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#355,/ Guthion on Brussels sprouts awd citrus fruits.
FAP #793, Guthicn om citrus peel and in dried citrus pulp.
Chemagro Corporation, Kansas City, Missouri.

The Chemagro Corporation proposes a pesticide tolerance of

2 ppm for residues of O, O-dimethyl $~4-0ox0-1,2,3-bencotriszine
3(4x)~ylmethyl phosphorodithiocate (Guthion) on Brussels spmtt.
grapefruit, lemons, oramges, snd mwhu

The petitioner also proposss a food additive tolersnce of S ppm
for residues om citrus peel and in dried citrus pulp which
result from the application of Guthion to the growieg agricultueal

crop. .
| / oo
Coaclusigos

Adequate mathods are svailable for enforcimg the p:ﬁpoud
pesticide and food additive tolerancss.

Residues of Cuthica im or oa Brussels sprouts, grapefruit,
lemons, oranges, tasgerimes, and im dried citrus pulp will

aot exceed their respective proposed tolerauces, i{f the
pesticide £s used as directed.

A food additive tolerance will not be required for tosu!ueo of
Cuthion im citrus pesl. We sre in agrecmsat with the petitiouer,
vho at this writing, has indicated that a toleramce for residues
on the peel is not macessary, and that it should be withdrawam.

The use of dried citrus pulp in cattle feads will result im no
Guthion residues (0.0l ppa) and no significsut residues (about

- 0.01 ppm) of Guthion metabolites in the milk. Trace residues

(¢0.1 ppm, and probably <0.05 ppm) will be present im £at,
liver, and kidney; noue (£0.0Z ppm) in lean nmeat.

Recopmendations

Pharaacological comsideratione permitting, it is recommended
that a pesticide tolerauce of 2 ppm be established for residues
of Guthion in or on Bruseels sprouts, grapefruit, lemoms,
oranges, and tangerines; and that a food additive tolerance of
3 ppa be established for residuss of Guthion in dried citrus

pulp.
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Guthion is proposed for the control of mumerous insscts wvhich
attack the subject crops. For this purpose, it is available
formulated as Guthion Liquid Concentrate {containing 2 1b
act/gal), Guthion 25% Wettable Powder, aod Guthica 3% Bust.
It would bs used om:

Brussels sprouts, at 812 oz act/acre in repeat
applications, up to 7 days before harvest.

, at 4~8 oz act in 100 gal water im

full coveragas sprays (i.e., liquid concentrate and

wettable powder formulaticns only). Only oms

application is to s made during the year.
Analytical Method
The mathod of Meagher et al., (3. Ag. Food Chea., 8, 2823 1960)
with modifications was us2d for purposes of this patitiocn. By
this method, the residue is hydrolyzed under alkaline conditicans
to anthranilic acid, which is diazotized and coupled with
¥-(le-naphthyl)ethylensdismive to yield a color having s maximm
sbsczptioa at 555 mp. The modifications involve extraction and
the cleanup nseded to elimimate plant pigments and cther
naturally occurring interferences. A spacisl variatica is that
develcpad for use with milk end animal tiseves, in vhich the
anthranilic acid is estimated photofluorometrieally instead of
colorimetricslly.

The method modiffcation described in Report 7361 is similar to
that used in the AGAC collaborative study using apzicots, cabbags,
cherzies, grapes, peaches, aed plums (Coxz, W. 8., JAQAC, 44, 188;
1961, aad 435, 406; 1962) and in District trycuts with grosn beans
(PP #314). BHowever, despits satisfactory results with cabbage
and green beens, tha petitioner fouand that fuzther modifications
wers necessary for use om Ixussels sprouts bacausa of exntra=
ordinary interfersace (Report 8441).

