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FOREWORD

In the last few decader, chemical pollution has emerged as a problem
of global concern. As a result of man's activities foreign chemical
residues find their way into food and environment. The possible
toad.oological or environmental significance of such residues depends
upon their persistence, chemical fate and biological properties.
Isotope tracer techniques provide an especially powerful tool in
the study of these problems. The present publication represents
an appraisal of ongoing studies on chemical residues in edible
oils and related products, in developing countries. A number of
these studies and the travel of the researchers involved to meetings
with colleagues working on related problems has been made possible
through the generosity of the Swedish International Development
Authority (SIDA).
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HEXÄ.CHLOROCYCLOHEXANE AND CARBARYL RESIDUES IN GROUNDNUT

K. RAGE;, M.G. MENUES, N.B.K. MURTHY and J. FERREIRA
Biology and Agriculture Division
Bhabha Atomic Research Centre
Bombay 400 085,
India

ABSTRACT

HEXACHLOROCYCLOHEXANE AMD CARBAHYL RESIDUES IN GROUNDNUT
Groundnut plants were treated with hexachlorcyclohexane (HCH) or

1—raphthyl-N-methylcarbamate (carbaryl) following agricultural practices
and the residues were determined in seed and oil. In the oil extracted
from kernels of HCH-treated plants, the ß-isomer was present in greater
amounts than other isomers. Commerical procedures like alkali refining
and bleaching did not remove 4C-activity from C-o6, ß or Jf'-HCH
fortified groundnut oil. Deodorisation removed 86$, 94% and 5&$> of •£ t

y and A-isomers respectively.

Experiments with non-labelled and labelled carbaryl showed that oil
residues contained only carbaryl metabolites. The parent chemical was not
detected. Alkt vi refining and bleaching removed 16% of t./tal C-activity,
and deodorisation procedures removed only 23$ of ^C-activity of the bleached
oil. The significance of the above results is discussed.

INTRODUCTION
Among many oilseeds produced in India, groundnut stands foremost.

A variety of pesticides is used extensively to increase the yield of oilseed
crops, e.g. HCH, DDT, and carbaryL Organochlorine insecticides like dieldrin,
heptachlor are known to be taken up from soil and accumulate in detectable
quantities in shells and kernels of groundnut (l), (2), (3). Because of
the high solubility of these insecticides in fat, there is a likelihood for
some such chemicals entering the food chain. Residues of the organophosphorus



insecticide leptophos were found in cotton seed products (4)»
carbaryl residues were detected in oil and other products of corn (5).

The purpose of the present investigation was to determine the
residue levels in seed, oil and seedcake of groundnut plants treated
with HCH or carbaryl following common agricultural practices. Commerical
HCH consists mainly of four isomers </, /î>, Y (lindane) and 6 and is used
extensively in India. The effects of commercial processing procedures
on the fate of 4C-carbaryl and e(. , fi t Jf isomers of HCH in groundnut oil
were also studied.

MATERIALS AMD METHODS
groundnut varieties

Four varieties: Spanish Improved, TQ-8, TG-9 and J-ll were used.
The varieties Spanish Improved and J-ll have 5<$ oil content and TG-8
and TG-9

Field experiments
Hexachlorocyclohexane : 20 plants of TG— 8 variety were grown and

HCH dust was used at a rate of 10 kg/acre. Pour jic "̂C-labelled lindane
(45 mCi/KBnole) were mixed with 10$ dust using "benzene as solvent. The
benzene was allowed to evaporate and dust was taken in a small amount of
water and sprayed with a glass sprayer. This procedure was adopted since
the amount of radiolindane was too small to be used as dust.

Carbaryl: TO-8, TG-9, Spanish Improved and J-ll (20 plants each)
were included in the study. In one season, TG-8 and J— 11 were treated
with unlabelled carbaryl (50W - sevin) at a rate of 3 kg/ha, simulating
local agricultural practices. For experiments with labelled carbaryl,
C-labelled insecticide was also sprayed at a rate of 3 kg/ha. Each

plant received 31.3 mg of carbaryl including 1.57 mg of C-labelled
carbaryl (sp. activity 3.H mCi/g).



Sampl e préparât, ion, extract ion procedure ana aaalysri s
The plants were harvested and kept in sunlight for a day. The pods

were plucked and were further dried for 5-7 days in sunlight. The shells
were separated from the kernels (meat) by hand. The extraction and clean
up procedures for shell and meat were basically the same as described by
Thompson ert al_«_ (3).

HCH residues: The acetonitrile eluates were analysed by gas
chromatography. Identification of the isomers of HCH was based on Rt
values and the quantities calculated by relating the peak areas to those
of standards. The gas Chromatograph was a Toshniwal model RL04 (Toshniwal
Instruments, Bombay) fitted with an electron capture detector (nH source).
The spiral glass column was 6 feet x i; inch packed with 5$ DC QP-1 on
Anakrom Q (60-80 mesh). The operating conditions were: Column temp.: 190 C,
detector temp: 190°C, injection port temp.: 225°C. The carrier gas was
N2 maintained at a flow rate of 20-22 ml/rain. The Rt values obtained
for thet/, Y* ß an<i ̂  isomers were 5.6, 7.3, 8.6 and 9.7 min. respectively.

Carbaryl residues: Carbaryl residues in the oil were partitioned
between hexane and acetonitrile. In experiments where non-labelled
carbaryl was used, solvent extracts containing the insecticide were
further processed as described by John&on (6). In experiments with C—
carbaryl, aliquots of oil and solvent extracts were counted in a liquid
scintillation counter.

Thin layer chroraatogrphy of carbaryl and 1—naphthol was done on
silica gel plates impregnated with fluorescent indicator green (N. Woelm,
Eshwege, Germany) and the spots were visualised under UV light (254 mu).

The seed cake obtained after solvent extraction was air dried
and powdered. The samples were combusted in a biological material oxidizer
(MO) (Harvey Instrument Crop« USA) and the resultant CO« was counted
in a liquid scintillation counter.



G pmmercial rocessin

unrefined groundnut oil was fortified with C-labelled 06 ,
Y HCH or carbaryl at the level of 0.15 PP^, 0.15 ppni, 0.13 ppœ
10 ppm respectively.

Alkali refining: 10 ml samples of groundnut oil fortified with
C— o£» ß i )f HCH or carbaryl were vigorously stirred with 0.1U NaOH

and incubated at 60-70 C for 30 min. The amount of alkali added was
in 20$ excess determined from the acid value of oil as per ISI standards (7).
The mixture was centrifuged and washed three times with water. Aliquots of
the resulting oil were counted in a scintillation counter.

Bleaching: The alkali-refined oil was treated with 0.5$ activated
carbon and bleaching earth (l:l), stirred vigorously, incubated at 80-82° C
for 30 min. and then centrifugea. An aliguot of the bleached oil was
counted in a scintillation counter.

Deodorisation: The "bleached oil was taken in a flask heated to
200—220 C and a slow stream of steam was passed through, under vacuum,
for 4 hrs. The deodorised oil was cooled and an aliquot counted in
a scintillation counter.

In another set of experiments, 10 ml of fortified oil were subjected
to deodorisation and an aliquot counted in a scintillation counter.
Radioactivity present in each of the fractions of the processed oil was
related to the total radioactivity initially added.

Oil from each of the fractions of ^C fortified oil, alkali refined,
bleached and deodorised oil was extracted with acetonitrile, concentrated
jLn vacuCj and an aliquot used for thin layer chromatography«

Liquid scintillation counting: The radioactivity was determined
in a Beckraan LS-100 scintillation counter using cocktail D mixture.

RESULTS AHD DISCUSSION

Residues of 06 1 fë>t ¥ and 6 isomers of HCH in shell and oil of groundnut
are shown in Table I. The shell has a total HCH content of 0.51 ppm while
oil has 1.25 ppm. The presence of ß- isomer at the level of 0.56 ppm in



oil is of particular interest. Suzuki et al.. (8) found that cabbage
grown in a field treated with HCH contained higher levels of /3-HCH
compared to other isomers. In Japan, 90$ of the load of HCH is found
in soil and half of it consists of /3>~HCH. The dominancy of the /J-HCH
in butter samples was recently reported (9).

Commercial processing procedures involving alkali refining and
or -bleaching had no effect on the levels of C— residues in «^, /?

fortified groundnut oil samples (Table II). However, the deodorisation
procedure removed most of the C-residues in oC and y -HCH treated samples.
In this connection, Saha et aU (10) showed that while C— lindane and

C-<DDT were not removed from rapeseed oil by refining and bleaching,
deodorisation removed most of the residues. However, these authors studied
the effect on C— lindane in separate processes of alkali refining, bleaching
and deodorisation, whereas in our experiments the original fortified oil
sample was subjected to the above processes in a stepwise manner simulating
actual commercial processing procedures. In /i-HCH fortified oil samples
deodorisation removed only %% of the original radioactivity. To confirm
these results, the effect of deodorisation was studied as a separate process
(Table III). Again, deodorisation removed only 45$ of the original residue.

It is likely that both crude and refined oil serve as a source of entry
of /J-HCH into the food chain. Adipose tissues of average Tapanese subjects
contain 10-20 ppm HCH with the /9-HCH comprising over 95$ (ll). Recently
Mos jet al, (12) reported higher level of /3-HCH in adipose tissue of Canadians.
In USA, only ß-HCH had been found in human milk (13)» (14).

Groundnut varieties TG-8 and J-ll treated with unlabelled carbaryl
did not contain any detectable residues as carbaryl. In parallel experiments
with C-carbaryl, C-residues (equivalent to carbaryl) of 0.055 and 0.056
ppm were found in the oil extracted from Spanish Improved and TG-9 varieties
respectively. When the oil was partitioned between petroleum ether and aceto—
nitrile, all the radioactivity remained in the former fraction indicating
the absence of residues as carbaryl. Petroleum ether and acetonitrile extracts
did not show any radioactivity corresponding to carbaryl or 1-naphthol. It may
be speculated that C— residues are breakdown products of carbaryl. The C—
residues in seedcake obtained from meat of Spanish Improved and TG-9 amounted
to 0.071 and 0.151 ppm respectively (Table IV).



TABLE I. HCH RESIDUES IS SHELL AND OIL OP GHOUNDMJT

Shell

Oil

Residues in ppm

./•-HCH

0.18

0.25

/3-4ÎCH

0.18

0.56

y-HCH

0.11

0.22

<S-HCH

0.04

0.22

TABLE II. EFFECT OP COMMERCIAL PROCESSING PROCEDURES ON 14C-ISOMERS
OP HCH IN GROUNDNUT OIL

Procedure

Alkali refining

Bleaching

Deodorisation

Per cent radioactivity retained by
processed oil

oC-HCH

98.0

99.0

14.1

$-HCH

101.5

98.2

44.4

y~HCH

101.1

103.4

5.9

14,TABLE III. EFFECT OP DIRECT DEODORISATION ON 4C />-HCH IN GROUNDNUT OIL

cpra/0.1 ml Per cent
recovery

Before
deodorisation

After
deodorisation

2132

1178 55



TABLE IV. 14C~RESIDUES IS GROUNDNUT TREATED WITH 14C-CARBARYL

Oil
Seed cake
Seed

Spanish Impr >ved fG— 9

PPm

0.055
0.071
0.061

0.056
0.151
0.098

TABLE V. EFFECT OP COMMERCIAL PROCESSING PROCEDURES ON 14C CARBARYL
Iff GROUNDNUT OIL

Procedure

Alkali refining

Bleaching

Deodorisation

Per cent radioactivity
retained by processed

oil

40.3

24.2

18.6

Per cent radio-
activity as

Carbaryl

3.7

2.7

-

1-Naphthol

4.7

3.9

-

TABLE VI. EFFECT OF DIRECT DEODORISATION OF 14C-CARBARYL IN GROUNDNUT OIL

Per cent radioactivity
retained Toy processed

oil

74.5

Percent radio-
activity as

Carbaryl

39.3

1-Naphthol

0.7



The effects of commercial processing procedures on the removal
of C—residues of carbaryl were studied and the results are shown
in Table V. Only 40$ of the total radioactivity initially present was
detectable after alkali refining. Radioactivity corresponding to carbaryl
and 1-naph.thol were only 3.7 and 4.7 respectively. Bleaching further
reduced the ' 0—residues to 24%» Stansburry and Hiskus (15) indicated
that carbaryl is hydrolyzed under alkaline conditions to form 1-naphthol,
carbon dioxide and methylamine. Bleaching and deodorisation removed 23$
of the radioactivity with no residues corresponding to carbaryl« This was
further confirmed by subjecting the fortified oil only to deodorisation.
Nearly 75$ of the radioactivity was retained by the oil (Table Vl).
However, 39/£ of the ^C—residues was present as carbaryl»

While alkali refining and bleaching had no effect on the removal
of cL t fi and V -isomers of HCH both processes could remove about 16%
of the initial C-carbaryl.

Our observations on the higher persistence of /3-isomer of HCH and
carbaryl in oil during the deodorisation procedure raise the need to extend
such studies to include other pesticides.

ACKNOWLEDGMENTS

C-labelled carbaryl was synthesized by Prof, A. Hassan and we appreciate
his kind help. The groundnut plants for the field experiments were kindly
provided by Mr. S.H. Patil. We thank Dr, H, Sethunathan» CERI, Cuttack for
supplying C-iabelled t& and /3-isomers of HCE. We gratefully acknowledge
the help of Mr, V.V. Athalye for Biological Material Oxidizer,

R £ F E R EMC ES

[l] BECK, E.W., DAWS1X, L.H., WOODHaM, D.W., LBÜCK, D.B., MOEGAN, L.W.,
J. Econ. Entomol. ̂  953, (1962)

[2] MOHGAK, L.W., LEÜCK, D.B., BECK, E.W., WOODHAM, D.W.,
J. Econ. Entomol. 6g, 1289, (196?)

[3] THOMPSON, K.P., WHEELSR, W.B., NORDES, A.J., J. Agr. Food Chera.,
18, 862, (1970).



