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1. INTRODUCTION

Although pesticide chemicals provide numerous benefits in
terms of increased production and quality of the product,
pesticide residues in the environment are of concern to
everyone everywhere. Oespite of all debates concerning
pesticides to the contrary, the essentialy of pest-control
chemicals to adequate food production, manufacture, market-
ing and storage, especially in developing countries 1is out
of question. However without continous surveillance and
intelligent control, some of those, +that persist in our
foods, could conceivable endanger the public health. Pesti-
cides residue and their metabolites can find their way 1into
the food chain from several sources; the purposeful appli-
cation of pesticides on crops to control various pest
species is the most common, and the indirect contamination
of food with pesticides that presist in the enviroment is
another source.

Recently, in our foods, the number and amount of inter-
national food additives, pesticides and other environmental
toxicants are increasing. Ensuring safety in the wuse of
these chemicals is a dynamic challenge, for establishing
ones are continually being displaced by newly developed ones
more acceptable to food technologists, pharmacologists,
toxicologists and changing pest-control requirements in
progressive foodproducing economics (Luke et al, 1988).



To protect consumers' health and to allay their appre-
hension, health and food authorities have taken various
actions, regulatory agencies, both national and inter-
national, seeking to limit the human intake of pesticide
residues through consumption of food, have established sys-
tems of "tolerances" or Maximum Residue Limits (MRLs) in
foods (Polen, 1971).

The Codex Alimentarius Commission was established in 1962
to implement the joint of FAO/WHO and to protect consumer
health by elaborating internationally acceptable food
standards and provisions for pesticide residues and food
additives. Codex Committee on Pesticide Residues (CCPR) is
responsible for establishing MRLs for pesticides in foods
and feeds that move in international trade (Maybury, 1989).

The U.S. Environmental Protection Agency (EPA) is res-
ponsible for the registration of all pesticides sold or
distributied in the United States, as well as, for setting
tolerance limits for pesticide residues in foods or feed
crops before registration. EPA also uses processing studies
to determine whether residues dissipate on processing or not
to make a more realistic prediction of dietary risk
(Trichilo and Schmitt, 1989).

The National Food Processors Association (NFPA) has 1long
been interested in the effect of commercial processing on
pesticide residues in food and the mission of NFPA serves
the food processing industry and consumers by -helping to
assure the safety, wholesameness, and nutritional value of
the nation's food supply (Elkins, 1989). The U.S. Food and
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Orug Administration (FBA) is responsible for ensuring that
foods and feed commodities shipped in U.S. interstate
commerce comply with the pesticide tolerance 1limits estab-
lished by EPA (Hundley et al, 1988).

Since a number of pesticides have been legally restricted
for use in many countries, e.g. Lindane as a chlorinated
hydrocarbon compound with a high persistent accumulation 1in
the environment, which widely used in agricultural purpo-
ses as effective insecticide, in storehouses against stored
product pests and in humans to treat lice and scabies in-
fections, took place (Lopez-Aparico et al, 1989). Other new
compounds having low presistent accumulation in the environ-
ment and selective biological effects, such as dithiocarba-
mate fungicides, have become very important, because of
their efficiency and short remaining time after application
(De Khuijzen, et al., 1971).

Nowadays, the dithiocarbamate compounds and some chlori-
nated hydrocarbon compounds take an active part in the field
of pest-control for their high effectiveness in controlling
various pest species. In spite of this, careful attention
should be given to assure that desired residue 1levels are
achieved in the food supply without the <costs associated
with excessive final product monitoring.

In this study, three compoundes of two pesticide groups,
dithiocarbamate fungicides (Mancozeb and Zineb) and chlori-
nated hydrocarbon insecticide (Lindane) were used for treat-
ing apple as fruit-crop and tomato as vegetable-crop. The
aim of the present study was to elucidate the effects of



commercial home preparations, various technological proces-
ses, storage of some preserved products and waiting safety
period between treatment and harvest time on residue 1levels
of Lindane, Mancozeb and Zineb on apple and tomato crops. It
is of great importance to make sure that, at the time of
food consumption, the residue levels of these agrochemicals
should be within or below the &established MRLs to avoid
their hazardous effects on human health. Detailed studies on
the role of the above mentioned processes were reported by
Albach and Lime (1976); Egli (1982); Elkins (1989) and
Bessar et al (1989 a; 1990 b; 1991 a, b, c, d; 1992 a, b).
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2. Review of Literature

2.1 Removal of pesticide residues by commercial home pre-

parative procedures.

The removal of pesticide residues from plant foods by
commercial home preparations such as, washing, peeling,
blanching and cooking is controlled by many factors, éuch as
chemical and physical properties of pesticide, nature of
food commodity, the formulation of pesticide, duration of
time that the compound has been contact with the food
commodity and the weather conditions (Elkins, 1989).

2.1.1 Removal of pesticide residues from vegetables by

<

commercial home preparations

The extent to which pesticide residues are reduced by
commercial washing, blanching and cooking differs from
pesticide to other and from vegetable crop to other crop,
washing of tomato fruits reduced 50% of Azodrin residues, as
well as, washing and hot blanching removed 90% of Azodrin
residues from grean beans (Fahey et al, 1969). Commercial
processing including washing, blanching, freezing and
cooking of broccoli removed 30% of parathion residues and
completely the carbaryl residues (Farraw et al, 1969).
Rinsing of lettuce with water eliminated whole residues of
Metriam, 91% of Zineb residues and 97% Thiram residues,
respectively, as well as, rinsing and freezing of green bean
reduced 51% of Dimethoate residues (Will, 1970). Washing,
peeling and cooking of peeled potatoes declined 20%, 90% and
96% of DDT residues, respectively, at the same time, washing



of tomato fruits and spinach leaves removed 9% and 52% of
DDT residues (Polen, 1971).

The effect of various commercial home preparations on
Lindane residue 1levels in some vegeatables crops was
investigated by Nir and Roudaut (1975), they found that
bleaching of spinach, <cauliflowers and salsify decreased
60%, 83% and 77% of Lindane residues, respectively, as well
as, scarping of carrots, turips and salsify reduced 50-77%
of Lindane residues, respectively.

The influence of commercial home preparations on the
residual behaviour of some insecticides on chinese cabbage
was reported by Talekar et al (1977), removal of residues by
washing cabbage with water ranged from 4.5% for Fentrothion
to 70% for carbofuran. Boiling of cabbage occured reduction
in residue levels of Malaoxon, Quinalphos, Fentrothin and
Chlorpyriphos-methyl, as well as, residue levels of Cyano-
fen, Malathion, Leptophos and Carbofuran were increased by
boiling of cabbage samples and this increasing of residue
levels mainly due to distribution.of residues from surface
leaves to internal leaves, at the same time, 1lossing of
water during boiling increases the ability of these
compounds for bounding with cabbage tissues. The
decomposition of Diminozide in cooked foods increased with
the duration of boiling from 10 to 60 min. and the amount
declined from 30 ppm to 5 ppm (Newsome, 1980).

Commercial washing of tomato removed 82%, 97%, 88% and
95% of Benomyl, Carbaryl, Diazinon and Malathion residues,

[J

respectively, as well as 74 % of Maneb residues on Leafy



greens, 77% of Carbaryl residues on broccoli and 9% of
parathion residues on spinach, respectively, removed by
washing (Elkins, 1989).

2.1.2 Removal of Pesticide residues from fruits by commer-

cial home preparations.

The incidence of washing fruits with water on residue
levels of various pesticides was reported by many investi-
gators. Slight effect on Azodrin residues was occured by
washing valencia orange after 12 days of application (West-
lake et al, 1970).

Washing of Antonovka apples reduced 81% of Imidan
residues (Sedykh and Abelentseva, 1971). Simple washing in
water removed 38% and 42% of Imidan residues from apple and
plums, as well as, washing in 0,5% and 1% NaOH reduced 50%
and 53% of Imidan residues on apple (Gorelik et al, 1973).
Washing of apple removed 64% and 85% of Phosalone and
Phthalophos residues, and 70% and 84% of Chlorophos and Car-
bophos residues were removed from blackcurrants by washing
(Antonovich and Vekshtein, 1975). Peeling of apple fruits
removed major portion of Parathion resiudes and washing of
cherries reduced slightly Parathion residues (Kirchhoff,
1975).

Washing of orange fruits eliminated from 8% +to 35% of
residue levels of Azinphos-methyl, Carbophenothion, Ethion,
Parathion, Malathion and Dicofal after 21 days of appli-
cation (Albach and Lime, 1976). Phenothoate residues were

decreased by washing orange, lemon and grapefruit with water



and wash water contained negligible traces of Phenothoate
and its oxon (Anson-Moye et al, 1983).

2.2 Effect of technological processes on residue levels

of various pesticides.

Processing studies are required to determine whether
residues in raw commodities can concentrate or dissipate on
processing. If residues degrade and do not concentrate on
processing, the tolerance limits on the raw agricultural
commodity applies to all processed food or feed derived from
the raw agricultural commodity. If residues concentrate on
processing, food or feed additives tolerances are estab-
lished and must carefully considered. Now, the food agencies
use the results of processing studies to obtain a more
realistic estimate of residue levels in ready-to eat foods
(Trichilo and Schmitt, 1989).

2.2.1 Effect of technological processes on residue levels

of various pesticides applied on vegetables.

Many of processing steps involved reduce residue levels
of many pesticides applied on vegetables by more than 90%.
The net influence of processing almost always results in re-
sidue levels in processed foods well below the tolerance for
the raw product (Elkins, 1989).

Heat treatments represented the effective technological
processes in reducing remaining residues in- foods by degra-
ding the original toxic compound to 1less toxic products.
Sterilization of tomato juice at 100 c® for 30 min. reduced
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major portion of Gardona, while canning tomatoes heated at
100 c° for 45 min. minimized residue levels to be less than
0,03 mg/kg, as well as, canning beans Jlowered Gardona
residues to be less than 0,01 mg/kg (Fahey et al, 1969).
Peeling plus juice extraction plus heat treatment operations
usually result is almost complete removal of DBT residues in
tomato products (Farrow, 1969). Heating of tomato homoge-
nates resulted in a 38-48% converson of Ethylene bis
(dithiocarbamate) compounds to Ethylene thiourea (ETU)
(Newsome, 1976).

The influence of sterilization, pasteurization, deep
freezing and addition of socdium benzoate to tomato Juice on
residue levels of Malathion, Dimethoate, Carbaryl and Lan-
nate was investigated by Bessar (1984). Data revealed that
sterilization was followed by pasteurization of tomato Jjuice
had the main reduction in residue levels of these compounds,
while the other preservation processes occured different
reduction rates in residue levels of these pesticides.
Blancing of rinsed tomatoes and canning removed 99% of Ma-
lathion and Carbaryl residues from tomato (Elkins, 1989).

The effect of various technological processes on
pesticide residues in different vegetables was reported by
many authors. Total canning processes reduced 91% and 83% of
ODT residues in spinach and green beans (Polen, 1971).
Boiling of potatoes removed 30-60% of Thifanox residues, as
well as, frying and baking reduced 50-90% of Thifanox resi-
dues (Wei-Tsungchin et al, 1976). The extent of elimination
of residues during processing was found to be possible to
remove completely prometyne residues from carrots, 38% of
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Terbutyrne residues from potatoes, 77% of Diazinon residues
from french beans and 82% of Dimethoate residues from cauli-
flowers (Bognar, 1977). 0il extraction from beans slightly
reduced the residue levels of DDT, BHC-isomers, Alderin and
Dieldrin. Oil-deodorization at 250 C° under pressure was
practically residue free, as well as, all residues were con-
centrated in the deodorization concentrate (Chaudry, 1980).
Blanching plus canning processes removed 94% of Malathion
residues from green beans, 66% of parathion residues from
spinach and only 10% of Parathion residues from broccoli.
These operations removed 99% and 73% of Carbaryl residues
from spinach and green beans (Elkins, 1989).

2.2.2 Effect of technological processes on residue le-

vels of various pesticides applied on fruits.

Processing and preservation operations of applées and
plums to juice, compote and squash reduced the residue
levels of Imidan. Sterilization of apple compote and plums
compote reduced 70% and 60% of Imidan residues (Gorelik et
al, 1973). Heating of blackcurrants juice and apple Jjuice to
100 C° for 15 min. or 30 min. reduced 92% or 100% of
Chlorophos and Carbophos residues in blackcurants juice, and
85% or 100% of phosalone, Rogar and Phthalophos residues in
apple juice (Antonvich and Vekshtein, 1975). Wine prepa-
rations from treated grapes reduced the residue 1levels and
demonstrated 18% conversion of Ethylene bis dithiocarbamate
to Ethylenethiourea (Ripley et al, 1978).

Processing or cooking tea, coffee, cocabeans and pulses
occured a reduction of greater than or equal 90% of
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Deltamethrin residues in comparison with the fresh product
of these crops (Mestres et al, 1986). Processing of apple
into apple sauce and slices reduced 83% and 91% of Benomyl
residues, as well as, processing orange into juice, molasses
and orange 0il reduced 98%, 90% and 23% of Benomyl residues,
respectively (Elkins, 1989).

2.3 Influence of storage of preserved products of vege-

tables and fruits on pesticide residues.

The effect of storage on reduction of pesticide residu-
es depends on a variety of factors, such as, the 1length of
storage period, stability of pesticides, nature of stored
products, storage conditions and the reference point at
which residues are being determined in the stored samples.
Polen (1971) reported, that no significant decrease in DOT
or Carbaryl residues in 7 days storage of tomato at 13 CO,
while a decrease in Malathion residues was observed during
the same storage period. Storage of apple compote for six
months caused 53%-71% of Imidan residues and for 12 months
reduced the residue levels to mere traces (Gorelik et al,
1973). Storage of potatoes at room temperature for 10-20
weeks reduced 48-97% of Thifanox residues through metabolic
degradation (Wei-Tsungchin et al, 1976).

