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Abstract 

Fruits and vegetables are main sources of vitamins and minera ls, thus, they are an essential element of a 

hea lthy diet. On the other hand, they may be contaminated with toxic substance such as pesticides 

res idues from farm area, heavy metals, etc. Regu lat ion of pesticide max imum residue li mits in food 

commodi ties was esta bli shed in many countries. For Ethiopia, this regulation exists by law but is not full y 

enforced. Therefore, pesticide residues in frui ts and vegetabl es have not been well monitored. This study 

is the fi rst extensive assessment to determine the levels of 2 1 pesticides res idues in lettuce, tomato, 

strawberry and apple sold in Addi s Ababa markets. Residues of 13 organochlorine pesticides (heptachl or, 

aldri n, dieldri n, endri n, y-chlordane, a -endosulfane, endosul fane slJirate, methoxychl or, a -BHC, p,p DDT, 

p,p DOE, p,p DOD and 8- BHC) ,3 organophosphate pesticides (malathion, chl opyri fos and diazinon ) 

and 5 synthetic pyrethri od pesticides (A-cyhalotrhin, cy fl uthrin cypennethri n, fenvalerate and 

deltamethri n) were detected using gas chromatography electron capture detector, and confi rmed by gas 

chromatography mass spectrometry. The effect of wash ing with tap water was a lso investigated. In 

addition, KA P (Knowledge, attitude and practice) study was conducted on consumers. The samples were 

prepared using the multi- res idue Quick, Easy, Cheap, Effective, Rugged and Safe (QuEChERS) method. 

Of the 2 1 pesticides, 10 pesticides were detected in 87.5 % of fruit and vegetable samples. The residue 

concentrations range from 0.92 to 27 .09 ~l g/kg, 5.37 to 198.6 ~l g/kg and 6.61 to 96.74 fig/kg for 

organoch lorine, synthet ic pyrethriod and organophosphate pesticides respectively was observed. Lindane 

(a-BHC and 8-BHC) and fe nvalerate were the most frequent organochl orine and synthetic pyrethriod 

pesticides, respecti vely. Lettuce was the most frequent contami nated sample. The concentration levels of 

organochlorine, synthetic pyrethriod and organophosphate pesticides residues in lettuce, apple and 

strawberry exceeded the maxi mum residue limits adopted by Codex and/ or European Union. About 20% 

of the pesticide res idues were in this category. Washing lettuce and strawberry under funning water 

significantly reduced (p < 0.05) lindane and endosulfan residues by 32% and 7%, respecti vely. The 

running water method did not s ignificantly decrease synthetic pyrethri od res idues in all samples. 

Knowledge, atti tude and practice study show that consumers had a moderate level of Knowledge, attitude 

and practice towards pesticide residues. This research suggests that routine monitori ng of pesticide 

residues is necessary to ensure the public health risks associated with eati ng contam inated frui ts and 

vegetables. Washi ng fruits and vegetables before consumption is adv isable as this helps to reduce at least 

some of the pesticide residues from entering into our daily intake. 

Key words : Assessment, Organochlorine pesticides, Organophosphate pest icides, synthetic pyrethri od 

pesticdes, frui ts and vegetable 
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Chapter one 

1 Introduction 

1.1 Background of the study 

Fruits and vegetables playa number of important ro les in human hea lth . They are im portant 

sources of macro- and micro-nutrients and phytochemicals necessary for boosting body 

immunity thus maintaining health and preventing di seases in human (Lewis & Ruud, 2004; 

Sharma et aI. , 2010) . It is in thi s context that nutrition guidelines contain a recommendation that 

a balanced diet should include fruits and vegetab les. Dieticians prescribe higher amounts of 

vegetable and fruits consumption for people suffering from non-communicable di seases. As a 

result, there is an increase in awareness about the health benefits of fruits and vegetables in 

human diets (WHO, 2003a) . Like other cro ps, fr uits and vegetables are attacked by pests and 

di seases during cultivation through to storage. Pesticides are used to prevent fruit and vegetable 

from damage, to preserve the ir quali ty, to destroy pests and prevent diseases. The use of 

pesticides however, often leads to the presence of residues in the fruits and vegetab les after 

harvest (Wang et a I. , 20 10). 

Pesticide residue refers to pesti cides that may remain on or in food after they are applied to food 

crops. The presence of pesticide residues is a concern for consumers because pesticides are 

known to have potential harmful effects to other non-target organisms than weeds, pests and 

di seases. The major concerns are their toxic effects such as interfering with the reproductive 

systems and fetal development as well as thei r capacity to cause cancer and asthma (Gilden et a I. , 

20 I 0) . These toxic effects are more apparent in fruit s and vegetables s ince they are sometimes 

consumed without any further processing. 

Pestic ides used in agricu lture production may be categorized into fo ur broad groups; 

organchlorines (OC) , organophosphates (OP), carbamates and synthetic Pyrethroids (SP). 

Organophosphates and pyrethroids are commonly used pesticides on fruits and vegetables. 

Organochlorine pesticides (OCPs) were wide ly used during the last century for agricu ltural and 

non-agricultural purposes throughout the world. Even though they have been banned in most 

countri es, due to their high persistence in the environment, their res idues are still found in many 

matrices (Rod ri gues et aI. , 2007). Some pesticides in the OC group that are either banned or 
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restricted are still in use among Ethiopian farmers (Negatu et aI. , 2016) . Because of thi s, 

organophosphates that readily degrade in the environment gained preference over Oc. However, 

OP were found to be highly toxic to mammals and most common cases of acute poisoning oCClll' 

due to consumption of food contaminated with organophosphates (PAN, 2012). SP have greater 

photo stability, enhanced insecticidal activity, and relatively low toxicity as compared with 

organochlorine and organophosphorus pesticides (Zawiyah et aI. , 2007) . 

Food safety is a worldwide growing concern on account of its direct relation to human health 

where the major threats are arising from a wide applicat ion of harmful pesticides to control 

different pests. To protect consumer health and to guarantee that food is safe, the controlling of 

residues of pesticide in food products must be pursued (Yang et aI. , 20 13). Therefore, the 

allowed levels of pesticide residues in foodstuffs are legislatively contro ll ed through setting 

maximum residue levels (MRLs). These MRLs limit the types and amount of pesticides that can 

be legally present in foods, as determined by various regulatory bodies which minimize 

consumer exposure to harmful or unnecessary intake of pesticides (Kmellar et aI., 2010). 

Consumers have to know the different possibilities and how to reduce pesticide intake together 

with their food . The household, as well as industrial food processing, can influence the level of 

the pesticide present in the raw agricultural commod ity after it is harvested (Am ir et a I. , 2019). 

Literature revealed that food processing such as wash ing cooking, pee ling, juicing and others 

may reduce pesticide residue from raw food crops (Fang et aI. , 2015 ; Keikotlhai le et aI., 2010). 

Therefore, it is important to investigate the pesticide residues at the point of consumption, mainly 

after food processing to estimate consumer exposure to pesticides (Mekonen et aI., 2019). 

Few stud ies have investigated organochlorine pesticides resid ues in different food items 

including, cereals, water, breast milk, honey and in khat (Daba et aI., 2011; Gebremichael et aI. , 

2013; Ligani & Hussen , 2014; Mekonen et aI., 20 14; Mulugeta & Tadese, 2017; Westbom et aI. , 

2008) in Ethiop ia and there are no studi es regarding OC,OP and SP in fruits and vegetables. The 

study of the levels of Pesticide residue in food items is very limited in the country. Therefore, the 

contamination status of fruit and vegetables by pesticide residues at all is unknown. This ca ll s for 

an extensive study of the residue status of agricu Itural products. 
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According to the World Health Organ ization (WHO), food consumption consists on average of 

30% of fruits and vegetables (WHO, 2003b) and it is well known that fruits and vegetab les are 

more contaminated by pesticides than products of animal orig in (Claeys et aI. , 20 I I). In add ition, 

fruits and vegetables are frequent ly consumed raw or semi-processed. Moreover, the ways 

producers of fruit and vegetable spray pesticides and fungic ides is traditi on and have direct 

contact with the edib le part. As a result, it is ex pected that they contain hi gher pesticide-resid ue 

leve ls th an other food groups of plant origin such as cereals. Th is study was aimed to examine 

the occurrences of OC, OP and SP pesticides resid ues in lettuce, tomato, apple and strawberry 

from Addis Ababa markets, and to assess the effect of washing with tap water on the level of 

residues. In ad diti on, Knowledge, attitude and practice (KAP) study was also conducted on 

consumers towards pesticide residues. 

1.2 Statement of the problem 

The increasing demand offruits and vegetables fo r loca l use as well as for export has encouraged 

the use of pesticide in farming for the purpose of controlling and reducing the effect of insects in 

fo od production. Current developmental activities in Ethiopia are resulting in intensified 

agricultural activity both at small-scale and commercia l levels. It is believed that both the types 

and amounts of pesti c ides used in Ethi op ia are increasing at an alarmin g rate (Mengistie et aI., 

20 17). The misuse of pesticides was a common problem mainly because farmers lacked 

appropriate know ledge about pesticides and there was no effective administrative measure 

governing their use. Moreover, Mekonen et al. (2014) have demonstrated that intensive and 

im proper pesticide use in the field resul ts in pesticide res idues that are too high accordi ng to the 

Codex Alimentarius on marketed maize, teff, red pepper and coffee. Some banned pesticides 

and those not authorized for use in cereals, vegetables, and co ffee, such as organochlorines (e.g. , 

DDT and endosulfan), were also detected. Therefore, it is imperative to assess the leve l of 

pesti cide res idues in fruit s and vegetables. 
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1.3 Significance of study 

The study foc used on presence of organochlori nes, organophosphates and synthetic pyrethroids 

residues in fruits and vegetable . The results of the study will be beneficial to the following: 

~ The consumers will have awareness either fruits and vegetab le so ld at Addi s Aba ba 

markets contaminated with pesticide res idue or not and decide the necessary safety 

measures to be taken . 

~ The resu lt of the study will help the regulatory bodies and other stakeholders to set MRLs 

and implementing monitoring program . 

~ The findings of the study will serve as a reference material and a guid e for future 

researchers who wish to conduct the same experimental study or any study related to 

pesticide. 

~ The findings will fill the existing gap in avai labi li ty of documented literatures on 

pesticide residue in fruits and vegetables. 

1.4 Research questions 

I . Do commercial fruits and vegetables so ld at Add is Ababa markets contain pesticide 

residues, and at what level? 

2. What is the prevalence of organoch lorines, organophosphates and syntheti c pyrethroids 

residues and compare with the MRLs? 

3. Are consumers' aware of pesticide residues in fruits and vegetables and the impacts of its 

health ri sk? 

4. Does washi ng reduce the level of pesticide resid ue? 

1.5 Objective 

1.5.1 General objective 

The main objective of thi s study is to determine the presence o f organochlorines, 

organophosphates and synthetic pyrethroids res idues in fruits and vegetable co llected from Addis 

Ababa markets. 
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1.5.2 Specific objectives 

:;. To detect and quantify the level s of pesti cide residue on selected fruits and vegetables. 

:;. To investigate consumer knowledge, attitude and practi ce regarding pesticide res idue in 

frui ts and vegetables. 

:;. To determine the effect of washing on the redu ction of residue level. 

~ To compare Pesticide resid ue levels in fruits and vegetables identified to internati onally 

accepted MRL 
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Chapter two 

2 Literature review 

2.1 Pesticides 

2.1.1 Definition of pesticides 

The un ited nation Food & Agriculture Organizati on , has outlined a pestic ide as "any substance 

or mi xture of substances intended for preventing, destroying, or contro lling any pest, includi ng 

vectors of hu man or animal disease, unwanted species of plants or animals, causing harm duri ng 

or otherwise interferin g with the production, process ing, storage, transpo rt, or marketing of food, 

agricultural commodities, wood and wood product or anim al feedsturrs, or substances which wi ll 

be admin istered to an imals for the contro l of insects, arachnids, or other pests in or on their 

bod ies. The term includes substances intended for use as a plant growth regul ator, defo li ant, 

desiccant, or agent for thinn ing fru it or preventi ng the premature fa ll of frui t. A lso used as 

substances applied to crops either before or after harvest to safeguard the commod ity fro m 

deterioration throughout storage and transport." With in thi s comprehensive defin ition, it is 

im plicit that pesticides are tox ic. They are intended to prevent, destroy or control spec ific plants 

or ani ma ls that threaten crops or other usefu l resources. 

2.1.2 C lassification of pesticides 

Pesticides are one broad area where so many c lasses ex ist depend ing on what is of interest. For 

instance, Cr innion (2009) have classified pestic ides by thei r target organi sms. 

In thi s regard, insecti c ides, fungic ides, herbic ides and rodenticides are groups of pestic ides that 

target insects, fun gi, herbs (plants) and rodents respecti ve ly. In addition to the classes mentioned 

above, pesti c ides can a lso be classifi ed as organic or inorganic pestic ides (Cann, 2005). The 

inorganic pestic ides are made from natura ll y occurri ng minera ls and have va rying modes of 

acti on inc luding interfering with the conversion of energy within ce ll s whi ch can cause death and 

desiccat ion. Some examples of inorganic pesticides are bo ric acid, silica ge l, sodium fl uoride and 

those that contain heavy metals such as mercury, arsen ic and lead (Cann, 2005). Organ ic 

pesticides consist of compou nds contai ning main ly carbon and hydrogen and may conta in other 

elements such as chlor ine, nitrogen, sulfur, tin and phosphorus. Organic pesticides can further be 
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grouped into synthetic and natural organic pesticides. The synthetic organic pestic ide can further 

be grouped into four major classes as organochlorines, organophosphates, ca rbamates and 

syntheti c pyrethroids. 

Banned pesticides have great effects on the environment, humans and crops are therefore not 

supposed to be used in Ethi opia. Examples of banned pesticides are DDT, aldrin, die ldrin, 

heptachlor. Pesticides whose application may lead to unreasonable adverse effects on humans, 

animals or the environment fa ll under restricted pesticides. Endosulfan is among restr icted 

pesticides wh ich are currently used in Ethiopia (Mengistie et aI. , 2017) 

Organophosphates pesticides 

Synthetic organ ics containing phosphorus complexes inhibit cholinesterase, an enzyme that 

regu lates the peripheral nervous system ; extremely tox ic to mammals, birds and fi sh (generally 

10-100 times more poisonous than most ch lorinated hydrocarbons) (Daszak et aI. , 2003). They 

degrade easily, so their bioaccumulation is rare. Some examp les are Chlorpyrifos , malathion and 

diaz inon. There are three main classes of organophosphates and these are type A, type B, type C 

as summarized below. 
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Figure 2. 1 The three main classes of organophosphates with examples. 
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Organochlorine pesticides 

Organoch lorine pesticides (OC) are a group of synthetic compounds developed in the 1940s for 

use main ly as insecticides (Ishaaya et a I. , 1998). OC belong to the class of persistent organ ic 

pollutants (POP), thus they persist in the environment for long periods even after application. 