The procsdure of Bapert 7561 vas used ca citrus £xruits and with
aimor varisticns (Report 8762) on eitrus bye-produsts as well.
Gunthér, in his study of residuss on citrus fruits and in dried
citrus pulp {Zepoxt 8681) utilized amothor modificaticm (Raport
5398a) baszed on that described inm Report 3382. Ths latter
procedure psrfcrmed satisfactorily ia trials with grapes in
conzsetion with PP $249, but has mow bsen supsrseded by that
of Basport 7561. :
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Crop residues (excspt those of the Gunther study which 1s
dascribed below) wers extracted by blemding with acetcms. The
cleanup, consisting of column chromatography, benzena sxtraction,
and zinc roducticn sufficed for the citrus fruits but proved
unsatisfactory for Brusssls sprouts. Im this imstance, it was
found that additicmal coluzn chzomatcgraphy, followed by an
isoelectric extraction at pH 4.2 imto bensene effectively
reduced tha interference. (Zine reduction was not needed in
this modificstion for Brusasls sprouts.) Recoveries were good,
being 96% or more for Brusasels sprouts’ fortified with 0.75 ppa
Guthion, or its oxygen amalog, and 92% or mors for grapefruit,
lemons, and ovanges fortified with 0.75 ppm 2nd 1.00 ppa
Guthion. Blaak valuas wers usually reportsd as being equal to
or less than 0.3 ppa apparent Cuthbion, with occssional values
up to 0.5 ppm, and ome apparently aberrsat value of 1.3 ppa
for Bruseels gprouts. The seasitivity is, therefore, about
0.3<0.3 ppm, a rather poor showiag in relatioa to the level of
the tolerance requasted. We considar it adequate, however, in
viev of the pature of tha crops involved, :

The data of Cumder (Reports 5398a and 8681) show accaptabls
recoveries for surface residuss on oranges and lemoms, extracted
with n-hexane, sad subjected to only a mimimal cleanup. ¥ith
orcuges, recoveries wers 85% or move for the peel fortified wit
S ppa Guthion, and for rind-fres, peeled pulp fortified with
0.5 ppms Guthion. The semsitivities wera said o be 0.2 ppa for

" the peel and 0,02 ppm for the pulp., With lemoms, lower, but

consistent and adequate rscoveries of 74% ox more for the peel
and pulp, at undisclosed fortification levels, were obtainaed.
Seasitivities would appear to be 0.4 ppa for lemon peel and
0.1 ppm for the pulp.

The procedure of Beport 7561 with ainor variations gave good
recoveries of 90% or mors for citrus pulp, juice, press iiquoer,
and molasees, fortified with 2 ppz Quthion. Iower, but atill
accaptable recoveries wsre obtainsd for the pael {73% or more)
ard the dried cattle feed (about 82%) fortified with 2 ppm
Guthica, and for the oil (about 80%) fortifisd with & ppn
Cuthion. BRecoveries for the oxygem anslog, whem available,
were ususlly 5-10% lower than tha correspendiag Guthica
recovery valuas. Sensitivitiss were 0.3 ppm or better for all
by-products except the oil, vhoze the semsitivity vas 0.7 ppm.
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The procedure for milk avd snimel tissues includes the feoelectric
extraction of hydrolyzate into benzene, followed by measuremsants
of the fluorescence at 425 wp (with an activating wavelength of
330 o). Columm chromatography was introduced to improve the
sensitivity, but not without a raeductica im the recovecy.
Racovery deta exe givem for Guthion, Guthfon oxygen analog, and
& number of poseible metabolites, and valuas are generally 75%
or better. The question of tha identity of the metabolites is
gtill open to some extent, though narroved down considerably
(sec Reporte 7391, 7392, 7407, and 7559 of PP €336). 1t has
besn stated in one of thase reports that the recovery fn the
case of milk i probably no better thea 75%, and the sacme would
seen to apply for animal tissues as well, vhich {s adequzte in
view of the situation regarding the metabolites, Tha sensitivity
1s 0.01 ppm for milk, 0.02 ppa for tissues, end 0.03 ppm for fat,
in terms of Guthioa.