The stability of pesticides in stored frozen crops for
extended periods prolonged to two years was reported by Egli
(1982), where compounds having hydrolysis half-lives greater
than or equall 10 days at 70 c° were stable in stored frozen
samples, compounds having hydrolysis half-lives 1less than
one day at 50 € were usually wunstable 1in stored frozen
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samples, and stability of compounds with intermediate
half-lives should be investigated for stored frozen crops.

The length of storage period plays an essential role on
reduction of residue levels of various pesticides.Storage of
tomatoes for 15 days at 10 c? decreased,Imazalil residues
from 50, 100, 250 mg/kg before storage to 0,13, 0,24 and
0,53 mg/kg after storage period, as well as, storage of bell
peppers for 12 days reduced Imazalil residues from 50, 100,
250 mg/kg to 0,05, 0,1 and 0,28 mg/kg after storage (King et
al, 1988).

2.4 Incidence of waiting safety period between applicat-

ion and harvest time on pesticide residues on vege-

tables and fruits.

Waiting safety period between pesticide application and
harvest time of plant foods for marketing or human consumpt-
ion plays a key role as safety interval for minimizing resi-
due levels may deposite on or remained in plant foods to be
within or below the tolerance limits of applied pesticides.
In order to establish safety intervals, it is of importance
to consider the length of period after application, number
and rate of application, climatic conditions during the
waiting time, stability of pesticides and the nature of
plant foods.

In a report of Fernandes (1971) about pesticides 1legis-
lation and residue problems in Portugal, he stated the sa-
fety intervals for several insecticides, acaricides, fungi-
cides and herbicides used in Portugal on vegetables and
fruits in order to establish the tolerance 1limits of all
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these agrochemicals. Waiting period for 18 days after 0,5 -
Dimethylphosphoro amidothioate application on tomato plants,
residues resulted from spraying of multiple doses ranged
from 0.19 to 0.84 mg/kg, and from spraying single dose
ranged from 0.013 to 0.073 mg/kg, where the determined
residues resulted from spraying of multiple doses or single
doses after 18 days of application were below the
established tolerance 1limits (Lubkowitz et al, 1973).
Residual amounts of Zineb quickly declined to 0.2 mg/kg at
the thrid day and to 0.1 mg/kg after few weeks of Zineb
application on vegetables and fruits (Viddcs, 1974). The
influences of recommended safety periods or shorter
post-treatment periods on residue 1levels of Prometry,
Diazinon and Dimethoate in french beans and cauliflowers was
reported by Bognar (1977), the determined residues of
Diazinon and Dimethoate in french beans and cauliflowers
after the recommended period or the shorter, post-treatment
period were below or within the -established tolerance
limits, as well as, prometry residues in carrots were within
the tolerance limits at the same waiting periods. No greater
than 0.3 mg/kg of Primiphos-ethyl residues were found on
tomatoes and cowpeas after one day of treatment and no
detected residues were measured at the ninth day of
treatment (Dogheim et al, 1981).

Mourkidou et al (1983) sprayed lettuce with Permethrin
and collected field samples at 1, 2, 3, 4 and 6 days after
treatment. Samples collected at 1 and 2 days of treatment
were contained not more than 0,4 and 0,6 mg/kg of Cis- and
trans-permethrin, as well as, samples collected later dates
showed no detectable residues. Fenarimol and Triadimefon as
fungicides completely degraded and disapeared after one week
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of application on greenhouse tomatoes, as well as, Chino-
methoate took 3 weeks (Cabras et al, 1985). One week after
Parathion-methyl application on two different out door
lettuce was enough for completely disappearance of residues,
as well as, many European countries fixed the safety inter-
vals of Carbofuran on plantfoods as follows: Belgium 5
months; Austrian 8 weeks; England 6 weeks and Germany 10
weeks (Cabras et al, 1988).

Before marketing and human consumption of fruits, the
safety intervals should be encugh to minimize the residue
levels of many agrochemicals to avoid the side effects of
these toxicants. Residues of Phosalone in samples of apple,
peaches, mandarins and blackcurrants gathered at different
waiting periods ranged from 5 to 72 days after application
ranged from 0.04 to 1 mg/kg. Residue levels decreased prog-
ressively with increasing in waiting time, being e.g. 1in
apples 0.9, 0.76, 0.5, 0.3 and zero mg/kg after 3-6 hr., 1,
15, 30 and 60 days of phosalone application, respectively
(Man'ko et al, 1974).

Residue levels of Malathion, Parathion, Dioxathion, Di-
methoate and Dicofol on orange fruits did not exceed estab-
lished tolerance limits after 21 days of treatment, and no
higher than 14% of tolerance limits found on orange fruits
harvested after 3 months of treatment (Albach and Lime,
1976). Waiting periods from 30 to 59 days after application
of Chlorthiphos and its oxon minimized the residue levels of
both compounds below the established tolerance limits (Iwata
et al, 1982).



After fourteen days of repeated applications of Di-
methoate on peach and apple trees, the residue 1levels were
compared with the international residue limits. It was found
that maximum residue limit of 1 ppm could be accepted on the
basis of the existing two weeks of preharvest interval,
while increasing the rates of applications more than two
applications on peaches and five applications on apples, two
weeks may not be sufficient as preharvest interval (Ferreira
et al, 1987).

2.5 Analysis of pesticide residues in plant foods.

Analysis of pesticide residues in foods includes various
general techniques of; sampling of contaminated material;
solvent extraction (stripping); purification of extracts
(clean-up) and determination of residues as a final pro-

cedure.

2.5.1 Extraction, clean-up and recovery of pesticide

residues.

In order to determine the pesticide residues 1in vege-
tables and fruits, it is essential to extract them from the
plant tissues by solvent systems and clean-up these ex-
tracts, then determination of extracted residues 1is <carried
out. Extraction of pesticide residues controlled by several
factors, such as, the nature of plant tissues, chemical pro-
perties of pesticide, partationing of residues between the
extraction solvent system and plant fluids, and the
reference point of residue levels before extraction.
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Extraction of Fensulfothion residues and its metabolites
from chinese cabbage, Japanese radish and trunips was run by
dichloromethane in presence of anhydrous sodium Sulphate and
clean-up using aluminium oxide column, as well as, the
average recoveries were 82%, 86% and 96% for cabbage, radish
and trunips, respectively (George, 1980). Residues of Zineb,
Ziram and Thiram in apples, pears, potatoes, tomatoes,
lettuce and strawberries were extracted by tragﬁormation of
iron, zinc and manganese salts of dithiocarbamic acids 1in
readily water soluble sodium salts, and dithiocarbamate
anions were extracted with methyliodide, where the methyl-
esters formed were chromatographic analyzed. The average re-
coveries of Zineb, Ziram and Thiram were within 59-70%,
69-85% and 62-78% for the six mentioned crops, respectively,
(Gustafsson and Fahlgren, 1983). Extraction of bound resi-
dues of Dieldrin, Permethrin and Carbofuran in radishes was
done using high temperature distillation (HTD) with solvent
traps as follows; 25% acetone in hexane for Dieldrin, 20%
hexane in ethylacetate for carbofuran and 20% hexane in
acetone for Permethrin, respectively. Clean-up of extracts
was run through activated silicagel column with (1:1)
methylene chloride-hexane as eluation solvents. Recoveries
of Dieldrin, Permethrin and Carbofuran were 90%, 72% and 56%,
respectively (Khan et al, 1984).

Solvent system contained Cyclohexane-benzene (8:2) was
used for extracting two insecticides (Deltamethin and Per-
methrin) one acaricide (Dicofol) and four fungicides (Tria-
dimefon, Chinomethoate, Fenarimol and Pyrazophos) from plant
tissues of greenhouse tomatoes, as well as, florisil column
was used for cleaning-up residue extracts. Recoveries were
ranged from 81% for Dicofol to 98% for Triadimefon (Cabras
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et al, 1985). Aldicarb residues were extracted from roots,
leaves, fruits and soil of vineyards with acetone and then
with choloroform, chloroform extracts cleaned-up through
florisile column, where recoveries of Aldicarb ranged from
65% to 87% (Krause et al, 1986). Residues of substituted
urea herbicides (Chlorbromuron, chloroxuron, Diuron, Fluome-
turon, Linuron and Metobromuron) in asparagus, carrots, ce-
lery, corn, grapes, onions, potatoes and strawberries were
extracted with methanol and cleaned-up through florisil
column, as well as, recoveries ranged from 95% to 98% res-
pectively (Luchtefeld, 1987).

Extraction of the aquatic herbicide Fluridone from toma-
to, cucumber, green pepper, lettuce, wheat, corn, pears,
orange and apple was run wusing methanol, extracts were
cleaned-up by 1liquid partationing and/or‘ alumina column
chromatography, as well as, recoveries of Fluridone were 90
+ 12% for these crops (West and Day, 1988). Extraction of
Benzimidazol fungicides (Carbendazim, Thiabendazole and
Thiophanate-methyl) from apples and pears was caried out
using hydrochloric acid plus methanol, clean-up on an
Extrelut 20 caftridge and recoveries of Carbendazim, Thia-
bendazole and Thiophanate-methyl were 84%, 83% and 69%, res-
pectively, on apple and pears (Bicchi et al, 1989). Residues
of Carbaryl, Captan, Dichloran, Dimethoate, Methamidaphos,
Phosmet, Acephate, Azinphos-methyl, Carbofuran and Catafol
in apple, peach, tomato and potato were extracted with pet-
roleum ether and acetone (1:1) in addition to dich-
loromethane and cleaned-up on capillary column GC with cold'
on -column injection. Recoveries were ranged from 73% to
120% at 0.5 ppm fortification level (Mattern ef al, 1990).
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2.5.2 Chromatographic determination of pesticide residues

2.5.2.1 Gas chromatographic determination (GC)

Determination of pesticide residues in vegetables and
fruits using GC method was the main subject of many investi-
gators.

Anilazine residues in potatoes and tomatoes were deter-
mined using gas chromatography (Lawrence and Pamopio, 1980).
Gas chromatographic method with electron capture detector
(ECD) was used for determination of Permethrin, Cypermeth-
rin and Fenvalerate in celery and animal products (Bran and
Stanek, 1982). Gas chromatographic technique with Nitrogen
phosphorus detector was used for determination of Carbofuran
and its Carbamate metabolites in rapeseeds plants (Lee and
Westcolt, 1983). Bound residues of Dieldrin, Permethrin and
Carbofuran in radishes was measured using GC analysis (Khan
et al, 1984). Gas chromatographic analysis was used for de-
termination of Flucythrinate in cabbage, broccoli, apples,
wheat, barley and hops (Cordon, 1986). Determination of 1,1-
dimethyl hydrazine in peaches and apples was run using' GC
with ECD (Dallas wright, 1987).

Capillary column gas chromatography with an ion trap
detector was used for determination of residue 1levels of
urethane as ethyl-carbamate in alcoholic beverages (Clegg
and Frank, 1988), as well as, capillary column GC with cold
on-column injection was used for determination of residue
levels of Carbaryl, Captan, Dichloran, Dimgthoate, Methami-
dophos, Phosmet, Acephate, Azinphos-methyl, Carbofuran and
Catafol in apple, peach, tomato and potato (Mattern et al,
1990).
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2.5.2.2 Gas-liquid chromatographic determination (GLC)

GLC is a unique technique for residue analysis. This
technique resulted not only into rapid _and tentative
identification, but also provided high efficiency 1in the
quantitative determination of pesticide residues in various
" vegetables and fruits.

Gas-liquid chormatographic method was used for determi-
nation of Fensulfothion and its metabolites in chinese cab-
bage, japanese radish and turnips (George, 1980), as well
as, Lawrence and Panopio (1980) used GLC and GC for determi-
nation of Anilazine residues in potatoes and tomatoes.

Gas-liquid chromatograph, with postcolumn photo degra-
dation and with spectrofluorometery was used for determina-
tion of substituted urea herbicides (Chlorbromuron, Chlorox-
uron, Diuron, Fluometuran, Linuron and Metobromuron) in as-
paragus, carrots, celery, corn, grapes, onions, potatoes and
strowberries (Luchtefeld, 1987). Simple, rapid and highly
sensitive GLC method was run for determination of Paraquat
and Diquat residues in ground rice, wheat and corn (Nagayama
et al, 1987).

Developed method using GLC with ECD was used for measu-
rement of fungicide imazalil in tomatoes and bell peppers
(King et al, 1988) and different chromatographic techniques
were applied for residue determinations of Oicofol, Endosul-
fan, Phosalone, Phosmet, Captan, Diaminozide, Oiphenylamine,
Carbaryl,‘Diazinon, Ehtion, Azinphos-methyl, Parathion and
Dithiocarbamate fungicides on apples 1in Canada. 0Organo-
chlorine, Synthetic pyrethroid, organophosphorus insecticid-
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es and phthalimide were analyzed by GLC with ECD and flame
photometric detector; N.N.-dimethyl or N-methyl-carbamate
and diphanylamine were analyzed by GC with a nitrogen-phos-
phorus detector and Chlorophenoxy and <chloreobenzoic acid
herbicides were analyzed by GLC, respectively, as reported
by Frank et al. (1989).

2.5.2.3 High performance liquid chromatographic determi-
nation (HPLC)

The growing use of HPLC in determination of residues of
many agrochemicals lies in the rapidity, nondestructiveness
and the analytical nature of the method.

High-performance liquid chromatographic method was app-
lied by Gustafsson and Fahlgren (1983) for analyzing resi-
dues of Zineb, Ziram and Thiram in apples, pears, potatoes,
tomatoes, lettuce and strawberries. Simplified HPLC method
was used by Anson Moye et al (1983) for determining Gly-
phosate herbicide and its metabolites in blueberry, Jjala
peno pepper, pumpkin, cantaloupe, cranberry, cucumber and
summer squach. HPLC analysis was used in degradation
Kinetics of two insecticides (Deltamethrin and Permethrin),
one acaricide (Dicofol) and four fungicides (Triadimafon,
Chinomethionate, Fenarimol and Pyrazophos) on green house
tomato (Cabras et al., 1985).