Many OC pesticides have been identified as hormone disrupters, exerting the ir toxic effects on 

the hormonal and reproductive system thus resul ting in adverse health effects to man (Hosie et 

aI. , 2000; Waliszewski et a I. , 2003). Despite the enormous restriction on the use of OCPs due to 

the entry into force of the Stockholm Convention on POPs (Fied ler, 2007), there is still 

documented evidence ofOC pestic ides in food samp les (0 Akoto et aI. , 2013; Osei Akoto et aI., 

2015 ; Waliszewski et aI. , 2003) in cloud ing our country (Oaba et aI. , 2011 ; Mekonen et aI., 

2014) . Organochlorine pesticides operate by alteration of ion channel s (Abo lhassani et a I. , 2019) 

thus resulting in neurotoxicity. Chem ica l structures of some organochlorine pesticides are shown 

below. 
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Figure 2. 2 Chemical structure of some organochlorine pesticides. 
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Synthetic pyrethroids pesticides 

Pyrethroids constitute the fo urth major group of in secticides developed after OC, OP and 

carbamate pesticides. Synthetic pyrethroids (SP) are a grou p of pestic ides widely used in 

agriculture and pub lic health programs worldwide (Heudorf & Angerer, 200 I ; Lothrop et a I. , 

2007).They are non-systemic, contact and stomach poisons to many insects and arachnids 

(L6pez-L6pez et a I. , 200 I). The SP mimics the insecticida l fu ncti on of natura l pyrethrins, whi ch 

are extracts from the chrysanthemums plant. For purposes of insect contro l in agricultura l 

prod uction, the pyrethroids are preferred over their natura l pyrethrin counterparts due to the ir 

res istance to enviro nmental degrad ation, selective insect icida l properti es and relative potency 

(L6pez-L6pez et aI. , 2001 ; Sai llenfai t et aI. , 2015). The pyrethro ids differ from or pestic ides in 

terms of their lack of a common mechani sm of action. Stru ctural examples of some synthetic 

pyrethroids are shown below. 
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Figure 2. 3 Chemi ca l structure of some synthetic pyrethroids pest icides. 
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2.2 Common pesticide used in fruits and vegetab les 

It's nearl y imposs ible to li st the pesticides found in a ll types of vegetab les and frui ts. There are 

over 1000 d iffe rent pesticides that are used to grow crops. Plus there are many pest icides 

registered for use on the same crop. They incl ud e combinations of insectic ides, fungicides and 

herbic id es. A lso, the specific pestic ides used can vary with d ifferent growing seasons, d iffe rent 

pest problems and the region or country where the crop was grown. Sometimes pesticides end li p 

on crops un intentiona lly when it dri fts from other fie lds. Plants can also absorb pesticides that 

linger in so il for years after appl icati on. In Eth iopia organophosphates and synthetic pyrethroids 

are commonly used pestic ides on fru its and vegetab les productio n (I-Iaylamichea l & Dalvie, 

2009) . 

2.3 Pesticide residues in fruit a nd vegetable 

Pesti cides used on fruits and vegetables have been repo rted to leave pestic ide res idues on the 

exposed crops (Nishina et aI. , 20 I 0; Szpyrka et aI., 2015). These pesti cide residues that remain 

on crops ex pose hu man be ings to adverse health effects. Because frui ts and vegetab les are 

ma inly eaten unprocessed, they are the ma in source of pestic ide resid ue intake fo r humans 

(J uraske et a I. , 2009; PAN, 201 2) . In a study done hy .Iuraske et al. (2008) it was reported that 

the intake of toxic substances due to pest ic ide residues in food commod ities cou ld be higher than 

the intake of these substances related to water consumption and inhalation . Stud ies have 

however, shown that some foods may contain pesticide resid ues above MRLs (Szpyrka et a I. , 

20 15; Waliszewski et aI., 2003). In a study done in Germany, 2% of all agricul ture products of 

plant ori gin examined inc luding lett uce fo r exam ple showed signs of inadmiss ible appl ication of 

pestic ides. In the same study, the levels of contamination detected in II samples of pineapple, 

tomatoes, peaches, nectarines, lettuce and zucchini were considered significantly hi gh to poss ibl y 

pose acute hea lth effects (PAN, 201 2). 

In another study done in Seoul, Korea (Park et aI. , 20 16), pesticide residues were detected in II 

different samples of the selected agricu ltural products of which 2 samples exceeded the Korea 

maximum residua l li mits. In the same study, six out of the nine analyzed dried pepper leaves had 

pestic ide residues and one sample exceeded the Korea MR Ls. Though th e study concluded that 

the detected pestic ide residues coul d not be considered a serious publ ic hea lth problem, 
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continuous investigations and monitoring was recommended. In Poland, (Szpyrka et a I. , 20 15), 

376 of 1026 ana lyzed samples (3 6.6%) had pest icide res idues. In 18 of these samples (1.8%), 

residues exceeded maximum res idue limits. In the same study, substances not recommended for 

a given crop were detected in 28 (2.7%) of th e samples. 

A similar study in Turkey that investigated pestic id e residues in 1423 samples of fruits and 

vegetab les revealed that a total of 754 samples contained detectable residues at or above Tu rkish 

MRLs. Eighty four (8.4%) of the fruit samples and 83(9.8%) o f the vegetable samples contained 

pestic ide residues above MRLs (Baklrcl et aI., 20 14). 

Meanwhile, most developing countries do not have consistent programs for monitoring fruits and 

vegetables for pesticide residues (Kolani et a I. , 20 16). Ethiop ia doesn 't have any systematic 

res idue monitoring program at a ll. 

2.4 Maximum residue limit (MRL) 

Max imum residue levels are the highest levels of res idues expected to be in the food when the 

pesticide is used according to authorized agricultural practices (EFSA, 2010).The MRLs are 

always set far below leve ls considered to be safe for humans. MRLs are subject to legal 

requirements in most of the countries. Internati onal harmonization of MRL does not ex ist at 

a globa l leve l. Even though the Codex Alimentarius provides MRLs for most of pesti cides, 

they are not statutory. National authorities hold the sovereignty in fi xing these limits. Therefore 

these legal limits can wide ly vary across countri es. Regarding pesticide residues , there are as 

many regu lat ions as countries. The number of pesticides registered and the MRL set, 

greatly vary from one country to another. Some countries have adopted very severe rules 

with MRL well below the Codex settings and zero-tolerance provisions for di sa ll owed or 

prohibited substances or for which a MRL cannot be estab li shed due to the lack of tox ico logica l 

data (Drogue & DeMaria, 2012). In developed reg ions like Europe thc responsibility of the 

legislat ion is led by the European Comm ission (EC) with input from the member states, 

European food safety agency and the standing committee on the Food Cha in and Anima l Hea lth 

(Ambrus & Yang, 20 15). In the US, the leading agency is Environmenta l Protection Agency 

(EPA) with input from the Un ited States Department of Agricu lture (USDA) and the Scienti fic 

Advisory Panel. MRL settin g can be the respons ibility of one or more authorities in a country 

and normall y involves th e health, agriculture and environmenta l agencies (Tritscher et aI. , 20 13). 
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MRL enforcement can be a responsibility of one or more agencies and may a lso depend on 

different food types. MRL sett ing is based on the nati onal reg istered good agriculture practice 

(GAP) data combined with the estimated likely residue from the supervised trials mean resid ue 

(STMR), AD! and ARID (EFSA, 2010). The information is then evaluated by the risk 

assessment agency li ke EFSA in EU or Joint FAO/WHO Meeting on Pesticide Resid ues (JMPR) 

for codex A limentariu s. Where national or regional MRLs are not avai lable, internationall y 

recognized bodies such as the United Nations Codex Alimentarius Commiss ion MRLs can be 

used as guidance. MRLs are generally publi shed in open literature or websites of the regulatory 

bodies for public usage. MRLs may be exceeded because of pesticide misuse, false positives due 

to naturall y occurring substances, differences in national MRLs, lack of registered pestic ides and 

inco rrect pesticide application (EFSA, 2010). 
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Table 2. 1 EU and codex MRLs (mg/kg) of pestic ide 

NlllllC of CI:1SS of pestic id es Strawberry Tomato Lettuce Apple 

pesticides (mg/kg:) mg/ lq~ mg/l<g mg/kg 

'a ' b a b a h " II 

Diazinon Organophosphate 0.01 0. 1 0.01 0.5 0.0 1 0.5 0.01 OJ 

pcsticidc (OPP) 

Malathion Organophosphate 0.02 0.02 0.5 0.5 0.5 0.02 0.5 

pesticide (OPP) 

Chlorpyrifos Organophosphate 0.2 0.3 0.01 NE 0.05 NE 0.0 1 

pesticide (OPP) 

Endosulfan Organochlorine 0.1 NE 0.05 0.5 0.05 NE 0.05 NE 

pcsticidc (OCP) 

Total DDT Organoch lorine 0.5 NE 0.05 NE 0.05 NE 0.05 NE 

pesticide (OCP) 

Cyfluthrin Pyrethroid 0.02 NE 0.05 0.2 NE 0.2 0.1 

Cypcrmcthrin Pyrcthroid 0.07 0.07 0.5 0.2 2 0.0 1 0.7 

Fenvalerate Pyrethroid 0.1 ne 0. 1 NE 0.2 NE 0.1 NE 

Deltamethrin Pyrethroid 0.02 0.2 0.07 0.3 0.5 2 0.2 0.2 

Lambda Pyrethroid 0.2 0. 1 0.3 0.5 NE 0.08 0.2 

cyha\olhrin 

Dieldrin Organochlorine 0.02 0.05 0.01 NE 0.01 NE 0.01 0.05 

pesticide (OCP) 

Heptachlor Organochlorine 0.1 NE 0.01 NE 0.0 1 NE 0.01 NE 

pesticide (OCP) 

Methoxychlor Organochlorine 0. 1 NE 0.01 NE 0.01 NE 0.01 NE 

pesticide (OCP) 

Lindane Organochlorine 0.0 1 NE 0.01 NE 0.01 NE 0.01 NE 

pesticidc (OCP) 

Chloridane Organochlorine 0.02 0.02 0.0 1 0.02 0.0 1 0.02 0.0 1 0.02 

pesticide (OCP) 

Endrin Organochlorine 0. 1 NE 0.01 NE 0.01 NE 0.0 1 NE 

pesticide (OCP) 

Source: * a http ://ec.eu ropa.e u/lood/pla nt/pest icid es/eu -pest ic ides 

b htt p ://www. la 0 .0 rg/ la o-w h o-cod exa I i me n t a r ius/cod ex -texts/ d bs/pest res/ e n/ 

NE= not esta b lishe d 
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2.S Public health hazards and harmful effects of pesticide residues 

The harmful effects of pesticide usage cannot be ignored despite its numerous benefits. 

Pesticides can cause injury to human health as well as the envi ronment. Exposure to hazardous 

pesticides is assoc iated with a wide range of adverse effects in humans. Pesticide residues in 

food can cause short term or acute effect such as dizziness, diarrhoea and death. They can also 

result in long term or ch ronic health effects which can occur months or yea rs after exposure. 

Chronic health effects include cancer, tumours, brain and nervous system damage, birth defects, 

infertil ity and other reproductive system deformities, body organ damage, mild cogn iti ve 

dysfunction and damage to the immune system (Darko & Akoto, 2008). 

Injuri es may be caused either by a s ingle massive dose being absorbed during one pestic ide 

exposure, or from sma ll er doses absorbed during repeated exposu res over an extended period of 

time. Illness or damage is referred to as acute when it has a sudden onset and lasts for a short 

period of time . The type and severi ty of the symptoms depend on the chemical mode of action 

and toxicity and the amount of chemical the victim has been exposed to. WHO estimates of 2000 

showed that each yea r three million farmers in the develop in g world were experi encing severe 

poisoning from pesticides each year, about 18,000 of who wou ld die (WHO, 2010).Fifty percent 

(50%) of the modern pesticides are mutagens, i.e. cause heritable changes in the genetic material, 

DNA. 

Chronic tox icity refers to the effects that occur after exposure over a long period of time, or to 

symptoms that occur long after exposure and/or pers ist for a long time. [n general, these effects 

can occur with doses as low as a few micrograms of pesticide per kilogram body weight of the 

person or an imal exposed. Examples of the ch roni c effects of pesticides on humans are described 

below. 

Pesticides can exert a carcinogenic effect throu gh a variety of mechani sms, inc luding: 

Genotoxic ity: Pesticides react w ith DNA to cause mutations or cancer. 

Hormonal action: Pest icide lengthens the estrous cycle, prolonging exposure to endogeno us 

estrogen, and can cause mammary and uterine tumours. 

lmmunotoxicity: Pesticides can alter immune function III a number of ways that can cause 

cancer. 
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According to Fox et al. (20 12), there is a growing concern 111 regard to the deve lopmenta l 

neurotox ic ity by recent ep idemiologic observations that children exposed prenatally or duri ng 

early postnata l life suffer fro m various neuro log ical effects. Examples of neurologica l effects are 

numbness or weakness of arms, legs, feet or hands; letha rgy; memory loss; loss of concen tration; 

and anxiety. 

2.6 P rocess effect on pesticide rcsid li es 

Fru its and vegetab les are generally peri shable by natu re. This can lead to substantial losses to 

both farme rs and consumers. The main object ive of process ing fru its and vegetables is to supply 

who lesome, safe, nutr itious and acceptable food to the consumers throughout the year (Fellows, 

2009) . Food process ing refers to those methods and techniques that are applied to raw 

ingred ients to transform them into a consumable fo rm . Food process ing also includes basic raw 

material preparation such as washing, removing contaminants and fo reign bod ies as well as 

peeling and trimming (removing non-consum able parts of the raw agri cul tu ral commodity). 

These types o f categories of process ing will be discussed below with reference to the ir 

appli cation in fruits and vegetab les. The processing techn iq ues identified were: washin g, peel ing, 

j uic ing and boiling. 

Was hing 

Washing is an important step norma ll y carried out after removing the most spoi led fruits and 

vegetables fro m the harvest. Washing removes so il, micro-organi sms and chemical residues fro m 

the fru its and vegetab les . Washing can be do ne by immersion and spraying or showering. 

Washing is usuall y carri ed out using water or water mi xed with some sanitizers li ke 1.5% 

hydrochl oric ac id so lution. Sometimes warm water can be used (about 50°C) in the pre-washing 

phase of industria l operations. However, cauti on should be exercised in using warm water s in ce 

it can acce lerate chemica l and mi crobial degradati on if further process ing is de layed (Fe llows, 

2009). At househo ld level, washing is carri ed out mostly under runn ing tap water whil e swirling 

the strainer or colander for a few seconds (So liman, 1999). 
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Peeling 

Peeling removes those unwanted or indigestible parts of frui ts and vegetables mainly the skin or 

outer leaves. It can be done mechanically by knife or abrasion and flash steaming or chemically 

by caustic soda at high temperatures (90 - 100°C). In home processing the common method is 

knife peel ing or using other hand he ld devices like potato pee lers (Holl and et aI. , 1994). 

Juicing 

Juicing of fruits and vegetab les after cleaning steps is done by crushing, grinding or 

di s integration depending on the type of product being processed. In industrial production , the 

above steps are usually followed by enzyme treatment, heating, pressing, juice clarification and 

filtration. In home processi ng the crushing steps are followed by pressing to extract the juice. 

With the availabi lity of home processi ng units, these steps can be combined and the juice be 

obtained immediately (Keikot lha il e et aI. , 2010). 

Boiling 

The effects of boil ing were said to depend on the time, temperature, degree of moisture loss and 

whether the system is close. The rates of degradat ion and volatilization of residue were sa id to be 

increased by the heat involved in cooking. Losses of heat stable compounds were expected to be 

low or increase because of moisture loss during cooking. Boiling of fruits and vegetables in 

studies reviewed by Holland et al. (1994) showed a reduction of pesticides ranging from 0 to 

100%. 

2.7 Pesticide residue analysis 

More than 800 different kinds of pesticides are used for the control of insects, rodents, fungi and 

unwanted plants in the process of agri cul tura l production. Although most of them leave the 

products or degrade in soi l, water and atmosphere, some trace amounts of pesticide residues can 

be transferred to humans via the food chain, being potentia ll y harm fu l to human hea lth (G il bert­

L6pez et aI. , 2009). 

The anal ysis of pesticide residues in foods consists of sample preparation and the instrumental 

determination. A lthough the ana lytical instruments are developing rapidly (Ridgway et aI., 
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2007), their detector no ise, detection limits, and final quant ificat ion are usually influenced by the 

interferences from food matrices (Ferrer et aI., 2005; Haj~ l ova & Zrostl,kova, 2003) Thus, the 

sample preparation is the bottleneck for the effective and accurate ana lysis of trace pesticide 

res idues (Zii llner et aI. , 2003). The aim of the sample preparation is to iso late the trace amounts 

of analytes from a large quantity of complex matrices and e lim inate the interferences from the 

food matrix as much as possible. Typ ica l sample preparation steps inc lude the 

sampling/homogenization, extraction, and c lean-up. Among them, the extraction and clean-up 

steps playa critical role in the success of pest icide residue anal ys is. 

The traditiona l sample extraction methods, espec ially liquid-liquid extraction, have been widely 

used for pesticide res idue analysis. However, these methods are laborious, time- and so lvent­

consuming, and subject to the loss of analytes due to the tedious experimental procedure. 

Therefore, new extraction and clean-up methods have been introduced in the fie ld of pesticide 

residue analysis in foods. These include: supercritical -nuid extraction, pressu rized-l iquid 

extraction, mi crowave-ass isted extraction, ge l permeation chromatography, so li d-phase 

extracti on, QuEChERS and others (Zhang et aI. , 201 2). 

