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FOREWORD

World population growth during the past few decades has been accompanied
by an increasing awareness of/and concern for all aspects of human health,
including the safety of human foodstuffs. Pesticides and other agricultural
chemicals have become more and more indispensable, worldwide, in maximizing
food crop production, and in the protection of food and fiber producing
animals. With the increasing use of agricultural chemicals on livestock and
poultry, there are two major concerns from a toxicological standpoint.
First, such use must not have an injurious effect on the treated animals and
second, the use of these chemicals must not result in the retention of
appreciable (and potentially toxic) residues in meat products, milk, or eggs.

In 1981, the FAO/IAEA Joint Division, recognizing the need for
coordinated research on the fate of pesticides and other agricultural
chemicals in food animals and further recongizing that such internationally
coordinated research efforts have not been undertaken, established the 5-year
"Coordinated Research Programme on Studies of Agricultural Chemical Residues
in Meat, Milk and Related Products of Livestock with the aid of Nuclear
Techniques". In initiating this Research Programme, the Joint Division
recognized that major knowledge gaps exist in the subject area that, if
filled, would greatly aid developing nations in their efforts to safely and
effectively utilize agricultural chemicals to maximize the production of
meat, milk, egg and fiber. The programme was targeted specifically to
conduct coordinated research that addressed these needs. The present report
is the documentation of the contribution and accomplishments of this
programme.
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14C-COUMAPHOS RESIDUES IN
EGYPTIAN LACTATING GOATS

A.Z. OSMAN, S.M.A.D. ZAYED, N.I. HAZZAA
Middle Eastern Regional Radioisotope Centre

for the Arab Countries,
Cairo, Egypt

Abstract
14C-coumaphos was applied dermally to two lactating goats, with 2

weeks interval. One goat was sacrificed 24 hours after the second
application, and the second animal after a withdrawal period of two weeks.
The results showed that coumaphos has a slow penetration rate when dermally
applied to lactating goats. Milk residues were 0.20 - 0.25 ppm following
application, declining gradually to 0.03 - 0.06 ppm after 2 weeks. The
liver, kidney were found to contain considerable amounts of coumaphos
residues in comparison with other organs and milk, after the withdrawal
period.

1. INTRODUCTION
Coumaphos (Asuntol), 0-3~chloro-4-methylcoumarin-7-yl) 0,0-dimethyl

phosphorothioate (Bayer), is used on Egyptian farm animals to control
ectoparasites. It is a systemic organophosphorus compound which has proven
effective to control ticks. According to practice, a fortnight should elapse
between the last treatment and slaughtering; also, milk obtained during 2
days following treatment may not be used for human consumption.

The present study was initiated to determine the deposition of coumaphos
and/or metabolites in milk, meat and other tissues of lactating Egyptian
goats exposed to coumaphos.

2. MATERIALS AND METHODS

142.1. Synthesis of C-coumaphos
142.1.1 C-0,0-dimethyl phosphorochloridethioate
This was prepared by the interaction of the sodium salt

14of 1- C-ethanol and thiophosphoryl chloride according to the
procedure described by O'Brien, 1960; the yield was about 40 %.



2.1.2 3-chloro-4-methyl-7-hydroxy coumarin
130g freshly distilled ethylacetoacetate was treated, while
stirring and cooling with 88 ml of sulfurylchloride. At the end of
the reaction, the mixture was heated on a water bath for 50 min.
and then cooled. The mixture was extracted with ether and the
product purified by distillation under vacuum; the yield 115g of
pure tt-chloroethylacetoacetate (b.p. 8mm, 75-76°C).

Ten ml of « -chloroethylacetoacetate, dissolved in 60 ml dry
benzene, was mixed with 15 ml POC1 and the mixture was refluxed
on a water bath for 4 hours. After cooling, excess phosphorus
oxychloride was decomposed by the addition of excess water and the
product extracted with ether, m.p. 235°C (from dilute alcohol).

142.1.3 C-coumaphos
Coumaphos was synthesized after the method described by Schrader
(1963). To a suspension of 1.05g of 3-chloro-4-methyl-7- hydroxy
coumarin in 5 ml ethylmethylketone, dry finely powdered potassium
carbonate (0.75g) was added at 60°C. the mixture was kept at that

14temperature for one hour and then C-diethyl phosphorochloride-
thioate was added over a period of one hour while stirring. The
mixture was heated 4 hours at 75°C, filtered while warm and the
filtrate poured onto cold wat<
specific activity, 145 uCi/g.

14filtrate poured onto cold water; yield 1.5g of C-coumaphos with

2.2 Application
Two lactating Egyptian goats were acclimatized to the environment
for 2 weeks prior to beginning of the experiment.

14504 mg of C-coumaphos was suspended in one litre water (Sp.Act.
310622 cpm/mg a.i.), and a half litre was dermally applied on each
goat. The treatment was started immediately after mixing to take
advantage of the freshly dispersed active ingredient. The
application was done using a suitable small sponge, stroking
carefully against the hair direction. After two weeks, a second
application was similarly made. During the whole experiment, a
certified veterinarian observed the animals.
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2.3 Sampling, and Analysis
Milk was collected once daily (morning) for analysis. Milking of
the two goats was continued for two weeks between the two
applications. Following the second application, milk was further
collected from the second goat for a further period of two weeks
(withdrawal period). Urine and faeces samples were collected daily
after the second treatment for radioactivity measurements.

Blood samples were collected prior to the second treatment and 1,
2, 3, 7, 12, 13, and 14 days after the second application for
determination of plasma and erythrocyte cholinesterase activity
(Michel, 1949).

2.4 Sacrifice
Twenty four hours after the second treatment, one goat was
sacrificed and the following samples were removed for immediate
analysis or storage at -20°C; blood, kidney, brain, spleen, heart,
liver, muscle (Longissimus Dorsi and Biceps Femoris), adipose
tissue (omental and subcutaneous), skin and hair. Following the
two weeks withdrawal period, the second goat was sacrificed and
samples were taken as above.

3. RESULTS AND DISCUSSION
Observations indicated that dermal treatments produced no adverse

effects on the state of health, behavior or milk production of the animals.

Radioactivity in milk (Table I) reached 0.20 ppm and 0.25 ppm in milk
samples collected one day after the first and second applications
respectively. Radioactive residues declined slowly to 0.03 - 0.06 ppm after
two weeks. In this connection, Claborn et al (1970) reported that the
duration of detectable residues lasted for a period of less than two weeks.

The concentration of radioactive residues in urine slowly declined from
a maximum of 0.34 ppm after the sixth day of the second application to 0.02
ppm after 9 days. Faeces contained no radioactivity.

Coumaphos residues in the different organs of the treated goats were
less than 0.2 ppm, except in hair, skin and subcutaneous fat of the goat
sacrificed 24 hours after the second applications (Table II). These

11



14TABLE I: C-coumaphos residues in milk

Days after
application

1
2
3
4
5
6
7
8
9
10
11
12
13
14
* Samples

Residues
first application*

0.20
0.17
0.14
0.12
0.08
0.06
0.06
0.05
0.04
0.04
0.03
0.04
0.04
0.03

from two animals ** Samples

(ppm)
second application**

0.25
0.23
0.17
0.10
0.09
0.09
0.08
0.09
0.09
0.07
0.07
0.06
0.07
0.06

from one animal

14TABLK II: C-coumaphos residues in organs

Tissue/Organ

Hair
Skin
Subcutaneous fat
Liver
Kidney
Biceps Temoris muscles
Longissimus Dorsi muscles
Spleen
Omental fat
Heart
Brain
LunR

Radioactive residues after
(ppm)

one day after
application

45.00
5.04
0.62
0.16
0.07
0.09
0.13
0.18
0.12
0.04
0.10
0.05

second application

14 days after
application

24.08
2.99
0.38
2.65
1.36
0.12
0.08
0.12
0.19
0.15
0.13
0.04
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concentrations declined substantially after the withdrawal period, suggesting
elimination of coumpahos residues and/or translocation in other organs, e.g.
liver and kidney. Thin layer chromatography [Petroleum ether-acetone (4:1)]
of the organs extracts showed the presence of coumaphos in hair, skin,
subcutaneous fat, liver and kidney.

The results suggest a slow penetration rate through skin. Mushtag and
Häufe (1972) reported that it takes 5 to 10 times as long to reach peak blood
and excreta concentrations, when animals were dosed dermally compared with
oral dosing.

Coumaphos application significantly inhibited erythocyte cholinesterase
activity one day after the second application. Gradual recovery was observed
with the activity approaching baseline values after 14 days. The plasma
enzyme was slightly inhibited.

REFERENCES
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FATE AND METABOLISM OF
RADIOLABELLED MONOCROTOPHOS
IN EGYPTIAN LACTATING GOATS

A.Z. OSMAN, S.M.A.D. ZAYED, N.I. HAZZAA
Middle Eastern Regional Radioisotope Centre

for the Arab Countries,
Cairo, Egypt

Abstract
14Lactating goats receiving two dermal applications of C-monocrotophos

sprayings did not show any adverse effects related to pesticide
applications. Under conditions simulating those of agricultural practice,
residues were secreted in milk at a concentration of 0.13 ppm after the first
day; declining to 0.02 ppm on the fifth day and to non-detectable levels on
the 7th day. The hair and skin contained the highest concentration. In most
edible organs, residue levels were generally low following the second
application and declined rapidly after a 14-day withdrawal period to levels
ranging from trace to 0.04 ppm.

The insecticide inhibited both plasma erythrocyte cholinesterase
activity significantly one day after application. Slow recovery could be
observed during the 14-day withdrawal period.

1. INTRODUCTION
Monocrotophos (Azodrin) is a water soluble organophosphorus

insecticide. It has contact and systemic activity against a wide range of
insects and mites. It is used to control parasites specially ticks on
cattle, sheep, and goat. Its chemical structure is nearly similar to that of
the ectoparasiticide dicrotophos which is mostly used in Egypt to control
ticks on farm animals. Monocrotophos is formed by a process of oxidative
demethylation of one of the methyl groups dicrotophos. This leads to an
increase in biological activity, and monocrotophos is therefore recommended
for use in heavy tick infestations.

O H O O H O
H3CO }j

P - 0 - C = C - C - N
H„CO I

i \„
Monocrotophos Dicrotophos

P - O - C = C - C - N
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Little information is available on monocrotophos residues in farm
animals specially when applied dermally and the use for dermal application
may be recommended only if residues were very low or absent from milk and
edible organs. The present study was initiated to determine monocrotophos
residues which might appear in milk, meat and other organs of lactating goats
following treatment, under conditions simulating actual agricultural practice.

2. MATERIALS AND METHODS

142.1 Synthesis of C monocrotophos
Monocrotophos (3-(Dimethoxyphosphinyloxy)-N-methyl-cis-crotonamide) was
prepared by the Perkow reaction from trimethylphosphite and
N-methyl-2- chloroacetamide. One gram of N-methyl-2-chloroacetamide was

14refluxed with 0.6 ml C-trimethylphosphite in 20 ml toluene for one
hour. After cooling, the solvent was removed under reduced pressure.
50 ml water were added and the mixture was extracted three times with
10 ml carbon tetrachloride. Monocrotophos was then extracted with

14chloroform. C-trimethylphosphite required for this synthesis was
prepared according to Burton (1971), and was directly used for
condensation. The product obtained had a specific activity of
506 uCi/mmole.

2.2 Application
Two lactating Egyptian goats were acclimatized to the environment for
two weeks prior to beginning of the experiment. 338 mg of the
radiolabelled monocrotophos was dissolved in 20 ml distilled water of
which 10 ml was diluted to 340 ml. 170 ml of the diluted solution
(Sp.Act. 120500 cpm/0.05 mg) was applied demally on each goat using a
sprayer. The applied solution was 0.05 % a.i. in water. After two
weeks, a second application was similarly made. During the whole
experiment a certified veterinarian observed the animals.

2.3 Sampling
Milk was collected once daily (morning) for analysis. Milking was
continued for two weeks between the two applications. Following the
second application, milk was collected from the second goat for a
further period of two weeks (withdrawal period).

16



Urine samples were collected daily after the second treatment for
radioactivity measurements. Blood samples were collected prior to
second treatment at 1, 4, 7, 10 and 13 days after the first
application. Blood was also collected at 1, 7, 10 and 13 days after the
second application for radioactivity measurements and for determination
of plasma and erythrocyte cholinesterase activity (Michel, 1949).

2.4 Sacrifice
Twenty four hours after the second treatment, one goat was sacrificed
and the following samples were removed for immediate analysis or storage
at -20°C; blood, brain, spleen, heart, kidney, liver, muscle (longisimus
Dorsi and biceps Femoris), adipose tissue (omental) skin and hair.
Following the two weeks withdrawal period, the second goat was
sacrificed and samples were collected as above.

2.5 Analysis
All radioactivity measurements were made in a Packard liquid
Scintillation Counter, Tri-Carb-4530. Paper chromatography with one
solvent system was used to identify monocrotophos [acetone:water:ammonia
(80:18:2)].

3. RESULTS AND DISCUSSION
The results indicated that twice dermal applications to Egyptian

14iting goats of C-monocrotophos produced no
state of health or milk production of the goats.

14lactating goats of C-monocrotophos produced no adverse effects on the

The peak concentration of radioactivity in milk (Table I) was reached
rapidly and then declined on subsequent days till it reached 0.02 ppm or less

14on the 5th day. Osman et al 1985 reported that C-dicrotophos
dermally-applied to lactating goats quickly appeared in milk, but residues
declined to very low levels after two days. Qureshi, 1982, reported that the
low monocrotophos residues secreted in milk may be attributed to the rapid
excretion of the chemical through the kidney.

Residues in the hair and skin of the goat sacrificed one day after the
second application were found at concentrations of 23.34 and 1.19 ppm
respectively (Table II). These concentrations declined to 3.67 and 0.20 ppm
after the withdrawal period suggesting elimination of monocrotophos and/or
metabolites.
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14TABLE I: C-tnonocrotophos residues in milk

Days
after application

Residues in ppm, after
First application Second application

1 0.13

2 0.13

3 0.07

4 0.04

5 0.02

6 0.006

7 N . D .

10 N . D .

13 N . D .

0.12

0.11

0.06

0.05

0.01

0.002

N . D .