West and Day (1988) used HPLC method for determination
of the aquatic herbicide Fluridone 1in tomatoes, green
pepper, cabbage, cucumber, lettuce, apples,: pears, orange,
wheat and corn, as well as, Bicchi et al., (1989) used si-
multaneous determination of Benzimidazol fungicides (Carben-
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dazim, Thiabendazole and Thiophanatemethyl) by HPLC on app-
les and pears. High performance liquid chromatography/ Mass
spectrometery/Selected Ion Monitoring (HPLC/MS/SIM) system
was used for determining residues of the fungicide Benomyl
in tomato, apple and peaches (Liu et al., 1990).

2.5.2.4 Thin Layer Chromatographic determination (TLC)

Thin Layer Chromatography Technique has been wused for
detection and separation of many insecticides, fungicides,
herbicides and acaricides in plant tissues of different
vegetable and fruit crops.

Residues of 0-Phenyl phenol in vegetables and fruits
were separated by silica gel TLC technique (Davenport,
1971). Thiobendazol residues on citrus were determined by
TLC methods and no difference was found between TLC method
and Merck methods for quantitative determination of
Thiobendazol residues in citrus (Norman et al, 1972), as
well as, Malathion, absorption, translocation and conversion
to Malaoxon in bean plants was studied by TLC method using
sodium thermoionic for spot detector (El-Refai and Hopkins,
1972). Determination of Dimethoate and Malathion residues in
Lettuce was carried out using TLC on Silica gel followed by
Situfluorometry (Macnell et al, 1974) Fensulfothion residues
in selected vegetable crops were determined by TLC wusing
silica gel (Gf) plates (Stein et al., 1980).

Thin Layer chromatographic and paper chromatographic
enzymatic methods are simple, sensitive and specific for
separation and detection of Phenylmercuric-Acetate in
Rayalaseema seeds crop and water in India (Devi and
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Nandakumar, 1984). The metabolic fate of the synthetic
pyrethroid Fenpropathrin in cabbages was studied using TLC
technique (Mikami et al., 1985), as well as, detection and
separation of three synthetic pyrethroids (Fenpropathrin,
Flucythrinate, and pp 321) in vegetables were run by TLC
using a new set of chromagonic reagents (Khazanchi and
Handa, 1989).

2.5.2.5 Paper Chromatographic determination (P.C.)

Specific paper chromatographic methods are available for
many of the commonly used pesticide, but most of these
methods are involved and time-consumption. The specificity
and accuracy of some of them remain doubtful, and the
majority have not been checken in a rigorous collaborative
trail.

Mitchell and Mills (1958) used simple and rapid paper
chromatographic techniques for semiquantitative estimation
of some chlorinated hydrocarbon pesticides. The size of +the
aliquot governed by the tolerance level of each pesticide,
where 2-5 ug/spat was used for standards identification and
as little as 0.5 ug or even less of tested compounds can be
postiviely identified in unknown samples of foods and feeds.

Grimmer et. al., (1966) wused modified paper chroma-
tographic method for determination of many organophosphrous
insecticides in sgme vegetables and fruits, using acetone-
hexane (1:2) for extracting, alumina column for <cleaning-up
and acetone as eluting solvent. Paper Chromatography was
used for separation and identification of these compounds in
the extracts at microgramlevels. Rapid and specific paper
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Chromatographic enzymatic technique was applied for
separation and detection:aof phenylmercuric acetate and heavy
metal compounds in seeds and water. In the extracts, these
compounds could be separated and identified by this
technique in the field or laboratory at 4-8 ug 1levels with
an acetone-water (70+30) solvent system (Devi and
Nandakumar, 1984).

Mills (1990) developed paper chromatographic method for
detection and semiquantitative estimation of residue levels
of Aldrin, Dieldrin, Endrin, DDT, DODD, Lindane, Kelthane,
Methoxychlor, Chlordane, Heptachlor and Perthane in apple,
pear, citrus, fresh and frozen vegetables, berries, fats,
0ils, cheese, milk and animal tissues. Various techniques
were used for extraction and clean-up of extracts and the
limit of detection was at microgram 1levels for these
compounds The accuracy and sensitivity of this method were
satisfactory in comparison with tolerance 1limits of these

above mentioned compounds.
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Aim of investigation

This study was <carried out to elucidate the following
topics:

(1) Influence of some home preparations on residue levels
of Lindane, Mancozeb and Zineb on apple and tomato.

(2) Effect of some pggggrvation methods on residue levels

of Lindane, Mancozeb and Zineb in some products of

apple and tomato.

(3) Impact of storage on residue levels of Lindane, Manco-
zeb and Zineb in some preserved products of apple and

tomato.

(4) Incidence of recommended safety period post-treatment
and before harvest time on residue levels of Lindane,
Mancozeb and Zineb on apple and tomato.

(5) Decomposition of Lindane during processing, storage
and safety waiting interval.



MATERIALs AND METHODs
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3.1.b Dithiocarbamate fungicides (Worthing and Walker,1987)

1./ Mancozeb (Dithane M-45) active ingradient 96%w/w
Technical grade sample of 96% purity (with greyish-
yellow colour) was obtained from the Hungarian center
research Institute for chemistry in Budapest.

- Chemical name:

(Ethylenebis dithiocarbamate  manganese)

mixture with (Ethylenebis dithiocarbamate Zinc)

20:2.25% '
- Structural formula:

[—S.CS.NHCH .CH NH.cs.s.ﬁn]

2 2 x(Zn)y’

- Uses of Mancozeb:

It is a protective fungicide and effective against a
wide range of foliage fungal diseases 1including those
caused by Phytophthora infestans on potatoes,Fulvia
fulva on tomatoes, venturia spp. on apples and pears and
Dilocarpon rosae on roses. ADI for man 0.05 mg/kg.

2./ Zineb (Dithane Z-78) active ingredient 96% w/w.
Technical grade sample of 96% purity with 1light -
coloured powder was obtained from the Hungarian centre
research Institute for chemistry in Budapest.
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- Chemical name: ‘
[Ethylene bis (dithiocarbamato)] Zinc

- Structral formula.

[_—S.CS.NHCHZ.CHZNH.CS.S.Zn_]

- Uses of Zineb:
It is a fungicide used to protect foliage and fruit of a

wide range of crops against diseases such as potato and
tomato blight, Botrytis spp., downy mildews and rusts.
It is generally non-phytotoxic except to Zinc-Sensitive
variaties. ADI for man 0.05 mg/kg.

3.2 Plant foods

3.2.a Tomatoes

(Licopersicum esculentum) as a common vegetable plant
food which freshly eaten and processed to various products.
Tomato fruits of new cultivar (Mokka) were used in this stu-
dy, where this new variety suitable alsoc for machine har-
vesting. The samples were supplied by the Research Institute
of vegetable growing (Kecskemét, Hungary).

3.2.b Apples

(Malus domestica) the pome fruit plant food which com=
mon freshly eaten all the year long and processed to many
products. Samples of jonathan apple variety were supplied by
the model farm, University of Horticulture and Food Industry

and were used in the present investigation.
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3.3 Experimental

3.3.1 Treatment of plantfoods

3.3.1.a Tomato

Tomato were treated with 2.6 kg/lO3 liter/ha of Lindane
10% (Hungaria L. 10) with rate of 0.26 g active ingredient
(a.i.) per liter, and with 2.0 kg/10° liter/ha of Mancozeb
80% (vondozeb plus) or of Zineb 80% (perocin 80) with rate
of 1.6 g a.i/liter.

3.3.1.b Apple
Apple were treated with 2.6 kg/lO3 liter/ha of Lindane

10% (Hungaria L.10) with rate of 0.26 g a.i/L and with 2.5
kg/lO3 L/ha of Mancozeb 80% (vondozeb plus) or of Zineb 80%
(perocin 80) with rate of 2.0 g a.i. per liter.
All treatments with Lindane, Mancozeb and Zineb were carried
out as it was recommended by Hungarian Ministry of
Agriculture (Agrochemicals,Pesticides, 1987.).

Twenty kilograms fresh ripe fruits of tomato (Research
Institute of Vegetable Growing, Kecskemét, Hungary) or of
apple (Model farm, University of Horticulture and Food
Industry, Hungary) were sprayed with 300 ml of the widely
used field concentrations (see earlier) of Lindane 99.9%,
Mancozeb 80% and Zineb 80% using Sigma ultra sprayer until
total covering by trimming +the fruits during treatment.
Treated samples of tomato or of apple were left to dry 1in
plastic trays, and then divided to two -equal parts, the
first one was processed immediately after treétment, while
the second part was kept for fifteen days after treatment,
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as an imitation of recommended waiting period between pes-
ticide application and harvest time, in maintained chamber
with 14 hr light periods and 1 hr of dark, where 1light and
dark temperatures were 25 c® and 15 ¢c° respectively; 1light
and dark relative humidities were 80% and 60%, respectively.
After the permitted waiting period, treated fruits of tomato
or of apple were processed to various products.

3.3.2 Home preparations and technological processes:

Before processing, the treated fruits of tomatoc or of
apple were mainly rinsed with tap water (normal washing) and
only one kilogram was washed 0.5% Hungarian Ultra-Sol
detergent (Paraffin-Sodium Sulfonate Salt) which has been
accepted as hygienic additive in washing solutions and then
rinsed with water before processing (adequate washing) to
compare the effect of adequate washing on residue levels
with normal washing. Then washed fruits were pocessed to
various products using different technological processes as
described by Gaman and Sherrington (1977) and indicated 1in
figure (1), and carried out in the 1laboratory of the
department of Food Technology, University of Horticulture
and Food Industry as follows:
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3.3.2.a Tomato products:

Tomato juice was extracted from +treated fruits after

normal washing and the whole juice was divided into four

equal portions, where each portion has been processed in the

following way:

1./ Pasteurization

The first portion of the extracted tomato Jjuice was
pasteurized at 72 c® for 30 min. using a heat exchanger
in a thermostatic bath. Half of pasteurized Jjuice was
stored at room temperature in sealed clean bottles for
three months. Pesticide residues were determined di-
rectly after pasteurization, as well as, after the
storage period

Sterilization

The second portion was sterilized at 100 c® for 30 min.
with steam. Half of sterilized juice was stored at room
temperature in sealed clean bottles up to three months.
Determination of pesticides residue was carried out
immediately after sterilization, as well as, after the
storage period.

Concentration

The third portion of extracted tomato juice was
concentrated to 18% using rotary evaporator at 80 CO,
where half of the concentrated Jjuice was stored for
three months in sealed clean bottles at room tem-
perature. Residue determination was carried out imme-
diately after concentration, as well as, after the
storage period.
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4./ Tomato puree:

The fourth portion of tomato juice was manufactured to
tomato puree by addition of 2% sodium chloride to the
fresh juice and by concentrating at 80 c® to 28%, ste-
rilization at 100 C° for 20 min., and cooling in cooled
water. Tomato puree was divided to two equal parts, one
of them was stored in sealed clean bottles for three
months at room temperature. Pesticide residues were
measured directly after manufacturing of +tomato puree
and after the storage period elapsed.

3.3.2.b Apple products

Treated apple fruits were washed with tap water. For pro-
cessing apple mash, the apples were cut up manually, then by
using a Keripar EK-1000 type (Hungary) institutional kitchen
size robot fitted with a meat mincer (of 0.4 cm perforation
diameter). The obtained mash was pressed through on a
Laboratory size basket type wine press (Patkai and To&rok,
1989). The pressed juice was divided to two portions and
then quickly preserved as follows:

1./ Pasteurization

Apple juice was pasteurized at 72 c® for 20 min. The
pasteurized juice was cooled and then divided into two
equal parts, where one of them was stored in sealed
clean bottles for three months at room temperature.

2./ Sterilization

The second portion of apple juice was sterilized at 100

c® for 20 min. The sterilized Juice was cooled and then
divided to two equal parts, where one of them was stored
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in sealed clean bottles at room temperatue <for three
months.

Pesticide residues were determined in pasteurized and
sterilized juices directly after preservation, as well
as, after the storage period.

3./ Apple jam
Treated fruits were peeled after washing, cut and cooked

with sugar (80%) and citric acid (1%) at 100 c® till the
total solids reached to 65%, then immediately packed 1in
four clean bottles at high temperature. Two bottles of
apple jam were stored for three months at room
temperature. Residue determination was caried out
directly after jam manufacturing, as well as, after the
storage period.

The same steps of home preparations, various techno-
logical processes and storage for three months were run
for untreated furits of tomato and of apple, as well as,
controls. This work was repeated three times under the

same mentioned conditions.

3.4 Analytical methods for pesticides residue in tomato
and apple

3.4.a Chlorinated hydrocarbon (Lindane)

Ginther Becker method was used for extraction, clean-up
and determination of Lindane reidues in tomato and apple
samples.
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1./ Principles of the Becker's method (Becker 1979)

2.

3.

Lindane residues were extracted from plant material of
tomato and of apple with acetone, then the plant extract
was filtered and diluted with water and dichlormethane.
The extract was dried and the residue was dissolved in
dichlormethane and <cleaned-up on charcoal-silica gel
column (Length 40 cm and diameter 2.5 cm). The residues
were taken in the elution mixture (dichloromethane:
benzene: acetone, 10:2:2).

The solvent was evaporated and the residue was dissloved
in 10 ml of n-hexane. For the determination of pesti-
cides residue gas—Chromatograph with electron capture

detector was used.