Analytical methods are needed to screen, quantify and confirm the pesticide residues in fruits 

and vegetables for both research and regulatory purpose. Mu ltiresidue methods (MRMs) and 

s ingle residue methods (SRMs) genera lly cons ist of the same basic steps, but MRMs are 

preferred to the latter for the analysis of pesticides, beca use MRMs prov id e the ca pability of 

determ in ing different pesticide resid ues in a s ingle ana lysis run . 

The method adopted by the Association of Omcial Analytica l Chemists (AOAC) is the 

internat iona lly recognized procedure for MRM. It involves certain basic steps in the appl ication 

whi ch includes samp le preparation, extract ion cleanup and finall y the anal yte determination is 

performed by gas chro matography (GC) or high-performance liqu id chromatography (HPLC) 

wit h selecti ve detectors (Torres et a I. , 1996). 

Several multiresid ue methods employing gas chromatography electron capture detector (GC­

ECD) to determine pesticides in fi'uits and vegetab le have been eva luated by various workers 

(Biswas et aI. , 2019; Fa rina et aI., 2017; Paz et aI., 20 17; Tankiewicz, 20 19). The success of the 

ECD prompted the development and app lication of other selective detection princ iples for non-
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halogenated pesticides. GC is the most w idely used technique in pesticide analys is because of its 

high se lectivity and reso lution, wide dynam ic concentration range, good accuracy and prec ision. 

At present, more than 60% of registered pesticides andlor th eir metabo li tes are amenab le to GC 

(Mach & Verbeck, 20 18) 

Electron Capture Detectors (ECDs) are often used in pest icide res idue determ in ation. It has a 

very hi gh sensit ivity to po lychlorinated hydrocarbons and other halogenated pesticides . When 

e lectronegative compounds enter the ECD cell from the co lumn, they immediate ly combine with 

some of the free electrons, temporarily red ucing the number remaining in the electron cloud. 

When the electron popu lation is decreased, the pulse rate is increased to mai ntai n a constant 

current equal to the standing current. The pulse rate is converted to an ana log outp ut, which is 

acquired by the Peak Sim ple data system. Unlike other detectors whi ch measure an increase in 

s ignal response, the ECD detector electronics measure the pulse rate needed to main tain the 

stand ing current (Hong et aI., 2017) . It's disadvantaged to se lectivity because all kinds of 

e lectron attracting functional groups such as nitro g roups and aromatic structures a lso give 

response (Torres et aI. , 1996). 

2.8 F ruit and vegetable in E thiopia 

The cl imatic and so il cond itions of Ethiop ia are sui table for the production of a w ide range of 

trop ica l and su btropical fruits and vegetab les including tomato, lettuce, strawberry and apple. 

Accordin g to informati on obtained fro m the Central Statist ics Authori ty (CSA), the tota l area 

under fruit s & vegetables is about 12,576 hectares in 20 II. Of the tota l land arca under 

culti vation in the country during the same year, the area under fr uits and vegetab les is less than 

one per cent (i.e. 0. 11 %), which is insignificant as com pared to food crops. On average more 

than 2,399,566 tons of vegetab les and fru its are prod uced by public and pri vate commercial 

farms, this is estimated to be less than 2 percent of the total crop producti on. Incl uding areas 

under product ion of fruit and vegetable crops from commerci al private farms and the area and 

prod uction from th e private peasant holdings are indicated in the following tab le. However, the 

contri bution of horticul tura l crops both to the di et and income of Ethiopians is insign ificant. In 

recent yea r w ith the ai m of insuring food security the agricultural development of the country has 

been due attention . Among the sector that has been given attention at micro level is the 

production of fruit and vegetables (S mith et aI. , 2005). Fru it and vegetab le production 111 
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Ethiopia is scattered throughout the country on patches of land in peasant smallholder far m 

whereas, large scale production and process ing of fruit s and vegetables is carried out only by 

state organizations (Girmalem, 20 II) The co untry has a va ri ety of fru its, leafy vegetab les, roots 

and tubers adaptable to specific locations and altitudes. Shallot, gar lic, potatoes and chilies are 

mainly produced under rain fed cond itions. 

Tomatoes, carrots, lettuce, beetroot, cabbage, spinach and Swiss chard are usually restricted 

to areas where irrigation water is avail able (Bekab il , 20 14). Accord ing to the CSA of Ethi opia 

the 2007/2008 annual o f fruit and vegetable production by pri vate peasant holding are described 

in table 2.2 below. 

On the other way consumption of fruits and vegetables in Ethi opia is low compared to deve loped 

countries (Machado et a I. , 2006) . The main reason for th e low consumption of fruit and 

vegetables is the eat in g habit of th e society. 

Table 2. 2 Area, production and yie ld of Horti culture crops for private peasant ho ldings 
(2007/08) 

Crop Area in Hectare Production in qnintal Yield (qnintall hectare) 

Vegetables 119,091.43 4,7 19,664.46 

Ethi opian Cabbage 28,470.69 2,383,602.95 83 .72 

Tomatocs 4,800.07 33 8,3 80.91 70.49 

Green peppers 7,952.35 623,209 .04 78.37 

Red pepper 75,340.93 1,223,996.86 16.25 

Root crops 184,329.45 15,309,489.12 

Beetroot 1,840.47 169,479.87 92.09 

Onion 18,012.55 1,75 1,061.71 97.21 

Potatoes 50,488 .00 4,025,080.08 79.72 

Sweet potato 62,357.65 5,264,870.43 84.43 

Fru it crops 62,73 1.42 4,621,475 .23 

Avocado 6,473.22 428,292.20 66. 19 

Banana 39,425.90 2,6 10,592.27 66.22 

Orange 3,396.81 428,072.76 126 .02 

Pineapp les 86.74 448.95 5. 18 

Source; CSA 20 I I. 
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2.9 Trcnds in pcsticide use in Ethiopia 

Agri culture in Ethiopia fo rms the basis of the country's economy. About 84% of the country's 

pop ulation are engaged in agriculture and generate income for the ir househo lds to susta in th e ir 

li velihood. The government has commi tted itse lf to intensifyi ng the sector through technological 

advancement and the use of state-of-the-art agricultura l inputs such as fertili zers and pestic ides. 

Ethiop ia 's agriculture used to be mainly dominated by small -sca le farmers practic in g subs istence 

farming, which a re dominated by low inputs and low technology fanning systems. This was 

considered to be the ma in cause of the low production and prod uctivity of farmers; hence the 

governm ent is promoting the use of agrochemi cals throughout the cou ntry to increase producti on 

and productivity (CSA, 201 2) 

The use of pesti cides in Ethi op ia to control cro p pests can be traced back to the mid-1940s, when 

arsenic and later on BHC in bran bait were used to control desert locust outbreaks. The use of 

agricultural inputs including pesticides was introd uced to smallholder farmers s ince the 1960s 

via agricultmal extension systems. Since then the use of pestic ides has shown a steady growth 

and with the current development of the Rower-growing sector, average imports of pestic ides 

have grown to over 2400 tons per annum (Tekl u, 20 16). The import and use of pesticides in 

Ethi op ia has grown rapid ly, as this is a lso part of a development plan to intensi fy agriculture 

wi th the objective of increasi ng food production and expandin g the Roriculture industry (A mera 

& Abate, 2008) . 

Commerc ia l farme rs, as the main users of pesticides, acco un t fo r the use of about 80% of the 

pestic ides imported into Ethiopia. The remaining 20% of the tota l import is used for small-scale 

farming, household , hea lth and industri al purposes (Teklu , 20 16). Of the tota l of 4125 metri c 

tons of acti ve ingredients that were used in Ethi opia in 20 10, the largest proporti on (75%) were 

herb ic id es, followed by insectic id es (15%) and fu ngicides (9%) (B. Negatu, 20 17) .There were 

82 cut-R ower companies covering 3, 101 hectares of land by 20 13. Most of th e cut -Rowcr 

product ion is exported to the Netherlands which has 86% o f share by quantity. Other market 

destin ations inc lude Saudi Arab ia (3 .9%) and Norway (2.6%). Most o f the fru it and vegetab les 

are exported to Somal ia (57.5%) and Dj ibouti (37 .6 %) in 20 13 (B. Negatu , 20 17).There was an 

8-fold increase in export income (29 to 245 million US do llars between 2005 and 20 14) fro m the 
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horticultural farms, with similar trends in both cut- fl ower and fruit and vegetables sectors, but a 

mu ch steeper trend in cut-flower production. 

Accordi ng to Mengist ie et al. (2015), there are now 302 commercial pesti cides registered and 

imported in the country, representing over 160 active ingredients, and the vo lume of imports 

increases from year to year. Among these, th e largest proportion fall s under c lass II o f the WHO 

hazard class i fi cation system (Meng istie et aI. , 20 15). In the recent past, the misuse of pestic id es 

was a common problem mainly because farmers lacked appropriate knowledge about pesticides 

and there was no effective administrative measure governing the ir use . For instance, DDT, which 

has been a banned pesticide since the 1970s world-wid e, remains in use in Ethiop ia fo r the 

control of the mosquito malaria vector by the min istry of health and has been reported to have 

been illegally d iverted to agricul tural pest control in some areas (Mengistie et a I. , 20 15). In spite 

of the ir ban, aldrin and dieldrin have recently been found in the so il in Ethi op ia and 

organophosphate pesticides, such as diaz inon and malathion, are still common ly used in agro­

industries and frequently enter the food chain (Daba et aI. , 20 II; Westbom et a I. , 2008). 

Scenarios for th e futu re use of seven se lected pesticides indicated that agricultural use of 

chlorothalon il , de ltamethrin, endosulfan and malathion in some crops may result in medium to 

high risks to aquatic species in the Ethiopian context (Tek lu , 2016). In add ition, Negatu et al. 

(2016) report a large increase in pesticide usage intensity, illegitimate usages of DDT and 

Endosul fa n on food crops and direct import of pesticides without passi ng through the fo rmal 

Ethiopian reg istrati on process. Gebremichael et al. (20 13) report the presence ofODT from their 

ana lys is of organochlorine pesticide residues in human and cow' s milk in Southwestern Ethiopia. 

Moreover, Mekonen et al. (2014) report one-th ird of mai ze, te fT, red pepper and coffee samples 

were contaminated with pesticide at a level of above MRLs. Various studies in Eth iopia and 

other parts of the world have focused much on the analys is of only organochlorine pesti cid es 

because of their pers istence, lipoph ili c ity, toxicity and bioaccumulation. Overall, however, there 

are on ly a few data on pesticide res idue contaminati on of food items. So fa r regu lar survey 

studies and monitori ng programmes of the other di ffe rent types of pesticides including 

organochl or ine have not been carried out in Ethiop ia. 
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Chapter three 

3 Materials and methods 

3. I Study design 

The design of the study was cross-secti ona l study involv ing laboratory in vest igation to determine 

the level of selected o rganochlorine, organophosphate and pyrethroids pesticides in selected fru it 

and vegetab le collected from markets in Addi s Ababa and a structured questionnaire was 

prepared to assess consumers ' knowledge, attitude and practice related to pestic ide resid ue. In 

addition washing treatment was performed for sampl es containing pesti cide residue to 

investigate its effect on the level of pesticide residue. 

3.2 Study area 

The study was conducted in Addis Ababa, the capital and largest ci ty of Ethiopia. It lies at an 

e levation of2,200 meters (7,200 ft.) and located at 9 degrees I minutes north and 38 degrees 44 

minutes east. As a capital c ity, Addis Ababa is a major trade center for fruits and vegetables with 

many varieties. The c ity has 10 sub cit ies each havi ng di fferent number of Woredas (Fi gure 3. 1). 

The largest and busiest markets in Ethiop ia are found in Addis Ababa. These markets are well 

known for their massive sa les of fi'uits and vegetables that come from d ifferent areas of the 

country where pesticides are widely used . Thus, assessment of pesticides in sa mples from these 

markets could reflect the contamination status of fruits and vegetables . 

Experiments were carried out from December 2018 to May 2019 in Ethiopian conformity 

assessment enterpri se (ECAE) laboratory and plant health and production quality control 

pestic ide res idue testing laboratory of the mini stry of Agriculture, Addis Ababa. 
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Addi$ Ab3ba 
by Sub -city 

--- -

..... 

Figure 3.1 Location of the study area (source: -Addis Ababa city administration websi te) 

3.3 Samples and Sample Preparation 

Fruits and vegetables that were analyzed for pesticides residue were apple, strawberry, tomato 

and lettuce. In order to address thi s study, cross sectional approach was fo llowed. The cross 

section analytical study design was appropriate fo r the quantitative study as it investigated the 

presence of pesticide residues in fru its and vegetables at a particular point in time. A total of 120 

samples were purchased randomly from wholesale distributor, supermarkets, roadside markets, 

fruit and vegetable stores. From each items, a sample size of at least 1 Kg was purchased. 

Wholesalers, retailers and consumers are sourcing their fru it and vegetables at these markets. 

Except fo r apple samples, the rest were co llected from local sources. Apple samples were local 

and imported sources. After co llection, as shown in the figure 3.2, samples were sealed in 

polyethylene bags , labeled appropriately and transported to Ethiopian conformity assessment 

enterprise laboratory. All samples were taken and prepared in accordance with Codex 

Alementaris commission for residual analysis (CAC, 1999). Using composite sampli ng 

tecJmiques 120 samples were reduced to 40, and 10 for each samples. 

Each sample was divided in to two groups: washed sample and unwashed sample. The edibl e 

parts of the samples (washed and unwashed) were homogenized using a blender to obtain 

thoroughly mixed homogenates. The homogenized samples were placed into amber glass bottles 

and kept in a deep freezer (-20 DC) until analyzed. Prior to use, the samples were thawed at 4 DC 

overnight. 
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Figure 3. 2 Fruit and vegetable samples and sampling place. 
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3.4 C hromatographic analysis 

3.4.1 C hemica ls a nd reagents 

Anhydrous magnes ium sulfates (MgSO.), a graph itizcd carbon black (GCB) sorbent and primary 

secondary am ine (PSA) were purchased from Supelco (Be ll c fonte, USA). Anhydrous Sod iu m 

acetate (NaAC) was obatincd from Fiso ns scientific (Gcrman y). 21 ta rget pestic ides were from 3 

c lasses, organoch lorine ( 13), organophosphate (3) and pyrethriod (S), and incl ude u- BH C 

(99.8%), d iazinon (98%), 8- BHC (99.4), heptach lor (99 .1 %),aldrin (99 .S%), chlorpyrifos 

(97.S%) , malathion (98.7%) ,y-chlordane (99.9%), u-endosulphan (99.6%), p,p DOE (99.8%), 

die ldrin (97 .1%), endrin (99.3%), p,p DOD (99.7%) ,p,p DDT(99.S%) ,endosulphan sulfate 

(96.6%) ,metoxychlor (98.7%), )..-cyhalotrhin (97.8%), cyfluthr in (98%), cypermeth rin (99.7%), 

fen valerate (99%) and deltamethrin (99.6%). The 19 certified pestic ides standards were obtaincd 

from Sigma-Aldrich (St. Louis, MO, USA) and 2 pesticides were obta ined from Dr. Ehrenstorfer 

GmbH (A ugsburg, Germany). 

3.4.2 Preparation of standard solutions 

Individual Stock standard so lutions were prepared at 1000 mg Ikg by dissolving 10 mg of each 

compound into 10 ml of n-hexane and they were storcd at - 20 °C. From the individual stock 

standard sol utions, a mUlti-compound intcrmediate solution was prepared wi th a conccntration of 

10 mgl kg for OCPs and SOmg/ kg for OPPs and synthctic pyrcthroid. Thc intermed iatc standard 

solutions that were used for the preparation of matrix-matched standards were wi thin the range 

of 0.00 I to 0.2 mglkg for OCPs and O.OOS to I mg/kg for OPPs and pyrethriods. While not in 

use, the intermed iate standard solutions were kept at -20 °C. 

