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FOREWORD

Bie increasing use of chemicals for protecting crops, livestock and

human health against pest and disease attack is dictated by the needs
of a rapidly growing world population. Notwithstanding these trends
there is also a growing public sensitivity to contamination of the
agricultural environment. Chemical residues inevitably find their
way into human food and the environment. Since 1969> the Joint
PAO/IAEA Division of Isotope and Radiation Applications of Atomic
Energy for Pood and Agricultural Development has coordinated a wide
range of isotopic tracer-aided studies of trace contaminant problems.

Under the current programme» which was initiated in 1975» the International
Atomic Energy Agency has published "Radiotracer studies of pesticide
residues in edible oil seeds and related products" (1979) in i*s
technical document series. The present report represents an appraisal
of a group of studies, with particular emphasis given to the many problems

of developing countries. Nuclear techniques have provided powerful research
tools in the study of these problems. Thanks to the generosity of the
Swedish International Development Authority (SIDA), it has been made
possible to undertake a number of these studies in developing countries.
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1. COMMUNICATIONS
OP 14C-CYOLANE IN COTTONSEED PRODUCTS

S.M.A.D. ZAYED, I.M.I. FAKHR+, M.E. BAKEG4"1" and A.Z. OSMAN

M.E. Regional Radioisotope Centre, Dokki, Cairo
Arab Republic of Egypt
ABSTRACT

The systemic insecticide cyolane £2-(0,0-diethylphosphoryl)-imino1,3-dithiolaneJ was prepared from C-ethanol, phosphorus oxychloride
and 2-amino-l,3-dithiolane. Cotton plants were treated with two
applications of the insecticide under conditions of local agricultural
practice. 14C-residues in the crude oil and cake of the harvested cotton
seeds amounted to 1.63 and 0.014 rog/kg respectively. About 50$ of the
C-activity present in the crude oil was found to be eliminated by
simulated commercial processes used for refining of the oil. Alkali
treatment and bleaching removed 16% and 2f>% of the radioactive residues
respectively. Winterization of the bleached oil at 5-7 C for 3 days
effected a further elimination of 13$. C-residues in the cotton seed
products and in the samples of the refined oil were characterized and the
main constituents identified using chromatographic techniques.
INTRODUCTION

Cyolane, 2-(0,0-diethyl-phosphoryl)imino-l,3-dithiolane (l) is
characterized by its systemic activity and comparatively long residual
action. It proved to be highly effective against the different instars
of the cotton leaf worm Spodoptera littoralis (l) (2) and was recommended
for controlling a number of economically important cotton pests (3-7).
It became, therefore, important to study the possible deposition of
cyolane residues in the cotton seed, oil and cake of treated cotton plants.
For this purpose, C-cyolane was synthesized in our laboratory. The
effects of simulated commercial processing procedures on C-cyolane
residues were studied.
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MATERIALS AM) METHODS
14.

C-Cyolane

a) Bthylene dithioovanate; This compound was prepared by heating 1 mole
ethylene dibromide with 2.3 moles of potassium thiocyanate in absolute
ethanol for 10 hours. After crystallization from ethanol the product
melted at 88°(lit.m.p. 90°) ((8) (9).
b) Cyclic ethylene dithioimido carbonate (ll); Bfchylene dithiocyanate
was cyclized by heating with concentrated hydrochloric acid at 100° for
10 hours to yield the hydrochloride of II. 5br purification of the
hydrochloride, the reaction mixture was cooled, neutralized with potassium
carbonate and extracted with benzene. The dried benzene layer was
saturated with HC1 gas where the hydrochloride of II separated out
(m.p. 208°; lit.m.p. 202°) (10). II was stored in the form of its
hydrochloride since the free base decomposes more readily. The free base
was liberated by neutralization of the hydrochloride with 10$ potassium
carbonate solution and subsequent extraction with benzene.
c) Bthyl-l-14C-labelled cyolane (l); Bthanol-l-14C (40 mmol, ImCi)
was allowed to react with phosphorus oxychloride (20 mmol) in presence
of pyridine to give diethyl phosphorochloridate (ill).
C-cyolane was
synthesized by the interaction of III with the equivalent amount of II.
The crude product was purified on a silica gel column till radiopurity,
as determined by thin layer chromatography.
C.cyolane melted at 39»5 ;
yield 660 mg; specific activity 1.643 mCi/gf R--values on thin layers
of silica gel 0.76 in benzene: ethyl acetate (3:2) and 0.88 in benzenes

ethanol:acetic acid (79:14:7).
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Cultivation and analysis;

Cottonseeds were sown in alluvial soil under normal field conditions
on February 25, 1979* Irrigation, fertilization and soil management
were carried out as practiced in the field. Plants were treated with
radioactive cyolane twice with a two-week interval during June 1979»
The insecticide was applied as acetone/water suspension to the leaves
of isolated five plants at the rate of 20 mg C-oyolane per plant per
application. At harvest, seeds were collected and extracted with ether

in a soxhlet apparatus for 6 hours,then with methanol for further 6 hours.
Extracts were concentrated under reduced pressure and analyzed for
radioactivity.
For characterization purposes, C-residues were extracted from
the oil by partitioning between acetonitrile and n-hexane. Cyolane
and cyolane-derived residues remained in the acetonitrile layer, which
was analyzed by paper chromatography in two solvent systems -using
authentic substances as references (Table II). Spots were made
visible by spraying with Hanes Isherwood reagent (ll).

Commercial processing procedures;
Crude cottonseed oil was fortified with cold and
end concentration of 7

C-cyolane to an

Alkali refining; - 20 ml samples of the fortified oil were shaken with
2N sodium hydroxide solution at 50° for 30 minutes. The amount of
alkali added was 10$ in excess of that calculated on the basis of the
acid value. The mixture was centrifuged and aliquots of the oil were
countod.
Bleaching; - The alkali refined oil was treated with 0.5$ activated carbon
and a factory-grade bleaching earth (l;l). The mixture was stirred
vigorously at 80-100 for 20 minutes. The bleached oil was then separated
and counted.

Winterization; - The clear dry oil was winterized at about 5-7 for
3 days followed by centrifugation, and counting.
Samples of oil, after individual treatments were partitioned between
acetonitrile and hexane for characterization of ^C-residues.

Radiometric measurements;
Radioactivity in the oil and cake was determined by combustion in a
Packard-Oxidizer system and 14C-activity was determined in a Packard
Tri-Carb Liquid Scintillation Spectrometer. Paper chromatograms were
scanned by a radioscanner.

RESULTS AND DISCUSSIONS

The appearance of variable amounts of insecticide residues in seed
oils has been reported by several authors (12-17). The present investigation revealed the presence of C-cyolane residues in the cotton

seed products. Gyolane residues in the cottonseed,oil, and cake were
found to be 0.34, 1.63 and 0.015 mg/kg respectively (Table I). Residues
in oil were found to consist of lipophilic (31$) and hydrophilic compounds
(6$$) (Table II). Metabolites found in the oil were also detected in
the cake which contained at least one more unknown metabolite (Table II).
Radio-paper chromatographic studies revealed the presence of cyolane,
mono- and diethyl phosphates (Table II) with relative abundance of
2:3:2 in the crude oil.
Gyolane-fortified crude oil was subjected to the refining processes
in a stepwise manner simulating actual commercial processing procedures.
The effect of the individual processes on the level and nature of Cactivity is illustrated in Table III. The data indicate that the
processing procedures effected removal of about 50^ of the original
C-activity. Analysis of C-residues in the refined oil samples
indicated the presence of cyolane degradation products which were
identified as monoethyl- and diethyl phosphates together with a small
amount of an unknown metabolite (Table III). The process of alkali
refining effected a conaiderable decomposition of the toxicant. Other
processes had no appreciable effect on cyolane. In general, the results
obtained indicate that cyolane is fairly persistent towards processing
procedures of the oil when compared with other insecticides such as

lindane and carbaryl (18).
The daily intake of cyolane residues from cotton seed oil may be
estimated for the average individual who consumes an average of 500 g
oil per month. This amount which corresponds to about 27 jig cyolane
per day, is an index of the insecticide burden in Egyptian subjects from

this source. Residues from other important sources such as milk, meat,
etc. however, remain unknown.
TABLE I;

4

C-cyolane residues in cotton seed products

Sample

C -cyolane

Oil
Cake
Total seed

14

tft.
of sample

G -activity

(cpm)

9.2 gra

3450
51750

36.0 gm
45.2 gm

1849
53599

1.0 pg

10

Residue
(mg/kg)

1.63

0.015
0.34

TABLE II; Nature of

Material

C-cyolane residues in cottonseed oil and cake

Nature of
residue

*
f

Compound

B

A
Oil

Cake

*

**

**•

"sreantage

R

hydrophilic monoethyl phosphate 0.12
di ethyl phosphate
0.47
lipohilic
cyolane
0.90

0.15
0.76

hydrophilic monoethyl phosphate 0.12
diethyl phosphate
0.47
0.76
xudanoHin
lipophilic cyolane
0.90

0.15

42
27
31

0.95

26
30
10
34

0.76
0.80

0.95

A = Benzene, methanol, acetic acid (79:14:7)
B = Isopropanol, water, ammonia
(75:24:1)

Total 14C-residues = 10OJ&

TABLE III; Effect of simulated commercial processing procedures
on C-cyolane in cottonseed oil

Procedure

Crude oil
Alkali refining
Bleaching
Winterization

Concentration
of retained
C-residues
(mg/kg)

Percent radioactivity as

Monoethyl Diethyl
Unknown Cyolane
phosphate phosphate

17

100
28
11

5

16

7.0

5.9

7
13
13

4-4

3.6

11

65
59
66

0
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CYOLANE RESIDUES IN MILK OP LACTATING GOATS

S.M.A.D. ZAYED, I.M.I. PAKHR+ and A. OSMAN
Middle Eastern Regional Radioisotope Centre
Dokki, Cairo, Egypt

ABSTRACT

Consecutive feeding of lactating goats with C-alkyl labelled
cyolane for 5 days at dietary levels 8 and 16 opm resulted in the
appearance of measurable insecticide residues in milk (0.02-0.04 mg/kg).
The residue levels were markedly reduced after a withdrawal period of
7 days. Analysis of urine and milk residues showed the presence of
similar metabolites in addition to "the parent compound. The major
part of the residue consisted of mono-, diethyl phosphate and 2 hydrophilic unknown metabolites.
The erythrocyte cholinesterase activity was reduced to about
50$ after 24 hours whereas the plasma enzyme was only slightly
affected. The animals remained symptom-free during the experimental
period.
INTRODUCTION

Cyolane [2-(0,0-diethyl phosphoryl)-imino-l,3-dithiolane], is an
organophosphorus insecticide, used for control of cotton pests in Egypt.
The presence of C-^alkyl labelled cyolane in cotton seed products was
previously reported (l). Cyolane residues in the seed, crude oil and
cake were 0.34» i.S3 and 0.015 mg/kg respectively. In an attempt to
evaluate the impact on human health, residues from other sources, such
as milk and meat of dairy animals grazing on contaminated silage or
feeding on the cotton seed cake have to be taken into consideration.