Gsoeral /
It had formerly besn bdeliewed that the zime raduction step

introduced as pert of the cleanup pPocedure would render the
method monwspecific. It vow appears that the wethod with this
step includaed is spacific for Guthica in the presence of
parathion, msthyl parathion, and EPY sisce the bonzene extrac-
tion will remove thesds interferencss {patiticner's letter of
s§31/62, PP 6336). WUe now bave no reasoa tO doubt the epplice~
bility of thic methad with or without tha zinc reduction step
to the doterminaticn of residues oa Brussels ‘sprouts and citrus
fruits. BSimce ths method splits the benzazimide molety, it
will datermine any mstabolites which incorperate this moiety.
The procedures described ave thorefore considered adequate for
enforcing the proposed toleracces.

A method tryout wae not considered necesgary in view of tha
saveral provious trycute (PP £249, #3146, $336) and the ACAC
collaborative work.

Begidus Bats

It is this petitioner's practics, for ressons of econcuy psrhaps,
to postpone residue analysis until a large mumber of saumples
have accumulated, For exemple, sccording to date in this petition,
sszplee were held in cold storags for 9-14 months and sometimes
for as long as 17 monthe after harvest before being analyzed.
This has raised a question concerning the. stability of residues
during storege.
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lew data in Beport 8682 for Guthion residues om alfelfa, apples,
green beans, blusberries, red currants, and raspberries etored
3t 0 to =107 show that for the interval O to 17 snd 31 wesks,
valuze were usually equal to (in 3 out of & tries) or higher
thaa those reported ianitially. During later intervals, f.0.,
30-100 weeks, the values were usuaslly higher (in 5 out of 7
triee) than those reported for tha beginning of the interval.
With the berry crops, two values were lower at the and of ths
{nterval, but were offsat by two highsr values {apiace) in
related studies.

Guather, using duplicate orangs pesl control hexane atripping o
solutions fortified with 0.5 and 1.0 ppm Guthion, stored at 10°C
for 92 weeks, found apparemt iucreases in residue valuss of 22,
20, 14, anéd 10%. He concluded that an evaporative factor was
favolved.,

The weight of the cvid&m. therefore, it ageinst the loss of
Guthion residue fia ca?pleo held in cold storaga for loog periods
ot tmo 4

e

Pertivsnt deta in thres of tha four availsble vepcrts of studies
conductad in California, Wew York, and Quebec, indicats that the
maximel residuz will mot exceed ebout 1 ppa for either single or
multiple applications at the maximel proposed dosage and with a
preherveet interval of 7 days. The dust forculation, cevtainly,
and the wettable powder formulstion, probsbly, will yigld residue
values scawwhat lower than this. ’

Guthion does not appear to ba wary persistent om this crop. %e
are unable with the data at hand to ascertain the half-life, but
dsta for cabbage in PP §207 indicate a half-life of 3-5 days for
this related crop.

Previously in PP 8207, the patiticnmer bad proposed the same
tolerance for residuas resulting from substantially the eame
usage as that now proposed, except for s prohsrvest interval of
21 days. The proposal, which ves rejacted, wes based on data

for cabbage, mons being available for Brussele sprouts at that
tims. GCeasrally speaking, preharvest intervals fotr Brussels
sproute more nsarly correspond to those for broceoli, cauliflower,
and kohlrabi with which it fs gersrally grouped, and soms of these
may have been assigned simply cu the basis of this assocfatiocnin
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the same ccaamodity group. However, since the present Guthiom
data for Brussels sprouts indicate an ample mergin of safety

. with respect to the proposed 2 ppa tolerance, we sce no aeed
to increase the preharvest imterval of 7 days merely on the
basis of the longer imtervals that apply to other crope in the
same commodity grouping. :

Pertinent data im six of tem available reports of studies
conducted in Arizoma, Califormia, and Louisiena, imdicate that
residues resulting from a single applicatioa at the maxiaum
proposed dosage, will sot, on the day of applicatiom exceed:

0.8 ppm on grapefruit (fxom use of the wettable
powder formulaticam).

