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FOREWORD

Current trends in population have led to intensified agricultural practices with
concomitant growing use of agrochemicals, particularly in developing countries. Increasing
use of pesticides has greatly aided crop production, protected man from diseases, decreased
losses of stored grains and has generally improved man's welfare. Pesticides are an essential
element in agricultural production and there is little doubt that their use will continue to
increase as more food is demanded. Therefore, every effort has to be made to ensure safety
in use. This requires adequate monitoring programmes for residue levels in food products
and the agricultural environment.

In 1989, the FAO/IAEA Joint Division, recognizing the need for co-ordinated research
on the effect of processing on pesticide residues in foods, established a 5-year Co-ordinated
Research Programme on Radiotracer Studies to Reduce or Eliminate Pesticide Residues
during Food Processing. In initiating this programme, the Joint Division recognized that
major knowledge gaps exist in the subject area that, if filled, would greatly aid developing
countries in their efforts to safely and effectively utilize pesticide chemicals to maximize food
production. This TECDOC reports on the accomplishments of this programme.
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SUMMARY

Oil-bearing plants often receive heavy pesticide treatments. Many pesticides are
relatively lipophilic so their residues partition into lipid components, leading to appreciable
concentrations in crude oils. Simulated commercial processing procedures used for refining
the crude oils showed that many practices remove substantial quantities of the residue; some
resulting in complete elimination. Deodorization is particularly efficient in removing
organochlorine residues while alkali treatment is effective in reducing organophosphate
residues in crude oil, possibly through hydrolysis.

It is important to study residues that have aged on or in the plants rather than fortified
samples, as several practices showed differences in quality and quantity of the residue. Some
of the procedures can be modified to remove more residues but at higher cost which would
not be justified. Based on these studies, there is the opportunity for pesticide treatments to
be chosen on the basis of local refining processes.

In tomato processing, some processes such as sieving were particularly efficient in
removing certain pesticide residues.
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EFFECTS OF PROCESSING OF CRUDE SOYBEAN OIL
ON "C-CHLORPYRIFOS RESIDUES
N. TAYAPUTCH, R. SITAYOUNG, W. THANGNIPON
Division of Agricultural Toxic Substances,
Department of Agriculture,
Bangkok, Thailand
Abstract

Under conditions similar to those used hi practice, soybean seeds were treated
postharvest with 14C-chlorpyrifos. After 3 months in storage, total residues declined to 7.34
mg/kg. The major portion of this residue (67%) could be washed off with water; methanol-
extractable and bound residues accounted for 31% and 2% respectively.

The crude oil was gained from the seeds by n-hexane extraction, and subjected to four
processes used commercially for the refinement of the oil. While degumming removed 5%
of the residue, alkali treatment removed 50%. Bleaching had practically no effect on the
residue while steam distillation (deodorization) reduced the residue by a further 25 % ; total
>80%. In the refined oil, <5% of the residue was in the form of the hydrolysis product
3,5,6-trichloro-2-pyridinol. It is concluded that industrial processes are highly effective in
removing chlorpyrifos residues from crude soybean oil.

1. INTRODUCTION

Public concern over pesticide residues in food has been increasing during recent
decades. The surveys carried out by the Department of Agriculture, Thailand, from 1972
to 1981 on more than 3000 samples of agricultural produce revealed that a large number of
samples contained pesticide residues. Seeds and grains such as rice, corn, mungbean and
soybean are generally treated in storage with an insecticide for protection against stored grain
pests. Chlorpyrifos is one of the chemicals recommended for use on soybean. Previous
experiments on postharvest treatment of soybean with chlorpyrifos have shown that residues
remaining after 2 months exceeded the MRL recommended by FAO/WHO (1).

The purpose of this study was to determine whether chlorpyrifos residues in soybean
oil can be reduced through processes of refinement used in industry.

2. MATERIALS AND METHODS

2.1. Chemicals
14C-chlorpyrifos [0,0-diethyl-0-(3,5,6-trichloro-2-pyridyl)phosphorothioate] labelled

'at positions 2 and 6 in the ring was obtained from the Hungarian Institute of Isotopes,
IZINTA, Budapest, Hungary. The chemical had a specific activity of 1.09 MBq/mg (382.95
MBq/mmol) and radiochemical purity by TLC 98%. Commercial chlorpyrifos (lorsban 20%
EC) was supplied by Dow Elanco.

2.2. Pesticide application

5.3 MBq of 14C-chlorpyrifos were mixed with lorsban (active ingredient 30 mg) in
10 ml acetone and 10 ml water, for treatment of 2 kg seeds. This concentration



corresponded to the recommended application rate. The specific activity of the final
preparation was 0.152 MBq/mg. The solution was sprayed directly onto seeds by a TLC
sprayer. After air drying, the seeds were kept in a closed container and stored in the dark
at room temperature for 3 months.

2.3. Sampling

Following a thorough mixing of the seeds, samples were taken at 0, 15, 30, 45, 60,
75 and 90 days for determination of surface, extractable, non-extractable and total residues.
For processing into crude oil, a large sample was taken at the end of 3 months.

2.4. Radioactivity in seeds

Surface, methanol extractable, bound and total residues were determined according
to a standard procedure (2).

2.5. Processing into crude and refined oil

2.5.1. Preparation of crude oil

Crude soybean oil was obtained by extraction of ground soybean seeds with n-hexane.
The oil gained represented 16% of the seed weight.

2.5.2. Processing into refined oil

The four processes used for the production of refined oil commercially were simulated
in the laboratory.

2.5.2.1. Degumming: Crude oil weighing 320 gm was placed into 500 ml beaker
on a hot magnetic stirrer. Steam was passed through the crude oil for 60 min with
continuous stirring. The mixture was centrifuged, filtered and the oil and gums were

,-separated, combusted and counted for radioactivity.

2.5.2.2. Neutralization: The acid value of the degummed oil was determined and
the amount of NaOH necessary for neutralization was added. The mixture was heated at
60°C with vigorous stirring for 40 minutes. The neutralized oil was transferred into a
separatory funnel, and washed with hot water (80°C) several times until pH of the washings
became 7. The neutralized oil and washings were counted separately.

2.5.2.3. Bleaching: The neutralized oil was transferred into a round bottom flask
and heated to 85°C. Fuller's earth (5%) was added, pressure adjusted to 0 mm Hg, and
temperature was increased to 100°C with continuous stirring for 30 min. The bleached oil
was filtered, while hot, and analyzed for radioactivity.

2.5.2.4. Deodorization: The bleached oil was transferred into a three-neck round
bottom flask and heated to 240-260°C. Steam was passed through the oil under pressure (2-5
mm Hg) for 3 hours. The clear oil obtained was analyzed for acid and peroxide values, soap
content, colour and radioactivity was measured (3).
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2.6. Determination of chlorpyrifos metabolites

The oil obtained after each process was analyzed for 14C-products using TLC. About
3 mg of the oil dissolved in 1 ml of acetone : hexane (1:5) were applied on a TLC plate and
developed in benzene : 1,4 dioxane : acetic acid (90:25:4). This system provides a good
separation of chlorpyrifos and its major metabolite, 3,5,6-trichloro-2-pyridinol and enables
quantification of relative percentage of 14C-residues.

3. RESULTS AND DISCUSSION

3.1. Terminal residues

Table I shows that a major portion of the residue could be washed off with water.
Penetration into the seed took place slowly and methanol-extracted residues accounted for
approx. 30% of the total residue after 3 months. Binding of radiocarbon was very low.
After 90 days, the total residue was 41 % of the applied dose.

TABLE I: Surface, extractable and non-extractable 14C-residues in stored soybean seeds

Sampling time
(days)

0

15
30

45

60

75

90

Residues (ppm)

Total

17.75 ± 1.97

14.96 ± 2.14

12.60 ± 1.30

10.48 ± 0.55

8.40 ± 0.29

8.82 ± 0.34

7.34 ± 0.25

Surface

17.73 ± 2.11

14.30 ± 1.87

11.94 ± 1.12

8.40 ± 0.66

6.31 ± 0.22

6.84 ± 0.21

4.98 ± 0.26

Extractable

0

0.63 ± 0.10

1.41 ± 0.04

2.05 ± 0.10

1.98 ± 0.04

1.89 ± 0.04

2.25 ± 0.25

Non-
extractable

0

0
0

0

0.16 ± 0.03

0.12 ± 0.02

0.19 ± 0.03

Data are means of 3 replicates ± S.D.

3.2. Residues in processed oil

The crude oil had a yellow colour and its radioactivity content corresponded to 7.24
ppm. Table II shows that crude oil lost <5% of its radiocarbon through degumming.
Neutralization followed by washing reduced the residue substantially (almost 50%), while
bleaching had practically no effect on the residue. It seems likely that the alkali treatment
had led to hydrolysis to the pyridinol which was removed by washing as sodium salt. When
the oil was finally subjected to steam distillation (deodorization), it further lost 25% of its
residue content (Table II).
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TABLE II: Losses of 14C-chlorpyrifos residues in oil subjected
to various refining processes

Treatment

Crude oil
Degumming

Neutralization and washing

Bleaching

Deodorization

14C-residues (ppm)

7.24 ± 0.37

6.90 ± 0.50

3.25 ± 0.25

3.16 ±0.13

1.32 ± 0.13

%
Cumulative reduction

0
4.70

55.22

56.35

81.77

Data are means of 3 replicates ± S.D.

3.3. Nature of the residue

Thinlayer Chromatographie analysis showed the presence of low levels of 3,5,6-
trichloro-2-pyridinol and unidentified product(s) (Table III). The major portion of the residue
remained, however, as chlorpyrifos.

TABLE III: Products of 14C-chlorpyrifos in crude and processed oil

Crude oil

Degumming

Neutralization and washing

Bleaching

Deodorization

Percentage in the residue*
3,5,6-trichloro

2-pyridinol

1.95

2.26

3.98

4.02

4.80

Unidentified product(s)

1.45

1.13

2.17

2.01

2.14

"The balance to 100% = chlorpyrifos.

3.4. Oil quality

The clear oil obtained from the final refining step was analyzed for quality (acid and
peroxide values, soap content and colour). These parameters were found comparable to the
refined consumer-grade oil and therefore acceptable.
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4. CONCLUSIONS

Under conditions simulating the commercial processes used for refining crude soybean
oil, alkali treatment and steam distillation were highly efficient in removing chlorpyrifos
residues (up to 75%).

REFERENCES
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EFFECT OF COMMERCIAL PROCESSING PROCEDURES
ON CARBOFURAN RESIDUES IN SOYBEAN OIL
S.M.A.D. ZAYED, M. FARGHALY
Middle Eastern Regional Radioisotope Centre for the Arab Countries
F. MAHDY
National Research Centre
Dokki, Cairo, Egypt
Abstract

Dry seeds of soybean obtained from 14C-carbofuran-treated plants contained about 1 %
of the originally applied radioactivity. Extraction of the seed with hexane and methanol left
50% of the I4C in the cake. Analysis of residues showed the presence of free products in
the oil and conjugated metabolites in the methanol extract. The free substances were
identified as carbofuran and its phenol. The percentage of the latter increased during the
successive refining processes. The refined oil had only 16% of the radioactivity originally
present. The methanol extract contained 4 glucosides, mostly that of 3-hydroxy carbofuran.

Refining soybean oil fortified with 14C-carbofuran reduced the residue in the oil by
78 %. Most of the residue remaining was carbofuran.

1. INTRODUCTION

Carbofuran, is a broad spectrum long residual insecticide and nematicide. It is a
potent anticholinesterase agent (1) effective by contact, stomach and systemic action. At
recommended doses, it is nonphytotoxic and is compatible with most other insecticides (2).
Carbofuran is used in the protection of several crops and is effective against a large number
of insect pests including corn borer, sugar cane borer, alfalfa weevil, pea aphid and thrips
(2). The metabolism of carbofuran has been extensively investigated in mammals, insects,
plants and soil (2).

The present investigation aims at determining carbofuran residues in soybean oil
before and after refining the oil gained from carbofuran-treated soybean plants. In parallel,
the effect of the refining processes on the level and nature of 14C-residues in soybean oil
fortified with 14C-carbofuran was also studied.

2. MATERIALS AND METHODS

2.1. The radiochemical

Labelled carbofuran (3-14C) was purchased from Izinta Isotope Trading Enterprise of
the Institute of Isotopes, Budapest, Hungary. The insecticide was purified by thin layer
chromatography on silica gel to remove carbofuran phenol using benzene:ether (3:1). About
85% of pure 14C-carbofuran could be recovered by this method. The insecticide had a
specific activity of 687.5 MBq/mmol and a radiometric purity of 98%. The 14C-insecticide
was diluted with non-labelled carbofuran to obtain a preparation with a specific activity of
0.592 MBq/mg.
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2.2. Synthesis of possible metabolites

Carbofuran phenol, 3-hydroxy carbofiiranand 3-ketocarbofuran phenol were prepared
according to known procedures (3).

2.3. Field experiment

Sound whole seeds of soybean (var. Catler 71) were cultivated by the end of March
in an isolated and controlled field area. Plants were irrigated and fertilized as in practice.
Labelled carbofuran was applied in a spray form to the plants shortly after blooming.
Healthy leaves of the plants were treated twice (10 days apart) with a dose equivalent to 67.5
/ig/plant each tune. At maturity pods were collected and dried seeds used for preparation
of oil and cake and determination of radioactivity.

Dry seeds were crushed and extracted with hexane for 12 hours using a Soxhlet
apparatus. After evaporation of hexane under reduced pressure radioacticity in the soybean
oil was measured. The residue remaining after hexane extraction was further extracted with
methanol.

2.4. Fortification of soybean oil with 14c-carbofuran

Crude soybean oil (100g) was fortified with 14C-carbofuran at a concentration of 7.5
ppm to study the effects of refining on the residue.

2.5. Commercial processing procedures

2.5.7. Alkali Refining

Crude soybean oil was vigorously stirred with 2N sodium hydroxide solution for 20
minutes at 27 °C. The amount of alkali exceeded that calculated for the acid value of the oil
by 20%. After settlement, the mixture was centrifuged to separate the soap and then washed
several tunes with hot water. This process removed the fatty acids from the oil which was
then counted for radioactivity.

2.5.2. Bleaching

The neutralized oil was heated and agitated on an oil bath at 80-100°C for 10
minutes, treated with a factory grade Fuller's earth "Tonsil" and then further stirred for 10
minutes at the same temperature. The bleached oil was filtrated and analyzed for 14C-
activity.

2.5.3. Winterization

The clear dry oil was winterized at 5°C for three days and the high saturated
glycerides which separated, were removed by filtration.

2.5.4. Deodorization

This process was simulated by heating the oil to 200-220 °C while passing steam under
reduced pressure for 4 hours.

16
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2.6. Isolation and characterization of radioactive residues

Oil obtained from individual refining processes was partitioned between acetonitrile
and hexane (scheme 1). The radioactive residues were almost completely extracted in the
acetonitrile layer. After concentration of acetonitrile, the residues were characterized by
TLC in different solvent systems. 14C-residues in the methanol extract were also analyzed
by TLC. Spots were made visible by spraying the plate with vanillin (2.5% ethanolic
solution)-sulfuric acid reagent (1:5). Carbofuran and its metabolites gave pink-purple spots
upon heating the plates at 110°C for 5 minutes; conjugated metabolites gave greyish spots
under the same conditions (4).

2.7. Radiometrie measurements

The radioactivity in solutions was measured by direct liquid scintillation counting.
Radioactivity in solids or oil was determined by combustion in a Harvey Biological Oxidizer
(Model OX-600), followed by liquid scintillation counting.

3. RESULTS AND DISCUSSIONS

3.1. 14C-residues in seeds and oil

The foliar application of 14C-carbofuran led to appearance of 14C-activity in the pods
and in dry seeds. The total radioactive residues in pods amounted to 1.3% of applied dose.
Only 80% of the radioactivity in pods was associated with dry seeds. The distribution of
radioactive residues in oil and cake is shown in Table I. Hexane contained the least amount
of radioactivity, while the cake contained 50% of the original residue in seeds. The major
residues in crude oil were identified as carbofuran and its phenol.

TABLE I: Distribution of !4C-Carbofuran Residues in 100 g Soybean Seeds

Fraction
Soybean seeds

Hexane extract
(containing oil)

Methanol extract

Cake
Total Recovery

Weight (g)
100

12-15

5-6

78-80

98

14C-Residues (fig)
4.0

0.4

0.8

2.0

3.2

Percentage (%)
100

10

20

50

80

Data are means of 2 replicates.

The residues in the methanol extract constituted about 20% of the total residues in
seeds. These were hydrophilic and insoluble in organic non-polar solvents (Table II);
presumably a mixture of conjugated metabolites (glucosides), Fig. 2. No attempt was made
to separate the individual glucosides. The products were liberated by heating the mixture
with 2N HC1, extracted with chloroform and identified by TLC. Analysis showed the
presence of 3-hydroxycarbofuran as the major constituent and carbofuran phenol as a minor
product.
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TABLE II: Conjugated Carbofuran Metabolites Extracted from
Soybean Cake with Methanol

Compound

1. 3-Glucoside
2. 3-Keto-7-Glucoside

3. 3-Hydroxy-7-Glucoside
4. 7-Glucoside

%*

48

26

23

3

Rf
Systems 1-3

0.00

0.00

0.00

0.00

System 4
0.11

0.25

0.40

0.50

System 5
0.14

0.28

0.45

0.64

"Total radioactive products in methanol = 100%.
System 1:Benzene:Ether (3:1).
System 2:Hexane:Ether (1:3) saturated with water.
System 3:Hexane:Ethyl Acetate (1:1) saturated with water.
System 4:Ethyl Acetate:n-Propanol:Water (5:3:2).
System 5:n-Butanol:Ethanol:Water (10:2:3).

3.2. Effects of refining processes

Commercial processing procedures led to a gradual decrease in the total amount of
residues in oils with aged residues and in oils fortified with 14C-carbofuran (Table III).

TABLE III: Effect of Commercial Processing Procedures on 14C-carbofuran Residues
hi Soybean Oil

Treatment

-

Alkali refining

Bleaching
Winterization

Deodorization

Retained 14C-residues

In fortified oil
%
100

80
60

36

22

ppm

7.5

6.0
4.5

2.7

1.7

In oil with aged residues
%

100

75

54

33

16

ppm

0.024

0.018

0.013

0.008

0.004

Data are means of 2 replicates.

The refined oil lost 84% of its aged residues and 78% of its fortified residues. Table IV
shows the metabolites of carbofuran and their percentages in the oil with aged residues
following the individual processing procedures. Carbofuran phenol was the main metabolite
and its percentage increased progressively during refining of the oil and accounted for about
75% of the residue. Residues remaining in fortified processed oil, consisted mainly of the
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parent compound, together with a small amount of carbofuran phenol (<2%), probably
formed via hydrolysis of the parent compound during alkali treatment.

TABLE IV: 14C-carbofuran and its Metabolites in Soybean Oil after Subjecting to
Commercial Processing Procedures

Substance

Carbofuran phenol

3-Ketocarbofuran
phenol

Carbofuran

3-Hydroxycarbofuran

Rf
System 1

0.77

0.56

0.51

0.39

System 2

0.80

0.63

0.54

0.40

System 3

0.83

0.66

0.59

0.42

Relative percentage*

Crude oil

25

10

60

5

A

30

15

40

15

B

45

20

25

10

c
65

25

10

5

D

75

15

5

5

System 1 :Benzene:Ether (3:1).
System 2:Hexane:Ether (1:3) saturated with water.
System 3:Hexane:Ethyl Acetate (1:1) saturated with water.
'Residue in oil = 100%.
A - alkali treatment
B - bleaching
C - winterization
D - deodorization
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THE EFFECT OF COMMERCIAL PROCESSING PROCEDURES
ON 14C-MONOCROTOPHOS RESIDUES IN SOYBEAN OIL
Genyuan PENG, Meng wen QI, Huaguo WANG
Laboratory for Application of Nuclear Techniques,
Beijing Agricultural University,
Beijing, China
Abstract

Soybean plants grown in a field plot were treated with 14C-monocrotophos during the
blooming stage. The residues in seeds at harvest were 2.19 ppm,corresponding to 1.04% of the
applied dose. The residues in crude oil and cake were 1.78 and 2.30 ppm respectively. After
degumming, alkali treatment, bleaching and deodorization, 20% of the original radioactivity in
the crude oil was removed. Deodorization was the most effective procedure in removing a
considerable part of the residue. Similar processing of oil spiked with 14C-monocrotophos,
resulted in near-complete elimination of the residue. This finding suggests that aged residues
in oil are different in their nature and do not include monocrotophos.

1. INTRODUCTION

Monocrotophos [dimethyl (E)-l-methyl-2-(methylcarbarnoyl) vinyl phosphate] possesses
high contact and systemic activity against a wide range of insects including the soybean pests
Leguminivora glucinivorella and Etiellazinckenclla treitschke. Because of potential risk from
residues in oils, the MRL has been set at a low level, e.g. 0.05 ppm in cotton seed oil [1]. This
study aimed at investigating the effects of refining processes on monocrotophos residues in
soybean oil resulting from application of 14C-monocrotophos.

2. MATERIAL AND METHODS

2.1. The radiochemical

14C-monocrotophos, labelled at the methoxy groups; specific activity 0.174 MBq/mg was
provided by the Agricultural Atomic Energy Institute, P.R. China. The purity of the compound
was over 95% as determined by TLC.

2.2. Field experiment

2.2.7 Application of14C-monocrotophos

Soybean plants were cultivated in a field plot and managed as local practice. During
blooming, ten plants having identical growth were treated by injecting 21.73 mg of
14C-monocrotophos into stems of the plant three times, 7 days apart.

2.2.2 Extraction of crude oil

After harvest, 103g of air dried seeds were collected; 100g crushed and extracted
exhaustively with hexane in a soxhlet for 8 hours. The crude oil and cake were weighed and
their radioactivity determined by combustion in a Parkard 306 Oxidizer followed by liquid
scintillation counting.
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2.3. Fortified oil samples

Thirty grams of the crude oil gained by extraction with hexane of untreated soybean seeds
were spiked with 0.195 MBq of 14C-monocrotophos at a concentration of 37.4 ppm.

2.4. Procedures for oil refinement

The crude oil was subjected to oil-refining procedures similar to those used in industry
[2].

2.4.1 Degumming

To remove phosphatides the crude oil was preheated to 80°C and steam produced by
evaporation of water (5% w/w) was introduced through the oil with continuous slow stirring.
The temperature was then raised to 85°C and kept for 15 min. After cooling, NaCl (1.5%
w/w)was added to the oil and mixture centrifuged to remove the gums. Radioactivity in the
degummed oil was determined in a radiocounter.

2.4.2 Alkali treatment

The acid value of the degummed oil was determined and 2N NaOH solution equivalent
to 20% excess of the free fatty acids was added to the preheated oil (60°C) with vigorous
stirring. The temperature was gradually raised to 80°C and kept for 30 min with slow
stirring. After cooling,the mixture was centrifuged to remove soap and excess alkali .The oil was
washed several tunes with warm water until pH 7.O. The oil was counted for radioactivity.

2.4.3 Bleaching

The alkali-treated oil was kept in a water bath at 85°C, and Fuller's earth (5% w/w) was
added and stirred slowly for 30 mm. The bleached oil was centrifuged, separated and
radioactivity measured. Coloured materials and entrapped soap are removed in this step.

2.4.4 Deodorization

The bleached oil was heated to about 220°C in a three-neck flask for 4 hours while
steam passed through it under a pressure of 6 mrnHg. The deodorized oil was counted for its
radioactivity.

3. RESULTS AND DISCUSSIONS

3.1. 14C-Monocrotophos residues in soybean seeds

The application of I4C-monocrotophos by stem injection led to the appearance of
14C-residues hi the mature seeds. The radioactivity in the seeds amounted to 1.04% of the
applied dose. Distribution of the residues in the seeds is given in Table I which shows about 16
percent of the total residues being associated with the oil.
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Table I. Distribution of 14C-Monocrotophos Residues in Soybean Seeds

Soybean Seed
Soybean Cake
Crude Oil

Weight
(g)
100

78.3
19.2

Total Activity
(%)
100

82.3
15.6

Residues
(ppm)

2.19
2.30
1.78

3.2. Monocrotophos residues in oil processing

After subjecting the crude oil containing aged residues to simulated commercial
refinement procedures, I4C-residues declined 20% to 1.43 ppm in the deodorized oil. The
most effective step was deodorization. When the crude oil spiked with 14C-monocrotophos was
similarly treated, a near-complete elimination of the residue took place. Degummingand alkali
treatment were highly efficient (Table II). These results strongly suggest that the aged residues
in the refined oil do not include monocrotophos. This is consistent with the high water solubility
of the insecticide. It does not, however, explain the high aged residue in the refined oil.

Table II. Effect of Refinement Processes on 14C-Residues in Soybean Oil

Crude Oil

Degumming

Alkali Treatment

Bleaching

Deodorization

Oil Yield

(%)

100

95.0

93.7

93.5

89.1

Field

Residues

(ppm

1.78

1.77

1.75

1.76

1.43

%)
100

99.2

98.3

98.7

80.3

Oil Yield

(%)

100

95.2

91.8

93.8

90.8

Fortified

Residues

(ppm

34.7

15.9

0.97

0.41

0.32

%)

100

42.5

2.6

1.1

0.9
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EFFECTS OF COMMERCIAL PROCESSING PROCEDURES
ON "C-PIRIMIPHOS-METHYL RESIDUES IN SOYBEAN OIL
S.M.A.D. ZAYED, M. FARGHALY
Middle Eastern Regional Radioisotope Centre for the Arab Countries

S. FOUAD, F. MAHDY
National Research Centre
Dokki, Cairo, Egypt
Abstract

Soybean plants were treated with two applications of 14C-pirimiphos-methyl under
conditions of local agricultural practice. 14C-residues in the harvested seeds averaged 2.25
mg/kg; corresponding to 0.37% of the applied dose. The insecticide residues in crude oil
and cake amounted to 1.6 and 1.5 mg/kg, respectively.

About 75 % of the 14C-activity in the crude oil could be eliminated by simulated
commercial processes locally used for oil refining. The refined oil had a residue level of
about 0.4 ppm, mainly in the form of pirimiphos-methyl and 2-diethylamino-4-hydroxy-6-
methyl pyrimidine.

Refining of soybean oil fortified with 14C-pirimiphos-methyl led also to a high loss
of 14C-residues (79%). The refined oil contained a residue consisting of pirimiphos-methyl
and its phenol.