The aim of this investigation was to study the extent of
deposition of cyolane and/or its metabolites in milk and organs of
lactating goats. The nature of the radioactive residues in milk
was also characterized.

National Research Centre, Dokki, Cairo, Egypt
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MATERIALS AND MBTHOBS

14C-oyolane;
Pure 14C-alkyl labelled insecticide was prepared from ethanol1- C, phosphorus oxychloride and 2-amino-l,3-dithiolan according to
Zayed et al (l); specific activity 1.643 mCi/g, lj»g = 3450 cpm in
the counting system.
Animal dosing and sampling;
Five healthy lactating goats (average weight 22 kg) were aclimatized
during 15-day pretest period which permitted adjustments to feeding
and environment. Bach animal was daily fed 20 grams of local bread
followed by regular feed which consisted mainly of clover, bran and
straw. In addition to a control goat the animals were grouped into two
groups as follows: Group

I
II

Number of
goats
2

2

Administered dose

20 mg/day/goat
40 mg/day/goat

Dietary level

8 ppm

16 ppm

The dietary level is based on a mean of two and half kilograms feed per
goat per day. Pilot experiments in which silage was treated with cyolane
showed that, under regular feeding procedures, a goat would consume
0.4 - 0.8 rag cyolane/kg body weight. A solution of the appropriate
dose in acetone was applied to a piece of bread. After evaporation
of the solvent, bread was fed to the goats early in the morning.
The toxicant was administered to both groups of goats for 5 consecutive
days and then given regular feed for 7 days.
Milk samples were collected for 12 consecutive days. Goats
were milked twice daily at 9 a.m. and 6 p.m. 100 ml samples were

used for analysis. For the determination of erythrocyte and plasma
cholinesterase activity (2), blood samples were collected from the
juglar vein 24 hours after treatment and at the end of the withdrawal
period. Urine samples were collected for characterization of metabolites.
Animals were sacrificed after the recovery period. Brain, heart,
liver, kidney, whole blood, lean muscle and fat were analyzed for
14

C-activity.

14

ANALYSIS
Milk, urine and organ samples were combusted in a Packard-Oxidizer
system and C-activity was determined in a Packard Tri-Carb Liquid

Scintillation Spectrometer. Residues in milk were separated according
to a standard procedure (3) (4) and radiochromatographic techniques
were used for characterization and identification of milk and urinary
metabolites.
RESULTS

There were no adverse reactions (due to feeding of cyolane) with
regard to milk production, food consumption or behavioral reactions.
Pig. 1 shows that milk collected from goats of groups I and II contained
small but measurable amounts of radioactivity. Analysis of residues
in milk showed that the parent compound represented only 9$ of the
total residues (Table l). Milk obtained at 6 p.m. usually contained
more residues than that collected in the morning. At 16 ppm, the
residue level in milk ranged from 0.04 to 0.06 mg/kg during the test
days. During withdrawal these were reduced to about 0.01 mg/kg.
Residues in different organs after a withdrawal period of 7 days are
shown in Table II. Concentrations in omental fat and liver were found
to be 0.11 mg/kg.
The urine of goats on the first and fifth test days contained
2.0 to 2.4 mg/kg of C-residues which decreased to 0.04 to 0.06 mg/kg
at the end of the withdrawal period (Table III). Urinary C-metabolites
were similar to those found in milk.
Measurements of cholinesterase activity 24 hours after administration
of cyolane showed that the erythrocyte enzyme was significantly inhibited
while the plasma enzyme was only slightly inhibited. The erythrocyte
enzyme, however, recovered at the end of the withdrawal period.
DISCUSSION

Consecutive feeding for 5 days with 8 and 16 ppm of cyolane to
lactating goats resulted in a measurable amount of residues in milk.
Cyolane residues in milk were lower than those of other organophosphates
such as leptophos (0.40 mg/kg) (5)« The parent compound constituted
only one tenth of the total residues while leptophos contributed more
than 50$ of the total residues in the milk (5)« The low cyolane levels
in milk may be attributed to a faster biodegradation of the insecticide
in goats. Previous studies in rats treated with 14C-insecticide
labelled in the iminodithiolane ring indicated that about 50$ of the
radioactivity was excreted in the urine and feces after 24 hours (6).
15

Inhibition of plasma and erythrocyte cholinesterase is in line with
the data reported for rats (7).
In conclusion, cyolane is apparently metabolized rapidly in goats
and does not accumulate in tissues. The low residues found in milk are
not likely to present a health hazard to the consumer.
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TABLE I;

C-cyolane residues in milk of lactating goats

Compound

Percentage (Total 14Cactivity = 100%)

R,.-value
A

B

Monoethyl

phosphate

0.12

0.15

7

Unknown I

0.30

0.34

17

Diethyl
phosphate

0.47

0.76

55

Unknown II

0.?6

0.85

12

Gyolane

0.90

0.95

9

Paper chromatography ins
A)

Benzene, methanol, acetic acid (79:14s7)

B)

Isopropanol, water, ammonia (75s24:l)

TABLE II;

C-residues in organs of goats after
7 days withdrawal period

Organ

Brain
Liver
Heart
Kidney
Longissimus Dorsi
Biceps Femoris
Blood
Oraental fat

Subcutaneous fat

C-residue

(mg/kg)

Group I

Group II

0.066
0.082
0.070
0.060

0.072
0.106
0.084
0.080
0.066

0.062
0.072

0.076
0.046
0.106

0.033
0.086
0.070

0.074

Data are based on weight of organs
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TABLE III:

C-residues in urine

Days on

Days after end

treatment

of treatment

C-residue (rag/kg)

Group I

Group II

1

——

2.04

2.38

5

——

2.12

2.41

-

7

0.04

0.06

TABLE IV; Plasma and erythrocyte cholinesterase activity
after 24 hours treatment

Dietary level
(ppm)

Control

Plasma
% remaining
APH
activity

0.54

Erythrocyte
% remaining
ApH
activity

100

0.34

100

8

0.49

91

0.20

59

16

0.48

89

0.16

48
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PATE OP LEPTOPHOS RESIDUES IN MILK PRODUCTS

S.H.A.D. ZAYED and S.I. MOHAMMED

M.E. Regional Radioisotope Centre
Dokki, Cairo, Egypt

ABSTRACT
The fate of leptophos residues in various milk products was
studied using C-phenyl labelled leptophos. Milk products were prepared
from milk fortified with the radioactive insecticide "by methods
simulating those used in industry. The highest leptophos level was
found in butter and the lowest in skim milk and whey. Analysis of
the radioactive residues in all products showed the presence of
leptophos alone. A trace of the oxon could be detected in whey. The
results obtained in this investigation indicated that processing of
milk did not affect the nature of leptophos to any appreciable extent.
INTRODUCTION

The insecticide 0-(4-bromo-2,5-dichlorophenyl) 0-methyl phenylphosphonothioate (leptophos) is effective against several pests attacking
field crops and has been, until recently, used for controlling the
cotton leaf worm in Egypt. Recent investigations (l, 2) showed the
appearance of leptophos residues in cotton seeds, oil and cake. The
deposition of leptophos residues in the milk of dairy animals could
also be demonstrated by experiments with

C-phenyl labelled insecticides (3).

It seemed, therefore, necessary to study the fate of leptophos residues
in processed milk products such as butter, cream, cheese and yoghurt.
MATERIALS AND METHODS

C-phenyl labelled leptophos; The radioactive insecticide was prepared
according to the method described by Zayed et al (4) using benzene
o ,
fc
1-14C. Leptophos formed
colourless crystals from n-hexane, m.p. 72
spec. act. 1 mCi/g.

Preparation of milk products; 800 ml buffalo milk were used for
the preparation of each product. 20 mg of the radioactive insecticide
were added to 1 kg of fresh milk directly before processing. A brief
account on the preparation of the different milk products is given below:
19

•"••

Yoghurt; Starter was added to pasteurized milk which was incubated
at 35 for 9 hours. The starter contained Streptococcus thermophilus,
Thermobacterium bulgaricum and Th. yoghurt.

2.

Cream and butter; Milk was shaken in a separatory funnel at 35 for
about 10 minutes and cream was mechanically separated. For
preparation of butter, cream was first separated at 2 by intermittent
shaking for few minutes. Further shaking at room temperature led
to separation of butter.

3.

Cheese;
(a) Full, cream cheese; The fortified
mixed with the rennet extract at
to stand at that temperature for
coagulation the curd was allowed

whole milk was salted and
37 • The mixture was allowed
three hours. After complete
to drain.

i
(b) Cottage cheese; Skim milk obtained after separation of cream
at 35 was heated to 60—65 for 30 minutes and then cooled
to 22 . Ufa of the starter (containing Streptococcus lactis)

was added followed by addition of the rennet extract. After
complete coagulation, the curd was cut with a knife and warmed
to 40

with agitation to allow optimum separation of the whey.

Radiometric measurements; Radioactivity level in butter, cream, cheeses and
yoghurt was determined by combustion in a Packard -Oxidizer system and
G-activity was determined in a Packard Tri-Carb liquid scintillation

spectrometer. Skim milk was directly counted for its radioactivity.
Yoghurt was analysed after being blended to ensure uniformity of the
sample. Thin layer plates were scanned for radioactivity using a manually
operated device (GM tube) connected to a sealer.
Isolation and characterization of radioactive residues; Residues
in cream and butter were isolated by extracting a 2g sample with
hexane;ether 1:1 (20 ml). The extraction was repeated twice and
extracts were filtered and reextracted 3 times with acetonitrile
(15 ml each). Extracts were then concentrated under reduced pressure.
Cheese (25 g) was homogenized with water (25 ml) and homogenate
blended with acetonitrile (25 ml) for 5 minutes followed by addition
of 5 ml of acetone. After separation of solids formed, the residue
was extracted with acetonitrile/acetone (25/5 ml). The combined

acetonitrile-acetone extracts were washed twice with hexane (10 ml each)
to remove fat.

20

Yoghurt (30 g) was blended with 45 ml acetonitile for 5 minutes
followed by addition of 15 ml acetone and shaking was continued for one
minute. After filtration the residue was washed with a mixture of 45 ml
acetonitrile and 15 ml acetone. The combined extracts were washed twice
with hexane (10 ml each) and then concentrated.
Skim milk (30 ml) was extracted twice with 45 ml of acetonitrile/
acetone (2:1). The extracts were concentrated under reduced pressure.
Ghromatographic techniques used for identification of leptophos
residues included two solvent systems (Ethylacetate/hexane, 1:9 and
Petroleum ether/benzene, 5sl)«
RESULTS AMD DISCUSSION

Leptophos residues in processed milk products are shown in Table I.
Cheeses retain a considerable amount of the original radioactivity
(46^ and 885^ in cottage and full cream cheese, respectively).

Butter

contained the highest level of radioactivity and whey the lowest level.

Analysis of the radioactive residues in all milk products by thin layer
chromatography showed the presence of leptophos only.