N . D .

N . D .

N.D.: non-detectable

TABLE II: C-monocrotophos residues in the different organs of lactating
goats.

Sample
Residue concentration (ppm)

Goat sacrificed 24 hours Goat sacrificed 14 days
after second application after second application

Hair
Skin
Muscle (Long. Dorsi)

(Biceps Femoris)
Adipose tissue (omental)
Liver
Spleen
Heart
Kidney

23.34
1.19
0.21
0.12
0.15
0.02
0.02
0.02
0.004

3.67
0.20
trace
trace
0.02
0.04
0.005
0.004
trace

18



Chromatography of extracts indicated the presence of two metabolites in
addition to the parent material in the skin and the liver (Table III). After
14 days only one metabolite was found in the liver while the parent material
completely disappeared. On hair, only one metabolite was found.
Identification of the unknown metabolites is under way.

TABLE III: Percentage of
extracts.

14C-monocrotophos and metabolites in organ

Sample %* after the second application Compound
(one day) (14 days) identified

Applied 99 Monocrotophos
insecticide 1 Unknown

Hair 89 25 Monocrotophos
11 35 Unknown

40 Unknown

Skin 90 84 Monocrotophos
9 7 Unknown
1 -- Unknown

9 Unknown

Liver 73 -- Monocrotophos
16 -- Unknown
11 -- Unknown

100 Unknown

* Percent of the total radioactivity on the chromotogram.

The inhibitory effect of monocrotophos on plasma and erythrocyte
cholinesterase is shown in Figure 1. Erythrocyte cholinesterase was
inhibited to a greater extent than that of the plasma, and the recovery of
the erythrocyte enzyme was apparently slower.
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6 8 10
Day» after Application

16 18 22 26

Effect of monocrotophoa on plasma and erythrocytes
cholinesterase of lactating goats.

Figure 1

A

Plasma

Erythrocytes

The data presented in this study show that monocrotophos residues which
find their way to milk and edible tissue following dermal application are
unlikely to reach levels of any toxicological concern. Although erythrocyte
cholinesterase was 60 % inhibited one day after application, no apparent
adverse effects on the animals were observed.
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FATE OF 14C-MONOCROTOPHOS
IN LACTATING GOATS

M.J. QURESHI, F.F. JAMIL, A. UL-HAQ,
S.H.M. NAQVI
Nuclear Institute for Agriculture and Biology,
Faisalabad, Pakistan

Abstract
14C-monocrotophos was fed daily to two groups of lactating goats for
five days at 5 and 10 mg per goat per day. The radioactivity in urine
and faeces accounted for 50% and 7%, respectively, 24 hours after the
first dose. About 25% of the radicarbon was found in various organs.
About 1-2% of the administered radiocarbon was secreted in milk. It was
concluded that monocrotophos was rapidly eliminated through urine and

14faeces of teddy goats. C-residues in milk and urine were
tentatively identified as monocrotophos, dimethylphosphate and
N-desmethyl monocrotophos. The erythrocyte cholinesterase activity was
reduced to 50% 24 hours after treatment, but no toxic symptoms were
observed.

1. INTRODUCTION

Monocrotophos, dimethyl (E)-1-methyl-2-methylcarbamoylvinyl phosphate is
effective against several pests attacking field crops and has been recently
used for controlling the cotton pink bollworm in Pakistan. Different forages
and fodders, supplemented with seed cake constitute the main sources of
livestock feed and pesticide contaminated feed may cause residue problems.
Monocrotophos residues in cotton seed products were 0.75, 2.10 and 0.42 mg/kg
in seed, oil and cake respectively (1). Through consumption of the cake by
milk producing animals pesticide residues may reach milk and edible organs
(2,3,4,5,6).

The purpose of the present work is to investigate the fate of C-
monocrotophos in lactating goats.

?.. MATERIALS AND METHODS

2 -1 Monocrotophos
14(0,0-dimethyl- C) monocrotophos (specific activity, 230uci/mmol) was

synthesized by Prof. Zayed of Middle Eastern Regional Radioisotope
Centre, Dokki, Cairo.
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2 .7. Animals and Dosases

Five healthy lactating teddy goats, of an average weight of 17 kg were
used. Animals were acclimatized for 15 days, during which behaviour,
feed intake and milk production were recorded. Each animal was given
daily about 20 grams of local chappati (bread) followed by regular feed
which consisted mainly of green fodder, grain meal and wheat straw. The
animals were divided into two groups as follows:
Group Number of Roats Administered dose

1 2 5 mg/day/goat
II 2 10 mg/day/goat

The dietary level was based on a mean of two kilograms feed per goat per
day. Pieces of bread were treated with the calculated pesticide amount
and the bread was fed to the goats early in the morning after the
solvent had evaporated. Administration was done for five consecutive
days and the goats received a normal diet for seven days.

2.3 Sampling and Analysis

Samples of milk (hand-milked), urine (run-off from the urinary trays)
and faeces were collected daily. Goats were milked twice daily at 8
a.m. and 5 p.m. Urine and milk aliquots (0.5 ml) in triplicate were
counted in 10 ml of Aqua-sol-2. Milk and urine samples (100 ml) were
also collected for the characterization of metabolites. Erythrocyte and
plasma cholinesterase activity was determined by Michel's method (7).
Blood was withdrawn from the juglar vein 24 hours after treatment and at
sacrifice. Samples of blood and faeces (100 mg) were combusted in a
Packard oxidizer system, Model 4530. Samples of liver, heart, spleen,
lungs, brain, tongue, kheeree (mammary glands), thyroid glands, muscles
(Longissimus Dorsi, Biceps Femois) were grounded and homogenised with
water and aliquots were combusted. Fat (omental and subcutaneous) was
solublilized in n-hexane and aliquotes were counted in Aqua-sol-2.

2.4 Characterization of radiocarbon in milk and urine

Residues were extracted from milk and urine samples by the method
described by Abdel-Hamid et al (2). Solvent systems used by Bull and
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Lindquist (8) and Hanes and Isherwood (9) were employed to characterize
monocrotophos metabolites in the urine and milk samples by paper
Chromatographie techniques. Radiocarbon was eluted with methanol, added
to aqua-sol- 2 scintillation solution and determined in a Packard
Tri-carb 4530 Liquid Scintillation Spectrometer. Thin layer
chromatography was also used for identification purposes (10).

3.

3 •

RESULTS AND DISCUSSIONS

14C-residues in Milk

Treatment for five days with the insecticide had no adverse effects on
14milk production, food consumption or behavioural responses. C-

residues in milk are given in table I. It is estimated that 1-2% of the
chemical was secreted in milk. However, it was not readily understood
why the higher treatment resulted in lower residues. Three days after
cessation of treatment radioactivty accounted for only trace amounts.

Table I - -^C-Monocrotophos Residues in Milk

Residues (%
Dose/day/
animal

24 hr. after 1
beginning of

day 2
of applied dose)
days

after cessation
3 days 4 days

of treatment
administration

5
5

10

10

mg
mg
mg
mg

1.
1.
0.
0.

18
26
86
84

1

1

0

0

.39

.60

.87

.81

0

0

0

0

.11

.12

.07

.05

0
0
0
0

.03

.03

.04

.05

N.
N.
N.

N.

D.

D.

D.

D.

N.D. non-detectable

14C-residues in Organs

14Residue levels of C-monocrotophos in the different organs are shown
in table II. The residues in Thyroid glands, lungs, muscles, liver,
mammary glands were the highest. Trace concentrations were found in the
fat and blood. The high residues found in liver are to be expected,
since this organ is a major site of detoxication. The high water
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solubility of the insecticide may account for the low residue levels in
fat.

Table II - -^C-Monocrotophos Residues in Different Organs
after 7 Days of the Last Dose (Group II)

Organs

Heart
Kidney
Tongue
Brain
Lungs
Spleen
Liver
Thyroid gland
Mammary glands
(Kheeree)
Biceps Femoris

Longissimus Dorsi
Blood
Omental fat

Subcutaneous fat

Residue
% of

applied dose

0.07
0.11

0.22
0.28

0.77

0.01

1.26

0.008

1.08

1.45

2.38

0.0002

0.0003

0.0004

ppm

0.39

0.98

1.76

1.76

3.13

0.20

2.35

1.37

2.74

2.54

2.94

0.002

0.003

0.004

Total
Residue (v.g)

34.87

55.51

108.41

143.79

385.17

5.40

631,45

3.84

542.25

727.97

—

0.10

0.13

0.20

Data based on wet weight of organs.

3.3 Radioactive Residues in Urine and Faeces

The results in Table III show the levels of residues in urine and
faeces. Within 24 hours after the first dose, about 50% of the
radiocarbon was excreted in urine and this trend appeared to remain more
or less constant during the treatment period. Two days after the last
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Table III - ̂ C-Monocrotophos Residues in Urine and Faeces

Residues (% of applied dose)
Sample

Urine
Urine

Urine
Urine

Faeces

Faeces
Faeces
Faeces

Dose/day/
animal

5 mg
5 mg

10 mg
10 mg

5 mg

5 mg
10 mg
10 mg

24 hr. after
beginning of
adrain i stration

55.7
51.2

49.84

42.55

7.11

6.03

5.68

4.47

1 day
after

32.9

35.8

36.1

44.1

9.56

10.10

7.30

7.02

2 days
cessation

1.4

3.3

1.5

1.4

0.78

1.09

1.15

1.02

3 days
of treatment

0.24
No urine

0.18
0.08

0.39

0.43

0.57

0.54

4 days

N.D.
N.D.

0.13

0.27

N.D.

N.D.

N.D.

N.D.

14dose (withdrawal period) C-residues in the urine had declined
considerably. After 4 days, the residues were detected only in the
urine of group II and none was detected after 5 days. These data
indicate a rapid elimination of monocrotophos residues in urine which
may be partly due to high water solubility (11). It was observed that
the residue levels were higher in faeces of all animals on the third day
and declined on the 7th day. The results suggested that elimination of
the chemical through faeces was about 7% which is in agreement with
previous observations (12, 13).

3.4 Characterization of monocrotophos Metabolites in Milk and Urine

Chromatography of milk extracts suggests the presence of monocrotophos
(28-30% of total radiocarbon in milk), dimethylphosphate (32-33%) and N-
desmethyl monocrotophos (16-19%). There is also some evidence that
these chemicals may be present in urine in comparable amounts; in

14addition to two unidentified C-metabolites. Since no reference
chemicals were available, these conclusions were based on comparison
with published Rf values (8,9,10).
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3.5 Inhibition of cholinesterase

No significant inhibition was observed in the plasma cholinesterase
activity in blood samples collected 24 hours after cessation of
treatment. The erythrocyte enzyme was markedly inhibited without
apparent clinical symptoms (Table IV).

Table IV - Plasma and Erythrocyte Cholinesterase Activity after
24 hr. Feeding with ^C-Monocrotophos______________

Treatment % remaining activity % remaining activity
(Plasma) (Erythrocyte)

Control 100

Group 1 91
Group 11 89

100

59
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FATE OF 14C-CARBOFURAN
IN LACTATING GOATS

A.W. TEJADA, E.D. MAGALLONA
College of Agriculture,
University of the Philippines,
Los Banos, Philippines

Abstract

Radiocarbon labeled carbofuran was administered orally to lactating
goats at 0.03 mg/kg (single dose), 0.5 and 1.0 mg/kg/day for 7 days, and
at 5.0 ppra in the diet (2 kg feed intake/day basis) for 15 days.
Radioactive residues were rapidly excreted in the urine after treatment.
The major residue identified in urine of the treated goats was carbofuran
phenol, a non-toxic metabolite. Only about 1% of the doses was eliminated
in the feces of the treated goats. Residues of [ C]carbofuran were
secreted into milk, but these residues were in all cases very low.
Radioactive residue occurred in tissues at low levels, with patterns as
follows: omental fat>liver>subcutaneous fat>kidney>brain>heart>biceps
femoris>longissimus dorsi. The residue stored in fat was identified as
carbofuran. The liver contained hydroxy carbofuran and one unidentified
metabolite but no carbofuran. The other tissues contained only phenolic
metabolites. These studies strongly indicate that proper carbofuran use
in rice in the Philippines will present no risks to goats that consume
treated crop residues, or to humans who consume meat or milk from exposed
animals.

INTRODUCTION

The use of pesticides in food crop production is indispensable. The
wide spectrum activity of these compounds affect not only the target
organism but non-target species as well. Among the more important
non-target species are meat and milk producing animals. They may be
exposed to pesticides through ingestion of contaminated feeds or forage.
This phenomenon may result in problems of residues in meat and milk which
are major parts of our diets. If such residues exceed certain limits,
they may pose toxicological hazards to consumers.

Studies on persistent insecticides like DDT showed bioaccumulation in
fatty tissues of fish (Metcalf, 1971) and other organisms as well. This
had led man to use less persistent pesticides such as the carbamates. One
of the most widely used carbamates is carbofuran. This compound is useful
because of its effectiveness and low persistence. Carbofuran, when
applied as granules to the soil, is readily absorbed by the roots and
translocated to other parts of the plants. Like organophosphates,
carbofuran is a cholinesterase inhibitor. It is rapidly hydrolyzed
(Selber, 1978) and excreted as conjugates in cattle (Ivie and Dorough,
1968). Carbofuran is quite soluble in water (700 mg/L) and it is believed
to have little potential for bioaccumulation in fish (Laigo, 1970). This
was demonstrated by continuously exposing blue gill (Leparis macrochirus)
fingerlings to radioactive carbofuran at levels of 0.02 to 0.1 ppm for 28
days (Macek, 1972). In the Philippines, carbofuran is recommended for
insect control in rice fish culture because of its low toxicity to fish.
This was supported by field studies conducted at the International Rice
Research Institute (Heinrichs et al., 1977) and the Fresh Water
Aquaculture CLSU (Anon, 1977). However, Knipling and Westlake (1966)
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reported that there is a general tendency for carbamates to bioaccumulate
in fatty tissues although at rauch lower levels than occurs with
organochlorines.