1. INTRODUCTION

The appearance of variable amounts of pesticide residues in seed oils has been
reported by several authors (1,2). Pirimiphos-methyl [0-2-diethylamino-6-methylpyrimidin-4-
yl-0,0-dimethyl phosphorothioate] (Fig. 1) is a broad-spectrum quick-acting
insecticide/acaricide which exerts its activity through contact action and inhalation. It
possesses a low mammalian toxicity (3). Pirimiphos-methyl is commonly used for
controlling mites and other insects on soybean plants and other field crops, stored products
and in public health (4,5).

2. MATERIAL AND METHODS

2.1. Radiochemical

14C-pirimiphos-methyl labelled at position 2 of the pyrimidine ring, was purchased
from the Institute of Isotopes, Budapest, Hungary; sp. act. 1.98 MBq/mg (604.5
MBq/mmol). Radiometrie purity, as determined by TLC, was over 97%.

2.2. Field experiment

Soybean seeds were planted by the end of March in a controlled field area. Plants
were irrigated and fertilized as practised in the field. 14C-pirimiphos-methyl of specific
activity 37 MBq was applied to plant leaves shortly before blooming. Plants were treated
twice (10 days apart) with a dose equivalent to 5 mg/plant for each application. At maturity,
by the end of July, pods were collected and dried seeds were analyzed for total residues.
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I - 0-2-diethylamino-6-methyl pyrimidin-4-yl;-0,0-dimethyl phosphorothioate
[pirimiphos-methyl]

II - 0-2-monoethylamino-6-methyl pyrimidin-4-yl-0,0-dimethyl phosphorothiate
III - 2-diethylamine-4-hydroxy-6-methyl pyrimidine (pyrimidinol)

IV - 2-monoethylamino-4 hydroxy-6-methyl pyrimidine

V - 2-amino-4-hydroxy-6-methyl pyrimidine

Fig. 1. Degradation products of pirimiphos-methyl in refined soybean oil
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2.3. Extraction of the Oil

Seeds were crushed and Soxhlet extracted with hexane for 6 hours. The remaining
cake was then further Soxhlet extracted with methanol for 6 hours. Aliquots of the hexane
extract (oil), the methanol extract and the residual cake were used for determination of
radioactivity.

2.4. Fortification oil with MC-pirimiphos-methyl
100 g of crude soybean oil were fortified with 14C-pirimiphos-methyl at a

concentration of 6 ppm.

2.5. Simulated commercial processing procedures

2.5.7. Alkali refining

The crude oil (20 g) was stirred with 2N sodium hydroxide solution for about 30
minutes at 70°C. The mixture was then centrifuged to remove the soap and excess alkali,
washed several times with warm water and centrifuged to obtain the clear oil.

2.5.2. Bleaching

The alkali refined oil was treated with 0.5% by weight of a factory grade Fuller's
earth (Tonsil), the mixture stirred vigorously at 80-100°C for 20 minutes, and then
centrifuged.

2.5.3. Winterization

The clear dry oil was winterized at 5°C for three days and the separated high
saturated glycerides were removed by centrifugation.

2.5.3. Deodorizalion

Superheated steam was passed into the heated oil at about 200 °C under reduced
pressure, for three hours, to remove steam-distillable substances including odors. Aliquots
of oil, after each refining process, were analyzed for their radioactivity.

2.6. Radiometrie measurements

Radioactivity in oil and cake was determined by combustion in a Harvey Biological
Oxidizer (Model OX-600) followed by liquid scintillation counting. For radio-TLC
measurements, 1 cm zones were scrapped off the plates, mixed with scintillator and counted.

2.7. Characterization of radioactive residues

Samples of oil, after each refining process, were partitioned between acetonitrile and
hexane to remove the oil. The radioactive residues were almost completely retained in the
acetonitrile layer. Residues were characterized by TLC on silica gel plates using
chlorofornv.methanol, 17:3 (system 1) and cyclohexane:ethylacetate, 1:1 (system 2). Spots
were made visible by spraying with vanillin/sulfuric acid reagent followed by heating at
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100°C for 5 minutes (6). Pirimiphos-methyl and its phenol gave violet spots. Identification
of substances was made by comparison with authentic reference samples.

3. RESULTS AM) DISCUSSION

3.1. Field Studies with aged residues

3.1.1. Residues in seeds, oil and cake

The foliar treatment of soybean plants with 14C-pirimiphos methyl led to appearance
of 14C-residues in the mature seeds. These amounted to 0.37% of the applied dose. About
9.3% of the 14C in the seed was associated with the oil (Table I). The methanol soluble 14C-
residues accounted for 17% of the total seed 14C while the cake contained about 70% of the
total residues.

3.1.2. Effects of refining processes

The major part of aged residues could be eliminated by oil refinement in a stepwise
manner simulating actual commercial processing procedures. The effect of individual
processes on 14C-residues is shown in table II. The processed oil had a final pesticide
concentration of 0.4 ppm, which corresponds to about 25% of residues originally present in
the oil.

3.1.3. Composition of residue in oil

Analysis of the crude oil shows the presence of two major and three minor radioactive
substances (Table III). The amount of each of the minor metabolites did not exceed 5% of
the total residue and were almost completely eliminated through oil processing. The refined
oil contained mainly the parent compound and 2-diethylamino-4-hydroxy-6-methyl pyrimidine
(lu); Fig. 1. The formation of III as a major degradation product indicates that pirimiphos-

TABLE I: 14C-pirimiphos-methyl residues in soybean seeds, extracts and cake

Material

Soybean seeds

extracted with
Hexane

extracted with
Methanol

Cake

Recovery

Weight
(g)

100

13

5

69

87
(87)

14C-Residues

Weight (ng)
parent equiv.

225

21

38

105

164
(73)

%•

100

9.3

17.0

46.7

Concentration
mg/kg)

2.25

1.61

7.60

1.52

Data are means of 2 replicates.
*Total 14C in seeds = 100%.
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TABLE II: Effect of commercial processing procedures on 14C-pirimiphos-methyl
residues in crude oil

Treatment

-

Alkali refining

Bleaching

Winterization

Deodorization

14C-Residues
In spiked oil

ppm %
6.00
4.05

2.7

2.1

1.25

100

68

45

35

21

In oil with aged residues
ppm %

1.6
1.1
0.8

0.6

0.4

100

70

50

38

25

Data are means of 2 replicates.

methyl is mainly metabolized via hydrolysis of the phosphorus-oxygen bond, presumably by
action of phosphatases. This degradation pathway was reported to be the most important in
the metabolism of pirimiphos-methyl in stored grains (7). The minor degradation products
are probably formed via N-dealkylation of the parent compound on pyrimidinol (III), Fig.
1.

TABLE III: Rf values and percent of pirimiphos-methyl and metabolites in soybean oil

Substance*

I
II
III
IV
V

Rr
System 1

0.95

0.90

0.80

0.60

0.30

System 2
0.90

0.55

0.12

0.00

0.00

Relative Percentage
A

72

4

17

4

3

B

55

2

35

4

4

C
48

Trace

48

Trace

Trace

D

50

-

50
-

-

E

40

-

60
-

-

'Formulae in Fig. 1.
System 1: chloroform:methanol (17:3)
System 2: cyclohexane-.ethylacetate (1:1)

A = Crude oil
B = Alkali refined oil
C = Bleached oil
D = Winterized oil
E = Deodorized oil
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The methanol extractable residues were polar in nature and gave, upon acid hydrolysis
with 2N HC1 at 100°C, mainly compound HI. This is an indication that pyrimidinol is
present in the aged pirimiphos-methyl residues hi free and in conjugated forms.

3.2. Studies on fortified oil

Commercial processing procedures led also to a gradual reduction of the I4C-residues
in crude oil fortified with the radioactive insecticide (Table II). The amount of 14C-residues
in the refined oil declined to 21% of the original residue. Analysis by TLC showed the
presence of only pirimiphos-methyl and its phenol (approximately 2:1).

4. CONCLUSIONS

The commercial processing techniques used for refining soybean oil removed 75 % of
residues formed after field treatment with 14C-pirimiphos-methyl. The field-aged residues
contained 10-15% N-dealkylated products which were efficiently eliminated through
processing. The major residue in the refined oil (0.4 mg/kg) consisted of pirimiphos-methyl
and pyrimidinol (2:3).
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14c-DiMETHOATE RESIDUES IN OLIVE OBL
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Turkish Atomic Energy Authority,
Saray - Ankara, Turkey
Abstract

An olive tree was treated twice with I4C-dimethoate (8.8MBq/2.4g) and residues were
determined in the olive fruits at harvest. The fruits were crushed and pressed to extract the crude oil,
then refined by neutralization, bleaching and deodorization. The residue in crude oil was 1.66 mg/kg.
Neutralization resulted in a significant reduction of residues to 0.89 mg/kg while bleaching and
deodorization further reduced the residue to 0.67 mg/kg.

Industrially extracted crude oil was fortified with I4C-dimethoate at 1.78 mg/kg level and
refined in the same way. A sharp decrease by neutralization to 0.14 mg/kg was observed. The
comparison strongly suggests that residues in aged and fortified samples are not entirely the same.
This is to be anticipated, as the aged residue usually consists of parent and degradation products
while the fortified residue is exclusively dimethoate. The terminal residue in the refined oil obtained
from the field experiment did not contain dimethoate.

1. INTRODUCTION

Olive oil extracted from the drupes of Olea europaea is of very old origin. The olive tree
thrives mainly in the Mediterranean region which is featured by mild winters, rainy autumns or
springs, dry hot summers and a great deal of light.

Olive oil, among other vegetable oils, is one of the essential foods for human nutrition. The
value of virgin olive oil which is the only edible oil entitled to the appellation of "Natural Product"
has been used for more than thousand years. There are more than 750 million olive trees in the
world cultivated on 8 million hectares, with 97 % found in the Mediterranean countries which
produce around 7 800 000 tons of olives annually. Of this, 7 200 000 tons are used for olive oil
production and 92 % of the oil is consumed in the producing countries (1). The main exporters are
Spain, Tunisia, Greece, Turkey and Morocco. About a hundred countries import olive oil. Turkey
ranks fourth in respect to cultivated olive trees with production of 750 000 tons annually of which
20% is used as table olive and 80% for oil production.

The olive fly, Dacm oleae, a major insect pest causes extensive losses to the crop if no
control measures are applied. Several insecticides were used in the past, but dimethoate (O,O-
dimethyl S-methylcarbamoylmethyl phosphorodithioate), a systemic insecticide commercially known
as Izgor and applied as a bait spray, is the most commonly used chemical at present in Turkey.

2. MATERIALS

2.1. Chemicals

14C-dimethoate, (O,O-[l4C-dimethyl] S-methylcarbamoylmethyl phosphoro-dithioate), specific
activity 185 MBq/mmol was purchased from IZINTA Isotope Trading Enterprise, Budapest. Standard
dimethoate and Izgor were obtained from Plant Protection Institute in Ankara. Rotiszint was used
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as the scintillation solution for liquid scintillation counting. The cocktail used for trapping 14CO2 from
combusted organic samples was purchased from Harvey Instrument Corporation, N.J., USA. Fuller's
Earth (Tonsil) was obtained from an oil factory. All solvents were of analytical reagent grade.

2.2. Apparatus

A Packard Tricarb 1550 Liquid Scintillation Counter was used for the measurement of
radioactivity and a Harvey Biological Oxidizer OX 600 was used for combustion of samples. A
Buchi rotary evaporator was used to concentrate solutions. A steam generator manufactured by the
Workshop of Ankara Nuclear Research and Training center was used to obtain super heated steam
for the deodorization of oil. The olives were pressed using a Mega hydraulic press with a 30 ton
capacity.

3. EXPERIMENTAL PROCEDURE

3.1. Field experiment

The common practice used in Turkey to control the olive fly is the application of the bait
sprays beginning in July and repeating the treatment at intervals until October.

OLIVES CONTAINING 14C - RESIDUES

HOMOGENIZED OLIVE FRUIT ___. COMBUST._^ LSC

PACKING (in synthetic bags)

•+• warm water

PRESSING (30 kg/cm2)

CAKE _, COMB,. LSC CRUDE OIL + VEGETABLE WATER

SOXHLET EXTRACTION CENTRIFUGATION

PRINA OIL __. LSC VEGETABLE WATER CRUDE OLIVE OIL

I I
LSC OIL WASHING

I
CENTRIFUGATION & FILTRATION _ LSC

EDIBLE OLIVE OIL ,, LSC
(VIRGIN OIL)

Figure 1. Processing of Olives into Olive Oil
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Since the major olive production regions of Turkey are in the western parts of the country,
an olive tree in Yzmir Olive Culture Research Institute was treated twice with 14C-dimethoate (8.8
MBq/2.4 g), specific activity 3.67 Bq/^ig in August and October 1992. The olives were harvested in
December 1992 and kept in deep-freeze until analysis. For the determination of 14C-residues in olive
fruits, samples were homogenized, combusted and counted.

3.2. Processing of olives into crude oil

A flow-chart for the crude oil preparation is given in Figure 1. The procedure used for
commercial production was simulated in the laboratory. 0.5-1.0 kg of olive fruits were crushed with
a hammer without prior destoning and packed in synthetic bags as in practice. About 50-100 g of
paste were evenly spread in each bag and bags were piled carefully on top of each other in batches
of 10-15 in the press cylinder. The bags were wetted with warm water and pressed to produce the
juice (oil+vegetable water) which was collected.

As soon as practically possible, the juice was separated into crude olive oil and vegetable
water by centrifugation (3000 rpm) which allows an immediate and efficient separation. The crude
olive oil was washed twice with warm water, recovered by centrifugation and filtered through a
Buchner Funnel fitted with cotton material under vacuum. Samples were taken and counted to
determine radioactivity. The FFA% was also determined for quality classification of the oil.

3.3. Extraction of prina oil from cake

The cake, still containing some oil was Soxhlet-extracted with hexane for 8 hours and solvent
removed under reduced pressure. The oil extracted is called "prina oil". It's not edible because of
its high acidity and is used mainly for the soap industry. The extracted cake is used as animal feed.

VIRGIN OIL
(45-50g)

NEUTRALIZATION
Phenol phtalein + 2 N NaOH
85"b, 30 min stirring

WASHING & CENTRIFUGATION——— LSC

BLEACHING
0.15 g Tonsil
110° C, 30 mi

CENTRIFUGATION——— LSC
110° C, 30 min in vacuum

DEODORIZATION
200-220 t, 3 hours in vacuum

REFINED OIL —— LSC

Figure 2. Flowchart of Refining Processes
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3.4. Oil processing

The refining processes were realized according to the flow-chart given in Figure 2 and residue
levels were determined in oil samples taken after each refining step (2, 3).

3.4.1. Neutralization

About 40-45 g samples of crude olive oil were heated for 30 minutes to 85 °C with
continuous stirring and then neutralized by adding 2 N NaOH solution including 20% excess. Stirring
was continued for 30 minutes and the mixture centrifuged at 3000 rpm. After separating from the
soapstock, the oil was washed with hot distilled water until the washing was neutral.

3.4.2. Bleaching

Neutralized oil was heated to 60°C under reduced pressure and 0.15 g of Fuller's earth
(tonsil) was added and the mixture heated to 100-110 °C for 30 minutes with continuous stirring. Oil
was centrifuged and decanted.

3.4.3. Deodorization

The bleached oil was placed in a two-neck round bottom flask connected to a steam generator
and to the exit line passing through an ice trap. Oil was heated to about 200-220 °C under a vacuum
of 10 mmHg. Super heated steam was generated by heating distilled water in a closed system at 2
atm. pressure. The deodorization continued for 3 hours, after which the oil was cooled under vacuum
and the vacuum released with nitrogen.

3.5. Qualification

Olive oil, like wine, offers a wide range of flavours depending on the soil where the olives
were cultivated. Each consumer can therefore choose the oil which best suits, his or her taste.
Domestic and international regulations take this fact into account. The standards are drawn up in
cooperation with the Codex Alimentarius. Under the terms of International Olive Oil Agreement, it
is compulsory in international trade to state the quality of the oil. Turkey has also made this
compulsory for the domestic trade.

There are three main categories of olive oil :
A. Virgin olive oil

Extra (maximum acidity 1% in terms of oleic acid)
Fine (maximum acidity 1.5% in terms of oleic acid)
Semifine (maximum acidity 3% in terms of oleic acid)

B. Refined olive oil
C. Pure olive oil (virgin + refined olive oil)

FF A (free fatty acid) analyses were made for virgin and refined oil according to the procedure
given in Turkish Standards (4). FFA values were found to be 1.48 ± 0.02% and 0.11 ± 0.03% for
the virgin and refined olive oils, respectively. In accordance with the above classification, virgin
olive oil obtained in the laboratory is in the class of fine virgin olive oil.
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3.6. Refining of fortified crude oil

About 40 g sample of crude oil produced in factory was fortified with 14C-dimethoate (1.78
mg/kg). After fortification, the oil was stirred about 1 hour at 50°C and the same refining processes
given in Figure 2 were applied.

3.7. Isolation and characterization of radioactive residues

According to the procedure reported by Kawar (5), 10 g samples of crude olive oil were
extracted with water (3 x 50 ml) to transfer the residue into aqueous phase. Co-extracted oily
materials were removed by petroleum ether (3 x 50 ml). The aqueous phase was then shaken with
1 0% methanol in chloroform to extract dimethoate and its metabolite dimethoxon. Each extract was
concentrated and aliquots were counted by LSC. Only the oily phase remaining after water extraction
contained 14C-activity; indicating that extraction of 14C-residues from the oil was not achieved.
Similar observations were made after extraction with ethyl acetate/acetonitrile (1:1).

According to a procedure reported by Steller (6), the crude oil was dissolved in hexane and
extracted with acetonitrile. Again, the 14C-activity was not extracted by acetonitrile.

In a parallel experiment, 5 g oil was fortified with 14C-dimethoate (2. 1 mg/kg). The oil was
dissolved in hexane and extracted with acetonitrile. Aliquots of hexane and acetonitrile extracts were
counted and the total activity was found in the acetonitrile phase.

A sample of the acetonitrile phase was applied to a TLC plate (Silicagel 60 F254) and
developed in toluene-methanol (5:1). Dimethoate (Rf 0.32) was the only 14C-substance found in the
extract.

4. RESULTS AND DISCUSSION

4.1. Field experiment

Table I shows that olives after harvest contained a residue of 1.82 mg/kg, which corresponds
to about 1.5% of the applied dose. Although a substantial residue remains in cake and vegetable
water, the crude oil still retained 1.66 mg/kg. This is about 9.2% of the residue in olives.

TABLE I. 14C-DIMETHOATE RESIDUES IN OLIVE PRODUCTS
DURING PROCESSING INTO CRUDE OIL

SAMPLE
Olive paste
Cake
Vegetable Water
Oil Washings
Crude (Virgin) Oil

RESIDUE (mg/kg)
1.82 ± 0.36
1.30 ±0.55
0.74 ±0.06
0.21 ±0.07
1.66 ± 0.15

WEIGHT (g)
2420
770

1200
370
253

Data are mean of 3 replicates ± S.D.

Table II shows that the residue in crude oil significantly decreases (46%) during
neutralization. This reduction may relate to hydrolysis of dimethoate in alkaline pH. The residue
level in the refined oil was found 0.67 mg/kg, which is about 40% of the initial residue.
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TABLE II. HC-DIMETHOATE RESIDUES IN OIL DURING
REFINING PROCESSES

SAMPLE
Virgin Oil
Neutralized Oil
Bleached Oil
Deodorized (Refined) Oil

RESIDUE (mg/kg)
1.66 + 0.15
0.89 ± 0.04
0.72 ± 0.06
0.67 ± 0.04

LOSS (%)
0.00

46.38
56.63
59.64

Data are mean of 3 replicates ± S.D.

TABLE III. 14C-DIMETHOATE RESIDUES IN OIL DURING
REFINING PROCESSES

SAMPLE
Virgin Oil
Neutralized Oil
Bleached Oil
Deodorized (Refined) Oil

RESIDUE (mg/kg)
1.78 ± 0.04
0.14 ±0.00
0.10 ± 0.01
0.10 ±0.03

LOSS (%)
0
92
94
94

Data are mean of 3 replicates ± S.D.

CRUDE NEUTRALIZED
BLEACHED

DEODORIZED

AGED
FORTIFIED

Figure 3. Comparison of Residues in Aged and Fortified Olive Oil During Refining Processes
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4.2. Fortified oil

Table III shows the residue levels during refining of fortified oil samples. Neutralization
resulted in 92 % loss of residue. In comparison with the aged samples, a substantially higher amount
of residue was removed. This result indicates that fortification experiments do not represent field
conditions (Figure 3). This difference relates most probably to the different nature of the residue
in aged and fortified samples. While 14C-residues (mainly parent chemical) could be readily extracted
with acetonitrile from fortified samples, no 14C-activity was partitioned into acetonitrile, when aged
samples were similarly treated. This indicates that the aged residues did not include dimethoate. The
nature of these residues was not investigated. As the MRL for dimethoate in refined olive oil is 0.05
mg/kg (7 ), the absence of dimethoate suggests a non-hazardous residue.

CONCLUSION

60% and 94% of dimethoate residues were eliminated during refining processes for aged and
fortified olive oil samples, respectively. Neutralization was a major process leading to substantial
reduction of residues. It was shown that the aged residue in the refined oil did not include
dimethoate. It was concluded that fortification experiments do not represent field conditions.
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EFFECT OF PROCESSING ON RESIDUES OF "C-CHLORPYRIFOS
IN COCONUT OIL
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Abstract

A coconut tree was root infused with 5 g of 14C-chlorpyrifos (51.8 kBq) and residues
in the young and mature fruits were determined at various intervals up to 60 days. After 2
months the mature fruits retained much higher residues in the meat (11 mg/kg) than the
young fruit (0.6 mg/kg).

Under simulated agricultural practice, a post harvest single treatment of mature
coconut meat (copra) resulted in a mean residue value of 8.2 mg/kg copra meat after three
months. After gaining the crude oil by extraction with n-hexane, the efficiency of processes
used commercially in refining the oil were tested. For post harvest treatment, aged residues
lost only 23% after subjecting the crude oil to alkali treatment, bleaching and steam
distillation, while chlorpyrifos-spiked samples lost 30%.

1. INTRODUCTION

Coconut is one of the prime commodities in the Philippines and a major source of oil
for food and for industrial products such as cosmetics, soaps and candles. Dried coconut
meat or copra is the most important product derived from coconut. This is milled into oil
and meal for local and international markets. There are two commonly used methods for
making copra: sun drying or the use of a dryer locally known as "tapahan". In the first
method, the nuts are split and the meat is exposed to the sun. It takes 7 consecutive days
of sun exposure to convert fresh coconut meat into copra. The meat is then removed by
prying it with sharp curved steel spoon and this is further dried, if necessary. In the second
method, dehusked nuts are split into halves, and placed with the meat facing down. Firing
is started within 4 hrs after the nuts have been split. After 8 hrs of continuous firing, the
meat is scooped out of the shell (1).

A major factor affecting the production of coconut and quality of copra is damage due
to insect pests. Root infusion is used as a safer method of pesticide application than power
spraying. This has been commonly used in Indonesia and Malaysia and has been recently
introduced in the Philippines. During storage, commercial oil processors keep their copra
stocks in insecticide treated warehouses for 2 to 3 months until the stocks are processed into
oil. The Philippine Coconut Authority (2) studied the effect of storing copra in treated jute
sacks and found that malathion and DDVP (4%) significantly reduced the damage caused by
insects. However, no studies of pesticide residues in coconut have been conducted.

The aim of this study were to determine the residues of chlorpyrifos in coconut
following root infusion or post harvest treatment in warehouses and furthermore, to evaluate
if the levels in the crude oil can be removed or reduced by processes used in refining the oil.

2. MATERIALS AND METHODS

2.1. Radiochemical
14C-chlorpyrifos [0,0-diethyl-0-3,5,6-trichloro-2-pyridyl phosphorothioate] labelled at

the ethyl carbons was obtained from the Hungarian Institute of Isotopes, Budapest, Hungary.
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OI4C2H5

014C2H5

2.2. Root infusion

A coconut tree was root infused with 5 g AI chlorpyrifos (Lorsban, 5OWP) and 51.8
kBq 14C-chlorpyrifos; specific activity of the mixture 10.36 kBq. Samples of coconut fruit,
both young (7-9 months) and mature (10-12 months) were analyzed at various intervals up
to 60 days. The meat was subjected to combustion and counted using a liquid scintillation
counter (LSC). Radioactivity in water was determined by direct counting.

2.3. Post harvest treatment of coconut meat with 14C-chlorpyrifos

Under conditions of actual practice, dried coconut meat with moisture content of 7-
12% were stored in an improvised warehouse ( I x l . S x l m wooden box) and treated with
100 ml 1% AI. Lorsban 50 WP and 3.7 MBq 14C-chlorpyrifos. Samples were taken at
various intervals up to 90 days after treatment. Random sampling was done from the sides,
center and top portions of the meat pile. The oil was extracted with hexane and radioactivity
counted directly. Soxhlet extraction of the coconut meat with methanol was done on samples
stored for 30, 60 and 90 days to determine bound 14C-residues. The activity in the methanol
extract was counted directly while the meat was subjected to combustion prior to counting.

2.4. Effect of processing crude coconut oil on chlorpyrifos residues

The effects of processing crude oil on chlorpyrifos residues were determined on
spiked and aged residues according to standard procedures (3). Crude coconut oil (186 gm)
was fortified with a mixture of 0.447 MBq 14C-chlorpyrifos and 1 mg cold chlorpyrifos; sp.
act. 0.447 MBq/mg. The oil was subjected to alkali treatment by addition of 2N sodium
hydroxide, neutralized with acid and washed twice with water. The oil was then decolorized
with activated charcoal and further subjected to steam distillation to deodorize the oil.

Similarly, coconut meat stored for three months (containing aged residues) was
extracted to prepare the crude oil. The initial residue was determined and the oil was then
subjected to the same refining procedures as described for the spiked oil. Radioactivity was
determined after each process to evaluate its efficacy in reducing the oil residue.

3. RESULTS AND DISCUSSION

3.1. Uptake of 14C-chlorpyrifos following root infusion

Table I shows the uptake of 14C-chlorpyrifos in young and mature fruits. Maximum
uptake was apparently reached faster in mature than in young fruits. After 60 days, the
residues declined substantially in both meat and water, with the mature fruits retaining more
in the meat (equivalent to 11 ppm). According to practice, the last insecticide application
by root infusion should be 60 days before harvesting young coconut and 150 days before
harvesting mature coconut.
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TABLE I: Uptake of 14C-chlorpyrifos Following Root Infusion

Chlorpyrifos equivalent (mg/kg)

Days after
infusion

1
1%
7
13
20
30
60

Meat
ND
-

37.0
50.0
10.7

2.0
0.6

Young
Water

ND
-

42.0
40.0
22.4

39.0
8.3

Meat
ND
57.0
45.0
12.4
23.0
20.0

11.0

Mature
Water

ND
23.0
56.0
84.0
27.5
33.0
5.5

ND = non-detectable.
Data are means of 2 replicates.

