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FOREWORD

Growing world population and food demand have dictated the introduction
of intensive agricultural practices involving the use of an increasing range
of pesticide chemicals. Unfortunately, as a result of pesticide application
substantial residues may remain on food. To ensure safety-in-use of these
chemicals is a dynamic challenge. One such example is the theme of this
international programme on pesticide residues in stored products.

The current programme was initiated in 1983 and was designed to assist
scientists of developing member states to make safe and effective use of
radiotracer techniques for studying pesticide residue problems in stored
products. The present report represents an appraisal of a group of studies
with particular emphasis given to terminal residues and residues at the time
of human consumption.

Nuclear techniques have provided unique and powerful research tools in
the study of these problems and the contributed research has clearly
demonstrated their potential value, particularly in detection, quantification
and characterization of bound residues.
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1. PAPERS PRESENTED

THE FATE AND MAGNITUDE OF MALATHION
RESIDUES IN STORED WHEAT AND BARLEY

K. GÖZEK, F. ARTIRAN
Ankara Nuclear Research and Training Center,
Turkish Atomic Energy Authority,
Besevler, Ankara,
Turkey

Abstract
14Wheat and barley, treated with C-malathion, were stored in two

different types of Middle Anatolian conditions for 9 months. The surface,
extractable and bound residues and the effect of baking were investigated.

14Surface and extractable C-malathion residues were affected by storage
time, but not by the type of storage. There is no significant difference
between residues in grains stored in wooden boxes and those stored in
enamel-ware buckets. Results show that surface and extractable residues
increase with storage time. Bound residues were negligible. The maximum
value of malathion residues in the grain was 6.5 mg/kg.

1. INTRODUCTION
Malathion (0,0-dimethyl S-(1,2-dicarbethoxy ethyl) phosphorodithioate)

is an important and widely used pesticide. It has been accepted for the
control of pests on vegetables and field crops, fruits and nuts, stored
grains and domestic animals. Because of its low mammalian toxicity, the
insecticide can be mixed directly with the grain, where it controls pest by
both contact and vapour activity. Malathion has been used as the main
insecticide in stored grains in Turkey and it has been applied at a rate of
500g 2% malathion dust per ton of grains.

This research was carried out to determine malathion residues in wheat
and barley under middle Anatolian conditions. A local type of storage using
enamel-ware buckets or wooden boxes, was simulated.



2. MATERIALS AND METHODS

2.1 Chemicals
14 14C -Malathion (prepared by the condensation of diethyl (3- C)

maleate with 0.0-dimethyl dithiophosphoric acid) was purchased from Amersham,
U.K., with a specific activity of 37 mCi/mmol. Nonradioactive malathion was
obtained from the Plant Protection Institute in Ankara. Methanol, toluene,
dioxane, mehtyl-cellosolve, ethanolamine, fuming H SO (20-30 % SO ),

t H J

H PO (85 %) , K Cr 0 , stannous chloride were analytical reagent
grade. Scintillation cocktail was prepared by dissolving 7g of PPO, 0.05g of
POPOP and 50g of naphthalene in 1 litre of dioxane.

2.2 Grain Treatment
1984 crop wheat (Kirac 66) and barley (Tokak) were obtained from a

farm in a suburb of Ankara. The wheat and barley had not been treated with
insecticides prior to use. Foreign materials and cracked grains were removed
by hand (1). 1.5 kg of wheat or barley for each storage type were treated

14with 140 uCi C-malathion + 0.75g of 2 % nonradioactive malathion dust.
Moisture contents of wheat and barley were 9.2 X and 6.2 X respectively. At
these levels the growth of pests and other microorganisms is almost
completely surpressed. Temperature of storage was ambient (approx. 10-30°c).

2.3 Sampling:
Zero-time samples were taken on 19th March, 1985, 21.5 hours after

treatment. Further samples were collected after 15 days and 1, 2, 3, 6 and 9
months. Forty grams grain samples were collected and triplicate analyses
were carried out for each sampling time.

2.4 Residue Determination

2.4.1 Surface Residues:
The grains were washed 3 times with 50 ml distilled water for each

washing to remove the surface residues. Radioactivity was measured for each
separate washing.

2.4.2 Extractable Residues:
Washed grains were ground thoroughly and transfered to the thimbles

of the Soxhlet apparatus. Analytical grade methanol (2.5 X vol. of thimble
extraction chamber) was added and the grains were extracted for 24h. After



the completion of the extraction, the volume of the extract was measured, and
an aliquot (2 ml) was counted in the LSC.

2.4.3 Non-extractable (bound) Residues:

2.4.3.1 Apparatus
The wet combustion apparatus of Smith et al. (2), was constructed

locally according to the original design and consisted of: a carbon dioxide
scrubber, a combustion unit, an iodine trap and a carbon dioxide absorber.

2.4.3.2 Reagents:
Ethanolamine solution:
7 volumes of methyl cellosolve mixed with 3 vol. of ethanolamine.

Scintillation solution:
8.25g of PPO dissolved in 1 liter of toluene.

Dry digestion reagent:
KI03: K2Cr20? (2:1, w:w)

Liquid digestion reagent:
Ig of KIO dissolved in a mixture of 67 ml of fuming H SO
(20-30 % SO ) and 33 ml of 85 % H PO , at 160-190°C•j «3 M

The analyses were carried out according to the procedure of Smith
et al. (2). For this purpose the extraction-cake was dried and l.Og portions
were wet combusted, and samples were counted by LSC.

2.4.4 Effect of Baking on the Residue Level:
The baking process was performed after the last sampling. Doughs

(100g grain) were prepared in Aluminium foil, by adding 110 ml of distilled
water and baking at 200eC for Ih.

For the determination of extractable residues, 40g of bread samples
were ground and extracted with methanol as previously described. For the
determination of bound residues the extracted bread was dried and l.Og
por'. ions were wet combusted and counted.



3. RESULTS AND DISCUSSION

3.1 Surface Residues:
Surface residues could not be completely removed by three washings

and it is conceivable that a portion of the surface residue may have been
included in the determination of the extractable residue. Tables I-IV show
the surface residues for barley and wheat stored in wooden boxes and in
enamel-ware buckets. These ranged from 6 to 24 % of the applied dose with a
tendency to increase with storage time.

TABLE I: DISTRIBUTION OF MALATHION RESIDUES IN BARLEY
STORED IN WOODEN BOXES

STORAGE
TIME
(MONTHS)

SURFACE
RESIDUES
(S)

EXTRACTABLE
RESIDUES
(E)

Activity
ppm %

0

1/2

1

2

3

6

9

0
0
0
0
0
0
0
0
0
1
1
1
1
1
1
1
1
1
1
1
1

.7

.6

.9

.5

.9

.8

.7

.8

.8

.0

.1

.1

.2

.4

.3

.3

.2

.1

.4

.4

.4

7
6
9
5
8
8
7
7
8
10
11
10
11
14
13
12
11
11
14
14
13

.0

.0

.5

.1

.9

.1

.2

.6

.2

.1

.1

.5

.9

.1

.2

.6

.5

.4

.0

.4

.9

PPtt
0.5
0.5
0.5
1.2
1.1
1.2
1.3
1.3
1.3
2.0
1.8
2.0
2.7
2.7
2.7
4.3
4.3
3.4
3.9
3.7
3.6

Activity

BOUND (S +
RESIDUES

(B)
Act i vi ty

E + B)

Activity
% ppm H ppm H
5
5
5
12
10
11
12
12
13
20
17
20
26
27
27
43
43
33
39
36
36

.3

.1

.4

.1

.6

.9

.9

.5

.4

.4

.9

.2

.6

.4

.0

.1

.3

.9

.6

.9

.4

1
n.d. 1

1
1

n.d. 2
2
2

n.d. 2
2
3

n.d. 2
3
3

n.d. 4
4

0.003 0.03 5
n.d. 5
n.d. 4
0.13 1.3 5
0.1 1.0 5
0 . 04 0.4 5

.2

.1

.4

.7

.0

.0

.0

.1

.1

.0

.9

.1

.9

.1

.0

.6

.5

.5

.5

.2

.0

12
11
14
17
19
20
20
20
21
30
29
30
38
41
40
55
54
45
54
52
50

.3

.1

.9

.2

.5

.0

.1

.1

.6

.5

.0

.7

.5

.5

.2

.7

.8

.3

.9

.3

.7

10 ppm = 100 X (originally-applied dose)
n.d. = not detectable
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3.2 Extractable Residues:
Methanol-extractable residues for barley stored in wooden boxes and

in enamel-ware buckets increased from 5 to 41-43 % (Table I and II) during a
storage period of 9 months. The corresponding values for wheat increased
from 5-6 to 38-39 %. These results show that the extractable residues and
also the sum of surface and extractable residues increase with storage time
to a maximum of 6.5 ppm for wheat after 9 months. This value is below the
maximum residue limit (MRL) of 8 ppm recommended by FAO/WHO. The results
also show insignificant differences of residue values obtained for grains
stored in different types of containers.

TABLE II: DISTRIBUTION OF MALATHION RESIDUES IN BARLEY
STORED IN ENAMEL WARE BUCKETS

STORAGE SURFACE
TIME RESIDUES
(MONTHS) (S)

ppm
1

0 1
0
0

1/2 1
0
0

1 0
0
1

2 1
1
1

3 1
0
1

6 0
0
1

9 1
1

.1

.0

.9

.9

.0

.9

.8

.6

.8

.0

.3

.1

.0

.1

.9

.0

.8

.8

.4

.3

.6

EXTRACTABLE
RESIDUES
(E)

Activity
1

11
10
8
9
9
8
7
6
8
10
12
10
10
10
8
9
7
8
14
13
15

.3

.0

.4

.3

.9

.6

.6

.4

.2

.5

.5

.9

.2

.6

.6

.8

.8

.5

.2

.2

.9

ppm
0
0
0
1
1
1
1
1
1
2
2
2
2
2
2
3
3
3
4
3
4

.6

.7

.7

.3

.3

.2

.6

.6

.2

.2

.2

.4

.3

.4

.4

.1

.5

.0

.0

.7

.1

Activity
X
5
6
7

12
12
12
16
15
11
21
22
24
22
24
23
31
34
29
40
37
41

.4

.5

.1

.6

.9

.5

.4

.7

.5

.6

.3

.0

.9

.1

.6

.4

.9

.8

.2

.3

.4

BOUND (S
RESIDUES
(B)

Activity

+ E + B)

Activity
ppin X ppm

1.
n.d. 1.

1.
2.

n.d. 2.
2.
2.

n.d. 2.
2.
3.

n.d. 3.
3.
3.

n.d. 3.
3.

n.d. 4.
n.d. 4.
n.d. 3.
0.01 0.1 5.
0.01 0.1 5.
0.002 0.02 5.

7
7
6
2
3
1
4
2
0
2
5
5
3
5
3
1
3
8
4
0
7

1
16.
16.
15.
21.
22.
21.
24.
22.
19.
32.
34.
34.
33.
34.
32.
41.
42.
38.
54.
50.
57.

7
5
5
9
8
1
0
1
7
1
8
9
1
7
2
2
7
3
4
5
3

10 ppm = 100 X (originally-applied dose)
n.d. = not detectable

1 1



3.3 Bound Residues:
Bound residues were mostly non-detectable or very low up to 6

months. Some samples at 9 months gave a value of 0.14 ppm which accounts for
appro*. 10 % of the total grain residue (Table III).

TABLE III: DISTRIBUTION OF MALATHION RESIDUES IN WHEAT
STORED IN WOODEN BOXES

STORAGE
TIME
(MONTHS)

SURFACE
RESIDUES
(S)

EXTRACTABLE
RESIDUES

(E)
Activity

ppm

0

1/2

1

2

3

6

9

0
0
0
0
0
0
0
0
0.
1
1
1.
1.
1.
1.
1.
1.
1.
2,
1.
2.

. 7

.8

.8

.8

.9

.6

.9

.9

.9

.1

.1

.1

.8

.4
,5
,4
,3
1
.5
.9
.1

X
6.
8.
8.
8.
9.
5.
9.
9.
9.

11.
11.
11.
17.
13.
14.
13.
13.
11.
24.
18.
20.

6
4
2
3
2
6
5
0
0
1
0
4
8
6
6
6
2
1
8
8
7

ppm
0.5
0.6
0.5
0.6
0.8
0. 7
1.0
0.9
0.8
1.3
1.4
1.3
1.7
1.5
1.8
3.0
2.9
2.6
3.9
3.2
3.7

Activity
X
5
5
4
6
7
7
9
9
8
13
13
13
17
15
18
30
28
26
38
32
37

.2

.8

. 7

.0

.7

.5

.6

.0

.4

.0

.9

.1

.1

.4

.5

.4

.3

.3

.7

.3

.2

BOUND (S +
RESIDUES

(B)
Activity

E + B)

Activity
ppm X ppm

1.
n.d. 1.

1.
1.

n.d. 1.
1.
1.

n.d. 1.
1.
2.

n.d. 2.
2.
3.

n.d. 2.
3.

0.05 0.5 4.
0.04 0.4 4.
n.d. 3.
0.14 1.4 6.
0.10 1.0 5.
0.14 1.4 5.

2
4
3
4
7
3
9
8
7
4
5
4
5
9
3
4
2
7
5
2
9

11
14
12
14
16
13
19
18
17
24
24
24
34
29
33
44
41
37
64
52
59

X
.8
.2
.9
.3
.9
.1
.1
.0
.4
.1
.9
.5
.9
.0
.1
.5
.9
.4
.9
.1
.3

10 ppm = 100 X (originally-applied dose)
n.d. = not detectable

3.4 Effect of Baking:
14,Total ~ C-Malathion residues after the baking process are given

in Table V. It could be seen that baking could lead to a substantial loss of
malathion residues. In this connection, Acton and Parouchais (3) reported
that considerable loss of malathion occured also during the milling process.

12



TABLE IV: DISTRIBUTION OF MALATHION RESIDUES IN WHEAT

STORED IN ENAMEL WARE BUCKETS

STORAGE
TIME
(MONTHS)

SURFACE
RESIDUES
(S)

EXTRACTABLE BOUND
RESIDUES RESIDUES
(E) (B)

Activity
ppm %

0

1/2

1

2

3

6

9

1
1
1
1
1
1
0
1
0
1
1
1
1
1
1
1
1
1
1
1
1

.0

.0

.2

.4

.1

.4

.8

.4

.7

.8

.5

.6

.8

. 7

.8

.4

.1

.0

. 7

. 7

.7

10
10
12
14
10
13
8
13
7
18
14
15
18
16
18
14
10
10
17
16
16

.6

.0

.1

.5

.7

.6

.0

.8

.5

.3

.6

.7

.2

.6

.1

.3

.5

.2

.2

.5

.9

(S +

Activity Activity
ppm
0
0
0
1
1
1
1
1
1
1
1
2
2

2

2

3
3
3
3
3
3

. 7

.6

.7

.1

.3

.1

.3

.2

.3

.9

.8

.0

.1

.1

.2

.9

.0

.1

.8

.6

.5

6
6
7
10
12
11
13
12
12
19
18
20
21
21
21
39
30
31
38
36
35

K. ppm X
.6
.2 n.d.
.2
.7
.8 n.d.
.4
.1
.2 n.d.
.8
.1
.1 n.d.
.5
.4
.6 n.d.
.7
.1 0.03 0.3
.2 0.02 0.2
.1 n.d.
.1 0.01 0.1
.0 0.08 0.8
.0 0.12 1.2

Ppm
1
1
1
2
2
2
2
2
2
3
3
3
3
3
4
5
4
4
5
5
5

.7

.6

.9

.5

.4

.5

.1

.6

.0

. 7

.3

.6

.9

.8

.0

.4

.1

.1

.5

.3

.3

B + B)

Activity
1

17
16
19
25
23
25
21
26
20
37
32
36
39
38
39
53
40
41
55
53
53

.2

.2

.3

.2

.5

.0

.1

.0

.3

.4

.7

.2

.6

.2

.8

.7

.9

.3

.4

.3

.1

10 ppm = 100 I (originally-applied dose)

n . d . - not detectable

14,TABLE V: EFFECT OF BAKING ON C-MALATH10N RESIDUES

IN BARLEY AND WHEAT STORED FOR 9 MONTHS

Type of
Grain

Total

Wooden Boz
before after
baking baking

Res idues*
(ppm)

(S+E+B)

Enamel Ware
before
baking;

Buckets
after
baking

Barley 5.3 3.3 5.3 3 .6

Wheat 5 . 9 1.9

* Data are means of 4 replicates.