3.4.3 Inst ruments a nd a ppa ra tu s 

Genera l inst rum ents 

A vortex mixer (Assistant, Germany), electroni c analytica l balance Mettler-Toledo (PL602-L, 

Switzerland) , nitrogen evaporator (Thermo sc ientific, USA), homogenizer (Foss Homogeni zer, 

mode l. 2094, Germ any), water puri fie r (Thermo scienti fi c, USA) and a S igma centri fuge (4- 16K, 

Germany) were used . Addit iona ll y, a freezer, ultra-wave sonicator, pipettes, spatulas, glass 
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volumetric, oven, muffle furnace, polypropylene centri fuge tubes (15 and 50m I), so lvent 

dispensers, gloves, beakers, glass syringe, fi Iters and vials were used for the extraction protocol. 

Gas chromatography instruments and apparatus 

The GC analys is was conducted usin g a GC- microce ll e lectron capture detector ( ~l ECD), and the 

detected pesticides were confirmed by GC- MS as show in figure 3.3 right sides. The GC- ~ ECD 

analyses were performed on an Agilent 7890 A equipped with a splitlsplitless injector and a 7693 

auto-sampler (Agi lent, Santa Clara, USA). Data acquisition and analysis were performed with 

Chemstation software (Agilent Technologies) . The carrier gas and make up gas were nitrogen 

(99 .999%) at a flow rate of 1.0 and 20 mllmin respectivel y. The separations were perform ed 

using Stx-CL pesticide capillary column, 30m long with internal di ameter and film thickness of 

0.25 mm and 0.20 ~m (Agilent, Santa Clara, USA) respective ly. 

The GC- MS analysis was performed on an Agi lent 7890B GC equipped with Turbo MSD 

5977A and a 7693 auto injector (Agilent, Santa Clara, USA) as shown in fi gure 3.3 lell s ides. 

He lium was used as the carrier gas at a flow rate of 1.0 ml/min. Separations were conducted 

using a DB-5 30 m x 0.25 mm x 0.25 ~m column (Ag il ent, Santa Clara, USA). A volume of 2 

~L of extract was injected in the splitl ess mode, and the injector temperature was held at 250 °C 

for the GC- ECD and GC- MS analyses. The same oven temperature was programmed to r the 

GC-ECD and GC- MS as follows: initial temperature of 120 ° C (held for I min), in creased to 

225 ° C at 14 ° C Imin (held for 5 min), raised to 280 ° C at 6 ° C Imin (held for 0 min) and, 

finall y, increased to 295 ° C at 30 ° C Imin (held for 10 min). The total chromatography run time 

was 33 minutes. 
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Figure 3.3 GCIMS and GCIECD instruments at Ethiopian confonnity assessment enterprise and 
plant health and production quality control pesticide residue testing laboratory, Addis Ababa 
respectively. 

3.4.4 Quality Control and Assurance 

Quality control and quality assurance were incorporated into the analytical scheme. Samples 

were carefully handled to avoid contamination. GC grade reagents were used throughout the 

study. For each batch of analysis, method blanks and spiked samples at fortification level of 0.05 

mg /kg were used for quality control checks. 

All reagents used during the analysis were exposed to the same extraction procedures. Solvents 

used were run to verify for any interfering substances within the runtime. In all batches of 

pesticide residues analysis, reagent blanks and samples to be analyzed were fortified with mixed 

OPPs, OCPs and synthetic pyrethroid standards for quality control checks. All the samples were 

analyzed in triplicates. Matrix match Calibration curves were run with each batch of samples to 

check that the cOlTelation coefficient was kept above r2=0.99. 

Confinnation was made by GC-MS in the selected ion monitoring mode (SJM) using one target 

ion and the qualifying ions (Table 3.1). 

The glassware was soaked in soapy water for overnight after that they were thoroughly washed 

with detergent. After washing, the glass wares were rinsed several times with tap water followed 

by deionized water. Finally, rinsed with acetone and then dried in an oven at 300 0 C for 

overnight. The glass wares were then removed from the oven and allowed to cool down and 

rinsed with tbe same solvent to be used in the analysis . 
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Table 3. 1 The retention time, qua li fier ions and selected quantification ions obtained for the 
studied pesticides. 

SIN pesticides Quantification Qualifier ions Molecularmass 
ions(m/z) (m/z) 

I. a- BHC 181 219, 183 288 

2. Diazinon 179 173,152,199 304 

3. /i-BHC 181 2 19,183 288 

4. Heptach lor 272 237,100 370 

5. Malathion 127 173,125 330 

6. Ald rine 263 293,66 365 

7. Chl orpyrifos 197 3 14,97,199 349 

8. -y-ch lordane 373 375,377 406 

9. a-Endosu lphan 195 241 , 170 404 

10. p,pDDE 246 318, 176 316 

II. Dieldrin 79 263,277 378 

12. Endrin 263 245,279 378 

13. p,pDDD 235 165,237 318 

14. Endosulphan sulphate 272 229,237 420 

15 . p,pDDT 235 165,237 352 

16. Metoxychlor 227 228,213 344 

17. ),- cyhalothrin 181 197,208 449 

18 . Cyfluthrin 206 163, 199,281 434 

19. Cypennethrin 163 181,165 415 

20. Fenvalerate 125 207, 167,28 1 4 19 

2 1. Deltamethrin 253 207,281,73, 503 
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3.4.5 Verification of ana lytica l procedure 

The extraction method used, QuEChERS, had previously been validated by Lehotay et al. (2007) 

and verification was performed in terms of precision, recovery, limit of detection (LOD), limit 

of quantification (LOQ) and linearity. Blank apple, strawberry, lettuce and tomato samples 

previously check for the presence of pesticides from collected samples were used for the method 

optimization and verification. 

Recovery and precision were determined by spiking pesticide standards in comminuted blank 

tomato, app les, strawberry and lettuce samples five ti mes at three concentration levels 0.05 , 0.1 

and 0.2 mgl kg (in the case of OPPs and pyrethroids the levels were 0.25 ,0.5 and I mg/kg). The 

recovery of each compounds were estimated by comparing the peak area of an extracted spiked 

blank matrix to those counterparts from the matrix matched calibration curves. The precision of 

the method was judged in terms of repeatability. Repeatabi lity was calculated as the percentage 

relative standard deviation (% RSD) of results obtained for each analyte after the replicate (n = 

5) analyses under the same conditions and on the same day (Park et aI., 20 16). 

The recovery was determined using the fo rmula: 

% Rccovery= Pesticide recovered fmm fortified sample x 100 .. . ........ ....... . . ... . . .. . .. 1 

Amount of pesticide added 

The LOD and LOQ were calculated using a signal to noise (SIN) ratio of 3 and 10, respectively. 

Linearity was evaluated using matrix-matched cal ibration, spiking apple, tomato, strawberry and 

lettuce blank samples at seven concentration levels (0.001 , 0.01 , 0.02, 0.04, 0.07, 0.1 and 0.2 for 

OCPs) mg/L, for OPPs and pyrethroids, the same number oflevels but with five times hi gher at 

each level. The same ex traction procedure as sample was applied for matrix match calibration. 

3.4.6 Extraction and clean up 

Pesticides were extracted [rom apple, tomato, strawberry, and lettuce using the QuEChERS 

(Quick, Easy, Cheap, Effective, Rugged and Safe) methodology. The procedures were based on 

Association of Official Analytical Chemists method 2007.01 (Lehotay et aI. , 2007). The 

procedure is described briefl y as shown in Fi gure 3.5. The frozen samples thawed unti l it 

reached room temperature. 10.0 ± 0.1 g of representative sample was weighed in a 50 ml 
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polypropylene centrifuge tubes. A reagent blank sample, which was the negative control, was 

prepared by pipetting 10 ml of deioni zed water into a 50 centrifuge tube. Spiking was done for 

quality control samples at 0.05 mg/kg. Next, 10 ml acetonitril e was added with 4 g anhyd rous 

magnesium sulfate (MgS04) for water remova l, and I g anhydrous sodi um acetate for phase 

separation . The tube was immediately vortexed for I min to prevent the fo rmati on of crystalline 

agglomerates during MgS04 hydration. Afterward , the tubes were closed and centrifuged at 5000 

rpm for 5 minutes. A cleanup procedure is usually carried out to remove co-extracted compounds 

that may cause interference in the chromatographic determination or be detrimental to the 

analytical instrumentation . Dispersive-so lid-phase extraction (d ispersive-SPE) clean-up was 

done to remove organic acids, excess water, pigment and other components with a combination 

of primary secondary amine (PSA) sorbent, graphitized carbon black (GCE) and anhydrous 

magnes ium sulfate (MgS04). Following extraction as shown in figure 3.4, 6 ml aliquot of the 

supernatant was transferred into IS ml po lypropylene centrifuge tubes co ntaining 300 mg PSA, 

900 mg MgS04 and 100, IS , 60, and 60 mg GCE was added to lettuce, apple, strawberry and 

tomato matrices based on the amount of pigment, respectively. The tubes were closed and 

vortexed for I min and centrifuged again for 5 min at 5000 rpm. An aliquot of 4 ml upper 

acetonitrile layer was transferred into a 10mi glass tube. Then, the extract was evaporated to 

dryness under s low stream nitrogen at 35 0 C. Finally, the res idue was re-d isso lved in I mL n­

hexane, soni cated for I minute, filtered through 0.22 11m nylon filter membrane, and two ilL of 

the extract was injected into the gas chromatography system. 
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Before clean up after clean up 

Figure 3. 4 Clean up procedure 

109 comminuted sampleWeighed (±O.l g) in 50ml centrifuge tube 

QC spike solution added 

10ml of acetonitrile(ACN) added, vortexed for 1 min. 

extraction salt added 

caped and vortexed for 1 min. 

Centrifuged at 5000 rpm for 5 min. 

6ml of upper ACN layer transfered to 15 ml dSPE tube 

Vortexed for 1 min, centrifuged at 5000 rpm for 5 min. 

Analyzed by GC-ECD 

Figure 3. 5 Flow chart of extraction procedure 
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3.4.7 Quantification and identification of pesticides 

An external standard method was used fo r determining the quantiti es of residues in the samp le 

extracts. A standard mixture containing known amounts of pesticides was run and the response 

of the detector for each compound was determined under the same cond ition. T he area of the 

corresponding peak in the sample was compared with that of the known standard. 

Pesticide res idues in the extracts were identified when the retention times (with in 0.5%) matched 

those of the reference standards. 

For pyrethroids, the quantification of these compounds was performed by summing the peak 

areas of their isomers. They contain two or three chira l centers, making them a fami ly of 

pesticides with stereo isomers. Therefore, mult iple peaks were observed fo r several of the 

pyrethroids, correspondi ng to the separation of the ir diastereoisomers. Oeltamethrin, fenvalerate, 

lambda-cyhalothrin and cypermethrin were resolved us ing two peaks, while four peaks were 

observed for cyfl uthrin (Li et aI., 20 12). 

For organochlorine pesticide, the sum of alpha- benzene hexachloride (a-BHC) and de lta -

benzene hexachloride (8-BHC) expressed as lindane. The sum of alpha-endosulfan and 

endosu lfan - sulfate expressed as endosul fan . DDT (sum ofp,p'-DDT, p-p ' -DDE and p,p ' -!)!)!)) 

expressed as LOOT. 

Calculati on of final result was performed using the following equations. 

Y = (a*x) / (b*z) ............................ ...... .................. 2 

Where, 

Y is grams of sample equiva lent per millil iter of extract, a is the amount of sample ana lyzed (g), 

b is the vo lume of so lvent added to extract the sample (mL), x is the amount of the cleaned 

extract taken after evaporation until dryness (mL), and z is the amount of hexane added for 

solvent exchange (mL) . 

3.5 Washing experiment 

Fruits and vegetab le samples for wh ich pesticide res idues were detected (lindane (a-BHC and 8-

BHC), heptachlor, y-chlordane, L OOT, A-cyhalotrhin, cy nuthrin, cypennethrin and fenvalerate) , 

were subjected to washing experiments. Samples taken for wash treatment were washed wit h 

ru nning tap water for two minutes by gentle rubbing with hands to s imulate the norm al cleaning 
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procedure held at house hold level with majority our society, as described by Wanwimolruk et al. 

(2015). Figure 3.6 shows washing of lettuce sample in the Ethiopian conformity assessment 

enterprise (ECAE) laboratory. The washed samples were put on tissue paper just to remove the 

excess of the water. Subsequently, the fruits and vegetable samples were extracted, cleaned up in 

a similar marmer as the fresh fruits and vegetables, were processed and analyzed. 

Figure 3. 6 Washing of lettuce samples 

3.6 Knowledge, attitude and practice (KAP) to wards pesticide residue 

The sampling procedure for KAP used was probability sampling specifically simple random 

sampling so as to minimize bias in order to obtain representable data. The data were collected 

through interview. A total of fifty five consumers' from different sub city of Addis Ababa were 

randomly selected and interviewed by using structured questionnaire. The questionnaire 

contained four sections. The fust section consisted of general information like age, sex, 

educational status etc. The second section designed to assess knowledge of respondents about 

pesticides. The third section had questions related to consumers' beliefs about the health effects 

of pesticides. The fourth section consisted of questions related to practice of consumers 

(decision, action) that demonstrated Imowledge and attitudes towards pesticides (Appendix D). 
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3.7 Statistical Analysis 

All ana lysis was conducted in triplicates and the data was averaged and expressed in the form of 

mean ± standard deviation . Two statistical analysis tests were used pair-difference t-test and 

analys is of variance (ANOVA). The pair-difference t-test is s imply used to test two independent 

populations have different mean values on some measure. Paired t-test analyses were performed 

to compare between residuals in washed and unwashed fruits and vegetables. The analysis of 

variance (ANOVA) was used to compare single factors . Descriptive statistics and Microsoft 

excel were also used to summarize the data. The data was reported as mean ± SO and the levels 

were considered sign ificantly different at P < 0.05 . 
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Chapter four 

4 Results and discussion 

4.1 Verification result of the analytical method 

The resul ts corresponding to the mean recovery and preclslon in terms of relative standard 

deviation (RSD) at both forti fication levels are summarized in Table 4.1. 

Table 4. 1 Method verification parameters of OC, 01' and pyrthriod pesticides in strawberry, 
tomato, apple and lettuce samples. 

Pes ti cides Spildn g Apple s traw berry Lettu ce Tomato 
le vel 
(mg/kg) R%±SD nSD R%± Sf) RSD H.%±SD RSD n % ±SD 

(l-nlle 0.05 95.7 ±1.9 1.7 8S.4±S.4 6.3 97.6± 4. 9 5 103.5±4 
0.1 107.4±3.9 3.' 90.0±7.9 8.8 96 .1 ±2.4 2.5 92.0 ±1.9 
0.2 lO l.l± 0.7 89 103.7±l·5 98.4±0.9 D.' t03.HI 1.3 O. 