3.2. Chlorpyrifos residues in copra following postharvest treatment

Uptake of Chlorpyrifos residues by copra from the treated box was initially high
reaching 22.6 mg/kg on the 30th day (Table II). Radiocarbon declined slowly to 8.2 mg/kg
after 90 days. These values are means of measurements representing samples from the
centre, top and sides. Meat-bound residues were detected only in samples stored for 60 and
90 days (1.0 and 0.2 mg/kg, respectively). Although the maximum residue limits (MRL)
have been set for a number of oil commodities (4,5), acceptable levels of Chlorpyrifos
residues in coconut are not known. Based on the values reported here, the residues are much
higher then MRLs recommended for other oil commodities (4,5). It seems, therefore, highly
desirable to identify processing techniques which can eliminate or reduce the residue.

TABLE II: Chlorpyrifos Residues in Stored Copra meat

Days

30
40
50
60
90

Center
11.9
8.8
5.6
9.1
10.5

Chlorpyrifos equivalent (mg/kg)
Top Side 1 Side 2
13.1 51.0 14.3
14.7 20.7 9.1
4.5 18.3 12.0
12.6 21.1 8.9
6.6 10.5 5.2

Mean

22.6
13.4
10.0
12.0
8.2

Data are means of two determinations.
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TABLE III: Effect of Processing on 14C-chlorpyrifos Residues in Crude Oil

Residue in oil Percent remaining
(mg/kg)

Treatment Aggd Spiked Aged Spiked

-

Alkali treatment
- oil
- (water washings)
Bleaching
Steaming
- oil
- (steam condensate)

1.5*

1.4
(0.1)
1.18

1.16
(0.38)

8.5*

7.08
(1.42)

6.9

6.0
(1.25)

100

93.0

78.7

77.3

100

83.3

81.2

70.1

Data are means of 2 replicates.
'Actual concentration in crude oil.

3.3. Effect of processing on chlorpyrifos residues in crude oil

Table III shows the reduction of chlorpyrifos residues after subjecting crude oil to
refining processes. The aged residues were reduced by only 7% after alkali treatment and
by 14.3 % after bleaching, while steam distillation had practically no effect. The samples lost
17% by alkali treatment and very little by bleaching. However, steam distillation could
remove about 11% of the residue. The efficiency of individual processes to remove a part
of the residue depends on the nature of the residue. While the initial spiked residue was
exclusively chlorpyrifos, the aged residue is likely to contain the parent chemical, the
pyridinol and possibly other minor products.

It may be concluded that refining processes used commercially can reduce
residues in crude coconut oil by only 23%. It may, therefore, be necessary to modify some
of the procedures to optimize removal of the residue, should this be present at an
unacceptable level.
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THE EFFECT OF PROCESSING ON RESIDUES OF
"C-MALATfflON IN COCONUT OIL
A.W. TEJADA, B.B. QUINTANA
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University of the Philippines at Los Banos,
Los Banos, Laguna, Philippines
Abstract

Dried coconut meat (copra) was stored in a box and sprayed with 1 % radiolabelled
malathion. The copra was stored and sampled up to 285 days after treatment of the box.

Malathion was absorbed by copra as early as 3 days, levelling off up to 60 days and
declined from 90 to 285 days. Fifty percent of the total residue was removed by surface
washing but there was a gradual formation of bound residues.

After extracting the oil from copra containing aged residues and subjecting to different
refining steps, the residue was reduced by 89% with the highest removal after alkali
treatment. Similarly, the spiked malathion in oil was reduced by as much as 84%. The
metabolites formed were malathion mono carboxylic acid, malathion dicarboxylic acid and
propionic acid ethyl ester.

1. INTRODUCTION

Malathion, S-l,2-bis(ethoxycarbonyl)ethyl 0,0-dimethyl phosphorodithioate is one of
the safest insecticides with an acute oral LD50 (rats) of 900-5,800 mg/kg. This is the
insecticide mostly used against stored grain pests because of its effectiveness and low
mammalian toxicity. Storage of copra for oil processing needs protection against pests. The
Philippine Coconut Authority studied the effect of storing copra in malathion treated jute
sacks. It significantly reduced the damage caused by insects (1).

This study was conducted to determine if residues of malathion in coconut oil due
to treatment of copra during storage will be reduced by refining processes. The behavior of
a spiked residues was also investigated in parallel.

2. MATERIALS AND METHODS

2.1. Radiochemical

14C-Malathion was obtained from the Philippine Nuclear Research Institute,
Department of Chemistry with a specific activity of 1.36 x 109 Bq/mmol and the following
structural formula, labelled at 2,3 succinate carbon atoms:

H3CO
\ S

//
P - S - *CH - COOC2H5

/ \
H3CO *CH2- COOC2H5
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2.2. Treatment, Storage, and Sampling

Forty kg of copra with moisture content of 7.12% were stored in a treated wooden
box ( I m x l . S m x l m ) . Treatment of the box was done by spraying with 50 ml of 1%
a.i. malathion 57 EC mixed with 3.7 x 104 Bq of 14C-malathion. When the formulation was
dry, copra was piled and stored up to 9.5 months, under simulated commercial storage
conditions. About one kg of copra was sampled 3 days, 2, 3 and 9.5 months after storage
for residue determination and for examining the effect of processing oil on residues of
malathion.

2.3. Residues in Copra

2.3.1 Surface residue
One hundred ml distilled water was added to 50 g of finely ground copra. This was

shaken vigorously for five minutes and was repeated three times. 0.1 ml sample from each
washing was added to scintillation cocktail and the activity counted in a Liquid Scintillation
Counter (LSC).

2.3.2 Extractable residue
The washed copra was air dried, weighed and soxhlet extracted with two hundred ml

methanol for 6 hrs. (24 cycles). 0.1 ml of the methanol extract was taken for radioactivity
measurement.

2.3.3 Non-extractable (bound) residues
The cake, after methanol extraction, was air dried. Three (0.1 g) samples were

combusted in Harvey oxidizer and counted for radioactivity to determine bound residues.

2.4. Processing of crude oil

The oil was extracted from copra by hexane. The free fatty acid and the saponification
number were determined before and after processing. After removal of the hexane by rotary
evaporation, 45 ml aliquot of oil were subject to different refining steps using a modified
method (2). In parallel, forty five g of crude coconut oil was spiked with 44.4 xlO4 Bq/mg
malathion. Both the aged and spiked oil samples were subjected to refining steps to
determine the reduction of residues after each processing step.

2.4.1 Alkali Treatment
An aliquot of 45 ml crude coconut oil was treated with 5 ml of IN sodium hydroxide

and stirred continuously for 30 min. at 70°C. The oil and soap stock mixture was
centrifuged to remove the soap and excess alkali. The oil was then washed with warm
water twice.

2.4.2 Bleaching
The alkali refined oil was treated with 0.5% charcoal and Fuller's earth (1:1 w/w).

This was stirred vigorously at 80°C and filtered. The charcoal mixture was washed with a
little hexane to remove the remaining oil.

2.4.3 Winterization and deodorization
The oil was then kept in a refrigerator for two days and was heated to about 200°C

with a slow stream of steam passing into the heated oil under reduced pressure for three
hours. Aliquots of oil were taken after each refining step to determine the percentage of
malathion residues removed.
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2.5. Identification and quantification of malathion and its metabolites

One ml of the oil from each processing step was diluted with 5 ml acetone/hexane
(1:4). Using pre-coated TLC plates, the spots were developed in acetonitrile/water/ammonia
(85:14:1). For radio scanning 1cm zones were scraped off the plates and radioactivity
counted in an LSC.

One ml of the oil after each processing step was dissolved in 20 ml hexane and
partitioned in 5 ml acetonitrile. The volume was reduced under reduced pressure and diluted
to 10 ml with water. This was extracted with chloroform, then evaporated to dryness and
recovered in 2 ml hexane.

The hexane extract was analyzed by GC-MS (selected ion monitoring SIM) at the
Philippine Institute of Pure and Applied Chemistry (PIPAC), Ateneo de Manila.

3. RESULTS AND DISCUSSION

Two percent of the applied dose of malathion was absorbed by copra as early as three
days up to 60 days but this declined thereafter to 73% in 90 days and to 28% in 285 days.
This corresponds to 17.5 mg/kg which exceeded the Maximum Residue Limit (MRL) of 8
mg/kg set by FAO/WHO (3).

The surface and extractable residues decreased with storage while the bound residues
increased gradually (Table I).

Table I. 14C-malathion residues in stored copra

Days after
treatment

3
60

90

285

Total
residues
(mg/kg)

62.1

60.2

45.1

17.5

Surface residues
(mg/kg)

31.1

30.1

24.3

11.7

Extractable residues
(mg/kg)

27.3

25.5

19.3

3.5

Bound 14C-activity
(mg/kg)

0.28

0.64

0.65

0.85

Recovery
(%)

95

94

98

92

Average of 2 trials

The results of refining crude coconut oil are shown in Table II. There was a great
reduction of malathion residues after alkali (73.6%) followed by bleaching (13.3%) and
steaming (1.7%). The total reduction was 88.6%. The residue level was below the MRL set
by FAO/WHO (3). The large reduction of malathion after alkali treatment maybe partly due
to its relatively high water solubility (> 145 ppm) (4). This is supported by the fact that
50% of the total residues of malathion was removed by merely washing copra with water
(Table I). Similar results were previously reported for gram (5,6,7). In our previous study,
chlorpyrifos residues with water solubility of 1 ppm, were reduced only by 22% in the aged
residues and 32.7% in the spiked sample (8).
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Table II. Effect of processing oil on aged residues of 14C-malathion

Crude coconut oil
Alkali refining
Bleaching
Deodorization

Aged

(mg/kg)
51.9
13.7
6.8
5.9

residues

% remaining
100
26
13
11

Spiked
(mg/kg)

27.2

16.8
9.2
4.3

residues

% remaining
100
62
34
16

Data are mean of 2 replicates (from 2 trials).

There was not much difference in the total reduction of malathion residues in the
spiked coconut oil sample when compared with the aged residues after processing. The
efficiency of reduction at different processing steps ranged from 17.9 to 38.2%. Unlike
the aged residues, the percentage reduction at different steps varied widely (1.7% to
73.6%).

The main degradation route of malathion is through hydrolysis (9). 14C-residues identified
were malathion, malathion monoacid, malathion dicarboxylic acid and propionic acid ethyl
ester (Table III).

Table III. Degradation products of 14C-malathion during processing of coconut oil

(% in Residue)

Compound

Propionic Acid
Ethyl Ester

Malathion
Monocarboxylic
Acid
Malathion
Dicarboxylic Acid

Malathion

Crude oil

0.2

0.4

0.8

98.6

Alkali treated

0.5

1.3

6.5

91.8

Bleached

10

12

0

78

Deodorized

10

39

0

51

4. CONCLUSION

Malathion residues in crude coconut oil are substantially reduced by different refining
processes; total reduction 88.7% for aged residues and 83.9% for spiked samples. The alkali
treatment removed 76% of the aged residues (residues were reduced by almost 50% by
washing the coconut meat with tap water).
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THE FATE OF POST-HARVEST APPLIED PIRIMIPHOS-METHYL
DURING OIL EXTRACTION OF RAPESEEDS AND
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Abstract

Rapeseeds were treated, post-harvest, with 14C labelled pirimiphos-methyl. Rapeseed
oil was then extracted by screw pressing or by using solvent extraction with hexane, or by
using a combination of these processes. The solvent extraction was the most efficient process
extracting 88.5 % of the oil while co-extracting approximately 71 % of the pesticide from the
seed. The resulting pesticide concentration in the oil was 10.5 mg/kg compared to 4.2 mg/kg
in the seed. The crude oil was spiked with labelled pirimiphos-methyl and refined using
alkalis and physical refining regimes, the former consisting of sequential steps of: de-
gumming; neutralisation; bleaching and de-odorisation. For physical refining the
neutralisation stage was omitted. An initial concentration of 11.1 mg pirimiphos-methyl/kg
of crude oil was reduced to 0.06 and 0.19 mg/kg by alkalis and physical refining
respectively. De-gumming, neutralisation and bleaching where almost equally effective at
removing the pirimiphos-methyl and its degradation product pyrimidinol during alkalis
refining. Bleaching was the most significant stage during physical refining removing 48% of
the applied pirimiphos-methyl. The distribution of the activity between the parent compound
and the break down products was investigated for the complete process. Screw expelling
produced most break down product. Some pyrimidinol was produced at each refining stage,
but was removed by the refining process.

1. INTRODUCTION

There is limited information available on the fate, during processing, of post-harvest
applied pesticide on oilseeds. This applies to both oil extraction and oil refining. One
important oilseed that is often subject to post-harvest pesticide treatment is rapeseed, and one
commonly applied pesticide is the insecticide pirimiphos-methyl. Good et al. [1] and
Chamberlain [2] have reported studies on the fate of pirimiphos-methyl during refining of
rapeseed oil. Using gas chromatography to locate the pesticide in the oil and identify the by-
products of the processing they were unable to give quantitative details on the fate of the
pesticide. Also the experiments were carried out on a semi-micro scale, consequently the
conditions used did not correspond very closely to industrial practice. Others [3] have
exploited the advantages of radio tracer techniques for this type of investigation, but this
concerned the fate of organochlorine residues during rapeseed oil processing.
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This study investigates the fate of pirimiphos-methyl on rapeseed during oil extraction
and the fate of the residues carried through to the oil during refining using 14C labelled
material. The extraction and refining were carried out on a laboratory scale using conditions
as close to industrial conditions and practice as possible.

2. EXPERIMENTAL METHODS

2.1. Rapeseed

Winter rapeseed (Brassica napus) variety Libravo with a moisture content of 6%, was
stored at 4°C until required, or up to two years after harvest,

2.2. Chemicals

Un-labelled pirimiphos-methyl [O-2diethylamino-6-methylpyrimidin-4-yl 0,0-dimethyl
phosphorothioate] with 99% purity and pirimiphos-methyl labelled with 14C in the pyrimidinyl
ring with a specific activity of 1.67 MBq/mmol were a gift from ICI PLC, Plant Protection
Division, Jealots Hill, Berkshire, UK. 14C Pyrimidinol was prepared from 14C pirimiphos-
methyl by alkali hydrolysis of the phosphate ester, the product identification and purity were
confirmed by GC-MS [4].

2.3. Radioactivity measurements

The activity of the liquid samples was measured using a LKB Rackbeta Liquid
Scintillation Counter Type 1215-005 using 20 mL vials, Ecoscint A was used as the scintillant
for LSC. Counting was carried out over a ten minute period, triplicate counts were made for
each sample. The mean count was adjusted for the counting efficiency of the system by
reference to a previously constructed quenching calibration curve. For samples that had a
sample channel ratio outside the range of the calibration curve the counting efficiency was
determined by use of an internal standard. The internal standard used was from LKB-
Pharmacia standard having an activity of 99100 dpm.

The quenching calibration curve was constructed by counting an internal standard
(LKB Pharmacia) to which successive qualities of a hexane-acetone rapeseed extract were
added. A plot of counting efficiency against sample channel ratio was constructed.

Solid samples were combusted in a Harvey OX-300 Biological Sample Oxidizer. The
liberated carbon dioxide was trapped in 15 mL of a 2:1 mixture of Ecoscint A and
methoxyethylamine. A Whatman filter paper was used as a blank and the combustion
efficiency determined using a 5560 dpm internal standard (Amersham International).

2.4. Thin layer chromatography

Aliquots of samples which had been cleaned up by GPC were re-dissolved in
chloroform and applied to the TLC plate, (Merck Silica gel G F254 plates). The plates were
developed using diethyl ether : hexane : methanol, 13:6:1 by volume. The 14C activity was
located on the TLC plates using a Bertold TLC Linear Analyzer, and the activity quantified
by LSC. The active area of silica gel was removed, suspended in Ecoscint and counted.
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2.5. Gel permeation chromatography (GPC)

Non-aqueous GPC was used to clean up samples high in lipid. A 25 mm i.d. column
45 cm long packed with BioBead SX-3 200-400 mesh in a mixture of cyclohexane and ethyl
acetate, 1:1 v/v. The sample (5 mL) was injected on to the column and eluted, upwards, at
a flow rate of 5 mL/min. Eluate was collected in 10 mL aliquots which were counted using
LSC.

2.6. Oil Extraction

2.6.1. Method

Three methods of oil extraction from heat conditioned rapeseeds were investigated,
screw expelling, solvent extraction and a combination of expelling and extraction. Before
extraction the seed was conditioned by heating. Conditioning tends to dry the seeds slightly,
so to ensure efficient extraction of the oil the seed moisture content needs to be adjusted,
especially in the case of screw expelling.

2.6.1.1. Seed Preparation
Cleaned seed was treated with 14C labelled pirimiphos-methyl (specific activity 0.270

kBq/mg) in diethyl ether to give a final dose of 5 mg/kg of seed. The seed was then left for
24 h before use. The seed was heat conditioned prior to processing by heating to 80°C for 30
minutes in a covered container. Dose levels were determined by combustion and LSC.

2.6.1.2. Oil Extraction by screw press
The body of a Komet Laboratory expeller was pre-heated to 100°C before the seed

was expelled. Hot (80°C) heat-conditioned seed (115 g) was treated with 4 g of water and re-
heated to 80°C, then fed into the expeller fitted with a discharge nozzle number 5. The
expeller was run at 10 rpm. The oil and cake were collected and weighed, samples of the
seed, meal and oil taken for analysis.

2.6.1.3. Solvent Extraction
Ten grams of ground heat conditioned seed were extracted in a soxhlet extractor with

hexane as solvent for 1 hour. The solvent was evaporated under reduced pressure in a rotary
evaporator.

2.6.1.4. Combination Process
Seed meal from the expeller was solvent extracted in a Soxhlet extractor using hexane

as solvent. After the solvent had been removed the crude oil was combined with the
previously screw pressed oil.

2.7. Oil processing

2.7.1. Methods
The fate of 14C pirimiphos-methyl during alkali and physical refining of crude oil

prepared according to the procedures outlined above was investigated. For alkali refining the
crude oil was subjected to the processes of de-gumming; alkali neutralisation; bleaching; de-
odorisation. For physical refining the alkali neutralisation stage was omitted.
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2.7.1.1. Sample preparation
The crude oil was spiked with fresh 14C pirimiphos-methyl (specific activity of 0.203

kBq/mg and 0.172 kBq/mg for the alkali and physical refining experiments respectively) to
give a final concentration of 11.1 mg/kg of seed. After spiking the oil was stirred and poured
repeatedly from flask to flask to ensure homogeneity. The initial dose levels in all
experiments was determined by LSC or combustion/LSC of the spiked material.

2.7.1.2. De-gumming
The apparatus for de-gumming, neutralisation, and bleaching consisted of a 500 mL

three neck round bottomed flask, fitted with a stirrer, a thermometer, a separating funnel for
the addition of reagents, and vacuum or nitrogen line.

Spiked oil (150 g) was heated, with continuous stirring to 80°C under reduced
pressure. A 10% phosphoric acid solution (1.5 mL) was added drop-wise, and the heating
continued for a further 30 minutes. The oil was centrifuged (3600g) for 30 minutes then the
supernatant was decanted into a pre-weighed flask.

2.7.1.3. Alkali neutralisation
De-gummed oil was heated with continuous stirring to 70°C then a quantity of

sodium hydroxide, calculated to give an excess of 10% over neutralisation, was added as a
2 M solution. Stirring was continued for 30 minutes during which the oil cooled to 50°C. The
oil was centrifuged at 3600g for 30 minutes. After decanting from the soapstock the oil was
washed with hot distilled water until the washings were neutral to litmus.

2.7.1.4. Bleaching j
Neutralised oil was heated to 80°C under reduced pressure and Fuller's earth (BDH,

Poole UK; and Fulmont Premiere from Laporte Industries) added at a level of 1.5 to 2% of
the oil by weight and the temperature increased to 110-120°C and maintained at this
temperature for 20 minutes while continuously stirring. After cooling the oil was filtered
under suction through a Whatman No 1 filter paper. The bleaching process was repeated with
another sample using Fullers Premiere as the bleaching agent.

2.7.1.5. De-odorisation
Bleached oil was placed in a 500 mL round bottom flask connected to a steam

generator, and the exit line passing through an ice/salt trap and a liquid nitrogen trap. The
oil was heated to about 220°C under a vacuum of 0.5 to 0.8 kPa before steam was injected.
Steam was generated from de-gassed distilled water. The de-odorisation was carried out for
4 hours, after which the oil was cooled under vacuum and the vacuum finally released with
nitrogen when the temperature of the oil was below 60°C. Citric acid (100 mg/kg) was added
as a 30 % w/v solution.

3. RESULTS AND DISCUSSION

3.1. Oil extraction

The distribution of 14C pirimiphos-methyl at the various stages and in the different
fractions obtained after extraction is shown in Table I. Even though pirimiphos-methyl is
relatively volatile, conditioning had a small effect on the 14C levels in the seed, about a 3%
reduction. This relatively low level of reduction is probably the result of heating in a covered
container necessary to simulate industrial conditions. Most of 14C pirimiphos-methyl and
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associated degradation products were extracted with the oil. With screw expelling 30% of the
applied pesticide was associated with the seed meal after extraction, compared to
approximately 14% for solvent extraction. These values reflect the different extraction
efficiencies of the extraction procedures, Table II.

Table I: The recovery of 14c in the oil and meal after oil extraction by various methods.

Sample
Analysed

Treated Seed
Heated Seed
Crude oil

Seed Meal
Unrecovered

Screw
pressing

100

97.4(1.1)

58.8(1.6)

30.8 (1.8)

7.8 (2.6)

Oil extraction method1

Solvent
Extraction

100

97.4(1.1)

71.0(3.6)

13.7(1.8)

12.6 (2.3)

Combination

100

97.4 (1.1)

77.1 (2.0)

11.8(0.8)
8.4 (3.7)

1 Values represent the mean % (with standard deviation) of initial
activity in the various fractions from three replicate extractions.

Solvent extraction and the combination process had similar extraction efficiencies for
the residues and the oil, while the screw expeller was less efficient for both oil and
pirimiphos-methyl. The net effect of these extraction processes was to concentrate the
pirimiphos-methyl in the oil, the resulting concentration (10.5 mg/kg) was more than twice
that of the whole rapeseed (4.2 mg/kg).

Table II: The efficiency of oil extraction by screw pressing, solvent extraction
and a combination process1

Extraction method Extraction efficiency___

Screw pressing 66.2 (2.6)
Solvent extraction 88.6 (0.9)
Combination process___________88.5 (1.3)______

1 The mean percentage (with standard deviation) of oil removed from
the seed for three replicate extractions

The recovered oil from each process was subjected to TLC analysis, and the relative
proportion of pirimiphos-methyl and its major degradation product, pyrimidinol, determined,
Table III. Screw pressing resulted in over twice the concentration of pyrimidinol in the
extracted oil. Considering the moisture content of the seed and the heat generated in the
screw press it is not unreasonable to expect a high content of the degradation product. A
trace amount of another un-identified degradation product was detected on the base line of
the TLC plate.
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Table III: The relative proportion (%) of I4c pirimiphos-methyl and pyrimidinol
in the crude oil extracted by different methods1

Extraction Method

Screw pressing
Solvent extraction
Combination process

Pirimiphos-methyl

92.6 (1.78)
96.5 (0.61)
95.4 (1.21)

Pyrimidinol

7.05 (1.74)
3.18(0.38)
4.42 (1.30)

The mean (with standard deviations) from three replicate experiments.

3.2. Oil processing

Crude oil produced by solvent extraction or from the screw pressing was spiked with
14C labelled pirimiphos methyl and subjected to alkali or physical refining, three replicate
refining experiments were undertaken for each process. The total activity of the 14C in the
oil and the by-products from each stage were measured by LSC or combustion followed by
LSC in the case of solid materials. The concentration of 14C pirimiphos-methyl initially in
the crude oil was 11.1 mg/kg which was reduced by 99.5% to 0.05 mg/kg after de-
odorisation. For physical refining a 98.3% reduction in concentration to 0.19 mg/kg was
observed, Table IV.

Table IV: Concentration1 (and standard deviations) of residue in original spiked oil
and in oil fractions after various stages of refining

Stage of
Processing

Initial crude
De-gummed oil
Neutralised
and washed oil
Bleached oil
Deodorised oil

Alkali

Residue
concentration
mg/kg

11.1
7.64 (0.44)
4.54 (0.95)

1.48 (0.47)
0.06

refining

Reduction
for each
stage (%)

31.2
27.9

27.6
12.8

Physical
Residue
concentration
mg/kg

11.1
7.80 (0.72)

2.47 (0.57)
0.19

refining

Reduction
for each
stage (%)

29.7

48.0
20.5

1 From three replicate experiments

Some degradation of the parent pesticide was observed during both alkali and physical
refining, the relative amounts of parent compound and the hydrolysis product pyrimidinol in
the oil were determined by TLC, Table V.

Approximately 30% of the residue was lost during gumming, as this, and all other
refining processes, are carried out under vacuum at an elevated temperature this loss is not
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surprising considering the volatility of pirimiphos methyl. A considerable degree of
hydrolysis of the parent compound was observed, Table V.

Table V: The relative proportion (%) and standard deviation of the mean1,
of 14C pirimiphos-methyl and 14c pyrimidinol in oil at each stage of alkali refining.

Stage of
Processing

Spiked Crude oil
De-gummed oil
Neutralised oil;

Unwashed
Washed

Bleached oil
Deodorised oil

Alkali

Pirimiphos-
methyl

99.8 (0.8)
81.3 (3.8)

73.6 (3.4)
76.6 (1.9)
85.5 (3.4)

nd

refining

Pyrimidinol

0.1 (0.1)
17.9 (3.8)

25.8 (2.9)
23.0 (1.7)
14.5 (3.5)

nd

Physical

Pirimiphos-
methyl

82.0 (3.55)

85.6 (2.61)
nd

refining

Pyrimidinol

17.5 (3.54)

14.4 (2.62)

nd

1 From three replicate experiments: nd = not determined

A similar level of reduction of the applied pesticide was observed during
neutralisation. The proportion of pyrimidinol in the total residue remaining in the oil
increased, but the level of hydrolysis was less than might be expected for an
organophosphate, most likely due to the low aqueous solubility of the parent compound. Most
of the loss in neutralisation is again probably the result of volatilization. Bleaching resulted
in a 48% reduction in residue levels during physical refining and about a 28% loss during
alkali refining. The reduction at this stage is probably the result of both volatilization and
adsorption. That bleaching was a more effective stage during physical refining is probably
the result of the initial higher concentration of residue prior to bleaching. Very similar
proportions of pirimiphos-methyl and pyrimidinol were found in bleached oils from alkali and
physical refining.