A trace of

leptophos oxon (less than 0.1$) could be identified in skim milk.
Identification was made by chromatography in Buianol:ethanol:water:
ammonia (20:40:39;!) (R. 0.92) and in Butanol:pyridine:water (6:4:3)

(Rf 0.79 (5).
The high concentration of leptophos in butter probably relates to its
strong lipophilic nature. Skim milk contained only a small amount of
leptophos. The relatively high residue observed in cottage cheese may
be explained on the basis of possible insecticide binding to proteins
and in part due to incomplete skimming under the experimental conditions.
Leptophos, which constitutes the major residue deposited in milk
(3) would not suffer change by processing into milk products and
would concentrate in butter and cheese. The insecticide level decreases
in the order butter ^full cream cheese^ cream ^cottage cheese^
skim milk^ whey.
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TABLE I;

C-residues in processed milk products

Sample

Milk
Yoghurt
Butter
Cream
Pull cream cheese
Cottage cheese
Skim milk
(from cottage cheese)
Whey of full cream
cheese

14
C-residue
(mg/kg)

Percentage *

20.0
21.0
136.0

99
18

44.0
68.0
39.0

88
46

7.0

8

1.2

3

29

* Data are mean of replicate experiments
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FATE OF DIMETHOATE IN OLIVES AND IN OLIVE OIL
Nasri S. KAWAR
Faculty of Agpi cultural and Food Sciences
American University of Beirut, Lebanon

ABSTRACT
Dimethoate is applied as a bait sr>ray for the control of
Dacus oleae. The fate of dimethoate in olives and in olive oil
was studied. It was found that the residues of the insecticide
decreased rapidly in the olives, and the rate of dissipation was
influenced by weather conditions. The oxygen analog, dimethoxon,
was the only metabolite detected. Processing of the olives or
extraction of the oil also resulted in a sharp reduction of
dimethoate residues in the final products.
INTRODUCTION

Olive plantations in Lebanon constitute the largest area devoted
to one crop. About 28,000 hectares are planted with olive trees, of
which 23,000 hectares have trees in the bearing stage and produce about
50,000 tons of olives annually. The crop is utilized in several ways:
the olives are pickled and consumed, or the oil is extracted from the
fruits and eaten either raw or cooked with a wide variety of foods.
Inferior grades of oil are utilized in the production of soaps, while
the olive-seed meal is used in animal feed.

The olive fruit fly, Dacus oleae, is the major insect pest of olives
and causes extensive losses to the crop if no control measures are applied.
Several insecticides were used in the past but dimethoate, applied as a

bait spray, is the most commonly used chemical at present.

A number of studies were conducted in Mediterranean countries
especially Greece and Italy, on the fate of dimethoate in olives.
These are reviewed by De Pietri-Tonelli et al. (l). Steller and
Pasarella (2) published the results of a comprehensive study on the
fate of dimethoate and dimethoxon in plant and animal tissues, milk
and eggs. However, this problem has not been investigated in Lebanon,

and thus the present study was undertaken.
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MATERIALS AND METHODS
Field Experiment

The major olive production regions of Lebanon are in the Northern
and Southern parts of the country.

The current experiment was conducted

in a relatively small grove close to Beirut. Unfortunately, the owner
did not approve of the use of labelled material on his trees.

Thus,

we had no choice but carry out the field work using unlabelled dimethoate.
The common practice used in Lebanon to control the olive fruit fly is
the application of bait sprays starting in late July or August and

repeating the treatment at monthly intervals until late October. Dimethoate
at a concentration of 0.05$ active ingredient is mixed with protein

hydrolyzate in a 1:10 ratio and applied to few branches of each tree. In
this experiment, three treatments were applied at one-month intervals in

August, September and October. Olive samples were taken at 0, 7» 14, 21
and 28 days after treatment £>r analysis.

A fourth treatment was applied

in November on few trees to provide ripe fruits for processing and oil
extraction.
Extraction and Cleanup

The extraction procedure reported by Bowman ejt^ aj.^ (3) was modified
and adapted for oliVes and oil. Samples were extracted with water to

transfer dimethoate and its metabolites into the aqueous phase. Goextracted oily materials were removed by petroleum ether. The aqueous
layer was then shaken with 1O$ methanol in chloroform to extract dimethoate

and its oxygen analog, dimethoxon. The extract was concentrated on a
rotary evaporator prior to clean-up and analysis by gas chromatography.
The remaining aqueous layer was evaporated to dryness and the residue
dissolved in acetone for thin layer chromatographic detection of water
soluble metabolites.
Cleannip of the extract was carried out according to the procedure
described by Steller and Pasarella (2). The method involved column
chromatographic clean-up on silica gel and elution of dimethoate and
dimethoxon with acetone. The eluate was concentrated on a rotary
evaporator prior to analysis by GLC. Extraction and clean-^up of
fortified samples gave recoveries of 85-90$»
Gas Ghromatographio Analysis

A Varian Aerograph Model 2800 equipped with an alkali flame
ioniaation detector was used. The column was 1.8 m long and 2 mm i.d.
and packed with 2^5 DECS on 80/100 mesh gas chrom Q. Inlet, column, and
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detector temperatures were 225°, 200° and 230°C, respectively, and the

nitrogen carrier gas flow rate was 60 ml/min. All "mg/kg" values were
calculated on a weight basis (w/w).
Thin Layer Chromatographio Analysis
Pre-coated silica gel plates with fluorescent material were used.
Several solvent systems for developing the plates were tried. A 3:2

chloroform:acetone mixture was found to be the most suitable (steller and
Curry, 4).
RESULTS AND DISCUSSION

Table I presents residue data of dimethoate and its oxygen analogs
dimethoxon, in olives treated at three intervals. The total residue of the

two chemicals is given in each case. The results indicated that the rate
of decrease in residues was influenced by weather conditions. In the
first treatment applied in August, the final residues (0.5 mg/kg)
represented only about 3% of the initial level (15 mg/kg). In the
September and October treatments, the final residues represented about
6 and 13$ of the initial levels, respectively. The increasing oil
content of the olives with time may have also contributed to this effect
since the oil could slow down the rate of hydrolysis of insecticides.
It is also important to note that in the three treatments, the level
of dimethoxon gradually increased with time until it reached a maximum
at 14 days and then started to decrease. Furthermore, in the three
treatments, the dimethoxon level after 28 days was higher than that of
dimethoate.
The hydrolysis products of diraethoate which are water soluble were analyzed
by thin layer chromatography. However, none of these metabolites was

detected since their levels were below the detection limit, and thus
the attempts to identify them were unsuccessful.
Olives sprayed in November were harvested seven days after treatment
for either oil extraction or processing. The sevenwiays interval was
selected to ensure the presence of sufficient residues of both dimethoate
and dimethoxon so as to study their fate under different processing
conditions. Oil was extracted from the crop in a coramerc&l plant, and
samples of both the oil and the remaining aqueous fraction were taken for
analysis.
Results of the analysis of oil samples are given in Table II. It
is evident that the major portion of the residues is found in the aqueous
fraction. This is to be expected since both dimethoate and dimethoxon
25

are water soluble. Dimethoate residues in the oil and the aqueous phase
constituted 5 and 60$, respectively of the initial level found in the fruits.
A similar behaviour was exhibited with dimethoxon. The solid fraction
resulting from the squeezing of olives may have contained additional
residues. However, this fraction was not analyzed due to the difficulty
encountered in the extraction procedure.
A sample of whole olives was processed by the traditional method
of soaking in a brine solution until the fruits lost their bitter taste.
The debittering process depends on the olive variety and requires from
7-30 days. In this experiment, the fruits were analyzed 14 days after
soaking in brine solution. Table III shows the results of the analysis,
and it is evident that soaking of the olives causes a sharp decline in
residues. The level of dimethoate decreased from 10.5 to 0.10 rag/kg;
less than 1% of the original level found in the fresh olives remained
after processing. Dimethoxon level also dropped sharply.
In conclusion, it is evident that dimethoate is readily metabolized
in olives during the maturing process on trees. Processing of-the olives
or oil extraction also results in sharp decline of the insecticide residues.
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Table I.

Residues of Dimethoate and Dimethoxon in Olives Treated
at Three Intervals.

First
Treatment
(August)

Second
Treatment
(September)

Third
Treatment
(October)

Sampling
Interval,
Days

Dimethoate

0

15.0

_

7

9.4

0. 56

9.96

14

3.6

0.90

4.50

21

0.46

0.82

1.28

28

0. 15

0. 35

0.50

Residue * (mg/kg)
Dimethoxon

Total
15. 0

0

12.4

7

7. 0

0.76

7.76

14

3.8

0.96

4.76

21

0.93

0.90

1.83

28

0.24

0. 53

0.77

-

12.4

0

13.0

-

7

10. 4

0. 75

11. 15

14

6.2

1. 30

7. 50

21

1.8

1.25

3.05

28

0.85

0. 90

1.75

* Each value represents the mean of six analyses
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13.0

Table II.

Residues of Dimethoate and Dimethoxon in Oil Extracted
from Sprayed Olives Harvested Seven Days After Treatment.
Residue in Oil
mg/kg

Residue in Olives
rag/kg
Dimethoate

Dimethoxon Dimethoate

10.5

1.4

Residue in Aqueous Fraction
mg/kg

Dimethoxon Dimethoate
Trace

0.53

6.4

Dimethoxon
0. 37

Table III. Residues of Dimethoate and Dimethoxon in Sprayed Olives
Harvested Seven Days After Treatment and Soaked in
Brine Solution for 14 days.