0.9 ppm on lemons (from the liquid ecmesntrate).

0.5 ppm on lemons (from the wettabls powder
formulaticn).

1.2 ppm on oranges (from the wettable powder
formulaticn). '

0.9 ppm on orsnges (from the liquid concamtrate).

Ths residue valuss do not bsax amy cobvious relaticmship with the
size of the fruit. Taungerimes, which may be slightly smaller
thzn oganges, but aqual im size to lemons might be expected to
contain residues of similar magaitude.

Plorida, which produces a laxge portica of the citrus crop is
gepresented by caly one valus vhich {s not pertimeat to this
usage. The petitiover has stated (in his letter of 5/7/62) that
because of less rainfall, the residuse ca fruit growm in
California will be higher than thoss cu fruit grown ia Florida.
Z2eference is mede to Cunther's study of residucs cu lemcns and
oranges in California. Since no rain fell during the experimental
period of this study, it was concluded and we agres that the -
results are indicative of the meximum possible residuss.

Cunther, using a surface stripping techmique, datermimed the
residues cn the rind-free, pesled pulp and om the peel, and
found practically all of the residue to ba ca the psel. This
is not umexpected since Guthion is not kmowm to tramslocate,
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end would be sbsoched in the oil in the peel. Using average
poel values, we £ind ealculated, adjusted values of about 1.6
ppu and 4.0 ppa in whole lemous on zero day, from the applica=~
tion of 1500 gals/acre st dosegas of &4 oz act/100 gals and of
16 oz act/f100 gals (respectively). From 2 plot of residue vs
dosage, wve find a calculated residue value on whole lemons on
zero day of about 2.2 ppm st a dosage of 8§ 02/100 gals under
these conditions. Similarly for cxangee, wherse the gallomage
was 2500 gals/acre, we find a calculsted value of 1.6 ppm.

The gellomage ueed in the Guather study represents the maximum
that would be applied to citrus. Allowance has been made for
the ueage of wettable powder formulatica by projecting the data
back to zexro day at vhich time there should be little difference
in the level of reaiduss from the emulsicn concentrate or the
wettable pouder formslatioms. Thus, it would sppaar thet under
the extrese conditions of ths Cumther experimeat, the residuas
on vhole lexons end oranges will not excced a calculated value
of 2.2 ppa and 1.6 ppm. Undex more normel coaditions, it is
most unlikely that ghey will exceed ths levsl of the proposed
tolerance. The ssus consideration applies to residucs on
grapafruit and tengerines.

Cuather had observed an usususl #nd umoxplsined psreisteace of
rasidues o orsngas in comtrast with thoee on lemons, sad
atated that ba would repest hie study. 8imce his orange data
probably represent the extveme, we foel juseified 1u bacing
our evaluaticn on the resulis of his study as well as on those
of other studise included fo this pstiticm.

e

Freeh cltrus peel is washad andfor steamed ap AL cosea frem &
citrus segmsat procassing plamet.

The peel of Guather's study ahows calculated, adjusted values
of 7.6 ppa and 8.8 ppm in wwashed lemon and orange peels from
ome application of 1500 gals or 2500 gals/acze at a dosage of
8 0z/100 gala. Cumther elsewhere in his report, indicated
gizaable reducticus of 63% and 84% in residus weluss when
lemon and ovangs peel were washad. Thus, we would expect to
find recidue valuss of sbout 2.8 ppm end l.& ppm in washed,
fresh lemos snd orangs peals treated es dascribed above.
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In the largs scale experiument conducted at the Floride Citrus
Experimeat Station, described in Report 8782, it vas found that
vhols oramges coantaining a residus of 1 ppa and vhose peel bore
residucs of 2.7 ppa yielded washed, fresh pasl containing 1.9
ppa. The reduction in regidue valuss on the washed pesl was
only 30Z. The close attention given the samples in ths Cuather
study appareatly resulted in greater reductions on waghing.