The bleaching stage was further investigated using two different bleaching earths;
Fuller's Earth a natural bleaching agent and Fulmont Premiere a proprietary activated form
of Fuller's Earth. The recovery of the 14C activity in the bleached oils are shown in table VI.

The recovery of the spiked pesticide was to some extent dependant on both the
loading of bleaching earth used and the process time. Activated bleaching earth was much
more effective at removing residues.

The final step in the refining process is de-odorisation, a steam distillation process.
This was shown to be a very effective process for removing the highly volatile pirimiphos-
methyl. The final residue concentrations in alkali and physical refined oil were 0.06 and 0.19
mg/kg respectively.

It has been previously reported [4] that the yield of refined oil using the above
conditions was 77.8% with a free fatty acid levels of 0.08% (as oleic acid), phosphate
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Table VI: Percentage of 14C activity recovered from bleached oil
using fuller's earth and fulmont premiere.

Bleaching Agent

Fuller's Earth
it

Fulmont
Premiere

«
ti

Concentration of
Bleaching agent
used. (% of Oil
weight)

1.5
2.0
1.5

2.0
2.0

Duration of
Bleaching
(minutes)

20
20
30

20
30

Recovery of I4C
mean %l of initial
activity and
standard deviation

33.9 (3.82)
28.8 (4.76)
20.4 (1.77)

10.1 (1.94)
1.67 (0.13)

1 From three replicate experiments.

content of 6.14 mg/kg and a colour of light straw. The yield is less than would be expected
from a good industrial plant, but could be better than that obtained in a basic rural operation.
However the quality of the oil was comparable with commercially refined product.

4. CONCLUSIONS

The laboratory extraction and refining procedures used have been shown to
approximate to industrial conditions, in so far as the refined oil having properties similar to
commercially refined oil. Most of the post-harvest applied pirimiphos methyl was co-extracted
with the oil, concentrating the pesticide to about twice that found in the seed. The volatility
of pirimiphos methyl has been a significant factor in its removal during processing. The most
effective stage for removing the pesticide during alkali refining was de-gumming but this only
marginally more effective than neutralisation and bleaching. For physical refining bleaching
was the most important stage. Both alkali and physical refining are effective processes for
reducing pirimiphos-methyl residues in oil. While the seeds and oil were subjected to quiet
harsh conditions the only degradation product detected was pyrimidinol. This compound was
also readily removed during refining.
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Abstract

Rape seeds were treated with 14C-diazinon at 3.2 ppm, stored for 2 months and then
subjected to extraction, alkali refining, bleaching and deordorization under laboratory
conditions. The pesticide level in the oil was determined immediately after processing.
Diazinon residues in oil decreased at each stage of processing and were reduced from 3.2
ppm in the crude oil to 2.4 in the refined oil; 93 % of the residue was the parent insecticide.

1. INTRODUCTION

Post harvest application of pesticides is used to prevent losses caused by pests during storage
and transportation. The residue levels are usually greater than those due to preharvest
applications because residues of postharvest applications are not reduced by weathering
and/or translocation. In recent years attention has been focused on reducing or removing of
pesticide residues by food production processes. Removal of organochlorine pesticides from
crude oil has been studied (1, 2, 3). The authors reported that the deodorization process is
important in minimizing pesticides in the final product. Deodorization of soybean oil spiked
with dichlorvos, malathion, chlorpyrifos, and captan led to the same results (4). In this work
we report on the residue levels of 14C-diazinon in rape seed after treatment, extraction and
refining processes of crude oil. Simulated commercial processing procedures were used for
study in the laboratory.

2. MATERIALS AND METHODS

I4C-diazinon, [0,0-diethyl 0-2-isopropyl-6-methylpyrimidin-4-yl phosphorothioate], was
synthesized in our laboratory (5). Its purity was determined by radio GLC and was found to
be 99%. Rape seeds were procured from a farmer in Freising, Germany. All reagents used
were AR grade. The radioactivity in seeds, crude and processed oils was determined by
automatic combustion (Packard oxidizer model 307). A liquid scintillation counter (Berthold,
BF 5003A) and scintillation liquid (Ultima Gold XR) were used for assaying 14C activity. For
TLC analysis ready made silica gel plates (Merck, 0.25 mm) were used. Thin-layer
chromotography plates were scanned for radioactive substances on a scanner supplied by
Berthold/Frieske GmbH, Karlsruhe, Germany. Gas-liquid Chromatographie analysis was
performed on a Carlo Erba, MRGC S160 with a ray test Raga 90 detector, fitted with a glass
capillary column 5 m x 0.25 mm i.d., coated with methylsilicon. The following GC
conditions were used: temperature 80°-240°C programmed at 10°C/min, carrier gas N2 (1,5
mL/min). Mass spectra were obtained on a GC-MS, Hewlett Packard (HP) model 5995A at
70 ev. The GC conditions were as follows: a HP capillary column (25 m x 0.35 mm i.d.)
coated with 5% phenyl ethyl silicon, carrier gas helium, temperature programme 70-250 °C,
5°C/min.

2.1. Treatment of rape seeds: A mixture of diazinon (1.6 mg) and 14C-diazinon (1.66 x 103

bq/m mol) in acetone was sprayed on the surface of the seeds (500 g) in a rotating flask.
After 12 h rotation the seeds were stored at 20 °C for 2 months.
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2.2. Extraction of oil from seeds: The treated seeds were crushed and extracted with n-
hexane (80 °C) for 6 h. The hexane extract was concentrated on a rotary evaporator, till the
weight of oil left behind was constant. The oil was then analysed for 14C-activity.

2.3. Alkali refining: A 49.8 g sample of crude oil was heated, and 2 ml of water was added
at 80°C with stirring for 15 min. Then 85% H3PO4 (8 mg) was added to the oil and the
mixture was stirred for 2 min. Sodium hydroxide (272 mg) was added and stirring continued
for 10 min. The oil was taken in 250 ml hexane and washed with water three times at 10°C.
The mixture was centrifuged to separate the oil from water.

2.4. Bleaching: Alkali-refined oil (48.5 g) was heated at 105"C at reduced pressure (3 torr)
for 5 min. The mixture was cooled to 60°C, and active clay (0.5 g) was added to the hot oil
at atmospheric pressure. The temperature of the mixture was maintained at 105 ° C for 20 min
under reduced pressure (3 torr). The mixture was cooled to 50°C and filtered.

2.5. Deodorization: Bleached oil (46. Ig) was heated at 200°C under reduced pressure (4
torr). Steam was passed into the oil for 1 h. The volatile components were trapped in hexane
at-10'C.

2.6. Chromatography: An oil sample (3 g) was dissolved in 20 ml of hexane and extracted
with acetonitrile (3 times, 40 mL each). The combined acetonitrile extracts were evaporated
and the residue was dissolved in hexane. The hexane extract was subjected to column
Chromatography (Florisil).

3. RESULTS AND DISCUSSION

The processes for extraction and refining of rape seed oil are comparable to the
corresponding commercial refining processes (Figure 1). The yield of crude, alkali-refined,

Rape seeds

crushing and extraction with
hexane

Crude oil Meal

alkali refining with NaOH

Alkali refined oil Water wash

bleaching with active clay

Bleached oil

deodorization at 200 °C

Deodorized oil
Figure 1: Laboratory (simulated) oil-refining process
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bleached and deodorized oil is shown hi Table I. These data are comparable with the
standard results of the commercial oil-refining process (4). Over 60% of the 14C applied to
the rape seeds was lost during storage. The meal left after extraction with hexane contained
2.85% of the applied activity. Table I shows the concentration of the residue during
processing. Alkali treatment and bleaching removed small amounts of the residue while
deodorization removed 17%. The final oil product still retained 75% of the residue in the
crude oil. Chlorpyrifos in soybean oil was effectively removed after refining (4). The
chemical nature of the insecticide and the oil source seem to influence the removal efficiency
of the refining processes.

In the refined oil, diazinon and its degradation products were resolved into various
radioactive zones on a silica gel TLC plate. The relative concentration of these products is
given in Table II, which shows that the major activity (93%) was associated with Zone IV.
This material (eluted with ethylacetate-hexane 1:1) was identified as diazinon by radio-GC
and further confirmed by GC-MS. The activities of the other zones were small and were not
further investigated.

TABLE I: MATERIAL BALANCE AND 14C-RESIDUES IN OIL
DURING PROCESSING

Material_______Weight (g)_____14C-residue (me/kg)

Rape seeds*
Crude oil
Alkali-refined oil
Bleached oil
Deodorized oil

500
49.8
48.5
46.1
44.3

3.19
3.09
2.90
2.42

Data are mean of 2 replicates.
* Extraction yielded 35.6% crude oil.

TABLE II: RESIDUES OF I4C-DIAZINON AND DEGRADATION PRODUCTS
IN REFINED RAPE SEED OIL

Relative percentages
Plate

I

II

Average

Zone I

2.02

0.79

1.40

Zone II

2.33

2.34

2.33

Zone III

1.28

1.21

1.24

Zone IV

92.60

93.64

93.12

Zone V

1.77

2.00

1.88

Values expressed as percentage of radioactivity applied on the plate.
TLC solvent: hexane/butanone (4:1).
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4. CONCLUSIONS

Alkali-refining, bleaching and deodorization processes reduced diazinon residue in crude
rapeseed oil from 3.185 ppm to 2.42 ppm, of which 93% was diazinon. The rest was various
unidentified products of diazinon.
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I4C-CARBARYL RESIDUES IN SUNFLOWER OIL
DURING OIL PROCESSING
K. GÖZEK, A.S. TUNÇBILEK, M. YLIM
Ankara Nuclear Research and Training Center,
Turkish Atomic Energy Authority,
Saray - Ankara, Turkey
Abstract

This study was conducted to provide information on the magnitude of 14C-carbaryl
residues in sunflower seeds, crude and refined oils.

Under conditions of actual practice, seeds were found to contain 0.81 mg/kg residue
at harvest, while crude oil had only 0.47 mg/kg. The crude oil was then refined by
degumming, neutralization, bleaching, winterization and deodorization, as in commercial
practice. Carbaryl residues declined slowly to 0.34 mg/kg by the combined effect of
degumming, neutralization and bleaching. The deodorized oil contained 0.20 mg/kg, of
which 25% was carbaryl and 53% 1-naphthol. When crude sunflower oil was fortified with
14C-carbaryl at 2 mg/kg and similarly refined, only a 5 % loss of residue was observed due
to degumming, neutralization, bleaching and winterization. Deodorization effected a
considerable removal of residue (53 %). The variation in the efficiency of removing residues
by individual processes relates, most likely, to the composition of the residue in aged and
fortified oils.

1. INTRODUCTION

Sunflower oil, among other vegetable oils, is one of the essential foods for human
nutrition. In Turkey over half a million tons of vegetable oils are produced annually; of
which 70% is sunflower oil (1).

Carbaryl (1-naphthyl methylcarbamate) is a contact and stomach insecticide with slight
systemic properties and recommended for use at 0.25-2.0 kg/ha against many insect pests
of cotton, sunflower, fruits, vegetables and other crops (2). It is not known whether local
practices would lead to presence of carbaryl residues in sunflower oil. The aim of this work
is to detect and quantify such residues and follow-up on their magnitude through the refining
processes.

2. MATERIALS AND METHODS

2.1. Chemicals

Carbaryl-(naphthol-l-MC) with a specific activity 2.1 GBq/g was purchased from
IZINTA Isotope Trading Enterprise, Budapest, Hungary. Nonradioactive carbaryl was sup-
plied by the Plant Protection Institute, Ankara. Phosphoric acid 85%, dichloromethane,
chloroform, methanol and dioxane were of analytical reagent grade. The scintillation cocktail
was prepared by dissolving 7 g of PPO, 0.05 g of POPOP and 50 g of naphthalene in l L
of dioxane (3). Crude oil, adsorbent clays (tonsil and perlit) were supplied by a local oil
factory.
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2.2. Field Experiment

In May 1990, sunflower seeds were planted under outdoor conditions on
3.6m 12.5m plot. The seedlings were thinned to 35 plants after 30 days from emergence.
In August, the plants were treated topically with a methanol solution of 14C-carbaryl, specific
activity 581.3 MBq/g. Each plant received 1.48 kBq and 0.056 g cold carbaryl. The plants
were harvested in October 1990 and kept in deep-freeze until analysis.

The moisture content of seeds was determined by oven drying for two hours at 110°C
and found 7.7%. After shell removing, seeds were ground in a Waring Blender and the crude
oil was extracted by hexane in Soxhlet apparatus for 12 hours. The extracts were evaporated
in a rotary evaporator and aliquots of crude oil were counted in LSC. In addition, crude oil,
ground seeds and cake samples were combusted in a Harvey Biological Oxidizer OX-600 and
counted in LSC.

2.3. Commercial Processing Procedures of Crude Oil

The refining processes were realized according to the flowchart given in Figure 1 (4,
5).

CRUDE OIL
(45-50 g)

DEGUMMING
2 ml KO + 0 08 ml H PO ^(85%)

85 °C, 30min

CentrifugationLSC

Figure 1.
Flowchart of
R e f i n i n g
Processes

LSC

LSC-

NEUTRALIZATION
Phenolphtalem + 2 N NaOH

95° C, 30 mm

Centrifugation

BLEACHING
0 15g Tonsil

HCfcVacuum, 30 mm

Centrifugation

LSC

WINTERIZATtON
0 01 g Perht

5°C, 2-3 days

Centrifugation

DEODORIZATION
180-200° C, Vacuum, 4 hrs

LSC———— Centrifugation

EDIBLE OIL
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2.4. Refining of MC-Carbaryl Fortified Oil

50 g crude oil sample obtained from an oil factory was fortified with 14C-carbaryl
at 2 mg/kg and processed as previously described in Figure 1.

2.5. Quality of Edible Oil

The Free Fatty Acid content (FFA) and unsaponifiable matter analyses were made
according to the Turkish Standards, TS 886 (6). In the refined oil, FF A and the
unsaponifiable matter were 0.14 % and 0.005 %, respectively; which are below the
limits of TS 886.

3. RESULTS AND DISCUSSION

Table I shows the distribution of residue in the various seed components. While
the residue in ground seed was 0.81 mg/kg, the crude oil contained only 0.47 mg/kg.

TABLE I. DISTRIBUTION OF 14C-CARBARYL RESIDUES

SAMPLE_________RESIDUE (mg/kg)
Ground Seed Œ8Ï
Peeled Seed 1.39
Crude Oil (Extracted) 0.47
Crude Oil (Combusted) 0.47
Shell___________________0.26______

As it can be seen from Table II, 14C- residues decreased slowly to 0.34 mg/kg
through the combined effects of degumming, neutralization and bleaching. A further
reduction ( 31% ) was effected by winterization and deodorization, leaving a residue of
0.20 mg/kg in the refined oil. The nature of the residue was determined by TLC (hexane-
acetone 2:1) following partitioning between hexane and acetonitrile. Carbaryl contributed
only 25% of the residue while 1-naphthol 53%.

The fortified samples showed that deodorization is a highly effective process, as
it removed 53% of the residue ( Table II ). The variability in removal efficiency of
aged versus fortified residues is probably due to the nature of the residue.

TABLE II. 14C-CARBARYL RESIDUES IN SUNFLOWER OIL DURING REFINING

TREATMENT

Crude Oil
Degumming
Neutralization
Bleaching
Winterization
Deodorization

FIELD
%

100
91
87
73
54
42

RESIDUE
mg/kg

0.47
0.43
0.41
0.34
0.25
0.20

FORTIFIED
%

100
98
97
96
95
42

RESIDUE
mg/kg
2.00
1.96
1.94
1.92
1.90
0.84

Data are mean of 2 replicates.
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EFFECT OF RICE BRAN PROCESSING INTO
OIL ON "C-CARBOFURAN RESIDUES
N. TAYAPUTCH, Y. PHAIKAEW, R. SITAYOUNG
Division of Agricultural Toxic Substances,
Department of Agriculture,
Bangkok, Thailand
Abstract

The effects of processing rice bran into refined oil on I4C-carbofuran residues were
studied under field conditions and in fortified oil samples. The results showed that only 0.52%
of the field applied 14C-carbofuran was present in rice bran. Of this amount, crude oil retained
11.6%, compared to 86% in the fortified sample. When crude oils were subjected to
degumming and neutralization processes, radioactivity substantially declined to 1% and 14%
for aged and fortified residues, respectively. Bleaching and deodorization were ineffective in
eliminating residues from spiked samples. Carbofuran, 3-hydroxy carbofuran, 3-keto
carbofuran and carbofuran phenol,were identified in the crude and refined oils obtained from
the field experiment. It is concluded that the commercially adopted procedures efficiently
remove carbofuran and / or its products present in oil.

1. INTRODUCTION

Rice is a very important staple food crop in Thailand in terms of local consumption
and export. Various types of insecticides, herbicides and fungicides are used during the stages
of planting. The insecticide carbofuran is commonly used in paddy field to control many kinds
of insects such as brown plant hopper and stem borer [1], Due to heavy applications, concern
has been expressed that carbofuran residues might appear at unacceptable levels in grain and
particularly bran [2], This study aimed at determination of carbofuran residues in rice bran
and crude oil. It aimed also at evaluating the efficiency of refining processes in removing
part or whole of the residue.

2. MATERIAL AND METHODS

2.1. Chemical

14C-ring labelled carbofuran (2,3-dihydro-2, 2-dimethyl benzofuran-7-yl methyl
carbamate) was supplied by IAEA. The chemical had a specific activity of 3.12 MBq/mg
(690.53 MBq/mmol) and the purity of the radiochemical by TLC was shown to be 98%. Non
labelled carbofuran (Furadan 3% G) was supplied by a local manufacturer in granulated
formulation (2.91%).

2.2. Methods

2.2.1 Field experiment
Rice planting was carried out inside a greenhouse area of 3 x 5 sqm, receiving

direct sunlight and having screen to protect from birds. Rice plant (RD 23) was grown by
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transplanting 20 day seedlings 1 hill (3 plants) in one porcelain pot which contained 20 kg
of black clay loam soil. The experiment consisted of 35 pots. The radiochemical (sp.act.
0.174 x 104 Bq/mg) was prepared by mixing 14C-carbofuran with the cold granules in acetone
for 24 hours. 14C-carbofuran (7.4 x 104 Bq mixed with 1.462 gm of Furadan 3% G) was
applied to each pot twice 2 weeks apart. This corresponded to the recommended rate of 5
kg/rai (0.16 ha). The soil was flooded with water 5 cm above the soil surface. After 110
days the rice plants were harvested giving a yield of 80-120 gm/pot; total production about
4kg.

2.2.2 Processing into rice bran and oil
After milling and polishing, rice bran contributed approximately 11% to the total

weight of rice paddy (435 gm). Analysis of radioactivity was done on samples of soil, dried
plant, root, grain, bran, husk and broken grain (Table I).

Crude rice bran oil was obtained by n-hexane extraction in soxhlet extractor for 8
hours. The oil content was 15.9%. The radioactivity in crude oil, n-hexane and rice bran cake
was determined by combustion and liquid scintillation counting.

2.2.5 Refining process
2.2.3.1 Degumming: Crude rice bran oil was placed into 500 ml beaker and heated on a
magnetic stirrer. The steam produced from a water boiling flask was passed into the crude oil
for 60 min with continuous stirring. The mixture containing gums was centrifuged and
filtered and oil counted for radioactivity.

2.2.3.2 Neutralization: The acid value of the degummed oil was determined and a calculated
amount of NaOH (20% in excess of the acid value) added. The mixture was heated at 60 °C
with vigorous stirring for 40 min. The treated oil was transferred to a separatory funnel and
washed with hot water (80°C) several times until pH of washed water was 7. The neutralized
oil was counted for radioactivity.

2.2.3.3 Bleaching: The neutralized oil was heated to 85°C and Fuller's earth (5%) was added.
Pressure was adjusted to 0 mm Hg and temperature increased to 100°C with continuous
stirring for 30 min. The bleached oil was filtered while hot and analyzed for radioactivity.

2.2.3.4 Deodorization: The bleached oil was poured into a three-neck round bottom flask and
heated to 240-260°C. A flow of steam was passed through the oil under reduced pressure (2-5
mm Hg) for 3 hours and radioactivity was measured by LSC.

2.2.4. Carbofuran-foriified experiment
1.5 kg of rice bran purchased from rice mill was spiked with 14C-carbofuran (1.85 x

106Bq/kg); end concentration 0.59 ppm. After drying, the rice bran was combusted and
analyzed for total radioactivity. The spiked bran was processed by hexane extraction to obtain
bran and oil. The radioactivity in crude oil, n-hexane and rice bran cake was then determined.
Processing of crude oil followed procedures described above.

2.2.5. Identification of carbofuran metabolites
200 mg of oil were cleaned up by 15 g of alumina (activated with 5% water) and

eluted with 60 ml ethyl acetate. The filtrate was reduced to 1 ml, spotted on TLC plates and

68



developed in three solvent systems [3,4]. Rf values were compared with those of authentic
substances (carbofuran, 3-hydroxy carbofuran, 3-keto carbofuran and carbofuran phenol).

3. RESULTS AND DISCUSSION

3.1. Residues in rice bran and crude oil

The application of 14C-carbofuran at the root zone of rice plants 40 days after
transplanting resulted in appearance of radioactivity in all parts of the plant at harvest (Table
I). Carbofuran residues in dried rice plant (straw) accounted for 36.71%, while the residues
in rice grain and bran were only 0.99% and 0.52%, respectively.

Table I. Residues of 14C-carboruran in rice products

Rice paddy
components

Dried rice plant

Root

Rice grain

Rice bran

Husk

Broken grain

Weight

(gm)
6,000

267
2,616

435

683
315

Residue
concentration

(ppm)
182.19

85.09

11.27
35.47

38.44
47.45

Total residues

(mg)
1,093.16
22.75

29.48

15.43

26.24

14.95

% of applied

36.71

0.76

0.99

0.52

0.88

0.50

The crude oil contained only 11.6% of the radioactivity in the bran while the cake had
88% (Table II).

Table II. I4C-carbofuran residues in rice bran and products

14C-residues (%)

Fraction

Rice bran

Crude rice bran oil

Hexane extract

Rice bran cake

Total recovery

Aged

100.0
11.57
0.22

88.02

99.81

Spiked

100.00

85.96

1.28

8.03

95.27
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3.2. Effects of processing

Table III shows that aged MC-residues were efficiently reduced to 80.7 and 0.90%
through degumming and neutralization. The corresponding values for the spiked residues were
76.8 and 13.8%. Bleaching and deodorization, had insignificant effect.

Table III. 14C-carbofuran residues in oil during refining processes

Refining process

Field experiment

Crude oil

Degumming

Neutralization

Fortified oil

Crude oil

Degumming

Neutralization

Bleaching

Deodorization

Oil weight

(gm)

69.3

61.5

56.9

290.4

257.8

238.3

229.7

223.3

14C-residue
concentration

(ppm)

23.95

21.77

0.26

2.38
2.06

0.40

0.40

0.33

Total residue

(mg)

1.66
1.34

0.015

0.69
0.53

0.095

0.092

0.074

%

100

80.7

0.9

100

76.8

13.8

13.3

10.7

Analytical data are means of 2 replicates.

.J3.3. Nature of residues in oil

For identification purposes, the Rf values for carbofuran and major products were
determined (Table IV). A study of the composition of the residue in crude and refined oils
indicates the presence of three products. The parent chemical accounted for only 20% of the
residue (Table V).

Table IV. Rf values of carbofuran and metabolites in 3 solvent systems

Carbofuran

3-hydroxy carbofuran

3-keto carbofuran

Carbofuran phenol

Hexane.-diethyl ether

70:65

0.37

0.43

0.63

0.87

Hexane:ethyl acetate

60:60

0.89

0.67

0.79

0.74

Hexane:diethylether

60:60

0.63

0.69

0.93

0.98
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Table V. Composition of !4C-residues in rice bran oil

Relative percentage in aged residues

Carbofuran 3-hydroxy carbofuran 3-keto carbofuran Carbofuran phenol

Crude oil 21 19 29 31

Degummed &
neutralized oil 20 20 22 38
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EFFECTS ON SEMULTATED COMMERCIAL PROCESSING
PROCEDURES ON "C-DIMETHOATE RESIDUES IN
COTTONSEED OIL
A. HUSSAIN, U. MAQBOOL, M. RAAFIQUE ASI,
S.T. MAHMOOD, S. WASIM ALI, S.H. MUJTABA NAQVI
Nuclear Institute for Agriculture and Biology (NIAB),
Faisalabad, Pakistan
Abstract

Crude cottonseed oils were processed using simulated commercial processing procedures
following local practices to determine if oil processing would remove or reduce pesticide
contaminants of either field 'aged' or 'spiked' origin. Cotton plants, were treated with 14C-
dimethoate under conditions of local agricultural practices. At harvest, the oil extracted from
seeds contained 7.33 ppm of 'aged' residues. In this oil, the pre-neutralization process removed
48% of 14C-activity and the refined oil had 14% of the initial residue. Dimethoate accounted for
only 0.07 ppm; dimethoxon was nondetectable.

In the crude cottonseed oil 'spiked' with 10 ppm dimethoate, the pre-neutralization process
removed 86% of the initially applied 14C-activity. The remaining refining process led to a further
reduction of residue and the processed oil had only 0.97% of the original residue, mainly in the
form of the parent compound; a small amount of dimethoxon was also present. When crude oils
containing 'spiked' or 'aged' residues were processed by modified processes, the pre-
neutralization step was the most effective and led to elimination of 72% and 60% of l4C-residues
respectively. The refined oils had only 0.5 and 1.5% of 14C-residues. A small amount of
dimethoate was present in the 'spiked' refined oil, whereas dimethoate and dimethoxon were not
detectable in 'aged' refined oil.

1. INTRODUCTION

Growing world population and food demand have dictated the introduction of intensive
agricultural practices involving the use of an increasing range of pesticide chemicals. This has
led to a considerable increase in food crop production and improvement of crop quality.
However, with the increasing use of agricultural chemicals on crops, there is a major concern
from a toxicological standpoint. Such use must not result in the retention of appreciable residues
on food products. Even when pesticide use conforms to currently adopted standards of good
management practice, undesirable side effects may occur and could, at times, conceivably
endanger public health. To protect the human, his food and environment from toxic effects of the
pesticides and their breakdown products, strict surveillance and monitoring programmes at
national and international levels should be available.

Oils and fats are highly important to our diet. In view of the acute shortage of edible oils
in Pakistan, a crash programme has been initiated to increase production of different kinds of
edible oils (1). Pesticides are used on large scale on oil-bearing plants to control pest and reports
have shown that some of the oils and oilseeds available commercially are contaminated with
pesticides (2-7).