Diazil1 o l1 0.25 99 ± 1.2 1.2 103.3± 0.9 0.8 100.3 ±O. 6 0. 6 102.9 ± 5,6 

0.5 l O9.4±2.6 2.5 88.9±4.2 4.7 lO6.4H.6 3.4 116.4 ±6.6 
I t01. 2±S.1 5.2 91.1±6.9 7.6 96,7±3,1 3.2 lO3.6±S.5 

.-Blle 0.05 l OS.3±3.9 4.1 83.3±4.2 5 96.53 .4 3.5 l O3.9±4 .1 
0.1 

97.3±7.5 7.2 92.0± 6.9 7.5 93.4±15 1.S 98.3 1-$ 2 
0.2 100.3±1.8 1.8 103.7±OS 0.4 101.8 ±0. 4 0. 4 96.614 .1 

lI epta chlor 0.05 94.3±1 D.' 84 .1±4. 9 5.8 9513.9 4 .1 99.4±7.7 
0. 1 l O4±3 .8 3.8 91.1±7.2 7.' 91. 9+3.6 3.' 97.5+4.3 

0.2 99 .3±1 1 103± I.2 1.2 102.3±0.9 D. ' 104 .9t48 
A ldr in 0.05 100. 6±2.5 2.5 87.4±1.3 1.5 95.914. 0 4.2 103 .7t81 

0. 1 106.H3.1 3.2 88.4±1.3 1.3 93.9±2.4 2.6 103.3±53 
0. 2 98.5±0.9 D.' 103.5±04 0.4 101.8 t o.5 0. 5 103.8±56 

Chlol"pyrifos 0.25 100. 7±0 .9 D.' 103 .3±14 1.4 101.3±1.4 1.3 103.5+50 
0.5 99± 1.3 1.3 84.1±4.6 5.5 100.616.6 6.6 102. 2+80 
I 97.S±3.3 3.4 90.0±8.2 '.1 94 .4±4.6 4.4 103.S+49 

M alathion 0.25 99.4±0.7 0.7 102 .5±1S 1. 5 100.3±1.1 1.1 99. 9+1.6 

0.5 108± 1.3 1.3 71.2± 6.9 '.7 103.9±6.8 6.6 109.6± 62 
I 100.3±2.7 2.5 79.2± 3.5 4 .4 97.l±4.5 4 .6 104.220 

y-Chlonlanc 0.05 98.3± 2.2 2.2 85.2±5.2 6.1 93.4±3. 6 3.' 100.8±75 
0.1 97.8± 3.6 3.7 90 .2±7.9 8.8 91.6±2.8 3. 1 104.9±S8 
0.2 100.6±1 1 103.3±l4 1.3 102.5± 0.7 0.7 103.9±58 

a-cnd osulph an 0.0 5 98.3 ± 2.2 2.2 80.8±S.9 7.3 94±3.7 3.' 102.4±66 
0.1 97.8 ± 3.6 3.7 89.7±8.6 '.6 91.S± 3 3.3 104.8±42 

0.2 100.6 ± 1 1 103.7±15 1.4 102.4±0.7 0.7 103.8±50 
p,p DOE 0.05 98.7± 2.5 2.5 83. 4±6.3 7.5 99.4± 4.1 4.2 98.7±2.5 

0.1 97.7 ± 3.8 3.8 90.1±7.8 8.7 92 .7 ±S.S 5.' 97.7±3.8 
0.2 100.6 ± 1 1 103.4±l4 1.4 101.9± 1.4 1.4 100.6±1 

Dieldrin 0.05 97.H1.7 1.7 80. 2±6.4 7.' 91.S± 3.9 4.3 100.7±72 

0. 1 97.9± 3.1 3.2 89.2±9.0 10.0 89.8±2.8 3.1 104.3±S2 
0.2 100.7±0.8 0.8 103.H 18 1.7 103 ± 0. 7 0. 7 103.0±46 

Elldrill 0.05 98.6 ± 1.6 1.6 81.3±4 4.' 93 .1± 3.4 3.6 99.4± 7.1 

0.1 97.4± 3.4 3.6 90.1±8.6 ' .6 89 .5 ± 3.3 3.7 104.3±S Z 

0.2 100.7± 0.9 D.' 118.S± IS .9 13.4 103 ± 0.9 0.8 103.8±55 

p,p DOD 0.05 98.7±1.3 1.2 83.4± 6.3 7.5 94.4 ± 3.9 4.2 101.3±81 

0.1 94.S±3.1 3.2 90.1±7.8 7.8 90.9 ± 2.2 2.5 1OS.8±S2 
0.2 101.4±0.8 0.8 103.4±14 1.4 102.6±0.6 0.6 103.3±SS 

p,p DDT 0.05 S7.2 ± 2.5 2.8 75.3 ±8.2 10.9 90.6±3.0 3.3 92.4 ± S.9 

0 .1 93.1± 2.4 2.4 S8.0±101 11.5 90.8±S.3 5.8 99 .8 ±3.3 

0.2 102.S± 0.7 0. 7 102.7±17 1.2 102.8 ±1.3 1.3 102.6±l9 

RSI) 

3.' 
2.1 

2.5 

5.5 

5.6 

5 .3 

4.0 

5.3 

4. 3 

7.8 

4.4 

4 .6 

7.8 

5. 1 

5.3 

4.8 

7.8 

4.7 

1.6 

5.7 

1., 

7.5 

5 .5 

5.6 

6.5 

4.0 

4.3 

2.5 

3.8 

1 

7.1 

5 .0 

4.5 

7.1 

5.0 

5.3 

8.0 

4.' 
5.3 

6.4 

3.4 
1. , 

3S 



Pesticides Sp iking Apple strawberry Lettuce Tomato 
le\'el 
("" /k.J R%±SD RSI) 11. %±SD !lSO Il%±SD RSD R%±SD nSD 

ElHl os ulphan 0.05 104.6±3.5 4 81.3± 6.5 8 91.8 ± 4.4 4.8 101.6±2.3 2.3 
sulphate 0.1 96.5±3.4 3.6 99.7±7.8 7.9 93.6 ± 5.6 6 99.7±5.6 5.6 

0.2 100.5±0.9 0.9 116.6±16.6 14.2 102±1.7 1.7 96.0±4.9 5.1 

Metoxych lor 0.05 89.5±4.9 5.2 78.U6.8 8.7 92±4.0 4.5 93.0±B.4 9.0 

0.1 97.8±2.4 2.4 94.6±10.8 11.4 92.8±49 5.3 99.8± 3.7 3.7 
0.2 101.2±0.8 0.8 109.9±0.95 13 102.2±1.3 1.3 102.5±2.6 2.5 

>.-cy halot rhin 0.25 101.35±0 .7 0.7 103 .55±7.05 0.95 87.95±8.9 10.7 102.3± 3.2 3.1 
0.5 96.8±4.55 4.6 80.65±7.05 8.9 86.65±3.S 4.2 99.8± 8.2 6.1 
I 95.1±2.4 2.55 94.2±7.8 8.3 101.95±1.05 1.05 104.8±4.45 4.3 

Cynuthrin 0.25 101.6±0.625 0.625 111.5±10.9 9.775 102.1±1.15 1.075 99.8±1.0 1.0 
0.5 98.6±2.15 2.2 83.3±4.4 5.275 92.175±4.0 4.35 99.4±5.6 6.0 
I 93.7±2.35 2.475 94.3±8.7 9.2 92.075±4.5 4.925 102.9±1.9 1.9 

CYJlCr lllclhrin 0.25 100.95±0.8 0.8 102 .95±1.4 1.4 99.05±3.3 3.35 100.3±2.5 2.5 
0. 5 98.35±2.85 2.95 84.45±5.2 6.1 104.55±8.1 7.85 101.4±6.0 5.9 
I 96.7±3 3.2 94.2:1:7.6 8.1 90.25±6.05 7.25 103.95±3.55 3.4 

FCIl"H lcra lc 0.25 101.35±0.8 0.8 103.7±0.75 0.75 101.7±1.05 1.1 99.4±1.2 1.2 
0.5 98.6±2.95 3 82.02±5.75 7 91.35±4.5 4.95 97.3±5.0 5.1 
I 94.9±3.25 3.4 91.5±8.0 8.8 90.2±7.55 8.5 103.3±2.6 2.55 

Dcltalllethrin 0.25 101.4:1:0.75 0.75 102 .4:1:1.2 1.15 100.65:1:1.6 1.55 98.5H.6 2.7 

0.5 99.85±3.55 3.6 88.5:1:4 .8 5.45 94.55:1:6.1 6.45 96.516.9 7.3 

1 94.5:1:3 3.15 94.8:1:3.6 2.7 92.3:1:9.15 10 .4 100 .H3.3 3.4 

R recovery; RSD relati ve standard deviation; SD standard deviation 

Accordi ng to Eu ropean Commission regulation, th e recovery rate (%) between 70% - 120% and 

RSD<20% can be cons idered good recoveries and RSD (Al imentari us, 2017; SANTE, 20 15). 

All of the verification results fulfilled the criteria for the accepta nce mentioned above. 

Id entifi catio n of pesticides were done according to th eir retention time, which was obtained after 

running individual pesticides standard at 100 J.lg/L and mixed standard at 50 mg/L concentration 

leve l. Figure 4. 1 - 4.5 shows ch romatogram of solvent, method blank, apple sample free of 

pesticide, apple sample contaminated with pestic ides and apple sampl e sp iked at concentration 

level of 0.05 J.lg/kg. 

Ion chromatogram obtained after inj ectin g 2 J.lL of extracted sampl e confirmed using two target 

ions (Appendix-B).As an example, fi gure 4.6 shows the ion chromatogram of the GC-MS 

analysis of strawberry sample contam inated with y-chlordan e pestic ide. 
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Figure 4. I GC/ECD chromatogram of solvent 
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Figure 4.3 GC/ECD chromatogram of apple extract blank 
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Figure 4.4 GC/ECD chromatogram of apple sample spiked at 0.05 mglkg 

Figure 4.5 GC/ECD chromatogram of apple sample 

As observed from the figure the chromatogram of hexane and method blank were free from 

interfering compounds. 

A matrix-matched calibration curve was used for in each sample to prevent matrix effect. A 

matrix-matched calibration curve was constructed for each pesticide at seven calibration levels 

having concentration range of 0.001 to 0.2 mg/kg (in the case of OPPs and pyrethroids the range 

were 0.005 to 1 mglkg). Good linear relationships were achieved with linear regression 

coefficients (r2) of 0.99 or higher over the examined concentration range, as shown in 

Appendices A. Figures 4.7 show some examples of calibration curves in lettuce sample. Exact 

matching of the matrix for a sample type is one of the approaches that can be used to resolve 
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matrix effects and obtain accurate results (Lehotay et aI. , 2005) and a new alternative to mah'ix­

matching could be the use of analyte protectants. 
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Figure 4. 6 GC/MS chromatogram: (a) Ion chromatogram of strawberry sample contaminated 
with y·chlordane pesticide residue; (b) Ion chromatogram of y-chlordane pesticide Standard. 

39 



Aroa 

250000 

2 00000 

150000 

100000 

50000 

o 

250000 

200000 

1S00 0 0 

100000 

50000 

a 

A roa 

350000 

300000 

250000 

200000 

1 5000 0 

1 00000 

5 0000 

o 
o 

o 

rvlal~ttJ IQn. EC01 A 
A rea = 1265 103A4*An:ll -271 16529 

R eI. Re.s..%(1) - 0 .000 

5 

4 

2 3 

R..P DDT . EC0 1 A 

a 

6 
+ . 

o 1 

I:::::::J A rea :: 143070 1 .S*Aml -33 1 7 .3364 

Rei 8..~so6l.(1) · 0 000 

2 3 

b 

OeJt..arne.t,brio 1 , EC01 A 
A re a = 1 820 269.29"Amt -4300 .9633 

Rei Res%( l ) - 0 000 

4 

2 3 

5 

c 

6 
->-

0 . 1 

Correlat ion ' 0 99871 

Amou nt m 

Correlation 0 99880 

Correlation : 0 .99855 

A .-naunt m 

Figure 4. 7 Ca li bration curve o f pesti cides in lettuce: (a) malath ion; (b) p,p DDT ; (c) 
deltamcthrin 

7 

7 

40 



Determination of LOD and LOQ can be done by Signal- to-noise, blank determination and linear 

regress ion. However in thi s research s igna l -to- noise determination were used to determine LOD 

and LOQ (S hrivastava & Gupta, 2011).The LOD and LOQ fo r 2 1 pesticides are provided in 

Table 4 .2. The LO D and LOQ ranged from 0.08 to 3.50 fLg/kg and OAI to 17.52 fL g/kg, 

respective ly. T he resu lts showed that the applied method was reliable for the ana lys is of the 

pestic ide residues in this study. 
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Table 4. 2 Verification parameters obtained for the optimized method: limit of detection (LOD), 
limit of quantification (LOQ) and retention tim e (RT) 

SIN PEST ICIDES LOD LOQ RT (min) 
(fig/l<g) (fig/kg) 

GC-ECD GC-MS 

a- BHC 0.18 0.90 8.909 7.488 

2 Diazinon 2.19 10.95 9.409 8.157 

3 8-BHC 0.19 0.95 10.345 8.321 

4 Heptachl or 0.15 0.77 10.440 9. 117 

5 Malathion 1.84 9.20 11. 188 9.405 

6 Aldrine 0.16 0.79 11.740 9.749 

7 Chlorpyri fos 0.63 3. 13 11.882 9.756 

8 y-chlordane 0.20 0.98 13.384 11.1 09 

9 a-Endosulphan 0.2 1 1.05 14.074 11.449 

10 p,p DDE 0.17 0.87 14.508 12.044 

II Dieldrin 0.08 0.41 15.030 12.188 

12 Endrin 0.20 1.00 16.076 12.899 

13 p,p DDD 0.13 0.67 16.558 13.460 

14 Endosu lphan sulphate 0.43 2. 15 17.624 14.769 

15 p,p DDT 0.54 2.69 18.908 14.898 

16 Metoxychlor 1.33 6.64 20.028 17.036 

17 A- cyhalothri n 1.93 9.66 21.828 , 21.42 18* 18.930 

Cyfluthrin 24.344 , 24.241 , 24.051 , 21.371 
18 1.70 8.52 24.437* 

19 Cypermetluin 0.94 4.68 24.823,24.499' 2 1.925 

20 Fenvalerate 1.55 7.77 26.661,26.219* 23.394 

21 Deltamethrin 3.50 17.52 27.965,27.433' 24.514 

*Two or more retention time observed for synthetics pyrethriod 
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4.2 Samples contaminated with pesticides residues 

The percentage of samples of fruits and vegetables wi th pestic ide res idues are presented in the 

Table 4.3. The percentage of samples of fr uits and vegetabl es with pesti c ide residues in Lettuce, 

strawberry, tomato and apple were 100%, 90%, 90%, 70% respective ly and details are discussed 

below. 

Table 4. 3 Percentage of samples with one or more pesticide res idues 

Vegetable/fruit Scientific name 

Lettuce Lac/lla sa/iva 

Apple Maills t/ollles/ica 

Strawberry Fraga I'i axa 11 a 11 assa 

Tomato Lycopel'sicall esclllell/1I11l 

Total 

4.2.1 Occurrence of organochlorine pesticides 

Number of 

samples 

10 

10 

10 

10 

40 

% with one or more 

residues 

100 

70 

90 

90 

Table 4.4 show the various mean concentration of organoch lorine pestic ide res idues detected in 

samples. In a ll , a total of six organochlorine pesticides were detected and these include lindane 

(a-BHe and 8-BHC), heptachlor, endosul fa n (alpha-endosulfan and endosulfan-sulfate), DDT 

(p,p-DDT, p-p-DDE and p,p-DDD), methoxychlor and y-chlordan e. A ldrin, di eldrin and endrin 

were not detected in any of the samples. The sample wh ich recorded a greater num ber of 

organochlorine pesticides residues was lettuce followed by strawberry with app le and tomato 

recording fewer number of organochlorine pesticides res idues. The concentrati on of the 

organochlorine in the fruits and vegetab les was not varied signi fi cantly (p >0.05 or p= 0.17, 

Append ix-D) suggesting a common route of contam ination. 
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The highest co ncentration of organoch lorines in lettuce was recorded for lin dane (a-SHC and 8-

SHC) with mean concentration of 10.83 II g/kg whilc DDT and y-ch lordane recorded lowest 

mean concentration of3.38l1g/kg and 3.86 11 g/kg respectively. Amoah et a l. (2006) reported that 

from 180 fresh vegetables includ ing lettuce from 9 major markets o f Ghana were having a 

positi ve result on li nda ne (300 IIg/kg).Most of the resid ues recorded exceeded the MRLs fo r 

consumption. Thi s va lue was high as compared to ou r results. T hi s is due to that restr icted use of 

li nda ne in Ghana for the control of caps ids on cocoa, stem borers in maize, and pests on coffee. 

The residue leve l from Add is Ababa markets are in agreement with the findings of Ko lan i et al. 

(20 16), from 150 lettuce samples co llected and analyzed linden were fo und in a ll samples . 

T he high levels of organochlorine pestic ide residue in lettuce samp les from Addis Ababa suggest 

that farmers who supply fruits and vegetab les to these markets either they do use organochl ori ne 

pesticide in significant quantities or due to their pers istence natu re in the envi ronment. 

In fact that, the use of most organochlori ne pestic ides has been banned or restricted in Ethiopia 

under the Stockholm convention due to high levels of persistence in the envi ronment and toxicity 

to non-target orga nisms (Yohannes et aI., 2014). The illegal use may be one reason and the other 

reason is due to their long-term stab ili ty in environment. Pesticide residues remai ned in aquat ic 

resources, plants, and weeds are transferred to the food chain (Carval ho, 2006). Simi lar prob lem 

a lso ex isted in other countri es that banned pesticides were detected in vegetab les (Fang et aI., 

2015; Swarnam & Vel murugan, 20 l 3).The presences of OCPs residues may be re lated to thei r 

previous use not to new inputs after they were banned. 