Residue in Fresh Olives
mg/kg
Dimethoate
10. 5

Residue in Processed Olives
mg/kg

Dimethoxon

Dimethoate

1.4

0. 10

28

Dimethoxon
Trace

IN COTTONSEED OIL AND CAKE RESULTING EROM THE
COMBINED APPLICATION OP DDT and DIMETHOATE

G.A. EL ZORGANI and M.M. AHMED
Agricultural Research Corporation, Wad Medani and
The Chemical Laboratories, Khartoum, Sudan
ABSTRACT

Cotton plants were treated with a combination of DDT and dimethoate
under conditions of local agricultural practice to study the fate and
magnitude of both chemicals in the cottonseed and related products. GLC
and nuclear (using C-DDT) techniques were used. DDT residues in the
crude oil averaged 0.115 mg/kg; mainly as p,p'-DDT while residues in the
cake were not detected. Dimethoate and dimethoxon in the crude oil were
0.13 and 0.01 mg/kg respectively. The cake contained 0.14 mg/kg dimethoate
and 0.01 mg/kg dimethoxon.
By simulating commercial oil processing in the laboratory using
^fortified oil samples it was found that alkali treatment and
bleaching removed only 1% of the total residue, while deodorization
effected removal of 40-5052 of the residue.
INTRODUCTION

The Sudan is the largest African country with an area of about one
million scjuare miles, of which more than one third is suitable for crop
and pastoral farming. Cotton is the main cash crop, not only because
of its fiber value, but also as a source of oil and cake meal for human
and animal consumption. In the Gezira, the main cotton growing area
in the country, the crop is infested with a variety of insect pests which
necessitates an ever-increasing rate of pesticide usage. Presently, the
Gezira cotton receives an average of 6-7 sprays per season. The most
widely used chemicals are DDT, monoorotophos , dimethoate, endosulfan
and carbaryl (l). (Table I). Considerable amounts of dieldrin, aldrin,
BHC and mercurial fungicides are also used for seed treatment of cotton
prior to sowing.
The use of a mixture of DDT [l,l,l-trichloro-2,2-di-(4-chlorophenyl)
ethane] and dimethoate [0,0-dimethyl S-(N-methylcarbamoylmethyl) phosphoro
dithioatej at the rate of 1.0/0.4 lb a.i./feddan on cotton has been
recommended for the past 15 years. On several occasions during the last
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10 years when samples of marketable cottonseed oil were analysed for pesticide
residues, they were found to contain low levels of DDT (2), (3). An earlier
study has shown that residues ranging from 0.3 to 0.7 mg/kg in oil could
result from spraying cotton with DDT alone or in combination with other
insecticides (4). The present investigation was undertaken to determine
the residue levels in cottonseed oil and cake of cotton plants treated with
C-DDT/dimethoate mixture under conditions of common agricultural practice
in the Gezira. The effect of simulated commercial oil processing on the
removal of DDT residues in cottonseed oil was also studied.
EXPERIMENTAL

Insecticides

Technical grade DDT was a gift from Shell Chemicals (Sudan) formulation
factory. Analysis by GLC showed the following composition:

p,p'-DDT
0,p-DDT

70$
20$

Others

Dimethoate 99$ purity, a white crystalline solid was a gift from
Montedison, Milano. DDT- G (specific activity 83«4 jiCi/mg) was purchased
from the Radiochemical Centre, Amersham, England. Its chemical purity as
the p,p'-isomer exceeded 98$, as checked by GLC, TLC and liquid scintillation
counting. The radiochemical (240 |iCi) was taken up in ethanol (10 ml) and
stored at - 10 . Formulation bases essential for making up the
emulsifiable concentrates of DDT and dimethoate were obtained from Shell
Chemicals (Sudan).

The Crop;

The plot selected (3 x 5 m) was of a submarginal position in
Hawasha 249 in the Gezira Research Rarm. The whole Hawasha was sown
during the period 21 - 30 July with cotton variety Barakat and the
selected plot was since maintained under standard conditions of the
Gezira. A total of 30 plants were marked to receive the experimental
treatment.
Preparation of the spray mixture and application;
Technical DDT (432 mg) and dimethoate (174 mg) were dissolved

separately, each in its formulation base (2 ml and 1 ml respectively).
The two solutions were then mixed and rinsings of the containers with
distilled water were added. Ethc.nolic-solution containing C-DDT (60 uCi)
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was then quantitatively added to the emulsion and the volume made up to
60 ml with distilled water and thoroughly shaken. A blank base mixture
(30 ml) was prepared and kept separately, for rinsing the sprayer bottle.
Application was made 4 times at 2-week intervals, at times corresponding
to those of actual practice.
Extraction and Clean-up;

At harvest, collected seeds were ginned in a ginning machine to yield
588 g of cottonseeds. Cottonseeds (500 g) collected from plants treated
with C-BDT/dimethoate were finely ground in a blender. Portions of 10 g
were placed in fibre glass thimbles and extracted for 4 hrs in a Soxhlet
apparatus using hexane (b.p. 67-69 )• All extracts were pooled and
hexane was removed in a rotary evaporator and the crude oil (90 g) was
collected. Cottonseeds from untreated plants were processed similarly
to serve as a blank. The material left in the thimbles after extraction
was treated as the cottonseed cake for further testing.
For the analysis of DDT residues, the crude oil was cleaned-up by
the method of Vierov et al. (5)« To clean-up the sample for dimethoate
residue analysis, the crude oil (10 g) was dissolved in hexane and
extracted with acetonitrile (80 ml). The acetonitrile layer was washed
with fresh hexane (80 ml). The hexane layers were combined and
extracted with fresh acetonitrile (80 ml) which was added to the
acetonitrile already collected. The acetonitrile was removed in a
rotary evaporator and the residue dissolved in 50 ml hexane-acetone (90:10).
The extract was further cleaned-up on a silica gel column and dimethoate
residues were eluted with acetone. After evaporation and redissivins in
little acetone, the sample was ready for GLC analysis.
Analysis;
Gas chromatographic analysis for DDT residues was carried out in two
laboratories using two different types of instruments. In each case
at least 5 replicate samples were analysed. In Wad Hedani, analysis
was carried out using a Carlo Erba EC/GO model Gl. Column (l m x 4 mm)
was packed with 1.5$ SP 225 + 1-95$ SP 2401 on Suplecon AW-DMCS treated
100-200 mesh and at temp. 180 . Detector temperature was 300 and nitrogen
at 50 ml/min. was the carrier gas. In Khartoum Chemical Laboratories
analysis was performed on a Tracer 560 GO equipped with an electron
capture "Tli detector and an all glass column (61 x K4" i.d.) packed
with 3% OV-1 on Chromosorb W-HP 80-100 mesh. The temperatures of the

injection block, oven and detector were 200, 200 and 350° respectively.
Carrier gas helium (60 ml/min) was used.

31

Liquid scintillation counting of C-activity was carried out using
a Beckman LS-255 spectrometer. Sectarian Ready-Solv Solution IV was
the scintillator used, and counting efficiency was 96%.
Gas chromatography for dimethoate residues was performed on P & M
Model 402 Hewlett-Packard Instrument equipped with a flame photometric
detector operated in the phosphorus mode with a 526 mm filter. Column
(60 cm x 4 mm i.d.) of borosilicate glass packed with 11$ DC-200 on
Gas Chrom Q, pretreated with Versamid 900 polyamide resin, 60-80 mesh.
Column, injection and detector temperatures 165, 250 and 160 respectively.
Helium, hydrogen and air were used at flow rates of 75i 25 and 550 ml/rain.

Simulated commercial processing procedures;
Fortification;
Crude cottonseed oil was fortified with p,p'- C (0.083juCi/mg)
and inactive DDT to produce a final concentration of 10 mg/kg.
Alkali treatment;

A sample of fortified oil (10 ml) was vigorously stirred with

0.1N NaoH solution at 60-70 for 30 minutes. The amount of alkali used
was in 20$ excess of the free fatty acid content of the oil. The
mixture was then centrifuged and washed three times with water. Aliquots
of the treated oil were counted in LSC and also analysed by GLC.
Bleaching;

The alkali refined oil was treated with 0.5$ Fillers earth (same
material used by a local proceasing plant) and incubated at 80-82° for
30 minutes. The oil was centrifuged to remove the adsorbent and aliquots
of the bleached oil were similarly analysed. •
Jeodprisation;
The bleached oil was heated to 200-220° and a slow stream of steam
was injected into the oil, at 23 mm Hg pressure, for 4 hrs. The deodorised
oil was cooled to room temperature and analysed.
In a separate experiment, C-DDT-fortified crude oil (10 ml) was
subjected to deodorisation only and analysed.
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RESULTS AND DISCUSSION

The residues found in the oil were mostly in the form of p,p'-DDT.
Only negligible amounts of DDE were found. There was good agreement between
the results of various replicates in the two laboratories, giving a mean
residue level in crude oil of 0.115 mg/kg (Table II). The radio-method
also gave a residue concentration of 0.115 mg/kg which is in excellent
agreement with the GLC results. The residue figures (obtained by GLC)
were corrected for a background level of 0.003 mg/kg found in control
samples. No residues in the cottonseed cake could be detected.
Simulated commercial procedures of alkali refining and bleaching
had little effect on the level of C-DDT residues in oil (Table III).
However, deodorisation removed 41% of the radioactivity in the fortified
sample. When fortified crude oil was directly deodorised, 51^ of the
residue could be removed, confirming the significance of this process
in reducing residue levels in edible oils. The results are in general
agreement with those of Saha et al (6) who reported near complete
removal of DDT and BHG from rape seed oil by deodorisation.
It may be concluded that initially low residues of DDT would result
from the recommended practice of DDT/dimethoate application on cotton.
These residues are considerably reduced throu^i the commercial processing
leading to edible oil production. Thus, there exists a reasonable margin
of safety for the use of DDT on cotton with regard to residue levels in
oil and cake. The absence of DDT residues in cake reflects the efficiency
of petroleum solvent extraction. It is worth mentioning that a number of
oil mills in the country use pressing methods in which case the cake
produced is likely to contain measurable amounts of DDT residues.
Residues of dimethoate and its oxon were detected in the crude oil
at levels of 0.13 and 0.01 mg/kg respectively. The cake also contained
residues of similar magnitude (Table IV).
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TABLE I; Annual Usage of Pesticides in Cotton in Sudan

Quantity (ibs active ingredient)

Pesticide

3x 106

DDT

Dimethoate
Endosulfan
Monocrotophos

1.7 x 10£.6
1.4 x 10
1 x 106

Carbaryl
Toxaphene
Parathion-methyl
BHC

3.5 x 105
.n6
1 x 10
2.5 x 105
3.0 x 104

TABLE II:

C-DDT Residues in Cottonseed Oil and Cake

Material

Crude oil

DDT (rag/kg)

'

LSC

GLC

0.108

0.110

0.112

0.120

n.d.

Cake

n.d. = non detectable
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TABLE III;

Effect of Commercial Processing on

C-DDT

in Cottonseed Oil

•treatment

% Radioactvity retained in oil

Alkali refining
Bleaching
Deodorisation

95
<3
52

TABLE IV; Dimethoate Residues in Cottonseed Oil and Cake

Residues (mg/kg)

Material

Cottonseed oil

Dimethoate
Dimethoxon

0.13
0.010

Cottonseed cake

Dimethoate

0.14
0.010

Dimethoxon
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MONOCROTOPHOS RESIDUES IN COTTONSEED AND RELATED PRODUCTS

M. Jarail QURESHI, A. SATTAR, and M.H. NAQVI
Nuclear Institute for Agriculture and Biology
Faisalabad, Pakistan

Monocrotophos 3-(dimethoxyphosphinyloxy)-N-methyl cis-crotonamide has
teen reported to be the first systemic foliar insecticide capable of
controlling all cotton pests of economic importance including cotton
leaf worm (Spodopitera), spiny bollworm (Earias), cotton bollworm
(Heliothis), red bollworm (Diparophis), pink bollworm (pectin ophora),
spider, mites, aphids, jassids, thrips, white flies, beetles and weevils
(l). Monocrotophos also controls cotton pests which are resistant to
chlorinated hydrocarbons and to other organophosphorus compounds (2).
The purpose of the present investigation is to determine the magnitude
of the insecticide residues in the cottonseed products under local
conditions of agricultural practice.
Seeds of cotton variety B577 were sown in the regular growing
period observing all regular agricultural practices. During the
development of foliage the crop was sprayed four times with monocrotophos