The current study was undertaken to examine further the metabolism
and residues of carbofuran in meat and milk of lactating animals, and
thereby assess if food products from exposed animals would be safe for
human consumption.

METHODOLOGY

Animals. Lactating goats weighing 20 kg each were grouped and
treated as indicated in Table 1.

Table 1. Treatment parameters for studies of the fate of [ C]
carbofuran in lactating goats

Group
I
II
III
IV

Number
of animals

2
2
2
2̂
2C

Dose
(mg/kg/day)

0.03
0.5
1.0
—
—

Dietary level
(ppm)
—
—
—
5.0
_.—

kg
Feed
—
—
—
2
— —

Days
treated

1
7
7

15
-—

Time of
Sacrifice3

15
22
22
30
22d

aSacrifice time indicated in days after first treatment with [
carbofuran.
^Each with a single young.
cYoung from Group IV mothers.
^Young were sacrificed 7 days after the mothers had received the last dose
of [^^C]carbofuran.

Group I, II, and III animals were acclimatized to feed on local
bread, followed by regular feed mix consisting of 2 parts ipil-ipil
(Leucaena leucocephala), 1 part rice straw, and 1 part grass. Group IV
animals (not including the young) directly consumed the
[1 C]carbofuran treated feed mixture (2 kg/day), plus additional
pasture forage on a free-choice basis.

Radiolabeled insecticide. The [ C]carbofuran was provied by the
Institute of Isotopes of the Hungarian Academy of Sciences, through the
IAEA, Vienna, Austria. The specific activity was 12.01 mCi/mmole, or
0.057 pCi/ug. The radiolabeled carbofuran was diluted with cold
analytical standard carbofuran to yield a solution of 10 mg/mL, with a
specific activity of 0.00173 yCi/pg (3840 dpm/Mg). Portions of this stock
solution were diluted with acetone as appropriate for treatment.

Dosage administration. Group I animals were given a single 0.03
mg/kg dose of [ C]carbofuran by adding 2 mL of a 0.3 mg/mL solution
of the radiochemical onto a piece of bread. Group II and III animals were
similarly dosed, once a day for 7 days, at 0.5 and 1.0 mg/kg/day,
respectively. Group IV animals were dosed for 15 days; but by adding the
[^C]carbofuran directly to 2 kg of feed mixture at 5.0 ppm. The
determination of the appropriate dosage levels for the goats was based on
a pilot field experiment in which rice, treated with formulated carbofuran
at the recommended rate of 0.5 kg a.i./ha, contained residues ranging from
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1.0 to 0.03 ppm one to 10 days after the final application of the
insecticide. Under regular feeding of contaminated feed, an animal could
thus consume about 0.005 mg/kg/day to 0.2 rag/kg/day.

After application of the Group I, II, and III dosages to bread, the
solvent was allowed to evaporate and the bread was fed. Treatment was at
0700 hours each day. During the study, the animals were held in
metabolism stanchions that allowed separate collection of total urine and
feces without catheterization.

Sampling. Total milk and urine samples were taken twice a day at
0900 and 1600 hours. Total feces samples were collected each day at 1600
hours. Sampling was continued for 15 days in the Group I animals, 22 days
in Group II and III animals, and 30 days in Group IV animals.

Sacrifice. Group I animals were sacrificed after 15 days, Groups II
and III after 22 days, and Group IV after 30 days. The young from the
Group IV mothers were sacrificed 7 days after the last dosing of the
mothers (Table I). Samples of brain, heart, liver, kidney, whole blood,
muscle, omental fat, and subcutaneous fat were taken and frozen for later
analysis.

Combustion Analysis. For the Group I animals, an improved combustion
apparatus (Figure 1) was used to analyze radiocarbon residues in samples
of tissues and feces. This method was one adapted from the IAEA
Laboratory Training Manual on the Use of Nuclear Techniques in Pesticide
Research. Tissue and feces samples from Group II-IV goats were analyzed
by the combustion procedures developed by Van Slyke and co-workers (1940)
which was adapted by Smith et al. (1983).

Combustion
boot

N2

Mfthoool

lc«d Ac t too« Potassium
hydroxide

Figure 1. Schematic diagram of the high temperature combustion apparatus
used for the 'quantification of radiocarbon residues in tissue and feces
samples from Group I goats.

Liquid Scintillation Counting (LSC). For quantification of total
radioactivity, various samples were assayed in a liquid scintillation
spectrometer (counting efficiency 90% for radiocarbon) using PPO, POPOP,
Triton-X and toluene mixture as the scintillation cocktail. Appropriate
corrections were made for quench.

Extraction and Analysis. Samples (50 mL) of urine or milk were added
to 100 mL of 0.1N HG1 and held at 100°C for 1 hour, then partitioned in
hexane-methylene chlorine (1:1). The solvent fractions were removed, and
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the aqueous phase was subsequently extracted two more times with 50-mL
volumes of the solvent mixture. The combined extracts were concentrated
and analyzed by GLC and TLC.

Samples of macerated tissues (10 g fat; 50 g all others) were first
extracted with petroleum ether, then the residue was subjected to acid
hydrolysis and subsequent extraction procedures as for urine and milk.
The petroleum ether and organic extracts of the hydrolyzate were combined
prior to further analysis.

For TLC, the concentrated extracts, along with authentic standards of
carbofuran, 3-hydroxycarbofuran, carbofuran phenol, and
3-hydroxycarbofuran phenol, were spotted on thin layer plates (0.25 mm gel
thickness, silica gel G). Plates were developed in acetone-hexane (1:5)
and components then visualized by first spraying the plates with
methanolic KOH, uhen heating at 130°C for 10 min. Finally, plates were
sprayed with ̂ -nitrobenzene diazonium tetrafluoborate in acetone to
visualize carbofuran-related compounds as pink spots.

For GLC analysis, the concentrated extracts were analyzed using a
Hewlett Packard 5840 Gas Chromatograph equipped with a N-P detector.
Operating parameters were as follows: Injector (230°C); Column (170°C);
Detector (250°C); Column (61 x 1/8" i.d., packed with 3% SE 30 on 80/100
mesh Chromasorb W).

RESULTS AND DISCUSSION

Figure 2 shows that [^C]carbofuran was rapidly excreted in the
urine after each dosing, and an average of 77% of the total cumulative
doses were excreted in urine within 22 days after the first dosing. No
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Figure 2.

^C-Carbofuran residues in urine
with repeated dosing.
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apparent increase in residue excretion in urine over time was seen with
repeated dosing, which indicates that each dose was very rapidly
excreted.

A single dose of [ ̂ C] carbofuran (0.03 mg/kg) to Group I animals
resulted in about 93% excretion in urine within 12 hours after dosing.
The same rapid trend in urinary excretion was observed in rats for
carbaryl (Hassan, 1966) and carbofuran (Borough, 1968), and in cattle for
carbofuran (Ivie and Dorough, 1968; Knaak et al., 1970).

Only a very small portion of the total carbofuran residues were
eliminated in the feces. This averaged about 1% of the total administered
radiocarbon in goats treated for 7 days at either 0.5 or 1.0 mg/kg/day.
Ivie and Dorough (1968) similarly reported that only about 0.7% of a
carbofuran oral dose was eliminated in cow's feces.

Radiocarbon was secreted into milk of [14C]carbofuran treated
goats; but even at. a dosage of 1.0 mg/kg/day for 7 days, milk residues did
not exceed 0.03 ppm carbofuran equivalents (Table 2). Total elimination
of administered radiocarbon in milk was only about 0.5% in both Group II
and Group III goats. Extracts of milk were shown by TLC and GLC to
contain 3-hydroxycarbofuran, but not carbofuran or any of the other
available standards.

Table 2. Radiocarbon residues in milk of lactating goats treated for 7
days with [ C]carbofuran at 0.5 mg/kg/day (Group II) or 1.0 mg/kg/day
(Group III)
Days after

first treatment
ppm Carbofuran equivalents
Group IIs—————Group iffg

0 (first treatment)
0.5
1
2
3
4
5
6 (seventh treatment)
7
8
10
14
16
22

—
<0.01
0.01

<0.01
<0.01
0.01
0.01
0.02
0.02
0.01
0.01

<0.01
<0.01
0.01

—
—

<0.01
0.02

<0.01
0.03

<0.01
<0.01
0.03
0.01
0.01

<0.01
<0.01
0.01

aAverage values from the two goats in each group.

Table 3 shows the residues of [ C]carbofuran in the different tissues
of the goats. The highest deposition of residues was found in the
omental fat and in the liver. The relatively high retention of
radiocarbon seen in liver presumably is a result of the fact that the
liver is the most active site of metabolism in the body for most foreign
chemicals (Hassan et al., 1978). Other organs, including the kidney,
heart, and muscle, contained residues ranging from about 0.02 ppm to 0.27
ppm in Group II animals and 0.06 ppm to 0.43 ppm in Group III animals
(Table 3).
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Table 3. Radiocarbon residues in tissues of lactating goats treated for 7
days with [ ̂ C] carbofuran at 0.5 mg/kg/day (Group II) or 1.0 mg/kg/day
(Group III)

Tissue
blood
liver
oraental fat
subcutaneous fat
kidney
brain
heart
muscle (biceps femoris)
muscle (longissimus dorsi)

ppm Carbofuran equivalents
Group IIs

0.08
0.55
0.84
0.23
0.26
0.27
0.17
0.19
0.02

Group III3
0.07
0.69
1.42
0.41
0.43
0.34
0.33
0.34
0.06

aAverage values from the two goats in each group.

TLC and GLC analysis of the various samples showed that the kidney
contained predominately carbofuran phenol, liver contained 3-hydroxycarbo=
furan and 1 unidentified metabolite, and the fat contained the parent
compound, carbofuran, as the only detectable radiolabeled compound.
Extracts of urine contained 3-hydroxycarbofuran and carbofuran phenol. A
summary of the metabolite occurrence in the various fractions is given in
Table 4.

Table 4. Occurrence of carbofuran and its metabolites in various samples
from goats treated orally with [^Cjcarbofuran

Sample
liver
omental fat
kidney
urine
milk

Compound(s) tentatively identified
carbofuran phenol, unidentified metabolites
carbofuran
carbofuran phenol
carbofuran phenol, 3-hydroxycarbofuran phenol
3-hydroxycarbofuran

Analysis of tissues from young suckled on [C]carbofuran treated
mothers (Group IV) indicated that if these tissues contained radiocarbon
residues, they were present in very low amounts. In no case did tissue
residues from these young goats exceed 0.01 ppm, the limit of reliable
detection of the combustion procedure employed.

CONCLUSIONS

Data from these studies suggest that rice treated with carbofuran at
recommended rates in the Philippines, if subsequently grazed by goats or
if stalk residues are fed to the animals, will result in some
contamination of meat and milk. However, our data indicate that
elimination of the ingested carbofuran will be very rapid—primarily in
the urine—and that meat and milk residues will be quite low, less than
FAO/WHO recommendations. Therefore, proper carbofuran use on rice in the
Philippines would appear to present no risks to goats or to humans who
consume meat or milk from exposed animals.
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Abstract

Dynamics of lindane (gamma-hexachlorocyclohexane) distribution and
elimination were studied in laying hens of SSL breed receiving orally either
a single dose of 20 mg/kg body weight or via feed at 0.5, 5.0 and 20.0 mg/kg
body weight for 30 consecutive days. The results showed that consumption of
lindane did not affect the general health of the animals, production or
quality of eggs. Gas chromatography showed that lindane was distributed in
various organs and accumulated at detectable levels in liver, brain, fatty
tissue and muscles. Significant amounts of lindane residues were found in
eggs and could be detected for 60 days. A major portion of lindane was
eliminated through faeces in the first 10 days after administration. The
presence of significant amounts of lindane residues in eggs is particularly
important due to their role in chicken reproduction and human nutrition.

1. INTRODUCTION

The widespread use of organochlorine pesticides in agriculture has led
to accumulation of residues in plants and animal products. Serious
problems in cattle production can occur when organochlorine pesticides
contaminate the livestock feed.

Due to long retention of organochlorine pesticides in the animal body,
particularly in fatty tissues, and in view of their toxicity, the state
of health of poultry and other domestic animals could conceivably be at
risk. In addition, residues in food could adversely affect human health.

A number of workers have studied organochlorine pesticide residues in
organs and tissues of mice, rats, pheasants, broiler chicken, laying
hens and other animals as well as in food products of animal origin
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(meat, milk, eggs, etc.) (Cummings et al., 1966; De Vos et al., 1972;
Herrick elb al. , 1969; Zabik and Dugan, 1971; Foster et al,., 1971;
Whithead et ai-, 1972; Kan, 1978; Akhtar and Foster, 1981).
Organochlorine pesticides including lindane have been widely used in
Yugoslavian agriculture and there is the likelihood that poultry meal
may be contaminated with the pesticide. It was, therefore, necessary to
study the terminal residues of lindane in poultry eggs and meat.

2. MATERIAL AND METHODS

2.1. Application and Sampling. Twenty four laying hens of SSL breed were used
in this study. Hens were divided into two groups: Group 1 was treated
with lindane orally through a probe (a single dose of 20 mg/kg body
weight). Groups of three hens were sacrificed at 24 hr. 7, 14, 30 or 60
days after administration and liver, brain, fatty and muscle tissues
were collected for analysis.

Group II consumed daily for one month a diet containing lindane at 0.5,
5.0 and 20 mg/kg body weight. Three hens from each group were
sacrificed on the 60th day after administration and samples were
collected as previously for analysis of lindane residues. The eggs and
faeces from these birds were also collected every day in the early phase
of the experiment and then once every 5 days for determination of
lindane residues.