In Ethiop ia, practica lly, DDT was used to contro l the mosqu ito in publ ic hea lth programs (van 

den Berg, 2009) from where it co uld enter the agricultural so ils and water systems and poss ib ly 

fi nd its way into crops. 

The hi ghest concentrat ion of 10.68 II g/kg was obta ined fo r chl oridane (y-chl oridane), followed 

by a concentrat ion of 7.3 ~lg/kg fo r lindane (a-SHC and 8-SHC) respect ively in strawberry 

sample. As many organochlorine pest ic ides like chlordane and lindane have been ban ned in 

many countries throughout the world , but they have remained in th e environment where th ey 

cont inue to be incorporated into plant biomass. 
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In genera l lowest concentrat ion of OCP res idues was record ed for the detected pestic ide in app le 

and tomato samples. However, the monitor ing of pesticides residues in food is very important to 

protect the pub li c hea lth . 

Table 4. 4 Concentrations (flg/kg) of organoch lorine pesticide residue 

Pesticides I Linda nc Heptachlor y-Chlonlanc L:Endosu lphulI LDDT Mctoxychlor 

Lettuce IO.83±3.94' 6.82±3.03' 3.86±O.2I b 5.81 ±O.77' 3.38±O.28b 6.44±O.73' 

Appte 3.91 ± 1.5b 3.96±O.OI ' 2.19±O.OI' <LOD' 2.40±O. I' <LOD' 

Strawberry 7.33±O.3 5' <LODd IO.58±O.26' 3.26±O.O7' 1.58±O.O3' <LOD' 

Tomato 3.99±O. ISb 3.57±O.4I ' <LOD b 3.56±O.OSb 2.9S±O.02' <LODb 

Values are mcan± SD, different letters in the same column represent stat istically significant difference (P<O.05), < 

LOD less than limit of detect ion 

4.2.2 Occurrence of synthetic pyrethroid pesticides 

The results obtained from the analys is of samples are shown in tab le 4 .5. Total samp les anal yzed 

show the presence of four synthetic pyrethro ids. The fou r synthetic pyrethroids pestic ides 

detected were A-cyhalotrhi n, cyfl uthri n, cyperl11ethrin and fenvalerate. The most predominant 

synthetic pyrethroids pesticide in lettuce, strawberry, tomato and app le was fenvalerate with 

mean co ncentrati ons of 2 1.1 flg/kg 26.17 fl g/kg, 64.9~lg/kg an d 169.9 ~lg/kg respectively (tab le 

4.5). 

T he highest concentratio n of fenva lerate pestic ide res idue was 169 ~l g/kg found in imported apple 

sample. T he reason for th is may be d ifferent agricu ltural practices adopted by farmers and also 

access ibi lity of the pesticides. For instance higher quant ities of pestic ides may be appl ied in 

areas of massive pest attack and the frequenc y of pestic ide appli cation may be influenced by 

cl imatic cond itions such as temperature and ra infall. De ltamethrin was not detected in any of the 

anal yzed samples. 

Fenva lerate was detected with a mean concentration of 21. 1 ~l g/kg for lettuce samp le. Th is value 

is far lower than those reported by Amoah et al. (2006), carri ed out a study on pesti cide residues 

levels in a total of 180 vegetable sa mp les (ietluce, cabbage and spring onion) wh ich were 

random ly co llected from G hanaian c ities, who obtai ned I 0- 1400 ~l g/kg in lettuce. From the 
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results, it can be deduced that synthetic pyrethroids levels detected in lettuce, strawberry and 

tomato were below the maximum residue limits (MRLs) set forth by the FA Of WHO Codex 

Alimentarius Comm ission and EU commiss ion, 

The presence of synthetic pyrethriods in tomatoes and apples are an indication of the use of 

legally permitted pesti cides by fanners, 

Accord ing to Pakv il ai et al. (20 12), fro m the report on the level of synthetic pyrethroids pesticide 

res idue in fruit and vegetab le from a different c ity of Tha iland high inc idence of the positive 

sample observed, The resu lt shows the highest mean va lue of cypermethrin in fruits at 854Jlgfkg, 

while deltamethrin shows the highest mean val ue in vegetab les at 874~l gfkg,As compared to the 

above report the occurrence of SPPs in apple, strawberry, tomato and lettuce from Addis Ababa 

markets is at the lower leve l in both the number of positive samples and maxi mum concentrat ion 

value, i,e, 1 88,99Jlgfkg in this study, 

T able 4.5 Concentrations (Jlgfkg) of synthetic pyreth ro ids pesticide residue 

Pesticides A-cyhalotrhin Cylluthrill Cypcrmethrill Fenvalerate Dcltamethrin 

Lettuce < LOOb < LOOb < LOO' 21.10 ±1.6b < LOO 

Apple < LOOb 22,26±0 ,9' 27,65±0,8b I 69,59±2,3' < LOO 

Strawberry < LOOb < LOOb I 1.67± 1.1 9b 26, 17±0 ,96 b < LOO 

Tomato 55 ,54±OA 7' < LOOb 188.99±13,5' 64,9± 17,2b < LOO 

Values arc mean± SD, different letters in the same co lumn represent statistically signitic8m difference (P<O.05), < 

LOD less than limit of detection 

4.2 .3 Occurrence of organophosphate pesticides 

Only diaz in on was detected in app le sample with a mean concentrati on of 51 ,67~lgfkg (table 4.6), 

Chlorpyrifos and malath ion were not detected in any analyzed sample, The absence of 

organophospahtes in tomato, lettuce and strawberry suggests e ither proper use of these pesticides 

or farmers do not use these pest ic ides in fruit and vegetab le prod ucti on, 

Sim ilar result was reported by l all ow et a l. (2017), on monitoring program conducted between 

September 2015 to August 20 16 on 150 fruits and vegetable samples obtained from Kuwai t 
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markets it was reported that apple sample contaminated with diazinon pesticides at a 

concentration level of 80 )lg/kg. 

Among the 4 samples anal yzed apple was the commodity contain three c lass of pest icide res idue. 

Based on the information gathered from retail ers most of apple im ported from different 

countries . Our findin g revea led that apple samp le was contaminated w ith pestic id e residue. To 

date, imported fruits and vegetables are not monitored fo r the presence of pesticide res idues. 

Therefore, imported fruits and vegetab les may be additional source ofcontamination. 

4.3 Multiple pesticide residues 

Two or more pest icides res idues were detected in 80 % of analyzed samples, 25% of the samp les 

conta ined two pesticide residues and another 25% of the samples conta ined four pesticides 

resid ues respect ive ly, whil e 20% of the samples contained three pesticide residues. Residues of 

five pestic ides were detected in 10% of the samples as shows in Figure 4.8. 

Of the 21 pest ic ides stud ied, 8 were detected in the fresh lettuce samples as indicated in fi gure 

4.9 . More than two residues were detected in lettuce sa mple; 8 samples contam inated with more 

than 4 different acti ve ingredi ents; with a frequency of occurrence as fo llows: lindane, heptachl or 

and endosulfane. 

Figure 4.8 illustrates the presences of two or more res idues were detected in strawberry samples; 

2 samp les conta ined 4 different acti ve ingredients; with a frequency of occurrence as fo llows: 

cyperm ethrin, chl ori dane and endosu lfane. 70% of app le samples conta ined two or more 

pestic ide res idues ; 4 samples contained two different pestic ides residues; 2 samples with three 

di fferent pestic ides and one sample contaminated with 4 different pesticides. In the case of 

tomato, 3 samples contained two different pestic ides resid ues; 3 samples w ith three different 

pest ic ides; 2 samp les with 4 and one sample contami nated w ith 5 d iffe rent pesticides. 
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Figure 4.8 Samples contaminated with more than two pesticides 
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Figure 4.9 illustrates the co-occurrences of pesticide residues of which the 10 pesticides detected 

out of the total of21 investigated pesticides. The compolmds most frequently detected among tbe 

.4 samples analyzed were lindane, heptachlor, endosulfane DDT and cypennethrin. 

Generally, the high frequent of organochlorine and synthetic pyrethroids in the fruits and 

vegetables were observed as compared to organophosphate. The frequency of pesticide residues 

detected in the samples can be arranged in the following descending order: lettuce > tomato 

>strawberry > apple . 
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Figure 4.9 Most frequently detected pesticides 

The above infonnation indicates the occunence of multiple - pesticide residues in the fruit and 

vegetable samples are common . Previous studies indicated that, it was common to find more than 

two pesticide residues in fruits and vegetable samples. Results from monitoring program found 

that 34% of the total samples from Spain (Blasco et aI., 2006), 14.7% from China (Chen et aI. , 

2011) and 47.8% from Brazil (Jardim & Caldas, 2012) contaminated with at least two pesticides. 

Therefore, to control fruit and vegetable from different organisms various pesticides are widely 

used, which is the main path leading to the presence of multiple residents. This suggests that the 

pesticide application frequency and pre-harvested interval must be controlled. According to the 

current EU legislation, the presence of multiple residues in one sample is not a reason for 

considel;ng a sample as not compliant with the MRL legislation, as long as the individual 

residues do not exceed their respective MRLs (Mozzaquatro et aI., 2019). 
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4.4 Maximum Residue Limits (MRLs) Compliance 

The level of pesticide residues in 40 fruit and vegetable samples were detennined. As shows in 

figure 4.10 pesticide residues were not detected in 5 samples (12.5%), while 35 samples (87.5%) 

contam inated with detectable amount of pesticide residues. Out of the 35 samples, 8 (20 %) 

contaminated with lindane, heptachlor, chlordane, diazinon and fenvalerate residue above the 

MRLs, whereas 27 samples (67.5 %) contained pesticide residue at or below the MRLs 

established by Codex and EU regulation. The percentage of contaminated samples was high for 

vegetables than fruits. All of the lettuce (100%) samples contain a detectable amount of pesticide 

residues. At least one type of pesticide was detected in studied lettuce samples. 90% of the 

tomatoes samples were contained the detectable amount and the residue levels were all below the 

MRLs set by Codex and EU regulation. All of the fruit samples had an average value of 80% 

samples contained detectable amount of pesticide residue: strawbeny (70%) and apples (90%). 

Lettuce (60%), strawberry (10%) and apple (10%) recorded the highest number of samples that 

exceeded the MRLs (figure 4.10). 

I 100% ~ 
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60% 

% 50u;" ;:::MRL 

40% - ::0 MRL 

30% _ <LOD 

20% 
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0% 
Lettuce Apple strawberry Tomato Total 

sample type 

Figure 4. 10 Percentage of samples in compliance or noncompliance with the MRLs established 
by EU or Codex Alimentarius. 

Of the 2 I pesticides (including metabolites) studied, 10 pesticides were detected in the analyzed 

fruit and vegetable samples (Figure 4.11). 
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Figure 4. 11 Total detection of pesticides and compliance with the maximum residue limits. 

The most common pesticides detected were lindane (22 samples), heptachlor (17 samples), 

endosulfan (14 samples), cypennethrin (J 2 samples), DDT (11 samples), chlordane (10 

samples), fenvalerate and lambda-cyhalothrin (8 samples). 

Residues of lindane exceeding the MRLs were detected in six samples. Residues of heptachlor 

that exceeded the MRLs were also found iu two samples. Chlordane exceeded the MRLs in one 

sample. MRL exceedance was observed for fenvalerate and diazinon in one sample 

simultaneously. Out of the total samples analyzed, organophosphates (chlorpyrifos and 

malathion), organochlorines (aldrin, dieldrin and endrin) and synthetic pyrthriod (delatametluin) 

were not detected in any of the samples. Residues of heptachlor, chlordane, DDT, cyfluthrin and 

cypennethrill were also found in apple samples but were below the MRL. 

This study shows the evidence of the presence of pesticide residues in lettuce, tomato, strawberry 

and apple in Ethiopia. 20% of the samples analyzed contaminated with pesticide residue above 

MRL. Higher levels of pesticides were reported in similar studies in developing countries. 

Dogheim et al. (2004) reported that eight fresh produce markets in Egypt, 23.9% contained 
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detectable pesticides. Mutengwe et a l. (2016) indicated that 36.2% of th e samples from seven 

fresh produce markets in Mauritius. A lmost double o f these figures (43.5%) were reported in 

Ghana, samples from six fresh produce markets (Bempah et aI. , 201 2). 

Based on the data obta ined thi s study revealed th at lettuce, strawberry and apple samples 

ana lyzed contaminates with residues of the monitored organochlorines, organophosphate and 

synthetics pyethriod above the acceptable maxim um residue limits. The presence of 

organophosphate and Synthetic pyrethro ids in the fru its and vegetables ind icated that modern 

pestic ides used by farmers may be mi sused or mi sapp lied or not contro ll ed and cause 

contam ination. 

Generally, the high frequent and high levels of organochlorine in the Fruits and vegetables 

analyzed are an indication that either there banned pesticides were used by farmers through 

smuggling or due to thei r persistence natu re in the environment. Negatu et al. (20 16) reported 

that there is an illega l use of restricted and ban ned pesticides by some fa rm ers in Ethi op ian. In 

addition, pers istence and dangerous pestic ides li ke DDT, a ldr in and heptachlor were dumped or 

stored in different sites in Ethi opia (Mekonen et aI., 20 14) from where it could enter the 

agricultura l soi ls and water systems and poss ibly find its way into crops. 

It should be understood that MRLs are not safety limits, a food res idue can have higher level 

than MRL but can still be sa fe fo r co nsumption (Valavanidis, 20 16). Safety limits are assessed in 

comparison with acceptab le dail y intake (AD!) for short term ex posure or acute reference dose 

(A RfD) (Neme & Satheesh, 20 16) and are therefo re ex posure of consum er to pesticide residue 

th rough the consum ption of fruit and vegetable should be assessed to draw decis ive conclusion 

with respect to exposure of consumers to pesticide. 

4.5 Washing experiment 

Among the household processes, washing is the most common practice in processing of fru its 

and vegetab les. Resea rchers have exami ned the effect of washi ng process to remove pest ic ides in 

fruits and vegetables (Chavarri et a I. , 2005 ; Satpathy et a I. , 2012; So li ma n, 2"00 I). In present 

stud y, washing was fou nd comparatively less effecti ve in redu cing the res idues of SP pesticides 

than that o f OCP as it depends on a number of factors like location of res idues, age of res idues, 

water so lubility and temperature and type of wash ing. 
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Paired t-test analyses were perfo rmed to compare between residuals in washed and unwashed 

fruit and vegetables samples. Paired t-test revealed that in most of the compari sons between the 

washed and unwashed samples, no-significant di ffe rences were observed (P > 0.05). Refer to 

(A ppendi x C) for th e t-test analys is data . [t means that most of the pesticides remain on the skin 

of fruits and vegetab les after washing with water such as to matoes (Bajwa & Sandhu, 20 14).The 

resul ts of thi s study are comparab le with those obtained by washing e lsewhere; as washing onl y 

removes loose surface residues and major portions of polar compounds onl y. For example, AI­

Shamary et a!. (2016) reported that the pestic ide residues that are on the sur face of vegetab les 

require two to three times washings. So liman (200 1), noted that reducti on of organochlorine 

pestic ides residues were more efficient by washing th e vegetab les with acetic acid or sodi um 

chl orid e sol utions compared to washing with tap water. Thi s could expla in why there were no 

d ifferences in the presence of SP substan ces between washed samples by tap water and 

unwashed samples. Moreover, Rasmusssen et a l. (2003) ind icated that the juicing and peeling 

of app les s ign ifi cantly reduced all pestic ide residues, whi le none of the pestic id e residues were 

s ign ificant ly reduced by washing. 

The result obtained in thi s study is incons istent with some of the reports in the literature. For 

example the result reported by Ku mari (2008) and Malik et al. ( 1998) showed that washing 

red uced 10-30% for fen valerate residues in tomatoes. Jai n et a l. (1979) reported that washing 

reduced the SP res idues by 62%,while Chauhan et a l. (20 12) showed rinsing of various 

vegetab les redu ce the SP by 74-84%. (Krol et a I. , 2000) concluded that rinsin g effective ly 

reduces SP residues in vegetab les. 

