AMITROLE (079)

EXPLANATION

Amtrole (3-amno-1H-1,2,4-triazole) was originally eval uated
by the JMPR in 1974. A conditonal ADI was established at O-
0.00003 ng/kg bw, and a conditional MRL for amtrole in raw
agricultural commodities of plant origin was recomended at
the limt of determination of 0.02 ng/kg. The AD was
confirnmed by the JMPR in 1977, but the 17th Session of the
CCPR (1987) recomended that the CXL (as it had becone) at the
l[imt of determ nation should be deleted and replaced by the
statenment that uses of amtrole should be restricted to those
where residues in food woul d not be expected to occur.

The conmpound was schedul ed for re-evaluation by the 20th
Session of the CCPR (1990), and information on GAP was
requested by a circular letter in 1991.

The Meeting was supplied with information on registered
uses in several, nostly European, countries but data from
residue trials were received only on grapes. The Meeting was
provided with information on the fate of amtrole in aninmals,
plants and soil, and on new analytical nethods for the
determ nation of amtrole in plant material, soil and water.

IDENTITY
Physical properties

The octanol/water partition coefficient was determned to be
0. 108.

USE PATTERN

I nformati on was supplied to the Meeting on registered uses of
amtrole in eight countries (Table 1). Amtrole is used also
on industrial land, roadsides, railways, ditches etc. Such

uses are not quoted in the Table. In the 1974 evaluation
detailed descriptions were given of the uses of amtrole on
many crops and of non-agricultural wuses. In all cases the

conpound should be applied in such a way that no residues are
detectable in food commoditi es.

Table 1. Registered uses of amtrole

Crop Application PHI,
Country

No. Rate, kg ai/ha Spray coa cn., days
kg ai/hl
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Crop Application PHI,
Country
No. Rate, kg ai/ha Spray coa cn., days
kg ai/hl
Astralia Vi nes and 6-8 week 0.14-0.28
fruit inter-
val s
Pot at oes 1.4-2.8 28-35
Ce eals 0.7-1.4 0. 58 sowi ng after
> 5 days
Past ure 0.75-1.0 0. 58 graze after
> 6 on nt hs
Bel gi um Appl e 3.0-5.0
Pear 5.0
Canada Appl e 1 to cover ground: 1.2 > 60
o chards bands round trees:
0. 03
> 1 directly on ivy 30
leaves: 2.2-4.6
Mai ze 1 2.2-4.6 pre -sowi ng
® ya ke ans
Wi te
beans
Cereal s, 1 3.4-5.5 8 nont hs
Peas,
A falfa,
a over
Pasture 2 7.5-15 6 nont hs
France Appl e, 1 1.8
Pear
O her 1 5.0
fruit
Ge many Pome 2 1.5-2.0 42
fruit
1 5.0 in spring
Pl um 2 2.0 42
Che ry 2 2.0 42
Grape 1 2.0 42
Ne her - Appl e 1-2 3.0-4.0 bef ore bl ossom
| ands Pear or after
har vest
Pl um 1 3.0-4.0 after harvest
Che ry before 1 Nov.
Cu rants
Pa tugal G ape 1 1.9-2.5
Spai n G trus 1 2.5-6.0 post- and pre-
fruits emerge ce of
weeds
Pome 1-2 2.5-6.0 as for citrus
fruit
Grape 1 1.5-3.6 as for citrus
Haz | nut 1 2.5-5.4 as for citrus
Aive 1 2.4-3.2 as for citrus
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RESIDUES RESULTING FROM SUPERVISED TRIALS

The Meeting was informed of one report on conpleted trials
with amtrole on grapes. New trials are being carried out on
appl es, pears and grapes but have not yet been conpleted. It
was stated that reports on nost of this work, including the
study on grapes, would be supplied in the near future.

FATE OF RESIDUES

In the 1974 eval uation nunmerous studies on the degradation of
amtrole in plants and soil were reviewed, but in sone areas
with some uncertainty about the extent of degradation and,
especially in soil, about whether degradation is minly a
m cr obi ol ogi cal or a chem cal process.

Several reports from new studies on the degradation of
amtrole in animals, plants and soil were provided to the
Meet i ng.