Starting with vhole fruit coataining 2 ppm, we might expect to
obtain washed, freeh peel with a regidue of about 3.8 ppa as a
result of comssrcial proceesing. It would appesr thea thst a
tolerance of 5 ppm might bs appropriate for residues in washed,
fresh citrus peel, except for the following cousiderations.

The petiticnsr's interest im the proposed food additive tolerance
for the fresh pesl is in the production of candied citrus pesl.

Somas candied pesl ia actuslly eaten as such. Bowewr, ths loss
of zasidus which vould occur in the procesping of fresh to
candied peel nckes it’quite unlikely that the residue in the
cendied pezl would excesd the propoged tolerance of 2 ppa for
the fresh fruit. Fresh pesl e beiled three times for 5-10
aimites in fresh wates to resove most.of the oil ia vhich the
residve concentrates. Tha peal is boiled once more for 40
migutes \with syrup which sarves furthsr to reduce and dilute
tha residue which remeins, Hodavate heating alonz, of grape
mash at 150°F for 1 hour, caused a reducticn of 67% ian Guthion
residue (PP 8243).

“hen used et a maximsm of 25% by weight im cakes and confactionexy,
the resfduk in tha ready-to-eat item cculd mot excosd 1.25 ppm
€25% of 5 pp=) evan Lf no loas occrsad in the procsssicg.

mmshmluumgtamimof‘&oxbymtghtm
marmalade, the residue could not exceed 2 ppa {&0R of 5 ppw)
again even if no loss occurred inm the precessing.

We comclude, therefore, that a food additive tolerance is not
required for rxesidues in fresh citrus pesl.

Besjdues in Bried CGitrus Pulp

Practically ali citrus wasts ig now being processed into the

drisd pulp. Small amounts of the wet pulp have boen fed free
choice to beef cattle, but it has proved eo troublescne that
wve may expect even lese of this in the future. :
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A laboratary scale experiment described in the Guather raport
shows residuse of 5.6 ppm and 0.7 ppm {n dried pulp from tho
conversion of frash, washed lemon and orauge peel containieg
3.5 ppm and 0.7 ppmn. While {ndicating the possibility of
exceading the proposed food additive tolerauce, the conditious
probably were mot comparabls to a large scale test. In a
later test, Cunther found residues of 6.0 ppm, 7.0 ppm, and
4.8 ppm in drfed pulp from the covversiom of frech ground,
waghed lenon end orenge peel fortified with 8.8+9.3 ppm Guthion,.
%with S ppm in the starting wsterial, the probable maximum
residue in peel to be converted, wa might expect to find sbout
3.5 ppm in the dried pulp.

In the more relisble large scale test comducted by the Florida
Citrus Expedeent Statism, whole unwached (Pinsapple var.)
orsuges conteining 1 ppm Guthion yielded & drisd citrus pulp
conceining 1.5 ppa. With 2 ppa in the original whole fxuit,
wve might expect residue values of sbout 3 ppm in the dried

us conclude then that a tolavance ¢¥ S ppm is appropriata for
residuss of Guthion in dried citrus pulp, resulting from
application of the pastiscide chamical to the growing crop.

The data of the Florida Citrus Bxpsrisent Etation sheed no

datactabie residue (i.e., residues 2o highee then 0.3 ppa) ia
the juice. Since Guthion is met translocated, and is abacrbed
isto the oil of the psel, ve would ast eupect any detectable
reoidue ia the juice of trested citrus fruits.

A rasidue valve of 30.3 ppm was reported for the peel oil,
equivalent to 60.6 ppm with Guthica at 2 ppm in the origimal
vhole freit.

Citrus oil is nct eaten ag such, but is incorporated at various
levels up to about 800 pps im foold products. With oil containing
60.6 ppa we might expact 0.05 ppm, at most, in food products as
they are eaten.