Crude vegetable oils are normally subjected to alkali treatment, bleaching, deodorization
and sometimes hydrogénation. It is of interest to determine if pesticides used on oilseed crops can
lead to appearance of residues in crude oils and whether processing can affect the magnitude and
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nature of the residues. Removal of pesticide residues is usually incidental to the processing
operation (8) but procedures may be modified to improve the efficiency of some processes. The
vast majority of studies in this area has dealt with substrates 'spiked' with the chemical (9-11).
The present study was designed to study the effect of simulated commercial processing
procedures on cottonseed oil derived from field-contaminated seeds containing 'aged' residues
(natural origin) of 14C-dimethoate which reflects a real situation. For comparison 'spiked' oils
were also examined. Dimethoate [O, O-dimethyl S-methylcarbamoylmethyl phosphorodithioate]
is an organophosphorus insecticide with a contact and systemic action and is used against a broad
range of insect in agriculture.

2. MATERIALS AND METHODS

2.1. Chemicals

l4C-[O,O-dimemyl]-dimethoate (sp. act. 2.74 MBq/mg) was obtained from Amersham
International Inc., England. The purity of the supplied chemical was 85% and was purified by
TLC followed by recrystallization from ether. Radiochemical assay by TLC showed the chemical
to be 99% pure. The commercial formulation of dimemoate used in the present study was Rogor
L 40 (dimethoate 40% EC). Authentic standards of dimethoate (95%) and dimethoxon (97.3%)
were obtained from British Greyhound, Chromatography and Allied Chemicals, UK, and US
Environmental Protection Agency, Research Triangle Park, NC 27711, respectively. All other
chemicals were of analytical grade and solvents were reagent grade, freshly glass distilled before
use.

2.2. Incorporation of 14C-dimethoate in cottonseed oil

2.2.7 'Aged' residues
Cotton variety NIAB-78 was sown in an agricultural field of 0.125 acre. Three lots each

75 plants were sprayed only once with commercial dimethoate 40% EC (Rogor L40, 0.16 Kg
a.i/ha) containing 14C-dimethoate. Each plant of each lot received 8.014, 8.028 and 8.042 mg
dimethoate having specific activities of 4.62, 9.22 and 13.81 KBq/mg, respectively. After harvest,
samples were ginned, delinted with sulphuric acid, and seeds were Soxhlet extracted with hexane
to separate the oil. 14C-activity in the crude oil was measured.

2.2.2 'Spiked' residues
Crude cottonseed oil (300 ml) was spiked with 14C-dimethoate specific activity 0.61

MBq/mg at a dose of 10 mg/Kg.

2.3. Simulated commercial processing procedures

Crude oils having 'aged' or 'spiked' 14C-residues were subjected to refining processes
including alkali treatment, bleaching, hydrogénation and deodorization in the laboratory. These
methods simulated those being followed locally by Ghee Corporation of Pakistan.

2.3.1 Pre-neutralization
300 ml samples of cottonseed oils were stirred with 15% NaOH solution and kept at 50-

60°C, with occasional shaking, for 2 hours. The amount of alkali used was in slight excess of the
free fatty acid content of the oil. The oil and soapstock mixture was centrifuged and washed
several times with hot water (50-60°C) to obtain clear oil. Aliquots of pre-neutralized oil and
washings were counted in a liquid scintillation counter.
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2.3.2 Pre-bleaching
The alkali-refined oil was treated with 0.7% Fuller's earth and 0.05% activated carbon and

stirred at 90°C for 30 minutes under vacuum. The oil was centrifuged and aliquots of the
bleached oil and adsorbent were counted for radioactivity.

2.3.3 Hydrogénation
The pre-bleached oil was heated to 140°C and flushed with hydrogen gas. During

hydrogénation, the hydrogen pressure was maintained at 20 per square inch guage (psig) and the
temperature at 210°C. Nickel was used to catalyze the reaction. After the desired temperature (36-
37°C) was obtained, the hydrogénation was stopped and the oil was cooled and filtered to remove
the catalyst. Aliquots of the oil and nickel waste were counted for radioactivity.

2.3.4 Post-neutralization
The hydrogenated oil was stirred with 3% NaOH solution and incubated at 50-60°C for

30 minutes. The mixture was then extensively washed with hot water (50-60°C) to remove the
soapstock from the oil. Aliquots of oil and washings were counted for radioactivity.

2.3.5. Post-bleaching
The post-neutralized oil was treated with 0.35% Fuller's earth and 0.03% activated carbon

and stirred at 90°C for 30 minutes under vacuum. The oil was centrifuged and aliquots of the
post-bleached and adsorbent were counted for radioactivity.

2.3.6 Deodorization
The post-bleached oil was heated to 270°C at a pressure of 5-6 mm Hg and a slow current

of steam was passed into the oil for two hours. Citric acid (0.02%) was added as scavenger and
as an antioxidant. The deodorized oil was then cooled to room temperature and aliquots of oil
and deodorization condensate were counted for radioactivity.

2.4. Modifications in commercial processing procedures

In order to improve/optimize processes to remove 'more residues', some experimental
conditions in the procedures were modified. Modifications included alkali concentration
(neutralization), amount of adsorbent (bleaching), source of nickel catalyst (hydrogénation) and
steaming time (deodorization).

2.5. Radiometrie measurements
14C-activity in cottonseeds and cake was determined by combusting the sample in Packard

Oxidizer Model 306C using Carbosorb as CO2 absorber and Permaflour as scintillator. The
radioactivity in adsorbent and nickel wastes was determined by wet combustion (12). The 14C-
activity in cottonseed oil was determined by counting in toluene based PPO and POPOP
scintillator. For TLC plates, the spots were scraped off and analyzed by scintillation counting. A
Nuclear Enterprise LSC 1 spectrometer with Scaler-Ratemeter SR5 was used and the reading
obtained as disintegration/minutes was corrected for background and quenching.

2.6. Characterization of radioactive residue

Samples of oil, after each refining process, were extracted with ethyl acetate and
acetonitrile (1:1). Residues were characterized by TLC on highly purified silica gel on polyester
(20x20 cm, thickness 0.20 mm, with UV 254 indicator, Aldrich-Chemie D-7924 Steinheim,
Germany) using benzene : acetone (2:1) and chloroform : acetone (3:2) for development.
Dimethoate and dimethoxon were run alongside as references.
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3. RESULTS AND DISCUSSION

3.1. Effect of commercial processing procedures on cottonseed oil

3.7.7 'Aged ' residues
The oil extracted from each lot was pooled; concentration in oil 7.33 mg/Kg. The

processing of crude oil containing 'aged' residues led to a gradual decline in the total amount of
residues. The pre-neutralization process removed 48% of the 14C-residue (Table I). The
subsequent steps led to a further decline to only 14% of initial residue in the crude oil.

Table I. 14C-activity in cottonseed oil with 'spiked' or 'aged'
residues at various stages of processing

Sample 14C-dimethoate residues in 14C-residues in oil with
'spiked' oil aged residues

Crude oil

Pre-neutralized oil

Pre-bleached oil

Hydrogenated oil

Post-neutralized oil

Post-bleached oil

Deodorized oil

% loss

00

86
88

95

97

98

99

ppm

10.00

1.39 ±0.12

1.17± 0.14

0.48 ± 0.09

0.30 ± 0.14

0.21 ± 0.12

0.10 ± 0.07

% loss

00

48

54

59

63

66

86

ppm

7.33

3.84 ± 0.20

3.40 ± 0.14

3.03 ± 0.08

2.6910.11

2.50 ± 0.21

1.03 ± 0.23

Data are mean of three replicates + S.D.

Table II. Nature of residues in crude and refined oils and oil quality characteristics

Material

Spiked crude oil

Spiked refined oil

Aged crude oil

Aged refined oil

Chemicals

dimethoate
dimethoxon

dimethoate
dimethoxon

dimethoate
dimethoxon

dimethoate
dimethoxon

14C-residues
(ppm)

9.60 ± 0.36
0.01 ± 0.00
0.07 ± 0.00
0.01 ± 0.00

6.38 ± 0.21
0.20 ± 0.02

0.07 ± 0.01
ND

Iodine value*

102

65

100

70

Peroxide value*
(meq/Kg oil)

3.2

1.5

4.0

2.0

*The values were determined by standard methods of AOAC 1984 (13).
N.D. Not detectable.
Data are mean of three replicates + S.D.
Total l4C-residues present in crude oil = 100% (Spiked, 10 ppm; Aged, 7.33 ppm).
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3.1.2 'Spiked ' residues
The effects of individual processes on the level of 14C-residues in oil are shown in table

I. It is evident that a major amount of 14C-residues (86%) was eliminated at the pre-neutralization
step. The succeeding steps led to removal of a further 13%. The differences observed with 'aged'
versus 'spiked' residues are most likely related to the composition of the residue. This was only
dimethoate in the 'spiked' residue and was efficiently removed by processing. The 'aged' residue
contained, in addition to dimethoate, other degradation products.

Analysis of the crude 'spiked' and 'aged' oils showed the presence of the parent
compound and a trace amount of dimethoxon. The refined 'spiked' oil contained small amounts
of dimethoate and dimethoxon (Table II). The oil quality parameters e.g. iodine and peroxide
values are also given in Table II. The values for the refined oils are within acceptable limits.

Table III. 14C-residues in cottonseed oil at various stages of modified processing

Sample 14C-dimethoate residues in I4C-residues in oil with
'spiked' oil 'aged residues

Crude oil
Pre-neutralized oila

1.
2.

Pre-bleached oilb

1.
2.

Hydrogenated oilc

1.
2.

Post-neutralized oild

1.
2.

Post-bleached oile

1.
2.

Deodorized oilf

1.
2.

% loss
0

56
89

83
89

96
97

97
99

98
100

99
100

ppm
10.0

4.4 ± 0.35
1.1 ±0.24

1.7 ± 0.22
1.1 ±0.18

0.4 ± 0.19
0.3 ± 0.16

0.3 ± 0.10
0.1 ±0.03

0.2 ±0.13
~

0.1 ± -0.01
—

% loss
0

46
74

62
67

74
74

80
93

89
95

97
100

ppm
7.33

3.96 ± 0.04
1.91 ±0.04

2.79 + 0.16
2.42 ±0.16

1.91 ±0.18
1.91 ± 0.14

1.47 ±0.17
0.51 ± 0.07

0.81 ± 0.09
0.37 ± 0.04

0.22 ± 0.05
~

al - 10% NaOH; a2 - 20% NaOH; bl - 3 Kg/M.ton Fuller's earth and 0.3 Kg/M.ton activated carbon; b2 - 9 Kg/M.ton
Fuller's earth and 0.9 Kg/M.ton activated carbon; cl - 0.22 Kg/M.ton, Ni-catalyst, G-53, Germany; c2 - 0.22 Kg/M.ton,
Ni-catalyst, Nysocell-222, Holland; dl- 2% NaOH; d2 - 4% NaOH; el -1 Kg/M.ton Fuller's earth and 0.1 Kg/M.ton
activated carbons; e2 - 3Kg/M.ton Fuller's earth and 0.3 Kg/M.ton activated carbon; fl - Steaming time 1 hour; 12 -
Steaming time 3 hours.
Data are mean of three replicates + S.D.

77



3.2. Modifications of commercial processing procedures

The main objectives of the current project were to evaluate the efficiency of local
practices in removing chemical residues from oils with 'aged' residues and to modify and/or
introduce processes capable of removing more residues. Attempts were made to modify some
processes used locally in cottonseed oil refining industries. The results obtained are given in
Table III. It is evident from these results that a lower concentration of alkali (10%) in the pre-
neutralization process removed less amount of !4C-activity.

A higher concentration (20%) of alkali improved the removal of residues when compared
with the normally used alkali concentration (15%). In the pre-bleaching process, doubling the
recommended amount of adsorbent (6.6 Kg/M.ton) resulted in 89% removal of radioactivity as
compared to 83% in 'spiked' oil. In oil containing 'aged' residues these values were 67% and
62% respectively. In the hydrogénation process, the use of a nickel catalyst from two different
sources gave similar results.

As the amount of free fatty acids during hydrogénation is slightly increased, the
concentration of alkali used in post-neutralization was 5 times (3%) less as compared to 15%
used in the pre-neutralization process. The increase to 4% had a significant influence on the loss
of 14C-activity. In the modified post-bleaching process, double doses of adsorbent resulted in
more 14C-activity loss in 'spiked' and 'aged' oils as compared to the half doses. Extending the
period of deodorization to 3 hours resulted in 100% removal of 'aged' and spiked I4C-residues.
From the above results, it is maintained that complete removal of dimethoate from cottonseed
oil is possible by introducing minor modifications to the processes used by the local oil refining
industries.

4. CONCLUSIONS

It can be concluded from the above results that the pre-neutralization treatment is most
effective in removing dimethoate residues present in crude cottonseed oil. The results also
indicate that data derived from 'spiked' oil are not valid for oil with 'aged' residues possibly due
to differences in the composition of the residues.
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EFFECT OF REFINING PROCESSES ON MAGNITUDE AND
NATURE OF MALATfflON AND CARBOFURAN RESIDUES
IN COTTON SEED OIL
S.M.A.D. ZAYED, M. FARGHALY
Middle Eastern Regional Radioisotope Centre for the Arab Countries

F. MARDI, S. FOUAD
National Research Centre
Dokki, Cairo, Egypt
Abstract

Cotton seeds obtained from ^C-carbofuran or ^C-malathion-treated plants contained 0.25% and
0.11% of the originally applied radioactivity, respectively. The concentration of malathion residues in
oil, methanol solubles and in the seed cake amounted to 0.94, 2.6 and 1.7 ppm, respectively. Commercial
processing procedures led to a gradual decrease in the total amount of ^C-residues in oils with aged
residues as well as in oil fortified with the radiolabelled insecticide. The refined oil contained only about
20% of the ^C-residues originally present. The major residue in processed oil contained malathion,
malathion monocarboxylic acid and a(O,O-dimethyl-phosphorodithio) propionic acid.

The concentration of ^C-carbofuran residues in cotton seed oil, methanol extract and cake was
1.7, 12.3 and 2.4 ppm, respectively. The main residues in the oil were carbofuran and its phenol. The
methanol solubles contained conjugated metabolites, which upon hydrolysis gave 3-nydroxy-carbofuran
as a major product. Refinement reduced the residue in oil to 0.26 ppm. The residue in refined oil
contained carbofuran and carbofuran phenol as main constituents together with smaller amounts of 3-
hydroxy- and 3-ketocarbofuran.

1. INTRODUCTION

The insecticide carbofuran [2,3-dihydro-2,2-dimethyl benzofuran-7-yl methylcarbamate, I] is a
potent anti-cholinesterase agent (1,2) effective by contact, stomach and systemic action. Malathion [S(-
l,2-bis(ethoxycarbonyl)ethyl-O,O-dimethyl phosphorodithioate, II] is an important and widely used
insecticide because of its wide spectrum activity (3,4). The extensive use of these insecticides on oil
producing plants usually leads to the deposition of insecticide residues in crude oils obtained from treated
plants.

In the present investigation, the effects of simulated commercial processing procedures on 14C-
carbofuran and malathion residues in cotton seed oil were studied.

C(CH3)2
H3CO.f i

P—S-CH-COOC2H5

CH3NH-C— O
O

H3CO I
CHrCOOC2H5

II
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2. MATERIALS AND METHODS

2.1. The radiochemicals

2.1.1. 14C-Carbofaran

Labelled carbofuran (3-^C) was purchased from Izinta Isotope Trading Enterprise of the Institute
of Isotopes, Budapest, Hungary. The insecticide had a specific activity of 687.46 MBq/mmol and a
radiometric purity of 98%. The insecticide was purified from traces of carbofuran phenol by tic on silica
gel using benzene:ether (3:1). ^C-Carbofuran was diluted with non-labelled carbofuran to obtain a
preparation of 3.11 MBq/mg.

2.1.2. 14C-Malathion

(2,3-succinate^C)-malathion of specific activity 1369 MBq/mmol and radiometric purity of 98%
was purchased from Amersham International Corporation, United Kingdom. After dilution with cold
carrier, a preparation of specific activity 2.22 MBq/mg was obtained.

2.2. Field experiment

Cotton seeds were cultivated in alluvial soil under normal field conditions in a controlled and
isolated field area by the end of February, 1993. Irrigation, fertilization and soil management were
carried out as practised in the field. Shortly before blooming, leaves of plants were treated three times,
10 days apart, with 14C-carbofuran or ^C-malathion at a dose of 100 mg/m^ (5 mg/plant). At
maturity, seeds were collected and dried for preparation of oil and cake and determination of
radioactivity.

Crushed dry cotton seeds were extracted with hexane using a Soxhlet apparatus. The cotton seed
011 obtained after evaporation of hexane was analyzed for radioactivity. The residue remaining after
extraction with hexane was further extracted with methanol to isolate polar ^C-residues.

2.3. Fortification of cotton seed ou with the radiolabelled pesticide

Crude cotton seed oil (100 g) was fortified with ^C-carbofuran or ^C-malathioa at a
concentration of 10 ppm and 12.5 ppm, respectively.

2.4. Simulated commercial processing procedures

2.4.1. Alkali treatment

Samples of crude oil were treated while stirring with 2 N sodium hydroxide solution at 70°C for 30
minutes. The amount of sodium hydroxide was about 20% higher than that calculated for the acid value
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of oil. After cooling the mixture was centrifugea and excess alkali was removed by repeated washing
with hot water. The radioactivity in the oil was then determined.

2.4.2. Bleaching

The alkali-refined oil was mixed with a factory grade fuller earth and stirred vigorously on a water
bath at 80-100°C for 20 minutes. After centrifugation, the bleached oil was analyzed for radioactivity.

2.4.3. Winterization

The clear dry oil was incubated at 5°C for three days and the saturated high glycerides which
separated were removed by centrifugation.

2.4.4. Deodorization

A stream of superheated steam was injected into the clear oil at a temperature of 200-220°C under
reduced pressure (about 30 mm H.g). The deodorized oil was counted for radioactivity.

2.5. Isolation and characterization of radioactive residues

Oil gained from individual refining steps was partitioned between acetonitrile and hexane. The
hexane extracts retained me oil, while the insecticide residues were partitioned into the acetonitrile layer.
The acetonitrile extracts were concentrated to about 10 ml under reduced pressure, diluted to 100 ml with
water and then extracted with chloroform. Both chloroform and water layers were counted for
radioactivity. The chloroform extracts contained non-conjugated metabolites which were characterized
by tic analysis. The radioactive malathion residues were almost completely extracted in chloroform.
Residues were analyzed by tic in several solvent systems and spots made visible by spraying with Hanes-
Isherwood reagent (5).

In the case of carbofuran, the chloroform extracts contained non-conjugated metabolites. The
conjugated metabolites present in the water phase were hydrolyzed by 2 N HC1 on a water bath for about
30 minutes. After cooling, the liberated aglycones were extracted with chloroform and analyzed by tic.
Conjugated carbofuran residues were detected also in soybean oil among aged carbofuran residues (6).

2.6. Radiometrie measurements

The radioactivity in solutions was measured by direct liquid scintillation counting. Radioactivity in
solids or oil was determined by combustion in a Harvey Biological Oxidizer (Model OX-600) followed
by liquid scintillation counting. Thin layer plates were divided in 1-cm increments, scraped into vials,
covered with scintillator and counted.
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3. RESULTS AND DISCUSSION

3.1. 14C-Residues in seeds and oil

The 14C-residues in dry cotton seeds obtained from l4C-carbofuran treated plants amounted to
0.25% of the applied dose, while seeds obtained from ^C-malathion-treated plants contained about
0.11% of the originally applied radioactivity. The distribution of radioactive residues in cotton seeds, oil
and cake is shown in Table I.

TABLE I. Distribution of 14C-carbofuran and 14C-malathion residues in 100 g of cotton seeds.

Sample

Cottonseeds

Hexane extract (oil)
Methanol extract
Cake

Total recovery

14C-Carbofiiran
Weight

(g)

100

10
3
80

93

Residues
(Jig)

285

17
37
193

247

%

100

6
13
68

87

14C-Malathion
Weight

(g)

100

16
5

65

86

Residues
(Hg)

170

15
13

111

139

%

100

9
8

65

82

Data are mean of 3-replicates

The residues in the oil did not exceed 9% of die total residues in the seeds and consisted mainly of
the parent compound and some lipophilic decomposition products. The lower yield of oil obtained from
carbofuran treated plants may be attributed to the insecticide which had some phytotoxic effect.

3.2. Polar *4C-residues

The residues in methanol extract were polar which upon hydrolosis with HCI and extraction with
chloroform gave malathion monocarboxylic acid or 3-hydroxycarbofuran as the main products in case of

malathion and carbofuran, respectively.

3.3. Effect of refining processes

Simulated commercial processing procedures led to a gradual decrease in the total amount of
residues in oils with aged residues and in oils fortified with l4C-insecticide (Table u).
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TABLE IL Effect of commercial processing procedures on magnitude of 14C-residues in cotton
seed oil

Treatment

Crude oil
Alkali treatment
Bleaching
Winterization
Deodorization

Retained 14C-Residues (mg/kg)

Carbofuran
Fortified

Oil

10
5

3.5
2.3
1.7

OU with Aged
Residues

1.70
1.02
0.73
0.43
0.26

Malathion
Fortified

OU

12.5
8.8
5.6
4.4
2.5

Oil with Aged
Residues

0.94
0.56
0.38
0.25
0.16

Data are mean of 2 replicates.

As seen from Table H, the alkali-treatment proved to be the most effective step in reducing
carbofuran residues as it eliminated 40-50% of the residues originally present in crude oil. The
Carbofuran residues retained in the refined oil was 15-17% of the originally present residues.

Similarly processing of cotton seed oil with aged malathion residues or fortified with ^C-
malathion removed over 80% of the originally present residues (Table u). Also, here, the alkali treatment
process was the most effective as it removed 30-40% of malathion residues.

3.4. Identification of residues in crude and refined oils

In case of Carbofuran aged residues, Carbofuran phenol and small amounts of 3-hydroxy- and
3-ketocarbofuran were detected in crude oil in addition to the parent compound Carbofuran (Table III).

TABLE III. Carbofuran residues in crude cotton seed oU and after individual refinement
processes.

Compound

Carbofuran
Carbofuran phenol
3-Hydroxycarbofuran
3-Ketocarbofuran

% 14C-Residuesa>

Crude Oil

60
25
10
5

A

50
30
10
10

B

41
36
11
12

C

35
40
12
13

D

25
50
10
15

a) Total ^products in oil = 100%
A = Alkali refined oil. B = Bleached oil. C = Winterized oil. D - Deodorized oil.
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The residues in the refined oil consisted of carbofuran phenol and carbofuran as main substances
together with smaller amounts of 3-hydroxy- and 3-ketocarbofuran.

In malathion-contaminated crude oil, malathion-monocarboxylic acid and a-(O,O-dimethyl-
phospho-rodhhio) propionic acid ethyl ester (ffl) constituted minor degradation products (Table IV).

H3CO.

H3CO
P—S-CH-COOC2H5I 2 5

CH3

III

The percentage of malathion decreased with progressive refining of oil. At the same time, the
percentage of malathion monocarboxylic acid increased to form 45% of total residues in the refined oil
(Table IV). The residues in the refined oil consisted of the parent compound, malathion monocarboxylic
acid and a small amount of compound lu.

Residues in processed oil fortified with ^C-malathion contained rmly malathinn
monocarboxylic acid. This indicates that compound HI is not produced from malathion or malathion
monocarboxylic acid during the refining processes.

The Rf-values of malathion and products in three solvent systems are listed in Table V.

TABLE IV. Major constituents of aged "C-malathion residues in crude cotton seed oil and after
individual refinement processes.

Compound

Malathion

Malathion-monocarboxylic
acid

a-(O,O-Dimethyl phospho-
rodithio)-propionic acid
ethyl ester

Total Recovery

% 14C-Residues*

Crude OU

75

15

5

95

A

62

23

9

94

B

55

30

10

95

C

48

35

10

93

D

40

45

10

95

^Radioactivity in oil = 100%.
A = Alkali refined oil. B = Bleached oil. C = Winterized oil. D = Deodorized oil.
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TABLE V. Rf-values of malathion residues in three solvent systems.

Compound

Malathion

Malathion monocarboxylic acid

a-(O,O-Dimethylphosphordithio)
propionic acid ethyl ester

Revalue*

System A

0.85

0.35

0.57

System B

0.86

0.36

0.64

System C

0.76

0.61

0.50

^Operating temperature = 27r<C.
System A : Acetonitrile : water : ammonia (85:14:1)
System B : Isopropanol : ammonia : water (75:24:1)
System C : Hexane : benzene : acetic acid (3 :1:1)

4. CONCLUSIONS

Aged residues of malathion and carbofuran in cotton seed oil included, other than the parent
compound, both free and conjugated metabolites. The major part of the insecticide residues (about 80%)
could be eliminated during processing of the oil. Refining processes led to progressive degradation of the
parent insecticide. The alkali treatment was found to be an efficient step for reduction of the insecticide
residues. Bleaching leads to significant losses of the pesticide residues in oil as well. The removal
efficiency during the refining processes seems to depend upon me nature of the residue present. Data
obtained emphasize the importance of studying the effect of oil refinement on reduction and/or
elimination of aged pesticide residues in edible oils.
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EFFECT OF PROCESSING OF CRUDE COTTONSEED
OIL ON 14C-CHLORFENVINPHOS RESIDUES*
(Abstract)
G.A. EL-ZORGANI
Gezira Research Station, Wad Medani
Z. NABI, E. MAGEED
Food Research Centre, Khartoum
Sudan

Crude cottonseed oil was spiked with 14C-chlorfenvinphos [2-chloro-l-(2,4-
dichlorophenyl)vinyl 14C-diethylphosphate] at 20 ppm and subjected to laboratory scale
refining processes similar to those used in industry. Following neutralization and washing
the residue declined to 9.6 ppm. This loss of residue probably occurred through hydrolysis
by alkali. Bleaching led to a further reduction of residue to 4.4 ppm. Deodorization had
very little effect on the residue level and the refined oil contained approximately 4 ppm of
chlorfenvinphos equivalent (chlorfenvinphos and/or degradation products). It is concluded
that alkali treatment and bleaching were highly efficient in removing a major part of the
residue (80%) from the crude oil.