In animals

The netabolism of amtrole in rats was investigated and
conpared with its degradation in beans. Unaltered anmtrole and
three netabolites were present in the wurine of treated
animals, the netabolites being simlar to those in beans. One
of the maor netabolites in rats was conpatible with the
structure of amnotriazolylalanine, 3-(3-amno-1,2,4-triazol-
1-yl)-D-al anine, which had previously been identified as the
maj or nmetabolite in plants (Franco and Municio, 1975).

In plants

In the evaluation of the 1974 JMPR several investigations of
the fate of amtrole in plants were reviewed with the main
conclusions that little or none of the conmpound is taken up
fromthe soil via the roots to the |leaves and fruit, and that
if application is made directly to the |eaves nobst of the
absorbed conpound is netabolized. Three or four netabolic
products were observed, but only one was identified (as
am notri azol yl al ani ne).

Further investigations of the possible uptake from soi
to plant and of the netabolism in plants have been carried
out .

In a study of the netabolism of sonme herbicides including
anmitrole by Field Horsetail (Equisetum arvense), 5-'“C-|abelled
amtrole sprayed on the plant showed evidence of conjugation
in the shoots and rhizonmes. In the shoots the main conpound
was the parent (>76%, together with am notriazolyl al ani ne and
an unidentified netabolite. In the rhizones the proportion of
intact amtrole was lower. No further netabolites were
identified. The quantity of amnotriazolylalanine decreased
with tine, with an increase of the unidentified netabolites.



6 amitrole

This study also showed that conjugates with low nobility in
t he vascul ar systemwere forned (Marschall et al., 1987).

A report from Bayer AG (1982) on the degradation of
amtrole in plants and soil describes experinents wth
treatments of Ranunculus repens, grapes and apples, the grapes
and appl es being grown in pots.

In the experinment with direct application to the weed
(Ranuncullus) 80% of the amtrole was netabolized within a few
days, and the conmpounds were mainly present in the ends of the
shoot s.

For apples the soil surrounding the trees was treated
with “Clabelled amtrole (about 4 kg ai/ha) twice a year for
three years. The apples contained 0.1% of the radioactivity
applied (about 0.2 ng/kg calculated as amtrole) in the first
year of application. The |level decreased to 0.02% in the
second year. Approximately 18% of this was found to be the
parent conpound, at about 0.03 ng am trol e/kg.

u A 3-year experinent was also carried out on grapes, where
[ "Clamtrole was applied to the soil at a rate used in
practice. After 90 days 1-2% of the applied radioactivity was
found, mainly in the |eaves. Radioactivity was present in the
woody part of the vines 2 years after the last application,
although in reduced quantities. The concentration  of
radioactivity in the grapes was approximtely 0.2% of that
applied during the last year of treatnent. No radioactivity
was detectable in the grapes after 2 years (Bayer AG 1982).

In other experinments on the netabolism of amtrole in
appl es 3,5-[Clamtrole was applied to the soil in which apple
trees were grown under outdoor conditions in tubs, to excised
sprouts from apple trees, and to cell suspension cultures.
Mature fruit from the outdoor experinent contained at nost
0.05 ng/ kg total residues, 75% water-soluble and 25% bound to
insoluble material. No parent conmpound was detectable in the
fruit. The mjor netabolite (maxinmum 0.012 ng/kg) was
triazolylalanine (3-(1,2,4-triazol-1-yl)-D-alanine), which was
present in the free form and as conjugates. Mre than 50% of
the radioactivity was reassimlated 'C incorporated into
natural plant constituents.

In the tub experinment one apple tree absorbed 1.1% of the

radi oactivity applied to the soil, 0.07% was found within the
mature fruit and about 42% remained in the soil after 5
months. In contrast to this the mgjor netabolite in nodel

experinments with excised apple sprouts and cell suspension
cultures was not triazolylalanine but am notriazolylalanine,
al though in excised sprouts small amounts of triazolylal ani ne
were also present. 1In cell suspension cultures at high
concentrations of amtrole, 3,5-dihydroxy-1,2,4-triazole was
the mai n conmpound found (Schneider et al., 1991).