Residues in Kilk

Dried citrus pulp way be fed the year round to daixy cattle in
amounts of up to 30%, but wore usually at 5-15% of tha total
dry diet (PP #316, Ethion). A dairy cow, weighing 1000 1lbs with
a daily, total solids intake of 35 1bs may thue consuae up to
10.5 1bs/day of tha dried pulp. For pulp coataining 5 ppm
Guthiocn, the intake of this chemical would be 24 agf/day, or

0.053 mg/day per kg of body weight.
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There are no Guthion or Guthioan oxygen analog residuss, less
than .0.01 ppa in milk of mtﬁ&o f0d 0.05-0.20 ag/ug/day.
This comclusfon 1@ based ou studies givea in Report 7391
(PP #336).

in Baport 7077 on the low level fecding of Guthion, there are
residuee of Guthion metabolites {benzacimide derivatives)

which show a linear relatiomehip with the amount of Guthiom

fed in the zeunge of 0,05-0.20 mgfigf/day. These data indicate

an average net residue in the milk of lactating dairy cattle

of about 0.004 ppa resultiug from the intake of 24 ng/day
Guthion in dried citrus pulp. Om oecasion, however, net values
as high as 0.011 ppa were obsezved in individual samples.

Since values levelled off after about 2 days in this 17 day
test, the use of avarage rather than maximus valuss ie justified.
All values werc calculnted ae Guthiesm, but in terus of thes
benzazinide metabolites, may b2 ocanly half the indicated amount.
Applying @ eotrecti.ogogf 75% for rocovery, we find average and
maximsl vslugce of 0. ppa and 0,015 ppa for Guthion matabolites
{e the milk. Approximately theot same values are cbtained by
extrapolating the data of Table II, Report 7076, on the high
levol faedimg study. Other data of this report indicate that
tha residuc diseppeers from the atlk within three days after
Guthion is withdrawa from the dist,

gtudiss subsitted vith PP £330 indicate four unkmova mstabolitecs.
One of theee, possibly the oxidaticn product of bie{M~methyl
benzazinide)disul fida, comprises 85% of tha residue. Another
wey be a second oxidaticm product of the ssas dieulfide.

He conelude that at tha level of {mtoke commensurate with that
of the fesding of dried citrue pulp, thare will be mo Guthion
residuse {¢0.01 ppa}, and no significant regiduea (about 0.01
pre) of Guthion metabolites in the =milk.

Besidues in the Meat

Driod eitrus pulp mey be fed ths yaar round to beef cattle im
smounts of uwp to 50%, but more usuelly at 30% of the total dry
diet. A steexr weighing 775 lbs with 2 daily total eolids
intake of 25 1bs mey thus coasvma under usual coeditions 7.5
1bs/day of the dried pulp. For pulp coataining 5 ppa Guchion,
the {ntake of this chemical would bs 17 ag/day, or about
0.049 mg/dsy per kg of body weight.
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Referring again to Report 7077, ve £ind that with an inteke of
0.10 mgfkg/day, there ware vary small met residues im the liver

 (0.06 ppa max) end kidney (0.04 ppm max), the msthod being

sansitive to 0.02 ppm. With a coxraction of 75% for recovery,
these velues becoxs 0.08 ppm for the liver and 0.95 ppa for the
kidney. Aa average net corrected valus of 0.04 ppm vas obtained
for the three kinds of fat, the method being eensitive to 0.03
pp@. Assming residus to be proportionel to imtake, the
regidues in animal tisoues from the fesding of 0.049 mgfig/day
would be lese thsn 0.05 ppa.

There are no data on the ideatity of the residue in animal
ticsus.

e conclude, therefcre, that ingignificant vesiduse €0.1 ppm
tnd srobably <0.05 ppa will reeult in fat, liver, ad kidesy;
acne €0.02 ppa) for lesn moat from o levael of intzske csmmsasu~
rata with that of thy feeding of dried citrua pulp.
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