[4] HASSAN, A., ZAYED, S.M.A.D., HDSTAFA, I.Y., Trace contaminants
of agriculture, fisheries and food in developing countries, IAEA,
Vienna (1976), STI/FUB/454, P. 59

[5] ZAYED, S.M.A.D., MANSOÜR, S.A., MOSTAPA, I.T., HASSAN, A.,
Trace contaminants of agriculture, fisheries and food in developing
countries, IAEA, Vienna (1976), STI/PUB/454, P. 89

£6] JOMSON, D.P., J. Assoc. Of fie. Agr. Chem. 4£, 285, (1964).
[7] Indian standard "Methods of sampling and test for oils and fats"

JL5., 548 (Part l), 1964, ISIt Sew Delhi (1975)
[8] SUZUKI, M., YAMATO, Y.t WATANABB, T., Bull. Environ. Contain. Toxicol.

14, 520, (1975)
[9] KALRA, R.L., CHAWLA, R.P., DHALIWAL, O.S., JOIA, B.S.,

DDT and HCR residues in food stuffs in the Punjab,
Proceedings of the Symposium on nuclear techniques in studies of
metabolism, effects and degradation of pesticides, DAE, Bombay (1978)

[10] SAHA, J.G., NIELSEN,MJL., SUKNER, Â.K., J. Agr. Pood Chem. 18,
43 (1970)

[il] TATSUKAWA, R., WAEDJOTO, T., OGAWA, T., BHC residues in the environment,
Environmental Toxicology of Pesticides, p. 229f Ed. P. Matsumura,
G.M. Boush and T. Misato, Academic Press, New York (1972)

[12] MOS, J., CAMPBELL, D.S., ROBIÏÏSON, R.N., DAVIJBS, D.J.A.,
Bull. Environ. Contain. Toxicol. lj<t 196, (1977)

[13] STRASSMAN, S.C., KÜTZ, P.W., Pesticide Monitoring J. 10, 130, (1977).
[14] SAVAGE, E.P., TESSARI, J.D., MALBERG, J.W., WHEELER, H.W., BAGBY, J.R.,

Pesticide Monitoring J« X» lf (1973)
[15] STANSBURY, H.A., MISKUS, R.t Analytical methods for pesticides,

plant growth regulators and Food Additives, Vol. II, Insecticides
(Edit. Gunter Zweig), Academic Press, Sew York (1964).

11



DETERMINATION AND CHARACTERIZATION OP
CARBARYL RESIDUES IS MAIZE PRODUCTS

S.M.A.D. ZAYED, S.A. MANSOUR*, I.Ï. MOSTAFA and A« HASSAN
M.E. Regional Radioisotope Centre,
Dokki, Cairo
Arab Republic of Egypt

ABSTRACT

DETERMINATION AHD CHARACTERIZATION OF CARBARYL RESIDUES IN MAIZE PRODUCTS
Residues of carbaryl and/or metabolites were determined in maize

products by nuclear techniques and conventional methods. Radiotraeer
techniques revealed the presence of at least four C~compounds in soft
grains, oil and flour. Two were identified as carbaryl and 1-naphthol,
The residues found in different products are compared.

INTRODUCTION

The insecticide carbaryl; l~naphtJayl-N-methylcarbamate is the first
carbamaie insecticide to be discovered that found extensive use in the
field of plant protection (l). This insecticide possesses a broad
spectrum of activity and has a wide margin of safety for phytotoxicity (2),
Carbaryl proved to be effective in controlling stalk borers (3) (4) which
seriously attack, maize plantations. The importance of maize as human
food and as fodder crop led to a number of investigations to determine
carbaryl residues in corn oil and edible parts of maize. In a previous
communication (5) nuclear techniques were used for the determination of
carbaryl residues in corn oil ana soft maize grains of plants treated
with the radioactive chemical. In this investigation, the insecticide
residues in corn flour and green parts of the plant, commonly used as
fodder, were determined. For this purpose both nuclear techniques and
conventional methods were used.

* National Research Centre, Dokki, Cairo, Egypt
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MATERIALS MD METHODS
Carbarvl; Ĉ-ring-labelled carbaryl of specific activity 3.18 mCi/g.
was used. The insecticide was synthesized as described by Zayed et al. (5).
Commercial non—labelled carbaryl (85 % technical earbaryl) was used for
the non-active experiments.

Cultivation, application and sampling; Gultrvation. and application of
the insecticide were made as previously reported (5). The amount of
applied C-carbaryl was 6.7 mg/plant. A nonactive carbaryl suspension
was used on a second plot at a concentration of 75 mg/10 ml/plant. This
concentration corresponds to the amount recommended by the ministry of
agriculture; to be used in actual practice«

Few ears and green parts were collected 14 days after the last
application; for residue determination in soft grains (5), roasted
ears (5)» and green parts. Other groups of plants were left to dry
in the plot, as in agricultural practice, for residue determination
in oil (5)» germ (5) and flour.

Extraction and clean-up procedures; Extraction, clean-up and isolation
of carbaryl residues in soft grains, germ and oil were previously described (5).
Residues in corn flour and green leaves were readily extracted by blending
with acetonitrile. The insecticide could be easily recovered by addition
of water followed by extraction with an organic solvent such as benaene,
ethylacetate or méthylène chloride. In case of green parts chlorophyll
was removed by addition of a coagulating agent (0,5 g ammonium chloride
in 400 ml distilled water containing 1 ml H,PO) to the acetonitrile extract
before dilution with water»
A. Procedure for corn flour: A 10 g sample of corn flour was mixed with 20 g
anhydrous sodium sulphate and 50 ml acetonitrile. The mixture was blended for
2 minutes. After settlement, the acetonitrile extract was carefully decanted
into a conical flask and the residue extracted twice with 20 ml acetonitrile.
The combined extracts were filtered through a G.3~sintered glass funnel
covered with a thin layer of hyflo-super-cel. After dilution with 500 ml
water, the filtrate was extracted three times with benzene (30 ml each).
Benaene was dried over anhydrous sodium sulphate and then completed
to 100 ml in a volumetric flask» Ten ml aliquots were used for determination
of carbaryl residues (recovery 91 %)•
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B. Procedure for green leaves: A 10 g sample of green leaves
was mixed with 20 g anhydrous soditun sulphate and 100 ml dry acetonitrile
and blended for 2 minutes. The sample was reextracted twice with
acetonitrile (50 ml each) and filtered over hyflo-super-cel as described
above. Ethylene glycol (0.5 ml) was added and acetonitrile was removed
in a rotary evaporator at room temperature. The flask was rinsed with
5 ml acetone, followed by addition of 50 nd of the coagulating agent.
The mixture was allowed to stand at 30° with occasional swirling for
30 minutes. The mixture was filtered through a Cf-3 fritted glass funnel
and the flask and pad were washed twice (10 ml each) with the coagulating
solution. The mixture was transferred to a 250 ml separatory funnel and
extracted 3 times with benzene (30 ml each). Benzene was dried over
anhydrous sodium sulphate and completed to volume (100 ml). Ten ml aliquots
were used for analysis (recovery 85 $).

Residue analysis:

A* Radioactive residues: Residue analysis was made as previously
described (5).
Samples from plants treated with C-carbaryl included:
Soft grains - previously determined (5)
Roasted grains - previously determined (5)
Corn germ - previously determined (5)
Corn oil — previously determined (5)
Corn flour
Green parts

For characterization and identification of carbaryl and/or metabolites,
radioactive extracts were analyzed after vacuum concentration, by thin layer
chromatography. The tic plates were coated with silica gel (HF-254 Merck,
Darmstadt, Germany). A homogenous mixture of silica gel (30 g) and water
(60 ml) was uniformly spread on glass plates (5 x 20 cm) using the apparatus

15



of Desaga Firm Kb 600 (Heidelberg, Germany)* Plates were allowed
to dry in the air fox» 24 hr and wera not further activated. Radio-
metric assay of tic plates was made with a manually-operated device,
with a Gm-tube connected to a sealer. Nbnactive spots of reference
substances were made visible in iodine vapor.

B. Bfort-active residues: Plants treated with non-labelled carbaryl
were used for analysis of residues in oil and flour; the fractions
consumed by humans» Residues were determined spectrophotometrically
according to Johnson (6), using p-nitrobenzene diazonium fluoborate
as a chromogenic reagent. Farther details including a standard curve
were previously reported (5).

RESULTS MD DISCUSSION

Radioactive residues: The concentration of radioactive residues in
soft grains, roasted grains, corn germ and corn oil was previously
reported (5). Table I shows the concentration of the residue in flour
and green leaves. The values given are probably lower than the true
values; since the rémanent was directly counted in an alkaline medium.
Sodium hydroxide vas added to loosen the compact particles and probably
form sodium salts of the hydroxy products; thus improving solubilisâtion.

Extracts from soft grains, oil, flour and green leaves were thin
layer-chromatographed for characterization of the metabolites (Table II).
It may be noted that the green leaves extract contained only carbaryl.
Analysis of the ertracts from the other products revealed the presence
of four substances. Two of these were identified as carbaryl and 1-naphthol,

The other tvo substances were characterized only by their R» values.
These proved to be different from that of 1,4 dihydroxy naphthalene or
1,6 dihydroxy naphthalene. It is hypothesized that both metabolites are
carbaryl derivatives (intact skeleton) rather than 1-naphthol derivatives
(7). Such metabolites would be formed by hydroxylation of the N-atom,
modification of the methyl group or hydroxylation of the ring (7). A support

for this hypothesis is the production of 60-68 % non-phenolic residues in
oil (next section).
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TABLE I. RADIOACTIVE RESIDUES I» FLOUR AMD GREEN LEAVES

Sample Treatment Weight of Total ^C-activity micrograms Total
sample (cpm) carbaryl- ppo

equivalent

Standard
carbaryl

1.0 ug 5500

A: Flour Acetonitrile or 20.0 g
benzene extraction

Rémanent* Alkali

160

2020

0.03

0.37

0.020

B î Green
Leaves Benzene extract 20.0 g

Rémanent* Alkali

111480

104520

20.3
1.970

19.0

Data represent means of three determinations.

* Rémanent treated with 2BT sodium hydroxide and counted directly.

TABLE II. TLC ANALYSIS OP 14C-RESIDUES IN DHTORENT GORH PRODUCTS

Sample

Carbaryl
1-naphthol
Soft grain
extract
Oil
extract
Flour
extract
Green leaves*
extract

Rf Values

0.
0.
0.
0.
0.
0.

08,
65,
08,
60,
05,
61,

I
0.08

0.36
0.33
0.95
0.39
0.90
0.39
0.95

0.05

II
0
0

0.18,
0,

0.17,
o,

0.14,
o,

.16

.38
0.37
0.97
0.37
0.58
0.38
0.76
0.09

in system

III
0
0

0.27,
0.67,
0.26,
0.68,
0.25,
0.68,

0

.25

.44
0.43
0.78
0.43
0.78
0.42
0.78

.13

0
0

0.36
0.04

0.35
0.08

IV

.34

.47
, 0.44
, 0.80
, 0.44
, 0.80
-

-

V
0
0

0.45
0.08
0.48
0.08

.45

.74
, 0.71
, 0.24
, 0.78
, 0.24
-

4M

* The H. value of carbaryl is probably lowered due to accompanying chlorofyll
I Benzene : Petroleum ether (2 : l) IV Petroleum ether : acetone (4 : l)
II Benzene : Petroleum ether ( 3 : 1 ) V Ethyl acetate : Petroleum ether
III Benzene (l : 4)
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TABLE III. SON-ACTIVE RESIDUES IN CORK PRODUCTS

Sample Weight of sample
_____________(g)_____

Total amount in sample*
_______(ug)

ppm

Oil

Flour

3.73

20.00

26.4

34.8

7.10

1.74

Data represent means of three determinations.

* Calculated from a standard curve (5).

TA.BT.K IV. CARBAHYL RESIDUE LEVEL IK MAIZE PRODUCTS

Technique

Unclear

Colorimetric

Applied
concent rat i on

6.7 mg/plant

75.0 mg/plant

Product

Soft grains
Roasted grains
Corn germ
Corn oil
Corn flour
Green leaves

Corn oil
Corn flour

Residue (ppm)

0.202
0.110
0.155
0.452
0.020
1.970

7.100
1.740
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Sonactive residues: Table III shows the residue level in"oil and
flour, following the use of non-labelled carbaryl. In few oil samples
the residue level was determined before alkaline hydrolysis, for the
estimation of hydrolyzed carbaryl products (and probably ring-hydroucylated
carbaryl derivatives). These compounds were found to contribute 32-40 %
of the total residue in oil,

A comparison of the residue level, as determined by nuclear and
non-nuclear techniques, reveals a reasonably good proportionality
between the amount applied and the residue found in the oil. However,
such proportionality was not maintained in flour samples (Table IV).

Toxicological significance: For evaluation of the toxLcological significance
of carbaryl residues in different maize products, it is highly desirable to
obtain information concerning the consumption of these products by the
average individual. Residues may reach the human body by consuming corn oil
(approz. 10 % of population), corn flour (70 % of population) or milk and
meat of livestock fed on the green parts (major part of population).

For the estimation of the "carbaryl burden" in egyptian subjects, the
daily intake of the chemical and/or its metabolites, through different
products, should be determined« In the light of the results obtained
in the current investigation, the daily intake from oil and flour may
be readily calculated« However, residues fron other important sources
remain unknown. It is recommended that carbaryl residues be determined
in milk and meat of livestock as well as in cotton seed oil, since carbaryl
preparations are used on cotton for the control of the pinkpoll worm.
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14C-CARBARYL RESIDUES IS COTTON SEED PRODUCTS

M. Jamil QURESHI
Nuclear Institute for Agriculture and Biology
P.O.Box 128
Faisalabad
Pakistan

ABSTRACT

^ and C-ring-labelled carbaryl were used to study
the magnitude and fate of the insecticide residues in cotton seed products
and in the plant. ^C-Residues were found to be 0.08-0.09, 0.23--0.3Q and
0.05 ppm in the seed, oil and cake respectively. In the oil, the residue was
resolved into four compounds two of which were identified as carbaryl and
1-^iaphthol. Residues taken up from the soil did not exceed 0.3 ppm after
the first week and declined to 0.1 ppm after five weeks.