5 . 4 2 . 7

13
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ISOTOPIC TRACER AIDED STUDIES OF MALATHION
RESIDUES IN STORED WINTER WHEAT

V. VOJINOVIC, N. NESKOVIC
INEP, Institute of Pesticides and Environmental Protection,
Belgrade, Yugoslavia

Abstract

The study covered the level of contamination of wheat stored For a
period of 9 months in a wooden container previously treated with malathion.

Winter wheat (Triticum vulgäre sv. Novosadska rana 1) was treated with
14C-labelled malathion and the degree of contamination was found to differ,
depending on the time of storage. From the moment of storage in the
container the contamination increased up to 3 months, and then it remained at
almost the same level, for the next 6 months.

Regarding the distribution of the residues, i.e. the ratio of
surface/methanol extractable residues, 20 times more malathion was found on
the surface than in the grain during the first three months, while from 3 to
9 months the amount of residues in the grain increased so that the difference
in favour of surface residues was only 4-5 times. Total surface and
extractable residues were 2.6 mg/kg grain after 9 months.

1. INTRODUCTION
Wooden granaries make up almost 20 percent of the grain storage space in

Yugoslavia and these are most often found on smaller farms owned by farmers.
Due to its efficacy and relatively economic price, malathion is being applied
widely both for preventive treatment of the grain and for the cleaning of
wooden granaries (Storey et al., 1984). In Yugoslavia malathion is not
applied to the grain directly, but it is used to treat empty wooden granaries
for the control of residual populations of stored product insects. Before
the storage of cereals the wooden granaries (at least 2 weeks earlier) are
cleared and the floor and boards are washed with a 2 % aqueous solution of
malathion.

As it is well known that malathion remains effective for several months
when applied to wood, uptake of the insecticide from the treated surfaces of
the granaries can result in the contamination of the stored grains, and

15



malathion residues are often established in food items prepared from the
contaminated cereals (Johnson et al., 1984, Mensah & White, 1984, Podrebarac,
1984a, b).

14The purpose of this study was to measure, using C-malathion, the
degree of contamination, and also the distribution ratios of malathion in
surface, methanol extractable and bound residues of malathion residues in the
grain during the storage period.

2. MATERIALS AND METHODS
This experiment was run under conditions to simulate local practice.

2. 1 Chemicals
14The following compounds were used: C-labelled malathion

14(0,0-dimethyl s-[l,2-diethoxycarbomyl-l ,2- C] ethylene
phosphorodithioate) , specific activity 37 mCi/mmol, produced by
Amersham International Corporation, England and nonradioactive
malathion, purity 99.3%, produced by American Cyanamid Co., USA.

The following mixture was prepared for the treatment of the container:
- 120 uCi (480 uD1AC-malathion

14 mg cold malathion
20 ml toluene

This mixture was applied to the sides and bottom of the container and
then the container was left at ambient temperature until the reagent
evaporated (about 2 days).

2.2 Cereals
Winter wheat (Triticum vulgäre cv. Novosadska rana 1) which was not
treated during the growing period nor before storage was used. The
moisture content was determined by heating the grain at 110°C for 2
hours and was found to be 12 %.

The seed, produced in 1984, was cleaned to remove impurities and
14dockage, and was placed in a dried C-malathion treated wooden

container maintained at a constant temperature of 20°C. During the
first 2 months the grain was occasionally shaken and then left
undisturbed.
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?. 3 Sampling
Samples consisting of 50 g wheat grain (in triplicate) were taken
after 24 hours for the determination of zero activity and then
after 2 weeks, 1, 2, 3, 6, and 9 months of storage. After 9
months, the remaining grain was cooked or crushed and made into
brf>ad which was then analysed in the same way as the grain for

14contents of C-malathion.

2.4 Analytical Procedures

2.4.1 Determination of external (surface) residues:
50 g samples of the grain (in triplicate) were washed with water (4
x 50 ml portions) to remove surface malathion residues. The
radioacitivity in the water extracts was determined by counting in
a LSC apparatus. Water washings of the three 50 g grain samples
were counted individually and the average of the results was
expressed as a relative activity of surface residues of
14C-malathion, and then they were calculated to the content of

14total malathion residues ( C-labelled 4 cold malathion).

2.4.2 Determination of methanol-extractable residues:
Washed grain (50 g in triplicate) was dried at ambient temperature,
curshed and transferred to the thimble of the Soxhlet apparatus for
24 h extraction.

2.4.3 Apparatus
The apparatus used in the above experiments were: Liquid
scintillation counter - Packard; efficacy 60 %. (Measured samples
consisted of 0,2 ml extract + 5 ml scintillation solution); and
Gas-liquid Chromatograph - Varian Aerograph, Model 3700 (column
used was of 17 % OV-225 on Chromosorb W-HP) with flame-photometric
detector.

3. RESULTS AND DISCUSSION
14C-residues in wheat grain are summarized in Table 1. Malathion

14residues were found in all grain samples. The use of C-labelled
malathion enabled the follow-up of the degree of contamination of wheat
during 9 months of storage. The initial amount of residues (zero time) was
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TABLE 1: Concentration and percentage of Malathion residues in/on stored wheat
grain

Malathion residues

Time

Total

U6/6

Surface Methanol Surface
extractable

Zero
2
1
2
3
6
9

weeks
month
months
months
months
months

Cooked grain
Bread

0
1
1
2
2
2
2

2
0

.14

.47

.82

.44

.76

.45

.59

.00

.40

0.
1.
1.
2.

2.
2.
2.

1.
-

13
39
74
22
42
06
04

70

0,
0,
0
0
0
0,
0.

0.
0.

.01

.08

.08

.22

.34

.39

.55

.30

.40

92.
94.
95.
91.
87.
84.
78.

85.
-

9
5
6
0
7
1
8

2

1

Methanol
extractable

7
5
4
9
12
15
21

14
100

.1

.6

.4

.0

.3

.9

.2

.8

.0

14obtained from the activity of C-malathion in samples analysed 24 hours
after the wheat was placed into the container and amounted to a total of
0.14 UB/B ßrain. Over 92 % (0.13 V8/ß) was determined on the outer
surface of the grain, while only 8 % penetrated into the grain.

The total amount of malathion residues increased during storage up to
3 months and then the level declined slißhtly to 2.59 UB/S after 9 months.
The ratio of surface/methanol extractable malathion residues varied during
storage; the highest amounts found on the outer surface of the grain in the
first 3 months, accounted for about 90 % of the total amount. However, the
greatest amount of residues was established after 3 months of storage, a
total of 2.76 v.g/g; 87 %, of this was on the outer surface of the grain.
Methanol-extractable residues increased gradually with storage time to reach
a maximum of 0.55 v.g/g after 9 months (Table 1). The presence of malathion
was confirmed by GLC in extracts from wheat held for 6 months after the
beginning of the experiment. Work is in progress to determine the magnitude

14of grain-bound C-residues remaining after methanol extraction.
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After a 9 month period of storage part of the remaining wheat was cooked
and the water and the cooked wheat were analysed. The water was found to
contain 1.70 y.g/ml and the cooked grain 0.3 Vig/g (Table 1). The
remaining wheat was also ground into flour and bread was baked. The bread
was analysed and the total residues were established as 0.40 Ug/g bread
(Table 1).
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PERSISTENCE OF MALATHION RESIDUES
IN STORED MILLED RICE

H.A. JUZU
Department of Biochemistry and Microbiology,
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Serdang, Selangor,
Malaysia

Abstract
14Residues of C-malathion in stored milled rice were studied for 39

weeks under conditions simulating local practice. Residues from single and
multiple applications were examined. For the single application total,
surface, extractable and bound residues in the rice grains were determined.
Only the total residues were determined aft«r multiple applications.

For the single application, 6-7 % of the applied amount was found in the
grains 24 weeks after treatment. After 9-11 months storage, about 10 % of
the total quantity of the applied malathion remained on the surface of the
jute sack and about 5 % was present in the grains.

Data showed also that 50-60 % of the total residues in the grains worr
present as surface residues. Washing the rice thoroughly before cooking
removed the surface residues. During cooking, 57 % of the extractable
residues was lost.

1. INTRODUCTION
Rice is the main staple food and the most important grain crop in

Malaysia. Approximately 20 % of the total amount of rice is stored by the
government national rice stokpile, Lembaga Padi dan Beras Negara (LPN)
(National Padi and Rice Board), about 50 % is stored by private rice dealers
and the remainder is kept by farmers for consumption. At the local
granaries, rice is stored unmilled (padi) or milled (beras). Losses during
storage are due mainly to spillage and pest attack. It was reported that
between 10-30 % of the total rice stored is lost through damage by storage
pests e.g. Tribolium castaneum (Herbst) (red flour beetle), Sitophilus oryzae
(L) (rice weevil), Corcyra cephalonica (rice moth) and Ephestia cautella
(tropical ware house moth). One of the methods employed to control insect
pests in rice godowns is the use of the insecticide malathion. The aim of
this study was to determine the levels of malathion residues in treated rice
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stored under conditions simulating local practices; which usually requires
multiple applications.

2. MATERIALS AND METHODS:

7.1 Malathion
14C-Malathion (prepared by the condensation of diethyl

14[2,3- C] maleate with 0,0-dimethyl dithiophosphoric acid) was
purchased from Amersham Cor., U.K.with specific activity 112 uCi/mg
(37 mCi/mmol), purity 98% as determined by tic. Non labelled
malathion (99.5 % pure) was obtained from Applied Science Lab.

7 .2 Application
Freshly milled rice (no previous pesticide treatment; moisture
content 10.8 % determined by oven drying at 130°C for 18 hours) was
obtained from Tanjung Karang rice godown. 1500g of sound, whole
rice grains (dockage excluded) were put in a jute sack (20 cm x 20
cm) which was placed on a wooden dunnage measuring 15 cm x 20 cm x
9.5 cm (diagram 1). The whole set up was placed in a glass

14container in a fume cupboard. Thirty uCi of C-malathion and

Diagram 1
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200 mg of non-labelled pure malathion were dissolved in 10 ml of 1
% triton X-100 solution (specific activity = 348757 cpm/mg). The
concentration of this mixture was equivalent to that used in
practice. The prepared mixture was sprayed, using a tic glass
sprayer, onto the jute sack (containing 1.5 kg rice grains) and the
surface of the dunnage. This approximates field application rates

2of 5 litres of 2 % solution per 100 m surface area. Fifty g of
the treated rice grains (in triplicates) were sampled at 0 (within
24 hours), 2, 4, 8, 12, 24, 34 and 41 weeks. The rice was
thoroughly mixed by shaking the jute sack before sampling. The
relative humidity (70-80 %) and storage temperature (26-30"C) were
similar to those in the rice godown.

2.3 Residues Determination
Scheme 1 shows the flowchart for the determination of surface,
extractable and bound residues.

2.3.1 Surface Residues:
50 ml of distilled water was added to the 50g grain sample in a
beaker and stirred with a glass rod. The extract was counted for
radioactivity. The washing was repeated twice and each extract was
counted separately.

2.3.2 Extractable Residues:
The washed grains were ground thoroughly in a mortar and
transferred to a thimble in a soxhlet apparatus. Methanol (residue
grade, 2X volume of thimble extraction chamber) was added.
Extraction was made for 24 hours (8 hours per day for 3 days) and
the methanolic extract counted for radioactivity.

2.3.3 Non-extractable (bound) Residues:
The grain in the thimble was then dried in an oven at 60°C for 2
hours. Portion of the dried sample (in 5 replicates) was taken for
wet combustion to determine quantity of the bound residues. Two
procedures were attempted: a modified procedure of Smith et al
(1964) and the procedure of Mahin and Lofberg (1966).

2.3.4 Total Residues
Wet combustion procedures were used to determine the total residues
in the grain samples at various intervals.
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SCHEME 1: Flowchart of the determination of surface,extractable and
14bound C-malathion residues.

50g treated rice grains
( t r ip l i ca t e samples)

Washed 3X wi th
50 ml dis t i l led water

Washed

r ice g ra ins

Washing
(SURFACE RESIDUE)

Extracted
with methanol
in Soxhlet Apparatus

Grain in
Soxhlet thimble

Methanol Extract
(EXTRACTABLE RESIDUE)

Dried in
the oven at
60*C for 2 hours

O.lg (in 5 replicates)
(wet combustion)
(BOUND RESIDUES)

2.3.5 Determination of residue levels following multiple application
with 14C- Malathion
500g of whole rice grains were placed in a jute sack of the same

14size as previously described, and C-malathion was sprayed 5
times once every 3 or 4 weeks. The treated rice grains were
sampled within 24 hours prior to new spraying and within 24 hours

14after spraying and total C-activity was determined.
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142.3.6 Determination of C-activity of the jute sack
After the last sampling, the jute sack was cut into 5 cm x 5 cm

14pieces. C-residues were extracted from the jute sack by
shaking for 6 hours (using Heidolph Rotator) with methanol. the
methanolic extract was then counted to determine total activity.

3. RESULTS AND DICUSSION

3.1 Malathion residues in the treated grains after a single application
The procedure of Mahin and Lofberg (1966) was used for the
determination of the bound residues since this procedure gave a
very good recovery (almost 100 %) as compared to the modified
procedure of Smith e_t al. . (1964), (recovery was only 30 %) .

The results in Table 1 show the level of malathion residues in the
treated grains at specified time intervals. Within 24 hours of
spraying a small amount of malathion residues (0.2 % of the

TABLE 1: Malathion residues in stored rice after a single application
14of C-malathion

Malathion residue (vig/kg)

Sampling Surface
Time Residues
(week)

0
2
4
8

12
24
34
41

0
3
3
2
3
4,
4
3

.21+0,

.17+0,

.01+0,

.90+0,

.60+0.

. 71+0.
,27+0.
. 73+0.

,06
,54
.27
.22
,23
,10
05
02

Extractable Bound Total Total
Residues Residues Residues Residues

(calculated*) (determined)

1
1
1
2
2
2
2.

_
.07+0.
.57+0,
.98+0,
.19+0.
.03+1.
.20+1.
.56+0.

_
.10
.21 trace
.01 trace
,12 trace
3 2.2+0.42
2 trace
47 trace

0.
4,
4,
4
5.
8.
6.
6.

.21

.24

.58

.88
79
94
47
29

0.17
2.
5.
5.
5.

12.
7.
6.

.14+0

.01+0

.79+0
,75+0.
, 10+1 ,
, 60+1 .
88+0.