2.2. Extraction and Analysis. Due to diversity, samples were homogenized,
extracted and purified according to Kadoum (1967) or standard Hungarian
methods (1984). Samples from tissues, organs and cattle fodder were
refluxed with petroleum ether, 60-80°C, for one hour. Egg samples were
extracted with a mixture of acetonitrile: water and purified on a
fluorosil column. For clean-up, evaporated extracts of organ and tissue
samples were treated with concentrated sulfuric acid while eggs, faeces
and fodder were purified on silica gel microcolumns and eluted with
benzene.

Determination of lindane residues was performed by gas liquid
chromatography, a Varian Aerograph, Dual Pestilizer, Model 1700 equipped

3with electron capture detector (250 mC H). Other operating
conditions were: glass column (Pyrex 5 ft, 1/4") filled with 2% OV-210 +
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1.5% OV:17 on carried Chromosorb WH/P 80-100 mesh: temperature - column
200°C: injector 230°C; detector 225°C. Gas flow of carrier (N ) was
30 ml/min.

3. RESULTS

During the course of lindane treatment, no significant changes were
observed in the body weight of the examined hens. Pathological-
morphological examinations revealed limited necrotic changes in the
liver of one animal which may not be related to treatment. Performance
of laying hens was not reduced either during or after lindane treatment
when compared with control group of animals.

3.1. Lindane Residues in Organs and Tissues. Lindane residues as determined
by GLC are shown in Table I and II. In hens receiving a single dose,
lindane residues were deposited after the first day and reached a peak
between 7 and 14 days after administration. After 2 weeks, residues
declined to approach control levels on the 60th day (Table I).

Table I - Lindane residues in tissues and organs of hens during 60 days after
treatment with a single dose of lindane (Group I)

Treatment Sample

liver
brain

Control
fatty tissue

muscles

liver
brain

Treated
fatty tissue

muscles

1

0.003

0.007

0.005

0.007

0.050

0.039

0.212

0.025

Lindane
Days
7

0.001
0.001

0.001

0.001

0.063

0.047

0.442

0.076

residues (l^g/g)
after treatment

14 30

0.002
0.001

0.006

0.003

0.053 0.010

0.033 0.006

0.637 0.168

0.037 0.011

60

0.002

0.011

0.009

0.005

0.005

0.003

0.023

0.004

Data are means of samples from 3 birds.
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Table II — Lindane residues in tissues and organs of hens which had received
lindane through feed for 30 consecutive days and sacrificed 30 days
after dessation of treatment (Group II)

Sample

liver

brain
fatty tissue
muscles

Lindane
Lindane

0.5 mg/kg
body weight

0.001

0.003
0.005

0.005

residues (us*
added to feed

5 mg/kg
body weight

0.002

0.002

0.021

0.002

'K)
at

20 mg/kg
body weight

0.005
„_

0.104

0.005

Data are means of samples from 3 birds.

Table II reveals that lindane residues in Group II were in general lower
than in Group I. However, the residue level in the fatty tissue was
considerably higher (0.104 ug/S> than in animals which received a
single dose (0.023

3.2. Lindane Residues in ERRS. Figures 1 and 2 show the deposition of
lindane in the egg- yolk from Groups I and II, respectively. In Group I,
residues approached a peak of 0.3 y.6/6 after 30-40 days which declined

0.3 -

0.2 -

0.1 -

O.O5_

O.O1
ior 20 4O

• control group

-x treated group

50 60
d a y s

Figure 1. Lindane residues in the egg yolk from group I
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Figure 2. Lindane residues in the egg yolk from group II

gradually to baseline levels after 60 days. Group II showed a gradual
increase of lindane residues in the egg-yolk reaching a maximum after 15
days in the three sub-groups. Residues declined gradually after 15 days
in case of the low-dose sub-group and approached baseline values after
60 days. In the medium and high sub-groups, the plateau of maximum
concentration was extended to 40 days after which a gradual and slow
decline was observed. However, baseline values were not reached after
60 days.

en
3

d)
Ca
•dc

0.5 -

O.4 _

0.3 _

0.2

0,1 -

• group I

o group II (2O.O mg/kg)

X group II (0.5 mg/kg)

0.01

40 5020 30

d a y s

Figure 3: Level of lindane residues in faeces of the treated hens
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3.3. Excretion of Lindane through Faeces. A large part of lindane was
excreted through faeces. The highest elimination rates were observed
during the first 5 days of treatment in the tested groups (Figure 3).
After 10 days, the residue level was below 0.10 y.g/g.

4. DISCUSSION

The gradual accumulation and dissipation of lindane residues in organs
and tissues of Group I follow a trend which is usually characteristic
for highly lipophilic chemicals. This is also valid for the egg-yolk
which retained a considerable amount of lindane residues (0.3 y.g/g)
under the selected experimental conditions. According to Saha (1975),
Zabik and Dugan (1971), Herrick et al. (1969), Foster et al. (1972),
Akhtar and Foster (1981), a significant amount of lindane residues was
transferred from the hen body into the eggs.

Previous workers, Ran (1978), Kan and Rooyen (1978), in their studies of
effect and content of organochlorine pesticides administered through
feed to laying hens, broilers, and chicken for a longer period (6
months) showed that lindane administration at levels of 0.01-0.5 mg/kg
body weight did not affect body weight, mortality rate, performance or
egg quality. This is in agreement with the results obtained in our
investigations.

It is worthwhile mentioning that baseline values of lindane residues in
the egg-yolk (control group) are considerably high (0.016 to
0.082 V-g/g). This is probably derived from exposure through feed,
particularly products of animal origin. It is maintained that the
declining use of lindane in agriculture could eventually lead to lower
residue values and ultimately to complete disappearance.

It is recommended that ways and means should be sought to alleviate
further contamination by lindane of chicken feed.
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STUDY OF THE FATE OF 14C-LINDANE
IN LAYING HENS

J. BEGOVIC, C. RUSOV, R. ZIVKOVIC
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Zemun, Yugoslavia

Abstract
14The distribution and elimination of C-lindane (gamma-hexachloro-
14cyclohexane) were studied in laying hens. C-lindane was administered

orally at 0.78 uCi/5 tig per hen daily for 30 consecutive days. Animals
were then sacrificed at determined time intervals. Radiocarbon was detected
in the muscles, liver, fat, brain and ovary as well as in eggs and faeces.
The highest radioactivity in tissues and organs was detected one day after
the last dose was administered. Residues were particularly high in fat
(0.164 ug/g)• The radioactivity in the egg-yolk increased gradually
reaching a peak on the 26th day (0.102 lig/g) and then began to decline
slowly. After 90 days, radiocarbon was still detectable in the egg-yolk. A
considerable amount of labelled lindane residues was eliminated via faeces.

The studies conducted with radioactive lindane have shown that the
application of nuclear techniques has provided a. very sensitive, accurate and
simple method for residue analysis.

1. INTRODUCTION

It is well known that the use of pesticides in poultry and animal
production has increased considerably in recent years. Therefore,
considerable efforts are being made to ensure that edible tissues, organs,
milk and eggs marketed for human consumption are free of pesticides or
contain acceptable levels of residues.

Werre and Naber (1961), Cummings et al. (1966), Herrick et _al. (1969),
Kan et al. (1978) and Fishwick e_t al. (1980) reported that lindane residues
were accumulated in tissues, organs and eggs of hens fed a diet that
contained cold lindane. Saha (1975) studied the metabolism of C-lindane
in plants and animals (hen-pheasants) and reported the presence of C-
lindane residues in the muscle, brain, liver, fat and egg-yolk.
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Lindane is extensively used in the Yugoslavian agricultural sector and
poultry feed is likely to be contaminated with this pesticide. In a previous
work (Begovic et al., 1986), we conducted some studies in laying hens treated
with cold li;
laying hens.

14with cold lindane. The current study reports on the fate of C-lindane in

2. MATERIAL AND METHODS

2.1. Poultry: Ten SSL breed laying hens with good egg production were
selected for the study. They were acclimatized for two weeks prior to
treatment (two per cage) and fed a standard hen ration.

142.2. Insecticide: C-lindane was obtained from New England Nuclear
(Boston, Mass., USA), specific activity 44.7 mCi/mmol.

2.3. Treatment and Sampling: Each hen was given a daily oral dose of C-
lindane (0.78 y.Ci/5 v.g) for 30 consecutive days in gelatine capsules
with 0.5 g feed. During treatment, two hens were sacrificed on days 7
and 14 and tissues and organs were collected for analysis of residues.
Samples included breast and leg muscles, abdominal fat, liver, brain and
ovary. The remaining hens were sacrificed 24 hr., 7, 14, 30 and 60 days
after termination of treatment and samples were collected as previously
described. Excreta and eggs were collected every 24 hr. All the
samples were stored at -20°C until analysed.

2.4. Extraction Methods; According to Fishwick e_t al. (1980), samples of
breast and leg muscles, liver, abdominal fat and brain were minced in a
kitchen blender and 10 g of each minced sample were ground to a fine
powder with anhydrous Na?SO, (30 g) and washed coarse sand (10 g).
A portion of freeze-dried egg-yolk as well as the tiny eggs from the
ovary (10 g) were added to Celite-454 (3 g) and anhydrous Na?SO (30
g). The mixture was blended producing a dry yellow powder.

All prepared samples were extracted in Soxhlet for not less than 4 hr.
with petroleum ether (60-80°C): acetone (2:1). The extract was

14concentrated in a rotary evaporator to 5 ml. C-residues from fae»
were extracted with methanol according to Christoper e_t al. (1984).
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2.5. Measurement of Radioactivity: Aliquots of extracts were decolorized by
the method of Davidson and Kritchevsky (1975). 0.2 ml were added to 15
ml liquid scintillation cocktail and counted on a Beckmann scintillation
spectrometer, Model LS 7000, using an external standard and correcting
the data for quenching.

3. RESULTS AND DISCUSSION

3.1. Distribution and Elimination: C-residues found in organs and

o
x 14
"tu

3tr4)
0)ca•oc

tissues are shown in Figure 1. Radioactivity was detected in some
14organs and tissues on the 7th day after C-lindane administration.

18 -

16 -

during treatment post treatment

12 -

10 -

breast muscle
leg muscle
liver
fat
brain
ovary

14 1 7
days of sacrifice

14 30 60

Figure 1. Lindane residues in tissues and organs of laying hens treated with
1 4C-lindane, during 30 consecutive days

After 14 days, radioactivity was detected in all analysed tissues and
organs. The highest radioactivity was detected in organs and tissues of
hens sacrificed 24 hr. after termination of treatment. The greatest
amounts of radiocarbon were incorporated into abdominal fat (0.164
Ug/g) and ovary, containing tiny eggs (0.059 ug/g) • Following
cessation of treatment, radioactivity gradually declined in all organs
and tissues and reached a non-detectable level in breast muscle after 7
days post-treatment. Sixty days after termination of treatment,
radioactivity was detectable in the fatty tissue, in ovary and in trace
amounts in the brain.
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The results indicate that lindane residues are retained in the ovary
longer than in fatty tissue. Sixty days after termination of treatment,
about 10 times more radiocarbon was detected in the ovary than in fat.
On the basis of the results obtained it may be concluded that lindane
residues mostly accumulate in tissue and organs with high lipid
content. These data are in agreement with previous observations.
Several researchers demonstrated that small quantities of dietary
lindane (0.5-1.0 ppm) when administered to hens over a period of 1 to 6
weeks led to residue accumulation in organs and tissues (Foster et, al..
1972; Davey and Johnson, 1974; Ran et al.. 1978).

14Saha (1975) found 52.2 ppm C-lindane residues in fatty tissue of
hen pheasants 24 hr. after administration of a single dose of 20 mg
14C-lindane in gelatine capsule. In the muscle, brain and liver,
residues were 1.0, 3.1, and 2.5 ppm, respectively declining to 0.6, 1.3
and 0.1 ppm after 15 days. No radioactivity was detected in organs or
tissues after 181 days.

3.2. C-residues in Eggs: The radioactivity was determined in the egg-yolk
during and after treatment (Figure 2). Results are expressed as lindane
equivalents. The radioactivity in eggs increased reaching a peak after

10 -
termination of

• • treatment

1O 20 30 4O 5O 6O 70 8O 9O

14Figure 2. C-residues in egg-yolk
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26 days, then declined gradually during the 2-month period following
cessation of treatment. In our previous experiments (Begovic et al.,
1986), the maximum concentration in eggs of hens fed with a total dose
of 5 mg/kg was found on the 25th day from the beginning of treatment.

The results indicate that considerable quantities of lindane are
translocated into the eggs and lindane can be found in eggs as long as
it is present in the body. Saha (1975) and Ran e_t al. (1978) found that
lindane residues were accumulated in egg-yolk after a single dose or
long-term application. Other organochlorine pesticides were found to
accumulate in egg-yolk too (Akhtar and Foster, 1981).

3.3. 14C-residues in Excreta: The elimination rates of lindane residues
from hens were high during treatment, with the highest level reached
after 26 days (Figure 3). Radioactivity declined rapidly during the
next ten days. Twenty five days after termination of treatment,
radioactivity reached very low concentrations. Because of the great
number of analyses required, it was not possible to prepare a balance
sheet of radioactivity for this study.

3 -

o
iH

X

Cr>
P

C 2a)
n)
•H
3

1 .

termination of
treatment

10 20 30 40 50 60 70 80

14Figure 3. C-residues in faeces
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FATE OF 14C-DELTAMETHRIN IN
LACTATING DAIRY COWS

M.H. AKHTAR, K.E. HARTIN, H.L. TRENHOLM
Animal Research Centre,
Agriculture Canada,
Ottawa, Ontario,
Canada

Abstract

14Fate and residues of radiocarbon ( C) labelled (gem-dimethyl or benzyl)
deltamethrin were determined in lactating cows after oral administration for
three consecutive days and slaughtering the animals 24 hr after the last
dose. Orally administered deltamethrin (10 mg/kgofbody weight) appeared to

be poorly absorbed, but the insecticide which was absorbed was extensively
metabolized and excreted in the bile and urine with very little accumulation
in major edible tissues. Approximately 36-43% of the total administered

radiocarbon was eliminated in feces mostly as deltamethrin within 24 h after
14the last dose. Only 4-6% of the administered C was eliminated in urine;

and 0.42-1.62% was secreted in the milk. Radiocarbon secreted into milk was
higher for the ^em-dimethyl portion (0.69yg/g) than from the benzyl moiety
(0.36yg/g); deltamethrin was the major product in milk (0.1-0.14yg/g).
Radiocarbon residues in tissues were low «O.lyg/g), except liver and

kidney (1.28-3.19vg/&), abdominal and subcutaneous fats (0.28-0.62yg/g).