INTRODUCTION

Carbaryl, l-naphthyl-43-<nethyl carbamate is extensively used as a broad
spectrum pesticide with low mammalian toxicity (l). Currently, it is
registered for use on over one hundred field crops, vegetables and fruits
as well as for dermal treatment of livestock and domestic animals (2), (3),
(4)» (5)» The metabolism of carbaryl has been extensively studied in cotton
plants (6), (7)» insects (6), (8), potatoes and soil (9). Because of its
low toxicity, residue tolerances have been established in the range of
5-12 ppm (5), (10).

In Pakistan, edible oils are obtained from a variety of oil-bearing
plants like rapeseed, mustard, ground nuts, sunflower, maize and cotton.
The cotton seeds constitute, however, the main source.
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The present investigation is concerned with the fate and
magnitude of carbaryl residues in the cotton seed products«

MATERIALS AM) METHODS

The Chemical:
Carbaryl (naphltoyl-l-C), Sp.act. 3.11 mCi/g was synthesized by

Prof. Hassan at the Pesticide Toxicology Laboratory, Regional Radioisotope
Centre, Cairo, Egypt. C-Methyl cartiaryl Sp. act. 0.23 mCi/g was prepared
by Dr. Hafiz Ahmad, Plant Protection Research Station, Maliar Halt, Karachi.
The radiochemical was supplied as 5$ in fuller earth.

Procedure:
Cotton variety AC 134 was sown in the field during the last week

of May at a row to row distance of 3 feet and plant to plant distance of
2 feet observing the routine agricultural practice. Ten plants were
isolated at random for two tests; five for spraying and five for dusting.
In addition, five plants were grown in pots containing carbaryl—treated
soil. Four treatments were given to the isolated field plants at monthly
intervals at a rate of 6.6 mg/plant» Harvesting began in the middle of
October and ended in the first week of December. The seeds were collected
in four pickings and were subjected to ginning using a local hand ginning
machine. The oil was extracted according to a standard procedure (ll).
4C-activity of the extracts was determined in a Packard Tri-carb Model 3320
liquid scintillation counter, using the scintillation cocktail aquasol-2
(New England Nuclear, Boston, Mass). The seed cake was treated with 2N
KaoH and C-activity determined as reported by Hassan ê  aL., (12).

The plants grown in pots were taken out at weekly intervals after
a single carbaryl treatment (dusting). 4C-activity in the leaves and stem
were radioassayed as described above. Thin-layer chromatography was used
to identify carbaryl and characterise its metabolic products. The chromato-
grams were developed in ether: hezane (4sl) and méthylène chloride:
acetonitrile (4:l). The plates were then sprayed with a 15$ potassium
hydroxide solution, air dried, sprayed with IM acetic acid in methanol
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and 0.1$ methanolic p-nitrobenzenediazonium fluoborate. Radioactive
compounds on the plates were measured by scraping the entire spot into
the scintillation solution.

RESULTS AND DISCUSSION

Experimente with C-methyl carbaryl during 1975 did not result
in any detectable residues in the seed, oil or cake. This may be
attributed to rapid splitting of the C-œethyl group and consequent
loss of the one-carbon fragment within the plant tissues (6) (7).

C-residues derived from C—ring carbaryl during 1976~77 are given
in Table I. The mean of the two years was found to be 0,08, 0.23 and 0,05 ppm
in case of spraying and 0.09» 0.30 and 0.05 ppn> in case of dusting for seed,
oil and cake respectively.

Table II shows the uptake data of C-carbaryl from soil by plant leaves
and stems during five weeks. It may be noted that the C-activity within
the leaves and stem declined with time. Several factors may have contributed
to this phenomenon. These may include physical losses such as volatilization,
loss of treated leaves and dilution by plant growth.

Carbaryl and c< - naphthol were identified in the oil by thin-layer
chromâtography (Table III). In addition, two other unknown C-ajetabolites
were detected and characterized only by their Rf values. In general it may
be concluded that the residues found in the cotton seed products are unlikely
to present a toxicological problem.
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TABLE I. 14C-RIMÎ CARBAEÏL RESIDUES IN COTTON SEED, OIL AND SEED CAKE

Treatment Sample

Spray C-carbaryl

Cotton seed
Hexane extract

acetonitrile extract

Oil
Hexane-acetonitrile
extract

Cotton seed cake
Alkali

Total seed

Dusting Cotton seed
Hexane extract
Acetonitrile extract

Oil
Hexane-acetonitrile
extract (

Cotton seed cake
Alkali

Total seed

4C-activity
(dpm)

4900

5442

474

5916

4753

10669

7155
655

7820

5953

13773

1976
Ht. of ppra
sample

1 jig

30 g

5»75 g .21

24.24 g .04

30 g .07

30 g

5.70 g .28

24.30 g .05

30 g .09

1977
P-«a o4~ "i tri +

(dpm)

4900

6398

633

7031

7132

14163

8184
910

9094

4743

13837

y îrt. of
sample

1 Vë

30 g

5.74 g

24.26 g

30 g

30 g

5.84 g

24.20 g

30 g

ppm Maan of ppm
1976-77

-

.25 0.23

.06 0.05

.09 0.08

.32 0.30

.04 0.05

.09 0.09



TABLE II. 14C-CARBARYL RESIDUES IN COTTON PLANTS

Sample Days

4C-carbaryl

Leaves + 7
stem
Rémanent

Leaves + 14
stem
Rémanent

Leaves + 21
stem
Rémanent

Leaves •*• 28
stem
Rémanent

Leaves + 35
stem
Rémanent

Treatment

Benzene extract

Alkali

Benzene extract

Alkali

Benzene extract

Alkali

Benzene extract

Alkali

Benzene extract

Alkali

Wt. of 19

sample dpm

Ips 409

1092
20 g 1Q35

592
20 g

506

202
20 g 192

145
20 g

136

104
20 g

90

75* 1976*»
ppm dpm ppm

4900

15170

°*22 13990 °'3°

10190
0.12 0.20

9535

7600
0.04 7190 0.15

6115
0.02 0.12

5630

5145
0.02 0.10

4675

1977»»
dpm ppm

4900

14745

13630 °*29

10385
0.21

9780

7845

7105 °*15

5970
0.12

5655

5192
0.10

4775

Mean
dpm

-

14957

13810

10288

9658

7723

7148

6043

5643

5169

4725

1976-77
ppm

-

0.30

0.21

0.15

0.12

0.10

^Ê 4 ,«

^C-methyl-carbaryl
^C-ring-carbaryl



TABLE III. Rf VALUES OP CARBARYL AHD METABOLITES IN THE OIL

Sample

Carbaryl
<X-napthol
Oil extract

RP values in systems

I

0.90
0.50
0.90
0.66
0.58
0.50

II

0.90
0.50
0.90
0.66
0.58
0.50

I = Ether : Hexane (4:l)
II «s Methylenechloride : acetonitrile (4îl)
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PATE AMD PERSISTENCE OP CARBARYL RESIDUES
IN MIX, PAT AND MEAT OP DICTATING GOATS

P.M. AED-EL HAMID, M. PARGHALY* AND L.M. APIPI
M,E. Regional Radioisotope Centre
Dokki, Cairo, Arab Republic of Egypt

ABSTRACT

Residues in milk, fat and meat of goats exposed to dietary ^
(5 and 15 ppm) for one week were determined. Good correlation between
dietary intake and milk residues was observed. The highest residues were
observed in milk samples collected 10 hours following feeding. Determination
of ^C-residues in tissues after a 7-day intoxication period revealed that
liver, kidney, omental and subcutaneous fat contained the highest residues
(0.184, 0.166, 0.130 and O.l64ppra respectively). After 7 days the levels in
liver and kidney decreased considerably.

Inhibition of plasma and erythrocyte cholinesterase was not observed
in blood samples collected 24 hours after the last dose.

INTRODUCTION

Carbaryl (l-napthyl~W~methyl carbamate) is an insecticide with low
mammalian tosicity (l), (2) and is widely used for controlling various pests
which attack forage crops (3), (4). These crops often constitute a" major
portion of the diet of dairy animals. At harvest, analysis of plant samples
treated with carbaryl revealed the presence of the insecticide and/or its
metabolites (5) and studies were conducted to investigate the presence of
carbaryl residues in milk and meat of dairy animals (6)f (?).

In Egypt, carbaryl is used for controlling the stalk borers; serious
pests attacking the maize plant which is an important diet for livestock.
Previous studies by Zayed et al. (8), (9) revealed the presence of carbaryl
(and/or its metabolites) in maize and its products.

*) National Research Centre, Dokki, Cairo, ARE
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The purpose of the present work was to detenaine the concentration of
radioactive residues in milk, fat and meat of goats fed on dietary C-
carbaryl. Characterization of the residues in milk and urine was also
investigated.

MATERIAL AKD METHODS

l4C-Carbaryl;

For this study, ^C-carbaryl labelled at 1-carbon atom of the naphlhalene
ring was used (8). The insecticide was obtained in colourless crystals
(m.p. 140-141°C) with a specific activity of 0.79 mCi/g.

Treatment of animals;

Six lactating goats were acclimatized to the environment for three
weeks prior initiation of the study. They were fed on "bran, crushed grains
and clover. After the acclimatization period, two goats received 5 PPto and
four goats received 15 pwn of dietary C-earbaryl for seven consecutive
days. The carbaryl dose was based on the weight of the daily consumed diet,
which averaged 3 kg over a week feeding period. The carbaryl dose was
given on a small piece of bread in the early morning before providing the
regular diet. During the acclimatization and experimentation periods, an
experienced veterinarian checkad temperature, pulse, respiration and type
of feces of all animals and observed them for any syrontomB of insecticide
poisoning.

Sampling;

Samples of milk for residue analysis were collected twice daily at 9 a«na.
and 6 p.m. till sacrifice. Samples of urine and feces were taken 1, 7 and 14
days after initial carbary] feeding.

Two goats fed on 5 PPtn and two goats fed on 15 ppa were sacrificed 24 hours
after the seventh dose. The remaining two goats were fed 15 ppra of dietary
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carbaryl for seven consecutive days and were sacrificed after a withdrawal
period of seven days. Samples of liver» kidney, heart, blood, brain, fat
(omental and subcutaneous) and lean muscles (Biceps Femorls and Longissiraus
Dorsi) were collected for residue analysis. Sacrifice took place under
the supervision of the veterinarian» All samples of milk, urine, feces and
tissues were stored frozen at - 16 C« Blood samples were taken prior
intoxication and at sacrifice for determination of plasma and erythrocyte
cholinesterase.

Determination of radioactive residues:

Radioactive residuea were determined by combusting- 0.5 S wet weight of
tissue, fat or feces and 1.0 ml of milk, urine or blood» Packard tricarb sample
oxidizer and Packard tricarb permafluor V & Carbo-sorb H reagents were used
for combustion. Radioactivity was determined in a Nuclear Chicago liquid
scintillation spectrometer.

Characterization of Ĉ~resi.dueg in milk and urine;

A method sitoilar to that described by Borough (6) was used to extract
all residues fron aqueous and solid phases of the milk. 100 ml whole milk
were mixed with 100 ni acetone and 100 ml acetonitrile. After filtration,
the filtrate was extracted twice with 50 >nl Hexane. To the water-acetone-
acetonitrile layer, sodium chloride was added until two layers were formed.
After addition of 50 ral chloroform, the organic layer was separated and the
water layer was re-extracted with 50 ml acetonitrile. The acetonitrile
extract was added to the acetone-acetonitrile-chloroform extract and evaporated
under vacuum to 0.5 ml»

Urine was extracted 3 times with chloroform. Thin layer chromatography
on silica gel plates was used for characterization of the residues obtained
from milk extracts, urine and chloroform extracts of urine. 4C~carbaryl,
1-naphthol, 1,4-and 1,6-dihydroxy naphthols were used as reference compounds.
Chromâtograras were assayed radiometrically and reference compounds made
visible in iodine vapour.
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Cholineetersse activityt

The method described by Michel was adopted to determine plasma- and
erythrocyte chollnesterase activity (10).

HESOI/PS AMD DISCUSSIOH

Residues in milkt

Residues in ndlk determined radiometrically are shown in table 1* A good
correlation was observed between the dietary level of carbaryl and the
magnitude of residues in the milk samples. The level of residues in milk
was more or lees constant. Occasional variation may be attributed to the
variability of the volume of samples collected. Similar results were obtained
in a study carried out by Borough on cows (6). Samples collected in the after-
noon (10 hours following feeding) contained the highest residue levels suggesting
a rapid uptake of carbaryl and/or its metabolits in ndlk. The concentration of
carbaryl residues in milk declined markedly after a withdrawal period of
7 days (table l).

Residues in ti.ssaeet.

Table 2 shows the level of Ĉ~carbaryl and/or its metabollte(s} in
blood, liver, kidney, heart, brain, lean muscle and fat. Samples of liver
and kidney contained the highest residues suggesting that carbaryl
may be detoxified and eliminated via these organs. The muscles contained
low C-activity and the fat concentration ranged between 0,08 to 0, 11 ppnu

Residues in urine and fecesî

Table 3 shows the concentration of carbaryl in urine and feoes. The
data suggest a possible rapid elimination of the insecticide. This falls
in line with previous findings obtained from investigations with C-carbaryl
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Table It Radioactive residues in milk

days on
carbaryl

1
2
3
4
5
6
7

days on
withdrawal

1
2
3
4
5
6
7

concentration of radioactive residues(ppin)

5 ppm dietary cone. *
morning1

_

0.064
0.120
0.071
0.063
0.051
0.135

afternoon

0.137
0.168
0.213
0.166
0.091
0.191
0.104

15 ppm dietary cono. (+ S.D. ) **
morning

_

0.122 + 0.045
0.085 + 0.018
0.086 + 0.026
0.091 + 0.013
0.092 + 0.015
0.129 + 0.041

0.068
0.045
0.105
0.042
0.080
0.077
0.059

afternoon

0.397 + 0.177
0.376 + 0.138
0.372 + 0.018
0.500 j- 0.036
0.326 + 0.082
0.360 + 0.072
0.206 + 0.082

ta*

0.047
0.040
0.038
0.045
0.129
0.113
0.048

mean of two goats

** mean of four goats
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Table 2; Radioactive residues in goat's tissues

tissue

Blood
Brain
liver
Kidney
Heart
Biceps Feraoris
Longissimus Dors
Omental Pat
Subcutaneous Pat

tissue

5 ppm dietary cone.

a

0.045
0.044
0.090
0.079
0.073
0.056
0.057
0.082
0.105

concentration (ppm) *

15 ppm dietary cone.

b

0.055
0.053
0.184
0.166
0.089
0.062
0.054
0.120
0.164

c

0.031
0.040
0.063
0.035
0.070
0.048
0.048
0.090
0.103

* Data are means of two animals
Groups a and b: Goats sacrificed 24 hrs after the seventh dose
Group c: Goats sacrificed 7 days after the seventh dose

Table 3* C-carbaryl and/or its metabolite(s) in urine and feces

time of sample collection
dietary concentration 15 ppm

24 hrs after initial dose
24 hrs after last dose
7 days after last dose

ppm

tirine feces

1.000 0.288
1.686 0.256
0. 300 0.047
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labelled at methyl or carbonyl group (2).