.08

.14

.38

.30

.58

.50

.08

a. Values represent Mean t S.D of triplicates

b. Values represent Mean + S.D of 5 replicates

* Total residue (calculated) = surface + extractable + bound
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originally applied amount) was present on the surface of the
14grains. After 2 weeks, C-residues in the grains increased to

4.24 y.g/g (2.1 % of the applied amount), of which 25 % penetrated
into the grains in the form of extractable residues. The total
residues (surface + extractable + bound) increased slightly after 8
weeks. Halathion residues in the treated grains sampled after 24
weeks increased to 8.9 vig/g (6.7 % of the applied amount). This
value is slightly above the maximum residue limit for malathion in
grain recommended by FAO/WHO (8 vg/g)• The concentration of the
bound residues was 2.2 ug/kg. This odd high value may be related
to an experimental error. After 41 weeks, 6.3 v.g/g (4.7 % of the
applied quantity) of the malathion residues remained in the
grains. It may be noted that for all the sampling times surface
residues contributed above 50 % of the total residue.

3.2 Malathion residues in the treated grains following multiple
application
The results in Table 2 show that over a period of 18 weeks storage,
the level of residues in the grains increased with storage time,
reaching a maximum of 119 y.g/g. This value accounted for approx.
6 % of the applied quantity. This preliminary experiment may have
some experimental limitations and may not represent conditions of
actual practice.

3.3 Malathion residues on the surface of the .lute sack
14After single or multiple applications of C-malathion, it was

noted that a maximum of 6-7 % of the applied amount of
14C-malathion was found in the grains. This suggested that a
large proportion of the applied malathion could be present on the
surface of the gunny sack, dunnage and the surroundings. The level
of residues in the jute sack was determined after the last
sampling. The results obtained indicated that approx. 10 % of the

14total amount of C-malathion applii
the jute sack after 9 to 11 months.

14total amount of C-malathion applied remained on the surface of

3.4 Effect of cooking the treated grains on the magnitude of the
residues
Table 3 shows that cooking of treated rice reduced the amount of
extractable residues by 57 %. Washing rice prior to cooking (which
is the normal practice) would have removed the surface residues.

26



TABLE 2: Malathion residues in stored rice following multiple application with
14C-malathion

14 aSampling Time (week) C-Malathion Residues (u&/g)

0
after application trace

3
before application 2.57 + 0.34
after application 5.26 + 0.40

6
before application 10.04 -j_ 0.33
after application 14.84 ± 0.98

9 24.52 + 0.54

10
before application 24.40 + 0.75
after application 24.88 + 1.90

13 36.92 + 1.54

14
before application 41.03 + 2.07
after application 52.16 + 2.34

18 119.3 +11.23

2 2 1 0 3 . 0 + 7 . 8 0

26 119.3 ± 4.19

37 96.4 ± 0 .77

39 93.3 + 5.34

a. Values represent Mean £ S.D of 5 replicates.
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TABLE 3: Effect of cooking on residue level

Sample Malathion (ug/kg)
Surface Extractable Bound Total
residues residues residues residues

uncooked 11.5 + 0.6 8.0 +_ 0.5

cooked 11.6+0.6 3.4+0.3

trace

trace

19.5

15.0

Values represent Mean + S.D of triplicates

Therefore, during washing and cooking, approx. 80 % of the residues
may be lost. Lockwood ejb al. (1974) studied the loss of malathion
and fenitrothion from rough rice, wheat and sorghum, and showed
that during wet cooking involving steaming or boiling, all residues
were lost from cereals.
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A COMPARISON OF A LABORATORY SCALE EXPERIMENT
WITH A FIELD TRIAL TREATMENT
USING CHLORPYRIFOS-METHYL
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Abstract

An experiment was carried out in which a field treatment of a small bulk of

grain with chlorpyrifos-methyl was compared with a laboratory treatment of

1 kg of grain with ^C radiolabelled chlorpyrifos-methyl. The conditions

under which the grain was maintained in the laboratory mimicked those of the

field trial as closely as possible, with sampling and analysis being carried

out at the same time and in a similar manner in both. The results from

the two experiments were in general agreement with approx. 60% of the chlor-

pyrif os-methyl remaining intact at the end. A satisfactory level of bio-

logical control was achieved in the field trial. The use of the radio-label

enabled more information about the fate of the degraded insecticide to be

obtained from the laboratory experiment. The majority of this radioactivity

comprised a fraction which remained within the grain tissue after solvent

extraction. The level of activity in the grain tissues gradually increased

with time but its nature is as yet unknown.

The good agreement obtained between the residue profile and the breakdown

patterns in both experiments would suggest that a laboratory scale experiment

is a satisfactory model for the situation pertaining in a large scale field

trial.

INTRODUCTION

Chlorpyrifos-melhy1 is widely used for admixture with stored grain in the UK

and Europe, often as a prophylactic neasure to ensure that the grain remains

free from insect pests even after extended periods of storage. Previous
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work at this Laboratory (Thomas et al. 1986) has indicated that such grain

may still contain a considerable proportion of the applied dose of insecticide.

The fate of chlorpyrifos-methyl in the grain is therefore of importance not

only to the farming community but also to the milling, baking and brewing

industries .

Little is known about the fate of an insecticide once it has been applied

to grain either in terms of its distribution within the grain or its mode of

degradation and the terminal residues formed. Investigations of the magnitude

and nature of such residues are essential in order to assess their significance

in terms of pest control, toxicity to the consumer and possible accummulation

within the grain. Radio-labelled insecticides are a useful tool in investi-

gating these problems in that they can provide a sensitive assay for low

levels of metabolism, an accurate measure of the total residue and evidence

for the binding of residues by constituents within the grains.

However, concern was felt about the relevance of experiments using radio-

labelled compounds, which of necessity are on a small laboratory scale, to

the commercial situation involving hundreds or thousands of tonnes. There

has been very little work published on the efficacy of chlorpyrifos-methyl

in large scale field situations; however several studies have been reported

using small quantities of wheat treated and stored in the laboratory (Bulla

and LaHue 1975, Desmarchelier 1975 and Williams et al. 1978). The assumption

is frequently made that such studies are representative of similar treatments

on commercial scale bulks of grain although few attempts have been made to

provide any justification for doing so. Some aspects of this problem were

mentioned by Banks and Desmarchelier (1978) and further discussed by Adams

(1985) and Rowlands (1986).

An experiment was therefore set up at this laboratory in which the two

situations were compared as closely as possible. This involved a pilot-scale

field experiment using a 20 tonne bulk of wheat treated with a commercial

formulation and a parallel laboratory scale experiment in which radio-labelled
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chlorpyrifos-methyl was applied to 1 kilogram of wheat. The treated kilogram

of wheat was stored in laboratory conditions approximating as closely as

possible to those prevailing in the barn housing the 20 tonne bulk in order

that a comparison could be made. Furthermore samples were taken from both

experiments at the same time over a period of 5 months, and the insecti-

cide levels in the grain were determined in an identical manner. The temper-

ature and moisture content of the 20 tonne grain bulk were monitored during

the storage period and the effectiveness of the treatment was assessed by

bioassay tests using a range of insect species. The laboratory experiment

was continued beyond 5 months in order to study the long term fate of the

insecticide in terms of the metabolites produced and the terminal residues

formed.

MATERIALS AND METHODS

1. Grain treatment

Pesticide free English wheat of the variety "Bounty" with an initial

moisture content of 14.4% was used in both experiments. A commercial

emulsifiable concentrate formulation of chlorpyrifos-methyl was used in the

pilot scale trial at an intended dose of 4.5 mg kg"*. The insecticide

emulsion was sprayed onto a moving stream of grain using a standard "Cooper"

grain sprayer and the flow rate of the grain was carefully monitored through-

out the treatment. Twenty tonnes of wheat were treated and a dose of 4.9 mg/kg

was achieved. The grain was stored in a 25 tonne metal bin in an unheated

open fronted barn and the temperature of the bulk was monitored throughout

the storage period.

The radio-labelled chlorpyrifos-methyl used in the laboratory experiment

had a specific activity of 9.15 mCi/mmol and was supplied by Dow Chemical

Company (Fig. 1). It was made up in diethyl ether solution and applied

dropwise to a stirred 1 kilogram bulk of grain at an intended dose of 4.5 mg
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Fig. 1.

kg~^ (136 pCi kg~l). The treated grain was placed in a sealed glass

jar, tumbled for 1 hour and then spread on a tray in a fumehood draught to

allow the ether to evaporate. The grain was returned to the jar which was

sealed, tumbled for a further hour and then stored at L5°C and 60% relative

humidity. This temperature was chosen as an estimate of the mean temperature

attained by the 20 tonne bulk based upon previous field trials (Thomas et al.

L986).

2. Sampling and chemical analysis

Samples were collected at regular intervals during the treatment of the

20 tonne bulk; these were then mixed to provide a composite time zero sample

for chemical analysis. After treatment the grain was sampled at one, two and

four weeks and then at four weekly intervals for a total of 20 weeks. Samples
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were taken from the centre and one corner of the grain bin using a vacuum

sampler to remove a 2 kg core of grain from top to bottom of the bin. These

samples were used for both chemical analysis and bioassay (see below).

The samples from the radioactive experiment were taken at the same time

and in a similar manner to those in the field trial by means of a small scale

glass vacuum sampler. The grain was tumbled for 1 hour prior to sampling to

ensure as even a distribution of insecticide on the grain as possible. A 100g

sample was removed from the centre of the storage jar and accurately weighed;

10g sub-samples were taken from this for analysis. All unused grain was

returned to the jar. The laboratory experiment was continued beyond 5 months

with further samples being taken at 6, 9 and 14 months. The remaining grain

was then stored in a deep freeze to await further analysis.

The direct comparison between the two experiments was further maintained

in the chemical analyses. The samples from the field trial were analysed by

two methods, one of which was identical to that used for the radio-labelled

samples. Three replicates from each sample were analysed.

Method 1.

Analysis of residual chlorpyrifos-methyl in the field samples was per-

formed by gas liquid chromatography (GLC) following solvent extraction using

the method developed by the Committee for Analytical Methods for Residues of

Pesticides and Veterinary Products in Foodstuffs (Anon 1980). ("Panel" method).

Method 2.

Samples from both the field trial and the radio-chemical experiment were

coarsely ground and then subjected to a sequential solvent extraction proce-

dure using hexane, chloroform and acetonitrile.

a) The resulting extracts from the field samples were analysed for chlorpyrifos-

methyl and any metabolites (principally trichloropyridinol (Fig. 1)) by GLC

and high pressure liquid chromatography (HPLC). The gas liquid Chromatograph
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(Model 4200, Erba Science) was fitted with a 2 metre column of 7.5% 0V 210 on

Chromosorb W.HP 80/100 mesh, and a phosphorus specific flame ionisation

detector. The carrier gas flow was 40 ml per minute and the oven and detector

temperature was 200°C. The injector temperature was 220°C. The Waters HPLC

machine was fitted with a 30 cm CIQ \i Bondapak column and the UV detector

was set at 300 nm. The solvent comprised 50% acetonitrile in water containing

0.1% acetic acid; the flow rate was 2 ml min~^.

b) The solvent extracts from the radio-chemical experiment were concentrated

by rotary evaporation and applied to preparative silica TLC places (Merck F-

254, 2 mm, supplied by BDH). An aliquot of the hexane, chloroform and

acetonitrile extracts of each sample was applied as a band to a single plate.

The plates were eluted in a mixture of chloroform/propan-2-ol (90:10) and the

results were compared with those obtained from a standard mixture of ^C-

chlorpyrifos-methyl and ^C-trichloropyridinol by viewing under a UV light

and photographing in a radioisotope spark chamber (Birchover Instruments).

Areas of silica corresponding to chlorpyrifos-methyl (Rp 0.69-0.75), pyridinol

(Rp 0.57-0.63) and the baseline (RpO ± 1 cm) were removed and extracted

with acetonitrile. All solutions were analysed by liquid scintillation

counting. Samples of the grain material remaining after solvent extraction

were subjected to a tissue oxidation procedure using an Harvey OX-300 oxidiser

to assess the amount of unextractable ^C-activity remaining within the

grain tissue.

3. Bioassays

Laboratory strains of susceptible and non-specific organophosphorus

resistant Oryzaephilus surinamensis, Tribolium castaneum, Sitophilus oryzae

and Sitophilus granarius were used in these assessments of wheat from the

field trial. The insects were bred and tested at 25°C and 70% relative

humidity. Twenty five adult insects were exposed to 50g samples of wheat for

2 days and mortality was assessed after a further 7 days in clean grain.
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Three replicates from each sampling point were used. Insect mortality was

considered satisfactory if a greater than 95% kill was achieved at the end of

the assessment period.

RESULTS

The temperatures recorded in the bulk storage bin were found to follow closely

that of ambient conditions. The average temperature achieved in the bulk was

14.4 ± 1°C (range 7.7-22.5°C), thus proving the estimated temperature of 15°C

chosen for the laboratory experiment reasonably accurate.

The results of the analyses of the field trial samples for chlorpyrifos-

methyl are shown in Fig. 2. The two different solvent extraction techniques

gave similar results in terms of the chlorpyrifos-methyl recovered which

suggests that all the available solvent extractable material is being removed

from the grain tissue. The residues of chlorpyrifos-methyl on the grain

declined steadily over the 5 month storage period and were similar to those

observed in a previous field experiment (Thomas et al. 1986) and by other

workers (Quinlan et al. 1979). Approximately 63% of the applied dose remained

at the end of the trial.

Samples e x t r a c t e d using the "Panel* melhod (methanolï
Samples ex t rac ted using sequential solvent e x t r a c t i o n

(hexane/chloroform/acetomtrl le)

0 1 2 3 4 5 months

Fig. 2. Levels of chlorpyriphos-methyl in grain samples from the field (rial
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The biological data (Fig. 3) were also consistent with those observed in

the previous experiment with the exception of Tribolium castaneum where

significant breakdown in control of resistant insects occurred after A weeks.

This could not be correlated with a decrease in the amount of insecticide

present and is thought to be a function of the insects themselves. It appears

that the flour upon which the insects were bred was contaminated with traces

of pesticide and this could have affected the resistance status of the strain.

Subsequent investigations using a different line of the resistant strain of

T. castaneum achieved satisfactory mortality (Thomas 1986). As expected

there was no breakdown in control of susceptible S. granarius, S. oryzae and

0. surinamensis and resistant S. granarius and 0. surinamensis but there was

an 8% survival of resistant S. oryzae in samples collected 4 months after

treatment when the residue level had reached 3.1 mg kg~ . This insect had

not been included in the bioassay tests in the previous field experiments.
res i s tan t S oryzae
res is tan t T castaneum

% mortality
100T

50

0 -1-

mg/kg
T 6

-<- 0
0 1 2 3 4 months

Fig. 3. Insect mortality in grain treated with chlorpyriphos-methy!

The recovery of radio-label by solvent extract ion f rom the samples

obtained in the laboratory experiment is shown in Fig. A, together with that

remaining within the grain tissues as determined by tissue oxidation.
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Fig. 4. Recovery of radiolabclled material from grain treated with
chlorpyriphos-methyl in the laboratory study

The total recovery of the activity applied is also shown. Losses of activity

were generally small particularly during the first month, increasing to about

15% of the applied dose after 6 months and then remaining fairly constant.