INTRODUCTION

Deltamethrin, also known as Decis, decamethrin, and NRDC-161, is an

important member of the synthetic pyrethroid family. It is a very effective
insecticide when used as a spray or incorporated in ear tags for controlling
ectoparasites of poultry and farm animals. It also controls grasshopper
populations in rangeland. A recent heavy infestation of grasshoppers in the
Prairies had a major impact on reducing farmers' net income in that area.
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Farmers and the agrochemical industry want deltamethrin registered for
rangeland and eartag uses. However, before the compound could be registered

for uses on and around cattle, data on the rate of absorption and its
excretion in urine and feces, secretion in milk and retention in tissue and

organs were needed in order to assist in the evaluation of its toxic potential
under normal use pattern.

OBJECTIVE

The purpose of the present study was to determine the fate of deltamethrin
14and identify the nature of C-residues present in tissues, organs and milk

of lactating cows administered 10mg deltamethrin per kg of body weight for 3

consecutive days and slaughtered within 24h after the last dose.

EXPERIMENTAL PROCEDURES

In this study, two cows were kept in individual stalls and fed to appetite
a standard ration (hay, corn silage, grass silage and a concentrate) for

lactating cows and allowed to acclimatize for 14 days prior to oral

administration of deltamethrin. One cow (Holstein; 557 kg; 18-22L daily milk
14production) was dosed daily, after morning milking, with 5.50 g of [ C-gem

dimethyl] deltamethrin (sp. activ. 0.241 yCi/mg) for three consecutive

days,and the second cow (Ayrshire: 504 kg; 13-15.8L daily milk production)
145.05 g of [ C-benzyl] deltamethrin (sp. activ. 0.286 jiCi/mg).

Feces, urine and blood were collected on a 24 h basis, while milk was
collected on approximately a 8.00 and 16.00 hr schedule. The cows were

slaughtered at 24h after the last dose, and samples of liver, kidney, heart,
brain, leg muscle, spleen, udder, lung,and abdominal and subcutaneous fats

were removed, frozen and stored at -20°C until analyzed for radioactivity and

metabolites.
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Radioactivity in biological samples were determined by combustion of

solids (tissues) followed by liquid scintillation and by direct counting of
fluids (urine, milk).

Radiocarbon was removed from samples by extraction with various solvents
followed by clean-up on thin layer plates and analysis by gas-chromatography.

RESULTS AND DISCUSSIONS
14 14Orally dosed [ C-gjm-dimethyl] or [ C-benzyl] deltamethrin given at

10 mg/kg of body weight for three consecutive days, was poorly absorbed and
eliminated slowly. About 36-43% of the total administered dose (over a period

of 3 days) was eliminated in feces within 24 h after the last dose. Only
14about 4-6% of the total administered C was excreted in the urine.

Furthermore^deltamethrin equivalent in blood (taken 24h after each oral dose)
was also very low (range 0.053-0.136% of the total administered dose).

About 78-82% of the total extractable 14C (92-98%) from feces was
present as unchanged deltamehtrin. Only trace amounts of deltamethrin were

found in the urine. A large number of metabolites, both as free and as

conjugates, were detected and identified in the urine of cows treated with
14C-deltamethrin preparations. Identification of a large number of
metabolites (see Figure 1) suggests a complex metabolic pathway for
deltamehtrin, when absorbed, in lactating dairy cows.

Radiocarbon was detected in the milk of treated cows within 8h after the
initial dose and accounted for 0.27yg/mL deltamethrin equivalents for
14 14[ C-gem-dimethyl] and <0.01yg/mL for [ C-benzyl deltamethrin. A

14 14peak at 0.69yg/mL ( C-Rem-dimethyl) and 0.36yg/mL ( C-benzyl) was
attained in the evening milk after third and the last dose. About 86-96% of

14the total C in milk was located in the cream. The amount of unchanged
deltamethrin was between 0.1-0.14yg/mL.

Residues in tissues were genrally very low (ji).lyg/g) except liver
(2.23-3.19vg/g), kidney (1.28-2.24pg/g, abdominal fat (0.18-0.56yg/g)
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Proposed metabolic pathway of deltamethrin in lactating cows,



and subcutaneous fat (0.40-0.54vig/g) . The major radioactive compound

identified was deltamehtrin: fat (60-90%), liver (23-24%) and kidney

(33-35%). Dibromoacid (Br CA) and m-phenoxybenzoic acid (PBacid) were also

found in the liver and kidneys of the treated cows.
The data suggest that even when deltamethrin was ingested by dairy cows at

very high levels, the pesticide was poorly absorbed. Metabolism by rumen
microflora and/or enzymes present in the gastrointestinal tract occured to
only to a minor extent. Most of the ingested deltamethrin was excreted as

unchanged insecticide in the feces. Consequently, residues are secreted in

milk at trace levels and did not accumulate in edible tissues to any extent.

Therefore, the data to date suggest that residues at levels that are of toxic

concern may not be present in the milk and other dairy products when
deltamethrin is used on and around dairy cattle at much lower recommended

levels. A longer term feeding study is presently underway to determine the

residues of deltamethrin and its major metabolites (PBacid and Br CA) in

milk and edible tissues of lactating cows fed twice daily a ration fortified
with deltamethrin at 2 ppm of total daily dietary intake (expected level of

residues in pasture treated with deltamethrin) and at 10 ppm (x5 the expected

residue level) for 28 consecutive days.
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METABOLISM, DISTRIBUTION, AND EXCRETION
OF DELTAMETHRIN BY LEGHORN HENS

M.H. AKHTAR, R.M.G. HAMILTON, H.L. TRENHOLM
Animal Research Centre,
Agriculture Canada,
Ottawa, Ontario,
Canada
Abstract

14Leghorn hens were administered orally 7.5 mg of C-labelled (gem-
dimethyl or benzyl) deltamethrin per hen per day for three consecutive days,

14and the elimination of C in excreta and eggs was mortitored for five days
14after the last dose. Approximately 83% of the administered C was

eliminated within 24h after initial dosing. Tissue residues were generally
very low with the exception for those for liver and kidney. Egg yolks
contained considerably higher levels of residues than egg albumen. A large
number of metabolites were isolated and identified by high resolution mass
spectrometry technique. The metabolite identified indicated that the
metabolic routes of deltamethrin in laying hens include hydrolysis of ester
linkage, followed by hydroxylation of one or both gem-dimethyl groups,

hydroxylation of 2'-,4'-,5-, or 6 position of the phenoxylbenzyl moiety.

INTRODUCTION

Deltamethrin is a very effective insecticide for controlling pests of
crops, livestock and man, but very little is known about its distribution and
metabolism in poultry, and the potential transfer of residues to man through
diet.

OBJECTIVE

The objective of this study was to determine .. the fate of two forms of
14 14 14C-labeled deltamethrin ( C-sem-dimethyl and C-benzyl) orally
administered to White Leghorn hens for three consecutive days and slaughter
the birds at various time intervals after the last dose.
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EXPERIMENTAL PROCEDURES

Twenty four hens at >80% egg production were housed in individual cages

and allowed to acclimatize for 14 days. On the day of treatment the hens were
starved for 6 hr, and divided at random into three groups. One group was

14given [ C-gem-dimethyl] deltamethrin-treated feed, the second group
14[ C-benzyl] deltamethrin-treated feed, and the third group acetone-treated

feed. The exaggerated levels (about 50mg kg of daily feed intake) and
repeated dosage were used in order to accumulate sufficient residues in
various tissues for chemical identification of major metabolites.

Excreta were collected at 24 h intervals and stored at -20°C, whereas eggs
were collected daily and stored at 4°C.

Hens were killed at 6, 18, 48 and 120 h after the final dose and samples
of liver, kidney, heart, subcutaneous and abdominal fat, and breast and leg
muscle were collected and frozen for later analysis.

Excreta, eggs and tissues were extracted with organic solvents in order to

isolate radiocarbon. The extracts were analyzed by thin layer chromatography
(TLC) and the individual radioactive regions from TLC plates were removed, and
after being extracted, the radioactivity was measured and analyzed by a
combination of gas chromatography (GC) and gas chromatography-mass
spectrometry (GC-MS).

RESULTS AND DISCUSSION
14In the 24 h period after the initial dose of [ C] deltamethrin, about

84% (73-97%) of gem-dimethyl and 83% (67-96%) of the benzyl 14C appeared in

the excreta. More than 90% of the total administered radiocarbon from both
label was eliminated within 48 h after the last dose.

The accumulation of radiocarbon residues in blood and most tissues except
liver, kidney, and ovarian yolk was minimal «O.lyg/g). Residues were
highest in kidney (1.29-6.85yg/g), liver (0.36-3.95yg/g) and ovarian yolk

58



(0.53-3.31vig/g) of hens killed 18 h after the last dose. These residues
declined gradually during the withdrawal period.

Radiocarbon residues were found in eggs obtained within 24 h after the

first dose; and the levels in both albumen and yolk increased with successive
dosage, and reached a peak 48 h after the last dose. The amount of residue in
albumen was much lower than in egg yolks.

14Laying hens treated with [ C gem-dimethyl] deltamethrin excreted a wide
14range of C-labeled compounds both in the free and conjugated forms.

14Identification of the C-metabolites from both labeled preparation
indicated that deltamethrin was metabolized through cleavage of the ester
bond. There was no evidence for an oxidative attack on the methyl group and

benzene ring prior to hydrolysis of the ester bond. Cleavage of the ester
bond produced c_-Br CA and PB aid (see figure 1 for structures) via the
cyanohydrin. c_-Br?CA appeared to undergo extensive hydroxylation and
oxidation to give a wide variety of products which were excreted free and as
glucuronides. Metabolites were isolated and identified in which both methyl
groups were subjected to hydroxylation and oxidation. The phenoxybenzyl

moiety was excreted after undergoing extensive structural modification
including oxidation hydroxylation at 2'-, 4*-, 5 and 6 position of the phenoxy
benzyl moiety.

Based on the metabolites identified, radiocarbon content in tissues,
organs and eggs at different time intervals, it was concluded that
deltamethrin is rapidly absorbed, extensively metabolized (Figure 1) and
quickly eliminated. Rapid decline of radiocarbon from kidney, liver, ovarian
yolk and fat during whitholding period also suggested that a holding period of

7-10 days, after exposure to deltamethrin, would result in very low residue
levels in edible tissues and eggs.
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Figure 1. Proposed metabolic pathway of deltamethrin in laying hens.



BEHAVIOUR OF 14C-NICLOSAMIDE
IN AQUATIC SYSTEMS*

A.M. EL-HINDI
National Chemical Laboratories,
Ministry of Health,
Khartoum, Sudan

Abstract

Niclosamide effectively kills snails when applied to water at the rate
of 2 ppm and is being used in this manner to control schistosomiasis in the

14Gezira area. The fate of C-carbonyl-niclosamide in distilled water (pH
adjusted to 6.5 or 7.0) and canal water exposed to sunlight was studied. The

14quantity and nature of the C-activity in the water was monitored for 20
14days after the C-niclosamide was added to the aqueous solutions by liquid

scintillation counting, solvent partition and GLC and TLC analysis. The
results indicated that: (i) the concentration of C-niclosamide in all
three aqueous solutions decreased with time (from 2 mg/1 to less than
0.06 mg/1); (ii) the concentration of C-labelled metabolite in the water
increased with time; and (iii) C-niclosamide and/or C-labelled
metabolites was rapidly bound to particulate matter in the canal water.

* Work completed under the Agency-supported CRP.
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NICLOSAMIDE RESIDUES IN MILK AND TISSUES
OF LACTATING GOATS

A.M. EL-HINDI, M.S. SIDRA
National Chemical Laboratories,
Ministry of Health,
Khartoum, Sudan

Abstract
Radiocarbon labeled niclosamide was orally administered to two groups

of lactating goats at levels equivalent to about 2 ppm in drinking water
for five consecutive days, and at levels equivalent to about 10 ppm in
drinking water (1-day basis) as a single dose. Residues of the
molluscicide in milk did not exceed 0.001 ppm at any time. About 50% of
the administered radioactivity was eliminated in faeces, while about 30%
was excreted through urine in treated animals within 6 days after final
dosing. TLC analysis revealed the presence of two unidentified
niclosamide metabolites. The unchanged molluscicide was present only in
trace amounts. Highest radiocarbon residues in tissues of the treated
goats occurred in the liver (0.01-0.04 ppm niclosamide equivalent). From
these data, it was concluded that absorbed niclosamide is almost
completely metabolized and rapidly eliminated through urine of goats.
Little or no residues were detected in lean muscles and milk which are
consumed by humans. There was no significant deposition of the
raolluscicide or its metabolites in fat.

INTRODUCTION

Niclosamide (5,2'-dichloro-4'-nitro salicyclic anilide) is a
molluscicide used for the control of snail hosts of schistosomiasis as
part of an integrated control strategy in the Gezira Area. The chemical

is applied to canal water by spraying or by drip application to effect a
concentration in water of about 2 ppm (1). A supervised trial with
[l^C]niclosamide (2 ppm) in canal water indicated decreasing residues
of the raolluscicide reaching a level of 0.03 ppm in three weeks (2).
Treated canal water is consumed by domestic animals and occasionally by
humans. The purpose of this present study was to determine the residues
of niclosamide in milk and tissues of lactating goats. Two dosage levels
were chosen for the study. The lower dosage was chosen to simulate
exposure of animals to the same levels as would occur in water treated for
snail control, while the higher dosage was chosen to approximate a
temporary situation of higher concentrations in water that might occur
around the points of application of the molluscicide.
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MATERIALS AND METHODS

Radioactive Niclosamide. [ CjCarbonyl-labeled niclosamide of
specific activity 4.3 yCi/mg, TLC purity greater than 95%, was obtained
from Amersham International, England.