Moreover, the efficiency of the washing treatments on pesticide di s lodging depends on the 

wash in g solution, the chem ical properties of the pestic ide, the surface area, the nature of the 

food, the length of time the pesticide is in contact with the food , and the formulat ion and 

appl ication method of the pesticide. Usually, the pesticide is lodged in the outer wax-l ike layers 

and then moves to the inside, making washing and rcmova l of the pestic ides less effect ive (Neme 

& Satheesh, 2016) 

Though, it seems that the effects of washing samp les with tap water di ffe r in organochlorine 

residues based on the type of vegetabl es and fru its. Statistica lly signifi cant differences (P :::: 0.05) 

in presence of some organochl orine compounds between washed and unwashed samples were 
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noted in lettuces and strawberries. Endosulfan compound in lettuce and strawberry showed 

significant difference between the washed and unwashed samples (P = 0.0465) and (P = 0.0168), 

respectively. Meanwhile, lindane in lettuce showed significant difference between the washed 

and unwashed samples (P = 0.0152). Refer to (Appendix C) for the t-test analysis data. 
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Figure 4. 12 Comparison of unwashed and washed lettuce sample. 
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Figure 4.12 illustrate tllat the pesticide residue level in lettuce especially organochlorine shows 

reduction after washing with tap water for 2 minutes. Therefore washing reduced residual burden 

of lindane in lettuce as the residues fell below maximum residue limits. 

4.6 Knowledge, attitude and practice (KAP) to wards pesticide residue 

4.6.1 General information 

A total of fifty five consumers participated in the study. The participants were 58% male and 

42% female. The majority of the respondents were in the range of 15-30 (62%) and 31 -40 years 

old (22 %), wllile 9% and 7% of them were in the range of 41-50 and YOlmger than 51 years old, 

respectively. The study of edllcation level shows that 96% of them had been educated, II % had 
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been educated up to primary school, and 22% had been educated up to secondary schoo l. In 

addit ion, a ll of the respondents consumed at least one type of fruits and vegetables. 

4.6.2 KAP towards pesticide residue 

The score leve l of KAP was class ified into 3 levels as fo ll ows: Bloom's Theory (Bloom, 

1956):Score: Less than 60% = Low levels; 60-80% = Moderate levels and 81 - 100% = High 

leve l. The d istribution of the knowledge of the respondents shows th at 15 % of respondents had 

low and high knowledge level, while 60% of them had moderate knowledge level (Tab le 4.7). 

Ta ble 4. 6 Consumers' knowledge on pesticide res idue 

Knowledge towards pesticide residue 

S tate ment 

1. Do yo u know about pestic ides? 

2. Do you know th at pesti c ides affect human hea lth? 

3. Do yo u know that pesticides are used in fruits and vegetables 

prod uction? 

4 . Do you know that a person can be a ffected with pesti cid e 

th rough food? 

5. Do you kn ow the responsible body for regul ating pesticide 

use in the country? 

Respond °;', 

(n=55) 

2 

82 18 

7 1 9 

69 6 

65 6 

15 85 

High level (8 1 % - 100%); Moderate level (60% - 80%); Low level (Less than 60%) 

Note l=yes; 2=no; 3=[ don't know; na =not applicable 

3 

na 

20 

25 

29 

na 

Level 

Hi gh 

leve l 

Moderate 

level 

Moderate 

leve l 

Moderate 

level 

Low 

level 

In thi s stud y, 7 1% of the partic ipants were aware that pesticides exert adverse e ffects on human 

hea lth . This is in agreement with the result of Recena et al. (2006), who found that over 65% of 

the parti c ipants considered that use of pesticides, could adverse ly affect the ir hea lth . 
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More than 75 % of consumers involved in the study believed that the presence of pesticide 

residues is h ighl y unsafe for hea lth . 75% of the co nsumers reported about thorough washing of 

vegetables before cooking, but 46 % consumers felt th at wash ing rem oves pesticide residues 

only to a limited extent (S uresh et a I. , 20 15) 

The di stribution of consumers' att itudes level was shown in Table 4.8 . About 67% of them had 

low attitude, 33% of them had moderate attitude, whi le none of the consum er had hi gh attitude. 

The di stribution of respondents' practice shows that, there was moderate level of practice (table 

4.9). 

Table 4.7 Consum ers' attitude on pesticide residue 

Attitude of consumers' towards pesticide resid ue Respond% (n=55) 

Statemcnt 1 2 3 4 Lcvel 

1. Do yo u think fresh fruits and vegetables 53 18 29 na Low leve l 

contaminated with pestic ide? 

2 . Do you bel ieve that wash ing w ill remove 35 22 7 36 Moderate 

pestic ide res idues from fru it and vegetable level 

completely? 

3. Do you think regulating pesticide is e ffective in 36 55 9 na Low leve l 

the cO llntry? 

High level (8 1 % - 100%); Moderate level (60% - 80%); Low level (Less than 60%) 

Note J=ycs; 2=no; 3=1 don' t know; 4=slighlly; na= not app licable 
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Table 4.8 Consumers ' practice on pesticide residue . 

Practice of consumcrs ' towards pesticide 

residue 

Respond% (n=55) 

Statemcnt 

I. Do you have practice of washi ng fruits and 

vegetables before consum ing? 

2 . Do you care about the source of frui ts and 

vegetables? 

2 

69 o 

65 35 

High level (81 %. 100%); Moderate level (60% - 80%); Low level (Less than 60%) 

Note l=yes; 2=no; 3=somctimcs; an= not applicable 

3 

31 

na 

Level 

Moderate 

leve l 

Moderate 

leve l 

In general fro m the KAP survey consumers' have moderate leve l of knowledge, att itude and 

practice of pesti cide resi due in fruit and vegetab les. 
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Chapter five 

5 Conclusions and recommendations 

5.1 Conclusions 

The results of this study indicate that commercia ll y avai lab le lettuce ,tomato, strawberry and 

app le samples in Addis Ababa markets co ntains one or more type of pesticides resid ues. Among 

OC and SP were the most common ones. Li ndane (a-BHC and 8-BH C), DDT and fen valerate 

were the most frequently detected pesticides. 

Ou t of the thirty-five positive samples, th irty-two samples (80%) contaminated with multiple 

pesti cide res idues. The diverse and multi-detected above threshold pest ic ide residues limits 

fo und here are also a cause of concern . 

Seven organochlorine pesticides residues were detccted of which six are among the banned 

pesticides in Ethiopia. Li ndane was the most common OCP detected while lettuce was the most 

freq uently contaminated sample. 

The co nccntration of linda ne and heptachlor in lettuce samples, chlordane in strawberry sample 

and fenvalerate and diazi ni on in apple sample exceeded the maxi mum res idue lim its (MRLs) 

adopted by the FAa/WHO Codex Ali mentarius Comm ission and EU commiss ion. A ll pesticides 

detected in tomato samples were below MR Ls. 

The d ifferences in residual concentrations of pestic ides could be due to d ifferent agricultu ra l 

practices adopted by farmers and also access ibility of the pesticides. The results also underscore 

the need fo r regular mon itori ng of large samp les to determ ine the pesti cide res idues for loca ll y 

prod uced as we ll as imported samples. 

Our wash ing results demonstrated that washing of frui ts and vegetable w ith runn ing tap water 

can remove the pestic ide res idues but not all of them. 

In genera l from the KA P survey consum ers' have a moderate leve l o f know ledge, atti tude and 

practice of pest ic ide res idue in fru it and vegetab les. 
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5.2 Recommendations 

Based on the results of the present study the following recommendations are made:-

~ A more comprehensive monitoring program, incorporating more locations and following 

the growing periods of fruits and vegetab les, is required to draw deci s ive conclusions 

with respect to sou rces of contaminations. 

~ The pesticide residues which were found beyond limi t clearly ind icate the need for the 

establish ment of a nat ional monitori ng program oriented towards locally produced and 

imported frui ts and vegetables. In doin g so it would be possible to con trol the residue 

limits for safe consumption. 

~ Policymakers and other stakeho lders a li ke put in place stringent monitoring, regulating 

and enforcing frameworks on cxisting laws for good pesticide use practices by fanners . 

~ There is a need to conduct a dietary exposure fo r pesticide residue through the 

consumption of fruits and vegetab le. 

~ Consumers are strongly recommended to wash fru its and vegetab le with water before 

co nsu ming is important in order to rcduce residual bu rden. 

~ Farmer's education on safe pesticide use should be intensified to limit the leve ls of 

pestic ides res idues and public awareness should be initiated abo ut the pollution status of 

fruits and vegetables . 
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Appcndiccs 

Appcndix-A Linearity of matrix match calibration curvc 

Table A 1 Linearity of matrix match ca libration curve. 

I~es licidcs Apple Lettuce Strawberry TOlllato 

Linear Equation R' Li near ECluation .n Linear Eq uat io n R2 Lin ear Eq uation 112 

a-nile Area "" 0 ,9986 Area "" 0 .9992 Area "" 0 .9979 Area = 09986 
2095426.3*Aml- t866982.52*Am{ 1820690.27* Ann 2899181.77*Amt 
2803.52 +9467.02 +3755.45 -7721.841 

Dj:l zinon Area = 0.9932 Area = 0 .9999 Area = 0.9995 Area = 0.9945 
97544.156S*Amt 94839.516*Amt lOO401.19*Aml 675525.903*Arnl 
+7029.9183 +10\3,5869 +640.48804 - .850.8.38 

0- Ill-I e Area = 0 .999' Area = 0 .9968 Area = 0 .9998 Area :: 09947 
1052823.33*l\rnl 906531.282* AmI 2J08683.1'*AnH 2989 107.52*Amt 
+678.05781 +904.57326 + 1290.8 167 -17417. 193 

Il cr tllchio r Area = 0.9989 Area = 0.9995 Area = 0.9999 Area = 0.9988' 
23512 75 .72* Ami 1826227.41*Arnl 2137598.57*Amt 34207 16.43* AmI 
-355.75546 ·2045 .592 +917.55106 -6422.2925 

Aldrin Area = 0 .9987 Area '" 0 .9995 Area = 0 .9999 Area "" 0.9986 
2551374.28· Ami 2263587 .2'Aml 2209772 .98' An1l 3467888.34·A ml 
+1642.6 191 -1763.8405 -951.39258 -12712.998 

C hlorpyrifos Area = 0.9995 Area = 0.9990 Area = 0.9983 Area = 0.99697 
1019[73.35·An1l [ 0 12803.78'Arn{ 897098.853' Arm 7 !66257.44*Arnl 
-8655 .0975 -16524 .957 -1802.6435 -36594 .734 

Ma la thio n Area = 0.9965 Area = 0 .9988 Area = 0 .9988 Area = 0.99667 
199302.876' Ami 203021 .245'Aml 250447 .865'Arnt 1689150 55·Aml 
-1468. 1618 -2520.5006 +2265.1913 -6671 .5388 

y- C hlordlln e Area = 0 .9996 Area = 0 .9947 Area = 0.9977 Area = 0.99645 
2184595.06' Am( 2U434S7.U2' Aml 2239540.28· Arm 3286212.85· Arm 
-390.68044 +312 .22273 -1005.2757 -13628 .15 

"- Area = 0 .9995 Area = 0.9996 Area: 0 .9987 Area = 0.9969' 
Endos ulph a n 1940929.79'Arm 1869522.8'Aml 2080530. 11· AmI 2898682.96'Aml 

-3995 .2926 -2307. '48 +119.19122 -9595.0596 

p ,p DDE Area = 0.9987 Area '" 0.9994 Area = 0 .997' Area = 0 .9973 
2347186.06' AmI 2085517 .5 'Aml 2316306.97' Ami 3260764.82* AmI 
-3350.3022 -4961.3001 -33 13.0432 -14216.247 

Dieldrin Area = 0.9994 Area = 0.9992 Area '" 0.9988 Area = 0 .99686 
2331933.42' Ami 2357306.37'A rm 2612578.81tAmt 3589552.45'Aml 
-6 153.5 189 -7036.0074 +283. 19663 -1 4386.237 

E nd rin Area = 0 .9992 Area = 0 .9996 Area = 0 .9991 Area = 0.997 11 
1958400.73* Amt 1809994.71' AmI 2131482.65'Aml 2473291 .25* Ami 
-5071 . [684 -3856.3 101 +2202. 1851 -10065 .26 

p ,p DDD Area = 0.9996 Arefl = 0 .9990 Area = 0.9977 Area = 0.99652 
1992041.16'Aml 2210295 .57·An1l 2082237.31' Ann 2841350.53* Ami 
-38 14.9822 -6'90.387 -233.43099 -14538.648 

l' ,pDDT Area = 0 .9976 Area = 0.9989 Area = 0.9975 Area = 0 .99633 
1294260.27* Ami 926850.39' Arm 1982141.51'Aml 2370463.49' Ami 
-5625.7834 -2430.7571 -18 10.0913 -12533 .832 

End osulphllll Arefl = 0.9987 Arefl '" 0.9990 Area = 0 .9985 Area = 0 .99694 
5u lpl1:l1 872989.461' Arnt 850834 .376'A1111 1649139.38'Amt 2 192969.28*Aml 

-1711.8386 -487 .15685 +2719.8629 -1 0464. 164 

I\ !ctoxychlo r Area = 0.9993 Area = 0 .9982 Area = 0 .9989 Area = 0 .99716 
7408 16.656· Ami 510347.991·Aml 961302.99·Aml 11599 18.35' Ami 
-1551.4457 -1679.4336 +395.72179 -5192.3894 

>'-cy halolrhin Area = 0.9992 Area = 0.9971 Area = 0.9984 Area = 0 .99507 

• 159796.761·Aml 433557 .912'Arm 37973.2007·Arnl 567063.036'Arnl 
-399.74233 -101 00.293 -217.97649 -1840.2061 

71 



).. .. cyhalolhl'in Area - 0.99 196 Area - 0.9958 Area - 0.9977 Area 09965 
2 1540552.7 ' *Amt 835841.725* Ami 1759575.08* Ami 11255280,9*Aml 

-48599.662 -7386.886 .. 55 16.9505 -16432.162 

Cynulhrin Area = 0.9989 Area = 0.9964 Area = 0.9978 Area = 0.99667 
I 280163.02*Amt .. 187465.19* AmI 347785.458* Anlt 2534703.3*Aml· 

5060.4893 .. 2161.259 .. 1549.425 13159.654 

Cynulhrtn Area = 0.99808 Area = 0.9981 Area : 0.9988 Area = 0.99554 
2 3487 1 9.699*Amt 206716.316*Amt 470805.187* Amt 3496534.03* Ann 

-7693 .384 1 .. 366.76661 .. 1846.6676 .. 22171.477 

Cy nulitl'in Area = 0.9964 Area = 0.9968 Area = 0.9990 Area = 0.99608 
3 218973.629* AmI 1 72550.561 *Aml 272561.822*Amt 2109801.22*AI111 

.. 996.449 .. 2328.472 -782 ,71332 -11665 .8 17 
Cy nulhrin Area = 0.99927 Area = 0.9958 Area = 0.9988 Area = 0.99523 
4 252856.365* AmI 177570.867* Amt 308085.335* Amt 2361662 .99*A01I 

-3614 .1898 -20070801 .. 25 1.42105 - 14893 .068 

Cypcnncthrin Area = 0.99572 Area = 0,9978 Area = 0.9975 Area = 0.99208 
I 170266.904*Aml 3 J 2055 .236*Amt 29774 . J 863* AmI 413343.712*An1l 

-2497.4727 -5850.5039 -135 .34199 -822.85506 

Cypernlcl hrin Area = 0.99638 Area = 0.9972 Area = 0.9988 Area = 099462 
2 803399.95*Aml - 325265.286· AmI 1 138821.09·Aml 71 13922,02· AmI 

20060.129 +2792. 1727 -3801 .8334 -23259.281 

FCII\'a lenl lc Area = 0.9965 Area = 09966 Area = 0.9991 Area == 0.9958 
701504 .053*Amt 352302.026*Amt 965409,68·Amt - 7266962.4 1* Arm 
- 18424.048 -6364.9249 362 1.7784 -45785 .4 ! 3 

Fellv:llcnltc Area = 0.99948 Area = 0.9967 Area = 0.9993 Are;! = 0.99394 
2 323370.142*Aml 248234 ,61· Amt 262055 .297* Amt 2309061.18·Aml 

-2371.6027 -3127481 -522 33598 -13917 .712 

Dcll:1l11clhrin Area = 0 .9963 Area = 0.9967 Area = 0.99987 Area = 0.9957 
1 272684 ,143*Amt 235288.527· AmI 42282 .6172* Amt 594310.502* AmI 

-408 .93712 -3932.4434 -83 .060918 - 1569.9792 
Dcita mct hri n Area = 0.99672 Area = 0.9948 Area = 0.99938 Area = 0.9956 
2 702251.407*Aml 220506.322* Ami 1209507.79· Arm 8462030.87* Ami 

-16427 .342 +2178.4332 -36153906 .. 5367 1.339 

Rl coefficient of corrci;!lrOn 
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Appendix-B GC-MS ion chromatogram 
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Figure 8. I Ion chromatogram of apple sample contaminated with diazinon pesticide residue_ 
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:omco.md hlformation •• 
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Figure B. 3 [on chromatogram of apple sample contaminated with fenvalerate pesticide residue" 
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CCIP>pOUIld jllformatroo • X 
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Figure B. 5 Ion chromatogram of lettuce sample contaminated with a -BHC pesti cide residue . 
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Figure B. 6 Ion chromatogram of a-BHC pesticide standard. 