Research conducted under the IAEA supported technical co-operation project SUD/5/019. Details
inlcuding field data will be published elsewhere.
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RESIDUES OF DELTAMETHRIN IN CORN OIL
AFTER PROCESSING
(Abstract)
P.N. MOZA, M. PAL
Institut für Ökologische Chemie,
GSF-Forshungszentrum für Umwelt und Gesundheit GmbH,
Freising-Attaching, Germany

Maize grains were spiked with 14C-deltamethrin [(S)-a-cyano-3-phenoxybenzy)
(lR,3R)-3-(2,2-dibromovinyl)-2,2-14C-dimethylcyclopropane carboxylate] at 5 ppm (953 x
103 bq + 5 mg cold material). The treated grain was stored for two weeks and then
subjected to extraction, alkali refining, bleaching and deodorization. The pesticide level
in the oil was determined immediately after processing. Deltamethrin in oil decreased at
each stage of processing. The extracted crude oil contained 4.72 ppm which declined to
4.01 ppm after alkali treatment. Bleaching led to a further reduction (2.81 ppm) and
deodorization reduced the residue in the refined oil to 1.58 ppm. Losses during
processing amounted to 67% of residues in the crude oil. In thin-layer chromatography,
the main radioactive zone was the unchanged compound. The zone close to the front after
repeated purification and GC-MS analysis was identified as phenoxybenzaldehyde.
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DEGRADATION OF 14C-MALATfflON DURING
CORN STORAGE AND ROASTING
A.H. TOAQUIZA, R.H. MERINO, R.C. CASTRO
Department of Environmental Toxicology,
Ecuadorian Atomic Energy Commission,
Quito, Ecuador
Abstract

The degradation of 14C-labelled malathion in stored corn was studied
under conditions of local practice in Ecuador. The total, surface, extractable
and bound residues were analyzed in stored corn after 12 months. The total
and surface residues decreased from 10.03 ug/g to 4.59 ug/g and from
8,67 ug/g to 1.96 ug/g respectively. Extractable and bound residues increased
from 1.36 jig/g to 2.01 ug/g and from 0 to 0.62 |ig/g respectively. Terminal
residue of malathion in corn was 2.00 ug/g. Malathion was the major
constituent in the extractable residues. In addition, malaoxon, isomalathion,
malathion alpha monoacid and malathion beta monoacid were detected. After
roasting, the total residues decreased from 4.59 Mg/g to 3.81 ug/g. Malathion
decreased from 2.00 ug/g to 0.60 ug/g in the extractable fraction.
Isomalathion maintained the same concentration of 0.06 ug/g. These results
show that roasting leads to residue loss, without conversion into the toxic
isomalathion.

1. INTRODUCTION

Ecuadorian Farmers use malathion to protect stored corn against insect
pests. In the highlands, the "soft type" corn is used for human consumption as
roasted corn. It is known that when technical malathion is stored at 40 °C [1],
malathion formulations, stored [2] or heated at 150 °C [3, 4]
malathion isomerizes to toxic isomalathion. Our observation indicates that
during the corn roasting process the temperature can reach 135 °C. The acute
oral LDso to rats for malathion is 2800 mg/kg and for isomalathion
120 mg/kg [1], indicating that isomalathion is 23 times more toxic than
malathion. Isomalathion took world wide attention when the high isomalathion
content in malathion water dispersible powder was implicated as the main
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factor in an epidemic poisoning among workers in the malaria vector control
program in Pakistan during the summer of 1976. From 7500 spraymen, 2800
became poisoned and 5 died [5]. Many of the impurities formed in technical
malathion including isomalathion have been identified, and their effectiveness
in potentiating mammalian toxicity has been documented [1,5,6,7,8,9]. A
literature search has indicated that no information is available on the
degradation of malathion and formation of isomalathion during corn storage or
roasting.

The objective of this work was to study the behavior of malathion in
stored corn and to investigate the nature of residues during the roasting
process. Special emphasis was placed on the identification and quantification
of isomalathion.

2. MATERIAL AND METHODS

2.1 Malathion

14C-Malathion (prepared by condensation of diethyl [2,3-14C] maleate
with O, O-dimethyl dithiophosphoric acid) specific activity 1,369 MBq/mmol
or 4.14 MBq/mg and radiochemical purity of 93.59 % was purchased from
Amersham U.K. It was purified by TLC to 99.33 %.

Commercial malathion dust (25 %) was analyzed by high performance
liquid chromatography (HPLC) and was found to contain 20.66 % of the
active ingredient. In local practice the commercial formulation is diluted to
2 % with flour. 1.6 kg of corn was treated with 5.92 MBq 14C-Malathion and

0.73 g of non-radioactive malathion dust; end concentration 10 ppm.

2.2 Grain and sampl ing

Corn variety INIAP 131, that had not been treated with insecticides was
obtained from the Agricultural Experimental Station "Santa Catalina". Foreign
material and cracked grains were removed by hand. The moisture content of
the corn was 10.62 %. For treatment, 1.6 kg of corn was mixed well and
stored in a polypropylene sack in a glass container stored at ambient
temperature (15 °C), relative humidity (70.15 %). The polypropylene sack
was surrounded by PUF (polyurethane foam) to trap possible volatile residues
during the storage time. After application of the insecticide, three replicates,
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25 g each were taken for each sampling date. The first was taken at 0-24 h
after application and then at various intervals up to 12 months.

2.3 Residue determination

Extraction procedures and analysis were performed according to the IAEA
protocol [10], which dealt with water extractable (surface), soxhlet methanol
extractable and bound residues. 14C-Malathion and its degradation products
were extracted from the treated milled corn grains using a modification of the
TLC procedure described by Arshad [11]. To study the effects of roasting,
samples of 25 g were taken after 12 months to determine residue levels after
roasting for 30 min.

2.4 Identification and quantification of malathion by GLC

Malathion analysis was conducted on stored corn after 12 months and on
the roasted corn by gas liquid chromatography [12] in order to confirm the
results obtained by TLC. A gas -liquid Chromatograph (Model 3300, Varian)
equipped with a flame photometric detector (FPD) was used. Conditions
were: 15 m x 0.54 mm x 1,5 urn DB5 capillary column (J &W Scientific,
Foison, ÇA, USA); N2 carrier gas flow, 20 ml/min, column initial
temperature 80 °C, temperature program 20 °C/min to 220 °C, isotime 3 min;
running time 10 min; detector flows: Ü2 (70 ml/min), air 1 (75 ml/min), air 2
(175 ml/min); injector temperature: 220 °C; detector temperature: 300 °C.

3. RESULTS AND DISCUSSION

The results in Table I show the behavior of 14C-Malathion residues during
storage . The total and surface residues decreased from 10.03 ug/g to
4.59 ug/g and from 8.67 to 1.96 jug/g respectively while the extractable and
bound residues increased from 1.36 ug/g to 2.01 ug/g and from 0 to
0.62 ug/g respectively. Over a period of one year 54 % of the applied
14C-activity was lost partly through volatilization and / or mineralization.

Malathion was the major constituent of the extractable residues after 6, 8 ,
and 12 months of storage (Table II). Malaoxon, isomalathion, malathion alpha
monoacid and malathion beta monoacid were also detected in small amounts.
Malathion and its degradation products were detected in the polypropylene
sack an in the PUF at very low concentrations.
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TABLE I. Malathion residues in corn.

Time Residues (mg/kg) %
Surface (a)

(months)
0

0.5

1

2

4

6

8

12

1 2 (roasted)

8.67

6.87

5.81

4.69

3.53

2.96

2.65

1.96

0.94

±

±

±

±

+

±

±

±

+

0.21

0.38

0.09

0.10

0.07

0.09

0.63

0.04

0.05

Extractable (a)

1.36

2.10

2.22

2.30

2.16

2.27

2.25

2.01

2.21

± 0.

± 0.

± 0.

± 0.

± 0.

± 0.

± 0.

± 0.

± 0.

04

10

08

09

17

05

14

04

03

Bound (b)

0.00

0.22

0.22

0.33

0.48

0.53

0.61

0.62

0.66

0

± 0

± 0

± 0

± 0

+ 0

+ 0

± 0

± 0

.00

.01

.01

.01

.01

.02

.04

.04

.02

Total

10.03

9.19

8.25

7.32

6.13

5.76

5.51

4.59

3.81

of
applied
100.00

91.62

82.25

72.98

61.12

57.43

54.43

45.94

37.98

a : values represent mean of triplicates ± S.D.
b : values represent mean of six replicates ± S.D.

When corn was roasted, the total residues declined from 4.59 to
3.81 {Jg/g. The metabolic profile did not change significantly, except for the
loss of 70 % of malathion in the extractable residue, possibly through
volatilization (Table II). Degradation might have preceded volatilization, as
isomalathion (2.78 ng/g) was found in the PUF used to trap residues during
the roasting process.

TABLE II. Malathion and its degradation products injstored
and roasted corn.

Storage

time

(months)
0

6

8

1 2

12(roasted)

C - Compounds identified in systems a and b

Malathion

pg/g
10.03

4.15

3.29

2.00

0.60

Malaoxon

ng/g
ND

0.07

0.07

0.08

0.06

Isomalathion

pg/g
ND

0.06

0.04

0.06

0.06

Malathion
alpha

monoacid
Mg/g
ND

0.04

0.04

0.03

0.01

Malathion
beta

monoacid
pg/g
ND

0.18

0.13

0.09

0.02
a . TLC System : Hexane/Benzene/Acetic acid 3:1:1
b . TLC System: Benzene/Ethyl acetate 1:1
ND : Not detected.
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After 12 months radioactivity recovered from the sack accounted
for 3.59 % of the applied dose; 17.45 % was trapped in the PUF, 21.24 %
over the contact surface with the polypropylene sack and 11.96 % was lost by
volatilization.

The results indicate that water rinsing before cooking and the roasting
process can remove substantial amounts of malathion and its degradation
products.
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REDUCTION OF WC-CHLORPYRIFOS RESIDUES
IN MAIZE OIL DURING OIL PROCESSING
K. GÖZEK, A.§. TUNÇBILEK, M. YLIM, Ü. YÜCEL
Ankara Nuclear Research and Training Center,
Turkish Atomic Energy Authority,
Saray - Ankara, Turkey

Abstract

The fate and magnitude of 14C-chlorpyrifos residues in corn grain, crude and refined
oils were studied. Field residues of chlorpyrifos in grain and crude oil were 0.45 mg/kg and
0.44 mg/kg, respectively. During processing of crude oil, chlorpyrifos residues declined to
0.19 mg/kg. Crude oil fortified with I4C-chlorpyrifos at 2 mg/kg and subjected to similar
processing lost 58% of the residue. Although residue losses from field and fortified samples
were similar in the refined product, only deodorization was capable of removing a substantial
quantity (53%) of chlorpyrifos. Neutralization, bleaching and winterization were moderately
efficient in removing chlorpyrifos derivatives.

1. INTRODUCTION

Maize is one of the most important cultural plants in Turkey.
Chlorpyrifos (O-O-diethyl O-3,5,6-trichloro-2 pyridyl phosphorothioate) is a broad

range organophosphorus insecticide which is effective by contact, ingestion and vapour
action. It is commonly used for the control of maize pests.In Turkey, chlorpyrifos (Dursban
4) is applied at 0.86 kg/ha. This study was conducted to determine the efficiency of various
processes in removing chlorpyrifos residues from oil.

2. MATERIALS AND METHODS

2.1. Chemicals

Chlorpyrifos, specific activity 1.09 MBq/mg was obtained from IAEA. Cold
chlorpyrifos was supplied by the Dow-Elanco, Ankara. The scintillation cocktail used was
Insta Gel. Crude oil, adsorbent clays (tonsil and perlit) were supplied by a local oil factory.

2.2. Field Experiment

The plants were grown in boxes 60x 60x 60 cm, constructed from galvanized steel.
The base of the box contained holes to permit the drainage of excess water which was collect-
ed in a metal tray. The boxes were wrapped in aluminum foil on the outside to prevent tem-
perature increases due to sunlight. The bottom 25 mm of the box was packed with stone
chips. The stones were covered with a 25 mm layer of turf. The box was filled with soil and
72 maize plants were grown in 13 boxes in May 1991.

In August, plants were sprayed with I4C-chlorpyrifos, specific activity 25.9 MBq/g
(145.5 kBq/plant mixed with 5.61 g/plant cold chlorpyrifos). Harvested grains were kept in
a deep-freezer until analysis.
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2.3. Extraction and Analysis

The moisture content of corn was determined by oven drying for two hours at 110°C
and found to be 13.5%. Corn samples were ground in a Waring Blender and weighed in
paper thimbles. The crude oil was extracted by hexane in a Soxhlet apparatus for 12 hours.
The extracts were evaporated in a rotary evaporator and an aliquot of crude oil was counted
in LSC. In addition, samples from crude oil, ground corn and cake were combusted in a
Harvey Biological Oxidizer OX-600 and counted in LSC.

2.4. Commercial Processing Procedures of Maize Oil

Simulated processes used for oil refinement in the laboratory were previously (1) de-
scribed.

2.5. Characterization of Radioactive Residues

Following refining, 500 n\ aged sample was applied directly on aTLC-plate (Silicagel
60 F254, 2 mm thickness) and developed in toluene:methanol:hexane (18:1:1). The Rf values
for chlorpyrifos and its metabolite 3,5,6-trichloro-2-pyridinol (TCP) were found 0.91 and
0.14, respectively. The plate was divided into centimeters, scrapped, suspended in
scintillation cocktail and counted by LSC.

3. RESULTS AND DISCUSSION

After harvest, the 14C-residue in ground corn was 0.45 mg/kg, while the concentration
in crude oil was 0.44 mg/kg. No radioactivity was found in the cake.

During the refining processes of crude oil, chlorpyrifos residues decreased gradually
(Table I). After deodorization, the residue declined to 0.19 mg/kg in field samples, indicating
an elimination of 57% of chlorpyrifos residues from the oil. Similar losses were also ob-
served in fortified samples. However, deodorization alone could eliminate 53% of
chlorpyrifos. Neutralization, bleaching and winterization were moderately efficient in
removing residues of degradation products of chlorpyrifos. The variability in removal
efficiency of aged versus fortified residues is probably due to the nature of the residue. This
result indicates that fortification experiments do not represent the field conditions.

TABLE I. 14C-CHLORPYRIFOS RESIDUES IN MAIZE OIL DURING PROCESSING

REFINING STEP

Crude Oil
Degumming
Neutralization
Bleaching
Winterization
Deodorization

FIELD SAMPLE*
%
100
95
85
73
53
43

mg/kg
0.44
0.42
0.37
0.32
0.23
0.19

FORTIFIED SAMPLE*
%

100
98
97
96
95
42

mg/kg
2.00
1.96
1.94
1.92
1.90
0.84

Data are mean of 2 replicates.
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While 14C-residues (mainly chlorpyrifos) could be readily extracted with acetonitrile from
fortified oil, 14C-activity was partitioned between acetonitrile and hexane phases, when aged
samples were similarly treated. TLC studies showed that aged residues included both
chlorpyrifos and its metabolite TCP, while fortified samples contained only the parent
chemical. After evaluation of TLC results, it was found that 46% of the residue was
chlorpyrifos and 19% TCP.

4. CONCLUSION

57 and 58% of residues were eliminated during refining processes for both aged and
fortified maize oil samples, respectively. While the aged residue declined gradually
through the effects of all processes, deodorization was the major process leading to significant
reduction of the fortified residue. The variability in removal efficiency of aged versus
fortified residues is probably due to the nature of the residue. The aged residue contained
both chlorpyrifos and TCP. It was concluded that fortification experiments do not represent
field conditions.
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FATE OF 14C-ENDOSULFAN RESIDUES IN PEANUT OIL
AND EFFECT OF COMMERCIAL PROCESSING PROCEDURES
ON REMOVAL OF RESIDUES
K. RAGHU, N.B.K. MURTHY, M.G. KULKARNI
Nuclear Agriculture Division,
Bhabha Atomic Research Centre,
Trombay, Bombay, India

Abstract

Peanut plants were treated with endosulfan spray containing 14C-alpha and I4C-beta
isomers (2:1). The pods were harvested and oil extracted from kernels contained 0.0997 mg/kg
of aged residues. In the aged residues, the ratio of alpha to beta was 1:6 and significant amounts
of endosulfan sulfate were formed. The oil containing aged 14C-residues and that with spiked
14C-endosulfan were subjected to commercial processing procedures. Alkali treatment removed
17.1 and 20.4 % of spiked and aged 14C-residues respectively. While bleaching had no effect,
deodorization removed 56.3 and 11.5 % of spiked and aged residues respectively. Although
commercial refining procedures could remove 73.4 % of total 14C-endosulfan residues from the
spiked oil, only 31.9 % of total 14C-residues were removed from the oil with aged residues.

1. INTRODUCTION

Groundnut (peanut) is one of the major oil seed crops in India. Endosulfan is used on
groundnut to control major insect pests like aphids, thrips, and Heliothis sp. [1]. There is a
wide occurrence of organochlorine pesticide residues in oils and oilseeds due to extensive use
of these chemicals [2,3,4]. It is known that the refining process effectively removes the
persistent pesticides such as DDT and HCH [5,6,]. Although there are reports on the
occurrence of endosulfan residues in groundnut oil [2,3], no information is available on the fate
of endosulfan during refining. Here, we report the presence of aged residues of endosulfan in
peanut oil after application of 14C-endosulfan and the fate of endosulfan residues during
simulated commercial refining processes of peanut oil.

2. MATERIALS AND METHODS

2.1 Chemicals

14C-alpha-endosulfan and 14C-beta-endosulfan each with a specific activity of 1887 kBq/
mg were obtained from the International Atomic Energy Agency, Vienna, Austria. The
commercial formulation of endosulfan (THIODAN EC35) was procured from Hoechst (India)
Ltd., Bombay.

2.2 Peanut oil with aged residues

2.2.1 Treatment of plants
Groundnut plants, var. TAG 24, were grown in pots under outdoor field conditions.

Forty plants were sprayed with Thiodan EC35 (0.5 kg a.i./ha) containing 14C-alpha and -beta
isomers (2:1). Each plant received 1.7 mg of endosulfan containing 185kBq of 14C- endosulfan.
After 120 days, the pods were harvested and shelled to get kernels. Plants without endosulfan
spray served as controls to monitor background radioactivity.
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2.2.2 Extraction of crude oil
The groundnut kernels were ground in Sorvall Omni-mixer and the oil was extracted with

petroleum ether for 16 hours in a Soxhlet apparatus. The excess solvent was removed at 40°C
under vacuum.

2.3 Peanut oil spiked with 14C-endosulfan

Crude peanut oil purchased locally was spiked with 14C-endosulfan at a concentration of
0.1 mg/kg.

2.4 Commercial refining processes of peanut oil

2.4.1 Alkali Treatment
The oil (15 g) was treated with 0. l N NaOH and kept at 65°C with shaking for 30

minutes. The amount of alkali added was in 20% excess of the acid value of oil as determined
by ISI standards [7]. The oil and soap stock were separated by centrifugation. The oil was
washed several times with water to remove excess alkali and to obtain clear oil. Four replicates
for each oil sample were used.

2.4.2 Bleaching
The alkali refined oil was treated with a mixture of bleaching earth and activated charcoal

(1:1 ratio) and stirred vigorously . The oil was kept at 80°C for 20 minutes and then
centrifuged.

2.4.3 Deodorization
Super heated steam was passed continuously through the bleached oil at 240°C under

vacuum for 4.5 hours. No attempts were made to collect the steam distillate.

2.5 Analysis of 14C-endosulfan residues

Endosulfan residues were extracted from peanut oil as described by Porter and Burke [8].
Peanut oil (3 g) was mixed with florisil, packed into a glass column and eluted with 75 ml of
acetonitrile containing 10% water. The acetonitrile fraction was transferred to l L separatory
funnel with 100 ml petroleum ether. The contents were mixed vigorously, followed by the
addition of 400 ml distilled water and 40 ml saturated NaCl solution. The petroleum ether
fraction was washed twice with water and passed through anhydrous Na2SO4. The petroleum
ether extracts were concentrated to 0.5 ml aliquots under a stream of nitrogen.

The petroleum ether extracts were co-chromatographed on silica gel thin-layer plates
using hexane and acetone (80:20) along with standards of endosulfan and its metabolites. The
endosulfan and its metabolites were visualized on thin-layer plates by the procedure described
by Kovacs [9].

The radioactivity was determined by counting the samples in a Packard Tricarb Liquid
Scintillation Spectrometer (Model 3255) using Cocktail D scintillation fluid. Radioactivity
measurements were corrected for background and quenching using sample channel ratio method.

3. RESULTS AND DISCUSSION

3.1 Residues in oil

The crude oil obtained from the peanut plants sprayed with 14C-endosulfan had 0.0997
mg/kg of 14C-residues (Table I) which indicated that there was translocation of 14C-radioactivity
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from leaves to pods. Only 60% of these residues could be extracted with acetonitrile and the
remaining 40% were not extractable (Table I). However, in oil spiked with 14C-endosulfan,
radioactivity could be extracted almost completely into the acetonitrile fraction. These
non-extractable residues may stem from the radio carbon incorporated into the oil during the
growth of the plants.

The chemical nature of residues in peanut oil with aged residues showed the presence of
more beta endosulfan than the alpha isomer (Table II). Although the initial ratio of alpha- to beta
was 2:1, this was changed to 1:6 in oil. Significant amounts of endosulfan sulfate were formed
in peanut oil.

TABLE I : 14C-RESIDUES IN PEANUT OILS

Total 14C-residues
in oil

(mg/kg)

14C-residues
extracted into
acetonitrile
(mg/kg)

% extracted

Oil with spiked residues
Before processing 0.1
After process ing 0.0266

Oil with aged residues
Before processing 0.0997
After processing 0.0679

0.0928
0.0233

0.0598
0.0137

92.8
87.6

60.0
20.1

TABLE II : NATURE OF RESIDUES IN THE ACETONITRILE EXTRACTS

Residues (mg/kg)

alpha beta endosulfan
endosulfan endosulfan sulfate

others total

Oil with
spiked residues

Before refining 0.0594 0.0366 - 0.0039 0.0999
After refining 0.0033 0.0094 0.0076 0.0031 0.0234
(% removal) (94.4) (74.3)

Oil with
aged residues

Before refining 0.0031 0.0186 0.0226 0.0164 0.0607
After refining 0.0020 0.0026 0.0045 0.0044 0.0135
(% removal) (35.5) (86.0) (80.0)
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TABLE IH: EFFECT OF SIMULATED REFINING PROCESSES ON THE MAGNITUDE
OF 14C-RESIDUES IN PEANUT OILS

Treatment 14C-residues in oil

Spiked Aged

Residues % removed*
remaining
(mg/kg)

Residues % removed*
remaining

(mg/kg)

Crude oil
Alkali refining
Bleaching
Deodorization

0.1
0.0829
0.0848

0.0266

17.1

56.3
(73.4)**

0.0997
0.0794
0.0823
0.0679

20.4

11.5
(31.9)**

* % removal at each step of treatment.
** % total removed.

3.2 Removal of endosulfan residues during simulated refining procedures

Alkali treatment removed 17.1 and 20.4% of 14C-residues from spiked oil and oil with
aged residues respectively. Bleaching no effect on the levels of 14C-residues in both oils.
However, differences in the removal of 14C-residues were observed during the deodorization
process. This process removed 56.3 and 11.5% of 14C-residues from the spiked oil and oil with
aged residues respectively. A total of 73.4 % of 14C-residues could be removed from the spiked
peanut oil and only 31.9% from the oil with aged residues.
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EFFECT OF PROCESSING ON PIRIMIPHOS-METHYL
RESIDUES IN STORED PEANUTS
(Abstract)
M.S. TUNGGULDIHARDJO
Centre for Applications of Isotopes and Radiation,
National Atomic Energy Agency,
Jakarta, Indonesia

Peanut grams (1500g) were placed in a jute sack which was sprayed with 14C-
pirimiphos-methyl [0-2-diethylamino-6-methylpyrimidin-4-yl-O, O-dimethylphosphorothiate,
14C-labelled in the 2-position of the pyrimidine ring]; total dose 5.55 MBq + 22.5 mg cold
insecticide. As in practice, the sack was stored under local conditions for 36 weeks. The
grain was crushed, dried at 50°C for 2 hours and soxhlet extracted with chloroform-methanol
(1:1). The crude oil was then subjected to sequential processes of alkali treatment, bleaching
and deodorization. The initial residue concentration in the crude oil (5.66 ppm) was reduced
to 4.50 ppm through alkali treatment and declined further to 3.78 ppm after bleaching.
Deodorization removed a substantial amount of 14C-residues leaving 1.35 ppm in the refined
oil.

It may be concluded that simulated commercial processing of crude oil were capable
of removing 76% of pirimiphos-methyl and/or products. The most efficient process was
deodorization which removed approximately 43% of the residue.
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FATE OF 14C-GAMMA-HCH IN RICE AND ITS PROCESSED PRODUCTS
(Abstract)
K. RAGHU, M.G. KULKARNI, N.B.K. MURTHY
Nuclear Agriculture Division,
Bhabha Atomic Research Centre,
Bombay, India

Rice plants were treated at the rate of 2.5 kg AI/ha with 10% HCH dust containing
14C-gamma-HCH. At harvest, the terminal residues (gamma-HCH) were 0.026 mg/kg and
0.042 mg/kg in rice grain and husk, respectively. Rice bran contained 0.187 mg/kg of which
0.129 mg/kg was present in oil.

In a laboratory experiment, crude rice bran oil was fortified with 14C-gamma-HCH
at 0.1 mg/kg and the fate of the pesticide was followed in the oil during simulated
commercial refining procedures. While degumming, dewaxing, alkali treatment and
bleaching had no effect, deodorization alone removed 99.5% of 14C-residues from the oil.

The rice-black gram dough used for preparing the local rice cake was fortified with
14C-gamma-HCH (1 mg/kg) and the residues were monitored through the fermentation and
cooking processes. It was found that there was no loss of residues during fermentation of
the dough, while steaming removed 24% of the 14C-residue.
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"C-MONOCROTOPHOS RESIDUES IN CRUDE AND
REFINED PALM OIL
P.T. MELFAH, P.O. YEBOAH, C.B.J. SEMANHYIA
Department of Chemistry,
Ghana Atomic Energy Commission,
Legon, Ghana

Abstract

14C-monocrotophos was administered into palm trees by root injection at a rate
of 14g active ingredient per tree. Samples of palm fruits were taken after 24 hours
and at intervals up to the 10th. week. The samples were processed into crude and
refined palm oil, and the levels of monocrptophos were determined at the various
stages. In all the samples, washing the fruits eliminated less than 0.5% of the
pesticide and boiling removed a quantity not exceeding 0.8%. In the crude oil, the
amount of the pesticide decreased between 24 hours and the 8th day and then
increased up to the 10th week. The residue was very small and refining eliminated
up to 88% of it.