(500 ml/ha) at one week intervals. The plants were left to maturity
and the harvested seeds were ginned. Oil was extracted according to a
standard procedure (3) and residues were determined by a spectrophotometric method (4) using vanadomolybdate reagent (5).
Table I shows the residue levels in cottonseed products derived
from control and treated plants. The "background" residues are presumably
the product of previous applications. It is maintained that the high
residue level in the crude oil is related to the lipophilic nature of
the chemical. This is in line with the findings reported for leptophos
residues in cottonseed products (6) (7).
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TABLE I; Monocrotophos residues in cottonseed products

Residues (mg/kg)

Treatment
Seed

Oil

Cake

Control

0.45

0.54

0.40

Sprayed with
monocrotophos

0.75

2.10

0.42
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ABSTRACT

Carbaryl residues in two local maize varieties were determined
using a coloritnetric method. No significant differences were observed
for residues of the two varieties which ranged between 12.0 to 13.75 mg/kg in
the crude oil, and averaged 1.04 and 0.67 mg/kg in the flour and cake
respectively. In whole maize plants, carbaryl residues declined to
approximately 2 mg/kg 35 days after treatment. Cooking in aqueous,
oil or aqueous-oil media led to 63-83$ loss of carbaryl residues,
after 30 minutes.
INTRODUCTION

Maize being a cereal rich in calories is important as a high
yielding food and fodder crop. It is grown over an area of 65,000 ha in
Pakistan. The grain is used mainly as human food with only a small
part destined for live-stock feed. Consumption of raw corn cobs,
roasted or boiled, is becoming more popular now-a-days. Corn oil
serves as a cooking medium for many foods and for patients suffering
from coronary diseases.
There is a wide variety of Insect pests which may completely
destroy maize plantations. Maize borers are considered the most
injurious pests in Pakistan. For control purposes, the oarbamate
insecticide, carbaryl has been found to be very effective (l).
Carbaryl (l-napthyl-N-raethyl carbamate) is a broad spectrum insecticide
with low mammalian toxicity (2). The metabolism of carbaryl has been
extensively studied in cotton plants, potatoes, insects and soils.
The fate and persistence of carbaryl residues in milk, fat and meat
of lactating goats were also reported (3). Because of its low
toxicity, residue tolerances in the range of 5-12 mg/kg have been
recommended (4).
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Carbaryl residues were found in vegetables and fruit crops, thus
finding their way into the human diet (5). Gas chromatographic (6),
and colorimetric methods (7) were employed for the determination of
carbaryl residues in field-treated corn plants. Carbaryl residues
in maize and cotton crops were also determined radiometrically (8,9).
Generally, pesticide levels in food can be reduced by cooking (10,11,12,13).

Dieldrin residues in bacon could be reduced by pan frying and baking
(14,15). Residues of raalaoxon, fentrothion and chloryrifos methyl
were reduced substantially by boiling, while cyanofenphos, leptophos
and carbofuran residues increased in boiled samples, presumably due
to loss of water (16).
The present work provides data on carbaryl residues in maize and
related products as well as cooking effects on carbaryl-fortified samples.
MATERIALS AND METHODS

Neelem and Akbara varieties of maize grain were sown in a
prepared plot. Plants were left to grow under field conditions

regarding thinning, irrigation and fertilizer application. When the
floral parts developed, they were sprayed with 85/6 carbaryl (2 kg/ha).
The application was made four times at one week intervals, as practised
in the field by pouring the chemical suspension in the axils of the leaves.
On harvest, corn oil was extracted in soxhlet apparatus and corn flour
was prepared by grinding the whole seeds in the laboratory mill. Grains
of maize were also sown in pots and the plants were allowed to grow in a
green house, fwo groups (each comprising five 4-weekold plants)
were sprayed or dusted with commercial carbaryl (85$) at 2 kg/ha.
Carbaryl residues were determined by the method of Johnson (7).
is based on the alkaline hydrolysis of carbaryl and colerimetric
determination of the resulting 1-naphthol after coupling with pnitrobenzenediazonium fluoborate as carcinogenic agent. In this
study, the hydrolysis time was extended to 10 minutes (recovery

Green house-grown plants were picked at weekly intervals for
five weeks, dried, ground, powdered and stored in a dessicator, for
determination of carbaryl residues.
A local survey of public canteens and hotels was made to obtain
information concerning regular cooking practices, cooking media,
temperature and pH ranges, encountered at different stages of
preparation of conventional foods. Carbaryl in methylene chloride
was added to water, oil or oil-water (l:l) buffered system (pH 4.2)
to produce an end concentration of 2mg/kg. The water, oil and oilwater buffered systems were heated at 100°, 250° and 110° respectively,
for 10, 20 and 30 minutes and oarbaryl residues determined as previously
described.
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RESULTS AND DISCUSSION

Carbaryl residues in corn oil, flour and cake are shown in
Table I. Statistical analysis revealed no significant differences in
the residues of the two maize varieties. Oil contained the highest
residue levels.
Table II shows carbaryl residues in whole maize plants. Following
treatment, a gradual decline of residues was observed till the fifth
week; carbaryl concentration decreased to about 2 mg/kg. During the
first three weeks dusted plants contained higher residues than sprayed
plants. The decline in the amount of residues with time is in line
with the expected chemical and biological degradation of the insectide.
Percentages of loss of carbaryl residues in heated water, oil
and oil-water buffered media are presented in Table III. Reduction
of the insecticide residue, following cooking is in conformity with
previous findings (10, 11, 12, 13). Maximum loss of carbaryl was
observed in water. Reduction in carbaryl residues may be attributable
to degradation, volatilization and/or co-distillation.
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TABLE I: Carbaryl residues (mg/kg) in maize and its products

SAMPLE
Variety

Neelem

Akbara

Crude Oil

Cake

Treatment

Flour

Control

0.32

0
.
2
4

0.37

treated

1.03

1
2
.
0
0

0.67

Control

0.33

0
.
2
7

0.38

Carbaryl—
treated

1.04

13.75

0.66

Carbaryl-

Data are mean of three determinations
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TABLE II; Carbaryl residues (mg/kg) in whole maize plants

(Neelem variety)

Treatment

Days after treatment

21

14

28

0

7

Control

0.20

0.22 0.19 0.23

0.200.22

Sprayed

0.20

12.22 6.11 3.67

3.672.26

Dusted

0.20

18.35 8.70 5.93

3.461.80
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Data are mean of three determinations

TABLE III; Effect of cooking on carbaryl residues

% loss of carbaryl residues * after
Treatment

10 rnin

20 min

30 rain

aqueous
cooking

63.1

69.6 83.1

cooking in oilwater buffered
system

48.6

51.4 6
9
.
8

cooking in oil

44.2

52.3 62.8

* earbaryl concentration in spiked samples 2 mg/kg (s 100$)
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CARBARYL RBSIDOES IN COTTONSEED PRODUCTS IN THE PHILIPPINES
Ptolipa E. PABLO

Natural Science Research Centre
University of the Philippines
Quezon City 3004* Metro Manila
Philippines
ABSTRACT

Residues of carbaryl in cottonseed products were determined by
spectrophotometry. Carbaryl residues in oil and cake were 0.83 and 0.04
mg/kg respectively.

Parallel experiments with G-carbaryl gave comparable results.
^C-carbaryl residues in oil and cake were 0.42 and 0.1J mg/kg
respectively.
INTBOIPCTION
Pest control chemicals and food additives are essential to adequate
food production, manufacture, marketing, and storage. However, without
continuing surveillance and intelligent control, some of those that
persist in our foodstuffs could at times conceivably endanger the public's
health.
Cottonseed is a main source of oil in many countries. Seventy-five
percent of the world's supply of conttonseed is processed to obtain oil and
meal, the latter being one of the B»si oossaon protein supplement for
dairy animals, swine and poultry.

Carbaryl is one of the many pesticides used in large cotton farms
in the Philippines, where pesticide tolerances are not considered and
in many cases the nature and magnitude of residue(s) remain unknown.
Hassan et al. (l) reported that in cotton the residues of leptophos
(an organophosphate), obtained by radiometric method, were: 0.34 mg/kg
in cottonseed; 0.82 mg/kg in the oil; and 0.24 mg/kg in the cake.
It is aimed to determine the residues of carbaryl in oil
and cake by speotrophotometric and radiometric techniques under conditions
prevailing in the Philippines.
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MATERIALS AND METHODS

Cultivation, application, extraction and residue analysis;
A.

Non-nuclear

Deltapine variety of seeds was planted in an experimental garden
divided into two plots, one serving as control. In the treated plot,
carbaryl was sprayed at the rate of 14.0 mg/10 ml/plant. This concentration
is used in actual practice in the local cotton farms. Ammonium sulfate
was applied before planting and before boiling periods. 0.71 inches of
rainfall was recorded since planting time. Carbaryl residues in cottonseed, oil and cake were extracted and determined according to standard
procedures (1, 2 and 3).
B.

Nuclear

Carbaryl (napthyl-1- C), Sp. act. 3.11 mCi/g was synthesized by
Prof. A. Hassan at the Pesticide Toxicology Laboratory, Regional Radioisotope Centre, Cairo, Egypt.

C-carbaryl (6.7mg/plant) was dissolved in

a small amount of acetone and the volume raised to 10 ml by adding water.
The chemical suspension was sprayed on the leaves of cotton plants.
Spraying was done three times at two-week intervals. The bolls were

harvested upon maturity. Extraction and determination of residues were
made as previously reported (4)» (5).

TABLE I; Residues in cottonseed oil and cake by
spectrophotometry and radiometry

Residue (mg/kg)
Sample
Spectrophotometry

Oil
Cake

0.83
0.04

Data are mean of 4-5 determinations
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Radiometry

0.42
0.15

.DISCUSSION

Carbaryl residues in oil and cake are shown in Table I. Higher
concentrations of carbaryl in oil, using the spectrophotometric technique

may relate to higher application rates. When applications irere made
at monthly intervals, lower residues were found in the oil and cake (5)«
In general, residues reported in this investigation are unlikely to

present a health hazard to the consumer.
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DOT RESIDUES IN GROUNDNUT AND CHANGES IN
DURING PROCESSING OP GROUNDNUT OIL
K. RAGHU, N.B.K. MURTHI and J. PBRREIRA

Biology and Agriculture Division
Bhabha Atomic Research Centre
Bombay 400 085
INDIA
•
ABSTRACT

C-residu.es were not detected in oil or seedcake of Spanish
Improved and TG-9 groundnut varieties which were earlier treated
14
/
with C-DDT. However, 0.021 and 0.033 mg/kg of DDE were found

in Spanish Improved and TG-9 varieties respectively. Crude groundnut oil
fortified with 14C-DDT was subjected to simulated commercial processing
procedures. Alkali refining and bleaching procedures had no effect on
the removal of C. residues, while deodorisation removed 61% of the
residues. After deodorisation only 4«3$was identified as DOT.
Commercial processing of DDE or DDD-fortified oil showed that

deodorisation effected removal of most of the residues. The direct
deodorisation of bleached groundnut oil fortified with DOT, DDE or ODD
confirmed the efficacy of deodorisation procedure in removing the
residues.
INTRODUCTION