Characterization of Ĉ̂ residues injadlk and urine8

The R« values in three different systems for milk extract, urine and
some reference compounds are indicated in table 4. The results indicate the
presence of C-carbaryl and at least three unknown metabolites in milk,
Ĉ-activity remaining on the base line in all systems used (about 35-45$

of the radioactivity in the milk extract) may be a combination of water-soluble
metabolites and prat ei»-bound activity. In urine the major metabolite(s) has
R. •» 0 in all systems. Metabolites which remained on the base line (in milk
or urine) may be in the form of sulfate and/or glucuronide conjugates (6).
The chloroform extract of urine contained a small amount of radioactivity
and gave the same R. values obtained from extracted urine in systems I and III.

Cholinesterase activitŷ

No significant inhibition was observed in the plasma or erythrocyte
cholinesterase in blood samples collected 24 hours after administering the
last dose. This may be due to the reversible nature of the carbamate inter-
action with cholinesterase.

It may be concluded that the consumable products contain relatively
low residue concentrations and that serious toxicological hazards are unlikely
to develop as a result of a regular use pattern.
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Table 4? R« values of C~carbaryl and its metabolites in milk and urine

sample

Ĉ-carbaryl
1-naphthol
1,4-dihyaroxy naphthol
1, 6-dihydroxy naphthol
milk

urine

R„ value

system I

0.03
0.20
0.23
0.03

0 - 0.15
0.83

0 - 0.34
0.97

system II

0.30
0.44
0.56
0.15

0.03 - 0.29
0.66 - 0.71

0

system III

0.28
0.72
0.70
0.25

0 - 0.30
0.84

0 - 0.25
0.64

System I
System II
System III

Benzene :
Petroleum ether:
Ethyl acetate '

Petroleum ether (2:1)
Acetone (4*1)
Petroleum ether (lï4)
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APPEARANCE OF OROANOCHLORINE INSECTICIDE RESIDUES
IN VEGETABLE OILS PRODUCED IN KOREA

Su-Rae LEE, Soon-Young RANG and Yong-Hwa KIM
Environmental Cheadstry Laboratory
Korea Atomic Energy Research Institute
Seoul,'Korea

ABSTRACT

The appearance of organochlorine insecticides in 43 samples of refined
vegetable oils including rapeseed, rice bran, sesame, perilla and corn
oils produced in Korea in 1976 was investigated. Residues varied
depending on the 'pesticide, oil source and production area. Gas liquid
Chromatographie techniques were used to detect the presence of heptachlor,
its epori.de, BHC, aldrin, dieldrin, endrin and DDT.

INTRODUCTION

During the last two decades, increasing pesticide residues in food
and the environment have caused a worldwide concern (l). Accordingly,
the use of so-called persistent pesticides in Korea was legally prohibited
or limited by establishing a preharvest interval system in 1971« However,
organochlorine pesticides still appear in most foodstuffs because of the
previous extensive usage of these chemicals. Survey of pesticide residues
in the whole diet consumed by the Korean population has not been made«
Most attempts in this country were made to determine residue levels in
cereals, fruits, vegetables, seafoods or milk by different investigators
(2)» (3)i (4)« (5)« Data on pesticide residues in vegetable oils are
not available and it seemed highly desirable to undertake a survey to
detect the possible appearance of these chemicals in various oils.

This survey was, therefore, attempted to determine the magnitude of some
organochlorine insecticides (if any) in refined vegetable oils consumed in
major cities of Korea.
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MATERIALS AMD METHODS

Oila; Oil samples from different source« produced in 1976 were collected
fro« the local, market in major cities (Seoul, Chuncheon, Daejeon, Jeonju,
Kwangju, Mokpo, Daegu, Basa*) and stored at room temperature until
analysis«

Analytical methods* The extraction, clean-up and analysis of the
pesticides «ere made according to standard procedures (6) using 3 g of
oil samples. The alkaline hydrolysis procedure was adopted for removal
of interfering substances. Standard curves were constructed by injecting
3jal aliquot« of hexane solutions containing 0*0151 OuGAl* 0*030, 0.150,
0*300, 1.500 and 3,0 jjg of individual pesticides into the GLC column and
measuring the peak area by the triangle method.

Gas Chromatographie determination was made using Tarian Aerograph
model 2100-40 Chromatograph, equipped with € mm x 180 cm stainless steel,
U-shaped column packed with 3% DC-200 (ailicone)/60-100 mesh Chromosorb W,
AW and electron capture detector ( %L). The lowest detection limit by

—12gas chromatography was about 3x10 g of the pesticides; equivalent to
0.001 ppm in oil samples. According to a test using 0.5 and 1.0ng of each
standard peuticide, the recovoqr ranged between 85 to 125J6 and reproductbility
was fairly satisfactory. No correction for percentage recovery was made,

HPOI/fS HP BESCUSSIOM

The residues of organochlorine insecticides in some representative
vegetable oils including rapeseed, rice bran, sesame, perilla and corn
are shown in table 1. The concentrations are generally below the tolerance
limits and the range varied depending on soil source and pesticide.B.

Brin insecticide« were still detected in many of the oil samples, though
their usage was banned since 1973, because of their residual toxicity. This
is probably related to their extensive usage over a 10-year period prior to
banning, and it is maintained that the residue level of these chemicals
will continue to decline.
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Table It Residues (pom) of organochlorine pesticides in refined vegetable oils

Oil

Rapeseed

Rice bran

Sesame

Perilla

Corn

No. of
samples

5

7

15

14

2

Range
Mean

Range
Mean

Range
Mean

Range
Mean

Range
Mean

.

Total ffiîC

0.002-0.006
0.0030

0.001-0.007
0.0030

0.003-0.021
0.0101

0.007-0.075
0.0309

0.003-0.004
0.0035

Heptachlor

TR-0.002
0.0014

ND-TR
TR

0.002-0.052

0.0291

TR-0.011
0.0060

TR
TR

I

Heptachlor
epoxide

TR-0.008
0.0024

TR-0.005
0.0020

ND-0,019
0.0049

TR-0.033
0.0111

TR-0.001
0.0010

Aldrin

HD-0.001
0.0006

JSD-0.001
0.0007

ND-TR
TR

ND
ND

ND
ND

.

Dieldrin SEndrin

«

ND-0,002 3ÎD-0.002
0.0010 ! 0.0014

TR-0.002 JND-0.003
0.0014 : o.ooii

TR-0.017 ÎO-0.088
0.0080 • 0.0130

0.002-0.057: ND-0.112
0.0169 : 0.0256
0.001 1 0.001
o.ooio : o.ooio

*

DOT ;

0.006-0.053 i
0.0194 j

0.002-0.009 1
0.0059

s
0.024-0.134 !

0.0476 j
1

ND-0.104
0.0538

0.008-0.009
0.0085

fH: trace ( <0.001)
NDi non-detectable



DDT was also detected in most oil samples reaching a maximuin of
0.134 PP» in one sesame sample. This represents the highest concentration
obtained in this investigation. It is "believed, however, that DDT residues
will also continue to decline in the coming years. J$K and heptachlor
(including its epoxide) were detected to the extent of 0.01 ppra, Both
are currently used on limited scale in crop production. Their residue
levels are still below the tolerance values set in other countries.

Mean levels of pesticide residues were 2-10 times higher in sesame
and perilla oils than in rapeeeed, rice bran and corn oils. Sesame and
peri lia oils are extracted by mechanical pressing on a small scale whereas
the other three oils are processed in modernized oil mills. Different
processing conditions may reflect difference in residues as suggested
by Duggan (?)•

In conclusion, residues of organochlorine insecticides found in
vegetable oil samples produced in Korea are below the tolerance limits
set for far» products in foreign countries. Unless a total diet survey
is undertaken, the toxicological aspects of the present residues
in vegetable oils cannot be assessed«

[l] MATSUMÖRA, P., BOUSH, G.M., ÏŒSATO, T. (ed.), Environmental
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Fooda (2) (1969-76), Korean Soc. Pood Sei. Technol., Seoul,
p. 410 (1977)

[3] LEE, S.R., KANG, S.Y., PAUK, O.K., LEE, J.H., RHO, O.a., J. Korean
Agr. 6ÎMA. Sac. !£, 112, (1976)

[4] IEE, S.R., KARG, S.T., Korean J. Pood Soi. Technol. 8, 219 (1976)
[5] KM, H.H., KHOH, S.P., KHAK, H.H., TIM, O.K., ECM, C.T., New Medical

J. (Korea), 17., 1705, (1974)
[6] ABOHYMOÜS, Pesticide Analytical Manual, Vol« I« Pesticide Reg. Sec,

211.14, Stood and Drug Admin., US Dept. Health, Education and Helfare (1977)
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BEHAVIOUR OF UITROFEN, ALACHLOR AND BUTACHLOR

APPLIED TO OIL-SEARING CROPS IN KOREA

Su-Rae LEE, Soon-Young RANG and Yong-Hwa KIM
Environmental Chemistry Laboratory
Korea Atomic Energy Research Institute
Seoul, Korea

ABSTRACT

BEHAVIOUR OF NITROPEN, ALACHCLOR AND BUTACHLOR APPLIED TO OIL-BEARING
CROPS IN KOREA

Three herbicides nitrofen, alachlor and butachlor were applied
to farm soils of the oil-bearing crops rape, soybean and paddy rice
and their residues in the soil and seeds were determined by gas
chromatography.

Herbicide residues in soil declined considerably two weeks after
application and slowly thereafter. The extent of disappearance varied
according to the type of herbicide, crop and soil conditions» All
herbicides wire not detected in the L ̂eds of tested crc^s.

INTRODUCTION
The use of herbicides in Korea was begun in 1955 and the consumption

increased remarkably since 1970, reaching about 2,000 tons in 1975»
Among the herbicides, nitrofen, butachlor and pentachlorophenol
constitute about 80$ of total herbicides. However, the use of penta—
chlorophenol has been limited in recent years because of toxicity to fish
(l). Alachlor, an acetanilide herbicide, is expected to be used in large
quantities in the near future, particularly because it is currently
manufactured in Korea. In spite of the wide use of herbicides in Korea,
studies in connection with their residues in the environment are quite
limited (2) (3).
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Reported analytical methods for residue analysis of alachlor
and butachlor (4) (5) involve hydrolysis and detection of the decomposition
product by ga? chromât ography using f . ame ionisation detector.

This study was, therefore, undertaken to develop an analytical method
for determination of the three herbicides by ECD-gas chromatography
excluding hydrolysis and to pursue the behaviour of the parent chemicals
in the soil-crop system under conditions of regular agricultural practices
in Korea.

MATERIALS AM) METHODS

Herbicides; Nitrofen (TOK, HIP) is the wettable formulation containing
5056 of 2,4-dichlorophenyl-4f-nitrophenyl ether, alachlor (Lasso), the
emulsifiable concentrate containing 43»7 % of 2-chloro-2', 6 '-di ethyl-It-
(aethoxyraethyl) acetanilide and butachlor (Machete), the emulsifiable
concentrate containing 58.8 % of 2-chloro-2' , 6t-diethyl-N-(butosymethyl)
acetanilide.

ffgpeyi|flp:ptii>i Three oil-bearing crops rape, soybean and paddy
rice were grown in the field and the recommended amounts of nit ro fen,
alachlor and butachlor were applied to the soil under conventional
agricultural practices. Detailed agricultural data are given in Table 1.
Soil samples were taken from the upper 10 cm layer, air-cjried and subjected
to analysis. Seed samples were collected at harvest.