Equipments:

a) Explosion proof blender with one liter glass jar.

b) Bichner funnel 11 cm diameter.

c) Suction flasks 1000 ml, 50 ml.

d) Separation funnel, 12.5 cm in diameter, 1000 ml.

e) Columns for chromatography (length 40 cm and dia-
meter 2.5 cm)

f) Round bottom flask 250 ml with ground joint.

g) Rotary evaporator.

h) Gas-Chromatograph with electron capture detector
(ECD)

Reagents:

a) Lindane ('K—Hexachlorocyclohexane) 99.9% purity
technical grade
b) Aceton, Chemically pure
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c) Benzene, Chemically pure (Merck no.1783)

d) Dichloromethane, p.a. (Merck no. 6050)

e) n-hexane (Merck no. 9688)

f) Elution mixture: Dichloromethane: Benzene: Acetone
(10:2:2)

g) Sodium Chloride, Chemically pure (AR)

h) Anhydrous Sodium Sulphate (AR)

i) Charcoal, (AR), (Merck no. 2186)

j) Celite 545, c. Roth Karlsruhe

k) Silicagel 0,05-0.2 mm (Merck no. 7734)

4., Extraction of Lindane residues:

100 g. of the representative plant material was weighted
and homogenized in 200 ml acetone in a blender mixer for
about 30 sec. Then it was washed with 50 ml of acetone and 5
g. of celite was added to the total mixture and filtered on
a Blchner funnel. One-fifth of the filtrate (50 ml) was
extracted in separation funnel with the mixture of 250 ml
water, 25 ml NaCL (0.5 M) solution and 50 ml dichloromethane
strongly shaking for at least two minutes. The extraction
was repeated with another 50 ml of dichloromethane and the
dichloromethane extract was washed further with the solution
of 250 ml water and 25 ml NaCL (0,5 M) solution. The organic
phase was pulled out and dried on anhydrous sodium sulphate
for half an hour. The extract was reduced to 2 ml on a ro-
tary evaporator, and the residue was dissolved in 10 ml of
dichloromethane.
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5. Clean-up of extracts

5 g. Silica gel was mixed with 15 ml of elution mixture
(dichloromethane: benzene: acetone, 10:2:2) and poured into
a chromatographic column containing 1 ml of dichloromethane,
15 g Silica gel and 1 g Charcoal was mixed in a round bottom
flask and slowly stirred with 35 ml of the elution mixture.
Under continous stirring, the Charcoal-Silica gel mixture
was poured into the column, where the tap of column was kept
open. The elution solvent was wused to wash the column
contents. The elution-mixture was left to run out until 2 cm
over the edge of the filling material, then covered with 5
g. Sodium Sulphate. The prepared column was. washed again
with 50 ml of the elution-mixture. Lindane residues dis-
solved in 10 ml dichloromethane were applied quantitatively
into this chromatographic column. Solvent coming from the
column was collected and was further washed with 140 ml of
the elution-mixture. All of these elutents were combined and
evaporated in rotary evaporator to dry. The Lindane residues
was dissolved in 10 ml of n-hexane and diluted 3-times with
n-hexane for chromatographic determination. Normally 1 ul of
the extract was injected to gas chromatograph:;. each time for
measuring of Lindane residues.
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6. Quantitative estimation of Lindane residues by GlC-
ECD

Estimation of Lindane residues was run under the
following chromatographic conditions:

a/ A Hewlett-Packard Model 5730/A gas-chromatograph equip-
ped with a linear Ni63 electron capture detector
(18713/A) and 1/16 inch.

b/ A Hewlett-Packard Model 3390/A integrator.

c/ All glass transfer line from the injection part to the
detector.

d/ A 1.5 mm‘(i.d.)x6 feet glass column packed with 1.95%
0v-210 and 1.5% 0V-17 on 100-120 mesh chromosorb.

e/ Carrier gas 5% methane in argon at 60 cmz/min., flow
rate 60 Cm3/min.

f/ Temperatures: starting temp.200 Co;injection port temp.
250 CO, oven temp. 270 c® and detector temp. 300 cO.

g/ Speed of heating 2 C%/min. and the initial holding
time 2 min.

h/ Injection of 1 ul using 10-ul Hamilton Syringe equipped
with change adapter.

7. Recovery of Lindane residues.

The efficiency of the gas-liquid chromatographic method
in the determination of Lindane residues was calculated by
adding 100 ug Lindane/g sample to a portion of wuntreated
tomato or apple samples which was then extracted, cleaned-
up, and the determination of the residues followed the used
methods. The recovery values were calculated according the

following formula:



ug Lindane/g sample found
Recovery value =  ---—----emcccmmmcmcem e x 100
ug Lindane/g sample added

The average recovery values of Lindane in tomato and in
apple were used to correct all obtained values of Lindane

residues.

8. Calculation of Lindane residues:

Lindane residues were calculated according to the

following formula:

E : calculated residues (ug Lindane/g sample).

X : Measured value by GLC in ug/cm3(average value of
three replicates and each replicate was injected
three times).

V : Total volume of the sample before injection (30 cm3).

F : Factor of the ratio of total acetone extract and

cleaned-up portion (250/50).

W : Weight of plant sample used (100 g).
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All the calculated residues in ug/g sample were modified
to be in ug Lindane/kg sample after correction according to
the average recovery values in tomato and in apple.

3.4.b Dithiocarbamate fungicides (Mancozeb and Zineb)

Method of Steinwandter was used in this study for deter-
mination of Mancozeb and Zineb residues in tomato and apple
samples.

1. Principles of the Steinwandter method (Steinwandter,
1984). This method based on the decomposition of dithio-
carbamates by hydrochloric acid. to the corresponding
amines and carbon disulfide (CSZ)’ the later being then
measured with gas chromatograph with electron capture de-

tector (ECD), where gas chromatographic head space ana-
lysis was used and the quantitative amount of formed C82
from the liquid to the head space which was accelerated
by shaking the head space vessel vigourously for 30 sec.
Then, an aliquot of the head space gas was withdrown with
gas-tight syringe for gas chromatographic deter-
mination. ‘

2. Equipments

a/ 250 ml headspace vessel with ISO thread G15; screw cap
(red) with gum septum covered with a teflon layer. For
headspace injection 4-8 holes (1,5 mm) are drilled into
the screwcap. )
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b/
c/

d/
e/

£/
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50 ul, 100 ul and 500 ul glass tight syrenges.

Orying oven with forced air circulation, capable of
maintaining 40-200 C°.

Water bath with thermometer and timer.

Measuring cylinders.

Gas-Chromatograph with Electron Capture Detector (ECD)

Reagents

Hydrochloric acid (concentrated( pure (AR).
Stannous chloride (AR).

Ethanol 98% absoult (AR).

Mancozeb of 96% purity.

Zineb of 96% purity.

Applicatioh and description of the method.

50 g of treated plant samples of tomato or of apple was
transfered into 250 ml headspace glass vessel.

1l g of SnCL2 was added into the content of the head
space wssel.

200 ml of 4 N HCL was added into the content of the
glass vessel and was closed with a silicone gum septum.
The closed glass vessel was heated in water for 30 min.
at 70 c° and finally was shaken for 30 sec.

500 ul of the evolved carbon disulfide in the head spa-
ce were withdrow and injected into the gas chromato-
graphy for determination of dithiocarbamate fungicides.
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- The same mentioned procedures were run on untreated
plant samples of tomato and of apple, as well as, cont-
rols.

Gas Chromatographic conditions

Residue of dithiocarbamate fungicides was determined

using the following conditions:

a/ A Hewlett-Packard Model 5730/A gas chromatograph
equipped with a linear electron capture detector (ECD)
type 5709/A.

b/ A Hewlett-Packard Model 3396/A integrator.

c/ All glass transfer line from the injection port to the
detector.

d/ A 1,5 mm (i.d.) x 2 m glass column packed with 4%
SE-30 and 6% 0Ov-210 on W-Hp, 100-120 mesh chromosorb.

e/ Cdrrier gas 95% argon and 5% methane at 20 cm3/min.
flow rate.

f/ Temperatures: oven temp. 25C° (ambient); injection
port temp.100 c® and detector temp.300 cO

g/ Sample size: the injection of 500 ul SGE gas-tight-
syringe.

Recovery of dithiocarbamate fungicides

Recovery study was carried out by adding 1 mg fungicide
to 50 g untreated tomato or apple samples, then the
samples were put through the same previous procedures,
followed the determination of dithiocarbamate fungicide
residues by measuring evolved carbon disulfide. Similar
steps were achieved by adding 1 mg fungicides in 50 ml
ethanol to 200 ml 4 N HCL in presence of SnCL2 in head
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space glass vessel and put through the same conditions
for measuring the evolved carbon disulfide. Average
recovery value was calculated according to the following
formula:

ug CSZ/ZSO ml sample solution
Recovery valuge = -—-——--Scc - e e e x 100
ug C52/250 ml solution

All of the obtained data were corrected according to the
~average recovery values of dithiocarbamate fungicides in
tomato and apple.

7. Calculation of dithiocarbamate fungicide residues:

Residues of the tested fungicides were calculated
according to the following equation:

E X . £/1000

E = mg fungicide/kg sample

X = Measured value by GC in ug/250 ml solution/50 g
sample (average value of three replicates and each
replicate was injected three times)

f = Factor of the ratio of one kilogram sample and sample
weight (1000/50)

All the calculated residue values in wug/kg sample were

divided by 1000 to be in mg/kg after correction according

to the average recoveries of Mancozeb and Zineb in tomato

and in apple.
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3.5 Standard calibration curves of Lindane, Mancozeb and
Zineb

Standard calibration curves were oabtained for each
pesticide as follows:

3.5.1 Standard Calibration curve of Lindane

Serial concentrations of 0.5, 1.0, 2.0 and 3 ug/ml of
Lindane were prepared in n-hexane and 1 ul from these con-
centrations was injected into GC with ECD wunder the same
chromatographic conditions used in the case of Lindane as
previously mentioned. Lindane concentrations were plotted
against the obtained amount as shown in table (1) and
illustrated in fig (2) and all the obtained results were
refered to the ~calibration curve. A good linearity was
achieved in the range 0.5 - 2.0 ng/ul.

3.5.2 Standard calibration curves of Mancozeb and Zineb

Standard calibration curves of two dithio carbamate
compounds (Mancozeb and Zineb) were constructed as follows:
A solution containing 0.1 mg/ml of Mancozeb and of Zineb
were prepared in ethanol as a stock solutions. 15, 10, 5 and
2.5 ml of the stock solution (0.1 mg/ml) for each fungicide
were transfered into four 250 ml head space glass vessels,
as well as, only 5 ml ethanol was put into fifth vessel to
serve as solutions blanck (control). 0One gram of Sncl?2
immediately added into each vessel and 235, 240, 245 and
247.5 ml of 4 N HCL were added into the content of each
vessel, as well as 245 ml of 4 N HCL was added into control
vessel. All vessels were closed with a silicone Vgum septum
and were transfered into water bath at 70 C%for 30 min. 100
ul of the evlaved gas in each head space were withdrow and
immediately injected into GC with ECO. Mancozeb and Zineb
concentrations were plotted against the measured carbon
disulfide as indicated in table (2) and fig (3 and 4). A
good linearity was achieved in the range of 500-1000 ug/ul
for Zineb and 250-500 ug/ul for Mancozeb.
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Table (1) Standard calibration curve of Lindane.

Injected concentrations obtained amounts
ng/ul ng/ul
5 0.520
1. 1.054
R 2.094
3 3.091

Table (2) Standard calibration curves of Mancozeb and

Zineb
Fungicide Obtained amounts of Csz(ug/250 ml sol.
concentrations  —--~-cccmmm e R
(ug/250 ml sol.) Mancozeb Zineb
00.00 00.00 00.00
250 246.6 266.9
500 470.9 482.5
1000 1043.8 1000.9

1500 1136.5 1392.17
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4. Results and Discussion

4.1 Recovery values of Pesticide residues:

The efficiency of the chromatographic analysis for
determination of Lindane, Mancozeb and Zineb residues oan
apple and tomato was run by adding 100 ug Lindane/g and 0.02
mg Mancozeb or Zineb/g of untreated plant samples which then
put through the extraction, clean-up and residue
determination as followed in the applied methods. The
average recovery values for Lindane, Mancozeb and Zineb 1in

tomato and in apple were summarized in table (3.)

The mean recoveries of Lindane in apple and tomato were
86% and 93%, respectively. Recovery values of Mancozeb and
Zineb in tomato were 93% and 95%, and in apple were 84% and
98%, respectively. Several studies reported that recovery
values vary from crop to another, from pesticide to
another and according to the analytical techniques were
applied. Many investigators stated that recovery values
ranged from 56-110% depending on the vegetable or fruit
crops and applied pesticides as indicated in table (4).

In general, the obtained recoveries of Lindane, Mancozeb
and Zineb are in the range mentioned by many authors, where
these recovery values are wused in correcting all the
obtained residue values for Lindane, Mancozeb and Zineb,
repectively.
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Table (4) Average recoveries of various pesticides on some
‘ vegetables and fruits.

Pesticides Crops Average Applied Reference
recovery method

Fensulfothin Cabbage 82% GLC

Radish 86% GLC

Turnip 96% GLC George, 1980
Carbofuran Rapeseeds 85% GC Lee and Westcolt,1983
Dieldrin Radish 90% GC
Permethrin " 12% GC
Carbofuran " 56% GC Khan et al.,1984
Dicofol Tomato 81% GC Cabras et al.,1985
Aldicarb Grape(root,

leaf,fruit) 65-87% GC Krause et al.,1986
Paraquat Rice, wheat

and corn 79-91% GLC Nagayama et al., 1987
Fluridone Tomato, wheat

and apple 80-110% HPLC West and Day,1988
Parathion Apples
Carbaryl " 85-97% GLC Frank et al.,1989
Captan "
Benomyl Peaches,

Apples and

Tomato 85-110% HPLC/MS Liu et al.,1990
Lindane Apple,Tomato 86%, 93% GLC Bessar et al.,1990b,

1991a

Mancozeb Apple,Tomato B84%, 93% GC Bessar et al.,1991c
Zineb Apple,Tomato 98%, 95% GC Bessar,et al.,1991c
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4.2 Influence of home preparative procedure on pesticide

residue levels on apple and tomato fruits.