Analysis by TLC, GLC and liquid scintillation counting of the solvent extracts

indicated that most of the activity (approx 60%) was present as intact

chlorpyrifos-methyl even after 14 months of storage. Low levels of metabolism

were observed after 3 months when the degradation product trichloropyridinol

was isolated by TLC. Radioactive polar material remaining on the baseline

of the TLC plates was also isolated but not identified. After 9 months of

storage the pyridinol and the polar material represented 2.9 and 3.5% respectively

of the total activity applied to the grain. The trichloropyridinol metabolite

was detected in the samples from the field experiment after 2 months, at the

same low levels as in the radio-labelled experiment. These were too low to

be quantified by HPLC except in the 5 month sample where 0.12 mg kg~^ was

found. The unextracted ^C-activity remaining within the grain tissues

gradually increased in a more or less linear fashion throughout the storage

period and accounted for 29.4% of the applied activity after 14 months. It
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would seem that the chlorpyrifos-methyl and/or its metabolites are becoming

increasingly bound to the grain tissues with time and this represents by far

the largest metabolic/degradative process that is occurring.

DISCUSSION

With the exception of the resistant strain of T. castaneum, where other

factors were operating, the chlorpyrifos-methyl treatment of the grain bulk

provided adequate protection against stored product beetles for up to 4 months.

These results are consistent with those obtained in a previous field trial

(Thomas et al. 1986) where breakdown in control was not observed until the

chemical residues had reached 3 mg kg~l.

The rate of degradation of the radioactive chlorpyrifos-methyl in the

laboratory experiment was comparable with that in the field scale experiment

particularly during the first few months of storage (Fig. 5). After this the

breakdown was slightly more rapid in the field experiment although 63% of the

applied dose was still present after 5 months. Intact chlorpyrifos-methyl

also accounted for the majority of the activity remaining in the laboratory

% r e c o v e r y of
a p p l i e d dose

100

80

60

40

20

CPM r e c o v e r e d iron
r a d i o l a billed OK pé r imen t

+•——•— CPM r e c o v e r e d I rom
licld e x p er iment

u n e x t r a c l a b l e rad io labe l

0 1 2 3 4 5 months

Fig. 5. Comparison of chlorpyrifos-methyl recover ies
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experiment and the levels of free metabolites detected were insignificant in

both experiments. The activity remaining within the grain tissues accounts

for most of the rest of the applied activity. This fraction of unextracted

material is the most significant in the breakdown of chlorpyrifos-methyl on

grain and its nature is as yet unknown. The occurence of such residues has

been previously reported (Rowlands 1975 and 1982, Anderegg and Madisen 1983)

but little has been done to investigate their nature. This is the subject of

an investigation currently being carried out at this laboratory.

The total recovery of activity applied in the laboratory experiment

remained fairly constant throughout the 14 month storage period and reflects

the minimal losses that are incurred in a closed system. The use of a sealed

container for the laboratory experiment may at first seem anomalous since in

commercial practise grain bulks are normally stored in open bins. However,

although the grain near the surface of such bulks will have free access to

the atmosphere, the remainder will only have restricted access via the

intergranular spaces. Thus storage of a small quantity of grain in a sealed

container can be considered as representative of the majority of the grain

within a bulk.

Much of the disappearance of radioactivity which is observed in the

first 6 months of the laboratory experiment can probably be attributed to

the sampling procedure where 10% of the grain was removed on each occasion

and and 7% subsequently returned to the jar after samples had been taken.

The presence of radioactivity in an experiment of this nature enables the
source of losses and errors to be identified much more precisely. This is

in contrast to the field situation where it is generally acknowledged

that dosing and sampling errors can be extremely large (Anon, 1979). This is

reflected in Fig. 5 where the curve for recovery of chlorpyrifos-methyl is

much smoother for the radiolabelled experiment than from the field trial.

Despite such inherent variations between the two experiments the results

are comparable and demonstrate the relevance of the laboratory scale radio-
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labelled investigation to the large scale field trial under UK climatic

conditions.

This investigation suggests that extrapolation from laboratory experi-

ments to the field situation can be justified and that the breakdown of

chlorpyrifos-methyl observed after commercial scale treatments of grain may

be due principally to the formation of a non solvent-extractable residue

whose nature is as yet unknown.
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RESIDUES OF I4C-PIRIMIPHOS-METHYL
IN STORED POTATOES

D.G. HADJIDEMETRIOU
Pesticide Residue Laboratory,
Agricultural Research Institute,
Nicosia, Cyprus

Abstract

Potato tubers stored at room temperature were treated with pirimiphos-
methyl containing radiolabelled material at the rate of 5 mg of active
ingredient per kilogram. Residues were almost totally found on the skin.
After storage for 16 weeks, terminal residues were 0.55 and 0.004 mg/kg for
skin and flesh respectively. These residues amounted to about 10% of the
applied chemical. The apparent half-life value of residues on the skin was
47 days and for the flesh 64 days.

1. INTRODUCTION
The potato tuber moth Phthorimaea operculella (Zeller) was introduced to

Cyprus most probably in 1916 (1). The pest was quickly established and has
become dominant in the potato area. The chemicals used in Cyprus in the
early fifties for stored potatoes were DOT and parathion; later substituted
by low mammalian toxicity pesticides such as carbaryl, tetrachlorvinphos and
malathion. Laboratory tests performed with monocrotophos, diazinon and
pirimiphos-methyl showed that the potato tuber moth was susceptible to these
insecticides (2). Pirimiphos-methyl is an insecticide of low toxicity and is
used widely for the protection of stored products and in public health (3).
The degradation of pirimiphos-methyl was studied in stored grains (4, 5) and
was found to be very slow.

Farmers in Cyprus keep part of their potato production for local
consumption in clumps out in the field, in sheds, and cold rooms. The major
part is exported. The purpose of this research is to study, under local

14conditions, the persistence of C-pirimiphos-methyl in stored potatoes.

2. EXPERIMENTAL METHODS
2.1 Materials:

Analytical grade reagents were used, and organic solvents were
14redistilled in glass prior to use. C-pirimiphos-methyl,

radiolabelled in the 2 position of the pyrimidine ring, specific
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Qactivity 62 mCi/mmol (4.49 x 10 dpm/mg), was used in this
study. It was supplied by ICI Ltd., and purified by normal phase
thin-layer chromatography using hexane : diethyl ether : methanol
(10:1:1). Florisil was heated at 140°C overnight and stored at
102°C. A batch was deactivated, by adding water (1.5 %) and mixing
on a shaker for one hour on the day it was required.
The scintillation solution consisted of PPO (5.5g) and POPOP (0.5g)
in scintillation grade toluene (1000 ml). Fluka TLC aluminium
plates pre-coated with silica gel (0.2 mm) and fluorescent
indicator 254 nm were activated, prior to use, at 105°C for one
hour.

2.2 Application and Storage:
Part of the purified radiochemical, non-labelled pririmiphos-methyl
and emulsifier supplied by ICI Ltd., were dissolved in distilled
water to give a formulated material. Forty potatoes of approximate
weight of 4 kg were cleaned from adhering soil and were treated
with the prepared formulated material using a Burkard
microappliator. 0.1 ml of the formulated material (10 mg of 50 EC
per ml) was applied per potato. Controls were similarly treated
without the labelled material. Potatoes were stored at room
temperature in double carton boxes which had been perforated for
aeration. During storage, mean temperatures fluctuated between
11°C in February to 26°C in June.

2.3 Sample processing. Extraction, clean up and analysis:
The following procedure (6) was followed with some adjustments.
Three treated potatoes and one control were analysed separately for
residues in the skin and flesh. The skin and flesh were chopped in
small pieces. The whole skin and 50g of flesh were macerated
separately for 10 minutes in Waring blender with 20 % acetone in
hexane (150 ml); the jar was kept cool by tap water to avoid
possible degradation of residues. The homogenste was filtered, the
procedure repeated using 100 ml solvent and the filtered fractions
were combined.

The filtrate was transferred to a separating funnel and distilled
water (150 ml) was added. After shaking for two minutes the
aqueous phase and any interfacial material were discarded. The
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hexane extracts were to volume (300 ml) with hexane. An aliquot
(5 ml) of the skin extract and an aliquot (50 ml) of the flesh
extract were evaporated and radioactivity measured (Step 1).

Further hexane aliquots of the skin (30 ml) and flesh (100 ml) were
extracted with acetonitrile (2x80 ml). This extract was evaporated
to a volume (30 ml) and transferred to the separating funnel.
A 5 % Na„SO. solution (100 ml) was added and residues extracted2 4
with hexane (2 X 100 ml). The hexane extract was dried by
anhydrous Na^SO , evaporated to a 2-3 ml and added to a
deactivated Florisil Column. Pirimiphos-methyl was eluted with
150 ml n-hexane + diethylether (7 + 3); and eluent evaporated to
dryness. The residue was then extracted with acetone for
radiocounting and TLC analysis (Step 2). A further extract of the
florisil column with 100 ml of diethylether: acetone (9:1) was used
for metabolite characterization. R_ values on TLC were
determined by autoradiography and UV light. An LKB rackbeta liquid
scintillation counter, model 1211 was used for measurement of
radioactivity.

3. RESULTS AND DISCUSSION
Similar results were obtained for Steps 1 and 2. Fig. 1 shows that

pirimiphos-methyl exhibits typical residue dissipation pattern in/on the
skin. Radioactivity on the skin constituted >99% of the total residue of all
samples. Factors which may have contributed to residue dissipation include
volatilization and temperature. The residue levels in the skin, flesh and
whole potato during 111 days are shown in Table I. Only trace concentrations
of the chemical were detected in the flesh, reaching a maximum of 0.014 mg/kg
after 2 weeks which is well below the maximum residue limit recommended by
FAO/WHO (0.05 mg/kg) (7). At the end of the storage period, the terminal
residue on the skin was 0.55 mg/kg; accounting for about 10% of the applied
compound. Apparent half-life values for pirimiphos-methyl residues were
calculated to be 47 and 64 days for the potato skin and flesh respectively
(Fig. 2). These values are lower than that of wheat grain (43 weeks) (4).
In Nigeria, maize stored outdoors in the crib lost 70% of its initial
deposition by the end of the 5th month and when stored indoors dissipated to
50% in 12 months (5).
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Table I - Residues of pirimiphos-methyl in potato skin and flesh

Storage time
(days)

1 (Feb. 26)

7

14

21

45

56

84

111

Residues (rag/kg)
Skin Flesh

4.22 0

2.49 0

2.42 0

0

1.58 0

1.72 0

1.19 0

0.55 0

.018

.008

.014

.011

.007

.007

.006

.004

Whole potato

1.07

0.63

0.62

--

0.40

0.44

0.30

0.14

TLC analysis showed that the only residue present in the flesh was the
parent chemical (R_ 0.80, chloroform:methanol [195:5]). The major residue
on the skin (93%) was pirimiphos-methyl. From Chromatographie studies of

14various eluent systems, at least two C-labelled substances could be
detected. Since reference compounds were not available, these have remained
unidentified. In this connection, previous investigations (4) showed that
residues on wheat and rice contained 2-diethylamino-4-hydroxy-6-
methylpyrimidine and traces of desethyl pirimiphos-methyl.

It can be concluded that the residues of pirimiphos-methyl on the skin
constitute the major part of the total residue (>99%). Humans consuming
potato (excluding skin) are unlikely to run any risk of exposure to the
chemical.
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Middle Eastern Regional Radioisotope Centre
for the Arab Countries,

Cairo
M. FARGHALY
National Research Centre,
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Abstract
Cooking of contaminated faba beans did not degrade the originally

present potentially toxic residues, namely, tetrachlorvinphos and its
desmethyl derivative to any appreciable extent. Processing of contaminated
soya bean oil, on the other hand, led to degradation of tetrachlorvinphos and
its metabolites to give mono and dimethyl phosphates. Feeding of mice with
bound residues of tetrachlorvinphos in beans for 90 days led to an apparent
decrease in the rate of body weight gain.

1. INTRODUCTION
The insecticide tetrachlorvinphos (2-chloro-l (2, 4, 5-trichlorophenyl)

vinyl dimethyl phosphate showed promise for controlling a wide variety of
grain-infesting insects (1). Recent studies showed that
14C-tetrachlorvinphos penetrated readily the seed coat of both faba and
soya beans (2). A considerable portion of the insecticide was found to be
present in a non-extractable form (bound residues).

The aim of this work was to study the effect of commercial processing
procedures on residues in soya bean oil prepared from contaminated soya beans
as well as the effect of cooking on residues in contaminated faba beans. The
toxicological potential of the bound tetrachlorvinphos residues in faba beans
was also examined in a 90 day subacute feeding study in mice.
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2. MATERIALS AND METHODS

2.1 Treatment of Grains

2.1.1 Faba beans
Faba beans (Var. Giza 1) were treated as previouly described (2)

14with (methyl- C-) tetrachlorvinphos; specific activity 0.3
mCi/g. Grains receiving a dose of 21 ppm were left for 7 months
under normal storage conditions. This dose approximates that used
in practice.

2.1.2 Soya beans
Soya beans were similarly treated with the radiochemical to give an
actual concentration of 58 ppm on the grains. After 7 months, the
surface residue was removed and the oil extracted w;th n-hexane.
The radioactivity of the crude oil was determined.

2.2 Mice Feeding Study
Forty laboratory reared female Swiss mice, 4 weeks old were used in
this experiment. Mice were fed for 90 days with standard diet
mixed with finely crushed extracted faba beans (containing only
bound residues) to ensure a daily dose of the residue of 6 ppm
insecticide equivalents. A separate group of 20 mice were fed with
the same diet mixed with non-contaminated crushed extracted beans
and were used as controls. Changes in rate of body weight gain,
feed and water intake and behaviour were observed. Plasma and
erythrocyte cholinesterase activity was also determined (4).

2.3. Processing; Procedures and Analysis

2.3.1 Cooking of the faba beans
External residues were removed by washing beans thorougly with
water or with n-hexane. Beans were then cooked as in practice.
Aqueous extracts and beans were analyzed for radioactivity
(Schema 1).
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200 gm of treated beans

after washing with hexane

74GO;jg insecticide ;100V.

boiling with water
for 6 hours

———»-Extracted beans

Aqueous Extract

hydrophilic residues

4000 u.g.. 54V.

Chloroform I

lipophilic residues
400 u.g ; 10V.

Solid Residue

partition between Ethanol Residues
chloroform and
water.

1600 u.g, 22V.

Water Extract

3800 : 44V.

Chloroform I I
lipophilic residues

1200 pg ; 14V.

Heat with 2NHCI for one hour
at 100 and extract with chloroform

Water Extract
very hydrophilic residues

2600 jug ; 30V.

14Scheme 1 • Fractionation of C - tetrachlorvinphos residues in
cooked sample of Vicia faba beans . Percentages

are related to the total radioactivity inside the grains.

2.3.2 Refinement of soya bean oil
The extracted oil was subjected to procedures used in commercial
processing. These included successively:

1. Alkali treatement with 2N NaOH for 20 minutes at room temperature
and mixture left for 3 hours.

2. Bleaching of the neutralized oil with fuller'earth "Tonsil" at
80-100°C for 10 minutes.
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3. Winterization of the clear dry oil at 5°C for 3 days to precipitate
highly saturated glycerides.

4. Deoderization of the oil by passing superheated steam for A hours.

The oil obtained after each step was extracted with acetonitrile
and assayed for radioactivity. Samples were analyzed by thin layer
chromatography on silica gel plates using specific solvent systems
(tables I and III). Authentic samples were run alongside as
references and spots were made visible by spraying with
Hans-Isherwood reagent (3).