Analytical procedures; Nitrofen in soil samples (50 g) and seed
samples (20 g) was extracted and determined according to a standard
procedure (6) . A standard curve was prepared by injecting 3 jil aliquote
of hexàne solutions containing 0.15, °«3» 1«5» 3 and 15 ng nitrofen into
the GfLG column and measuring the peak area by the triangle method.
The detection limit of the analytical method was 0.001 ppm for soil and
seed samples and the recoveries ranged from 75 *t° 35 %>• GLC conditions were
as follows:

Column: 2 mm x 185 cm glass, U-shaped packing — 10 %
SB-30 on 80/100 Gas Chrom Q

Carrier gas flow rate: N-, 77 ml /min.
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Table 1. Agricultural data

Rape Soybean Paddy rice

Variety

Culture conditions
Date of begin

Date of harvest
Replication

Watering
Total rainfall
during growth

Soil condition

Yudal

March 6
(transplanted)
June 16
60 plants/plot
in duplicate
when necessary
148 mm

Daily t amp. range 0 - 29 C

Texture
Organic natter 4*9
pH 5.0
C.E.C. (meq/100g) 10.6

sandy loam

Choongbook-Baek

May 17
(seeded)
October 4

18 m2/plot
in duplicate
natural

737 mm

17 - 30 C

sandy loam
4-5 %
5.2
9.5

Jinheung

June 4
(transplanted)
October 11
18 o
in duplicate
flooded
729 mm

17 - 30°G

silty loam
8.2 %
5.6
11.0

Pesticide application
Nitrogen 200 g/lOa
Alachlor 53 g/lOa
Butachlor 180 g/lOa

200 g/lOa
109 g/10a
180 g/lOa

200 g/lOa

180 g/lOa
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Temperature: injector, 225°6; column, 200°C; detector, 245°C
Chart speed: 0.5 inches/rain*
Detector: electron capture ( -%i)
Confirmatory column: 3$ QP-1 Chromosorb G (AW-DMCS) 2 mm x 92 cm

glass column

Alachlor and butachlor were extracted and determined according to
the same procedure adopted for nitrofen, with some modifications«
The soil sample was extracted with isopropanol-benaene (1:2) and an
aliquot was evaporated to dryness. The residue was dissolved in
petroleum ether and cleaned-<up on a florisil column packed with 60/100
mesh activated adsorbent. Elution was made with petroleum ether, 16%
ether in petroleum ether and 48$ ether in petroleum ether in succession.
The last eluate was collected,evaporated to dryness and dissolved in
hexane for gas Chromatographie analysis. Gas Chromatographie conditions
were the same as above. The detection limit for alachlor was 0.001 ppm
for soils and 0.013 ppn» for seeds. Recoveries ranged from 80 to 90$ for
alachlor and 75 to 9596 for butachlor.

HESULTS AM) DISCUSSION

Persistence of nitrofen in soil. The disappearance rates of
nitrofen residue from soil are shown in Pig. 1. The herbicide residue
decreased remarkably 2 weeks after application and continued to decline
thereafter. It reached approximately 10$ level after 50, 60 and 150 days
for rice, rape and soybean soils respectively. The decline may T5e
attributed to leaching and/or decomposition of the herbicide by soil
microorganisms and other environmental factors such as air, temperature
and pH.

Persistence of alachlor and butachlor in soil; Pig.2 shows the
disappearance rates of alachlor residues from rape and soybean soils.
In rape soil,less than 20$ of alachlor could be detected after two weeks,
indicating a rapid leaching and/or decomposition of the chemical. In soybean
soil, the corresponding value was approximately
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Table 2t___Butachlor residues in soils of rape, soybean and paddy rice

Crop

Rape

Soybean

Rice

Bays after Butachlor residue % Residue
application (ppm on an air-dry basis) in soil

1/6 0.290 100
15 0.022 7.6
30 0.032 11.0
45 < 0.001 <3.4

1/6 0.014 100
15 0.021 150
30 >
60
90
120
150

1/6
15
30
60
90

>

Not detectable

110 '
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Btttachlor residues were not consistant (Table 2). The general
pattern appears to be similar to that of alachlor. One difficulty may
relate to the detection lirait for butachlor which was 10 times higher
than that of alachlor.

Residues of nitrofenr alachlor and butachlor in seeds; Residues
of the tested herbicides were not detected in the seeds of rape, soybean
or rice, under the above experimental conditions.

Hitrofen as a diphenyl ether herbicide seems to be rapidly
decomposed in soil. Alachlor and butachlor as acetanilide compounds
are also easily bio-degradable. The presence of residues of decomposition
products can not be excluded since they were not examined in this study.

In conclusion, it is unlikely that the three tested herbicides
would contribute to serious environmental pollution problems, under
regular patterns of agricultural practice.
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PROPOXÜR RESIDUES IN COCOA IEANS

D. ÄDOMAKO and E. OWUSU-MANU
Cocoa Research Institute
P.O.Box 8, Tafo, Ghana

ABSTRACT;

Pod-bearing Amazon and Amelongdo cocoa plants were sprayed with Uhden
20$ (propoxur, arprocarb, baygon) at the recommended rate of 210 g a*i./ha
and twice the recommended rate at monthly intervals from July to October,
1976, and cured beans from the ripe pods analysed for propoxur residues by
gas chromatography. In a radiotracer study with C-labelled propoxur, the
effect of processing methods on residues and systemic uptake of
propoxur from insecticide deposits on pod surfaces were also investigated.
Residues did not exceed 0.03 ppm. There was no relationship between
residues and harvesting time, cocoa,type or rate of application.
Contamination of beans with insecticide deposits on the pod surface during
processing, and systemic uptake of insecticide from pod surfaces were negligible.

INTRODUCTION;

In Ghana the traditional oil seeds are cocoa, oil palm, groundnut, coco-
nut and shea latter. Newer introductions such as cotton and soya bean are
being developed on a large scale (l). Practically all the palm, palm kernel,
groundnut and coconut oils as well as shea butter are used locally for dietary
purposes. These are prepared either on small-scale by traditional" methods or
on industrial scale by the expelier process. Only about 80,000 tons of cocoa
is processed locally at the cocoa products factories; the bulk is exported.

As the country's major export commodity, cocoa is the most intensively
cultivated oil tree crop. About 1.4 million hectares of land in the Southern
parts of Ghana is cropped to cocoa. Cocoa beans contain 53 to 60$ fat, and find
use mainly in the chocolate and sugar confectionery industries. Cocoa powder,
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a by-product o " chocolate manufacture :;.s used in the food industry as a
beverage and as chocolate confectionary coating;. The expeller cake, a by-
product of cocoa butter processing, may be used as animal feed.

All the oil seed crops have insect pest problems, but it is only in
cocoa fanning that the widespread use of insecticides is practiced. Due to
the development of resistance against Gammalin (V-BHC) by the major pests,
(capsid species Distantiella theobroma and Sahlbergella. singularis Miridae,
Heteroptera), proporur (2-isopropoxyphenyl N-methylcarbamate) was introduced
in 1976 ae a replacement for Gammalin. In his screening trials, Marchart
(2), (3) studied factors affecting the persistence of propoxur and other
insecticides in cocoa. Results of his radiotracer work with C-labelled
insecticides, and of his bioassay tests showed that wash-off by the frequent
tropical rains and volatilisation under the prevailing high temperatures caused
rapid loss of insecticide deposits from plant surfaces. Wind, decomposition
by enzymic hydrolysis or by light, and systemic uptake were of little im-
portance. As a result, residues in cocoa beans were low (3)» However, more
data on propoxur residues, particularly at the recommended concentration,
are reô iired. The purpose of the present work was to determine, under con-
ditions of normal agricultural practice in Ghana, the magnitude of propoxur
residues in cocoa and the effect of processing methods ou residue levels.

MATEREALS AND METHODS

Field application of insecticide: Two different cocoa types, Amelonado and VfACKE
hybrid, on two 4 ha plots, were selected for the experiment. The two cocoa
types form the bulk of Ghana's cocoa. The plots were given 4 applications of
Ifeden 20$ at the recommended times (monthly intervals between July and October,
1976) at 210 or 420 g a.i./ha using motorised mist blowers. Pods were harvested
randomly on 1, 10 and 20 days after the last application and processed as
described below. Control, adjacent plots received no treatment.

Processing: Mature cocoa pods have an average weight of about 450 g, a length
of about 19 cm and a diameter of about 10 cm. The beans are enclosed in a
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husk, 1 - 2 cm thick. Processing consists of pod breaking, removal of
beans, fermentation of beans, and drying of the fermented beans (3), (4)«
Pod breaking was done manually with sticks or matchets and beans were
removed from the opened pods with the finger into baskets. Due to the email
size of the samples the beans were fsrmented in about "our days by the tray
procedure, instead of the heap method (4). Fermented beans were spread on
mats and sun-dried for about 10 days to a moisture content of about 7$.

Residues on pod surfaces; The opening of pods and removal of beans manually
during processing may result in the beans becoming contaminated with insecticide
deposits on the pod surface. To determine the amount of insecticide remaining
on the pod surface after harvest, pods were randomly picked, and each was
washed with ;
to analysis.
washed with 300 ml distilled water. The washings were stored at -20 C prior

Radiotracer experiiBentsj; The extent of contamination of the beans during
processing, and the extent of systemic uptake from insecticide deposits on
pod surfaces by beans were also investigated using C-labelled propoxur»
Two 6 year old trees (about 4 m tall) bearing immature pods were selected,
and 10 jil alicjuots of -̂ C-propoxur (Radiochemical Centre, Amersham, specific
activity 50 pCi/mg) solution in acetone (lmg/ml) were applied by means of a
microsyringe to freshly cut surfaces, a total of 100 jig being applied to each
pod. A total of 18 pods were treated in this mmner on one tree and eight
on the other tree. Ripe pods harvested 2 months later had considerable
amounts of radioactivity on their surfaces when monitored with a ratemeter
although there had been several heavy rains after the application of the
insecticide.

To test for systemic movement of the insecticide from the pod surface
into the beans (i.e. presence of radioactivity in beans of treated pods),
19 of the pods were carefully opened with a matchet by one person while
the placentas holding the beans were cut and removed by a second person,
carefully avoiding contact with the outer part of the pod husk. The beans
were fermented in polythene nets over a period of 4 days. To determine the
degree of contamination during processing, a batch of 20 untreated pods were
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opened and beans removed as in normal practice soon after the treated
(radioactive) r >de had been handled. The beans were ferm-nted in a polythene
net in a separate basket as above. Control consisted of beans from a batch
of untreated pods processed shortly before the treated (radioactive) pods
were processed.

Extraction and analysis: Shells or nibs (10 g) of the dry cocoa beans were
extracted with acetone, and the extracts further extracted with chloroform»
The latter was dried by passage through a column of anhydrous sodium sulphate,
followed by evaporation and addition of 50 ml acetone to dissolve the residue.
The extract was then treated with a solution of 1.25 g NH Cl and 2.5 ml
phosphoric acid in a litre of water, then with 0.1% solution of eerie sulphate
in 4N sulphuric acid, followed by re-extraction with chloroform« The extract
was evaporated to dryness and the residue re~dissolved in 2 ml methanol (5).
Aqueous washings of pod surfaces (300 ml) were treated with eerie sulphate
followed by addition of anhydrous sodium sulphate and extraction with
chloroform (5).

C-activity in 0.5 ml aliquots of the extracts was determined in a
scintillation cocktail consisting of l g PPO and 400 g POPOP in one litre
tolueneî cellosolve (iîl by vol.) using Packard Scintillation Counter«
Colorimetric determination of proporur <*as made as described by Bracha (6),
using 2 ml of extract.

In the gas Chromatographie analysis, using electron-capture detector,
50 g whole cocoa beans were extracted with méthylène chloride. The extracts
were hydrolysed with alkali followed by steam distillation and conversion
of the phenol moiety to the 2,4-dinitrophenyl ether derivative by reaction
with 2,4-dinitrofluorobenzene (5)» (?)• The limit of detection was 0.01 ppm.

RESULTS

Residues on pod surface and contamination during.processings Analysis of
aqueous washings from the surfaces of randomly-picked pods gave values ranging
from 0 to 102 ug propoxur per pod. Washings from pods treated with Opropoxur
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were found to contain C-activity "but cocoa beans (from untreated pods) which
were processed soon after the radioactive pods had been handled, were found
to contain less than 0,01 ppm (as propoxur equivalent) when analysed for \J-
activity. Hhpa beans from the radioactive pods themselves were carefully
removed so as to avoid contact with the outer part of the pods, then processed
and analysed, less than 0.01 ppm (as propoxur equivalent) could be detected,

Reeidues occurring Tinder normal„.conditions of agricultural practice; The
results of gas Chromatographie analysis for residual propoxur in whole beans
are given in Table 1, In -three out of the nine treatments no residues were
detected» In the remaining six treatments only one contained residues above
the detection limit of 0,01 ppm. No relationship was found between residue
level and harvesting time, rate of application or cocoa type,

DISCUSSION

The occurrence of variable amounts of residues on pod surfaces is well
known, the magnitude being determined particularly by the frequency of rainfall
and the degree of protection of pods by the foliage (3)« Propoxur is a non-
systemic insecticide, and results of the radiotracer study have shown that
there is little or no uptake of the chemical, even from deposits on out
surfaces« This is of practical importance, as the surfaces of many pods are
often damaged by insect pests and rodents, and in normal farm management or
agronomic pra' fcices. The radiotjpacer studies have also Jiown that there is
no risk of contamination during processing of the final commercial product
with insecticide residues on the pod surface. Residues reaching the fresh beans
from contaminated hands are presumably degraded by ndcrobial enzymes during
fermentation, or solubilised and carried away in the liquid draining off the32fermenting mass. An interesting parallel is the breakdown of P-labelled
"Chipman RÖ20011 reported by Bowman and Gasida (8) who found a reduction of 20%
under simulated cocoa fermentation conditions.

The residue of 0.01 - 0*03 ppm in dry cocoa beans is lower than
Marchart's (3) value of 0.10 ppm obtained by the colorimetric method of
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Table It Propcxor residues in whole crioa beans

Cocoa
type

Araelonado

WACKt hybrid

Rate of application of propoxur
Concentration
of active in-
gredient (g/ha)

210
210
210
420
420
420
210
210
210

Applied vol.
of spray
(lit/ha)

56
56
56
56
56
56
56
56
56

Harvesting
schedule (days
after last
application
of propoxur)

1
10
20
1

10
20
1

10

20

Residues *
(ppm)

N.D.
0.01
0.01
N.D.
0.01
0.01

0.03
0.01
N.D.

N.D. Not detectable
* Determined by gas liquid chromatography
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Bracha (6). The colorimetric method is known to be less specific than the
gas Chromatographie method (5) used in the present work» In view of the
very low residue levels obtained, the use of Ifoden 20$ in cocoa farming is
unlikely to constitute any toxicological or nutritional hazard*
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ISOTOPIC TRACER AIDED STUDIES OH THE FATE OP
LSPTOPHOS RESIDUES IN COTTON SEED AMD ITS
PRODUCTS UNDER PAKISTAN CONDITIONS

H. Jaml QURE3HE
Nuclear Institute for Agriculture and
Biology, P.O.Box 128, Faisalabad, Pakistan

ABSTRACT

Radiotracer experiments were conducted under field conditions on
cotton variety AC-134t using Ŝ-phenyl leptophos. Leptophos residues
were determined in the cotton seed products during1 1975? 1976 and 1977«
The mean values for leptophos residues in the cotton seed, oil and cake
were found to "be 0»26, 1.10 and 0.07 Ppn> respectively.