Organochlorine insecticides like DDT, 3HC are still being used
in India for public health and agricultural purposes. Due to direct

use or unintentional contamination, some of these residues may find
their way into oil yielding plants. Bruce et al. (l) showed the

translocation of some chlorinated pesticides from treated soils to
oilseed plants. Chaudry et al. (2) had shown the distribution of
chlorinated pesticides in soybean seed and oil. We have shown the
presence of isoraers of HCH especially B-isomer in groundnut oil
extracted from kernels of HCH-treated plants (3). Studies of the

effects of commercial processing on pesticide residues in edible oils
were reported by various workers (3f4|5|6).
Recently Kalra et al. (?) showed the widespread appearance of DDT

and BHC residues in various food stuffs. The present study was made to
determine the residues in oil and seedcake of groundnut treated with
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DDT following common agricultural practices. Also the effects of
simulated commercial procedures on the fate of DDT and its metabolites,
DDD and DDE were studied to evaluate the extent of removal of residues.
The following abbreviations are used: DDT;
2,2-bis-(p-chlorophenyl)1,1,1-trichloroethane (pfp'-DDT); DDD;
2,2-bis (p-chlorophenyl)-!,!dichloroethane (p,p'-DDD); DDE;
2,2-bis (p-chlorophenyl)- 1,1-dichloroethylene (p,p'-DDE).
MATERIALS AND METHODS

Field experiments;

Two groundnut varieties Spanish Improved (oil
content; 49»9%)
and TG-9
(oil
content: 53.5$) were grown in field. The plants (15 of
each variety) were treated with DDT at the recommended rate of 25 Ibs/acre
as 5% dust, simulating local agricultural practices. In order to obtain
5% dust, a commercial preparation containing 50$ technical DDT was
diluted with inert talc powder (as used in factories). A calculated
amount was taken in a spray bottle and benzene was added.
G.DDT (sp.
act.

29.? mCi/m mol obtained from the Radiochemical Centre, Amersham)

in benzenems also added, stirred well and the solvent was allowed to
evaporate. This amounted to 6.3 mg of non-radioactive DDT and 0.01 mg
of C-DDT (equivalent to ca. 1 jtiCi) per plant. The dust was applied
to leaves using a small amount of water as carrier.
Sample preparation, extraction and analysis;
The groundnut pods were harvested and dried in sunlight and the
shells were separated from kernel by hand. The oil was extracted from
the kernel by the method of Thompson et al. (8). The oil was extracted
in petroleum ether and partitioned with acetonitrile. Radioactivity in

oil, petroleum ether and acetonitrile fractions was determined in
Beckman LS-10O scintillation counter.
GLG analysis;

The acetonitrile fraction was extracted with petroleum ether for GLC
analysis in a Toshniwal model RLO.
(Toshniwal Instruments, Bombay). The
glass column was packed with 3$ SE-30 on chromosorb-W (80-100 mesh).
The operating conditions were: Column temperature 190 C; detector
temperature 195 G; injection port 210 C, carrier gas was nitrogen at
a flow rate of 120 ml/min. The analyses were repeated with another
column 10$ DC-200 on chromosorb Z (60-80 mesh).
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TLC analysis;

Thin layer chromatography of DDT, DDE and DDD was done on nonactivated silica gel plates impregnated with fluorescent indicator grsen
(N-Woelm, Eshwege, Germany) and the spots were visualised under UV light.
Of several developing solvents, a mixture of n-hexaner acetone, methanol
and diethylamine (100:1:1:1) gave good separation. Rf values of DDT,
DDE and DDD were 0.69, 0.85 and 0.50 respectively.

Seedcake;
The seedcake after solvent extraction was air dried, pondered and
subjected to combustion in a biological oxidizer (BMO) (Harvey Instrument
Corp., USA) for determination of C-activity.

In a parallel experiment the powdered seedcake (5 g) was blended
with 0.5 M NaCl (80 ml) in Sorvall Omnimixer for 5 minutes followed
by 30 minutes of vigorous shaking. The contents were centrifuged at
17000 rpm for 20 minutes. Two ml petroleum ether were added to the
supernatant and the mixture was shaken for 30 minutes and kept overnight at room temperature. Aliquots of the petroleum ether layer were
analyzed by GLC for possible recovery of bound residues in seed protein.
Effect of simulated commercial processing procedures;

G-PDT; Twenty ml crude groundnut oil obtained from oil mills were
fortified with 1 mg/kg ^C-DDT, and stirred with 0.1N NaOH at 60-70°
for 30 minutes. The amount of alkali was in 20$ excess of the acid
value (9). The mixture was centrifuged and washed several times with
water to obtain clear oil. The alkali treated oil was bleached with
0.5$ activated charcoal and bleaching earth (l:l) at 80-82° C for
30 minutes with vigorous stirring. The bleached oil was centrifuged and
10 ml were deodorized by heating to 220-240° C and passing slow steam under
vacuum for 4 hours. Oil samples, after each treatment were analyzed
for 14C_activity.
DDT, DDE and DDD; DDT, DDE or DDD-fortified oil was subjected to
commercial procedures. Following each treatment oil was partitioned
between petroleum ether and acetonitrile. The acetonitrile layer
was extracted with petroleum ether and the residues were determined by
GLC. In a parallel experiment the fortified oil was directly deodorized.
RESULTS AND DISCUSSIONS

The oil obtained from kernels of CLDDT-treated plants did not
show any 14C-activity. GLO analysis of petroleum ether extracts did
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not show any detectable residues as DDT confirming the above finding.
However, GLG analysis showed the presence of 0.021 and 0.033 mg/kg DDE
in oil of Spanish Improved and TG-9 varieties respectively. This is
probably related to the presence of 1.96$ DDE and 3.0$ ODD as impurities
in the original preparation. As shown by radioactivity measurements,
the metabolic formation of DDE from DDT is unlikely. .Analysis of the
seed cake of both varieties, similarly revealed the absence of C—
activity. GLC analysis of petroleum ether extracts or seed protein
also showed no detectable residues as DDT, DDE or ODD.
Although no DDT residues were found in oil, the effect of
commercial processing procedures on the fate of DDT in groundnut oil
was studied in the likelihood of some residues accumulating under
different conditions. Alkali refining and bleaching had no effect
on C-residues and TLC showed that the parent compound was not much
affected (Table I). Deodorization removed 67$ of the radioactivity,
leaving only 4«3$ DDT and 18.2$ DDD. Initial experiments showed that
deodorisation at 200-220 removed 34$ of C-residues, versus 67$ at
220-240°. Deodorisation at 190° for 4^2 hours removed only 20$ DDT,
while 70$ could be removed during 5 hours at 250°C (10). Saha (ll)
showed almost complete removal of C-DDT from rapeseed oil by a direct
deodorisation procedure.

It must be mentioned that although steam was passed in our
experiments, the actual commercial conditions could not be simulated.
Nevertheless, the results indicate that improved deodorising conditions
may lead to near complete removal of residues.
The effects of commercial processing procedures on DDE and DDD
are shown in Table II. Deodorisation was found to be the most effective
treatment in removing most of the residues of DDT, DDE and DDD (Table III).
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TABLE I; Effect of commercial processing procedures on
14,C..DDT in groundnut oil

Procedure

Percent
radioactivity
retained by
processed oil

DDT

DDE

DDD

97.8

87.1

1.5

n.d.

89.6

0.5

2.0

4.3

1.0

Alkali refining

100.1

Bleaching
Deodorisation

33.3

Percent
radioactivity as

18.2

n.d. = non detectable
TABLE II; Effect of commercial processing procedures on DDT?
and DDD in groundnut oil

Percent DDE retained
by processed oil

Pr<?csdure

Percent DDD retained
by processed oil

104.0

97.3

Bleaching

85.0

76.7

Deodorisation

26.7

34.0

Alkali refining

TABLE III; Rffect of direct deodorisation on DDT, DDE

and DDD in groundnut oil

Compound

Percent remaining in oil after deodorisation

DDT

n.d.

DDE

14.0

DDD

6.7

n.d. = non detectable
DDT, DDE and DDD were added separately in three
different experiments
S3
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PATE OP TECHNICAL AND C -LABELLED BHC IN RICE GRAIN

Su-Rae LEE and Tong-ftra KIN

Environmental Chemistry Laboratory
Korea Atomic Energy Research Institute
Seoul, Korea
ABSTRACT

The fate of BHC in paddy rice was investigated under conventional
agricultural conditions of Korea by means of gas chromatographic and
radiometric techniques.
Application of technical BHC for the control of rice stem borer
at the first generation time resulted in a residue level of 0.02 mg/kg
in brown rice while the application at the second generation time increased the level to 0.06 - 0.18 mg/kg. The partition ratios of BHC
residues into polished rice grain and bran were 20:30 and 8:92 for
70$ and 100$ polishings respectively. Washing of polished rice removed
60-69$ of BHC residues while cooking effected removal of only 7-25$.
It is maintained that polishing and washing play an important role in
removing BHC residues. Following application of ^-(U- C)-BHC to
rice plants, only 2.8$ of the radioactivity was recovered in rice
straw and grain.
INTRODUCTION

BHC (benzene hexachloride, hexachlorocyclohexane) has been used
in Korea since 1953 for crop and forest protection. Because of its
persistent nature, great concern has been expressed in relation to
accumulation in the environment and possible apprearance in the food
chain.
Studies on the behaviour and transport of BHC in the environment,
crop production (l), (2), (3) and food processing (3), (4), (5)» (6)
were reported by several workers. Though BHC is currently used in paddy
rice under good agricultural practice, it is deemed necessary to study
the magnitude and fate of residues in the grain, oil and bran.
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MATERIALS AND METHODS

Field experiments
An experimental paddy field at Kyonggi area (central part of
2
the peninsula) was divided into 9 equal experimental plots of 300 m each.
A second field was similarly divided at Honara (Southwest coast) area.
Paddy rice (an Indica type cultivator, Milyang 24) was grown under
conditions described in Table I. A commercial &f> granular formulation
of BHC was sprayed at 40 kg/ha at the first and 30 kg/ha at the second
generation time of rice stem borer. Harvested rice grains were dehusked
to obtain a brown rice sample.
1: Field plots for BHC residue experiments

ff- Inlet

Ci

Bl

Ai

' Sj

A: Sprayed at first generation
time of rice stem borer

'&%%£:*&ix^«£i? *•*•?>>'#:'<.;-x.