Commerical home preparations such as washing, peeling,
blanching and cooking remove major portions of the residue
levels of pesticides that are currently permitted on the raw
agricultural crops and freshly eaten plant foods. Removal of
pesticide residues by commercial home preparations depends
on several factors, such as, character of the surface of
plant foods, chemical and physical properties of applied
pesticides, the length of time that the pesticide has been
in contact with the plant foods, formulation and rate of
application and the weather conditions (Elkins, 1989).

A1l the determined residues for Lindane, Mancozeb and
Zineb were referred to the standard calibration curves and
corrected according to the mean recovery values. Residue
levels were measured directly after application to represent
the initial upper residue limits and after fifteen days of
application as recommended safety period between application
and harvest time to represent the lower residue 1limits ac-
ceptable for human consumption.

4.2.1 Removal of Lindane residues from apple and tomato

by commercial home preparative procedures.

The effect of various home preparations on residue le-
vels of Lindane on apple and tomato is shown in table (5).
Simple washing with water, washing with detergent, washing



Table (5) Effect of home preparative procedures on Lindane
residue levels on apple and tomato fruits

Home Lindane residues (ug/Kg)
roostutes  Tnmedistely atter treatment 15 days atter treatnent
" Residues® Reduction™ Residues  Reduction
Mean x SO % Mean * S0 %

Apple

Unwashed fruits

(Initial) 123.8 6.8 0.0 57,1 £ 4,5 0.0

Simple washing® 92.5 £ 2.3 25.3 43.1 £ 9.0 24,5

Adequate washing®  43.4 3.6 64.9 3.7 %45 39.2

Washing + peeling 86.7 X 4.5 30.0 28.7 2 1.8 49.7

Fresh juice 80.7 f11.3 34.8 38.3 X 2.5 32.9
Tomato

Unwashed fruits .

(Initial) 195.6 6.3 0.0 148.8 £ 7.2 0.0
Simple washing® 133.6 10,4  31.7 119.2 1131 19.9
Adequate washing®  112.4 £5.9  42.6 65.7 £ 5.8 55.8
Fresh juice 108.6 £ 8.7  44.5 105.5 ¥ 4.1 29.1

x The data are mean values and standard deviations of three parallels.

xx Reduction percent = Initial residues - Found residues / Initial residues X 100-
a Simple washing : Washing with water only .

b Adequate washing : Washing with detergent .
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plus peeling and extraction of fresh apple Jjuice reduced
25%, 65%, 30% and 35%, respectively, of the initial residues
found on unwashed apple fruits directly after Lindane app-
lication. The same mentioned processes reduced 25%, 39%, 50%
and 33%, respectively, of +the residues determined on
unwashed apple fruits after 15 days of Lindane application.
Peeling of washed fruits reduced 5% and 25% of Lindane
residues measured on unwashed apple fruits immediately after
application and 15 days later, respectively. Extraction of
fresh apple juice from washed fruits plays an effective role
in partitioning the total amount of pesticide residues
between fruit tissues and fruit fluids, where minor portion
of residues is still unextracted (absorbed) and bounded with
fruit tissues, as well as the major portion of pesticide
residues is extracted in Jjuice. As a result of Juice
extraction 10% and 8% of Lindane residues were unextracted
and remained absorbed on the tissues of apple fruits which
pressed directly after +treatment and after 15 days of
Lindane application, respectively.

The effective role of commercial home preparations on
Lindane residues on tomato fruits is indicated in tabel (5).
The obtained results showed that simple washing, washing
with detergent and juice extraction reduced 32%, 43% and 45%
of the initial residues found on unwashed tomato fruits
immediately after Lindane application, as well as, 20%, 56%
and 29% of the determined residues on unwashed tomato fruits
after 15 days of Lindane application were reduced by the
same mentioned processes, respectively. The unextracted
portions of Lindane residues resulted from juice extraction
represented 13% and 9% of residues remained on tomato fruits
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which pressed immediately after Lindane application and 15
days later, respectively.

Although washing alone does remove some organochlorine
residues, effectiveness depends on several factors: charac-
ter of the surface (smooth or rough, waxy or non-waxy); sSur-
face to volume ratio (washing is effective for bigger
fruits); reference point of residue 1levels (higher levels
easier to remove) and penetrability of pesticide into fruit
tissues. These factors can be sensed 1in results of
processing, preservation canning studies (Polen, 1971).

Data of table (5) and according to Polen remakes (1971),
the waxy layer of tomato fruits plays an effective role on
the accumulation and stability of higher levels of Lindane
residues on tomato fruits than those levels found on apple
fruits. Also, the lipophlic character accelerates the pe-
netrability of Lindane into tomato fruits and keeping the
parent compound without degradation for a 1long time as
clearly observed in table (5). Also, waxy surfaces are mode-
rately affected by water washing and significantly affected
by detergent washing because of the low surface tention of
adhesioned residues on these surfaces as shown in table (5)
and reported by Polen (1971). The obtained results are in
agreement with findings of Nir and Roudaut (1975), where
washing and trimming of cauliflowers removed more than half
of Lindane residues. Washing of orange fruits reduced 8-35%
of Azinphosmethyl, Carbophenothio, Ethion, Malathion, Para-
thion, Dimethoate and Dicofol as reported by Albach and Lime
(1976). Elkins (1989) mentioned that 97%, 95% and 88% of

Carbaryl,Diazinon and Malathion residues, respectively, were
removed from tomato fruits by washing.
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4.2.2 Removal of Mancozeb residues from apple and tomato

by commercial home preparations.

Data of table (6) represents the effect of simple wash-
ing, detergent washing, peeling of washed fruits and ex-
traction of fresh apple and tomato juices on Mancozeb resi-
dues immediately after application and 15 days later.

Simple washing and washing with detergent removed 30%
and 39% of Mancozeb residues initialy found on unwashed app-
le fruits immediately after application, as well as, 31% and
49% of residue levels were removed by the same processes
from apple fruits after 15 days of Mancozeb application.
Peeling of washed apple fruits eliminated 62% and 66% of the
initial residues of Mancozeb measured on wunwashed fruits
immediately after treatment and after 15 days of treatment,
as well as, peeling alone removed 32% and 35% at the same
mentioned intervals.

Extraction of fresh apple juice reduced 41% and 40% of
Mancozeb residues found on unwashed fruits directly after
application and 15 days later, as well as, approximately 11%
and 9% of Mancozeb residues remained bounded with tissues of
apple fruits which pressed directly after application and 15
days later, respectively.



- 51 -

Table (6) Effect of home preparative procedures on Mancozeb
residue levels on apple and tomato fruits

Home . Mancozeb residues (mg/Kg)
ronedires. Inmediately after treatment 15 days after treatment
" Residues® Reduction™ Residues  Reduction
Mean + SD % Mean * SO %
Apple
Unwashed fruits + +
(Initial) 8.02-0.38 0.0 7.40-0.25 0.0
Simple washing® 5.64-0.42 29.7 5.0920.13 31.2
Adequate washingb 4.9170.32 38.8 3.8120.07 48.5
Washing + peeling  3.05-0.20 62.0 2.51%0.15 6.1
Fresh juice 4.7620.47 40.7 4.43%0.03  40.1
Tomato
Unwashed fruits + +
(Initial) 5.87 -1.04 0.0 4.61 =0.06 0.0
Simple washinga 3.45 10.32 41.2 2.51 10.16 45.6
Adequate washingb 2,59 011 s5.9 1.56 £0.05 66.2
Fresh juice 2.8420.15 51.6 2.13 20.17 53.8

x The data are mean values and standard deviations of three parallels.

xx Reduction percent = Initial residues - Found residues / Initial residues X 100 -
a Simple washing : Washing with water only .

b Adequate washing : Washing with detergent -
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The influence of commercial home preparations on residue
levels of Mancozeb on tomato fruits is shown, also, in table
(6), the obtained data cleared obviously that simple
washing, detergent washing and extraction of fresh tomato
juice removed 41%, 56% and 52% of the initial residues found
on unwashed tomato fruits immediately after Mancozeb app-
lication, and 46%, 66% and 54% of the remained residues on
unwashed fruits after 15 days of Mancozeb, application. As a
result of juice extraction, approximately 10% and 8% of
Mancozeb residues were bounded on tomato fruits which
pressed immediately after application and after 15 days of
Mancozeb application, respectively.

4.2.3 Removal of Zineb residues from apple and tomato

fruits by commercial home preparations

The obtained data concerning the effect of home prepa-
rations on Zineb residues on apple and tomato fruits direct-
ly after treatment and 15 days later are summarized in table

(7).

Simple washing, detergent washing, peeling and Jjuice ex-
traction removed 48%, 63%, 62% and 71% respectively, of the
initial residues found on unwashed apple fruits immediately
after Zineb application, as well as, adequate washing,peel-
ing of washed fruits and juice extraction occured similar
reduction of 66% in residue levels after 15 days of
application and simple washing removed 51% of residues at
the same period. Peeling alone reduced 14% and 15% of the
residues found on washed apple fruits directly after treat-
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ment and 15 days later, as well as, 23% and 15% of Zineb
residues remained bounded on apple fruits which pressed im-
mediately after application and 15 days later, respectively.

The same trend of results was observed on residue levels
of Zineb on tomato as indicated in table (7). Simple
washing, detergent washing and extraction of tomato Juice
removed 47%, 62% and 65% respectively, of the initial Zineb
residues found on unwashed tomato fruits directly after
application, and 40%, 64% and 63%, respectively of residues
found on unwashed tomato fruits after 15 days of Zineb
application.

The non-systemic character of Mancozeb and Zineb; the
high wax content of fruit surface; the higher surface area
to mass ratio and hydrophilic property of Mancozeb and Zineb
controlled the residual behaviour on tomato and apple fruits
and played an effective role in the residue amounts initialy
deposited on and in apple and tomato fruits as clearly
noticed in tables (6 and 7). The obtained results are in ag-
reement and supported the findings of Will (1970) and Sedykh
and Abelentsevo (1971), where total residues of Metiram and
more than 90% of Zineb and Thiram were removed from Lettuce
by washing, as well as, more than 80% of fungicide Imiden
was removed from Antonovka apple by washing. From tables (6
and 7) and according to findings of Gasztonyi et al (1975),
it is clear that residue levels of Zineb, Maneb, Dithane and
other pesticides were reduced to very low levels by washing
and peeling of treated fruits and vegetables. Also, obtained
data supported the earlier results of Elkins (1989), where
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Table (7) Effect of home preparative procedures on Zineb
residue levels on apple and tomato fruits

Home Zineb residues (mg/Kg)
preparative @  ——————mmmmmmemm e
procedures Immediately after treatment 15 days after treatment
Residues® Reductiorm™® Residues Reduction
Mean ¥ SD % Mean * SD %
Apple

Unwashed fruits ' +
.17-0.53 0.0

(Initial) 7.39%0.36 0.0 6

Simple washing® 3.84%0.56 48.0 3.02%0.83 51.1

Adequate washing® 2.76%0.23 62.7 2.0320.20 67.1

Washing + peeling 2.8220.04 61.8 2.08%0.48 66.3

Fresh juice 2.17%0.06 70.6 2.0620.1 6.1
Tomato

Unwashed fruits

(Initial) 9.30£0.20 0.0 5.99 20.09 0.0

Simple washingal 4.96%0.19 46.7 3.57%0.03 40.4

Adequate washing® 3.49%0.10 62.5 2.13%0.15  64.4

Fresh juice 3.30£0.91 64.5 2.23%0.08 62.8

x The data are mean values and standard deviations of three parallels.

xx Reduction percent = Initial residues - Found residues / Initial residues X 100 -

a Simple washing : Washing with water only .
b Adequate washing : Washing with detergent .

s Y- S mekd &
ten a8 A
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simple washing of tomato fruits leafly green and broccoli
eliminated major portions of Benomyl, Maneb and Carbaryl
residues.

In general, home preparations of apple and tomato fruits
after 15 days of application as safety recommended period
minimized residue levels of Mancozeb and Zineb to be within
the Maximum Residue Limits (MRLs) established by the Codex
Committee for Pesticide Residues (CCPR) in 1984 (7 mg kg—1
for Mancozeb and 5 mg.kg_l for Zineb). Commercial home
washing after 15 days of Lindane application is -enough to
decline residues of Lindane on apple fruits to be within the
established MRL of Lindane (100 ug.kg '), as well as,
washing of tomato fruits after 15 days of application is not
sufficient to lower Lindane residues to be within the MRL of
Lindane, therefore, tomato fruits need for washing several
times with water or washing with hygienic detergent before
eating in case of Lindane treatment.

4.3 Effect of some preservation methods on pesticide

residue levels in some products of apple and tomato.

According to the informations presented in many reports
of world food organizations, commercial processings,
preservation methods and canning plant operations, reduce
most of the pesticide residues present on food crops
received for processing. The safety of these products in
terms of freedom from hazardous pesticide residues 1is a
concern particularly since the potential exists for
concentrating the residues by processing (Anson Moye et al.,
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1983). It was necessary ta confirm that food products
available to the public consumption must be free of
excessive pesticide residues by achieving the desired
residue levels in final products without -excessive costs
using various processing and preservation methods (Elkins,
1989).

4.3.1 Effect of some preservation methods on Lindane re-

sidues in some products of apple and tomato.

In this study, fresh juices of apple and tomato which
extracted immediately after pesticides application and after
15 days of treatment were divided to several portions. Each
portion was processed separately by sterilization, pas-
teurization and concentration, as well as, unprocessed
portion of both juices was kept to serve as control sample.

The effect of some preservation methods on Lindane re-
sidue levels in some products of apple and tomato which pro-
cessed immediately after Lindane application and after 15
days of treatment was shown in table (8).