IirTRODUCTIOK

Leptophos (4-bromo-2,5<-dichlorophenyl methyl phenyl phosphonothioate) is
a, izwnaber of the phosphonate group of organophoBphorus chemicals. The
residual nature and environmental fate of this group has not "been thoroughly
investigated (l). Data in the literature are concerned mainly with the
syrfceaiic action and mstabolism of pesticides in the cotton plant (2)t (3)t
(4)» (5) and only limited data are available on residues in the cotton seed.
ContEistLnation of the cotton seed products by leptophos was reported by
Hasean et al« (6) *,rho found that leptophos residues in the seed, oil and
cake were 0.34? 0.82 and 0.24 ppm respectively.

In Pakistan the cotton plant suffers from insect infestation~throughout
its growth period. White ants attack the seedlings as well as mature plants.
Cotton thrips and aphids infest the foliage. Grubs of grey weevil attack the
roots of seedlings. As the plant grows, white fly and jassid, etc. make
their appearance. During the peak of its growth, leaf roller and semilooper
proved to be pernicious pests in some cotton growing areas. Insects like
cotton stem borer bore into the stem. When the flower buds appear and the
bolls develop, they become attacked by bud moths.which may bore into the
terminal shoots. Subsequently the bolls become infested by bollworms.
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Red cotton bugs and dusky cotton bugs may also infest the plant and spoil
its quality. In view of such multiple infestation, heavy use of numerous
types of pesticide chemicals becomes almost inevitable. The present study
was designed to determine the fate of C-leptophos applied foliarly to
the cotton plant, in cotton seed, oil and seed cake.

MATERIALS AM) METHODS

4C-phenyl leptophos (specific activity 0.84 raCi/g) was synthesized
by Prof. Hassan at the Regional Radioisotope Centre, Cairo, Egypt. The
labelled precursor
Amersham, England.
labelled precursor used was benzene-1- C procured from RadiochenrLcal

Seeds of cotton variety AC-134 were sown in the regular growing period
(during the last week of May 1975, 1976 and 1977) in different plots
isolated by a border of local cotton variety. The plant to plant distance
was 2 feet and row to row distance 3 feet. Plants were left to grow under
field conditions concerning thinning, irrigation and application of
fertilizers. The five plants under study were further isolated from other
plants by 2x2x6.5 feet iron cages covered with nylon nets. C-phenyl
leptophos (6,6 mg/plant) was dissolved in one ml of acetone and the volume
was made up to 10 ml with distilled water. Application of this milky
suspension was made four times at ten days intervals during the month of
October through the first week of November using a small hand sprayer. The plants
were left to maturity and the crop was harvested in four pickings which
started in the middle of November and ended in the middle of December. The
picked samples were ginned by using ginning machines and the seeds were
collected for analysis.

Crude oil extraction from cotton seeds was carried out using a soxlet
apparatus (7). The crude oil sample was extracted by partioning between polar
and non-polar solvents as described by Hassan et al« (6). The seed cake left
behind was treated with 2N Sodium hydroxide solution for 24 hours and then
subjected to further extraction with hexane and acetonitrile.
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%-activity in the cotton seed, the oil and the seed cake was determined
using a Packard Tri-carb Model 3320 Licpiid Scintillation Counter« The
scintillation cocktail used was Aquasol-2 (New England Ifuclear, Boston, Mass.).

RESULTS AND DISCUSSIONS

Leptophos residues in the cotton seed, oil and cake are summarized in
Table 1. Residues in 1976 cotton crop are slightly lower and this might be
attributed to excessive rains during that year. The mean values for leptophos
residues in cotton seed, oil and cake were calculated to be 0.263, 1.10 and
0.066 ppm respectively« The high residue in the oil is probably related to
the strong lipophilic character of leptophos and some of its metabolites.
Studies to determine the nature of the residue(s) are in progress.

The author wishes to thank Dr. F.P.W. Vftnteringharn for his useful
suggestions« He is also thankful to Prof. A. Hassan for synthesizing ^C-
phenyl leptophos. The assistance of Mr. M. Amin, farm manager, in supervising
the agricultural aspects of the project is acknowledged.
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Table 1: C-letctophos residues in cotton seed, oil and cake

Sample

C-phenyl leptophos

Cotton seed
Hearane extract
Acetonitrile extract

Oil
Hexane + Acetonitrile
extract

Cotton seed cake
Alkali treatment
Total seed

1975
dpm

1800

10736
857

11593

3170
14763

weight of
sample

1.0 pg

30.0 g

5.70 g

24.30 g
30.0 g

ppm

.

.

1.13

0.072
0.273

1976
dpm

1800

9439
656

10095

2698
12793

weight of
sample

1.0 pe

30.0 g

5.62 g

24.38 g
30.0 g

ppm

*•*

.

1.00

0.061
0.236

1977
dpra

1800

11313
838

12151

2943
15094

weight of
sample

1.0 HP

30.0 g

5.77 g

24.23 g
30.0 g

ppm

.

1.17

0.067
0.279
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TOXICOLOGIOAL ASSESSMENT OP LEPTOPHOS RESIDUES
IN COTTON SEED PRODUCTS

a. EASSAN, S.M.A.D. ZAYED and I.Y. MOSTAFA
M.E. Regional Radioisotope Centre,
Dokki, Cairo
Arc.0 Republic of Egypt

ABSTRACT

TOXICQLOGICAL ASSESSMENT OP LEPTOPHOS RESIDUES IN COTTON SEED PRODUCTS
Leptophos residues in oil included leptophos, 0-methyl phenyl

phosphonothioic acid, 4-*bromo-2,5-<i-iohlorophenol and an unknown metabolite,
as identified by Chromatographie techniques. The toxicologies! data and
the relative abundance of leptophos in cotton seed oil indicate that the
parent compound is the most toxicologically-significant chemical. Physico-
chemical and toxicological studies suggest that the degradation products
- formed under various environmental conditions - are less toxic than
the parent chemical.

INTRODUCTION
Leptophos is chemically 0—(4—bromo—2,5-<iichlorophenyl}-0-fliethyl phenyl

phosphonothioate. The chemical has been used in Egypt for the control of
the cotton leaf worm "Spodoptera littoralis", since 1970. Possible contaminat-
ion of the cotton seed products by leptophos was previously investigated by
Hassan et al. (l); using 4C-phenyl-labelled leptophos. Leptophos residues
in the seed, oil and cake were found to be 0.34i 0.82 and 0.24 ppm respectively.

The present study is an attempt to characterize the nature of~~leptophos
residues and to evaluate their toxicity in terms of lethality and cholinesterase
inhibition. The effects of some environmental factors were also investigated.

METHODS
Ĉ-phenyl-labelled leptophos (specific activity 1.49 mCi/g) was

synthesized as previously described (l) . The radioactive insecticide
was used in the experiments aimed at characterization of the residues
and in studies involving environmental factors. For studies on lethality
in mice and cholinesteraee inhibition, nonactive substrates were used.
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Conditions of cultivation, insecticide application and sampling were
the same as reported by Hassan ert al. („_)•

Characterization of leptophos residues in the cotton seed oil:
Leptophos residues were extracted fron the oil according to a standard

procedure (2). Attempts to characterize the products were made using radio-
thin layer Chromatographie techniques. Authentic metabolites (l) were run
alongside for identification purposes.

Determination of the median lethal dose of leptophos, leptophosoxon,
desbromoleptophos and 4-bromo-2t5-dichlorophenol in mice:

This experiment included 370 male albino mice. The body weight
ranged from 22 to 27 gt and all animals underwent a 12-hour period of
fasting. The test compounds were administered orally using olive oil
as a vehicle. Following a single oral dose of the test compound, the
mortality percentage was recorded daily and the U)c0 was calculated
according to a standard procedure (3)» taking into account the mortality
after 7 days.

Kinetics of inhibition of brain acetylcholinesterase:
Rat-brain homogenates were used as a source of the enzyme. Various

concentrations of leptophos and some metabolites were preincubated with
the homogenate for 30 minutes and the enzyme activity determination and
ICQ calculations were made ae previously reported (4).

Physico-chemical experiments:
Degradation of C-phenyl leptophos under various conditions of pH

and temperature was studied according to Zayed et al. (5). Photodegradation
experiments in sunlight and ultraviolet light were conducted as described
by Zayed et al, (6).

RESULTS AMD DISCUSSION
Characterization of leptophos residues:

Radio-thin-layer Chromatographie studies revealed the presence
of leptophos, 0-methyl phenyl phosphonothioic acid and an unknown radio-
metabolite (Table l), with relative abundance of 80 : 10 : 10 respectively;
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TABLE I. LEPTOFHOS METABOUTES IST COTTOlf SEED OIL

R„ in solvent system *
Substance I II III

— Leptophos
- 0-(2,5-dichlorophenyl)-0-methyl
phenyl phosphonothioate

- 0-(4— bi*omo-2f 5-dxchlorophenyl)
0-methyl phenyl phosphonate

- 4-bromo-2,5-dichlorophenol
- 0-methyl phenylthiophosphonic acid
- 0-methyl phenyl phosphonic acid
- Phenyl phosphonic acid

- Cotton seed oil extract
(TLC - nuclear technique)

0.47
0.59
0.00
0.14
0.00
0.00
0.00

0.45
0.00
0.38

0.84

0.80

0.00
0.46
0.00
0.00
0.00

0.85
0.00
0.06

0.94
_

0.79
0.93
0.19
0.24
0.34
0.94
0.19
0.26

Cotton seed oil extract
(TLC - colorimetric technique) ** 0.12 0.45 0.95

* I Pet. Ether ; Benzene (5 : l)
II Pet. Ether : Ethyl acetate (9 : l)
III Butanol : Water : Formic acid (80 : 20 : 5)

** 4—aminoantipyrine phenolic reagent
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as estimated from the radiochromatograms. Neither the oxon nor desbromo
leptophos could be detected in the oil extracts. TLC-colorimetric techniques
showed the presence of 4-broroo-2,5-<lichlorophenol in small amounts. The meta-
bolites found in the cake extracts were essentially similar to those found in
the oil.
Toxicological evaluation of leptophos and its metabolites:

Toxicological significance of leptophos residues was assessed by
determining the lethality (liDc«) of the toxicologically-important compounds,
as well as the magnitude of inhibition of brain acetylcholinesterase (lcn)
by various metabolites.

4. Determination of the median lethal dose of leptophos, leptophosoxon,
Desbromoleptophos and 4~bromo-2,5-dichlorophenol in mice;

Pour compounds were selected for the I*Dc0 studies. These included
• he parent substance, its oxon, desbromoleptophos and 4-bromo—2,5-*uchl.oz*ophenol.
".lie o:;on is known to be formed in small amounts on the leaf surface (6). Des-
bromoleptophos is known to be formed in UV-light, especially in presence of
organic solvents (6). The phenol may be produced in alkaline pH and warm
medium (5). Tcble I summarizes the data obtained with the four test compounds»

It may be noted that leptophos and its debrominated derivative are the
ĵost toxic compounds. The oxon was found to be less toxic than the parent
compound. The phenol proved to be of low toxicity. Since desbromoleptophos
is not readily formed under field conditions, leptophos itself would be con-
sidered the roost important chemical from a toxicological standpoint. The
relative abuncU ce of leptophos in the oil supports the s .ne conclusion.

B. Kinetics of acetylcholinesterase inhibition:
Kinetic studies included the determination of !„ values of leptophos

nnd its metabolites; following the reaction with rat brain acetylcholinesterase
(Table II). The data revealed a common pattern of inhibition. The oxon was
found to be the most potent inhibitor and the hydrolytic products were
rrnerally weak inhibitors.

0, Leptophos burden:
The daily intake of leptophos residues from cotton seed oil may be readily

calculated for the average individual. The latter consumes 300-600 gram oil

66



TABLE II. LD,-0 OP "TEST

Compound Dose range ïïumber ^e;n
(mg/kg) of mice (mg/kg)

Vehicle alone 30

Technical leptophos (90-95$)
0-(4-bromo-2,5-<lichlorophenyl )
0-methyl phenyl phosphonothioate

10-100 100 54

Leptophosoxon
0—(4-bromo~2,5-dichloropheny 1}
0-*aethyl phenyl phosphonate

50-150 80 86

Phenol (98$)
4~bromo-2t

1000-3000 60 2000

Desbromoleptophos
0-(2T5-dichloro phenylJ-Onmethyl
phenyl phosphonothioate

10-100 100 38
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per month; the poorer the class the higher the consumption. This amount
corresponds to P.2—16.4 ug leptophos residue per individual per day (in-
vestigations are underway to determine possible losses due to industrial
processing). In fact, higher levels are taken in by consuming milk and
meat from livestock fed on the contaminated cake (7). Vegetables such as
tomatoes grown on adjacent fields may become contaminated, through aerial
spray, thus increasing the leptophos intake.

Although leptophos is an organophosphate, there is evidence that
the chemical tends to accumulate in mammalian fat (8). This phenomenon
must be critically examined, in connection with the toxicological evaluation
of leptophos residues in food.

Physicochemical studies:
These studies were mainly made on the parent compound, being toxicologically
m<

used.
the most significant chemical. For this purpose, C—phenyl-leptophos was

Effect of heat and pH:
An experiment was conducted to determine the effect of room temperature

and oxygen (excluding light) on solid C-phenyl—leptophos. C-activity was
lost with a half life of 88 weeks. In distilled water leptophos degraded at
30d and 60° wit! a half life of 240 and 30 hours respectiv ly (Table IV).
The rate of degradation was almost doubled for each 10 rise of temperature.
Degradation products included a variety of compounds: desmethyl—leptophos,
0-methyl phenyl thiophosphonic acid and phenylphosphonic acid. About 15$
of leptophos was degraded by boiling in distilled water for 30 minutes (half
life 80-100 rain.). Products of alkaline hydrolysis were identified as
0-methyl phenylphosphonic and phenyl phosphonic acids. This indicates that
the alkaline pH promotes the conversion o f P = S t o P = O a s well as the
hydrolysis of the P—phenoxy bond of leptophos.