1. INTRODUCTION

The Twifu Oil Palm Plantation is one of the largest palm plantations in Ghana.
It is located in the Central Region and is about 160 kilometres from the capital
Accra. This plantation exports and supplies crude palm oil to big industries like Lever
Brothers Ghana Limited; which processes the crude into refined oil, margarine and
soap. It also markets the palm fruits locally. The crude palm oil is also consumed
by local people. The leaf miner (C. minuta) is one of the major pests of the palm tree
on this plantation. During infestation periods, monocrotophos and other pesticides are
sprayed aerially or root injected into the trees without monitoring the residue levels.
The objective of this work was to monitor the residue levels of the pesticide after root
injection and to determine the potential of refinement processes in removing the
residues.

2. MATERIALS AND METHODS

2.1. Chemicals
14C-monocrotophos [14C-dimethyl(E)-l-methyl-2-(methylcarbamoyl) vinyl

phosphate]; specific activity 4.3MBq/mg and radiochemical purity 98% was
purchased from Internationale Isotope Munich, Germany. Non-radioactive
monocrotophos was supplied by Koor Agrochemicals Beer-Sheva, Israel. Toluene,
methanol,2,5-diphenyloxazole (PPO), 2,2-/?-phenylenebis (4-methyl-5 phenyloxazole)
(DMPOPOP), ethanolamine, acetone and sodium carbonate were all analytical grade.
Bleaching earth was supplied by Unilever Ghana Limited.

2.2. Application and extraction

Labelled monocrotophos was administered into three trees by root injection.
The rate of injection was 14g non-labelled insecticide plus 18.5MBq per tree.
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TABLE I. 14C-activity removed by cold washing and boiling the fruits

% 14C-activity

1 day 8 days 14 days 70 days

Total activity in 100 100 100 100
fruit (=6810000cpm) (=4750000cpm) (=4230000cpm) (M490000cpm)

Combined
washings
Boiling water

Data are mean

0.48

0.69

of 2 replicates

0.32

0.26

0.30

0.31

0.32

0.84

Samples of the treated palm fruits were taken at 24 hours, 8 and 14 days and after
the 10th. week. Each sample was washed three times with water and boiled until
fruits were tender. They were then either mashed or pounded. Water (500ml) was
added and the spongy husk and kernels were separated from the juice. The juice was
boiled to obtain the oil and soup (Table I).

2.3. Industrial refining processes

The oil obtained was refined as is done at Unilever Ghana Ltd. Sodium
carbonate (40mg) was added to 8.5g of the oil and the mixture heated at 90°C for 5
minutes. Bleaching earth (127.5mg) was then added and the mixture heated further
for 15 minutes and filtered under vacuum. The filtrate was cooled in an ice-bath until
its temperature dropped to 18°C. The olein fraction was separated from the stearin
fraction by filtration and subsequently deodorised by heating at 220°C under vacuum
for about half an hour.

2.4. Analysis

For the traditional method, 200jul aliquots of each washing and the boiled
water extract were added to 15ml of scintillation cocktail (5g PPO and 50mg
DMPOPOP dissolved in IL toluene) and counted in a Model A 1000 Tri-Carb Liquid
Scintillation Analyzer. In the refining process, 200jul of the crude and refined oil were
combusted using a wet combustion method (1) with 20ml absorber/cocktail (1:1 v/v).
The absorber was made up of methanol and ethanolamine (7:1).

To determine the total activity, 100g of the palm fruits were de-seeded. Ten
samples of 50mg each of the pulp were weighed and combusted as above.

3. RESULTS AND DISCUSSION

Table I indicates that washing or boiling the fruits removed less than 1 % of
the 14C-residue which averaged 0.01 ppm hi the fruit. In the oil, the concentration
of monocrotophos was very small, decreased after 24 hours and increased at the 10th.
week.
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TABLE II. 14C-monocrotophos residues in palm oil during the refining process

Oil

Crude
Neutralized
Bleached
Fractionated
Deodorized

1
%
100
83
72
51
13

day
Mg/kg
.0047
.0039
.0034
.0024
.0006

8
%
100
84
74
53
11

days
M-g/kg
.0019
.0016
.0014
.0010
.0002

14
%
100
84
72
48
12

days
Mg/kg
.0025
.0021
.0018
.0012
.0003

70
%
100
85
75
54
12

days
M-g/kg

.0111

.0095

.0084

.0060

.0014

Data are means of 2 replicates

(Table II). Refining the oil eliminated 88% of the residue. This is in line with
previous findings (2), where 98% of the residue was eliminated, principally through
deodorization. In Ghana, after harvesting the palm fruits for several years, the trees
are cut down for the production of a local drink known as palm wine. Further
investigations must therefore be made to monitor the residue levels of the pesticide
in other parts of the palm tree(e.g. leaves and stem).
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14C-LINDANE RESIDUES IN PALM PROCESSING

P.T. MELFAH, P.O. YEBOAH, C.B.J. SEMANHYIA
Department of Chemistry,
Ghana Atomic Energy Commission,
Legon, Ghana

In Ghana, a portion of palm plants is intercropped with cocoa which is being treated
with lindane (gamma-benzene hexachloride) for pest control purposes. As it is conceivable
that the palm fruits become exposed to the insecticide, a study was undertaken to identify the
residue level in palm fruits and its products by spiking the fruits at 5 ppm with 14C-[UL]-
lindane (sp. act.340.4 MBq/mmol, sigma, USA) and following up on the residue during
simulated commercial processes.

Fruits were dried, washed with water, boiled until tender and mashed or pounded.
Water was added to prepare a juicy pulp which was filtered to a juicy mixture and a fibrous
pulp (Chaff). The juicy mixture was boiled to prepare the oil and soup (aqueous containing
oil globules). The oil was further refined by alkali treatment, bleaching, filtration and
deodorization. To determine 14C-activity in various fractions 50-100 mg samples were
combusted by a standard procedure and radioactivity counted in a liquid scintillation counter.

TABLE I. Residues of 14C-lindane in palm processing

Process/Product

Crude oil
neutralization
bleaching
filtration

% Remaining Radioactivity

Hybrid Variety Local Variety

Combusted fruits
Juicy mixture

oil
soup
chaff

76*
43.6

23.3
14.0

2.8

78*
47.4

27.5
16.2
1.0

100
95.9
91.6
67.9

100
98.1
82.9
72.7

Deodorization 26.3 25.9

Data are means of two replicates.
* 100% = applied 14C; balance presumably lost in the drying process.

Table I shows the decline of radioactivity through processing fruits from two
varieties. It may be concluded that steam distillation (deodorization) is an effective process
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hi removing lindane residues. Under the experimental conditions, commercial processes
removed some 74% of insecticide residues from crude palm oil. The soup, a popular edible
meal, retained some 15% of the original amount of lindane. No attempt was made to
identify the nature of the residue. However, as the study has dealt with fortified fruits, it
is reasonably concluded that the major part of the residue was the parent chemical.

Based on the oil content (up to 50% of the pulp) the residue concentration in the
refined oil may exceed 2.5 mg/kg. The results suggest that the refined oil may retain one
quarter of lindane received by the fruit.
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ELIMINATION OF 14C-ENDOSULFAN AND 14C-MONOCROTOPHOS
RESIDUES FROM CRUDE PALM OIL THROUGH SIMULATED
INDUSTRIAL REFINING PROCESSES
(Abstract)
R. MERINO, R. CASTRO, P. VILLAMAR, A. TOAQUIZA, J. MOLINEROS
Ecuadorian Atomic Energy Commission,
Quito, Ecuador

The fate of endosulfan residues hi crude palm oil during refining was investigated
using 14C-labelled a- and /3-endosulfan. Crude oil was spiked with a- or /3-endosulfan; the
total concentration of a- and /3-isomers was 5 jig/g and the activity 3.7 MBq/kg. Oil was
processed by filtration, dehydration, bleaching and degumming, and finally by deodorization.
Only the deodorization stage reduced endosulfan residues. When 14-C a-isomer was used
only 0.33% of the initial activity remained. The experiment with the /3-isomer reduced the
residue to 0.61%.

Red crude palm oil was fortified with 14C-monocrotophos at 10 /zg/g; total
radioactivity 0.92 MBq in 250 g oil. The oil was then subjected to simulated refining
processes of vacuum filtration and dehydration, degumming, bleaching and deodorization.
While filtration and dehydration removed only 5% of the residue, degumming and bleaching
were extremely efficient in reducing the residue to 0.04 mg/kg. Deodorization gave a final
product containing 0.02 mg/kg.

Next page(s) left blank



BUTACHLOR RESIDUES IN TOMATO PLANTS AND FATE
DURING TOMATO PROCESSING
Fujun WANG, Mengwen QI, Genyuan PENG, Changjiu ZHOU
Laboratory for Application of Nuclear Techniques,
Beijing Agricultural University,
Beijing, China

Abstract

14C-butachlor incorporated with soil was taken up by tomato plants and translocated
from roots to other parts. At harvest, the fruit contained 48% of the total residue in the
plant. Commercial processing to tomato juice and canned fruit was simulated to evaluate the
effect of processing procedures in removing the residues. As anticipated, water washing had
hardly any effect on removing the residues. Residues in peel or seed wasted off in
processing were much lower than those in juice or pulp. Processing into juice and canned
fruit did not reduce the residue level.

1. INTRODUCTION

Butachlor (N-butoxymethyl-2-chloro-2',6'-diethylacetanilide) is a selective systemic
preemergence herbicide used extensively for protection of many agronomic and horticultural
crops against a wide variety of weeds. Because of the increasing use of butachlor, there may
be a potential risk of high residue levels in harvested products.

The aim of the present investigation was to study the magnitude of 14C-butachlor
residues in tomato plants and to evaluate the effect of commercial processing on reducing the
residues in tomato juice and canned whole fruit.

2. MATERIALS AND METHODS

2.1. Field experiment

Tomato seedlings (Lycopersicon esculentum) were transplanted in a field plot on 25
April, 1989. Before blooming, three plants were selected and isolated separately by a frame
of alloy plates for radiotracer work. A total of 3.145 MBq of 14C-butachlor; specific activity
37 kBq/mg were incorporated into soil. The radiochemical original sp. act. of 2.087
MBq/mg was kindly supplied by IAEA and its purity was over 95% as checked by TLC.

After maturing, tomato fruits were harvested and stored in a refrigerator until
analysis. The plants were divided into old stems and leaves, tender stems and leaves. All
samples were separately chopped in small pieces and mixed throughout. Five gram fresh
samples were taken randomly for radioassay to determine the distribution of 14C-butachlor
residues in the plant. Each sample was blended in homogenizer for 5 min, then extracted
twice with 20 ml ethyl acetate in an ultrasonator and centrifuged. The extract was
concentrated in a rotary evaporator to 10 ml and aliquots were counted.
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2.2. Processing

As in practice, processing was simulated in the lab. (1,2). Processing into juice
included cleaning, milling, pressing, preheating and homogenization and processing into
canned whole fruit included cleaning, depeeling, hardening in CaCl2 solution and
sterilization. Radioassay of the residues was done only in the final product.

3. RESULTS AND DISCUSSION

3.1. Distribution of residues in the plant

As butachlor is a systemic herbicide, it was substantially absorbed by the plant and
14C transferred to all parts. The distribution of 14C-residues in the plant is shown in Table
1. It may be noted that almost half the residue was translocated in the fruit.

3.2. The effect of processing on the residue level in tomato fruit

Table 2 shows the concentration of residues in juice and canned fruits. The results
indicate that processing did not affect the initial residue concentration to any significant
extent. While the juice lost 33% of its residue the canned fruit lost only 3%.

TABLE I: Distribution of 14C-residues in tomato plants treated with 14C-Butachlor

Organs

Leaf
Stem
Tender leaf and stem
Fruit

TABLE II:

Product

Juice
Skin & debris
Juice
Skin & debris
Fruit
Peel
Fruit
Peel

Total weight
(g)
230
597

277

950

Fate of I4C-residues

Fresh weight
(g)

61.2
59.4

77.8
79.9
40.0
7.8
53.0
8.3

Residues
(ppm)
0.172
0.168
0.125
0.157

in tomato juice and

Residue
(ppm)

0.19
0.09
0.13
0.06
0.16
0.02
0.17
0.04

(%)
12.7
32.3
7.2

47.8

canned fruit

Percentage of total
14C in fruit

68.7
31.3
66.6
33.4
97.2
2.4

96.4
3.6
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4. CONCLUSIONS

As 14C-butachlor was absorbed by roots and translocated to other organs, no surface
residue was found in the washings and therefore, water washings had hardly any effect in
removing the residues. Also, all processes used in industry did not reduce the residue level.
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EFFECT OF PROCESSING INTO JUICE AND PASTE
ON "C-METHAMIDOPHOS RESIDUES IN TOMATO

O. PAZMINO, L. RECALDE, S. BARRIONUEVO
Ministry of Agriculture and Livestock,
Plant Protection Programme,
Quito, Ecuador

Methamidophos [0,S-dimethyl phosphoramidothioate] is an insecticide used on many crops
including tomato. Because of a short pre-harvest interval, tomato and other crops occasionally
contain unacceptable levels of the chemical. This study aimed at quantifying the terminal residue
in plants grown under conditions of actual agricultural practice in Ecuador, using [14C-
dimethyl]methamidophos with a specific activity of 17.76 MBq/mg. According to practice, three
applications were made at monthly intervals with each plant receiving 6 mg of the radiochemical.
The residues were quantified at harvest and during simulated commercial processes. Analysis
of 14C-methamidophos was effected by extraction (1) and radio-TLC on silica gel using ethanol-
water (95 : 5).

TABLE I - I4C-methamidophos residues during processing into tomato juice and paste

Treatment

None
(tomato fruit)*

Washing
Straining

Sieving

Blending/ sieving
Heating to 40 °C
Concentration at 80 °C

Seasoning

pH adjustment
Vacuum concentration
Pasteurization
Cooling
Quarantine

Waste pulp

14C-residues (/tg/kg)
Tomato juice

391

388
321
164

177

—

128

114

111

117

282

Tomato paste

391

388
321

191

177

180

187

194

234
—

255

Data are mean of 2 replicates
'third harvest
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Table I shows that the unwashed fruit contained approximately 0.4 mg/kg. While
washing did not reduce the residue, sieving reduced the concentration by 58% and 50% during
the preparation of the juice and paste, respectively. Subsequent processes resulted in a further
decline of the residue concentration in the juice to 30% ; while the residue in the paste increased
slightly due to concentration processes. The waste pulp retained a substantial amount of the 14C-
residue.

On a relevant note, the concentration of methamidophos in juice and paste obtained from
the local market was determined by a gas Chromatographie method (2). Analysis of four samples
of juice gave concentrations ranging between 0.072 to 0.136 mg/kg, while the paste showed
higher concentrations; 0.613 to 1.100 mg/kg (4 samples). Four ketsup samples gave
concentrations of 0.276 - 0.737 mg/kg.

Based on the FAO/WHO recommended maximum residue limit of 0.01 mg/kg for tree
tomato (3), it may be included that the residue data reported here highly exceed the
recommended value. However, it is not known whether these resulted from good agricultural
practice.
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THE EFFECT OF COMMERCIAL PROCESSING PROCEDURES ON
14C-CARBENDAZIM RESIDUES IN SOYBEAN OIL AND TOMATO
Genyuan PENG, Huaguo WANG, Mengwen QI,
Fujun WANG, Changjiu ZHOU
Laboratory for the Application of Nuclear Techniques,
Beijing Agricultural University,
Beijing, China

Abstract

Under simulated agricultural practices, soybean plants were treated with 14C-labelled
carbendazim during the blooming stage. The residue in seeds was determined to be 0.067
ppm; corresponding to 0.07% of the applied dose. The residues in crude oil and cake were
0.026 and 0.076 ppm respectively. After subjecting the oil to degumming, alkali treatment,
bleaching and deodorization, 30% of original radioactivity was removed. Deodorization was
the most effective process, removing about 11% of the residue. In soybean seed and cake,
the residue was mainly present as carbendazim, the concentration of the other metabolites did
not exceed 30% of the residue.

Tomatoes grown on a field plot were treated with 14C-carbendazim. After harvest,
the tomatoes were processed into tomato juice and canned whole fruit. The magnitude and
nature of residues in samples taken at several processing steps were determined to evaluate
the effect of commercial processing on removing or eliminating the residues. The results
showed that the surface residues on tomato would be removed efficiently by simple washing
of tomato. A buffer solution of phosphonic acid had the highest efficiency. Tomato juice
contained lower residues than canned whole fruit.

1. INTRODUCTION

Carbendazim (methyl benzimidazol-2-yl carbamate) or MBC is a broad spectrum
systemic fungicide used extensively for protection of main crops from a wide variety of
fungal diseases, such as Phakopsora pachyrhizi and Peronospora manchurican on soybean
plant or Stemphylium solani and Ascochyta lycopersicum on tomato. The behaviour of MBC
on some agricultural commodities has been reported (1-3), but no work has been done on the
effects of commercial processing on residues. This study addressed this issue, i.e. to
investigate MBC residues in soybean seed and oil formed under conditions of local
agricultural practices and to evaluate the effects of the oil refining processes. The effect of
processing tomato on the residues has also been studied.

2. MATERIALS AND METHODS

2.1. The Radiochemical

14C-carbendazim was purchased from the Isotope Trading Enterprise (IZINTA),
Budapest, Hungary. The purity of the compound was over 95% as determined by thin layer
chromatography and it was diluted with cold carbendazim to give a radiochemical with a
specific activity of 155.4 kBq/mg.
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2.2. Experiments on soybean

2.2.1. Application of !4C-MBC

Soybean plants were cultivated in a field plot and managed as in local practice.
During blooming, four plants having identical growth were treated with 13 mg of 14C-MBC;
by smearing leaves and stems twice (7 days apart).

2.2.2. Extraction of crude oil

After harvest, air dried seeds were crushed and extracted exhaustively with hexane
in a soxhlet apparatus for 8 hours. The oil was recovered from the extract in a rotary
evaporator. The crude oil and cake were weighed and their radioactivity was determined in
a liquid scintillation counter.

2.2.3. Procedures for oil refinement

2.2.3.1. Degumming
The crude oil was preheated to 70 °C and steam was introduced through the oil with

slow stirring. The temperature was then raised to 85°C and kept for 15 min. After cooling,
NaCl (2% w/w) was added to the oil and mixture centrifuged. Radioactivity of the
degummed oil was determined.

2.2.3.2. Alkali treatment
The acid value of the degummed oil was determined and 2N NaOH solution (20% in

excess of the free fatty acids) was added to the preheated oil (60°C) under vigorous stirring.
After cooling, the mixture was centrifuged to remove soap and excess alkali and the oil was
washed several times with warm water until pH 7.O. The oil, soap and washings were
counted for their radioactivity.

2.2.3.3. Bleaching
The alkali-treated oil was kept in a water bath at 85 °C. Fuller earth (0.5% w/w) was

added to the oil and stirred slowly for 15 min. The bleached oil was filtered, while warm,
and the oil and residual fraction were radioassayed.

2.2.3.4. Deodorization
The bleached oil was heated to about 220 °C in a three-neck-flask and kept for 4 hours

while a stream of superheated steam passed through it under 6 mmHg of pressure. A sample
of the deodorised oil was counted for its radioactivity.

2.2.4. Analysis

2.2.4.1. LSC analysis
The scintillation cocktail was prepared by dissolving 4g PPO and 50 mg POPOP in

1 litre toluene for fat soluble samples or in 300 ml Triton X-100 + 700 ml of toluene for
water soluble samples. Non-soluble samples were combusted and counted by LSC.

2.2.4.2. TLC analysis
Five grams of soybean seeds were crushed, transferred to 50 ml centrifuge tube and

extracted three times with 30 ml of IN HC1 solution by vibrating for 30 min. After
centrifugation, the supernatant was transferred to a beaker, and the combined extracts were
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adjusted to pH 6.5 with 50% NaOH solution. This was then re-extracted three times with
50 ml ethyl acetate portions and the combined extracts concentrated to 0.2 ml in a rotary
evaporator. Residues were characterized by TLC on silica gel plates using chloroform :
acetone : acetic acid (100 : 40 : 10 by volume). Spots were detected by autoradiography and
scraped and counted for radioactivity.

2.3. Experiments on tomato

2.3.1. Application of "C-MBC

Tomato (Lycopersicon esculentum) was grown in a vegetable field plot at the Beijing
Agricultural University from April to August 1990. Several healthy plants were treated with
14C-MBC three times during the fruit bearing stage (4mg/plant). The radiochemical was
smeared on old leaves, stems and fruits. After maturing, the plants were divided into roots,
old leaves, tender leaves, stems and fruits and stored until analysis (3).

2.3.2. Simulated commercial processing

Washing by cold water, hot water or buffered solution of phosphonic acid were
compared, as to their efficiency in removing radioactivity. In China, tomato products are
mainly tomato juice and canned whole fruit. The industrial processing procedures were
simulated in the laboratory and samples were taken at main steps for radioactive analysis.
The preparation of juice included cleaning, milling, pressing, preheating and homogenization,
while canned whole fruit processing included cleaning, depeeling, soaking, hardening in
CaCl2 solution and sterilization.

Radioactivity in all samples was extracted as follows: Fresh samples (10g) were
blended in homogenize! and extracted with 40 ml of methanol in an ultrasonator. After
centrifugation and removal of supernatant, the sample was rinsed with an additional 20 ml
of methanol and centrifuged. The combined supernatants were concentrated in a rotary
evaporator and radioactivity counted.

3. RESULTS AND DISCUSSIONS

3.1. Soybean

3.1.1. Distribution of14C-MBC residues in soybean seeds

The foliar application of 14C-MBC led to MBC residues in harvested seeds. The
radioactivity in the seeds was determined to be only 0.07% of the applied dose. Distribution
of 14C-MBC residues in soybean seeds is shown in Table I; 91 % of total residues was found
in the extracted cake.

TABLE I: Distribution of 14C-MBC residues hi soybean seeds

Weight (g) Residues (ppm) %

Soybean Seed
Soybean Cake
Crude Oil

40
32

7.33

0.067
0.076
0.026

100
90.6
7.15
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3.7.2. Fate ofMBC residues in oil processing

When the crude oil was subjected to simulated commercial refinement procedures,
14C-MBC residues declined to 46.5% (Table II). Deodorization alone removed about 20%
of the total residues and concentration of the residue in the deodorized oil was reduced by
about 30%. The commercial processing has therefore a significant effect in reducing the
MBC residues in soybean oil.

TABLE II: Effect of refinement processes on MBC residue levels

Treatment

-

Degumming
Alkali Treatment

Bleaching
Deodorization

Residues
(ppm)

0.0263
0.0251
0.0230

0.0213
0.0186

Remaining 14C-activity
(%)
100
95
87

81
70

3.1.3. Nature of MBC residues in soybean seeds

The residues of MBC in soybean seeds and cake were characterized by TLC. Except
for the parent compound (Rf = 0.7), two other products (Rf = 0.0 and 0.08), were detected.
Carbendazim contributed to about 70% of the total residue. Although carbendazim has a
very low mammalian toxicity and oil residues are clearly low, the study provides assurance
that commercial processes can lead to a substantial reduction of the residue in crude oil.

3.2. Tomato

3.2.7. Distribution of14C-MBC in tomato plants

The results in Table III show that the old leaves retained the major portion of I4C
(76.1%). The fruits contained 8.2%. The findings are in agreement with those obtained in
a study on cotton (4). It demonstrated that a little amount of MBC could be transferred from
sites of application to other organs.

TABLE III: Distribution of 14C-MBC in tomato plants

Organs

Root
Stem
Old leaf
Tender leaf
Fruit

Total weight
(g)

76.0
308.0
197.5
87.0

3266.0

% of applied
radioactivity

0.05
11.1
76.2
4.4

8.2
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3.2.2. Comparison of washing methods

The results in Table IV show that the order of efficiency in the first washing was
buffer solution > hot water > cold water. After washing three times the surface residues
on tomato skins were almost completely removed.

TABLE IV: Efficiency of different washings in removing surface residues

Radioactivity washed off
First washing Second washing Third washing

Buffer solution
Hot water
Cold water

80.0
62.5
46.5

16.8
23.4
28.4

3.2
14.1
25.1

TABLE V: Residues in tomato products

Concentration
iroauct

Juice
Canned fruit

Peels dregs
(mg/kg)

0.52
0.65

Edible products
(mg/kg)

0.10
0.17

ï ieiu or product
(%)

71.0
91.6

3.2.3. MBC residues in processed products

Table V shows that a large portion of the radioactivity in washed fruit was removed
with wasted dregs or peels. Canned whole fruit contained slightly higher residues than
tomato juice, but their yield was over 90%, providing an economic advantage over the juice.
In conclusion, careful washing with water would be an effective measure to reduce the
surface residues. If the skin of the fruit was striped off in processing, more residues may
be removed.

The concentrated methanol extracts of some representative plant organs were
radioassayed by TLC to characterize metabolic products (4). Carbendazim was the major
residue in all plant organs. Two unidentified products contributed 7-18% of the residue in
old leaves and stem and 27-32% of the residue in tender leaves and root. In the fruit, the
percentage of the parent compound in the pulp was slightly higher (66%) than that in the
juice (59%); the remainder represented two unidentified compounds.
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APPRAISAL OF THE CO-ORDINATED RESEARCH PROGRAMME

1. INTRODUCTION

In view of current food practices, we must accept the fact that small quantities of
pesticide residues will be present in our food supply. The significance of minute quantities
of these chemical residues in food over an extended period of time is a much debated
question and has become a problem for man to face in controlling the total insult to his
environment. It becomes therefore obvious that the effects of processing chemical residues
in food is an area where available information should be consolidated and missing
information obtained through further research. This is particularly important for developing
Member States where "persistent" pesticides are in use and where farmers treat crops with
exaggerated quantities of pesticide chemicals to guarantee yields. An early review of the
subject was published by Liska and Stadelman1 and later extended by Geisman2 .

The current programme has aimed at research on effects of processing techniques on
pesticide residues as a means of decontaminating or reducing residue levels in food.
Emphasis has been placed on evaluating local practices and their efficiency in removing
chemical residues and on methods to enhance efficiency. The use of radiotracer techniques
has provided a superior tool for studies in this area. In many cases these techniques are
unrivalled and constitute the only effective means, particularly when a part of the residue is
present in a bound form. The major phase of the programme has emphasized processing of
crude edible oils, containing aged residues. For this programme, experimental protocols
were initially developed to serve as guidelines for the various research activities. Preliminary
investigations have suggested that specific procedures, e.g. steam-distillation can effectively
remove organochlorine residues; alkali treatment may remove appreciable quantities of
organophosphate residues, etc. One of the major objectives of this programme is to develop
a reference list which identifies the efficiency of "specific" methods in removing "certain"
chemical residues.

2. RATIONALE

The major phase of this programme emphasized processing of (a) Crude edible oils (b)
tomatoes.