Animals. Four lactating goats weighing 18-20 kg each were
acclimatized for two weeks in metabolic cages prior to experimentation.
During the pre-test period, the animals were trained to take daily about
20 g of bread, early in the morning, followed by the normal diet which
consisted mainly of clover and sorghum. Water intake was recorded daily.
Data on milk, urine, and faeces output was recorded and animals were
observed for behavioral changes. A veterinarian examined the animals
during the course of the experiment.

Dosage and Administration. The animals were grouped into two groups
and treated as indicated below. For treatment, the [^Cjniclosamide

Administered dose Equivalent of
No. of animals ____of niclosamide____ water levela

2 4 m g / d a y / g o a t b 2 p p m
2 20 mg/goat (single dose) 10 ppm

aBased on a 20 kg goat drinking water in amounts approximating 10% of
its body weight/day.
Dosage continued for 5 days.

was dissolved in absolute alcohol (4 mg/ml) with the aid of an ultrasonic
water bath. The requisite amount of [1^C]niclosamide solution was
applied to a piece of bread (about 20 g), the solvent was allowed to
evaporate at room temperature and the contaminated bread was fed to goats
early in the morning. The lower dose was given to Group I for five
consecutive days, while the higher dose was given to Group II as a single
dose.

Sampling. Samples of milk were collected by hand stripping once
daily at 8 a.m. Urine samples were collected as a run off down the
collector of the metabolic cage into a glass bottle on top of which a
glass funnel packed with glass wool was placed to prevent contamination of
urine with faecal particles. Faecel samples which were retained on the
wire mesh of the metabolic cage were collected in polythene bags.

Tissue Analysis. Goats 1 and 2 (Group I) were killed 3 and 12 days
after the final dosing, respectively. Goats 3 and 4 (Group II) were also
killed 3 and 12 days after treatment, respectively. Tissue samples
collected were kidney, heart, spleen, liver, lean muscle (biceps femoris,
longissimus dorsi), brain, blood, and fat (omental and subcutaneous). All
samples were kept at -20°C until analysis.

Analysis. Radioactivity in all samples was determined using a Tracor
Analytic 6892 liquid scintillation counter. Appropriate corrections were
made for instrument efficiency and quench.

Milk (1 ml) and urine (0.2 ml) samples were counted directly using
Beckman Ready-solv EP as a scintillant. Faecal samples (150 mg), after
drying and pulverization, were combusted in an oxygen flask (3).
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Ethanolamine in methanol (12%) was used to trap the resulting
[^Cjcarbon dioxide. One milliliter of the trap solution was taken
for counting as described above. Overall recovery using this combustion
method was 84%.

Radioactivity in tissues (100 mg) and blood (0.2 ml) was determined
by an improved hydrogen peroxide/perchloric acid digestion method (4).
The original method involves the addition of perchloric acid and peroxide
to biological samples before heating at 70°-80° C for 30-60 minutes. The
digestion of samples of brain, liver, and kidney was found to be
incomplete. However, the addition of ̂ 02 and heating of 20 minutes
after initial digestion of the sample with perchloric acid for 10 minutes
at 70°C gave complete digestion. The optimum digestion time was found to
be 30 minutes at 70°C. The improvement of the method resulted in good
reproducibility and a recovery of 99%. Digestion for a longer time (60
minutes) was found to give poor recovery.

Extraction of Urine for Metabolies. Urine samples were extracted
with chloroform in acid and alkaline media, then similarly extracted again
with chloroform after acid (HC1) hydrolysis. The chloroform extracts were
evaporated to near dryness under vacuum, and spotted on
kieselgel/kieselguhr TLC plates and subsequently developed with carbon
tetrachloride-methanol (9:1). Radioactive areas on the plates were
located by scanning with a Panax Radiochromatogram scanner.

RESULTS AND DISCUSSION

Treatment of the animals with the lower dose of [ Cjniclosamide
(4 mg/goat/day) for five consecutive days, or with the single dose of 20
mg/goat, did not result in any adverse health effects on the animals with
regard to water and food intake, milk production, urine and faeces output
or weight.

Radioactivity in Milk. Milk samples from Group I animals receiving
the low dose did not contain any significant radioactive residues, while
samples from Group II animals, receiving the higher single dose, showed at
most 10 dpm/ml 1 and 2 days after the final treatment. Such residues

Table 1. Elimination of radiocarbon in faeces of lactating goats (Group
I) treated with [^Cjniclosamide at 4 mg/goat/day for 5 consecutive
days3
Days after

first treatment
0 (first dose)
1
2
3
4 (fifth dose)
5
6
7
8
9
10

Cumulative /
Goat 1
—
0.9
6.3
14.3
24.7
35.1
40.2
43. 8b

1 of total
Goat
—
0.9
8.4

16.1
24.7
32.8
41.8
46.0
48.2
48.8

administered dosage
2 Average—

0.9
7.4
15.2
24.7
34.0
41.0
44.9

49. Ie

^Treatment level equivalent to approximately 2 ppm in drinking water.
^Goat sacrificed 3 days after final dosing.
cFaecal samples not collected after this time.
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would be equivalent to a maximum of 0.001 ppm niclosamide equivalent,
was concluded that animals fed either the lower or the higher doses
secreted no significant residues in milk.

It

Radioactivity in Faeces» In the Group I goats, about 45% of the
total administered radioactivity had been eliminated in the faeces within
3 days of the 5th and final daily treatment (Table 1). Similarly, about
45% of the administered radiocarbon was eliminated in faeces of goats
treated with single 20 mg [^Cjniclosamide doses (Table 2). These
data are strong evidence that the percentage of radioactivity eliminated
in faeces is the same whether the animal received the dose singly or
divided. The percentage of the doses eliminated through the faeces is
consistent with previous studies (5) in which 90 mg/kg b.w.

Table 2. Elimination of radiocarbon in faeces of lactating goats (Group
II) treated with [* Cjniclosamide at 20 rag/goat as a single oral
dosea

Days after
treatment

0
1
2
3
4
5
6

Cumulative /
Goat 3—
12.2
35.5
43. 2b

£ of administered
Goat 4
—
16.1
40.7
46.5
49.6
50.0
50. 4C

dosage
Average

14.2
38.1
44.8

^Treatment level equivalent to approximately 10 ppm in drinking water
(whole day basis).
"Goat sacrificed 3 days after dosing.
cFaecal samples not collected after this time.

[^Cjniclosamide piperazine salt oral doses to sheep resulted in about
50-60% of the doses being eliminated in faeces within 95 hours.

It was noticed that in both groups of animals, some residual activity
«0.5% of dose/day) was still being eliminated in faeces 6 days after
final dosings. This delay in total elimination of [*^C] in faeces as
compared with rats (6), is possibly explained by the special anatomy of
the ruminant gastrointestinal tract and the extended passage of food
through the intestine (5).

Radioactivity in Urine. Tables 3 and 4 show the excretion of
[^C]activity in the urine of animals from Groups I and II,
respectively. There was a remark-able decrease in urinary excretion of
radioactivity in both groups soon after treatment terminated, indicating
rapid elimination of the absorbed molluscicide. These results are in line
with a study previously carried out in rats (6).

The trace amounts of radioactivity that continued to be eliminated In
the urine for several days after treatment (Tables 3 and 4) is likely the
result of continued absorption of low levels of residues present in the
gastrointestinal tract, as indicated by residual activity in faeces
(Tables 1 and 2).
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Table 3. Excretion of radiocarbon in urine of lactating goats (Group I)
treated with [^Cjniclosaraide at 4 rag/goat/day for 5 consecutive
days3

Days after
first treatment

0 (first dose)
1
2
3
4 (fifth dose)
5
6
7
8
9
10
11
12
13
14
15

Cumulative
Goat 1
—
3.2
7.5
12.4
16.6
21.5
22.7
23. lb

% of total administered dosage
Goat 2
—
5.3

10.0
17.0
24.2
31.4
32.5
32.7
32.8
33.0
33. Oc
33.0
33.0
33.0
33.0
33.0

Average
—
4.2
8.8
14.7
20.4
26.4
27.6
27.9

aTreatment level equivalent to approximately 2 ppm in drinking water.
bGoat sacrificed 3 days after final dosing.
GSamples collected on days 10-16 contained trace but detectable levels
of radiocarbon, always <0.03% of total administered dose/day.

Table 4. Elimination of radiocarbon in urine of lactating goats (Group
II) treated with [^Cjniclosamide at 20 rag/goat as a single oral
dosea

Days after
treatment

0
1
2
3
4
5
6
7
8
9
10
11
12

Cumulative
Goat 3
—

21.4
24.0
24. 6b

% of administered
Goat 4
--

23.8
25.9
26.3
26.4
26.5
26. 5C
26.5
26.5
26.5
26.5
26.5
26.5

dosage
Average

22.6
25.0
25.4

^Treatment level equivalent to approximately 10 ppm in drinking water
(whole day basis).
"Goat sacrificed 3 days after dosing.
GSamples collected on days 6-12 contained trace but detectable levels of
radiocarbon, always <0.05% of the administered dose/day.
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In an attempt to isolate urinary metabolites for characterization,
samples were extracted with chloroform as described above. Radioactivity
was distributed as follows:

Acid Chloroform extract - - - - - - - - - - 4 8 . 0 %
Alkaline Chloroform extract - - - - - - - - 7.5%
Acid Chloroform extract after acid
hydrolysis - - - - - - - - - - - - - - - 13.5%

Alkaline Chloroform extract after acid
hydrolysis - - - - - - - - - - - - - - - 4.7%

Activity remaining in aqueous medium - - - 16.5%
Total accountability - 90.2%

As indicated by the results above, the major portion of urinary
radiocarbon was extracted with chloroform in acid medium before
hydrolysis. Further analysis of this fraction by TLC on
kieselgel/kieselguhr developed with carbon tetrachloride-methanol (9:1)
showed that unchanged niclosamide is present in urine only in very small
concentration with respect to metabolic derivatives. This result is in
agreement with previous findings (5,6). In addition to the very small
quantity of unchanged niclosamide, TLC resolved a major component with an
Rf value 0.32, and another component with Rf value 0.76. An
appreciable amount of radioactivity was found to remain at the origin
after TLC. These metabolites could not be isolated in sufficient quantity
or purity to allow efforts at their characterization.

Radioactivity in Tissues. [*^C]Residues in tissues from both
groups of animals are as shown in Table 5. Radioactive residues in
tissues were generally very low and could not be detected in the blood and
spleen in any animal. Residues in most tissues from Group I animals,
although very low, were measurable with certainty. However, in Group II
animals, residues were detectable only in the liver and kidney. The high
residues in the liver of both groups of animals is in agreement with the
previous findings (5) and could be attributed to the normal physiological

Table 5. Radiocarbon residues in tissues of lactating goats treated with
[ C]niclosamide at 4 mg/kg/day for 5 consecutive days (Group I) or at
20 mg/kg as a single oral dose (Group II)

Tissue
kidney
heart
spleen
liver
muscle (biceps femoris)
muscle (longissimus dor si)
brain
omental fat
subcutaenous fat
blood

ppm Niclosamide
Group I

Goat lb Goat 2C
0.01 0.01
0.02 <0.01

<0.01 <0.01
0.04 0.03
0.02 0.01
0.02 0.02
0.01 0.01
0.01 0.01
0.01 0.01

<0.01 <0.01

equivalent
Goat II

Goat 3b Goat 4C
0.01 <0.01
<0.01 <0.01
<0.01 <0.01
0.03 0.01

<0.01 <0.01
<0.01 <0.01
<0.01 <0.01
<0.01 <0.01
<0.01 <0.01
<0.01 <0.01

aLimit of reliable sensitivity for the digestion method employed was
0.01 ppm niclosamide equivalent.

^Goats sacrificed 3 days after final dosing.
GGoats sacrificed 12 days after final dosing.
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function of this organ in detoxification. Residue levels in fat, when
detected, were not higher than in other tissues, indicating no
preferential deposition of niclosamide or its metabolites in fat.

CONCLUSION

These studies with [^Cjniclosamide in lactating goats have shown
that oral exposure of such animals to this molluscicide will be followed
by rapid elimination of the dosage in urine and faeces, and minimal to non
existent secretion of residues into milk or retention by edible tissues.
Our data thus indicate that the use of niclosamide as a water treatment
for snail (and thus schisosomiasis) control—even at levels appreciably in
excess of those currently recommended—will not likely result in a
toxicological hazard either to lactating or non-lactating ruminants that
drink contaminated water, or to humans who consume milk or meat from
exposed animals.
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FATE AND RESIDUES OF PESTICIDES
AND OTHER AGRICULTURALLY
SIGNIFICANT CHEMICALS IN LIVESTOCK
AND POULTRY AS DETERMINED BY
RADIOTRACER TECHNIQUES

G.W. IVIE
Agricultural Research Service,
United States Department of Agriculture,
College Station, Texas,
United States of America

Abstract

Studies in the author's laboratories during this 5-year program have
involved the use of radioisotope techniques (radiocarbon, tritium) to
evaluate the fate of several agriculturally-significant chemicals in food
animals. Included were studies of the fate of radiolabeled preparations
of the organophosphorus insecticide, RH-0994, in a lactating cow; of the
organophosphorus insecticide, coumaphos, after dermal application to goats
as a pour on formulation; of the synthetic pyrethroid insecticide,
resmethrin, in lactating cattle and laying hens; of the growth promoting
drug, ß-estradiol, after intramuscular injection into steer calves; of the
environmental contaminants 4-chlorophenyl methyl sulfide and -sulfone in
cattle and sheep; of the potent photosensitizer, xanthotoxin, in a goat,
in bovine rumen fluid, and in laying hens; and of the trichothecene
mycotoxin, T-2 toxin, in bovine rumen fluid. In these studies, particular
emphasis was placed upon elucidation of the chemical nature of metabolic
products generated, and upon quantification as appropriate of residues
retained by edible tissues or secreted into milk or eggs.