In soil

The 1974 Meeting reviewed several reports on the degradation
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of amtrole in soil. According to these degradation is rapid
and the main product is CO. Sone disagreenment was obvious in
the conclusions of these reports as to what extent degradation
in soil is mcrobiological or chemcal.

Since 1974 several experinments have been carried out on
the degradation of amtrole in soil. In one, degradation and
transl ocation were examned in sandy and |oany soils under
northern German climatic conditions. Because of adsorption and
rapid degradation amtrole was practically not translocated,
but the possibility nevertheless exists of contam nation of
groundwater in sandy soils with a low content of organic
mat erial and a high water |evel (Drewes and Bl une, 1976).

The degradation of amtrole was studied in the |aboratory

in two types of soil, an English |oam and the German standard
soil 2.2. Amtrole was labelled wth C in the 3 and 5
positions, and the soil was kept in darkness during the

experinment. It was shown that the conditions exerted a mnarked
influence on the degradation. Under aerobic conditions
anmitrole was extensively degraded to “CO. After 28 days the
production of 0% in German standard soil 2.2 anpunted to 70-
80% of the applied radioactivity, and in English |loam soil to
40- 50% but in strictly anaerobic soil no volatile
radi oactivity was produced. In the aerobic soil nobst of the
radi oactivity which did not appear as “Co was not extractable
and the major extractable radioactive conpound was unch?nged
amtrole. No internediates in the degradation to ‘C0,
including urea and cyananm de which were observed in other
experinments, were detected in the soil extracts. In anaerobic
soil the total non-bound radioactivity decreased to 60% of
that applied after 28 days and to 25% after one year.

When soil wunder aerobic conditions was sterilized there
was no significant loss of radioactivity, clearly indicating
that the degradation of amtrole to CO is strongly influenced
by the presence of mcro organlsms and oxygen. Simlar results
were obtained with [3- C] and [5- C]amtrole (Hawki ns et al.
1982a).

The degradation of '“C-labelled amitrole was al so studied
in a field experinent. Field plots of loanmy soil were treated
with the |abelled conpound at 20 ng/plot (about 20 kg ai/ha)
and exposed to the prevailing weather conditions.

| medi ately after application the recovery of applied
radi oactivity was 97% which decreased to 75% after 56 days
and 53% after 112 days. Most of the radioactivity was in the
top 5 cmlayer of the soil at all tinmes. After 112 days 43% of
the applied radioactivity was present in this layer, about 6%
in the 5-15 cm |l ayer and about 4% in the 15-30 cm | ayer.

90% of the radioactivity in the extracts from the top 5
cm layer of soil was present as a conpound corresponding to
unchanged “C-amitrole at all sanpling times. The level of “C
amtrole in the top layer declined from 22 ng/kg shortly after
application to 3 ng/kg after 56 days and <0.1 ng/kg after 112
days (Hawkins et al., 1982b).
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A laboratory experinment was carried out on the
degradation of amtrole in soil with the aim of identifying
the internedi ate conpounds involved. Amtrole was |abelled at
the 3 and 5 positions. The soil was a clayish silt, which was
treated with 0.1 and 1.0 ng [ Cjan1trole/100 g soil and
incubated from 1 to 20 days. Amitrole (both |abelled fornms)
was rapidly degradaded to CO.. The residue in the extract of
the soil consisted nostly of the parent conpound, with <2.5%
as netabolites. 5-hydroxy-amitrole was the primary netabolite,
but was degraded very rapidly. Cyanam de and urea were also
found as degradation products. Uracil presunely represents a
secondary pathway in the netabolism In the proposed
degradation schene the ring is opened between positions 1 and
5 after 5-hydroxy-amtrole is forned, CO: is elimnated at
position 5 and hydrazine at positions 1 and 2, |eaving
cyananm de which is hydrolysed via urea to CO: and ammoni a
(Schol z, 1988).

In water

The stability of amtrole was studied in buffer solutions at

90 C at pH 4, 7 and 9 and a concentration of about 10 ny/l
Sanples were taken 0, 19, 94 and 114 days after application.
No degradation was observed, indicating that the half-life of

amtrole in water at 20 C would be nore than one year (Krohn
1986) .