The obtained data revealed that sterilization process
occured highest reduction in residue levels of Lindane 1in
products that processed immediately after application and 15
days later. Sterilization of apple juice reduced 50% and 76%
of Lindane residues in comparsion with unprocessed control
sample directly after application and after 15 days of
treatment, as well as, sterilization of tomato juice reduced
72% of Lindane residues immediately after application and
eliminated completely all Lindane residues after 15 days of
treatment. The effect of sterilization on Lindane residues



‘Table (8) Effect of some preservation methods on Lindane
residues in some products of apple and tomato

- Lindane residues (ug/Kg)
reservation @ ----»-—--"i i ————————
methods Immediately after treatment 15 days after treatment
Residues® Reduction®® Residues Reduction
Mean * SD % Mean £ SD %
Apple
Fresh juice . +
"unprocessed" 80.7 -11.3 0.0 38.3 - 2.5 0.0
Sterilized juice 40.4% 1.8 49.9 9.2% 1.4 76.0
Pasteurized juice 49.9 I 4.7 38.2 20.7% 2.3 46.0
Apple peeled fruits86.7 £ 4.5 0.0 28.7% 1.8 0.0
Apple jam 17.6 1.8 79.7 11.2 £ 0.9 61.0
Jomato
Fresh juice : + +
"Unprocessed" 108.6 - 8.7 0.0 105.5 - 4.1 0.0
Sterilized juice 30.9 127 115 non- XXX
detectable 100.0
Concentrated juice 43.9 £ 2.3  59.6 30.0 1.1 71.6
Pasteurized juice 66.8 1.1 38.5 36.8 L 2.7 65.1
Tomato puree 26.6 £ 2.2 75.5 206.9 1.1 80.2

x The data are mean values and standard deviations of three parallels.

xx Reduction percent = Initial residues - Found residues / Initial residues X 100 -

xxx Non-detectable: below the detectable limit of the used gaschromatography
instrument (10f3 ng/ul) -
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Jjuice where 60% and 72% of Lindane residues in tomato Jjuice
were reduced by heat concentration directly after +treatment
and after 15 days of treatment, respectively.

Data of table (8) indicated that the same effect of pas-
teurization process on Lindane residues in apple and tomato
Jjuices was noticed, where the reduction in residues of both
juices was approximately equal (38%) directly after app-
lication, as well as, the reduction percent in residue le-
vels after 15 days of treatment was completely differed and
ranged from 46% in pasteurized apple juice to 65% in pasteu-

rized tomato Jjuice, respectively.

Preservation of tomato as tomato puree has an effective
influence on reducing the residue levels of Lindane, where
76% and 80% of residues were reduced in comparison with un-
processed tomato juices immediately after Lindane treatment
and 15 days later, respectively. Also, preservation of peel-
ed apple fruits to an apple jam has a significant effect on
reducing lindane residues, where B0% and 61% of residue le-
vels were eliminated in comparison with residue levels found
on unprocessed peeled fruits immediately after application
and 15 days later, respectively.

The results presented in table (8) are in agreement with
those results reported by Farrow (1969), where peeling plus
juice extraction and heat treatment of tomato reduced
completely DDT residues, as well as, canning processes of
spinach and green beans reduced more than 85% of DODT
residues (Polen, 1971). Also, the obtained data supported
our findings (Bessar et al. 1990 b, 1991 a,d), where
sterilization, concentration and pasteurization of tomato
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and apple juices reduced the major portions of Lindane
residues, as well as, manufacturing of tomato paste and
apple jam caused higher reduction in residue 1levels of
Lindane in products which processed directly after app-
lication and after 15 days of treatment, respectively.

4.3.2 Effect of some preservation methods on residue le-

vels of Mancozeb in some products of apple and

tomato.

The effect of different preservation methods on residue
levels of Mancozeb and Zineb was close to the same trend as
previously mentioned in case of Lindane and as clearly
indicated in tables (9 and 10).

Data presented in table (9) interpreted the effect of
sterilization, heat concentration, pasteurization of tomato
and apple juices, and manufacturing of tomato puree and
apple jam on residue levels of Mancozeb directly after
application and after 15 days later. Sterilization of apple
Juice reduced 32% and 55% of Mancozeb residues found 1in
fresh apple juice immediately after application and 15 days
later, as well as, 57% and 50% of Mancozeb residues were
eliminated by sterilization of tomato juice directly after
treatment and 15 days later, respectively.

Heat concentration of tomato juice occupied the second
order in reducing mancozeb residues, where 44% and 42% of
Mancozeb residues were reduced by heat concentration
immediately after treatment and 15 days later, respectively.
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Table (9) Effect of some preservation methods on Mancozeb
residues in some products of apple and tomato

_ Mancozeb residues (mg/Kg)
rethots. " Inmedistely after treatnent 15 days after treatment
" Residues® Reduction™ Residues  Reduction |

Apple

Fresh juice +

(Initial) 4.76 -0.47 0.0 4.43~ 0.16 0.0

Sterilized juice 3.24%0.20 31.9 2.01% 0.16 54.6

Pasteurized juice  3.42-0.24 28.2 2.92= 0.12  43.1

Apple peeled fruits 3.05-0.20 0.0 2.51% 0.15 0.0

Apple jam 0.73+0.03 76.1 0.55+ 0.04  78.1
Jomato

Fresh juice

(Initial) 2.84+0.15 0.0 2.13% 0.17 0.0

Sterilized juice 1.23%10.13  56.7 1.06* 0.04  50.2

Concentrated juice 1.5810.13 44.4 1.23% 0.05 42.3

Pasteurized juice  1.90f0.11 33.1 1.71% 0.01  19.7

Tomato puree 1.10£0.02 61.3 0.88% 0.02  58.7

x The data are mean values and standard deviations of three parallels.
xx Reduction percent = Initial residues - Found residues / Initial residues X 100
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Pasteurization has the 1lowest effect on reducing
Mancozeb residues in apple and tomato juices, reduction of
28% and 34% of Mancozeb residues in fresh épple juice were
achieved by pasteurization immediately after application and
15 days later, as well as, 33% and 20% of Mancozeb residues
were reduced by pasteurization of fresh tomato juice at the
same mentioned intervals, respectively.

Preservation of apple fruits as an apple jam caused
significant reduction in residue levels of Mancozeb reached
to 76% and 78% directly after application and after 15 days
of treatment, as well as, 61% and 59% of Mancozeb residues
were reduced by preservation of +tomato fruits as tomato
puree at the same intervals, respectively.

4.3.3 Effect of some preservation methods on residue le-

vels of Zineb in some products of apple and tomato.

Table (10) indicates the effect of various preservation
methods on Zineb residues in some products of apple and
tomato processed immediately after Zineb application and
after 15 days 1later. The same 1inclination effect of
sterilization, heat concentration, pasteurization of apple
and tomato juices and manufactuting of apple jam and tomato
paste on Zineb residues was observed.

Sterilization and pasteurization of fresh apple Jjuice
reduced 22% and 11% of the initial Zineb residues found in
the fresh juice directly after treatment, as well as, 32%
and 17% of residue levels of Zineb were eliminated by the
same processes after 15 days of treatment. Preservation of



Table (10) Effect of some preservation methods on Zineb
residues in some products of apple and tomato

Zineb residues (ug/Kg)
Preservation - e
me thods Immediately after treatment 15 days after treatment
Residues® Reduction™ Residues Reduction
Mean + SD % Mean X SD %
Apple
Fresh juice . +
(Initial) 2.17 -0.06 0.0 2.06 - 0.10 0.0
Sterilized juice 1.693fﬁ.05 22.1 1.41% 0.02 31.6
Pasteurized juice 1.93%0.09 11.1 1.71% 0.06 17.0
Apple peeled fruits 2.82%0.04 0.0 2.08% 0.48 0.0
Apple jam 0.77%0.03 72.7 0.50% 0.05  76.0
Tomato
Fresh juice N +
(Initial) 3.30 -0.91 0.0 2.23- 0.08 0.0
Sterilized juice 1.1320.02 5.8 0.78% 0.03 65.5
Concentrated juice 1.21%0.10 63.3 0.95% 0.08 57.4
Pasteurized juice 2.07%0.03 37.3 1.26  0.24 43.5
Tomato puree 1.00 20.05 69.4 0.54% 0.06 75.8

x The data are mean values and standard deviations of three parallels.
xx Reduction percent = Initial residues - Found residues / Initial residues X 100
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manufactured apple jam reduced 73% and 76% of Zineb residues
found on peeled fruits directly after application and after
15 days of treatment, respectively.

Data of table (10) also, indicates the effect of various
preservation methods on Zineb residues in tomato products
directly after treatment and after 15 days of application.
Sterilization, concentration, pasteurization of fresh tomato
juice and manufacturing of tomato puree reduced 66%, 63%,
37% and 69%, respectively, of the initial Zineb residues 1in
fresh juice immediately after Zineb application, as well as,
66%, 57%, 44% and 76%, respectively, of Zineb residues were
reduced by the same above mentioned processes after 15 days
of application.

The variation in the effect of different preservation
methods on residue levels of tested compounds may due to the
relatively high temperature required for each process, time
of exposure to high temperatures, stability of pesticide and
the reference point of residues in unprocessed samples
directly after treatment and after elapsing the safety
waiting interval.

According to data of tables (9 and 10) and findings of
Fahey et al., (1969), Will (1970), Groelik et al., (1973)
and Antonovich and Vekshtein (1975), thermal decomposition
of some Dithiocarbamate fungicides, carbamates, organophos-
phorus and pyrethroids compounds usually occurs with high
temperatures for long time especially during sterilization.
The obtained results are in agreement with many studies
carried out by Albach and Lime (1976), Newsome (1976),
Ripley et al., (1978), Elkins (1989) and Bessar et al.,
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(1991 b,c; 1992 a) and also, supported the scientific view
that processing of vegetables and fruits to various products
and preservation of these products using different heat
treatments usually play the essential role in reducing the
initial residues and minimizing their levels to be a tface
of the established MRLs for many pesticides and other
agrochemicals. According to the obtained results, it could
be concluded that processing of apple and tomato to various
products and preserving of these products after 15 days of
application reduced significantly the residue 1levels of
Lindane, Mancozeb and Zineb below their established MRLs in
1984 by CCPR.

4.4 Influence of storage period for three months on re-

sidue levels in some preserved products of apple and

tomato.

Portions from the preserved apple and tomato products
were stored for three months in sealed clean bottles at room
temperature to elucidate the influence of storage on residue
levels of Lindane, Mancozeb and Zineb in various preserved
products of apple and tomato directly after application and
after the safety waiting period for 15 days post-treatment.

4.4.1 Effect of storage for three months on Lindane
residues in some preserved products of apple

and tomato.

Table (11) indicates the effect of storage for 90 days
on Lindane residues in some preserved producs of apple and
tomato that processed immediately after treatment .and after
15 days later as a safety interval post-treatment. Results



Table (11) Effect of storage for three months on Lindane
residues in some preserved products of apple and tomato

Lindane residues (ug/Kg)

Preserved Rl ===
products Processed directly after treatment Processed after 15 days of treatment
Before stgrage After stogage Reduction™™ Before,s}orage After stgrage Reduction ™
Residues - SD Residues - SD % Residues- SO Residues- SO %
3333ttt 33 1ttt ittt it ittt ittt i3ttt ittt i1ttt ittt -ttt 1+ttt -ttt
Apple
Pasteurized juice 49.9 I 3.9 9.5 I 0.4 80.9 20.7 ¥ 2.3 7.3 1.0 64.8
Sterilized juice 40.4 I 1.7 7.3 T 0.4 82.0 9.2 % 1.2 5.7 0.4 38.2
Apple jam 17.6 + 1.6 4.1 + 1.2 76.6 11.2 + 1.0 4.0 + 0.6 64.0
Tomato
Pasteurized juice 66.8 ¥ 1.1 199 ¥ 1.7 70.2 3.8%¥2.8 13.8 2.6 62.5
Sterilized juice 30.9 I 2.5 10.1 ¥ 1.0 67.7 non-detect™™*  non-detect*** -
Concentrated juice 43.9 ¥ 2.0 10.3 ¥ 1.6 76.5 30.0 T 1.1 5.6 1.6 B1.3
Tomato puree 26.6 I 2.3 18.3 * 3.5 31.2 20.9 1.1 13.6 b 2,6 34.9
X The data are mean values and standard deviations of three parallels. -
xx Reduction percent = Initial residues - Found residues / Initial residues X 100 - -3
xxx Non-detectable: below the detectable limit of the used gas-chromatography technique (10 " ng/ul) .

- 1L
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showed that storage period for three months reduced 81%, 82%
and 77% of Lindane residues before storage 1in pasteurized
apple Jjuice, sterilized apple Jjuice and apple jam,
respectively, immediately after Lindane application, as well
as, 65%, 38% and 64% of Lindane residues were reduced by
storage of the same above mentioned preserved products,
respectively, after 15 days of Lindane application.

The influence of storage period for 90 days on Lindane
residues in some preserved products of tomato is shown in
table (11). Similar reduction effects on Lindane residues
were occured by storing some preserved products of taomato
for three months. Storage of tomato products eliminated 70%,
68%, 77% and 31% of Lindane residues before storage in
pasteurized juice, sterilized juice, concentrated juice and
tomato puree, respectively, immediately after treatment, as
well as, storage of tomato products processed after 15 days
of Lindane application reduced 63%, 81% and 35% of residues
before storage in pasteurized juice, concentrated juice and
tomato puree, respectively. No detectable residues were
measured in sterilized juice before or after storage.

Reduction of residue levels by storage was controlled by
several factors, such as, storage conditions, 1length of
storage period, stability of compounds during storage
period, nature of stored products and the reference point of
residues before storage (Polen, 1971). The obtained results
are in agreement with findings reported by many
investigators, storage of tomatoes for 7 days at 13 c® has
no significant reduction in DDT or Carbaryl residues, as
well as, Malathion residues decreased under the same storage
conditions (Polen, 1971). Storage of potatces at room
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temperature for 10-20 weeks approximately reduced half of
Thifanox residues (Wei-Tsungchin et al., 1976). Also, the
obtained data are in a harmony and supported our findings
(Bessar et al., 1990 a; 1992 b) concerning the effect of
storage on Lindane residues in different preserved products
of apple and tomato, storage for three months at room
temperature occured different reductions in residue 1levels
of Lindane in some preserved products of apple and tomato
and the variation 1in these reductions may due to the
reference point of Lindane residues before storage, nature
and type of preserved product and stability of Lindane 1in
the stored product during storage period.