14TABLE I: Nature and percentage of C-tetrachlorvinphos residues
in cooked samples of Vicia faba beans.

aRf-Value
Fraction Compound

Chloroform I tetrachlorvinphos
desmethyl-compound

Chloroform II tetrachlorvinphos
desmethyl-compound

Ethanol tetrachlorvinphos
desmethyl-compound
dimithyl phosphate
monomethyl phosphate
very polar unknown*

Water Layer dimethyl phospahte
monomethyl phosphate
very polar unknown*

System
1

0.93
0.87

0.93
0.87

0.93
0.87
0.58
0.42
0.17

0.58
0.42
0.17

System
2

0.95
0.90

0.95
0.90

0.95
0.90
0.62
0.50
0.12

0.62
0.50
0.12

*

95
5

10
90

25
15
25
15
20

45
30
25

(a) Temp.°30 System 1 : Methanol : 2-Propanol : Acetone (1:1:8)
System 2 : 2-Propanol : Water : Ammonia (75:24:1)

(b) Related to compounds in each fraction.

detected by chromogenic reagent.
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14TABLE II: C-residues remaining after various treatments of crude soya
bean oil.

14Treatment C-residue
(ppm)

Crude oil 27.4
(A) Alkali

neutralization 13.1

(B> Bleaching 8.2

(C) Winterization 6.8

(D) Deoderizat ion 5.8

Remaining
Percentage

100

48

30

25

21

3. RESULTS AND DISCUSSION
14The amount of C-residues and their relative percentages in various

fractions of cooked faba beans are shown in scheme I. The nature and
percentages of the degradation products are shown in table I. The results
showed that cooked faba beans contained significant amounts of the parent
chemical and its desmethyl derivative. This indicates that cooking of
contaminated faba beans, only partly removes the residues.

14Table II shows C-residues retained by the oil after various
treatments. Over 50 % of the residues originally present was removed by
alkali treatment. Tetrachlorvinphos was degraded by alkali treatment to give
the desmethyl compound by cleavage of P-O-CH bond as a major product. A
minor product (20 %) was formed via hydrolysis of vinyl ester bond and
identified as dimethyl phosphate. Further processing of the oil leads to the
formation of monomethyl phosphate (table III). The obtained data showed that
the ultimate degradation compounds were monemethyl and dimethylphosphates.
In view of the known low toxicity of these esters, it may be concluded that
processing of the oil greatly minimizes the residue burden.

Feeding of mice with bound tetrachlorvinphos residues in faba beans
caused a significant decrease in the rate of body weight gain (table IV).
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14TABLE III: R_-values of C-tetrachlorvinphos and related residues
in soya bean oil after subjecting to commercial processing
procedures

Substance

Tetrachlorvinphos

Desmethyl compound

Dimethyl phosphate

Konomethyl phosphate

R -value
System

1

0.85

0. 75

0.55

0.38

(a)

System
2

0.88

0.80

0.62

0.45

Percentage
A B C

20 15 5

60 35 10

20 30 45

20 40

D

trace

trace

55

45

(a) System 1: Methanol : 2-propanol : Acetone (1:1:8)

System 2: 2-propanol: Water : Ammonia ( 7 5 : 2 4 : 1 )

(b) Percentage of retained r a d i o a c t i v i t y a f te r d i f f e r e n t r e f i n i n g processes
A, B, C, and D ( text ) is related to the total products in each f rac t ion .

14TABLE IV: Effec t of feeding mice with bound C-tetrachlorvinphos residues
in faba beans on body weight gain and cholinesterase act ivi ty .

Treatment Period
(days)

1

10

40

60

90

X Reduction of Body
weight gain

-

20

13

70

40

H Remaining
Plasma Ch.E.

82

> 100

95

56

> 100

Activity of
Erythrocyte Ch.E.

> 100

> 100

> 100

> 100

90

54



The maximum decrease (70 %) was observed after two months. During the whole
experiment, the consumption of water and feed as well as the behaviour of
mice did not differ from those of controls. Erythrocyte cholinesterase
activity was not significantly affected during the experiment, while the
plasma enzyme showed an inhibition after two months. The plasma enzyme is
known to be a sensitive index for exposure to tetrachlorvinphs (5).
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IN BRAZIL
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Abstract
14The distribution and fate of the insecticide C-lindane in stored

maize grains were studied for 36 weeks in the laboratory under conditions
simulating local agricultural practices. Surface extracts declined from 10.9
% of the applied activity at zero time (0-24 hours) to 1.5 % after 36 weeks.
Lindane penetrated the seed coat and internal (methanol-extractable) residues
accounted for 38% of the applied activity, after 4 weeks. Bound pesticide
residues reached a maximum of 23.4 % after the second week and declined very
slowly to 10.7% after 36 weeks. A total concentration of lindane residues in
the grain (methanol-extractable and bound) was calculated to be 7.6 mg/kg at
the end of the storage period.

1. INTRODUCTION
One of the major problems of Agriculture in Brazil is the conservation

of all cereals in general and maize in particular. Maize represents the
largest volume of grain stored in Brazil. Control of pests during storage is
made by fumigation and application of insecticides mainly as dust. The
objective of this work was to study the behaviour of lindane in stored maize
using radioisotopes.

2. MATERIALS AND METHODS
2.1. Pesticide:

14 14C-lindane (f-l, 2, 3, 4, 5, 6-hexachlorocyclohexane- C)
from Amersham, U.K., was uniformly marked in the ring and had a
specific activity of 62 mCi/mmol and radiochemical purity of 97 %.

14A stock solution of 5 uCi/ml of C-lindane was prepared and 6 ml
were evaporated in water-bath and transferred to a desiccator for
24 hours so that all traces of solvent could be eliminated. For
every 1 uCi of labelled material, 1 mg of unlabelled lindane 86.7 %
purity, obtained from the Chemical Section of the Biological
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Institute, was added. The mixture was dissolved in 10 ml of water
containing 2 % of tween-80 to give a solution with concentration of
30 uCi/10 ml, and this was applied to 1.5 kg of maize.

2.2. Cereal:
Seeds of hybrid maize provided by Agroceres were supplied by Dr.
E.A. Bitran, from General Entomology Department of the Biological
Institute. The experiment began in March, 1985 and continued for
36 weeks. In the tests only new and whole grains were used. The
water content of the grain was measured at the beginning and the
end of the experiment. This was determined using 2g of grain in a
10 ml beaker and this was baked in an oven at 105°C for 2 hours
(Horwitz, 1955). The dry samples were reweighed and the water
content calculated.

2.3. Grain Treatment and Sampling:
The grain was washed in running water few times, and remained
approximately 1 hour in the last wash to remove any contaminating
material; then held at a temperature of 25°C. The drying was made
first on an absorbing paper with a plastic sheet underneath to
remove the excess of water. The grain was then transferred to a
tin tray, dried in an oven for 3 hours at 60°C and kept in a
plastic bag under refrigeration.

On the day before treatment the material was taken out of the
refrigerator and left at room temperature (about 25°C); then 1.5 kg
of the grain was spread thin on the palstic until ready for
treatment. A bigger plastic sheet was placed underneath to
facilitate the mixing of the grains after the treatment.

The application was made inside the fume hood; walls covered with
plastic, in accordance to safety precautions. Ten ml (containing

1430 uCi) of C-lindane were applied, employing a glass atomizer.
After application, the maize grains were rolled on the plastic for
30 minutes continuously to ensure that the grains were well mixed,
and the pesticide was thoroughly distributed. The grain were left
to dry at room temperature for approximately 3 hours, with
occasional agitation. After this period, 3 samples, 50g each, were
collected to determine the residues at 0-24 hours, the rest of the
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grains were kept in a cotton sack, inside a screened wooden box, to
avoid infestation by insects. The box was left on an iron shelf in

14the laboratory. Analysis of C-content was made at 0, 2, 4, 8,
1412 and 36 weeks after the application of C-lindane. Three

samples, each consisting of 50g grain, were used at each time
period.

2.4. Extraction and analysis of residues:
2.4.1. Surface Residues:

Each sample of maize was washed in 50 ml of distilled water to
extract the surface residue from the grain. The grains were then
stirred with a glass rod. The water layer was decanted and kept
separately. The extraction procedure was repeated four times.
Three 1 ml samples were taken from each washing and were counted in
Beckman LS-100C.

2.4.2. Internal (methanol-extracted) Residues;
Each of the SOg samples of washed maize was ground in Sorvall
"Omni-Mixer" and placed in the thimble of the Soxhlet extractor.
To the soxhlet boiling flask 120 ml of methanol were added. The
extraction was made for 24 hours, after which the liquid was
measured. Instead of 1 ml samples which would have induced
quenching due to the strong yellow colour of the maize grain, three
aliquots of 0.5 ml each were used for counting (scheme 1) .

2.4.3. Bound Residues:
The radioactive residues remaining after solvent extraction were

14determined by conversion through wet combustion to CO ,
employing basically the method described by Smith 1964.

2.4.4. Thin-layer Chromatography:
Water or methanol extracts were chromatographed in tic with silica
gel 60 F , 0.2 mm thickness (Merck) and developped in a mixture

14of hexane-acetone (9:1), using C-lindane standard. For this
purpose, aliquots of 20 ml were concentrated until completely dry
then extracted three times with hexane using 0.5, 0.2 and 0.2 ml.
RF values were determined by counting 1 cm zones of silica gel.
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Scheme 1: Workplan for residue fractionation
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3. RESULTS AND DISCUSSION
The water content of maize grain at the beginning and end of the

experiment was 4.45 % and 7.85 % respectively. Table I shows the results
obtained by the analysis of surface, methanol-extractable and bound residues
in maize grains for 36 weeks after treatment with lindane. The levels of
radiocarbon on the surface of the grain were found to be highest immediately
after treatment (0-24 hours) when 10.9 % of the total applied activity was
detected in the wash water. There was a decrease in surface residues with
time to almost half the initial amount in the two weeks following the
application and reaching 1.5 % at the end of the experiment. The total

14recovery of C-activity was only 55 % just following treatment of the
14grain (0-24 hours) with -lindane and fell to about 40 % after 36 weeks.

Anderegg, 1983, working with stored wheat grains treated for 12 months with
14C-malathion, showed that external residues diminished after one year
while internal and bound residues increased.

The % of the total activity detected in the methanol-extractable
residues increased with storage time, reaching a maximum at 4 and 8 weeks
after the beginning of the treatment; the average recovery at 4 weeks being
40.3 V as compared to 27.3 % immediately after treatment. A gradual
decrease was then observed which reached 27.3 % after 36 weeks.

Data indicated an increase of bound residues from 16.8 % of the total
activity 0-24 hours to 23.4 % after two weeks. Between the 4th and 36th
weeks there was a gradual decrease in the recovery of bound residues. Zayed,
1984, detected 30-40 % bound residues in soya beans and 20-30 % in faba beans
treated with the insecticide tetrachlorvinphos after 9 months.

The results obtained indicate that between 0-24 hours after treatment in
storage conditions in the laboratory, about 11 % of the total applied
insecticide is detected as surface residues while about 44 % penetrated the
grain. The amount of surface residues decreased to 1.5 % at the end of the
experiment, but the amount of pesticide inside the grains remaind around
40-55 % (i.e. close to 100 % of the recovered activity).

Thin-layer chromatography experiments conducted with extracts from
several treatments, indicated the presence of lindane only. Since efficiency
of the overall procedure (using a standard) was 93 %, it is maintained that
low recoveries of radioactivity on/in grain (55 % at 0-24 hours) may relate
to losses during application and shaking of grains.
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to
14TABLE I: Residues in maize grains after application of C-lindane

Period after Surface residue
treatment (weeks) mg/kg mean recovery %

Methanol-extractable
residue Bound residue Total

mg/kg mean recovery % mg/kg mean recovery % recovery %

(0-24 hours) 2.18 10.9 5.95 29.8 3.36 16.8 57.5

1.12 5.6 4.31 21.5 4.68 23.4 50.6

0.66 3.3 7.64 38.2 2.72 13.6 55.1

0.38 1.9 7.80 39.0 2.41 12.0 53.0

12 0.34 1.7 7.12 35.6 2.34 11.7 49.0

24 0.30 1.5 6.74 33.7 2.24 11.2 46.4

36 0.30 1.5 5.46 27.3 2.14 10.7 39.5

Applied lindane = 20 mg/kg
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RESIDUES IN STORED RICE
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Abstract
14C-lindane was applied as dust to paddy rice. Surface, extractable

and bound residues were determined in paddy rice up to a storage period of
nine months. The surface and methanol-extractable residues decreased with
storage time. The husk contained a greater amount of lindane compared to the
grains. After removing surface residues, the grain was found to contain 2.7
mg/kg of extractable lindane and/or equivalent residues after nine months
from treatment.

1. INTRODUCTION:
In the Republic of Panaman, the rice grain and husk are source of food

nutrition as well as an important economic resource. One hundred thousand
hectares are rice grown in the country, yielding approximately 200,000 metric
tons, annually. Losses to diseases and pests run between 20-50 % specially
during the storage period where insect pests such as beetles, borers and
others attack the rice.

In Panama, rice is stored in two ways depending on the quantity produced
by the farmer. The small farmer stores the products for his own consumption
and small sales. This is kept in the vicinity of his house to be utilized on
a daily basis. The storage of these grains is always done in the following
way: the rice is gathered in sacks and set in a domestic warehouse at the
back of yard house. The sacks are piled up in one place. A dusting of a
pesticde chemical is applied by the farmer to the pile of sacks to prevent
infestations becoming established. As a result of such applications,
substantial residues may remain both in the grains and the husk. The
quantity of residues depends on the form of the application. In countries
such as Panama, high humidity (85 %) and temperature (28 to 33°C) contribute
much to the development of heavy infestations which demand the use of
pesticides such as lindane. It is desirable to demonstrate that the
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quantitiy of the terminal residue is safe for the consumer. Also the husk is
usually a part of the food given to pigs and domestic fowls.

Nuclear Techniques provide a powerful tool in tackling chemical residue
probnlems in stored grains. This is the first serious attempt in the
Republic of Panama to obtain accurate residue data in stored rice.

2. MATERIALS AND METHODS

142.1 C-lindane:
1.8g of cold y-benzène hexachloride, 97 % Aldrich Chemical Co.,
were dissolved in 10 ml benzene and added to 1.2 ml benzene

14solution of gamma-U- C-benzene hexachloride; specific activity
60 uCi per 0.33 mg (Amersham International U.K.). The solution was
evaporated at 90°C, and transferred to a vacuum desicator
containing parafin chips for removing the last traces of benzene.
This material was used directly for dusting.

2.2 Grain and method of application:
The rice from the province of Herrera was obtained from a small
farmer known to us to ensure that it was not treated previously.
The grains were separated from the spike carefully by hand. Broken
or cracked grains were discarded, and 1.5 kg were placed in small
sacks prior to treatment.

Dust preparation and treatment were carried out in accordance with
the practice in Panama. Nine parts of talc and one part of
pesticide were well mixed and were dusted over all the piles of
sacks of rice and around the bottom. The samples were removed in
the same way as in the farm, i.e. the more accessible sacks are
used first. Thus some samples get more pesticide than others,
depending upon the position of each sack at the moment of dusting
with the pesticide. The panamian farmer uses sacks of a plastic
tightly knitted material that does not permit much penetration of
the pesticide. The sacks that are situated in the middle of pile
therefore receive a considerably smaller amount of pesticide from
those that are on the top.
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2.3 Extraction and Analysis of Residues:
The time and frequency of sampling was 0 (0-24 hours), 0.5, 1, 2,
3, 6 and 9 months (1). The samples (3 x 50g) were separated
carefully into brown rice and husk. The brown rice was washed 3-7
times and dried. After grinding 3 samples of rice grains and 3
samples of husks were placed in a soxhlet and extracted with
methanol. One gram samples were used for wet combustion for
determination of bound residues (2). The radioactivity was
determined in Beckman LS 3800.