Leachi ng

The nmobility of amtrole and its netabolites was examined in
two soil types: GCerman standard soil 2.1 containing 0.6%
organic carbon and 6.8% of the fraction <0.02 mm and
"Hopf chen" soil contalnlng 2.9% organi c carbon and 32% of the
fraction <0.02 mm ‘Clabelled anitrole was used at a
concentration simlar to that applied in practice of 10 kg
ai/ha, and the tests were carried out after the soil had been
incubated with amtrole for 0, 30 and 92 days, each test in
duplicate. Incubated soil was placed on top of 27 cm of

untreated soil in glass colums. A total of about 400 n

dei oni zed water was used as the eluant over 2 days.

Only in the German standard soil 2.1 was nore than 1% of
the initially applied *C detected in the |eachate. The
percent age | eached decreased from 24-31% from the O0-day soi
to 1.5-1.9% fromthe 30-day and 0.7-1.6% from the 92-day. Mbst
of the radioactivity in the 0-day |eachate was from the parent
conpound (20-27% . Less than 0.1% of the parent conpound was
detected in the residue after 30 days aging. In the "Hofchen"
soil, which had a considerably higher content of organic
matter, the radioactivity in the |eachate decreased from 0.8%
from the 0O-day soil to 0.1% from the soil aged for 92 days
(Weller, 1987).

METHODS OF RESIDUE ANALYSIS
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Anal ytical methods recorded in the evaluation of the 1974 JMPR
were all col oronetric, usually after derivatization of
amtrole in cleaned up extracts. Several of them were
nodi fi cati ons of an FDA nmet hod devel oped by Storherr and Burke
(1961) .

Gas-chromat ographic nmethods have now been devel oped,
using a nitrogen-specific detector, for the determ nation of
residues of amtrole in apples and pears and in soil and
water. An ethanol/water mxture is used for extraction, and
after evaporation of the solvent the residue is acetylated
with acetic anhydride and transferred to chloroform C ean-up
is by colum chromatography on silica gel with ethyl acetate
as eluant. The limt of determnation in fruit and soil 1is
0.02 ng/kg and in water 0.002 ng/kg (Jarczyk, 1982, 1983).

A nmethod has been developed to determne amtrole i
water by TLC. After evaporation of water the residue i
cl eaned up by colum chromatography on silica gel using a
acetonitril e/ NHs/ met hanol m xture as eluant. Amtrole i
detected on the chromatogram by diazotization and coupling t

form an_azo conpound. Quantification is by densitonetry. The
limit of determination is 0.05 ig/l (Burger, 1986).

oOwsSwsS

HPLC net hods have also been developed for t he
determ nation of residues of amtrole. In one nethod residues
in vegetables are determ ned using the extraction and cl ean-up
procedures described by Storherr and Burke (1961). The residue
Is then diazotized and cleaned up by col unm chronmat ography on
pol yam de and ion-pair HPLC. The limt of determ nation for
residues in potatoes and beets was 0.01 ng/ kg (Lekke, 1987).

Anot her HPLC nethod was devel oped to determ ne residues
in blackberries. Residues are extracted wth ethanol/water
and, after pre-treatnment wth hydrogen peroxide, interfering
substances are renoved by ion exchange on an acidic cation-
exchanger. The residue is then converted to an amtrole-
fl uorescam ne conplex and determ ned by HPLC with fluorescence
det ecti on. The |imt of determnation is 0.02 ng/kg
(Dornseiffen and Verwaal, 1988).

A third HPLC nethod has been developed for the
determ nation of residues in plant material, soil and water
Amitrole is extracted wth acetone/water and organic
conponents are separated by partitioning wth dichloronethane.
Amitrole is then isolated on a cationic ion-exchanger and
purified by columm chromatography on alum na. The residue is
determined by HPLC with electrochem cal detection. The limt

of determ nation in vegetables is 0.01 ng/kg, in soil 0.005
mg/kg, and in water 0.1 ig/l1 (Weber, 1988).

NATIONAL MAXIMUM RESIDUE LIMITS

National maxinmum residue limts reported to the Meeting are
shown bel ow.