Bt

A*

Bs Sprayed at second generation
time of rice stem borer

C*
'''$

C: Control without spray

:

v:-2$:-Z& ''£'-'ZZ ;''2: •;'-r'>/i?:'.^:<1
'?*•

c»

Bi

'>:•'<>;<&;•:

A>

•'-•''•'''•'''-''.,'-.:; £-» Outlet

TABLE I; Field conditions for paddy rice growth

Kyonggi area

Honam area

June 1

June 12

June 19

June 20

August 9

August 15

Harvesting

October 10

September 23

Soil type

Sandy loam

Silty loam

Transplanting
Pesticide application
1st generation tine
of rice stem borer
2nd generation tine
of rice stem borer
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Polishing and cooking procedures;
Brown rice was polished with a laboratory mill, McGrill Miller No. 2
model. The polishing time was adjusted to 40 and 140 seconds to obtain
70$ and 100$ polishings, respectively.
Polished rice was washed 3 times with the same weight of distilled
water by shaking and decantation. Ihe washed-drained rice (50 g based
on polished raw rice) was cooked with 1.6 times volume of water in a
conventional aluminium pot on a heater or an automatic electric rice
cooker (indirect heating), allowed to cool for 30 minutes at room temperature
and subjected to residue analysis.
Gas ohromatographio analysis;

Extraction and clean-up of BHC residues in raw rice grains and
rice bran were made according to a standard procedure (7)t using 20 g
of powdered samples.
For extraction of cooked rice, 50 ml of redistilled water was
added to 50 g of sample (equivalent to 2O g of raw rice), blended for
2 minutes and subjected to the acetonitrile extraction-florisil column

method (8).
Gas chromatographic determination was made using Varian Aerograph-

model 2100-40 ohromatograph, equipped with 6 mm z ISO cm stainless steel,
U-shaped column packed with 5$ OV-17 (methyl phenyl silicone)/60-100
mesh Chromosorb W, AW and electron capture detector ( "TJi). A standard
curve was constructed for oC, /i, )f and £ - BHC isomers. The
quantitation limit of BBC residues in test samples was 0.002 mg/kg for
the •* , Vt • -isomers and 0.006 mg/kg for the fl -isomer.

According to a re-

covery test using 0.5 jig of each of the isomers in different samples, the

recoveries ranged from 75 to 115# and the reproducibility was satisfactory.
Ho correction for percentage recovery was made.

14C-BHC experiments;
Paddy rice plants (an Indica type variety, Suwon 264) were trans-

planted on June 12 in plastic Wagner pots lined with double layers of
polyethylene film to prevent leakage of water, under outdoor conditions.
The pots were filled with paddy soils of sandy loam taken from the experimental farm of this Institute and flooded in 2-cm depth throughout
the growing period by frequent irrigation. Eighteen of these pots were
submerged side by side in a rectangular pit (2.2 x 1.1 m) so that the
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water surface of the pot was levelled with the surrounding water to
simulate practical field conditions. Fertilizers and pesticides were
applied according to conventional agricultural practices.
An exaggerated amount of « -(U- C)-BHC (250|tCi, purchased
from Araersham Radiochemical Centre Ltd., UK; 50 rnCi/m mole in 5 ml

toluene) was used for only one pot with 3 stumps of rice plants on
August 25; the second generation time of the rice stem borer. The
labelled material was mixed with 0.6 g of technical BHC powder and
5 g talc in a vessel made of aluminium foil. 20 g of soil was
thoroughly mixed with the above mixture and spread evenly on the
soil surface after decanting the irrigated water. The pots were
flooded again in 2 cm depth.
Three pots were left without application to serve as control,
and 14 pots received treatment with cold BHC under conditions similar
14
to those used for C-BHC.
The plants were harvested on October 27 (cut 7 cm above the soil
surface). Two plants treated with the labelled compound were taken

for autoradiography, and the rest served for collection of the grains.
Determination of

C-activity;

Plant samples were digested and counted according to Mahin and
Lofberg (9) as followst Air-dried straw and brown rice were powdered
to 50 mesh, of which 0.1 g samples were placed on the bottom of counting
vials and 0.2 ml of 60j£ perchloric acid was added to each vial. When
the samples were thoroughly wetted, 0.4 ml of 30$ hydrogen peroxide was
added. The vial caps were tightened and warmed to 75°C for 2 hours, with
occasional agitation. After cooling to room temperature, 6 ml of
Celloslove and 10 ml of PPO solution (6 g PPO/1 toluene) were added.
The digested samples were counted in an Aloka LSC 601 Liquid Scintillation
Counter; counting efficiency 88.356.

RESULTS AND DISCUSSIONS

BHC residues in brown rice (field experiment);
BHC residues in brown rice samples are shown in Table II. The
background level of BHC residues in brown rice was 2.3 times higher
in Honam area than in Kyonggi area, which may reflect previous usage
pattern of the pesticide. In the Honam area, higher BHC residues
after the second application may be related to the interval between
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application and harvest (40 and 60 days for Honam and Kyonggi areas
respectively). These results are similar to those obtained by Kanesawa (3).

The Japanese tolerance limit of total BHG for brown rice is 0.2 mg/kg
and the second application of BHC to paddy rice is approaching that limit.
For safe use patterns, it may be recommended to restrict BHC application,
if possible, to the first generation time of the stem borer.
Partitioning of BHC residues in the polishing process;

BHC residues in polished rice products are shown in Table III.
The partition ratios of residues into polished rice grain and rice bran
were 20:80 and 8:92 for 70$ and 100$ polishings respectively (Table IV).
This pattern was similar in the four isomers. Since rice bran contains
a higher amount of oil than polished rice grain, it is expected that
polishing to a higher degree would result in more BHC residues in the

bran (Table IV). It is of interest to note that partitioning of the
residues does not parallel partitioning of the oil. This would suggest
the involvement of other factors such as "preferential binding" to
specific components e.g. crude fibers.
The rice bran serves an an oil source or as an animal feed. About
80-90$ of the BHC residues present in brown rice is transferred to the
bran fraction, resulting in a residue level of 3 rag/kg in the bran and

up to 12 mg/kg in the bran-derived oil. In the light of the toxicological
data of BHC, these results should be critically examined.
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TABLE II:

BHC* residues in brown rice

Treatment

eC

fr

0.003

TR

Residue (me/k^)
<£
6

Total

Kyonggi area
Control without
spray

TR

TR

0.008

Sprayed at 1st

generation time
of rice stem "borer

0.008

0.011

0.002

TR

0.022

0.041

0.008

0.007

TR

0.057

0.008

0.004

0.003

0.003

0.018

generation time
of rice stem borer

0.008

0.008

0.002

0.004

0.022

Sprayed at 2nd
generation time
of rice stem borer

0.108

0.028

0.016

0.029

0.181

Sprayed at 2nd
generation time
of rice stem borer

Honara area
Control without
spray
Sprayed at 1st

* Relative composition of technical BHC: «£- 68$, ft - 8$,
Data are mean of three determinations

If - 16$,

TR = trace (<*, ^ , 4 < 0.002mg/kg,6 < 0.006 mg/kg )

(Half-value of the upper limit was used in calculating total and
average values)
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TABLE III;

Partitioning of BHC residues in the polishing process

Residue (mg/kg)

«r

<

Total

0.019

0.030

0.086

0.300

1.770

0.004
0.207

0.012
0.005
0.3160.942

0.053
3.235

0.017
1.636

0.003
0.156

0.003
0.265

0.006
1.000

0.029

oC

a

Brown rice

0.165

7056 polishing
Rice grain
Rice bran

0.032

Sample

100$

polishing
Rice grain
Rice bran

3.057

TABLE IV; Oil content and BHC residues in polished rice products

Sample

Brown rice
l<yf> polishing
Rice grain
Rice bran

% Oil content

% Partitioning & Partitioning o:
of oil
BHC residues

3.0

100

100

1.2
26.8

40
60

20
80

0.7
26.5

20
80

8
92

100j£ polishing

Rice grain
Rice bran

Effect of cooking on BHC residues;
The polished rice grain is usually subjected to washing and cooking
procedures prior to human ingestion. The effects of such procedures
on BHC residues are shown in Table V. Removal of 60-70$ of total residue
by washing confirms previous findings by Mokherjee et al (6) and suggests
the significance of washing before cooking in diminishing BHC residues.
Cooking removed much less BHC residues.
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In the light of these findings, it is maintained that polishing
and washing processes played a major role in the elimination of most BHC
residues present in brown rice. At the point of ingestion, BHC residues

are probably less than 0.002 mg/kg.
TABLE V; Effects of washing and cooking on BHG residues

Treatment

70$ polished rice
BHC (mg/kg, % remaining
based on
residue
raw rice)

none
After washing
After cooking with
conventional kettle
After cooking with
electric cooker

1005S polished rice
BHC (mg/kg

based on
raw rice)

% remaining
residue

100

0.029

100

40

0.009

31

0.014

26

0.008

28

0.008

15

0.007

24

0.053
0.022.

14,'C-BHG in rice plants
2.856 of the applied ^C-activity was recovered in the rice grain
and straw. The grain contained 14.956 of the total recovered activity.

Work is in progress to characterize and/or identify the possible
metabolites in the grain and straw.
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NEOASOZINE RESIDUES IN RICE

Su-Rae LEE and Yong-Hwra KIM
Environmental Chemistry Laboratory
Korea Atomic Energy Research Institute
Seoul| Korea

ABSTRACT

Residues of neoasozine in rice grain were determined by neutron
activation and oolorimetric techniques. Twice application of the chemical
before flowering did not lead to increased residue levels while 4-times
application resulted in significant increase in the residue level (up
to 0.4 - 0.5 mg/kg). The neutron activation technique was advantageous
because of its high sensitivity and the smaller sample amounts required

for analysis. The partition ratio of arsenic residues into grain and
bran was 73:2? in 100$, polished rice. Most of the residue in the bran
was transferred to the oilcake fraction,
IWTROPtJGTION

An organoarsenic fungicide, neoasozine (ferric ammonium salt of
methyl arsonate) is currently used for the control of sheath blight
disease in paddy rice in Korea. Its usage has been steadily increasing
in recent years; reaching 90 tons of active ingredient in 1978. Due
to high toxicity of arsenic, the use of neoasozine in rice has led to
considerable concern. Substitute diemicals for the control of sheath

blight disease in paddy rice are antibiotic fungicides such as polyoxin
and validamycin which are known to be expensive. Reports on residues
of organoarsenic pesticides are limited (l) (2). This work was, therefore,
undertaken to determine whether the conventional usage of neoasozine for
rice would cause a residue problem.
MATERIALS AMP METHODS

Field experiments;
Paddy rice plants of an Indica type cultivar, Milyang 24 were
transplanted in an experimental paddy field divided into 9 plots (3 for
p
each treatment), 300 m each in Kyonggi area and managed according to

63

conventional agricultural practices. A commercial 6.5$ neoasozine
preparation was sprayed at 1.3 kg/ha twice (July 22 and August 11)
or four times (July 21, August 4f August 11 and August 22). The
flowering period lasted for a week beginning August 15. On October 4t
rice plants of 13 stumos were cut from each plot and grains were
collected, dehulled and stored for analysis.
Neutron^activation analysis of arsenic;
The method used was a modified version of previously described

procedures (3) (4). One gram of powdered rice sample packed in a
polyethylene ampoule was irradiated in a pneumatic transfer system
of the TRTGA Mark III Reactor (2MW. ) at a neutron flux of 1.5 x 10
2
neutrons/cm /sec. for 20 minutes. After 24 hours, 5 "il of cone. HNO.
and 3 ml of cone. H-SO. were added to the irradiated sample. The
mixture was warmed and cone. HNO., added until the solution became clear.
0.2 ml perchloric acid was added and the solution was digested and
treated with 2 ml saturated ammonium oxalate solution. The mixture
was transferred to a gas generation bottle and 5 ml cone. HG1, 2 ml
15$ KL solution and 0.4 ml 35$ SnCl2 in cone. HC1 were added.