3. RESULTS AND DISCUSSION

3.1 Surface Residues:
The grains previously removed from their husks were washed 3-7
times and residues determined in water (table I). Most of the
surface residues were removed after 3 washings and tend to decrease
slowly with storage time.

3.2 Methanol-extractable Residues:
Results obtained from the extraction of rice and husks are given in
table II. A maximum of 87.20 ppm was obtained in the husks at time
0, compared with 9.8 ppm in brown rice. However, after 9 months
residues in grain and husk were of similar magnitude (approx. 3
ppm). It should be pointed out that the material of the sacks
helps not only to protect the rice from the insects but also from
penetration of pesticide dusting over and around.

3.3 Bound residues:
Only trace amounts could be detected in some samples. Work on this
is currently in progress.
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TABLE I: SURFACE RESIDUE OF 14C-LINDANE FROM BROWN RICE

Time Residues in Washings (rag/kg grain)
(Months) First Second Third

0 6.04 5.04 3.72
5.32 4.50 4.02
3.72 4.40 3.84

0.5 4.84 3.78 3.26
4.80 3.68 3.46
4.74 3.76 3.34

1.0 2.96 2.70 2.28
2.80 2.68 2.24
2.56 2.08 1.78

2.0 3.32 2.40 1.76
2.54 1.96 1.88
2.38 1.86 1.40

4.0 2.48 2.16 1.82
2.62 1.88 1.80
2.32 1.90 1.86

6.0 1.25 1.00 0.75
1.02 0.90 0.40
1.30 0.50 0.40

9.0 1.10
1.00
0.83

1.00
0.76
0.40

0.73
0.50
0.10
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TABLE II: METHANOL-EXTRACTABLE RESIDUES IN BROWN RICE AND HUSK

Time
(Months) Rice Grain

0 9.78
7.00
6.00

0.5 6 . 08
6.20
6.08

1.0 5.96
5.30
5.06

2.0 4.80
4.80
4.78

4.0 4.72
4.64
3.46

6.0 4.30
4.14
3.58

9.0 2.32
3.32
2.48

Residues (mg/kg)
Husk

87.20
81.06
52.40

44.22
40.40
38.04

32.00
29.40
25.60

20.03
13.18
14.70

11.64
10.90
9.62

7.28
5.80
4.58

4.38
2.76
2.58
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Abstract
14Over 70 % of the applied C-lindane penetrated into stored faba beans

during 30 weeks. The percentage of bound residues in the grains did not
exceed 3 %. Feeding of the bound residues to mice considerably reduced body
weight gain.

1. INTRODUCTION
Lindane is a persistent insecticide with a fumigant action. In several

countries, lindane is used for seed dressing and for protection of stored
grains. There are numerous reports in the literature on the transformation,
degradation and translocation of this important chemical in mammals, insects
and plants (1-3). In this study the persistence of lindane in beans after 30
weeks was investigated. The possible biological activity of lindane residues
bound to grains was tested in mice.

2. MATERIALS AND METHODS
2.1 Treatment:

Vicia faba beans (Var. Giza 1) with moisture content 11 % were
14treated with C-lindane of specific activity 0.5 mCi/g as

previously described by Zayed and Farghaly (4). Two dose levels
were used 26 and 50 ppm; the lower dose approximates that usually
recommended in practice. Grains were stored for 30 weeks.

2.2 Analysis:
The treated grains were washed with a mixture of ethyl alcohol and
water (1:3) at room temperature to ensure removal of the external
residues. The crushed beans were extracted with 95 % methanolic
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solution for 24 hours (internal extract). Liquid scintillation
counting was directly used to determine the radioactivity in these
extracts. Sub-samples of extracted grains were combusted in a
packard Tri-carb sample oxidizer (Model 306) prior to measurement
by LSC. An internal standard was used for quench correction.

2.3 Biological activity:
Bound residues prepared from a parallel experiment with
non-labelled lindane was used for the feeding study. A group of 40
healthy female Swiss mice (4 weeks old) were fed with standard diet
mixed with the extracted crushed faba beans to ensure a daily dose
of the residue equivalent to 0.7 ppm insecticide for a period of 3
months. Another group of 20 mice was used as control and fed with
the same diet mixed with non-contaminated extracted crushed beans.
Animals were observed for body weight gain, water and feed intake.

3. RESULTS AND DISCUSSION
14Penetration of C-lindane and percentage of binding to faba beans are

apparently not dose dependent (table 1). Binding of lindane residues is
relatively small in comparison with organophosphorus compounds such as
tetrachlorvinphos where 20-30 % of the total dose binds firmly to faba
beans (4) .

14TABLE 1: Residues of C-lindane in treated faba beans (ug/kg grains).

Weeks after
treatment

30
30

Actual
Dose
(ppm)

26
50

C-Residues in
Internal
ug

20970
35120

Extract
%

80.1
70.1

Extracted
ug

830
1510

grains
%

3.2
3.0

Table 2 shows a decrease in the rate of body weight gain of mice. The
maximum reduction amounted to 94 % after feeding for two months. During the
period of the experiment, the consumption of water anrf feed as well as the
behaviour of mice did not differ from those of controls.
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TABLE 2: Effect of feeding mice with bound lindane residues in faba beans,
on body weight gain.

Time
(days)

0
10
40
60
90

Mean
Control

10
20
24
27
30

Weight/Mouse (g)
Treated

10
17
22
11
18

% Reduction in
of Body Weight

30
14
94
60

Rates
Gain
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ISOTOPIC TRACER-AIDED STUDIES OF
FENVALERATE RESIDUES IN STORED RICE GRAINS
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Los Banos, Philippines

Abstract

Fenvalerate was applied to milled rice and paddy prior to storage at a
concentration of 0.4 mg/kg. Surface, methanol-extractable and bound residues
were determined in milled rice, brown rice and rice husk up to a storage
period of nine months.

Surface residues of both milled and paddy rice decreased with time of
storage. The extractable residues likewise decreased with storage time.
Paddy rice contained less extractable residue than milled rice, with the
major part found in the husk. After two months, one third of the applied
dose was present in milled rice while it took six to nine months for paddy
rice to reduce its residue to one third of the original dose.

Bound residues in both milled and paddy rice decreased also with length
of storage, and accounted for 75 and 40 % of the total residue respectively
after 6 months. Cooking reduced the insecticide residues in milled rice by
33-40 % and 58 % in paddy rice.

1. INTRODUCTION
In most developing countries, rice provides a larger portion of human

food than any other crop and is the staple food of over half of the world's
population. It is therefore of great importance to protect this crop from
pests, even during storage. Chemical control procedures provide an efficient
means to reduce or even eliminate insect infestations during storage. This
practice however, could leave substantial residues on the grains.

In the Philippines, malathion, pirimiphos methyl, and carbaryl are
currently being used for treatment of stored grains. Other promising
compounds are being screened for future use against storage pests. Some
synthetic pyrethroids have shown their potential as alternate grain
protectants (Bengston et al., 1980).
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Fenvalerate is a pyrethroid which has a wide spectrum of effects against
many species of insect pests. It is currently being evaluated for the
control of insect pests of stored grains. Fenvalerate, permethrin,
phenothrin and deltamethrin have been reported to persist for long periods on
stored wheat (Noble et al., 1982). The long persistence of these pyrethroids
on grains is a desirable property for long-term storage, especially in hot
and humid climates. Under these conditions, stored products insects multiply
quickly and organophosphate insecticides degrade rapidly (Joia et al.,
1985). The long persistence of the pyrethroid compounds however could lead
to residue problems.

The current study was initiated to measure the residues of fenvalerate
in stored milled rice and paddy rice under local Philippine conditions.

2. MATERIALS AND METHODS

2.1 The chemical and Application:
14C-Fenvalerate labelled at the X - carbon

Fenvalerate

OPh

i -4' VCH—c—o—CH-

was applied to milled rice and paddy rice at a level of 18 uCi/kg rice
and at a concentration of 0.4 mg/kg. The calculated radio-dose mixed
with 30 mg of non-labelled compound, was dispersed in 10 ml of 2 % Tween
80 in water. 1.5 kg of rice was spead thinly on a tray and sprayed
using a TLC sprayer. The sprayed grains were thoroughly mixed to ensure
even distribution of the insecticide and were allowed to dry at room
temperature (27-30°C). Twenty hours after treatment, the rice was
divided into 50g samples and these were placed in small polypropylene
sacks for storage. The rice was stored at 30°C and 70 % RH, simulating
actual conditions as closely as possible. Samples for analysis were
taken at the following intervals: 0 (20 hours after treatement), 0.5,
one, two, three, six and nine months.
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2.2 Extraction:
At the specified time intervals, 3 x 50g samples were washed with SO ml
distilled water three times at room temperature to remove the
insecticide on the outer surface of the grain. The washings were
collected and surface residue was determined by counting in a Liquid
Scintillation Counter. The washed grains were then ground using a
mortar and pestle, for the paddy rice, the husk was removed from the
grain prior to grinding and extracted separately from the dehusked
grains. Extractable residues from milled rice, husked rice and rice
husks were subjected to soxhlet extraction for 24 hours using analytical
grade methanol. The radioactivity of the extractable residue was
determined by LSC.

For determination of bound residue, the grains (after Soxhlet
extraction) were dried in an oven at 60°C for two hours. A O.lg sample
was taken for combustion using the modified HTD (high temperature
distillation) set up shown in Fig. 1, (Khan and Hamilton 1980). The
radioactivity of the methanol and the KOH trappings were determined by
LSC.

N2 gas

Fig.

Methanol •
Potassium

lc«d Ac«ton« hydroxid«

Schematic diagram of the high temperature
distillation apparatus for the extraction of
bound residues.

2.3 Effect of cooking:
The effect of cooking on the magnitude of residues in the treated grains
was determined after six and nine months of storage. Milled rice and
paddy rice were washed twice with water and cooked. The methanol
extractable residues and the bound residues of both milled and paddy
rice were determined after cooking.
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3. RESULTS AND DISCUSSIONS
The concetration of the insecticide present in the grains at 20 hours

after treatment was found to be 0.29 mg/kg and 0.36 mg/kg for milled and
paddy rice respectively. These values correspond to 72.5 and 90 % of the
applied insecticide. The difference between the concentration applied and
that determined in the grains may relate to losses during spraying. The
residues of fenvalerate in milled and paddy rice after different periods of
storage are shown in Tables I and II respectively.

TABLE I: Residues of 14C-fenvalerate in milled rice

Storage time
(month)

0(20 hours)

0 5

1

2
3
6

9

Surface
mg/kg **
0

0

0

0

0

0,

0

027

012

010

005

009

.007

005

9 3

4 1

3 4

1 7

3 3

2 4

1.7

Extractable
mg/kg I*

0

0

0

0

0

0

0

10

03

05

02

015

015

014

34

10

17

6

5

5

4

5

4

2

9

2

2

8

Bound
mg/kg %*

0 08

0 13

0 10

0 08

0 08

0 06

0 01

27

44

34

27

27

20

3

6

8

5

5

6

7

5

Total
1 Recovered

71

59

55

36

36

28

10

4

3

1

2

1

3

0

Data are average values of 3 replicates
* Percent of total grain residue determined (0 29 mg/kg)

TABLE II: Residues of 14C-fenvalerate in paddy rice

Storage time
(month)

0(20 hours)
0 5
1
2

3

6

9

Surface
mg/kg **

0

0

0

0

0

0

0

015

012

Oil

008

01

007

004

4

3

3

2

2

1

1

2

3

1

2

8

9

1

mg/kg
0
0

0

0

0

0

0

04

03

04

01

01

009

016

Extractable
rice husk

%* mg/kg %*
11 1
8 3

11 1

2 8

2 8

2 5

4 4

0 14

0 18

0 16

0 12

0 07

0 06

0 05

38

50

44

33

19

16

7

9

0

4

3

4

7

2

Bound
rice husk

mg/kg t* mg/kg **

0

0

0

0

0

0

0

09

08

08

06

06

03

OS

25

22

22

16

16

8

13

0

2

2

7

7

3

9

0

0

0

0

0

0

0

09

07

07

06

06

02

017

25

19

10

16

16

5

4

0

4

4

7

7

6

7

Total

% Recovered

104

103

100

71

58

35

31

2

2

2

7

4

0

3

Data are average values of 3 replicates
* Percent of total grain residue determined (0 36 mg/kg)
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The surface residue on milled rice was found to be 9.3 % of the total
grain residue as compared to 4.2 % on paddy rice twenty hours after
application. The greater amount on milled rice removed by washing may be
attributed to the smoother surface of milled rice. The surface residues for
both milled and paddy rice decreased with storage time.

There was a rapid absorption of the insecticide in milled rice after 20
hours. This level however was reduced after half a month of storage. The
extractable residue in paddy rice was relatively lower than in milled rice
and the majority of the residue was found in the husk. The husk apparently
served as a barrier against insecticide penetration into the grains. This is
in agreement with the observation of Noble et al (1982) who reported that
when pyrethroids are used in post harvest grains, the bulk of the insecticide
(about 60 %) remains on the outside or at least within the outer bran layer
of the grains even after storage of A3 weeks. This is of particular
importance since in some countries like the philippines, the husks together
with the bran are fed to livestock.

The bound residue was found to be almost 25 % of the applied level 20
hours after treatment of milled rice. After 15 days, the bound residue
increased to 44.8 % after which the level was gradually decreased with
storage time. The same trend was also observed with paddy rice. Based on
the total percent radioactivity recovered, milled rice treated with
14C-fenvalerate contained about one third of the original total grain
residue after two months storage and residues declined to only 10 % after
nine months. Cooking reduced the residue in milled rice by 33-40 % and in
paddy rice by 58 % (Table III).

Table III: Effect of cooking on 14C-fenvalerate residues in rice

Residues before cooking (mg/kg)
Residues after cooking (mg/kg)
Percent Reduction

Hilled
6 months *

0.075

0.045

40 %

Eice
9 months *

0.024

0.016

33 t

Paddy Rice
9 months *
0.066

0 028

58 *

*Period of storage after insecticide treatment.
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ETHYLENE DIBROMIDE RESIDUE STUDIES
IN STORED MAIZE GRAIN

E.E.K. TAKYI
National Nuclear Research Centre ,
Ghana Atomic Energy Commission,
Legon, Accra,
Ghana

Abstract
14Maize grains were fumigated with C-ethylene dibromide according to

14fumigation practices in Ghana. C-residues declined to 12 mg/kg after 40
weeks, of which 5 mg/kg was methanol-extractable, the remaining being bound.
The importance of proper airing after fumigation has been clearly
demonstrated.

1. INTRODUCTION
Ethylene dibromide (EDB) is an insecticidal fumigant used against pests

of stored products. In Ghana, it has been used extensively for fumigation of
maize during storage. It was the pesticide that had been officially
recommended to Ghanaian farmers for grain disinfestation by Crops Research
Institute Kumasi, in 1967 due to simplicity of application. Treatment is
normally carried out in jute bags lined with polyethylene material at a dose
rate of 5 ml per bag, which is equivalent to 0.05 ml per kg. A minimum
exposure period of seven days is recommended, however, exposure periods of up
to one year have been suggested (1, 2).