(a) Crude edible oils: The studies were conducted with cottonseed, corn, palm, sun
flower, rice bran, peanut, soybean and olive oils containing aged residues. Other
investigations dealt with post harvest treated rapeseeds and coconuts. In addition,
efficiency of removal of residues by these processes in spiked oils was also studied.
The common processes in refining oils in industry were simulated in the laboratory.

(1) Crushing-pressing, screw expelling and/or extraction (n-hexane, petroleum
ether) to obtain crude oil. Major lipophylic residues will remain associated
with the oil.

(2) Degumming: Ortho phosphoric acid is used for this purpose, and conceivably
would remove some residues.

'B.J.Liska, W.J. Stadelman. Effects of processing on pesticides in foods. Residue Reviews 29 (1969) 61-
86.

2J.R. Geisman. Reduction of pesticide residues in food crops by processing. Residue Reviews 54 (1975)
43-54.
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(3) Alkali treatment: NaOH (20-25% in excess of the oil acid value) at 70°C is
used to neutralize free acids in the oil. Subsequently, the oil is washed with
water to remove Na-salt of acids, water soluble pesticides and/or their
hydrolyzed products (possibly in salt form).

(4) Bleaching: Most crude oils are dark brown colored liquids. Active charcoal
or active clays are used to bleach the oils. They may conceivably adsorb
pesticide residues present in the oil.

(5) Deodorization: Crude oils are usually unpleasant smelling. Steam distillation
using super-heated steam at 200-220° (300-900 KPa) not only produces an
organoleptically acceptable product but also helps in removing steam volatile
pesticides and/or their decomposition products. Studies have shown that this
is a most effective method to eliminate or reduce specific pesticide residues
present in oils.

(6) Winterization: Depending on the source of oil and local practice,
winterization at 5-6°C is used at some stage to remove waxes. This process
may remove also some pesticide residues.

(7) Hydrogénation: Usually done at 210°C at 20 pSi (pounds per square inch)
using nickel as a catalyst to obtain solid fats. The material is again subjected
to neutralization and bleaching before deodorization.

In a number of practices, some or all stages of refinement is done under reduced
pressure to minimize peroxide formation.

(b) Tomatoes (paste, ketchup and juice):

(1) Washing: The fruits are washed with water. This may remove surface
adhering pesticide residues.

(2) Homogenization and sieving: The washed fruits are homogenized and then
sieved to remove skin and seeds for preparing paste, ketchup and juice.
Sieving seems to be most effective in removing residues present in the fruits.

(3) Concentration: The sieved material is concentrated at 80°C. This step may
not reduce residue levels.

(4) Processes like pasteurization, cooling and quarantine are expected to leave
residue levels in juice and paste unaltered.

3. HIGHLIGHTS

3.1. Summary of data

The investigations conducted under this programme aimed primarily at evaluating
current practices in food processing and their efficiency in removing pesticide residues which
are invariably present in the unprocessed food. To obtain data representing the actual field
situation, most studies were conducted on aged residues, i.e. those resulting from application
of pesticide to the growing plant. Many studies also included data derived from fortified
samples to enable comparison of the two approaches. Table I summarizes the results
obtained in unprocessed and processed foods. Of the 20 practices on aged residues
evaluated, 9 practices have led to the removal of >75% of the residue present in the
unprocessed food. Only four practices removed less than 30% of the residue. Of the 23
experiments on spiked residues, 16 removed >75% of the spiked residues and one study
reported removal of only 25 % of the residue.
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TABLE I. Summary of data illustrating the efficiency of commercial processing of foods in removing pesticide residues

Country

Pakistan

Egypt

Sudan

Philippines

Philippines

UK

Germany

Thailand

Egypt

Food

Cottonseed oil

Cottonseed oil

Cottonseed oil

Coconut oil

Coconut oil

Rapeseed oil

Rapeseed oil
(from stored
seeds)

Soybean oil

Soybean oil

Pesticide

Dimethoate

a)Malathion

b) Carbofuran

Chlorfenvinphos

Malathion

Chlorpyrifos

Pirimiphos-methyl

Diazinon

Chlorpyrifos

Carbofuran

Processes leading to
major reduction of

residue

Neutralization

Alkali treatment
bleaching
Alkali treatment

Alkali treatment

Alkali treatment

Bleaching

Degumming
neutralization

Deodorization

Alkali treatment
Deodorization

Alkali treatment
Bleaching
Winterization

Residue cone, in
food before
processing

[mg/kg]

Field Spiked

7.33 10

0.94 12.5

1.7 10.0

20.0

51.9 27.2

1.50 8.5

10

3.2

7.24

0.024 7.5

Residue cone, in food
after processing

[mg/kg]

Field Spiked
1.03 0.1

0.16 2.5

0.26 1.7

4.0

5.9 4.3

1.16 6.0

0.05

2.4

1.32

0.004 1.7

Total residue loss
[%]

Field Spiked

86 99

83 80

85 83

80

89 84

23 30

99

25

82

84 78

All field experiments were conducted under conditions similar to those in the field (concentrations, no. of applications, timing, etc.).
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TABLE I (CONT.)

Country

Egypt

China

China

India

Indonesia

Thailand

India

Turkey

Food

Soybean oil

Soybean oil

Soybean oil

Peanut oil

Peanut oil

Rice bran oil

Rice bran oil

Olive oil
Sunflower oil
Maize oil

Pesticide

Pirimiphos-methyl

Monocrotophos

Carbendazim

Mixture of
a-Endosulfan
0-Endosulfan

Pirimiphos-methyl

Carboruran

Lindane

Dimethoate
Carbaryl
Chlorpyrifos

Processes leading
to major

reduction of
residue

Alkali treatment
Bleaching

Degumming
alkali

Deodorization

Deodorization
(spiked)
Alkali (aged)

Degumming
Alkali

Deodorization

Neutralization
Deodorization
Deodorization

Residue cone, in food
before processing

[mg/kg]

Field Spiked

1.6 6.0

1.78 34.7

0.026

0.1 0.1

5.66
(36 weeks)

24.0 2.4

0.13 0.10

1.66 1.78
0.47 2.00
0.44 2.00

Residue cone, in food
after processing

[mg/kg]

Field Spiked

0.4 1.25

1.43 0.32

0.019

0.07 0.027

1.35

2.6 0.3

0.0005

0.67 0.10
0.20 0.84
0.19 0.84

Total residue
loss
[%]

Field Spiked

75 79

20 91

30

32 73

76

89 88

100

60 94
58 58
57 58



TABLE I (cont.)

Country

Germany

Ecuador

Ecuador

Ghana

China

Ecuador

China

Food

Corn oil

Corn (stored)

Palm oil

Palm oil

Tomato

Tomato

Tomato

Pesticide

Deltamethrin

Malathion

i) Monocrotophos
ii) a-Endosulfan

/3-Endosulfan

Lindane
Monocrotophos

Butachlor

Methamidophos

Carbendazim

Processes leading
to major

reduction of
residue

Bleaching
Deodorization

i) Washing and
ii) Roasting

Bleaching
Deodorization
Deodorization

Deodorization

none

Sieving

Water washing

Residue cone, in food
before processing

[mg/kg]

Field Spiked

4.72

4.59
4.59

10
5
5

5
0.000011

0.16 (juice)
0.16 (canned

fruit)

0.39 (juice)
0.39 (paste)

—

Residue cone, in food
after processing

[mg/kg]

Field Spiked

1.58

2.63
3.81

0.02
0.01
0.01

1.25
0.000001

0.19 (juice)
0.16 (canned

fruit)

0.1 2 (juice)
0.23 (paste)

0.10 (juice)
0.17 (canned

fruit)

Total residue
loss
[%]

Field Spiked

67

43
17

99.8
99.7
99.3

75
88

0
0

70
40



U)oo Table II. Nature of 14C-residues in refined oils

Oil

Soybean

Olive

Coconut

Rapeseed

Rice bran

Pesticide

chlorpyrifos

carbofuran

monocrotophos

pirimiphos-methyl

dimethoate

malathion

diazinon

carbofuran

Relative composition of residue (total residue = 100)

field-aged

chlorpyrifos
3,5,6-trichloro-2-pyridinol

carbofuran
carbofuranphenol
3-ketocarbofuranphenol
3-hydroxycarbofuran

monocrotophos
unidentified substance(s)

pirimiphos-methyl
pyrimidinol

dimethoate
unidentified substance(s)

malathion
malathionmono
carboxylic acid
Propionic acid ethyl ester

diazinon
unidentified

carbofuran
carbofuran phenol
3-keto carbofuran
3-hydroxy carbofuran

95
5

5
75
15
5

0
100

40
60

0
100

51

39
10

93
7

20
38
22
20

fortified

carbofuran
carbofuranphenol

monocrotophos

pirimiphos-methyl
pyrimidinol

Dimethoate

98
2

0

67
33

100



Table II (cont.)

Oil

Cottonseed

Peanut

Pesticide

dimethoate

malathion

carbofuran

endosulfan

Relative composition of residue (total residue = 100)

field-aged

dimethoate
dimethoxon
unidentified

malathion
malathion monoacid
propionic acid-ethyl ester

carbofuran
carbofuran phenol
3-hydroxy carbofuran
3-keto carbofuran

a-endosulfan
/3-endosulfan
endosulfan sulfate
unidentified

7
0
93

40
45
15

25
50
10
15

15
19
33
33

fortified

dimethoate
dimethoxon

a-endosulfan
/3-endosulfan
endosulfan sulfate
unidentified

88
12

14
40
33
13



The effects of processing on residue varied widely. For example, processing of tomato
into juice failed to remove any part of the butachlor residue, whereas deodorization effected
a complete elimination of lindane residues from rice bran and endosulfan residues from palm
oil. A near-complete elimination of fortified dimethoate residues in cottonseed and olive oils
was achieved, principally through alkali treatment. Data generated under this programme
have indicated that many commercial processing procedures used for refining crude oils are
capable of removing substantial amounts of pesticide residues. While deodorization was
notably efficient in eliminating organochlorine residues and other residues such as
chlorpyrifos, carbaryl and deltamethrin, alkali treatment was effective in reducing
organophosphate residues, possibly through hydrolysis.

3.2. Nature of residues

As may be expected, the terminal residue in refined oils derived from fortified samples
is predominantly the parent insecticide. This may be associated with some degradation
product(s) formed during processing, by hydrolysis or oxidation (Table II). By contrast, the
composition of the terminal residue derived from some field samples shows different trends,
e.g. carbofuran in soybean oil, dimethoate in olive and in cottonseed oils (Table II). This
demonstrates the value of conducting studies on aged residues.

3.3. Codex Alimentarius

Many of the practices studied in this programme have not been previously evaluated,
i.e. no MRL values have been recommended. However, the Codex Alimentarius
Commission has set recommendations for specific pesticide/oil systems which may serve as
a guideline for comparison (Table III).

Table lu. Maximum residue limits in some seeds/oils*

Pesticide

Dimethoate

Endosulfan

Carbofuran

Monocrotophos

Carbofuran

Malathion
Pirimiphos-methyl

Diazinon

Food

Olive oil, processed

Cottonseed oil, crude

Oil seeds
Soybean (immature seeds)
Cottonseed oil, crude
Rice, husked

Nuts (whole in shell)

Edible peanut oil

Olive oil, crude

MRL (mg/kg)

0.05
0.05

0.10

0.05
0.05

0.20

8.00

10.00

2.00

*Codex Maximum Residue Limits for pesticide residues, Codex Alimentarius Commission (FAO/WHO),
CX/PR-Part 2, April 1992.
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4. ATTEMPTS TO IMPROVE REDUCTION OF RESIDUES IN FOOD BY
MODIFYING SOME PROCESSES

The scope to examine the effects of process variation on the elimination of residues is
limited; as a primary objective of the programme is to use local practices and conditions for
each country. Scope is further limited by the nature of the process and the importance to
maintain the quality of the oil, process yield and not increase costs.

Oil extraction from oilseeds resulted in the concentration of post-harvest applied
residues in the extracted oil irrespective of the extraction process used. Expelling resulted
in slight increase in the degradation of pirimiphos-methyl compared to solvent extraction, this
is not unreasonable considering the heat generated during expelling.

Neutralization was found to be an effective process for the reduction of
organophosphate residues. Increasing the quantity of alkali used, process time or temperature
during the stage can be expected to lead to a reduction of quality through saponification. In
processing cottonseed oil spiked with dimethoate the importance of maintaining the level of
alkali was demonstrated. Halving the alkali reduced the level of residue elimination.

It is difficult to generalize regarding the relative effectiveness of different bleaching
earths and concentration used because of the variation in physico-chemical properties of the
residues and variation in physical properties of the bleaching earths from different suppliers.
For palm oil increasing the percentage of bleaching earth used to above the industry standard
did not result in a significant change in the level of residue reduction. Similar results were
observed for dimethoate in cottonseed oil. However, reducing the levels to below the
industry standard quickly reduced the effectiveness of this step. Use of an activated
bleaching earth in rapeseed processing resulted in an increase in the level of pirimiphos-
methyl removed, as did increasing the processing time for this system. Similarly, the use
of activated bleaching earth resulted in a large reduction of monocrotophos in palm oil.
Varying the water content of the activated bleaching earth had little effect, but processing
times less than the industry norm resulted in reduced elimination of moncrotophos.

There is little reason to expect changing process variables during degumming to have
an effect on residue levels, but would rather affect process costs. Deodorization of
cottonseed oil was a very effective process for removing dimethoate; reducing process time
to one hour had only a marginal effect.

The opportunity for investigating process parameter variation on residue reduction
during tomato juice production is also rather limited. Washing tomatoes with hot water was
more effective than cold water for removing surface residues of carbendazim, but at
increased cost.

5. CONCLUSIONS

(1) It is noted with satisfaction that the coordinated research programme has met most of
its objectives and has provided evidence of the superior role that radiotracer techniques
play in investigating the fate of pesticide chemicals in food products.

(2) The programme has generated important worldwide residue data in edible oils and
tomato products which were not available before the initiation of the programme.
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These data make a significant contribution to national food safety programmes and to
the FAO/WHO Joint Programme on Pesticide Residues in Food.

(3) Studies of processing of foods containing aged residues have proved to be a highly
useful approach as some practices have shown substantial differences in quantity and
quality of the residue when compared with fortified residues.

(4) Of the 20 field practices evaluated, processing led to removal of > 75 % of the residue
in 9 practices. Only 4 practices removed less than 30% of the residue. Processing of
tomato containing butachlor residues failed to remove any part of the residue.

(5) Three practices have led to the elimination of the parent pesticide in processed foods:
dimethoate in olive oil, lindane in peanut oil and monocrotophos/endosulfan in palm
oil.

(6) Deodorization was highly efficient in removing organochlorine residues from oils, e.g.
lindane and endosulfan. Alkali treatment was efficient in removing appreciable
quantities of organophosphate residues (possibly through hydrolysis), in particular
water-soluble pesticides.

(7) Attempts to obtain better removal of residues were made in some studies through
modifying some experimental parameters, e.g. alkali concentration, temperature, type
of adsorbent clay, etc. Although more residues may be removed by specific
modifications, it is maintained that these will probably involve higher cost and therefore
will not be of practical importance.

6. EXPERIMENTAL PROTOCOLS

The methods described in these protocols (Appendices I-HI) were developed by the
Research Co-ordination Committee on Radiotracer Studies to Reduce or Eliminate Pesticide
Residues During Food Processing. The preparation of the protocols draws on the experience
of many of the co-ordinated research programme participants who have overcome the
problems that can be imposed by less than ideal conditions.

The objective is to provide guidelines under which a pesticide can be tested while at the
same time adopting the practices prevailing in any particular country, so that meaningful
comparative residue data can be produced. It is recommended that the protocols as described
be used and amended only as necessary to suit requirements of local practice. Modifications
might include the method of pesticide application, conditions of treatment and the method of
sampling. A complete description of all such modifications should be included when the data
are evaluated. It is recognized that methods of local practice can impose considerable
restrictions on the experiments and it is important that sampling represents the whole of the
test material and that expression of data is standardized to facilitate comparison.

It must be emphasized that the measurement of radioactivity cannot be equated
necessarily with the presence of the parent compound owing to degradation processes;
therefore further chemical analysis is required to establish the nature of the residue itself.

142



Appendix I
FAO/IAEA MODEL PROTOCOL

TREATMENTS OF OIL BEARING PLANTS WITH PESTICIDES AND
ANALYSIS OF RESIDUES BEFORE, DURING AND AFTER ODL PROCESSING

1. Selection of oil bearing crops to be processed

All vegetable oils that are subjected to application of pesticides should be considered.
Major oils include soybean, palm, sunflower, rapeseed, peanut, cocoa, coconut, cottonseed
and olive.

The material to be processed should contain aged radiolabelled pesticide residues. In
parallel, a complementary experiment should be conducted using fortified crude oil samples.

2. Preparation of the labelled formulation

All labelled material should be checked for purity using a suitable TLC or other
Chromatographie procedure. If necessary, purify by TLC to > 95 %. Radioactive pesticides
are usually supplied in benzene or toluene. It is not recommended that this solvent be
removed, but may be concentrated. A calculated volume of diluent of choice (e.g. methanol
or acetone) is then added to produce the desired concentration. The labelled material should
be diluted with non-labelled pesticide either technical grade or formulation at the
recommended concentrations. This is further mixed with water as in most practices to obtain
a suspension. If needed, an emulsion may be prepared by mixing with 2% Tween 80 in
water. In all cases, the specific activity of the final radiochemical preparation should be
determined (/*Ci or Bq/mg of the active ingredient) and all operations should be carried out
in a fumehood.

3. Method of application

The oil bearing plants should be grown in the field (or greenhouse) and treated at
recommended times by following the regular practice. For soybean and cottonseed it has
been found that an application rate of 1-3 jtiCi or 37-111 KBq/plant is required to produce
an adequate amount of radioactivity in the seeds. An equivalent rate is suggested for other
plants. The seeds should be harvested at a time consistent with local practice.

For palm trees, the pesticide may be applied using the root absorption technique as
practiced in Ecuador and Ghana. A cut should be made in an exposed root which is then
enclosed in a plastic bag containing 20 ml (100 /*Ci) of the 14C-pesticide preparation. If the
solution has not been absorbed within 48 hrs another root should be exposed and a further
application made.

4. 14C-fortified samples

In the fortification experiment, crude oil samples may be spiked at the rate of 2-5 mg
14C-pesticide per kg oil, and with 50-200 jiCi (or 1.85-7.4 MBq)/kg. A sample size of
50-200 g may be used according to the scale of the equipment.
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5. Processing of crude oil and analysis

After harvest, the seeds should be well mixed and the total radioactivity in the material
to be processed should be measured before processing by combustion of a sample (0.1-0.5
g) and determination of 14C-activity. Blanks and reference 14C standards are used during the
combustion procedure to establish the background counts per minute, to monitor possible
carryover of 14C from one sample to the other, and to establish trapping and counting
efficiency. As appropriate, a quench curve is used to convert counts per minute to
disintegrations per minute.

The oil extraction and refinement processes should simulate those used in local practice.
The operations are likely to include: expression, solvent extraction, alkali treatment,
bleaching, winterization, degumming and dewaxing, and deodorization. All the radioactivity
of the material processed should be accounted for after each step of processing. This may
be achieved by measuring the 14C-activity of the oil, seed residue, washings, adsorbent,
distillate, etc. by LSC or, in the case of solid oxidizeable material, by combustion followed
by LSC. Oil samples should be weighed and dissolved in acetone : hexane (1:5) and
counted.

6. Identification of residues

An aliquot of oil after each step should be subjected to a clean-up (to remove the liquid,
e.g. by solvent partitioning and column chromatography) and analyzed for parent chemicals
and major metabolites using a suitable chromato-graphic procedure (e.g. TLC).

7. Expression of data

a. The specific activity of the original formulation must be recorded as ,wCi/g (or
Bq/g) of active ingredient (and dpm/g).

b. Data should be given as mg pesticide/kg food (or mg/kg for very low
concentrations). A mass balance (budget) or the total radioactivity should be
calculated at all stages of analysis. In most cases, the 14C-activity in the crude
oil may be taken as 100% to which succeeding measurements relate.

8. Residue levels in locally produced oil

Samples of locally produced oil should be analysed for residues using suitable
Chromatographie procedures. The concentrations are then compared with those obtained in
the laboratory refined oil.

9. Quality of oil

The analysis of the crude and refined oils for quality attributes such as free fatty acids
and unsaponifiable matter may be considered as a means of confirming whether the
laboratory produced product is comparable to locally produced oil. This is particularly
important if one or more refinement steps are to be modified.
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Appendix II
FAO/IAEA MODEL PROTOCOL

TREATMENTS OF GRAIN WITH PESTICIDES AND
ANALYSIS OF RESIDUES BEFORE, DURING AND AFTER PROCESSING

This procedure is a modification of a previous method1 recommended for studying
pesticide residues in stored grains.

L Selection of test material

- Source of commodity must be known and it must have had no previous treatment.
- 1.5 kg fresh sound grain should be used.

2. Preparation of the labelled formulation

As in Appendix I, item 2. Approximately 100 mCi or 3.7 MBq/kg grain should be
used. This quantity is adequate for the isolation and identification of metabolites through
processing.

3. Method of application

The application method and number of applications should be as close as possible to
that used in practice. If the sample is to be sprayed, use an all glass sprayer similar to that
used for spraying chromatograms. The 1.5 kg sample of test material should be spread out
thinly on a tray and sprayed as evenly as possible. Observe all safety precautions (the use
of fume hoods, gloves, goggles, etc.) and avoid any cross-contamination of the sample.

The sample should be allowed to dry in the fume hood draught and then thoroughly
mixed or tumbled to ensure an even treatment. Although this treatment may increase the
moisture content of the grain by around 0.7%, the metabolism within the grain should not
be affected to any significant extent.

In case of sack treatment the mixture should be applied uniformly over the previously
weighed sack. The volume of spray used should be comparable to actual practice to simulate
adsorption rate of the pesticide by both grain and sack. The storage conditions should be as
close as possible to those used in practice.

4. Processing

At the end of the storage period, oil may be prepared as practiced commerically
(Appendix I). Identification of residues, expression of data and testing the quality of oil may
be made as described in Appendix I.

Studies of the Magnitude and Nature of Pesticide Residues in Stored Products, Using Radiotracer Techniques, Panel Proceedings Series,
IAEA, Vienna (1990) 114-118.
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Appendix III
FAO/IAEA MODEL PROTOCOL

TREATMENTS OF TOMATO WITH PESTICIDES AND
ANALYSIS OF RESIDUES BEFORE, DURING AND AFTER PROCESSING

1. Preparation of the labelled formulation

As in Appendix I

2. Method of application

The mode and number of applications should be in accordance with local practice. It
is proposed that each plant receives 1-3 ^iCi (37-111 KBq). The practice in China uses a
total of 0.5 g active ingredient for 4 applications per plant. The yield of fruit from one plant
amounts to about 2 kg. As a guideline, 2 kg will be required for each major preparation.

3. Initial 14C-activity

The fruit from one plant should be washed with 1 litre water and washings extracted
with ether or ethylacetate. I4C-activity should be determined in organic and aqueous phases.
The fruit is then pressed and activity in juice and remnant determined by combustion to 14CO2
(Appendix I). Prepare a mass balance to account for the initial quantity (100%) of
radioactivity.

4. Processing

The commercial methods of preparing juice, ketchup and paste should be simulated in
the laboratory.

(a) For juice

Cleaning (washing the fruits with water)
Pressing
Pretreating (50/C for 10 min.)
Homogenization
Pasteurization (autoclaving, 90/C, 5 min)
Bottling
Cooling

(b) For ketchup
Washing the fruits with water
Heating (90/C, 30 min)
Peeling
Homogenization
Concentration (to 1/3 of the volume at 75/C at normal pressure)
pH adjustment (addition of vinegar, pH 4.2)
Seasoning (addition of sugar, carrots, red onion, salt and other spices as in the
industry)
Preservation (k-salt of sorbic acid 1 g/kg)
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Vacuum distillation (to 1/3 the volume at 70/C 20 inch/kg)
Bottling
Pasteurization (autoclaving at 85/C)
Cooling

(c).. For paste

Same processes as under (b.), except for seasoning.

5. Isolation and identification of metabolites

As in Appendix I.

6. Expression of data

As in Appendix I.

7. Residue levels in locally produced products

Samples of the locally produced juices, ketchup and paste should be analysed for
residues of the same pesticide(s) used by suitable chromato-graphic procedures. The
concentrations are then compared with those obtained in the study using 14C-chemicals.
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CHEMICAL NAMES OF THE PESTICIDES USED IN THE PROGRAMME

Butachlor:

Carbaryl:

Carbendazim:

Carbofuran:

Af-butoxymethyl-2-chloro-2 ', 6'-d iethylacetanil ide

1-naphthyl methylcarbamate

methyl benzimidazol-2-ylcarbamate

2,3-dihydro-2,2-dimethylbenzofuran-7-yl methylcarbamate

Chlorfenvinphos: 2-chloro-l-(2,4-dichlorophenyl) vinyl diethyl phosphate

Chlorpyrifos: 0,0-diethyl 0-3,5,6-trichloro-2-pyridyl phosphorothioate

Deltamethrin:

Diazinon:

Dimethoate:

Endosulfan:

Lindane:

Maiathion:

Methamidophos:

Monocrotophos:

(Sj-a-cyano-3-phenoxybenzyl (1R, 3R)-3-(2,2-bromovinyl)-2,2-
dimethylcyclopropanecarboxylate

0,0-diethyl 0-2-isopropyl-6-methyl pyrimidin-4-yl phosphorothioate

0,0-dimethyl S-methylcarbamoylmethyl phophorodithioate

(l,4,5,6,7,7-hexachloro-8,9,10-trinorborn-5-en-2,3-
ylenebismethylene) sulphite

gamma-hexachlorocyclohexane

S-l,2-bis(ethoxycarbonyl)ethyI 0,0-dimethyl phosphorodithioate

0,5-dimethyl phosphoramidothioate

dimethyl f£'j-l-methyl-2-(methylcarbamoyl) vinyl phosphate

Pirimiphos-methyl: (7,2-diethylamino-6-methylpyrimidin-4-yl O, O-dimethyl
phosphorothioate
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It would greatly assist the International Atomic Energy Agency in its analysis of the effective-
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Title: Isotope aided studies of pesticide residues during food processing
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[ ] From the IAEA:
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[ ] As participant at an IAEA meeting

[ ] From a professional colleague
[ ] From library

2. How do you rate the content of the TECDOC?
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[ ] Useful for reference
[ ] Useful because of its international character
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3. How do you become aware of the TECDOCs available from the IAEA?
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[ ] If you find it difficult to obtain information on TECDOCs please tick this box

4. Do you make use of IAEA-TECDOCs?
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