75 



C~~rr .. boo 

'" .. : &.... !I!l ~ ~ llIIi .dJ. !it fA :t A>- AI. a. It ... A A ft Po 
• Selected kin 072 O} 050619-11 0 
~xlO' !I 117mm 

j 
1 

095 
0' 

085 

" 075 
07 

065 
0' 

055 
05 

045 

" 035 
03 

025 
02 

015 
01 

005 O+-___ J 

." .. 
·0 ,'-,;,-:>.,-:,,-=-.--;,:-:,,-=-,;;-,;:-

82 8.1 86 88 92 9! 9.6 9.8 10 

• ... K ted 101' 1237 01 050619-12 0 , , j xl0 

~ ; , 
" 
" J 
J2 

27 , 
" 
17 

1 

12 

, , 
• , , , 
J , , , , , , , 
1 

0 .• 
o 
, , 

" 
, 
0 
5 

R2bo_490('3S , ',1 
9 : ! ~ I\'I'II 

" •• " .. 1 " ,. " 
,. 10 

• x 

• Selec'.ed:on ~ · OO Ii ' 050619-"2 0 
~ lIl0~ FiIl:w.93&1960·, 

8 "5 [17l"11n 

" 17 

16 

" " 13 
12 
11 

1 

09 
08 
O.i 
06 
05 
0' 
03 
02 
01 

0 
.o1 

.., 
" .. , .. 1 " 

,. 
" , .. 10 

~UI~'tIOn Time (min) AcQUlsdlOl'l Time (!Tlln) A(:qUls!lIon TIIN! (fIlIn) 

Figure B. 7 [on chromatogram of lettuce sample contaminated with Heptachlor pesticide 
residue. 

COIIipouM !r.bmabOll • )( ( 

-", .. : & ~ YJ!l ~ t.tI !IlTzti .dJ. ~J.6. X A>- AI. 111..4. ... A A ft Po 
• $eI&Gted i;'" (272 0) 18061!HlG 0 • &.lee 

. _ .... ... ... 

t! xl0~ 'll'mtn !1 xl0 
• , j 
u 19 

18 
17 

" " " 13 
12 
11 

1 
09 
08 

" 06 
05 
04 
OJ 
02 
01 

0t--------+4---------
·0.' 
'''''''-;c;-,;:-;;,,,:-;;,,,;-;:,;-;c;--,;-8.2 8.( 86 8.8 92 9.4 96 9.8 10 

Acqu.slbw Tm-.e ("..n) 

, 
, 

, 

o 

·0 

tf'dlord2J:"OI 1S()f,1 !J.(:60 

• Rau.:>_33 7 ,-ryi "~ • 11 5 1\"11" . , 
7 

5 

6 

5 

5 , 
, 
, 
J , , , 
1 , 
0 

5 .., .' " .. ; " ,. " " 10 
AcQlIIslbon Tune /lmo) 

Figure B. 8 Ion chromatogram of heptachlor pesticide standard. 
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Figure B. 9 Ion chromatogram of strawbeny sample contaminated with y-cblordane pesticide 
residue. 
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Figure B. 10 Ion chromatogram of y"chlordane pesticide Standard. 
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Appcndix-C Pa ircd I-Iastc for washed and unwashcd sa m pic 

Table C. 1 Lettllce paired t-taste 

Lettuce 
Llldane (~g) Lettuce 

wlWash wash Heptachlor (l'i0<g) 
II 5 Lettuce lU1wash wash 
19 9 Endosulphan (l'i0<g) 5 2 
II 10 Lettuce unwash wash 4 4 
7 

, 
DDT (l'i0<g) 

, 
2 4 4 J J 

14 12 wlwash wash 4 
, 

7 
, 

J J 

6 6 3 3 
, 

3 4 J 

10 10 
, , 

6 4 II 4 J J 

8 3 4 3 
, 

3 4 J 

9 10 4 4 2 2 12 
, , 

14 7 3 4 
, 

2 10 20 J 

Variable /Variable 2 Variable /Variable 2 Variable /Variable 2 Variable IVariable 2 
Mean 10.9 7.5 Mean 3.4 3.4 Mean 3.42857 2.71429 Mean 6.77778 4.66667 
Variance 15.2 11 1 10.0556 Variance 0.3 0.3 Variance 1.61905 0.57 143 Variance 11.1944 34.5 
Observat; 10 10 Observat' 5 5 Observal' 7 70bserval' 9 9 
Pearson C 0.49862 Pearson C 0.16667 Pearson C 0.84 163 PearsonC 0.42192 
H)1l0lhesi 0 Hypolhesi 0 H)1lolhesi 0 Hypolhesi 0 
df 9 dr 4 df 6 df 8 
I Sial 2.98967 I SIal 0 I SIal 2.5 I SIal 1.1 7382 
P(T<=I) 0 0.0076 P(T<=t) 0 0.5 P(T <=t) 0 0.02326 P(T<=I)O 0.137 11 
I Crnical c 1.833 11 I Crnical c 2.13185 I Crnical c 1.943 18 I Crnical c 1.85955 
P(T<=I) I 0.01521 P(T<=t) I 1 P(T <=1) I 0.04653 P(T<=I) I 0.27422 
I Crnical t 2.262 16 I Crnical t 2.77645 I Crnical t 2.44691 I Crn~a1 t 2.306 
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Table C. 2 Apple paired t-taste 

Apple 

Lindane (p&,kg) 

unwash wash 

3 3 
6.1 4.9 

3.3 3.2 
96.7 128.5 

4 4 

Apple 

Cyfluthrin (~g/kg) 

unwash wash 

22 22 

21 24 

23 23 

Apple 

Heptachlor (~g/kg) 

unwash wash 

3.9 3.8 

4.1 3.9 

3.9 3.8 

t-Test: Pan·ed Two Sample for MeaIlS t-Test: Paired Two Sample for Mean!t-Test: Paired Two Sample for Means 

Variable f'ariable 2 Variable 1 variable 2 Variable llariable 2 

Mean 22.62 28.72 Mean 22 23 Mean 3.966667 3.83333 

Variance 1716.42 3111.8 Variance 1 1 Variance 0.013333 0.00333 

o bservatioIlS 5 5 Observations 3 3 Observations 3 3 

Pearson Correlation 0.99987 Pearson Correlal -0.5 Pearson Correl, 1 

Hypothesized Mean 0 Hypothesized M 0 Hypothesized ~ 0 

df 4 df 2 df 2 

t Stat -0.9488 t Stat -1 t Stat 4 

P(T<;t) one-tail 0.19822 PIT <=t) one-tail 0.211325 PIT <=t) one-tai 0.028595 

t Critical one-tail 2.13185 t Critical one-tai 2.919986 t Critical one-ta 2.919986 

P(T<;t) two-tail 0.39644 P(T<=t) two-tail 0.42265 P(T<=t) two-tail 0.057191 

t Critical two-tail 2.77645 t Critical two-tai 4.302653 t Critical two-to 4.302653 
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Table C. 3 Tomato pa ired H aste 

Ton~lo TOll~IO 

A' cyhablrhm (I~g) Heplachbr {J<gIk~ 
Ton~lo ""vash wash lDlwash wash 

Lo~ane(I~~ 33.42 28.74 TOimio TOll~lo 3.05 4.00 
tDlwash wash 42.37 32.26 C)~em~tlll;n (J<g/kg) Fenvaorale ( I§Ik~ 3.00 2.97 

3.88 3.72 35.49 53.46 llillvash wash unwash wash 3.51 3. I 5 

3.80 3.90 55.97 41.33 15.60 9.69 73.17 73.44 3.42 3.79 
4.16 4.23 55.88 46.18 18.61 10.24 72.55 74.02 3.74 3.63 
3.92 3.88 55.21 49.13 179.41 123.74 74.80 72.97 302 3.15 
4.21 4.08 15.60 9.69 198.57 164.59 4.21 3.60 

I· Tesl: Pared Two Samp. for H· Tesl: Pa,ed Two Sall~k for I· Te~: Pared Two Sall~1c for 1-Tesl: Pa,ed Two Sall~le for 1-Tesl: Pao'ed Two Sample for Mear. 

Variable I Variable 1 Variable /Variable 1 Vllriable /Variable 1 Variable /Variable 1 Variable /Vllrillble 1 

Mean 3.993323 3%262 Mean 41.9908 37.2546 Mean 103.049 no61 Mean 73.5071 73.4 772 Mean 3.42332 3.46988 
Variance 0.0336 0.03881 Variance 229.274 226.245 Varial~e 9910.93 6281.5 Variance 1.35195 0.27771 Variance 0.20119 0.1474 

Obsen~l" 5 5 Obsen~li 7 7 Obscn~l" 4 4 Obsen"l; 3 3 Observal; 7 7 
Pca~on C 0.818346 Pea~on ( 0.75466 Pea~on C 0.99107 Pearson C ·0.9494 Pearson C 0.26023 

11)~otl~si 0 H)~OtlICSi 0 H)~OtlICSi 0 H)~otlJCsi 0 H)~otlJCsi 0 
df 4 df 6 de 3 df 2 df 6 
I Sial 0.595141 t Slat 118529 I Stal 2.2105 I Slat 0.03 102 I Stat ·0.2421 
P(f<=t) 00.291892 P(f <=t) 0 0.14036 P(f<=t)o 0.05702 P(f<=t) 0 0.48903 P(f<=t)o 0.4084 
IC~~alc 2.131847 ICriI~alc 1.94318 I CriI~al c 2.35336 tC~~alc 2.91999 ICrl~al c 1.94318 
I'(T<=I) 10.583784 I'(T<=I)t 0.28071 I'(T<=I) I 0.114 05 I'(T<=I) I 0.97807 I'(T<=I) t 0.8168 
I CriI~a l l' 2.776445 I CriI~al t 2.44691 ICriI~alt 3.18245 I Crl~al t 4.30265 I CriI~al t 2.44691 
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Table C. 4 Strawberry paired t-taste 

Strawbeny 

Cypenrethrin (~'!)'kg) 
Strawberry Strawbeny lU1wash wash 

Chkl ridane(flWkg) Endosul fan(~'!)'kg) 15.60 9.69 
lU1\vash wash wl\vash wash Strawbeny 18.61 10.24 

5.06 5.67 4.78 4.45 DDT 7.11 6.82 
4.96 6.27 4.91 4.60 lUlwash wash 10.13 5.29 
6.47 6.00 5.12 4.82 0.95 0.87 5.65 7.14 

27.09 26.21 1.26 1.13 2.83 1.09 19.14 7.12 
9.32 19.33 0.25 0.20 0.97 1.50 5.37 5.57 

Variable !Variable 2 Variable /Variable 2 Variable !Variable 2 Variable /Variable 2 

Mean 10.5789 12.6958 Mean 3.26425 3.04202 Mean 1.;8383 1.15548 Mean 11.659 7.40979 

Variance 88.3048 90.5047 Variance 5.38727 4.82474 Variance 1.16958 0.10275 Variance 36.4155 3.5865 
Obse[\~I; 5 5 Obscrval~ 5 5 Observal; 3 3 Obscrvatil 7 7 
Pearson C 0.88699 Pearson C 0.99997 Pearson C -0.1739 Pearson C 0.66404 

HYPolhesi 0 Hypolhesi 0 H)1lolhesi 0 I-l)1lolhesi 0 
df 4 df 4 df 2 df 6 
I Sial -1.0527 I Sial 3.94777 I Sial 0.62862 I Sial 2.25641 
P(T<=I) 0 0.17593 P(T<=I) 0 0.00842 P(T<=I) 0 0.29691 P(T<=I) 0 0.03243 
I Criica1 c 2.13 185 t Criieal c 2.1 3185 I Criieal e 2.91999 tCriticale 1.94318 
P(T<=t) t 0.35187 P(T<=t) t 0.01685 P(T<=I) t 0.59382 P(T<=t) t 0.06487 
I Cri~al r 2.77645 I Criical r 2.77645 I Criieal r 4.30265 I Cri~a1 r 2.44691 
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Appcndix-D ANOVA analys is 

T able D 1 Organochlorine pesticide residue 

. ANOYA 

Source of 
Varia/ion SS dL MS F P-value F cri/ 

Between Groups 47.82538 3 15.94 179 1.7538 17 0.1 78883 2.946685 
Within Groups 254.5 136 28 9.089773 

Total 302.339 3 1 

Table D 2 Synthetic pyrethriod pestic ide res idue 

ANOYA 

Source of Varia/ion SS df MS F P-value F crit 
1188 1.2 3960.43 1.40378 0.27811 3.23887 

Between Groups 9 3 I 2 3 2 
45 140.1 2821.25 

Withi n Groups 4 16 9 

57021.4 
Total 3 19 

Tablc D 3 Organophosphate pestic ide resid ue 

ANOYA 

Source of Varia/ion SS elf MS F P-value F ai/ 
667.447 222.482 0.44109 4.066 18 

Between Grou ps 2 3 4 9 
1779.85 222.482 

Within Groups 9 8 4 

2447.30 
Total 6 II 
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Appcnd ix-E Questionnaire for fruits and vegetables consumers' 

Good morn ing/Good a fte rnoon. 

Thank you for your w illingness to take this interview wit h me. T hi s is Ermi as Ali a master 's 

student of the Addis Ababa Uni versi ty center for food science and nutrition und er taking a 

research "Assessment of pestic ide res idue level in fruit and vegetab le from markets in Addis 

Ababa" . The purpose of thi s interview is to take in for mation from you o n the aforementioned 

issue. Your honest answers to these questions will help me for a better understanding of the 

topi c, and eventuall y he lp in designing and implementing appropriate interventions to allev iate 

re lated problems. You are assured of the confidential ity of your response. 

Part J Background information 

Sex: 

OMale OFemale 

Age of respondent 

0 15-30 03 1-40 0 4 1-50 0 > 51 

Educational backgrou nd 

ONone o Primary o Secondary 0 Coll ege 

Do you use fruits and vegetables? 

DYes ONo 

[fno 

Tick a ll types of fru its and vegetables you consume 

OStrawberry DApple 0 Lettuce 0 Tomato 0 other than li sted 

83 



Part 11 KAP 

Consumers ' knowledge towards pesticide 

1. Do you know abo ut pestic ides? 

D Yes D I don ' t know 

2. Do you know that pesticides affect human health? 

D Yes D I don ' t know 

3. Do you know that pesticides are used in fr uits and vegetables production? 

D Yes D I don ' t know 

4. Do you know that a person can be affected with pestic ide through food? 

D Yes D I don' t know 

S. Do you know the responsible body for regulating pesticide use in the country? 

D Yes D I don ' t know 

If yes .. .... . . . .. ........ . .. . . . ... .... . 

Consumers' attitude towards pesticide 

1. Do you think fresh fruits and vegetab les conta in pesticide res idues? 

D Yes D 1 don't know 

2. Do you be lieve that washing will remove pesticide residues completely? 

D Yes D I don ' t know D Slightl y 

3. Do you think regulating pesti c ide is effecti ve in the country? 

D Yes D I don ' t know 
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Consumers ' practice towards pesticide 

1. Do you have practice of washi ng fruits and vegetab les before consum ing? 

D Yes D Sometimes 

2. Do you care about the source of fru its and vegetables? 

D Yes 

Do you have any comment or suggestion .. . . .. . ..... . . . . .. . . . .. .. . ............. . .. . .... . . ... . . 
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