After fumigation, the grains are usually aired for 24 hours, after which
they may be fed directly to animals or used for human consumption following
the usual method of food preparation. Ethylene dibromide is toxic to
insects, man, and other animals, and residual amounts of the fumigant have
been shown to have deleterious effects (3).

Ethylene dobromide is strongly sorbed by some food components especially
fats and retained in the unchanged form for considerable periods (4, 5).
Also, it may undergo hydrolysis to ethylene glycol and bromides or react with
. -mr constituents of foods especially basic amino acids and give rise to
inorganic bromides (4, 6). The hazards to man have been evaluated by several
expert committees of FAO and WHO which have recommended that this fumigant
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should be used only on condition that no residue of the unchanged form will
reach the consumer (7). A tolerance level of 50 ppm for total inorganic
bromides in cereals and cereal products has been established on the basis of
toxicological evidence.

The present study was undertaken, to determine the extent to which
fumigation practices in Ghana would contaminate maize; in particular to
determine:

i. Persistence of the fumigant in maize grains.

ii. Terminal residues in the grain from time of fumigation to the point
of human consumption, and

iii Actual amount of residue in prepared diets.

2. MATERIALS AND METHODS
2.1 Materials:

14C-ethylene dibromide uniformally labelled, spec. act.
ImCi/mmole was obtained through IAEA. 10 ml of inactive ethylene
dirbromide (98.5 %, GPR) were added to ImCi of 14C- EDB. This
was applied to the grains at a dose rate of 0.5 ml/kg, giving final
dose rate of 0.05mCi/kg. The maize used in this study was
purchased from the local Makola market.

2.2 Methods:
2.2.1. Fumigation of maize grains:

Maize grains (4 months post harvest, modestly infested (4 %) with
Sitophilus oryzae (L) and having a moisture content of 11.5 % were

14fumigated with C-ethylene dibromide and kept exposed to the
fumigant for 7 days. Fumigation was carried out in jute bags (18"
x 18"), lined with polyethylene material, to simulate local
practices. Each bag was initially half filled with maize, then the
fumigant, soaked in cotton wool, was introduced and then more
grains were added. The jute bag was shaken every 24 hours to
assist in even fumigation. At the end of the 7 days fumigation
period, the bag was opened and the grains were thinly spread on an
aluminium tray to air under laboratory conditions (28-30°C, 80-90 %
RH). Samples were taken at 0 time post exposure, and at intervals
of 7 days, for analysis.
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142.2.2. Determination of C-activity:
2.2.2.1 Surface residues

50g of maize were washed 3 times with 25 ml water and filtered.
Activities of 3 x 0.1 ml extract were determined in a toluene based
(POP/POPOP) scintillator using Nuclear Enterprise LSC.

2.2.2.2 Total residues
3 x 100g portions of fumigated grains were ground to a fine powder
in small corn mill and sieved through No. SO sieve (ca 1mm) and
activity determined.

2.2.2.3 Methanol-extractable residues
3 x 5g of powdered maize (previously sieved) were extracted in
soxhlet extractor for 24 hours using methanol. After
concentration, activity of 3 x 0.1 ml fractions of the extract was
determined.

2.2.2.4. Bound residues
After soxhlet extraction, the thimbles and their contents were
dried at 90°C for 2 hours, reground and activity of 3 x 250 mg
portions determined.

2.2.3. Preparation of diets
2.2.3.1 Roasting of maize grains

100g of maize were put into a 500 ml beaker and roasted until
golden brown, with constant stirring over a hot plate. After
cooling to room temperature, the grains were ground to a fine
powder and sieved. Roasting time was 15 minutes at a temperature
of 135°C.

2.2.3.2 Diets
Four diets were prepared from either powdered maize, roasted
powdered maize or fermented maize dough:

i) Diet 1, Akple: 20 g of powdered maize were gradually added into a
beaker containing 20 ml of boiling water, with stirring. After
addition, the paste was cooked for 5 minutes, with stirring.
Portions were dried in oven at 103°C for 18 hours, reground and
activity of 3 x 250 mg powder determined.
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ii) Diet 2, Roasted Akple: this was prepared using the method
described for diet 1 except that roasted powder was used.

iii) Diet 3, Kenkey: 500g of fumigated maize grains were soaked in
water for 3 days, strained of water and ground, and then mixed with
water and allowed to ferment for 2 days. The dough was divided
into 2 portions. Two thirds of one portion was made into a thick
mass by cooking in boiling water for 10 minutes. The remaining
third was then added, mixed thoroughly and portions were cooked in
corn husks in boiling water. After cooking, samples were taken and
dried in oven (103°C for 18 hours) ground and activity of 3 x 250
mg powder determined.

iv) Diet 4, Banku: the second portion of the dough prepared in diet 3,
was cooked in boiling water into a thick mass, with constant
mixing. Portions were dried and activity of 3 x 250 mg determined.

All counts were corrected for efficiency and quenching using standard
procedures.

2.2.4. GLC determinations
Analyses of extracts were carried out in a Pye Unicam glc using the
following conditions:
Stationary Phase: 10% SE 30
Column temperature: 140°C
Carrier gas: Nitrogen, 33 ml/Min.

3. RESULTS AND DISCUSSIONS
14The changes in the levels of C-labelled EDB and/or reaction products

are graphically presented in Fig.l. It was shown that substantical amounts
of EDB were taken up by the grains during fumigation. At zero time total EDB
activity was 82 mg/kg, which declined, on aeration to 25 % through desorption
by the 4th week. Thereafter, loss of radioactivity was very slow, reaching
12 mg/kg after 40 weeks; only 5 mg/kg methanol-extractable.

Surface residue activity was found to be highest immediately after
fumigation (table I). The concentration in the washing decreased with time
to 2-2.3 ppm after 40 weeks.
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Toto l A c t i v i t y

Free Ethylene Oibromifle

Bound Ethylene Dibromide

5 6 7. 9 II
P E R I O D O F A I R I N G ( W E E K )

F i g u r e 1 - L E V E L S OF 14C ACTIVITY DETERMINED AS FREE \ND BOUND
ETHYLENE DIBROMIDE

The changes in the bound EDB were however different. The initial
activity (day 0 of airing) was 4 ppm, but this rose slowly, reaching a peak
of about 12 ppm after the 7th week; thereafter, there was no significant
change up to the 40th week. It is also apparent that the loss of the
methanol extractable EDB fraction was due to desorption. According to
available literature concerning metabolism of EDB, it is known that it may be
hydrolysed in stored grains to ethylene glycol and hydrogen bromide and/or it
may be bound to the constituent amino acids of proteins especially methionine
or lysine to form inorganic bromides (4 and 6). It is therefore clear that
during the fumigation period, some of EDB becomes bound.

Results from the prepared diets indicated residue concentrations of
10-13 mg/kg after 15 weeks of airing (Table II). Since EDB is
steam-distillable and also undergoes hydrolysis to ethylene glycol on
heating, diet preparation as practiced in Ghana would contribute to reduction
of EDB residues.
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TABLE I: Surface residue concentration during airing

Weeks of Airing

0

1

2

3

4

5

6

7

8

9

11

13

15

40

WASHINGS
14(ppm calculated from C-activity)

First Second

38.3 16.8

13.9 11.7

11.1 7.2

10.4 6.2

8.1 5.8

6.1 4.2

7.4 4.0

5.7 3.8

5.4 3.7

5.3 3.5

5.1 3.0

3.1 3.0

2.5 2.5

2.3 2.0

Third

19.1

17.8

6.8

6.0

5.3

3.8

3.5

3.0

2.8

2.6

2.6

2.6

2.4

2.0
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TABLE II: Residue level of EDB of various diets during airing

Time (Week)
of airing Akple

0 72.5 ± 1.5

1 33.0 + 2.2

2 23.8 + 4.1

3 22.7+1.5

4 30.7+5.0

5 20.5 + 1.0

6 15.1 + 1.0

7 13.2 ± 1.2

9 12.5 + 1.55

11 11.6 + 0

13 11.3 + 1.0

15 10.2 + 2.0

40 8.5 + 1.0

ACTIVITY OF
Roasted akple

82.3 + 2

60.4 + 5

46.8 ± 5

40.9 + 1

49.4 + 1

19.9 + 1

19.8 ± 2

16.8 + 1

14.6 + 1

13.0 + 1

12.4 + 1

12.6 + 1

12.5 + 0

.5

.1

.0

.0

.0

.4

.2

.5

.0

.0

.3

.0

.9

VARIOUS DIETS (ppm)
Kenkey

65.8 + 0.2

22.1 ± 5.0

18.9 + 0.2

21.5 + 1.0

27.5 +_ 1.2

23.8 ± 1.3

27.4 + 4.0

19.9 +_ 1.5

15.5 + 1.0

12.3 + 1.2

11.4 + 1.1

10.2 ± 1.0

10.0 + 0.9

Banku

67.6 + 1.5

23.8 + 2.2

18.9 + 4.0

18.7 ± 1.0

22.8 ± 1.2

24.0 + 1.3

12.1 + 1.2

12.2 ± 3.0

11.9 ± 1.1

11.7 ± 1.2

11.0 + 1.1

10.4 ± 1.2

9.0 + 1.0
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RESIDUES RESULTING FROM FUMIGATION OF
FOOD COMMODITIES WITH METHYL BROMIDE

E.J. BOND, A.N. STARRATT
Research Centre,
Agriculture Canada,
London, Ontario,
Canada

Abstract

An inves t iga t ion was undertaken to determine the nature and s i g n i f i c a n c e
of residues remaining in methyl bromide-fumigated commodit ies u s i n g
radiotracer techniques (-^C-methyl bromide) . Experiments wi th corn showed
that the germ part of the kernel contained nearly half of the total
l^C-residue remaining in the seed. Also pre l iminary tests w i t h granny
smith apples revealed that considerable residue may remain in seeds of
treated apples with less in skin and the least in the f leshy pulp .

In fumigated corn, f r a c t i o n a t i o n revealed that radioact ive residues were
dis t r ibuted throughout a lbumins , g lobul ins , Zein 1, Zein 2 and glutel in wi th
a large part in the aqueous extract (amino a c i d s ) . Further inves t iga t ion
emphasized the character izat ion of volatile substances resul t ing from alkali
treatment. It was found that methyl bromide readily methylated m e t h i o n i n e
and this consti tutes a major site of methylat ion. A component of the
volatile f rac t ion was dimethyl su l fox ide , probably a product of ox ida t ion of
dimethyl sulphide. Work is in progress to determine whether methyl bromide
will methylate purine and pyr imid ine components.

When ma te r i a l s are f u m i g a t e d w i t h m e t h y l bromide most of the

f u m i g a n t tha t is absorbed d u r i n g the t r ea tmen t is desorbed d u r i n g

aera t ion but some may remain as a f i xed res idue. The importance of

th is res idue in terms of haza rd to h u m a n heal th may depend on sev-

eral factors ; the na tu re and tox ic i ty of the res idue , the quan t i -

t ies tha t occur in d i f f e r e n t types of food mate r ia l and the average

f r a c t i o n of the d ie t l ike ly to con ta in food w i t h res idue are all

i m p o r t a n t .

A considerable amoun t of research on res idues of methyl bromide

has been done over many years and much of th is work was done before

the present technology for de tec t ing and analys ing m i n u t e q u a n t i -

t ies of residue was avai lable . The amount of res idue r e m a i n i n g in

d i f f e r e n t mater ia l s is var iable and depends on chemical composition
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and physical character of the product, temperature, moisture con-
tent and the dosage of fumigant employed. For example, the amount
of residual bromide found in different cereal products one week af-
ter treatment with 24 mg/1 methyl bromide for 18 h at 21"C can vary
considerably and was recorded by Roehm et al. (1942) as follows:

Prepared dry cereal
breakfast-food products
Wheat
Corn
Bran
Wheat
Wheat
Mixed grains
Mixed grains

Rolled oats
Corn meal

Farina

Bromide (p.p.m.)
Before fumigation After fumigation

14
15

12
12
12
12
19

14
17

14

Raw cereals

24
28
27
17
25
14
24

149
64

65

Only a very few investigations have considered the nature of
the residue remaining in products fumigated with methyl bromide.
In the early 1950's Winteringham and his colleagues in England used
14CH3Br to study the fate of the fumigant in wheat (Winteringham et
al., 1955; Bridge^ 1955). They found that the gluten fraction was
responsible for some 80 percent of the decomposition of the absorb-
ed fumigant and 50 percent of this was in the form of N-methyl
derivatives. The principal reaction was with the histidine residue
of the protein and their investigations lead to the conclusion that
loss of the semi-essential amino acid had little effect on the
nutritional value of the product.
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This present investigation was initiated to determine the nat-
ure and significance of all the residue that remains in fumigated
commodity. Both unchanged fumigant that may remain after the nor-
mal aeration period and reaction products formed by combination of
fumigant with components of the' commodity are being studied. Data
are being collected to establish quantities of fumigant absorbed
under different treatment regimes and to determine identity and
quantities of reaction products formed.

Some results on fumigated corn have been obtained and they have
shown that when corn of two different moisture contents was subjec-
ted to repeated treatments with the fumigant the level of residue
increased so that more than twice the amount remained after treat-
ment number 5 as occurred after the first treatment. The germ part
of the kernel, which makes up less than 12 percent of the total
mass was found to contain nearly half of the total amount of resi-
due remaining in the seed.

At the same time some experiments were carried out on fresh
fruit to determine quantities of residue that may remain in this
type of commodity.

Preliminary tests with Granny Smith apples fumigated with ^C
methyl bromide have shown that considerable residue may remain in
seeds of treated apples with less in skin and the least in the
fleshy pulp as shown in Table 1 . When apples are treated at a
temperature of 10°C, (as they may be routinely treated for commer-
cial purposes) the quantity of residue remaining was found to be
lower than at a higher temperature of 25°C even though the concen-
tration to which they were exposed was 1.5 times greater (Table
2). As the data from these and other experiments on apples are
somewhat preliminary, no firm conclusions on the significance of
the residues can be made, however it is evident that considerable
residue does remain and work is in progress to extract unchanged
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Table 1. Amounts of 14C methyl bromide absorbed, desorbed and re-
maining as residue in Granny Smith apples fumigated with
32 mg/1 CH3Br for 2.5 h at 25°C.

Apple CH-jBr CH3Br Desorbed 14C Remaining
No. Wt (g) absorbed in 0-24h in 24-168h after 14 days (ug/g)

(mg) (
1
2
3
4
5
6

172
167
149
168
177
157

7
7
9
9
9
9

.4

.2

.3

.5

.9

.5

6
7
6

4
5
5

.0

. 1

.9

.7

.3

.1

mg)
0
0
0
0
0
0

Skin
.2
.2
. 1
.2

.2

.2

32.

30.
34.
37.
57.
43.

0
1

4
8

5
3

Pulp
8. 1
5.7

8.3
7.7
8.7
7.2

See
150
153
225
167
229
188

Table 2. Distribution of methyl bromide in Granny Smith apples
treated with 32 mg/1 at 25°C and 48 mg/1 at 10°C.

Average amounts of MeBr in pulp, skin and seeds (units = ug/g)
25°C

Time after Treatment
(Days)
0
1
7

14

Pulp
14.

3.
2.

2.

6*
0
7*

3*

Skin
3
2
1

3.7*
2
8*
8.1*

Seed
22.
79

109
83.

4*

5*

10°C

0 3.8 7.3 0
1 1.8 10.7 54

7 2.9 11.9 58
14 1.9 9.7 59

2 samples combusted from each apple, repeated 4 times except
samples marked * were repeated 6 times.
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methyl bromide from the various parts of the apple. For this part
of the investigation a procedure using acetone-water solvent for
the extraction and GLC analysis using an electron capture detector
has been developed. Further experiments are planned to isolate and
identify components of 14c residue remaining in the apples so that
their significance to human health can be assessed.

