do you apply? How often do

1L8 LU I T o] o] |2 PP PP PPPPPPPPPTPP

6. How much do you apply? After applying these ipats, how long do you take before
NAIVESTING? et e e r e

7. Where do you Sell Or take YOUI NAIVEST? e

8. Do you wash your produce before taking to theketsor eating? How do you do

9. Do you think most consumers are aware of howtbduce is grown or what chemicals are
=1 0] 0] =T 1 PP

10. What advantages do you have when you growrtpsdy organic gardening over other
L0111 {00 KPP PP PPP PRI
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APPENDIX A3

Table 2: Banned Pesticides in Keny§pesticide control board 2014)

Common name Use Date
Banned
1. 245 T (2,4,5 — Trichloro-phenoxybutyr Herbicide 1986
acid)
2. Chlordane Insecticide 1986
3. Chlordimeform Insecticide 1986
4. DDT (Dichlorodiphenyl Trichloroethane) Agriculture 1986
5. Dibromochloropropane Soil Fumigant 1986
6. Endrin Insecticide 1986
7. Ethylene dibromide Soil Fumigant 1986
8. Heptachlor Insecticide 1986
9. Toxaphene (Camphechlor) Insecticide 1986
10. | 5 Isomers of Hexachlorocyclo-hexane (HCk Fungicide 1986
11. | Ethyl Parathion Insecticide.All formulationg 1988
banned except for capsu
suspensions
12. | Methyl Parathion Insecticide All formulationg 1988
banned except for capsu
suspensions
13. | Captafol Fungicide 1989
14. | Aldrin Insecticide 2004
15. | Benomyl, Carbofuran, Thiram combinationg Dustable powde| 2004

formulations containing
combination of Benomy
above 7%,
above 10%

Carbofura

and Thirar

above 15%
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16. | Binapacryl Miticide/Fumigant 2004
17. | Chlorobenzilate Miticide 2004
18. | Dieldrin Insecticide 2004
19. | Dinoseb and Dinoseb salts Herbicide 2004
20. | DNOC and its salts (such as Ammonium S| Insecticide, Fungicide 2004
Potassium salt & Sodium Salt) Herbicide
21. | Ethylene Dichloride Fumigant 2004
22. | Ethylene Oxide Fumigant 2004
23. | Fluoroacetamide Rodenticide 2004
24. | Hexachlorobenzene (HCB) Fungicide 2004
25. | Mercury Compounds Fungicides, seed treatmen| 2004
26. | Pentachlorophenol Herbicide 2004
Phosphamidon Insecticide, Soluble liqui¢ 2004
formulations of the
substance that exceed 100
active ingredient/L
27. | Monocrotophos Insecticide/Acaricide 2009
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APPENDIX A4

Table 2: Aqueous phase concentration of chlorpgriédowing equilibration of 0.5g of different soil

samples for different periods with water, spikethwdifferent concentrations of chlorpyrifos

Shaking time (min) Spike levels [X]e + [SXn]w [X] ags
15 10 0.09+_0.04 9.91
20 0.37+_0.23 19.63
30 6.90+_2.36 23.03
40 10.92+ 3.56 39.08
50 15.24+ 2.96 34.76
30 10 0.04+_0.06 9.96
20 0.02+_0.008 19.98
30 0.19+_0.05 28.91
40 2.72+_1.89 37.38
50 5.03+_2.57 4497
45 10 0.04+_0.01 9.96
20 0.09+_0.63 19.91
30 0.47+_0.27 29.53
40 2.37+_1.05 37.63
50 4.63+_1.96 45.37
60 10 0.03+_0.01 9.97
20 0.07+_0.02 19.93
30 0.53+_0.21 29.47
40 2.54+ 1.07 37.46
50 4.63+_1.96 45.37
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APPENDIX A5: Maximum residue levels in some crops (codextsite; retrieved on February,

2014)
PESTICIDE FOODSTUFF MAXIMUM ADI
RESIDUE LIMIT
(MG/KG)
Lambda-cyhalothrin | Apples, grapes (table), pears an¢ 0.2 0.007mg/kg bw
plums
0.5
Apricots and peaches
Beans
0.02

Cruciferae, groundnuts, potatoes
and tomatoes

Macadamia nuts, mealies (green 0.05
onions and peas 0.01
Sorghum and wheat 0.02
Chlorothalonil Beans, cruciferae, cucurbits 3.0 0.02 mg/kg bw.
Tomatoes, groundnuts and
potatoes 0.1
Peas 0.3
Chlorpyrifos Apples, apricots, carrots, lettuce, 0.01 mg/kg bw.
mealies (green), peaches, pears
plums, potatoes and wheat
Bananas 0.05
Grapes and tomatoes 1.0
Citrus 0.5
Cruciferae 0.3
Grapes (wine) 0.1
0.5

Cyhalothrin (sum of
isomers)

Apples, grapes, pears and plums

Apricots and peaches

0.2

0.01 mg/kg bw
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0.5

Pentachlorophenol | Apples, grapes, mealies (green)
pears and sorghum

Beans, peas and tomatoes
Cereal grains

Cotton seed, potatoes and
groundnuts

Soya beans

0.5
0.1
2.0

0.05
0.1

0.008mg/kg bw

Mg milligram
Kg kilogram
BW body weight and ADI average daily intake
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