Country Crop MRL, mg/kg
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Australia Avocados, bananas,
cereal grains, citrus,
grapes, neat, mlk,
m | k products, passionfruits,
paw paws, pecans, pi neappl es,

pome fruit, sugar cane 0.01

stone fruit 0.02

pot at oes 0. 05

wat er 0. 001
Net her | ands Agricul tural food 0.05 (limt of

comodi ties det er m nati on)
Spai n Citrus fruit, grapes, 0.05 (limt
of

gr apes, hazel nuts, det erm nati on)

Pone fruit, olives
APPRAISAL

Amtrole was evaluated by the JMPR in 1974 and 1977 and is
included in the CCPR periodic review programe. A conditiona
ADI was allocated in 1974 and confirnmed in 1977. An MRL for
raw agricultural comodities was recommended at the limt of
determnation in 1974, but the 17th Session of the CCPR (1987)
recommended that the MRL should be withdrawn and replaced by a
note that uses of amtrole should be restricted to those where
residues in food woul d not be expected to occur.

Information on registered uses was received from
Australia, Belgium Canada, France, Germany, The Netherl ands,
Portugal and Spain. The conpound is applied to the ground and
directly on to weeds and usually with a long PH, so residues
shoul d not be detectable in crops grown on treated soil.

The Meeting received only one report from supervised
trials, but was inforned that new trials on apples, grapes,
and pears were in progress. Mst of the studies would be
supplied to the JMPR in the near future.

Several reports were available from studies on the
nmetabolism or degradation of amtrole (am notriazole) in

plants, aninmals and soil. In plants after direct applications
to t he | eaves or stem the mai n nmet abolite was
am notri azol yl al ani ne, 3-(3-amno-1, 2,4-triazol - 1-

yl)-D-alanine. Two other netabolites were found, but not
identified. The same netabolites were present in rats. After
treatment of the soil surrounding plants only small anounts of
amnotriazole and its netabolites were translocated to the
plant. In apples residues of the parent conmpound and the
nmetabolite triazolylalanine were undetectable or very |[|ow
when present the conpounds were in both free and conjugated
forms. In cell suspension cultures from apples 3,5-dihydroxy-
1,2,4-triazole was produced.
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In soil rapid degradation occurs with CO» as the main
degradation  product. Degradation in soil is strongly
i nfluenced by the presence of mcro-organisns, and does not
occur under anaerobic conditions. From | aboratory experinents
it was possible to propose a degradation schenme for amtrole
in soil. The ring 1is opened after netabolism to 5-
hydr oxyam notriazole, and via cyanamde the conpound is
deconposed to CO: and ammoni a. Because of the rapid degradation
only small amounts of amnotriazole are |eached into soil.
Leaching is nost pronounced in sandy soil with a |ow content
of organic materi al

New anal ytical nethods for the determ nation of residues
of amtrole have been devel oped using gas chromatography wth
a nitrogen-specific detector, thin layer chromatography, and
hi gh performance I|iquid chromatography wth fluorescence or
el ectrochem cal detection. The limts of determnation are
0.01-0.02 ng/ kg for residues in fruit, vegetables and soil.

A complete re-evaluation of amtrole has not been
possi bl e because new data from supervised trials were not
avai l able. Although the registered uses reported to the
Meeting are simlar to the application conditions in sone
supervised trials examned by the JWR in 1974, the data from
the trials currently in progress should be taken into
consideration. No reports from studies of storage stability
were avail able, but the Meeting was informed that the results
of such studies will be available in 1995. Reports of anim
transfer studies were also lacking, but as residues of
amtrole in crops are obviously very | ow and usually bel ow the
[imt of determination, there is a very limted need for such
st udi es.

RECOMMENDAT IONS

No residue limts have been established for anmtrole in food
commodities but a note states that uses of amtrole should be
restricted to those where residues in food would not be
expected to occur. The Meeting recommends the addition to this
note of the statenment: "A realistic limt of determ nation for
t he general nonitoring of amtrole would be 0.05 ng/kg."

FURTHER WORK OR INFORMATION

Desi r abl e

1. Resi due data from supervised trials on apples, pears and
grapes known to be in progress.

2. Reports from experinents on the storage stability of
amtrole knowmn to be in progress.
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