4.4.2 Effect of Storage for three months on Mancozeb re-

sidues in some preserved products of apple and

tomato

The influence of storage on residue levels of Mancozeb
in preserved products of apple and tomato immediately after
application and after safety period for 15 days
post-treatment is shown in table (12).Data indicated that
storage for three months reduced 36%, 64% and 44% of
Mancozeb residues before storage in pasteurized apple Juice,
sterilied apple juice and apple Jjam, respectively, which
processed directly after Mancozeb application. Similar
declination in residue levels of Mancozeb was occured by
storage of apple products which processed after 15 days of
treatment, where 37%, 48% and 46% of Mancozeb residues
before storage were reduced in pasteurized Jjuice, sterilized
juice and apple }jam, respectively.



Table (12) Effect of storage for three months on Mancozeb
residues in some preserved products of apple and tomato

Mancozeb residues (mg/Kg)

Preserved = = — ———=meeem e e e e tnintateiitatadeitty
products Processed directly after treatment Processed after 15 days of treatment
‘Before storage After stopage Reduction™ Before sjorage After storage Reduction
Residues - S0 Residues - SD % Residues- SD Residues- SD %
Apple
Pasteurized juice  3.42 Y 0.24 2.20 f0.10 35.7 2.9220.16 1.83%0.22 37.3
Sterilized juice 3.2 0,20 1.16 $0.07 64.2 2.01 £ 0.16 1.04 £ 0.03 48.3
Apple jam 0.73 £0.03 0.41 20.02 43.8 0.55 £ 0.04 0.30 20.02 45.6
JTomato
Pasteurized juice 1.90 ¥ o0.11 1.29 T0.14 321 1.70 2 0.00  1.2120.06 29.2
Sterilized juice 1.23 £0.13 0.92 fo0.01 25.2 1.06 £ 0.046 0.80 £0.03 24.5
Concentrated juice 1.58 £0.13 1.11 20.06 29.8 1.23%0.05 0.8920.01 27.6
Tomato puree 1.10 f£o0.02 1.02 ¥0.02 7.3 0.88 £ 0.02 0.81 Z0.01 8.0

X The data are mean values and standard deviations of three parallels.
xx Reduction percent = Initial residues - Found residues / Initial residues X 100 .

- 17L -
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Data in table (12) indicate the effect of storage period
for three months on Mancozeb residues 1in some preserved
products of tomato immediately after application and after
‘the safety waiting period for 15 days post-treatment.
Storage period for 90 days reduced 32%, 25%, 30% and 7% of
Mancozeb residues before storage in pasteurized Jjuice,
sterilized juice, concentrated Jjuice and tomato puree,
respectively, directly after application. As for, the effect
of storage on Mancozeb residues in tomato products processed
after 15 days of application, storage period for 90 days
reduced 29%, 25%, 28% and 8% of Mancozeb residues before
storage in the above mentioned tomato ‘products,
respectively.

4.4.3 Effect of storage for three months on Zineb residue

levels in some preserved products of apple and

tomato

Data presented in table (13) indicate the influence of
storage period for three months on residue levels of Zineb
in some preserved products of apple and tomato directly
after application and after safety waiting period for 15
days post-treatment.

Storage of apple products processed directly after Zineb
application for three months reduced 28%, 23% and 21% of the
residue levels before storage in pasteurized juice,
sterilized juice and apple jam, respectively, as well as,
31%, 29% and 34% of Zineb residues before storage were
eliminated by storage of the same above products
respectively, that processed after 15 days of application.



Table (13) Effect of storage for three months on Zineb
residues in some products of apple and tomato

Zineb residues (mg/Kg) !

Preserved @ =w-cecmcmcmcrc e m e m e e e e e ————— ——— ,
products . Processed directiz-fffff-fffatment B Processed_ffter 1§ days of treatment I
Before storage After storage Reduction®® Before storage After storage Reduction™
Mean ¥ sDX Mean X sDX % Mean = SDX Mean I sD* %

Apple

Pasteurized juice  1.93 *0.09 1.39% 0.06 27.98 1.71 * 0.06 1.18 £0.03 30.99

Sterilized juice  1.69 £ 0.06 1.31% 0.06 22.49 1.4120.02 1.002%0.02 29.08

Apple jam 0.77 *0.05 0.61% 0.05 20.78 0.5 £0.05 0.33%0.01 34.00
Jomata

Pasteurized juice 2.07 £ 0.03 1.28% 0.08 38.16 1.26 £ 0.24  0.79 2 0.03 27.30

Sterilized juice 1.13 *0.02 0.83% 0.02 26.55 0.78 £ 0.03 0.64 £0.05 17.95

Concentrated juice 1.21 *0.10 0.87% o0.08 28.10 0.95 ¥ 0.046 0.71 20.10 25.26

Tomato puree 1.00 *0.05 0.82%f 0.02 18.81 0.54 £0.08 0.3820.02 29.63

X The data are mean values and standard deviations of three parallels.
xx Reduction percent = Initial residues - Found residues / Initial residues X 100 .

- 9L -
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Storage of tomato products for 90 days reduced 38%, 27%,
28% and 19% of Zineb residues before storage in pasteurized
Juice, sterilized juice, concentrated juice and tomato puree
respectively. As regards to the incidence of storage period
for 90 days on Zineb residues in tomatoc products that
processed after 15 days of Zineb application. Storage of
pasteurized juice, sterilized juice, concentrated juice and
tomato puree reduced 27%, 18%, 25% and 30% of Zineb residues
before storage, respectively.

The obtained results are in agreement with findings of
many investigators, Gorelik et al., (1973) reported that
storage of apple compote for 6 months reduced more than half
of the fungicide Imidian, as well as, prolonging storage
periocd to 12 months approximately reduced all Imidan
residues. Storage of various fruits for few weeks minimized
residue levels of Zineb below 0.2 mg.kg_1 (vidacs, 1974) as
well as, storage of different preserved products of orange,
guava and tomato declined the residue levels of Malathion,
Dimethoate, Carbaryl and Methomyl in the products that
processed after 15 days and 21 days of their applications
(Bessar, 1984). Storage of tomatoes for 15 days and bell
pepper for 12 days reduced approximately half of Imazalil
residues (King et al., 1988) as well as, Maybury (1989)
reported thaf residues of pesticide normally dissipate
during commercial processing, storage and transport of
contaminated commodity. As regards for storage condition,
Gasztonyi et al., (1975) reported that home preparations,
processing and storage reduced residues of Orthocide, Zineb,
Maneb and Dithane in vegetables and fruits, as well as,
pesticide decomposition rate tends to increase with
increasing storage temperature.
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In accordance with (Bessar et.al., 1992 b) and the
obtained results concerning the effect of storage on residue
levels of Lindane, Mancozeb and Zineb, it could be concluded
that, in spite of the reference point of residues in apple
and tomato products were below the established MRLs of these
pesticides before storage, storage also 1lowered these
remaining residue levels to be mere traces of corresponding
MRLs.

4.5 Incidence of waiting safety period post application

on residue levels of Lindane, Mancozeb and Zineb on

apple and tomato fruits

Many European countries and America were devoted
considerable care over the last twenty years to settle up
the safety period for each applicable agrochemicals
especially pesticides and growth regulators to save the
hygienic foods free from hazardous residues (Cabras et al.,
1988). Maximum Residue Limit (MRL) is the essential
criterian for setteling up the safety waiting period for
each pesticide, in addition to the number and rate of
applications, climatic conditions, stability of applied
pesticide and the nature of plant foods.

The influence of waiting safety period for fifteen days
on residue levels of Lindane, Mancozeb and Zineb on unwashed
and washed fruits of appel and tomato is given in tabel
(14).

Lindane residues were declined after the safety waiting
period for 15 days post-treatment, where 54% and 61% of
residue levels on unwashed and washed apple fruits were
reduced after elapsing the safety period, as well as, 24 %



Table (14) Effect of waiting safety period post application on

residue levels of Lindane, Mancozeb and Zineb on apple and tomato fruits

Lindane residues ug.kg'l Mancozeb residues mg.kg'l
Days = = soeeemmmemmceee e -
after . Unwashed fruits Washed fruits Unwashed fruits Washed fruits
E=Te o2 S I ittt ettt T
cation Residues Reduct. Residues Reduct. Residues Reduct. Residues Reduct.
Mean* SD - % Meant SD % Meant SD % Meant SD
Apple
Zero time
(Directly after
application)  123.8%}¢.8 0.0 109.9F 4.0 0.0 8.02% 0.38 0.0 s.6ut0.42
Fifteen days '
after appli- 57.1%4.5 53.9 43.1*X 9.0 60.8 7.40%0.25 7.7 5.09%0.13
cation
Tomato
Zero time
(Directly after
application) 195.0616.3 0.0 133.6+10.4 0.0 5.87+1.06 0.0 3.45%0.32
Fifteen days +
after appli- 148.8= 7.2 23.9 119.2%+13.1  10.8 4.61 X0.06 21.5 2.51*0.16

cation

0.0

9.8

0.0

27.3

Zineb residues mg.kg'l

Residues Reduct.

Unwashed fruits
Ressidues Reduct.
Meant SD % Meant SD %
7.39%0.36 0.0 3.8 0.5 0.0
6.17* 0.53 16.51 3.02X0.83 21.4
9.30%0.2 0.0 4.96t0.19 0.0
5.99+0.09 35.59

3.5710.03 28.0

x The data are mean values and standard deviations of three parallels

xx Reduction % = Initial residues - found residues/Initial residues x 100

_6L_



and 11% of Lindane residues on unwashed and washed tomato
fruits were removed after 15 days post-treatment.

Residue levels of Mapcozeb were sligthly decreased after
elapsing the safety interval post-treatment, where 8% and
10% of Mancozeb residues on unwashed and washed apple fruits
were eliminated after 15 days of application, as well as,
21% and 27% of Mancozeb residues on unwashed and washed
tomato fruits were reduced after 15 days post-treatment.

Zineb residues after elapsing the safety intérval for 15
days post-treatment showed the same behaviour of Mancozeb
residues at end of the safety interval, where the residue
levels of Zineb on unwashed and washed apple fruits were
reduced by 17% and 21%, as well as, 36% and 28% of Zineb
residues on unwashed and washed tomato fruits were reduced
after 15 days of Zineb treatment.

The variations in removal rate of Lindane residues from
apple and tomato fruits after elapsing the safety interval
for 15 days post-treatment may due to the reference point of
residues deposited on surface of apple and tomato fruits,
the polarity and lipophilic characters of Lindane and the
wax content of fruit surface. Therefore these above
mentioned factors may help to interpret that Lindane
residues on tomato fruits were higher than that residues on
apple fruits, as well as, removal of Lindane residues after
the waiting interval was higher from apple fruits than from
tomato fruits. The obtained results in table (14) indicated
obviously that remaining residues of Mancozeb and Zineb
after elapsing the safety interval for 15 days
post-treatment reflect the opposite behaviour of
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in comparison with Lindane behaviour during the waiting time
on apple fruits and on tomato fruits. Also, resQlts confir-
med that surface of tomato fruits was positive for bounding
Lindane residues and negative for bounding dithiocarbamate
residues, as well as, apple fruits were negative in keeping
Lindane residues and positive for keeping dithiocarbamate
residues. ’

According to the obtained results and earlier findings
of Lubkowit et al.,(1973), Viddcs (1974), Albach and Lime
(1976), Bognar (1977), Dogheim et al.,(1981), Cabras et
al., (1985), Ferreira et al.,(1987), Cabras et al., (1988)
and Bessar et al., (199la,b,d) it could be confirmed that
the safety interval between application and harvest time
plays an essential role on removing a portion of residues
accumulated on vegetables and fruits, and the above outline
data manifestly verify that waiting safety period for 15
days after application of Mancozeb and Zineb and washing
before freshly eating of apple and tomato fruits are enough
for human consumption, as well as, this safety interval and
washing are enough to ,remove Lindane residues from apple
fruits to be safe for human consumption, at the same time,
15 days after Lindane application and washing of treated
tomato fruits are not sufficient for human consumption.

Residue levels of Lindane, Mancozeb and Zineb in apple
and tomato products after elapsing the safety period for 15
days post-treatment were compared with their established
MRLs as shown in table (15) and illustrated in fig (5). The
obtained data obviously indicated that reference point of
Lindane, Mancozeb and Zineb in unprocessed fresh Jjuices of
apple and tomato were within the established MRLs of these



Table (15) Residue levels of Lindane, Mancozeb and Zineb in apple and
tomato products after waiting safety period for 15 days post application and before harvesting.

Established Apple products Tomato products
Pesticides MRLs_l Fresh Sterilized Pasteurized Apple Ffresh Sterilized Concentrade Pasteurized Tomato
mg.kg juice Jjuice Juice Jam Juice juice Juice Juice puree

Chlorinated hydrocarbon insecticide

Lindane 0.1 ) (-) (-) (-) (+) (-) (-) (=) (=)
Dithiocarbamate fungicides
Mancozeb 7.0 (-) (-) -) ) ) -) ) (- ()
Zineb 5.0 (-) () () ) (=) (-) (=) (<) (=)
MRL = Maximum Residue Limits established by CCPR in 1984.
(+) = Over CCPR MRL.

(-)

Below CCPR MRL.

é8
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pesticides, even in the case of fresh tomato juice, Lindane
residue (105 ug.kg_l) is not significantly higher than its
established MRL (100 ug.kg_l). According to above outlined
data, it could be concluded that residue levels of Lindane,
Mancozeb and Zineb in the preserved products of apple and
tomato after elapsing the safety period for 15 days
post-treatment are below the established MRLs for these pes-
ticides and these preserved products are valid for human
- consumption without any hazardous side effects.