The next phase of this investigation was concerned with the iso-
lation of labelled compounds in the residue to determine their
identity and significance. Fumigated corn was ground and extracted
with appropriate solvents as the first step towards isolation of

Table 3. Radioactivity found in extracts from 14C methyl bromide
treated corn after extraction with various solvents.

Solvent
Water
0.5 M NaCl

55% 2-Propanol
55% 2-Propanol-O.6%

mercaptoethanol
0.2% NaOH

Activity (DPM)1

Extract Supernatant2 Precipitate2

67,
43,

24,
32,

498
821

643
085

67,

8,

2,

736
417

731
108

19,

31,
24,
38,

878

965
756
571

53,830 13,452 44,201

1 The total activity in the treated corn after grinding was 236,680
DPM/g and one g was used for the extraction.

2 The protein in each fraction was precipitated by addition of 25%
trichloroacetic acid to a final concentration of 5%. Discrepan-
cies in values between total extract and the supernatant plus
precipitate are attributable to differences in procedures for
preparation and counting of samples.
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the components labelled with 14C. After grinding to a fine powder
the corn was first extracted with ether to remove any fat soluble
reaction products and then extracted with solvents to fractionate
the proteins. The procedure for separation of proteins was similar
to that outlined by Sodek and Wilson (1971). A summary of the ac-
tivity found in one extraction run (used as example) is given in
Table 3.

From the data in Table 3, it can be seen that radioactive res-
idue is distributed throughout the various fractions (corresponding
to albumins, globulins, Zein-1, Zein-2 and glutelin) with a large
part in the aqueous extract (amino acids). Negligible activity was
found in the ether extract. The proteins separated in these ex-
tracts were hydrolysed and the hydrolysates further purified by
column chromatography and thin-layer chromatography.

Studies on the isolation and identification of reaction pro-
ducts formed in fumigated commodities have been continued with most
attention directed towards the characterization of volatile sub-
stances resulting from alkali-induced decomposition. It was found
that methyl bromide readily methylated methionine and when fumigat-
ed corn was heated with 1 N NaOH over 40 percent of the radioactiv-
ity could be removed by slow distillation. Some of this volatile
fraction was determined to be dimethylsulfoxide, very probably
resulting from oxidation of dimethylsulphide. Evidence was also
obtained for other labelled substances being produced. To aid in
the development of an understanding of the nature and source of the
volatile materials from the treated corn [14C] methyl methionine
sulphonium bromide and S[14c] methyl cysteine have been prepared
and are being used for comparative purposes. The evidence accumu-
lated to date indicates that methionine is a major site of methyla-
tion when corn is fumigated with methyl bromide.
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Further work is being carried out to isolate and identify the
non-volatile products formed in fumigated material. Special atten-
tion is being given to purine and pyrimidine components (because of
their role in genetic processes) to determine whether or not methyl
bromide will methylate these compounds in food materials.
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2. REPORT

2.1. Introduction

Harvested food crops are attacked by pests during storage and losses
of 30% are currently common in large areas of the world particularly in
tropical and subtropical areas. Chemical control procedures continue to have
the advantage of effectiveness, simplicity, versatility, low cost and
immediate availability. Pesticide chemicals may be applied to control heavy
infestations (insecticidal fumigants) or to prevent infestations becoming
established (protectants). As a result of such applications, substantial
residues may remain in treated commodities. The amount of residue usually
depends on the method of application, length of time between application and
consumption, temperature and moisture content during storage, and
physico-chemical properties of the active constituents. Investigations of
the magnitude and nature of residues resulting from post-harvest insecticidal
applications are essential in order to produce insect-free food and to
provide requisite assurance of consumer safety.

Nuclear techniques provide a powerful tool in tackling chemical
residue problems in stored grains. In this context, radioassay provides an
immediate, extremely sensitive and accurate measure of the total initial
residue and enables the efficiency of recovery by extraction to be assessed
and gives evidence for possible chemical binding of residues (uptake by
endogenous constituents of the grain). The fate of a labelled pesticide can
be followed specifically in the presence of background levels of other
pesticides including the one being studied.

In recognition of the need of a coordinated examination of chemical
residues in stored products, particularly in tropical and subtropical
environments, the Joint FAO/IAEA Division initiated the current programme in
1983. The programme aims at generating residue data which are important to
national food quality programmes and which can assist in evaluating the
possible impact on the consumer. In this context, radiotracer techniques are
superior and unique in detecting, quantifying and identifying chemical
residues and possible chemical binding of residues.
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The first research coordination meeting on this programme was held in
Panama City, Panama in October 1984 and led to specific recommendations.
Preliminary data presented from various studies have indicated the need to
emphasize the bound portion of the residue which may constitute up to one
third of the total residue.

2.?. Meeting Objectives

2.2.1. To review progress within the Coordinated Research Programme;

2.2.2. To discuss problems pertinent to methodologies and labelled
pesticides ;

2.2.3. To discuss procedures on determination of methyl bromide and bromide
residues in stored products;

2.2.4. To prepare a report and recommendations with particular reference to
future needs and priorities.

2.3. Highlights

Cooking of faba beans had no effect on the residues of tetrachlorvinphos
and its desmethyl metabolite initially present. On the other hand,
processing of Soybean oil, for refinement purposes, reduced the
tetrachlorvinphos residues considerably. In a 90-day mice feeding
study, results suggest a decrease in the rate of body weight gain

14following feeding with Faba bean-bound C-tetrachlorvinphos residues.

Lindane-treated paddy rice contained 2.7 mg/kg lindane equivalent in
milled rice after a storage period of 9 months, declining from 7.6 mg/kg
at zero time. The husk retained a considerable amount of the chemical
which dissipated from approx 7.3 mg/kg at zero time to 3.2 mg/kg after 9
months. Water-washing was shown to remove appreciable quantities of the
residue.

Agricultural practices in Yugoslavia involve treatment of wooden
containers with malathion solutions before storage of winter wheat
grain. Under these conditions, tests have shown that extractable
terminal residues did not exceed 2.6 mg/kg after 9 months. Cooking
reduced the extractable residues by 23%.
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14When C-pirimiphos-methyl was applied to potatoes in storage, most of
the residue was found on the skin which contained 30% of the initially
applied chemical (5 mg/kg) after 8 weeks. An apparent half life was
calculated to be 50 days for the dissipation of the residue from the
skin. Potato flesh contained < 1% of the initial amount.

In the United Kingdom, field and laboratory tests using non-labelled
14and C-labelled chlorpyrifos-methyl respectively, showed that approx.

60% of the residue remained on wheat grains after 14 months. The use of
radiotracer techniques has provided a unique and powerful tool in
detecting and quantifying the bound portion of the residue which
increased gradually in the grain tissues during storage reaching approx.
30% after 14 months.

Post-harvest treatment of wheat and barely with malathion dust
formulations in Turkey led to terminal residues which did not exceed
6.5 mg/kg after 9 months. The bound residue in the grain did not exceed
5 % of the total residue.

When freshly milled rice stored inside jute bags was treated according
to local practice in Malaysia, total terminal residues increased
gradually to reach approx. 6.9 mg/kg after 41 weeks. Formation of bound
residues is apparently negligible.

Under conditions of local practice in Brazil, lindane residues in maize
declined in storage to 72% after 36 weeks; the surface,
methanol-extractable and bound residues contributing 3, 70 and 27 % of
the total residue respectively.

14In the Philippines, C-Fenvalerate residues in milled rice declined
to 28 % of the initially applied amount (0.29 mg/kg grain) after 6
months. Binding was appreciable reaching a maximum of 75% of the total
residue after 2 weeks and apparently remaining constant through the
whole storage period. In brown rice, approx. 40% of the residue was
found in the husk. Cooking reduced residues by 33% in milled rice and
58% in brown rice.

14Application of C-ethylene dibromide to maize in storage resulted in
a reduction of the initially applied amount to approx. 15% after 40 weeks,
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TABLE I: Pesticide Residues in various stored products

Country

YUG
TUR

MAL
CYP

UK

PAN

BRA
EGY
PHI
GHA
CAN

EGY

Pesticide

malathion
malathion
malathion
malathion
pirimiphos-methyl

chlorpyrifos-
methyl

lindane

lindane
lindane
fenvalerate
EDB
methyl bromide

tetrachlorvinphos

Commodity

wheat
wheat
barley
milled rice
potato tuber

peel

wheat
rice
husk
maize
faba beans
milled rice
maize
apple
maize
beans

Storage period Terminal residues Bound Residues X Reduction of
mg/kg % of applied (% of total residue) residue due to

process ing

9 months
9 months
9 months
41 weeks
16 weeks
16 weeks

14 months
9 months
9 months

36 weeks
30 weeks
6 months
40 weeks

2.6 (total)
6.5 (total) 56 5
5.5 (total) 52 8
6.9 (total) 5 trace
0.004
0.55 10

(chlorpyrif os-
2.9 59 methyl) 30
2.7 trace
3.2
7.6 38 28

3
0.08 28 75
12.0 15 65

23 (cooking)

57 (cooking)

33-58 (cooking)

79 (oil refinement)



Only one third of this amount was present as the parent
chemical; the rest was bound.

14- Following fumigation of corn with C-methyl bromide, a variety of
reaction products was obtained; with methionine as a major target for
methylation.

A laboratory demonstration was made on procedures to fumigate grain
14with C-methyl bromide. Methodologies used in fractionation,

14quantification and identification of C-components derived from
fumigated grain were also demonstrated.

Table I summarizes the magnitude of pesticide residues in various
products

2.4. Ongoing and future Research

2.4.1. Malathion residues in faba beans and wheat will be studied using
radio chemicals labelled at two different sites,
14 14C-succinate-labelled and C-methoxy-labelled malathion (Egypt).

2.4.2. Studies will continue to quantify bound malathion residues in winter
wheat grain and to attempt to identify extractable residues.
Halathion residues in maize will be also examined (Yugoslavia).

2.4.3. Studies will be inititated to quantify and characterize malathion
residues in stored maize and beans (Turkey).

2.4.4. Investigations of malathion residues in corn and beans will be
conducted (Panama).

2.4.5. Work will continue to validate the preliminary results obtained on
malathion residues in rice following single and multiple
applications. Extractable residues will be characterized/identified
(Malaysia).

2.4.6. Research will be initiated to quantify and characterize terminal
residues of pirimiphos-methyl in maize and cowpeas (Ghana).
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2.4.7. Work will continue to determine terminal residues of
pirimiphos-methyl in potato in storage. Studies will be also
initiated to quantify and characterize pirimiphos-methyl residues in
wheat and barely (Cyprus).

2.4.8. Investigations will continue to determine lindane residues in maize
grains and effect of cooking. Studies will be also conducted on
pirimiphos-methyl and Fenitrothion residues in maize (Brazil).

2.4.9. Research will continue to determine terminal residues of fenvalerate
in rice, with emphasis on the bound portion of the residue.
Experiments on pirimiphos-methyl and Fenitrothion residues in rice
will be also conducted (Philippines).

2.4.10. Attempts to isolate and identify wheat grain-bound residues of
chlorpyrifos-methyl will continue. Experiments will be also
conducted to evaluate possible potential biological activity of bound
residues to stored product insects in feeding studies. Further
laboratory tests on pirimiphos-methyl residues in grain will be
carried out (United Kingdom).

2.4.11. Work on methyl bromide residues remaining in maize after fumigation,
including isolation and identification of reaction products will
continue. Residues of methyl bromide in other commodities will be
also examined (Canada).

Research activities in participating institutes should follow
guidelines outlined in the experimental protocol prepared at the first RCM.
These include determination of surface, methonol-extractable and bound
residues; residues in processed foods; and if feasible residue levels as
affected by moisture content, temperature, etc.

In view of the economic viability and the wide spread use of the
fumigant methyl bromide, it was the consensus of opinion that studies should
be conducted to determine methyl bromide and bromide residues in various
stored commodities. These studies will utilize conventional analytical
techniques.
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3. CONCLUSIONS

Considerable progress has been made in all research projects in the
programme and in some cases a satisfactory conclusion reached.

3.1. Bound pesticide residues

The significance of the bound residues has once again been
emphasized, although some problems have been encountered with the analytical
procedures. It would appear that the level of bound residues obtained is
dependent upon moisture content and to a certain extent on temperature. In
studies aimed at detection, quantification and characterization of bound
residues, the use of radiotracer techniques is indispensable. It is
encouraging to note that a treatment of the storage bags in Malaysia, rather
than the rice grains, resulted in very low levels of bound residues.
Similarly, a dust treatment of wheat in Turkey resulted in trace amounts of
bound residues. On the other hand, the unusually high percentage of bound
fenvalerate residues in rice (75%) should receive priority for validation and
assessment of biological activity.

3.2. Food processing

With the exception of tetrachlorvinphos residues in Faba beans and
Soybeans, cooking generally reduced the level of insecticides in a
commodity. Also, washing of rice before cooking removes substantial
quantities of residues and is a practice to be recommended.

Processes used in commercial refinement of oil (such as
alkali-treatment, bleaching, winterization, and deoderization) may reduce
residue levels appreciably. For example, tetrachlorvinphos residues in
Soybean oil were reduced to 20%.

3.3. Methodologies

It is noted that methods of local practice can impose considerable
restrictions on the experiments and it is important to ensure that sampling
represents the whole of the test material and that expression of data be
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standardized to facilitate comparison. Further practical points to be noted
are:

3.3.1. It is essential to combust a total sample at each sampling interval
in order to determine 100% level.

3.3.2. Processing of food (cooking, baking, etc..) should be carried out at
the end of the storage period.

3.3.3. The investigation of metabolites should be restricted to the major
breakdown products; minor components may be ignored.

3.4. The Coordinated Research Programme

The close contact established between the FAO/IAEA Secretariat and
Research Scientists in various countries through the FAO/TAEA Research
Contract Programme can represent a significant contribution to a country's
development. It aims to assist scientists to study and identify their own
problems under local conditions, to use nuclear and related technologies
effectively, and to maintain the closest possible contact with their
counterparts of the more advanced countries.

4. RECOMMENDATIONS

In the light of the original objectives and earlier recommendations,
the meeting noted with satisfaction that substantial progress has been made.
To further ensure effective implementation of the programme, the following
recommendations were addressed to the Joint FAO/IAEA Secretariat:

4.1. Investigations on residues of malathion and pirimiphos-methyl should
be continued to determine levels that remain in grain and/or other
stored commodities.

4.2. New investigations on lindane should not be initiated owing to the
declining use of the chemical.
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4.3. A survey of the pesticides, including fumigants, used both on grains
and other stored products should be made. This information will be
useful for establishing needs and priorities for future work on
residues.

4.4. In view of the importance of methyl bromide, participants should
conduct studies to determine its residues in grain and/or other
stored products, using conventional analytical techniques.

4.5. Although nuclear techniques are emphasized in this programme, other
techniques such as GLC, HPLC, etc. should be used whenever possible
to provide supporting data, particularly from field samples.

4.6. Data given in reports should be standardized to allow comprehensive
interpretation of results and for comparison with results obtained in
other laboratories.

5. LOCATION AND DATE OF THE THIRD RESEARCH CO-ORDINATION
MEETING

It has been proposed to hold the third meeting at:
Ankara Nuclear Research

and Training Center
Besevler-Ankara
Turkey

Date: May 1988
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