During the past four decades, agricultural scientists have employed
radiotracer techniques as invaluable tools in studies of the fate of
pesticides and other agricultural chemicals in living systems.
Radioisotope techniques have the potential of allowing an essentially
complete accounting of compound fate in a given system, irregardless of
the chemical modifications that the test compound may be subjected to.
Data from these "metabolism" studies can be invaluable in the evaluation
of overall toxicological and environmental significance of such compounds.
A relatively recent analysis of the rationale involved in the design and
execution of isotope-aided fate studies is available.

The present report summarizes the results of studies conducted in the
author's laboratories in conjunction with the 5-year FAO/IAEÂ Coordinated
Research Programme on Studies of Agricultural Chemical Residues in Meat,
Milk, and Related Products of Livestock with the Aid of Nuclear
Techniques. Included are results from work with radiolabeled preparations
of three insecticides, one animal drug, two organic environmental
contaminants, a plant phototoxin, and a trichothecene mycotoxin.

Fate of [14C]RH-0994 in a Lactating Cow
The organophosphorus compound 0-[4[(4-chlorophenyl)thio]phenyl]

0-ethyl ̂ -propyl phosphorothioate (RH-0994 of the Rohm & Haas Co.) has
shown good insecticidal activity against phytophagus pests, particularly
Heliothis sp. The compound was administered orally in radiocarbon labeled
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form to a lactating cow and its fate determined. Of the total
radiocarbon given the cow, about 90% was eliminated during the first 7
days after treatment (Figure 1). Most of this (about 67% of the dose) was
excreted in the urine, whereas about 22% of the dose was eliminated in the
feces. Trace levels of radiocarbon were detected in milk, but total
secretion of the administered radiocarbon into the milk amounted to only
0.3% of the dose during the 7-day posttreatment period. Radiocarbon
residues in tissues collected after 7 days were sub-ppm, except in liver
(2.2 ppm RH-0994 equivalent), kidney (1.8 ppm), and fat (1.4 ppm).
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Figure 1. Elimination of radiocarbon af ter oral treatment of a lactating
cow with [1^C]RH-0994 at a dosage equivalent to 10 mg/kg body weight.
From Ref . 2.

Extraction and analysis of milk showed that unmetabolized RH-0994 was
the major residue, with lesser amounts of oxidative and hydrolytic
metabolites present. Studies with extracts of urine, feces, and tissues
(liver, kidney, f a t , milk) showed that the metabolic fa te of RH-0994 in
the lactating cow could be summarized as shown in Figure 2. Data from our

C,H,S

RH-0994 PHENOL

RH-0994 SULFOXIDE PHENOL SULFOXIDE

Figure 2.
Ref. 2.

RH-0994 SULFONE PHENOL SULFONE
Identified metabolites of RH-0994 in a lactating cow. From
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studies suggest that, in lactating cattle, unmetabolized RH-0994 and/or
its intact ester oxidation products will occur as appreciable residues
only in lipid rich tissues.

Fate of [l^C]Coumaphos After Dermal Application to Lactating Goats
The insecticide coumaphos (Co-Ral10, (>-(3-chloro-4-methyl-2-oxo-2H-

benzopyran-7-yl) 0_,0-diethylphosphorothioate) (Figure 3) is effectively
utilized in the management of a number of arthropod pests that attack
domestic animals. We studied the fate of [phenyl-^C ] coumaphos,
incorporated into a commercial pour on formulation and then applied
dermally to two lactating Nubian goats at a dosage equivalent to 14 mg
coumaphos/kg body weight. Data from these studies showed that
couamphos was slowly absorbed through the skin, as evidenced by the fact

CH3CH2Q-P-O
CH3CH20

Figure 3. Chemical structure of the insecticide, coumaphos.
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Figure 4. Radiocarbon elimination by lactating goats treated dermally
with [l^C]coumaphos as a pour on formulation. Data points represent
average values for the two treated animals, with the bars representing the
individual values. From Ref. 3.

that only 6% of the doses were subsequently eliminated in urine and feces
and <0.1% in milk (Figure 4). About half of the administered radiocarbon
remained on the hair and skin of the treated animals after 7 days. The
analysis of tissue samples collected 7 days after treatment showed that
residues were in every case sub ppm, and not in violation of existing USA
tolerances for coumaphos in tissues. In the milk, however, residues as
high as 0.1 ppm were observed, levels that were in excess of existing
tolerances. Studies with extracts of milk and body fat showed that the
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residues in these tissues were primarily unmetabolized coumaphos. In
urine and feces, evidence was obtained to indicate that ester hydrolysis
of coumaphos had occurred. Data from our studies indicate that the
utilization of coumaphos pour on for arthropod control on lactating
ruminants, even at dosages considerably below those studied, would be
inappropriate.

Fate of [l^CjResmethrin in Lactating Cattle and Laying Hens
The synthetic pyrethroid insecticide, resmethrin, combines very low

mammalian toxicity with excellent insecticidal activity. Among the
projected uses for resmethrin is its application as a space spray for fly
control in and around dairy and poultry facilities. We undertook studies
to obtain data on the distribution of resmethrin isomers and their
metabolites in body tissues, excreta, milk, and eggs of orally dosed
lactating cattle and laying hens. Resmethrin metabolites were resolved,
quantitated, and identified where possible. Cis or trans preparations of
resmethrin, labeled in either the acid or alcohol moiety, were used in
these studies.

Oral administration of individual [^C]resmethrin isomers to
lactating cattle at 10 mg/kg was followed by rapid absorption, metabolism,
and excretion of the dose. The eis isomer was eliminated primarily in
feces, but the trans isomer was eliminated primarily in urine. Tissue
residues at 48 hours posttreatment were low «1 ppm) except in liver and
kidney and were generally higher with the alcohol-labeled compounds. Only

qly-O

BFCA-gly d-OH-BFCA

Figure 5. Proposed metabolic pathway for (1RS)-trans- and (IRS)-cis-
resmethrin in lactating cows. Structures shown indicate pathways for the
(IRS)-trans isomer—pathways for the (IRS)-cis isomer are identical.
Compounds shown in brackets were not isolated in these studies but are
logical intermediates in the pathways defined. In the resmethrin
structure, sites of radiocarbon incorporation for acid- or alcohol-labeled
preparations are designated by the asterisk (*). From Ref. 4.
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very low levels of radiocarbon were secreted into milk. Unmetabolized
resmethrin appeared in trace amounts in tissue and as the major residue in
milk and feces. The major metabolites from both isomers arise from ester
hydrolysis and subsequent oxidation of the hydrolytic products. On the
basis of these studies, the metabolic fate of resmethrin in lactating
cattle can be summarized as shown in Figure 5.

In laying hens similarly treated with resmethrin isomers at 1Ü mg/kg
body weight, >90% of the administered radiocarbon was eliminated in the
excreta within 24 hours posttreatment.^»" Radiocarbon residues in the
egg white and yolk fractions were low, with peak levels observed at 1-2
and 4-5 days posttreatment in the white and yolk, respectively. Residues
were considerably lower in egg whites than in yolks. In birds killed 12
hours posttreatment, radiocarbon residues in tissues were low with peak
levels in liver and kidney. Unmetabolized cis- or trans-resmethrin was
detected in all tissues analyzed from birds killed at 12 hours
posttreatment and represented the major residue in fat. The majority of
the tissues from hens killed 14 days after treatment contained no
detectable levels of radiocarbon. Numerous metabolites were isolated and
were present in both free and conjugated form. The metabolic routes for
both resmethrin isomers involve ester hydrolysis and oxidation of the
hydrolytic products. Certain of these metabolites are further conjugated
with glucuronic acid, sulfate or other unidentified compounds before
excretion. The metabolic fate of resmethrin in laying hens can be
summarized as shown in Figure 6.

cootugM« '

Figure 6. Proposed metabolic pathway for (1RS)-cis- and (IRS)-trans-
resmethrin in laying hens. alncludes glucuronic acid and other
unidentified conjugates.

Fate of ß-Estradiol After Intramuscular Injection into Steer Calves
The animal growth promoting drug, 3-estradiol, is widely used as an

implant to improve growth rates in young calves. However, 3-estradiol is
subject to misuse by its application as direct intramuscular injections to
bring about rapid premarket weight gains. To evaluate the residual
behavior of ß-estradiol that is associated with intramuscular injections,
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we administered a radiocarbon labeled preparation of ß-estradiol,
intramuscularly, to three Holstein steer calves.'7 The injection site
was in the neck as shown in Figure 7. After dosing, radiocarbon was
rapidly and almost totally eliminated in the urine and feces (Figure 8).

Figure 7. Site on injection (marked by dot) of [ l^C ]{3-estradiol and
cutting patterns for neck muscle sampling. Grids are approximately 5x5
cm and the sections were cut to full neck depth (side to side), dissecting
over the top of the cervical spine in the lower sections. From Ref. 7.
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Figure 8. Cumulative radiocarbon elimination by Holstein steers after a
single intramuscular injection of [^C]-ß-estradiol into neck muscle
at a rate of .27 to .29 mg ß-estradiol/kg body weight, via 2.0 ml peanut
oil carrier. Data from three steers. Data points are means with standard
deviations indicated. From Ref. 7.
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When the animals were killed after 14 days, no detectable (<6 ppb)
residues were seen in any tissue, except at areas near the injection sites
where residues as high as 65 ppb were detected. The identification of
metabolites in urine and feces allowed a metabolic pathway for 3~estradiol
in steer calves to be proposed (Figure 9). Our observation of 50+ ppb
residues in injection site muscle samples 2 weeks after treatment can be
viewed as miniscule in the context of total dosage disposition, but these
highly localized residue concentrations may or may not be significant from
a toxicological or regulatory standpoint.'
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Figure 9. Proposed metabolic pathway for -estradiol after intramuscular
injection into Holstein steers. In the pathways as shown, glucuronidation
of ß-estradiol is indicated at the 27-position, although glucuronidation
at the 3-position is equally possible. From Ref. 7.

Fate of 4-Chlorophenyl Methyl Sulfide and -Sulfone in Ruminants
The compounds 4-chlorophenyl methyl sulfide (CPMS) and its sulfoxide

(CMSO) and sulfone (CPMS02) analogs (Figure 10) arise as waste products
in pesticide manufacturing processes, and have become groundwater
contaminants in a limited area of the USA due to their improper disposal.
We conducted studies to evaluate the fate of [phenyl-^C ]CPMS and
[phenyl--i-^C]CPMS02 in cattle and sheep, since these animals may
be exposed to the compound through drinking water.

CPMSO,

Figure 10. Chemical structures of 4-chlorophenyl methyl sulfide (CPMS)
and its sulfoxide (CPMSO) and sulfone (CPMS02) analogs.
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Oral administration of [14C]CPMS or [14C]CPMS02 to
lactating cattle at 10 mg/kg was tollowed by very slow elimination
(Figures 11-12). Similar elimination patterns were seen in sheep, but
radiocarbon elimination was much more efficient when the dosage was
reduced to 0.022 mg/kg (Figure 13). The analysis of tissue samples
(including blood) revealed that CPMS is rapidly metabolized to CPMSÛ2
(presumably through CPMSO as a transient intermediate), but that CPMSC>2
is quite resistant to further metabolic attack and that CPMSÛ7 is poorly
excreted in its intact state. It seems likely that the slow rate of
excretion of these compounds was due to "overloading" of the enzyme
system associated with CPMSÛ2 metabolism, since a trace dosage (to
sheep) was metabolized and excreted quite rapidly. The metabolism of
CPMSÛ2 that did occur involved—at least partly—hydroxylation of the
phenyl ring. Our studies indicate that oral exposure of ruminants to
CPMS, CPMSO, or CPMSÛ2 will result in some contamination of the animals'
milk and tissues. However, if exposures are to only very low levels of
these chemicals, the resulting residues will likely be insignificant
within 2-4 weeks after removal of animals from the source of exposure.

CPMSQ;

Figure 11. Elimination of radiocarbon after oral administration of
[14C]4-chlorophenyl methyl sulfide ([14C]CPMS) or its sulfone
analog ([14C]CPMSU2) to lactating cattle at a dosage of 10 mg/kg
body weight. From Ref. 8.
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Figure 12. Radiocarbon profiles in whole blood of cattle after oral
administrations of [14C]4-chlorophenyl methyl sulfide ((14C]-CPMS)
or its sulfone analog ( [^C]CPMSO2) to lactating cattle at a dosage
of 10 mg/kg body weight. From Ref. 8.
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Figure 13. Elimination of radiocarbon after oral administration of
[14C]CPMS02) to sheep at dosages of 0.022 or 22.0 mg/kg body weight.
From Ref. 8.

Fate of [*^C]Xanthotoxin in a Goat, in Bovine Rumen Fluid, and in
Laying Hens

Xanthotoxin (8-methoxypsoralen) is representative of a group of
highly active photosensitizing compounds that are widespread in several
plant families. These compounds are of toxicological significance to
grazing livestock; thus, we initiated studies of the fate of xanthotoxin
in farm animals. In orally-treated goats, [methoxy-^Cjxanthotoxin is
rapidly metabolized, partly by hydrolysis of the radiolabeled methoxyl
moiety." Relatively large amounts of radiocarbon (presumably from
[^C]carbon dioxide) are subsequently incorporated into normal body
components which seriously hindered data interpretation. However, certain
metabolites were identified, and the metabolic pathway of xanthotoxin in
goats is summarized in Figure 14. Studies with bovine rumen fluid in
vitro showed that 0-demethylation of xanthotoxin occurs rapidly in the
rumen."