Finally, it could be recommended that, when Lindane, Man-
cozeb and Zineb were applied on apples and tomatoes with the
widely used field concentrations.

Waiting safety period for fifteen days after Mancozeb and
Zineb application and washing apple or toamto fruits with
water are enough to lower residue levels to be within the
established MRLs and valid for human consumption (Fig. 5).

Waiting safety period for 15 days after Lindane application
and washing apple fruits with water before freshly eating
are enough to remove Lindane residues to be within the es-
tablished MRL for Lindane and also to be safe for human con-
sumption, as well as, the same waiting safety period after
Lindane application and washing tomato fruits with water are
not sufficient to reduce the residue levels to be within the
established MRL for Lindane or to be safe for human con-
sumption, therefore washing of tomato fruits for several
times with water or washing with hygienic detergent may
lower the residue levels to be safe for human consumption.

Processing of apple and tomato fruits to various pro-
ducts reduced the residue levels of Lindane, Mancozeb and
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Zineb below their established MRLs and valid for human con-
sumption without any hazardous effects. (Fig. 5 )

Storage of the preserved products of apple and tomato
for three months minimized the residue 1levels of Lindane,
Mancozeb and Zineb to be mere traces in comparison with
“their established MRLs by CCPR (1984).

4.6 Effect of some preservation methods and storage on

Lindane decomposition.

The fate of Lindane residues during food processing,
food storage and during the safety intervals in general has
proved to be a complex problem. The decrease in Lindane re-
sidues during processing or storage is not yet a guarantee
of toxicological safety, it is of great importance to know
and identify the transformation products. Also, reduction in
residue levels of Lindane is not yet detoxification, there-
fore we could not ignore any degradation product from the
appearance of pentachlorocyclohexane (pccH) as one of Linda-
ne degradation intermediate till the formation of Chloroben-
zenes (CB), since from the toxicolagical aspects, CB may of
similar toxicity to Lindane itself (Jurij and Malnersic,
1982).

The U.S. Environmental Protection Agency (EPA) requires
transformation data in order to answer the question: "What
is the chemical residue in food?" and "what is the toxicolo-
gical risk of these residues?" Two types of transformation
data are required: data on plantfoods and on experimental
animals, plant metabolism data characterize the nature of
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the residue that occurs in crops intended for human as a
food or an animal feed, as well as, data on experimental
animals verify the biological effects of these residues. EPA
chemists and toxicologists use the results of transformat-
ion or metabolism studies to determine which metabolites are
of concern and need to be included in the tolerance or MRL
values. Metabolites are included in the tolerance, depending
on their toxicological significance, the percent and magni-
tude of the residue and the availability of methodology to
determine the metabolite (Trichilo and Schmitt, 1989).

The transformation of ¥ -BHC (Lindane) in the environ-
ment proceeds by (1) dehydrogenation and hexachlorocyclo-
hexene (HccHE) formation, (2) dehydrochlorination and
pentachlorocyclohexene (PccHE) formation, (3) Isomerization
to other BHC isomers (.R,®-BHC), (4) transformation to
hexachlorabenzene (HcB) and (5) furher degradation to
chlorinated benzenes (CB) and phenols (Cp) and
dechlorination to nearly free chlorine compounds (Engst et
al., 1979) as shown in fig (6).

This presentation highlights farily- extensive documen-
tation on the importance of the present work for following
the fate of pesticides during food preparation. The aim of
this pointed study to identify some of Lindane metabolites
which commonly appeared during processing and storage of
apple and tomato products. ’

Gualitative identification for <chlorobenzene (cB),
1,4-dichlorobenzene (DCB) and 1, 3, 5-Trichlorobenzene (TCB)
as stable final metabolites were run using GC with ECD under
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the same conditions followed in Lindane determination as
shown in fig. (7). CB, DCB and TCB are the widely detected
metabolic products on unwashed fruits after elapsing the sa-
fety interval for 15 days after Lindane application on app-
le and tomato as shown in fig. (8) and the appearance of
these Lindane metabolites resulted from the expousure of pa-
rent bompound topweather degradation expecially photodegra-
dation. The obtained results obviously confirme that pro-
cessing of apple and tomato to vérious products has the ef-
fective influence on Lindane transformétion, where CB,0CSB
and TCB usually appear in the presence of parent compound or
at least two of them, as well as, in sterilized tomato Jjuice
after 15 days of Lindane application, the parent compound
disappeared in the presence of these metabolites, respecti-
vely, as clearly shown in fig. (8). During storage of pre-
served products of apple and tomato slight transformation of
Lindane was observed, where all of above mentioned metabo-
lites or some of them appeared in the presence of Lindane
traces except in case of sterilized tomatoc juice as shown in
fig (9).

The obtained data are in agreement with many earlier re-
sults concerning the degradation of Lindane and other Cth-.
rinated hydrocarbon compounds during processing and storage:
of plantfoocds. In the extract made 4 hr. post-contact of
meat with Lindane ( ¥ -BHC) at room temperature, the PCCHE
as the first intermediate product was detected.Cooking and
processing of meat with PccHE, degraded PCCHE to CB, DCB and
TCB (Jan and Malnersic, 1982), and at 180 C° this deg-
redation is more significant (Stein et al., 1977). According
to the data of fig. (8, 9) and findings of Jagnow et al,
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Table (16) Metabolic products of Lindane identified in
soil microbes and in plants (Engst,et al.,1979)

References
Lindane metabolite In soil micrabes In plants.
1,2,3,5-TeCB Haider & Jacknow (1975), Balba & Saha (1974)
Saha (1975 and 1977)
1,2,4,5-TeCB Mathur & Saha (1975 and 1977) Balba & Saha (1974)
2,3,4,5-TeCP A
2,3,4,6-TeCP Engst et al. (1977) Balba & Saha (1974)
TC8 Jagnow et al.(1977)
1,2,3-TCB Engst et al.(1977),
Haider & Jagnow (1975), Balba & Saha (1974)
Mathur & Saha (1975)
1,2,4-TCB Engst et al.(1977a), Balba & Saha (1974)
Haider & Jagnow (1975),
Mathur & Saha (1975 and 1977)
2,3,4-TCB Engst et al. (1977a) Balba & Saha (1974)
2,3,5-TCP
2,4,5-TCP Engst et al. (1977a) Balba & Saha (1974)
2,4,6-TCP Engst et al. (1977a)
1,2-0CB Engst et al. (1977a) Balba & Saha (1974)
1,3-DC8B Mathur & Saha (1977)
1,4-0DCB Engst et al. (1977a) Balba & Saha (1974)
Mathur & Saha (1977)
Dichlonocyclo-
hexadientriol
2,3-0DCP Balba & Saha (1974)

2,4-0CP Balba & Saha (1974)
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(1977), it is clear that anaerobic degradation of HcH is
faster than 3erobic¢ degradation because under the optimun an-
aerobic conditions fast dehydrogenation takes place yielding
TeCCH, as well as, under aerobic conditions, a slower de-
composition by dehydrochlorination to pccH occurs. Food com-
position has significant influence on degradation of Lindane
(fat content, acidity of food and protein content) during
storage of preserved products (Chadwich et al., 1973).

As reported in the present investigation that CB8,0DCB
and TCB are widely detected, also, it was reported previous-
ly by many authors that the same mentioned metabolites were
detected in many cases as shown in table (16).

According to the obtained data and previous findings of
(Bessar et.al.,1989 b) it could be concluded that the main
detected metabolic products were Chlorobenzene,
Dichlorobenzene and Trichlorobanzene as a result of Lindane
degradation during processing and storage of apple and
tomato products after 15 days of Lindane application. Also,
future long term studies are required for quantitative
determination of these 1identified metabolic products, as
well as, toxicological studies are needed in order to assay
the biological effects of these identified metabolic
products.
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5. Summary

Summary and Conclusion

In continuation to the scientific efforts for elucidat-
ing the negative side effects of environmental toxicants and
to avoid their hazardous effects on human beings and other
domestic animals. This study was designed to investigate the
effect of commercial home preparations and some technologi-
cal processes on residue levels of Lindane, Mancozeb and Zi-
neb on apple and tomato fruits and in their processed pro-
ducts.

Results can be summarized as follow:

1. Removal of Lindane, Mancozeb and Zineb residues from

apple and tomato by commercial home preparations.

Simple washing with tap water, washing with detergent, wash-
ing plus peeling and juice extraction reduced from 25% to
65%, from 30% to 62% and from 48% to 71% of Lindane, Manco-
zeb and Zineb residues found on unwashed apple fruits di-
rectly after application, and from 25% to 50%, from 31% to
66% and from 51% to 67% after 15 days of application for the
same pesticides, respectively. Simple washing, washing with
detergent and juice extraction reduced from 32% to 45%, from
41% to 56% and from 47% to 65% of Lindane, Mancozeb and
Zineb residues found on unwashed tomato fruits directly af-
ter application and from 20% to 56%, from 46% to 66% and
from 44% to 64% of the residue levels found after 15 days of
application, respectively.
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2. Effect of food preservation methods on Lindane, Man-

cozeb and Zineb residues in some products of apple and

tomato.

Preservation of fresh apple juice by pasteurization and ste-
rilization reduced 38% and 50% of Lindane residues, 28% and
32% of Mancozeb reisudes and 11% and 22% of Zineb residues
measured in unprocessed juice directly after application,
and after 15 days of application, preservation by pasteuri-
zation and sterilization reduced 46% and 76% of Lindane re-
sides, 34% and 55% of Mancozeb residues and 17% and 32% of
Zineb residues determined in unprocessed apple Jjuice, res-
pectively. Preservation of peeled apples as an apple jam re-
duced 80% and 61% of Lindane residues, 76% and 78% of Manco-
zeb resides and 73% and 76% of Zineb residues immediately
after application and fifteen days later. Preservation of
fresh tomato juice by pasteurization, concentration by heat-
ing and sterilization caused a reduction ranged from 39% to
72%, from 33% to 57% and from 37% to 66% in Lindane, Manco-
zeb and Zineb residues ,respectively, directly after appli-
cation, and after fifteen days of application, reduction
percents ranged from 65% and 100%, from 20% to 43% and from
44% to 66% in residue levels of Lindane, Mancozeb and Zineb,
respectively. Manufacturing of tomato juice to tomate puree
reduced 76% and 80% of Lindane residues, 61% and 59% of
Mancozeb residues, and 69% and 76% of Zineb residues
directly after application and after 15 days post-treatment,
respectively.



3. Influence of storage for three months on residue le-

vels of lindane, Mancozeb and Zineb in some preserved

products of apple and tomato.

Storage of pasteurized and sterilized apple Jjuices and an
apple jam for 90 days reduced 81%, 82% and 77% of Lindane
resides; 36%, 64% and 44% of Mancozeb residues and 28%, 23%
and 21% of Zineb fesidues, respectively in comparasion with
residue levels before storage of these products which were
processed directly after application. Reduction percents in
residue levels ranged from 38% to 65% for Lindane, from 37%
to 48% for Mancozeb and from 29% to 34% for Zineb in the
same mentioned apple products which were processed after 15
days of application. Storage of pasteurized, sterilized,
concentrated tomato juices and tomato puree occured a re-
duction in residue levels ranged from 31% to 76% for Linda-
ne, from 7% to 32% for Mancozeb and from 19% to 38% for Zi-
neb, respectively in comparasion with residues before stora-
ge of these products which were processed immediately after
application, and ranged from 35% to 100%, from 8% to 29% and
from 18% to 37% for the same pesticides, respectively, be-
fore storage of the same preserved tomato products which
were processed after 15 days of treatment, respectively.

4. Incidence of waiting safety period between application

and harvest time on residue levels of Lindane, Manco-

zeb and Zineb on apple and tomato fruits.

Waiting safety period between pesticide application and har-
vest time caused various reductions in residue 1levels of
Lindane, Mancozeb and Zineb on unwashed and washed apple and
tomato fruits. Waiting period for 15 days post application
reduced 54% and 61% of Lindane residues found on wunwashed
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and washed apple fruits directly after application, and 24%
and 11% of Lindane residues were reduced by the same safety
interval from unwashed and washed tomato fruits. Safety 1in-
terval for fifteen days reduced 8% and 22% of Mancozeb resi-
dues and 17% and 36% of Zineb residues from wunwashed apple
and tomato fruits, where 10% and 27% of Mancozeb residues
and 21% and 28% of Zineb residues were removed by waiting
for 15 days post application from washed apple and tomato
fruits.

5. Becomposition of Lindane to various metabolic pro-

ducts.

Decomposition of Lindane to its metabolic products during
processing, storage of apple and tomato products, and during
the recommended safety interval was studied. Mono-
chlorobenzene, Dichlorobenzene and Trichlorobenzene were the
widely detected metabolic products of Lindane after el-
pasing the safety interval on fruits, after processing and
after storage of apple and tomato products.

It could be concluded that, when Lindane, Mancozeb and
Zineb were applied on apples and tomatoes with the widely
used field concentrations.

Waiting safety period for fifteen days after Mancozeb and
Zineb application and washing apple or tomato fruits with
water are enough to lower residue levels to be within the
established MRLs and valid for human consumption.

Waiting safety period for 15 days after Lindane application
and washing apple fruits with water before freshly eating
are enough to remove Lindane residues to be within the es-
tablished MRL for Lindane and also to be safe for human con-
sumption, as well as the same waiting safety period after
Lindane application and washing tomato fruits with water are
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not sufficient to reduce the residue levels to be within the
established MRL for Lindane or to be safe for human con-
sumption, therefore washing of tomato fruits for several
times with water or washing with hygienic detergent may lo-
wer the residue levels to be safe for human consumption.

Processing of apple and tomato fruits +to various pro-
ducts reduced the residue levels of Lindane, Mancozeb . and
Zineb below their established MRLs and valid for human con-
sumption without any hazardous effects.

Storage of the preserved products of apple and tomato
for three months minimized the residue 1levels of Lindane,
Mancozeb and Zineb to be mere traces 1in comparison with
their established MRLs by CCPR in 1984.
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