After

15 minutes, 3 g of sandy Zn was added to initiate gas generation. The
gas was captured during one hour in a trap filled with 4 ml of silver
diethyldithiocarbamate (Ag-DDC; 1 g in 200 ml pyridine). Two ml aliquots
of the solution were counted in an Aloka model PC-IOE liquid scintillation
counter, 72 hours after irradiation. A standard curve (Pig. l) was
constructed by irradiating 10 mg sample of As-0,.

0

0.05 0.10 0.15 0.20 0.25

Amount of As 0

(fig)

.g«. 1 : Standard curve for the determination
of As by nuclear activation technique
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Colorimetric analysis of arsenic;

A standard procedure (5) was adopted using 10 g rice samples for
analysis. A standard curve is shown in Fig. 2.

0.4
0.3
CM
CM

p

0.2

o
0.1

o

5

10

Amount of As 0, (pg)
Rig. 2; Standard curve for the determination
of As by coloriraetric method
RESULTS AND DISCUSSION

Arsenic residues in brown rice samples are shown in Table I. It
may be seen that twice application before flowering did not cause any
significant increase in the residue level of brown rice. However,
4-times application of the chemical until the time of flowering
period resulted in a 4-5 fold increase of the residue level. Results
obtained from both techniques were in good agreement. However, the
neutron activation technique may have advantages over the colorimetric
method because of its high sensitivity and the small sample quantities
required for analysis. Residues found after 4-times application of
neoasozine may approach the lower tolerance limit. It is, therefore,
suggested to restrict the use pattern of the chemical to twice-application
before the flowering time.
Partitioning of arsenic residues in the grain, oil and cake was
studied after subjecting brown rioe to polishing with a laboratory
mill to yield 100J& polished rioe and bran. The latter was further
fractionated (n-hexane soxhlet extraction for 24 hours) into the
oil and cake. The results are shown in Table II. Polishing led
to 3-5 fold increase of As residue in the bran which was mostly
retained by the oilcake, following hexane extraction. Although
the products consumed directly by humans (grain and oil) contain
residue levels lower than the tolerance limit, it is maintained
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that the higher arsenic concentrations found in the cake (which serves
as animal feed) should be carefully examined in the light of
toxicological data.
TABLE II; Arsenic residues in polished rioe, oil and oil cake

Sample

4— times application of

Control

% weight
of fraction'

nArtaR <T^TIA

4s residue* % partitioning As residue* a partitioning
(mg/kg)
of residue
of residue
(mg/kg)

Brown
rice

100

10056
polished
rice

0.125

100

0.548

100

91.6

0.064

53

0.428

73

Rice bran

8.4

0.608

47

1.771

27

Oil

1.8

0.089

1

0.101

3

Oilcake

6.6

0.768

46

2.204

24

Data are means of three determinations
* neutron activation analysis

TABLE It Arsenic residues in "brown rice

Treatment

Res idues *( mg/kg)
Activation
Colorimetrio

Control

0.104 i 0.030

^0.10

2-times
application

0.119 - 0.021

<0.10

4-tiraes
application

0.411 - 0.012

0.566 i 0.028

* Data are means - standard deviation of nine determinations
(3 from each plot)
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2. REPORT

2.1.

ZNTROPtJGTiay

Growing world population) industrialization and intensification
of agricultural and fisheries practices have greatly increased the need
during recent decades to protect the resources concerned, and the
quality of food and agricultural environment. Ihese trends have also
resulted in a growing range of contaminants including pesticide residues
and concern has been expressed at national and international level to
protect man, his food and environment from possible contamination by
chemical residues.
This programme is primarily concerned with the fate of pesticide
residues in edible oils and related products from the time of application
of the chemical in the field or through processing to the instant of
consumption by man. This is particularly important for food moving into
international commerce. Activities under this programme are closely
related to those of the Joint PAO/HHO programme on pesticide residues
in food. The latter programme leads to the recommendation of pesticide
residue tolerances on the basis of the best available agricultural,
analytical, biochemical and toxicological data.
Nuclear techniques could be of great assistance to existing
monitoring programmes. The Joint PAO/IAEA programme, being scientifically

and problem-oriented, could assist in defining problem areas in respect
to pollutants. This would ensure a more rational and efficient
application of food monitoring facilities in the various countries. There
was also no doubt about the value of isotope techniques in checking the
reliability and accuracy of conventional methods, estimating recovery rates
and in providing a unique tool e.g. in the quantitative determination of
that part of a residue which remains "bound" and resists extraction by
solvents.
Radioisotope techniques provide a powerful tool in tackling

pesticide residue problems. In this context, some advantages are: A - Radioassay provides an immediate and accurate measure of the total
initial residue.
B - Loss of total residue through harvest, storage, washing, milling,
volatility, etc. can be followed quantitatively.
C - Radioaesay of extracts provides evidence of extraction or recovery
completeness and of possible chemical binding of residues.
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D - Radioassay of suitably fractionated extracts provides rapid
characterization of residues in terms of parent pesticide, polar
and other metabolites.
E - The fate of a labelled pesticide can be followed specifically
in the presence of background levels of other pesticides including
the one being studied.
P - Experiments with labelled pesticides enable total balance sheets
to be prepared in terms of distribution within the product, loss
by volatility, binding, etc.

For developing its recommendations, the meeting first reviewed
and discussed the papers in section 1.
2.2.

MEETING OBJECTIVES

2.2*1* To review the progress of the programme
2.2.2. To discuss problems related to methodology and labelled substrates
2.2.3. To prepare for publication the scientific data and information
obtained since the last report (IAEA-218 Technical Document
Series, 1979)
2.2.4. To identify problems and priorities of related subject areas

and to make appropriate recommendations.

2.3.

. SOME HIGHLIGHTS

2.3.1. Pesticides and food

Under this programme, the fate and magnitude of pesticide residues
were studied in: cotton, maize, groundnut, olive, rice, rapeseed, sesame,
soybean, cocoa and dairy animals, using seventeen radiolabelled and nonlabelled pesticide chemicals. These were: Hexachlorocyclohexane, carbaryl,
leptophos, cyolane, dursban, monocrotophos, dimethoate, propoxur, chlorfenvinphos, DDT, endrin, dieldrin, heptachlor, nitrofen, alachlor, butachlor
and neoasozine.
2.3.2. Oil processing

An important feature has emerged from studies of the fate of
pesticide residues through processing of oil. Commercial processing
procedures usually include alkali treatment, bleaching and deodorization
(or winterization at low temperatures). The alkali treatment is effective

in "removing" organophosphate and oarbamate residues from the oil while
deodorization (involving steam-distillation) is efficient in removing
residues of halogenated hydrocarbons like DDT and BBC. The process of
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winterization proved to be least effective in reducing organophosphate
residues present in oil.
2.3.3. Garbaryl

Various investigations on carbaryl residues in corn, cotton seed
products and dairy products indicate that application of the chemical,
under good agricultural practice conditions is unlikely to present any
hazard to the consumer.

2.3.4. BHC in rice products

Concern has been expressed "by the meeting's participants in
relation to the exceptionally high BBS residues (3 ppm) found in rice
bran in Korea. About 80$ of the bran is fed to livestock with possible
appearance of residues in milk and dairy products at levels exceeding
the "maximum residue limit". E.g., MRL for ¥ -BBS is 0.01 mg/kg in
whole milk (Pesticide Residues in Pood, PAO, 1978, Series No. 10).
3.

KBSOMHafDATIONS

In the light of the original objectives and earlier recommendations,
the meeting noted with satisfaction that the programme has achieved its
goals.
In addition, the following recommendations were addressed to the
Joint FAO/IAEA Secretariat to ensure essential continuity and the most
effective contribution of related research programmes to the growing
problems of contaminants entering food and the agricultural environment:
3.1.

To encourage the development and application of promising
isotope techniques in the environmental context.

3.2.

To explore ways and means to establish better isotope tracer
facilities at appropriate centres, especially in developing
Member States, for the study of pesticide residue problems
under local conditions.
To explore ways and means of improving the supply and/or
availability of isotopically-labelled compounds as a vital
aid to research collaborators.
To provide training courses on the use of nuclear techniques
for studying food and agricultural environment pollution problems
at suitable regional centres with particular reference to the
problems and needs of developing countries.

3.3.

3.4.
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3.5«

To facilitate tracer-aided studies of the fate and significance
in the terrestrial and aquatic environment of certain persistent
and apparently already widely dispersed contaminants such as
DDT, hexachlorobenzene and polychlorinated biphenyls.

3.6.

3.7*

3.8.

3.9*

To extend tracer-aided studies of the nature, magnitude and
significance of "unextractable" or "hound" pesticide residues
in soil| plants and food.
To initiate, as funds become available, coordinated studies of
deposition and disappearance of pesticide residues in dairy
products.
To initiate, as funds become available, a coordinated research
programme of studies of behaviour of pesticide chemicals in the
aquatic and marine environment, with particular emphasis on
bioaccumulation in fishery products.
To initiate, as funds become available, a coordinated attack on
pesticide residue problems in stored grains.

4.

CONCLUSIONS

4.1.

There was abundant evidence of chemical residue problems in
developing countries affecting food of potential economic or

4.2.

4.3.

4.4.

health importance. These problems were often relatively
neglected. Through this programme, exceptionally high levels
of leptophos residues in milk were reported.
Many of the problems were of continuing nature. While this
programme had provided answers to specific questions new ones
continued to arise. For example, the introduction of alternative
pesticides such as cyolane and dursban for control of cotton pests
in Egypt to replace the potentially hazardous leptophos.
The meeting felt that the provision of training courses for
suitable graduates of developing member states to facilitate
the exploitation of stable and radioactive isotope tracer
techniques in the identification and study of their own
problems under their own conditions should continue to
have high priority.
Noting the implementation of more "problem-oriented" coordinated
research programmes, the meeting felt able to identify further
problem areas requiring coordinated attack by isotopic traceraided studies: a. Origins, fate and significance of undesirable chemical
residues in plant-soil-water syst<»ms with particular
reference to non-agricultural sources, e.g. in industrial
effluent.
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b. Behaviour of toxic residues in estuarine and inland
fisheries with particular attention to the magnitude,
behaviour and significance of industrial residues.
c. Bioooncentration of chemical residues in fishery products.
This is of particular importance because of the continuing
intensification of agriculture and reliance upon pesticides.
4.5»

4.6.

Data generated under this programme is likely to be of significant
value not only to the various countries involved, but also to the
Joint PAD/WHO pesticide residue programme which sets international
recommendations for maximum residue limits (MRL) and acceptable
daily intake (ADl).
The close contact established between the PAO/IAEA Secretariat
and research workers in different countries through the Agency's
research contract programme represents a significant contribution
to country development, i.e. to assist scientists to identify and
study their own problems under their local conditions, to use nuclear
and related techniques effectively and to maintain the closest possible
contact with their counterparts of the more advanced countries.
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