OCH OCHo

HO

UNIDENTIFIED
METABOLITES

Figure 14. Proposed metabolic pathway for xanthotoxin in ruminants.
Structures in brackets indicate logical intermediates, although the
bracketed compounds were not isolated in these studies. From Ref. 9.
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Studies with [coumarin ring-^C]xanthotoxin in laying hens are
presently underway.^ Orally-treated hens eliminated essentially all
of the doses within 7 days after treatment—most (>99%) in the excreta and
<0.5% in the eggs (Table 1). Residues in eggs were concentrated in the
yolks, and this radiocarbon consisted almost entirely of unmetabolized
xanthotoxin. Radiocarbon residues in tissues after 7 days were in every
case sub ppm. Extracts of excreta contained some xanthotoxin and
xanthotoxol (Figure 14), but primarily polar metabolites whose identity is
not yet established.10

Table 1. Elimination of radiocarbon after oral treatment of laying hens
with [ l^C]xanthotoxin at a dosage equivalent to 10 mg/kg body
weight3

Cumulative % of dose in indicated fraction (X
Days after
treatment

0.25
0.5
1
1.5
2
3
4
5
6
7

± S.D.
Eggs

Excreta
37.
65.
93.
99.
100.
101.
102.
102.
102.
102.

2
0
7
2
6
7
2
5
7
9

+ 7.
+ 6.
+ 4.
+ 5.
+ 5.
+ 5.
+ 5.
+ 5.
+ 5.
+ 4.

8
2
7
8
3
1
0
0
0
9

Yolk
——
——
<0.01——

.09 + .

.13 + .

.20 + .

.25 + .

.30 + .

.32 + .

01
03
03
04
04
04

White——
——

0.01 + 0——
.11 +
.12 +
.12 +
.12 +
.12 +
.12 +

.01

.03

.03

.03

.03

.03

.03
aFrom Ref. 10.

Fate of T-2 Toxin in Bovine Rumen Fluid
The trichothecene mycotoxins are a group of some 50 biologically

active secondary fungal metabolites. Certain of these compounds have been
implicated as causal agents in both human and animal poisonings. T-2
toxin, one of the trichothecenes, has been found in certain grains
infected with Fusarium sp., and the ingestion of T-2 contaminated grain
has resulted in livestock poisonings. We undertook studies with PH]T~2
toxin to evaluate the transformations that might occur in the rumen after
oral exposure.H

Our studies with rumen fluid in vitro established that T-2 undergoes
both acetylation and deacetylation reactions in this medium (Figure 15).
However, the toxicological implications of the acetylation/deacetylation
reactions observed with T-2 and related compounds are not clear. The
hydrolysis of T—2 to HT-2 apparently results in only a slight reduction of
toxicity, while the toxicological properties of acetyl T-2 and acetyl HT-2
are unknown. Further studies would be appropriate to extend the data base
on the fate of trichothecenes in ruminant systems, to evaluate the
toxicity and residual behavior of partially or fully acetylated
derivatives of naturally occurring trichothecenes to which ruminants might
be exposed, and to determine the extent to which identical or similar
metabolic reactions may occur in the digestive tracts of other organisms.
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Figure 15. Acetylation/deacetylation reactions of T-2 toxin and related
trichothecenes in bovine rumen fluid in vitro. From Ref. 11.
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THE METABOLISM OF 14C-SULFAMETHAZINE
IN SWINE AND RATS*

G. PAULSON
Metabolism and Radiation Research Laboratory,
Agricultural Research Service,
United States Department of Agriculture,
College Station, Texas,
United States of America

Abstract

Sulfamethazine is fed to most of the swine raised in the USA to promote
the health and growth rate of these animals. Studies were conducted to
determine the metabolic fate of sulfamethazine in swine and rats and the
effect of high dietary nitrite on these processes.

14C-sulfamethazine was given orally to rats and swine in the presence
and absence of high dietary nitrite. Results of these studies indicated
that: (1) C-sulfamethazine was rapidly absorbed and metabolized by these

14animals; (2) the deamination of C-sulfamethazine was greatly enhanced by
high dietary nitrite; (3) the deaminated metabolite was probably formed via a
diazonium cation intermediate; and (4) most of carbon-14 given as
14C-sulfamethazine was eliminated in the urine as the parent compound and
14C-metabolites.

Work completed under the Agency-supported CRP.
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AFLATOXINSBj AND Mj IN FORAGE AND MILK
OF DAIRY ANIMALS*

W. HEESCHEN
Institute for Hygiene,
Federal Dairy Research Centre,
Kiel, Federal Republic of Germany

Abstract

Investigations in the FRG revealed a carry-over rate of AFB to AFM in
milk of 1-3 %. Feed concentrates containing peanut and cottonseed are likely
to contain relatively high concentrations of AFB. Locally-grown forage
normally contains no measurable amounts of AFB. It is maintained that
maximum permissible concentrations of AFB in a feed concentrate may be
calculated, provided certain parameters are given. These include the daily
milk yield, tolerated level of AFM in milk, daily feed ration and carry-over
rate (1-3 %) . Few methods are available to detect pico gram levels of AFB
and AFM. The procedure used in this study included gel permeation for
clean-up coupled with TLC for analysis. An HPLC-fluorescence method is
currently being developed.

Work completed under the Agency-supported CRP.
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2. REPORT
2.1 Introduction

Intensified agricultural practices have dictated the use of
increasing quantities of pesticide chemicals. National authorities
and international organizations have become increasingly aware of
the possible hazards which can result from consumption of
pesticide-contaminated food. Even when pesticide use conforms to
currently adopted standards of good management practice,
undesirable side effects may occur and could, at times, conceivably
endanger public health. To ensure safety-in-use, adequate
monitoring programmes should be available. Studies of the nature,
magnitude and accumulation of pesticide residues in food,
environment and in non-target organisms are now internationally
recognized prerequisites for acceptable use.

Livestock products constitute a major source of human food in many
countries and exposure of animals to excessive amounts of chemicals
can lead to unacceptable residues which in turn could represent a
potential hazard to the consumer. Animals may become exposed to
pesticide chemicals through direct application to control
ecto-parasites, endo-parasites, and diseases. Exposure may also
occur through consumption of water (e.g. molluscicides) or through
feeding on pesticide-contaminated forage or meals, e.g. cottonseed
meal and orange pulp. Chemical residues in livestock products may
also result from drug treatment and feed additives.

Radiotracer techniques provide principal means of studying
pharmacokinetics of agricultural chemicals which come in contact
with livestock, and such techniques constitute a unique tool in
determining and identifying terminal residues in edible products.

In recognition of the need to coordinate research in this area,
this coordinated Research programme was initiated in 1981 with
specific objectives to study the magnitude, fate and significance
of pesticide residues which are likely to occur in these products
under conditions of local agricultural practice and local
processing procedures. Data generated under this programme could
serve as basic guidelines to national food quality programmes.
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These data also constitute a significant contribution to the
International Joint FAO/WHO Pesticide Residue Programme which
establishes international recommendations for acceptable daily
intake for humans and maximum residue limits in food and feed.

To coordinate programme activities, two research coordination
meetings were held in 1982 and 1984. Both meetings provided
protocols and specific recommendations to stream-line areas of
research. Under this programme, the following chemicals were
investigated: amitraz, monocrotophos, coumaphos, methomyl,
carbofuran, hexachlorocyclohexane, aflatoxins, resmethrin,
deltamethrin, sulfamethazine, B-estradiol and the molluscicide
niclosamide.

2.2 Meeting Objectives

2.2.1 To review and discuss progress of the Research Programme.

2.2.2 To prepare a final report on the programme.

2.3 Conclusions
Livestock are exposed to pesticides and other agrochemicals during

dipping, pour-on, spraying, dusting or ear-tag applications to control
ectoparasites. In addition, animals also become exposed when grazing on a
pasture treated with pesticide formulations or by consuming feed that is
contaminated with pesticide residues. In order to protect man from possible
adverse effects of the residual pesticides, studies are carried out to
determine the level of residues in major components of a normal diet that
includes eggs, milk and meat. The objectives of such studies are to (i)
provide quantitative information on residues in edible products, (ii) to
characterize the residues, and (iii) to provide information on the metabolic
profile. Such studies are greatly assisted when radiolabelled materials are
employed.

During the term of the present programme, a number of studies were
conducted in which radiochemicals were used to determine the residue levels
in animal products. In most cases the level of exposure was chosen to
simulate agricultural practices in the participating countries. A few
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studies also provided details on the metabolic pathways, in addition to
determination of residue levels.

Studies included organophosphates, carbamates, pyrethroids,
organochlorine chemicals, drugs and toxins and investigations were completed
on:
- monocrotophos in lactating goats
- coumaphos in lactating goats
- methomyl in lactating goats

carbofuran in lactating goats
deltamethrin in lactating cows and laying hens

- resmethrin in lactating cows and laying hens
- lindane in lactating cows and laying hens
- niclosamide in lactating goats

sulphamethazine in swine
- mycotoxins in cattle
- B-estradiol in steer calves

14Data showed that dermal application of C-coumaphos to lactating
goats resulted in trace amounts of radiocarbon in the milk and
tissues, except liver. Radiocarbon dissipated rapidly from milk
and most tissues during a 14-day withdrawal period; the liver and
kidney still contained residues higher than 1 mg/kg.

14- Dermal applications and dietary administration of C-raono-
crotophos to lactating goats deposited small amounts of radiocarbon
in milk which quickly dissipated during withdrawal. The data
suggested that a withdrawal period of 6-14 days may be required
before milk from treated animals would be suitable for human
consumption.

14 14When C-carbofuran or C-methomyl was fed to lactating goats
only trace amounts of radiocarbon were detected in milk and edible
tissues. Routes of exposure to carbofuran or methomyl, as in
actual practice would lead to residues of no toxicological concern.

14 14- Residues of C-deltamethrin and C-resmethrin in products
derived from lactating cows and laying hens were generally very
low, indicating that the usage of the chemicals at the recommended
levels will result in residues of no toxicological significance.
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- Using radiotracer and GLC techniques, lindane residues in laying
hens were shown to accumulate in fatty depots (fat and egg yolk).
Radiocarbon was depleted rapidly when the contaminated feed was
removed.

14- Intramuscular administration of C-B-estradiol to steer calves
did not result in detectable radiocarbon in edible tissues after
14 days, other than trace residues at the site of injection.

Data generated under this programme have shown that exposure of
livestock and poultry to some organophosphates, carbamates, pyrthroids or
drugs through routes encountered in regular agricultural practices would not
result in residues of toxicological concern. By virtue of their high
lipophilicity, organochlorine chemicals such as lindane can accummulate in
fatty tissues. In Yugoslavia, baseline lindane residues in eggs reach
0.03 mg/kg and should not present any hazard to the consumer; provided no
additional residues find their way to the chicken feed.

2.4 Appraisal of the Programme

This joint FAO/IAEA programme was initiated in 1981 and terminates with
the present report. The specific objectives of the programme have been to
evaluate the magnitude, fate and significance of agricultural chemical
residues in edible tissues and by-products of livestock and poultry, aided by
radiotracer techniques. It was anticipated that the data arising from
studies conducted under this programme would be useful in assessing the
toxicological significance of studied chemicals to exposed animals and to
humans who may consume potentially contaminated meat, milk or eggs. It was
further anticipated that the programme would serve as a mechanism to effect
significant educational, training and communication benefits to the
scientific personnel involved.

Although circumstances have been such that the programme remained
relatively small with respect to the number of scientists involved - from
both the developed and developing countries - the programme appears to have
fully met each of the objectives elaborated upon above. More than 10
separate investigations have arisen under this programme that definitively
considered the fate of pesticides and other agricultural chemicals after
their exposure to livestock or poultry. Data from several of these studies

90



have direct application regarding the toxicological implications of some
agricultural chemical uses on food-producing animals. In some instances,
actual or proposed uses were shown to result in residue and/or metabolite
profiles likely to be of insignificant adverse effect on either animals or
man. In other instances, however, data suggest that certain agricultural
chemical use patterns evaluated may in fact result in adverse physiological
effects upon treated livestock or in potential hazards to humans through the
consumption of relatively high levels of residues in animal-derived
foodstuffs. Data from several of these studies have direct implications
regarding the advisability and acceptability of some agricultural use
patterns in developing countries. Some of the research conducted under this
programme has already been published in the scientific literature while other
studies are presently in the publication process or will be submitted for
publication at a later date. Member States of the UN will receive the data
generated under this programme and can make use of them in the establishment
of basic guidelines for national food quality programmes. These data also
constitute a significant contribution to the international Joint FAO/WHO
Pesticide Residue Programme which establishes international recommendations
for acceptable daily intake for humans and maximum residue limits in food and
feed.

The programme has substantially met its educational and training
objectives in that several scientists who had no prior experience in actual
radiotracer-aided metabolism studies have now been fully oriented to, are
familiar with, and are competent to independently conduct such studies.
Those participating scientists who already were familiar with radioisotope
techniques have, as a result of the scientific interactions and actual
research experience provided by this programme, considerably increased their
knowledge of and experience with this valuable research technique.

This programme almost certainly represents the first attempt to
coordinate at the international level the research efforts among a group of
large-animal metabolism scientists. It has resulted in substantial and
highly productive dialogue concerning appropriate approaches toward the
design, execution and data analysis of isotope-aided studies in livestock and
poultry; and toward the recognition and solution of unique problems that are
often encountered in dealing with these relatively difficult to handle
animals. It is anticipated that the lines of communication established among
the participating scientists as a result of this programme will continue to
serve these individuals well in the years to come.
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2.5 Recommendations

The meeting participants noted with satisfaction that the programme has
achieved most of the objectives initially set in 1981. The following
recommendations were addressed to the FAO/IAEA Secretariat:

a - Paticipating institutes should make available the results generated
under this programme to the appropriate national authorities
responsible for food quality programmes.

b - Because of the continuing nature of agrochemical residue problems
in food animals, participating institutes should continue to
identify relevant problems and monitor pesticide residues in
livestock products.

c - Further collaboration among participating institutes, i.e. exchange
of information and chemicals should be encouraged.
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