Photodegradation of leptophos:
In aqueous acetone (5/fc acetone), leptophos proved to be stable in the dark.

When exposed to sunlight for 10 hours, a small percentage was transformed intot
the oxon. Under UV-influence, the oxon, 0-methyl phenyl thiophosphonic acid
am phenyl phosphonic acj.d could be identified as degradation products (Table V),
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TABLE III. INHIBITION OP RAT BRABT ACETYLCHOLIÏÏESTERASE

Compound * I

Leptophos - 99 % 2 x 10""4 M
Oxon - 98 % 7 x 10"7 H
0-metbylphenyl -
thiophosphonic acid - 99 $ > 1 x 10 M

r\
Phenyl phoaphonic acid - 99 % ^ 1 x 10 M
4-"bromo-2,5 dichlorophenol - 98 % ^ I x 10""̂  M

* Percentage indicates purity of test compound

TABL3 IV. EFFECT OP TEMPERATURE AND pH ON STABILITY OP LEPTOPHOS

Température
0°

25
25
25
25
30
60
60

100

pH

1

5
9

il
Distilled x^ater
Distilled water

9
Distilled water

half-life
(hours)

210
220

105
26

240
30
10

1.5
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TABLE V. DEGRADATION PRODUCTS AFTER EXPOSURE OF AQUEOUS LEPTOFHOS SOLUTION
TO SIWLIOHT AHD W

Substance

Leptophos

Unknown *

Dark
24 h.

Over
99

-

Percentage
Sunlight Ultraviolet light
10 h< 1 h. 6 h. 24 h.

96 99 80 71

- 9 10

Oxon

0-methyl phenyl
thiophosphonic acid

Phenylphosphonic acid —

*• R,. 0.1/1 in system — Petroleum ether : Benzene (5 : l)
* R„ 0.20 in system - Petroleum ether : Acetone (15 : l)
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In addition, an unknown substance - which contributed one third of the total
products — could be detected. Its Chromatographie behaviour suggests
the structure o an isomer (possibly 3-wethyl isomende). Solid C-leptophos
on silica gel gave the oxon as the major product after UV~irradiation.
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LEPTOPHOS RESIDUES IN MILK AMD MEAT
OP LACTATING GOATS

A. HASSAN, H. FARGHALY* and S.I. MOHAMMED
U.E. Regional Radioisotope Centre
Dokki, Cairo, Arab Republic of Egypt

ABSTRACT

LEPTOPHOS RESIDUES IN MILK AID MEAT OP LACTATING GOATS

C-phenyl leptophos was administered to lactating goats at dietary
levels of 5 and 10 ppm for seven consecutive days. Leptophos residues in
milk were found to be 0.10 - 0.42 ppm during the intoxication period. However,
these residues declined to 0.06 - 0.08 ppm after a withdrawal period of
seven days. The milk residues consisted of lipophilic (5795) and hydrophilic
(39$) compounds and C-crotein-bound activity (4$). The lipophilic component
was mainly leptophos. The hydrophilic products were identified as 0-methyl
phenyl phosphonic and 0-methyl phenyl phosphonothioic acids.

Leptophos concentration in the meat was found to be 0.30 - 0.40 ppm.
Omental and subcutaneous fat contained much higher residues (up to 5*9 PPnOt
predominantly as leptophos. The liver, being the site of major meta-
bolic activity, contained as high as 15.0 ppm of C-residues. Urinary

C-met ab elites included phenylphosphonic, 0-methyl phenyl phosphonic and
0-roethyl phenyl phosphonothioic acids and two unknown products.

INTRODUCTION

Leptophos 0-(4-bromo-2,5-dichlorophenyl}-0-methyl phenylphosphonothioate
is an organophosphorus insecticide of moderate toxicity to mammals* In
a previous communication (l), possible appearance of leptophos residues in
cotton seeds was investigated using C—phenyl-labelled leptophos. Leptophos
residues in the seed, crude oil and cake were found to be 0.34» 0.82 and 0.24
ppm respectively. Hassan et al. (2) reported that the oil residue consisted
of leptophos, 0-methyl phenyl phosphonothioic acid, 4-bromo-2,5-dichlorophenol
and an unknown metabolite. Physicochemical and toxicological studies (2)

* National Research Centre, Cairo, ARE
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indicated that leptophos itself is the most toxicologically-significant
chemical. In an. attempt to evaluate the impact on human health, residues
from other sources must be taken into account. Such residues may appear
in milk and meat of dairy animals grazing on contaminated silage or feeding
on the cotton seed cake.

The aim of this investigation is to study the extent of deposition
of leptophos residues, if any, in milk and meat of lactating goats, as
well as the rates of disappearance of such residues.

MATERIAL AM) METHODS

Animals; Six healthy lactating goats, weighing 23-26 kilograms each,
were acclimatized for three weeks prior experimentation. A certified
veterinarian observed the animals, throughout the whole experimentation
period. The animals were trained to "be fed 15-20 grams of local bread
in the morning followed by regular feed which consisted mainly of clover,
bran and straw. The animals were grouped into three groups as follows:

GROUP BÜMBER OP ANIMALS ADMIJSISTERED DOSE DIETARY LEVEL
OP LEPTOPHOS

I 2 20 mg/day/goat 5 Ppm
II 2 40 mg/day/goat 10 ppm

III 2 40 mg/day/goat 10 ppm

The dietary level is based on four kilograms feed per goat per day.

Radioactive insecticide; C-phenyl-leptophos was synthesized in our
Laboratory; specific activity 1.49 mCi/gram. The tagged chemical (350
was diluted with cold analytical-grade leptophos (1050 rag) to yield 1.40 gram

C—leptophos; specific activity 0.373 mCi/gram.

Dosage and administrâtion; Determination of the daily dose was based on the
results of a pilot experiment in which silage was treated with technical
leptophos at two rates of 0.75 kg/acre and 1.50 kg/acre. The lower rate was
equivalent to the rate used in actual agricultural practice. Ensilage took
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place 24 hours later and the treated silage was allowed to stand for six
days, prior analysis. Results indicated that — under regular feeding
procedures - an animal would consume approximately 0,8—1.6 mg/kg body weight.
The appropriate amount of C-leptophos was dissolved in n-4iexane and
the solution applied on a piece of local bread. Kexane was allowed to
evaporate at room temperature and goats were fed the contaminated bread
at approximately 8 a.m. The toxicant was administered to groups I, II and III
for seven consecutive days. Administration began on March 12tht 1977«

Sampling; The goats were milked twice daily, at <) a.m. and 6 p.m.
Milk samples (100 ml each) were stored, frozen for analysis. Samples
from groups I and II were collected for seven consecutive days. Samples
from group III were collected for 14 consecutive days. Blood samples
were collected from the juglar vein, for the determination of erythrocyte
and plasma cholinesterase activity (3). Two samples were drawn from each
animal, one prior treatment and one at sacrifice. Urine samples were also
collected from group III for measurement of radioactivity and characterization
of metabolites.

Sacrifice; Animals from groups I and II were sacrificed on March 19"th;
those from group III on March 26th. The organs collected at sacrifice were
frozen for analysis. These included the brain, heart, liver, kidney, whole
blood, lean muscle (Biceps femoris and longissimus dorsi) and fat (omental
and subcutaneous).

Analysis; Milk, urine and organ samples were combusted in a Packard—
Oxidizer system and C-activity was determined in a Packard Tri-Carb liquid
scintillation spectrometer (counting efficiency 74$ for Carbon-14)» Radio-
Chromatographie techniques (2) were used for characterization and identification
of milk, fat and urinary metabolites.

RESULTS

An examination of Pig. 1 and 2 reveals that significant residues
were deposited in milk. The highest levels'were 0.24 and 0.42 ppm for
groups I and II respectively. However, when allowed to recover as in group III
the residue level dropped to 0.06-0.08 ppm, after 3-7 days.
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Residues of leptophos and/or metabolites in different organs
are shown in table I. At sacrifice, the brain, heart, kidney, lean
muscle and blood from all .groups contained less than one ppm of leptophos
equivalent. However, the fat showed higher residue concentrations; reaching
5.9 ppro at the 10 ppm dietary level. The liver was also found to contain
as high as 1%0 ppm of leptophos residue. Table II shows the uptake ratios
of C-activity by organs in relation to the circulating fluid.

urinary C-activit.y from group III wan found to be equivalent to
approximately 3 ppro, during the intoxication period (Table III). This
concentration was remarkably reduced to 0.2 ppm following a withdrawal

I/1
period of seven days. Table IV showa the 'C-met aboli tes found in mi lK,
fat and urine. It may be noted that the lipid compartments contained
predominant I./ the parent chemical. Table 7 shows the plasma and erythrocyte
cholinesterase activity, prior treatment and after sacrifice. The erythrocyte
enzyme activity was significant Ly reduced to approximately jCf-fi without

apparent clinical symptoms or signs while the plasma enzyme remained unaffected,
Recovery of the er;/throc,y:.e enzyme activit;/ was observed after the 7-da,/
withdrawal period.

DISCUSSION

The data obtained i.-i this investigation revealed a significant deposition
of leptophos residues in the milk of lactating goats. Maximum deposition was
observed on the third to seventh days, during the intoxication period (Pig.l
and -2). Following cessation of treatment, ' C-residues declined to 0,06-0,08 ppm
after seven days. Strict proportionality was, however, not maintained between
the .magnitude of residue and trie dietary level of the toxicant.

The experimental design adopted for the present study is analogous to
the protocol used in studying pesticide residues in milk in advanced countriesj
in terms of allowing the animals to graze on contaminated silage after
the elapse of few days and also allowing for a recovery period after consuming
the contaminated silage. In developing countries, however, neither condition
is observed. Dairy animals may be allowed into the contaminated field hours

after spraying and milk may be consumed at any time. This should be a critical
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TABLS I. C-LKPTOPHOS RESIDUES IN DIFFERENT ORGANS

Or.'̂ an

Brain
Liver
Heart
Kidney
Lon^issimus Dorsi
Biceps Pcrnoris

Blood
Omental fat
Subcutaneous fat

leptophos concentration* (ppra)
I

0.26
12.28
0.16
0.36
0.30

0.24
0.3C
O.L9

4.52

II

0.32
14.90
0.36
0.72
0.30
0.34
0.48
3.99
5.38

III

0.18
8.50
0.22
0,26
0.40

0.32
0.26
1.72
1.23

I, II, III: animal groupings
* Data arc means of two animals and based on wet wei.^.t of organs

TABLji II. UPTAKE RATIOS OP 14C-LEPTOPHOS AKD/OR METABOLITES IN
DIFFERENT ORGANS

Organ

Brain
Liver
Heart
Kidney
Longissimus dorsi

Biceps femons
Omental fat
Subcutaneous fat

Rat i o : or gan/ c i re ul at i n^
I

0.72
34.11
0.44
1.00

0.83
0.67
1.92

12.7]

III

0.67
31.21
0.75
1.50
0.63
0.71
8.31

12.24

? fluid*
III

0.6y
32.69
0.85
1.00

1.54
1.23
6.62

4.71

* Data taken from table I
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TABLE III. 14C-ACTIVITT IN URIBE

Days on
treatment

4
7
7

Bays on
withdrawal

—
-
7

Micrograms C— leptophos
equivalent per ml (ppm) *

2.82
2.91
0.20

* Data are means of two animals in group III.

TABLE IV. 14C-COMPOUKDS IN MILK, PAT AND ÜBIKB

Sample Compounds
character 14C-Compound

Milk Lipophilic and
Hydrophilic

a) Organic-soluble compounds
57$ - predominantly 14c_
leptophos

b) Water-soluble compounds (39$,
predominantly

0-methylphenyl phosphonic
and 0-methylphenyl phosphono-
thioic acids

c) Protein-bound C-activity

Bat Lipophilic Predominantly C-leptophos

Urine Hydrophilic Phenylphosphonic acid
0-methylphenyl phosphonic acid
0-methylphenyl phosphonothioic
acid
Unknown I
Unknown II
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TABLE V. PLASMA AMD ERYTHROCYTE CHOLIHESTERASE ACTIVITY

Animal
Number

1

2

3

4

5

6

Group

I

I

II

II

III

III

Corrected & i>H/hr
prior treatment after sacrifice
Plasma

0.31

0.30

0.30

0.28

-

-

BBC

0.23

0.25
0.28

0.29

-

-

Plasma

0.41

0.36

0.30

0.29

0.27

0.25

KBC

0.12

0.11

0.14

0.16

0.19

0.23
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area of concern, when evaluating milk pesticide residues in developing

countries. Against this background, it is maintained that leptophos
residues as high as 0.3-0.4 Ppm or even higher may be expected to be found
in rnilk of dairy animals fed under local conditions.

Leptophos seems to be preferentially taken up by the .1 ipid compartments
and the liver (Table I). The stron/.: Iipophilic nature of the chemical is
probably the basis for the high concentrations in subcutaneous and oriental
fat. iïven following a withdrawal period, leptophos residueo in the lipids
were higher than 1 ppm, sugfjestxtif: a slow release of the chemical from the
fat stores. In this connection, accumulation of loptophos residue:: in the
lipid stores of rats was previous!/ reported by Hasaan et aL ( < L ) . The hepatic
structures, being the most active site for metabolism of foreign chemicals,
were found to contain the highest concentrations of tht toxicant, which were

kept remarkably constant in relation to the concentration in blood (Table II).
This suggests the presence oT "a state of equilibrium" between concentrations

1."in blood and the hepatic tissue. The muscl- content of 'C-residues ranged
from 0.2-1 to 0.40 ppm and did not decline following the withdrawal period.
These concentrations are comparable to those found in the brain, heart and
kidney.

Inhibition of plasma and erythrocyte cholinesterase followed a pattern
common to humans (5) and rats (£) , where the plasma enzyme ic generally not.

affected and the RßC enzyme constitutes a sensitive tarr^et which may serve
as an index of exposure. An examination of the variety of metabolites found
in milk and fat reveals the predominance of the parent chemical in the fatty
material. Urine contained exclusively hydroLytic metabolites. It must be
emphasized that the use of radiolabcied substrate has provided a pamcularly
powerful tool in tracing the fate of ingested leptophos and identifying its

derivatives.
In view of the data obtained in the current study, it is highly desirable

to investigate the fate and magnitude of the milk residues through processing
into butter mi IK, butter, yoghurt, cheeses or crecun.
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2. REPORT



2.1, IHTRODUCTION

The United Nations Conference on the Human Environment and its
recommendations (UN General Assembly, A-CON.48/14, 3 July 1972) stand
witness to current concern on the problems of food and environmental
contamination by chemical residues»

Growing world population and food demands have dictated the intro-
duction of intensive agricultural practices especially those involving
fertilizer and pesticide inputs« This has in turn dictated the need
to study the consequent chemical residues which inevitably find their
way into food, environment and living tissues»

The current programme is primarily concerned with chemical residue
problems in cotton seed, feed, oil and related products» Other botanically
derived oils such as olives, groundnut, maize etc. have been also included.
These oils constitute the principal edible oils in Africa, Asia and Southern
Europe*. Seed cakes and by-products are also used as a relatively protein
rich animal feed. A range of pesticides is used to protect the plants
against a number of pest species leading inevitably to chemical residues.
This prompted the initiation of this programme in 1975 with a view to study
the magnitude, fate and significance of pesticide chemical residues in
edible seeds, oils and related products under conditions of local agricultural
practice and local dietary habits. The use of radiotechniques provides
particularly a powerful tool in determining the magnitude and nature of the
chemical residue. This constitutes a significant step in the better exploitation
of nuclear techniques for the protection of man and his environment.

For developing its recommendations, the meeting first reviewed and
discussed the papers in section 1 together with additional working material
listed in section 4.2.

* see table 1
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Table 1; Production, of edible j?il~bearinfi seeds in 1976*
* monthly Bulletin of Agricultural Economics and Statistics,

Volume 26, No. 10, October 1977.

Country Crop
Production in
thousand metric

tons

Insecticides
investigated
under programme

Arab Republic
of Egypt

Ghana

Sudan

India

Korea

Lebanon

Pakistan

Philippines

Poland

Cotton-seed 637
Groundnuts in shell 28
Linseed 24
Sesame seed 13
Olives 8
Cocoa 367
Groundnuts in shell 62
Palm kernels 32
Palm oil 32
Groundnuts in shell 990
Cotton-seed 300
Sesame seed 250
Castor beans 12
Groundnuts in shell 6500
Cotton-seed 24OO
Eapeseed 1800
Linseed 550
Sesame seed 500
Copra 364
Safflower 180
Castor beans 180
Rapeseed 32
Groundnuts in shell 8
Sesame seed 5
Perilla 2 ^
Cotton— seed 4
Soybeans 4
Castor beans ' 2 .
Olives 46
Olive oil 11
Sunflower seed 3
Cotton-seed 1300
Rapeseed 274
Groundnuts in shell 63
Castor beans 15
Sesame seed 9
Linseed 5
Copra 2600
Rapeseed 800
Linseed 37
Castor beans 4
Palm oil 2
Cotton-seed

Rapeseed 800
Linseed 37

leptophos,
carbaryl

propoxur

DDT, dimethoate

lindane
carbaryl

BHC, heptachlor,
aldrin, dieldrin,
endrin, DDT.

I dimethoate

leptophos, carbaryl

azodrin, carbaryl

enolofos
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2.2. MEETING OBJECTIVES

2*2.1. To review the progress of th s programme, to update and oretmre
for publication the scientific data and information obtained
since the preliminary report made in 1916 (nTI/PUB/454, PP.
100-101 and sections 1.8; 1.13; 1.14).

2.2.2. To identify problems and priorities for future development of
the programme.

2.3. ONGOING INVESTIGATIONS

The products studied within the programme are of considerable
economic importance to developing countries, some of the problems having
been identified and recommended for study at the Joint PAO/WHO meetings
on pesticide residues.

In assessing possible ecological or toxicological significance
of pesticide residues in food or feed, it is essential to obtain quantitative
data on the fate and biological activity not only of the parent compound but
also of its derivatives. These may be of considerable significance in
relation to possible concentration in food chains, chronic toxicity or
ecological effects. Isotope tracer techniques are advantageous in studying
the overall fate of the parent chemical as well as its derivatives which
may not be recovered by the unual analytical extraction procedures.

2.3.1. Propoxur residues in cocoa;

Gas Chromatographie and radiotracer studies with C-labelled
propoxur revealed that pronoxur residues in cocoa beans did not exceed 0.03 ppm.
Concern has been expressed regarding the procedure of handling the pods and
beans of cocoa. Workers come in direct contact with chemical residues on the
pods, resulting in dermal exposure and subsequent possible absorption of
the chemical. Occasional monitoring of blood cholinesterase activity is
done, by conventional procedures. Because of the reversible nature of inter-
action of carbamates and cholinesterasc, caution should be exercised in
interpreting the results.
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2» 3»2. Leptophos residues in cotton seed, products:

Under conditions of agricultural practice in Egypt, leptophos residues
in cotton seed, oil and cake were found to be 0.34» 0,82 and 0.24 ppm
respectively. Corresponding values from Pakistan were 0.26, 1.10 and 0.0? ppm.
Studies on the fate of the C-chemical showed that the parent compound is the
dominant component in the residue. Feeding studies on lactating goats
revealed the appearance of C-leptophoe residues in thé milk, meat and
other tissues. In milk, leptophos residues were 0.1 - 0.4 ppm which
declined to 0.06 - 0.08 ppm after a 7-day withdrawal period.

2. 3. 3. Garbaryl residues in cotton seed products and maize ï

Several studies represented a coordinated attack on the problem of
carbaryl residues in cotton seed products and maize. C— carbaryl residues
in the cotton seed, oil and cake did not exceed 0.09, 0.30 and 0.05 PP»
respectively. Alkali refining and bleaching of the oil may remove up to

of the residue(s).

Residues in maize oil and roasted grains (popularly consumed in Egypt)
were of the order 0.45 and 0.20 ppm respectively (IAEA, STÏ/PUB/454» p. 89, 1976).
Because the maize foliage serves as animal feed, a study was undertaken to
determine the appearance of carbaryl residues in the milk and tissues of
lactating goats. Under conditions of regular feeding, residues as high as
0.5 ppm were found in the milk. These, however, declined to 0.05 ppm after
allowing a withdrawal period of seven days.

2.3.4. Related s tudi es in Philippines, Sudan, Lebanon and Egypt of pesticide
residues in cotton and olive products have been initiated.

In Philippines, studies are underway to determine the terminal residues
of Ĉ-carbaryl and Ĉ-azodrin in the cotton seed, oil and cake. Similar
studies will be made in Sudan, using Ĉ-DDT and Ĉ-dimethoate; a combination
used locally for the control of cotton pests. Following the appearance of
Ĉ-leptophos and Ĉ-carbaryl residues in milk of dairy animals feeding on
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contaminated cake or pasture, studies have been initiated in Egypt to determine
the fate of such residues through processing of milk into cheeses, yoghurt,
butter, etc« In Lebanon, studies are underway to determine the magnitude and
fait» *f Hs-<&«rtïao*t« la oliv*« «•* «U'w» oil.

2» 3« 5» Unextracted or "bound" residues

Radiotracer techniques provide the only effective means for the
detection and assay of the "total" or "bound" residue which may or may not
include the parent chemical (IAEA, Vienna [1970], STI/PUB/252, p. 72;
IAEA, Vienna [1972], STI/PUB/332, p. 148; IAEA, Vienna [1974], STI/PÜB/363,
PP. 135-136; IAEA, Vienna [1976], STI/PUB/454, pp. 9-14). Even exhaustive or
repeated extraction procedures sometimes fail to recover in the extract a
significant fraction of the residue which is apparently "bound" by the sample
despite the use of various solvents. Such Unextracted or "bound" residues
would not be included by the conventional chemical methods based on solvent
recovery. In contrast, combustion techniques followed by liquid scintillation
counting provide an appropriate and convenient procedure for the determination
of total residues particularly for "*" C or %-labelled substrates« Alternatively
by suitable dissolution or suspension of an aliquot of the sample itself in a
suitable counting medium or scintillation "cocktail" unextracted radioactivity
can be assayed directly. Moreover by repeating this assay after different
kinds of chemical treatment of the sample the bound residue can be characterized»
In this way the nature and magnitude of the "bound" residues of methyl
bromide following its use as a fuodgant against insects in wheat were successfully
established (WLnteringhara, P.P.W., Harrison, A«, Bridges, R»G. and Bridges,
P.M« The f&tte of labelled insecticide residues in food products« II. The
nature of methyl bromide residues in fumigated wheat« J« Science M, Agric«,
1955» 6> 251-261). Other workers have similarly used these techniques for
methyl bromide residues in cocoa (Adomako in IAEA, 1976; Asante-Poku et al.« 1974t
J. Sei. KL. Agric., 25, 285-291).



The meeting reexamined the earlier recommendations formulated
during- the implementation of the programme and noted with satisfaction that
problems connected with supply and/or maintenance of equipment have
si,fjnificantly improved and that synthesis of radiosubstrates at MSRRC, ARE
was successfully accomplished for research collaborators in Pakistan, India
and Philippines.

The following recommendations were addressed to the Joint FAO/EAEA
Secretariat: —

3.1. To continue to explore ways and means of improving the supply and/or
availability of isotopically labelled compounds as a vital aid to
collaborators in developing countries«

3»2. To extend the excellent collaboration among participants within
th<= orogramroe especially in relation to the preparation of labelled
pesticides and derivatives relevant to residue studies »

1« 3. To extend studies on deposition and disappearance of pesticide
residues in milk and meat of dairy animals following consumption of
the contaminated cakes.

3.4, To give more attention to the nature and magnitude of the «»extracted
or "bound" residues of oil seeds and their derivatives following the
exposure to pesticides and for which the use of labelled pesticides
will be essential.
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4. CONCLUSIONS

4»1. The close contact established between the FAO/IAEA Secretariat
and research workers in different countries through the Agency's
research contract programme represents a significant contribution
to country development, i.e. to assist scientists to identify
and study their own problems under their local conditions, to use
nuclear and related techniques effectively and to maintain the
closest possible contact with their counterparts of the more
advanced countries»

4»2. Data obtained from this programme will be of significant value
not only to the interested institutions of the various countries
involved, but also to the Joint PAO/WHO pesticide residue
programme which establishes international recommendations for
maximum residue limits (MRL) and acceptable daily intake (ADl).
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5. APPENDICES

5.1. LIST OF INVESTIGATIONS UNDER THE COORDINATED RESEARCH PROGRAMME

Country Title principal investigator

Arab Republic of Egypt

Arab Republic of Egypt

India

Korea

Lebanon

Pakistan

Philippines

Poland

Sudan

Fate and persistence of carbaryl
in milk, fat and meat of animals
fed with maize.
Fate and persistence of phosvel
residues in milk, fat and meat
of goats.
Propoxur (2-iso propoxy-phenyl-
B-methylcarbamate) residues in
cocoa beans.
Radiotracer studies of the fate
and persistence of insecticides
in seed, feed, oil and related
products of groundnut and cotton.
Radiotracer studies on the fate
and transformation of pesticide
residues in the environment and
food chains.
The fate of pesticide residues
in traditionally processed
Lebanese foods.
Isotope tracer-aided studies of
the fate and significance of
pesticide residues in cotton
seed oil under Pakistani
conditions.
Pesticide residues in cotton
seed and oil in the Philippines
using tracer technicrues.
Studies on Enolofus/chlorfenvin-.
phos residues in rape.
Residues in cotton seed oil and
cake resulting from the combined
application of DDT and Dimethoate.

P.M. Abdel-Hamid

S.K.AJ). Zayed

D. Adooako

K. Raghu

S.R. Lee

N. Eawar

N.J. Qureshi

P.E. Pablo

R. Leski

G.A« El Zorgani
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5.2. ADDITIONAL WORKING PAPERS

5.2.1. Kawar, N.S., Pate of dimethoate in olives and olive oil

5»2.2. Pablo, P.E., Carbaryl and azodrin residues in cotton seed, oil and
cake

5.2.3. Elzorgani, G.A,, Residues in cotton seed oil and cake resulting
from the comtdned application of DDT and dimethoate

5.2.4. Leski, R., Enolofus residues in rape

5.2.5. Zayed, S.M.A.D., Leptophos residues in milk products
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5.3. LIST OF PARTICIPANTS

Dr. P.M. ABD EL-HAMÏD Pesticide Toxicology Laboratory
M.E. Regional Radioisotope Centre
Dokki, Cairo
Arab Republic of Egypt

Dr. D. ADOMAKO Cocoa Research Institute
New Tafo (Akim)
Ghana

Dr. G.A. EL ZORGANT Agricultural Research Corporation
Entomology Section
Wad Medani
Sudan

Dr. N.S. KAWAR American University of Beirut
Faculty of Agricultural Sciences
Beirut
Lebanon

Dr. S.R. LEE Environmental Chemistry Laboratory
Korea Atomic Energy Research Institute
P.O.Box 7, Cheong Ryang
Seoul
Korea

Dr. R. LESKI Plant Protection Institute
Grunwaldzka 189
Poznan
Poland

Dr. P.E. PABLO U.P. Natural Science Research Centre
S.E. Corner Quirino and Roces Avenues
U.P. Campus
Diliman, Quezon City
Philippines
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Dr. M.J. QURESEE Nuclear Institute for Agriculture and Biology
Jhang Road, P.O.Box 128
Lyallpur
Pakistan

Dr. K. RAGHU Government of India
Bhabha Atomic Research Centre
Biology and Agriculture Division
Mod . Labs.
Trorabay, Bombay 400 085
India

Dr. S.M.A.D. ZAYED Pesticide Toxicology Laboratory
M.E. Regional Radioisotope Centre
Dokk±r Cairo
Arab Republic of Egypt
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