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PESTICIDE RESIDUES

IUPAC Commission on the Development, Improvement, and
Standardization of Methods of Pesticide Residue Analysis

B H. EGAX, Secretary to the Commission (Labartory of the Government Chemist, Corne
wall House, Stamford 8t., Tondon, 8.E.1, England)

The first meetings of the above Commis.
sion of the Pesticides Section of the Applied
Chemistry Divigion of TUPAC were held in
Ceneva in Novernber 1066 under the chair-
manship of Dr. R. A, E. Galley. The follow-
mg aceaut of the proceedings i bascd on
the minutes of the meeting and on the ap-
pendixes presented by the members wnd
associnte members of the Commission sx
indieated,

1. Puamigant Residue Analysis

The Comnssion agreed that it was desir-
able to develop rapid, sensirive multidetec-
tion systems of analysis for residucs of
fumiganis such as methyl bromide, ethvlene
dibroraide, othvlene  diehloride, ethylene
oxide, uervlonitrile, carbon terrarhloride,
earhbon digulfide, and phosphine. A study
of the application of gas-liquid chromaro-
graphic methods was thought to be worth-
while. A need for «imple and reliable Von
site’” test equipment was also diseussed and
atiention was drawn to limitations in the
wse  of commereial indieator tubes for
measurement of residues in treated produce.

2. Diphenyl Residue Analysis

The Conunission discussceld progress in the
siudy of methods of sampling wnd analysis
af eitrug Tradd for residues of diphenvi, A
preliminary report of the Netherlands Cen-
ral Institute for Nuirtion and Foed Re-
gearch TN.O. indicated thut, of the two
tethods studied, the gas chromatographic
method was the fuster and more accurate;
however, tho thin laver chromatographic
method  followed by nltravielet  spectro-
photometry wus also suitable. Work on
sarpling hoxed {ruit had been completed
and investigation of sampling procedures for
shiploads and other consignments was in
progress. Both methods of residue nnalysis

appearcd to the Commission ta be aecepi-
able.

3. Qrgunomercary Fangicide Residue
Analysis

Regulutory methods for organomereury
restdue analysis were discussed; it was in-
dicated that while radiogeuivation facilities
for this were adequate in Secandinavia, gas-
liguid chiromsatography ofered considerable
promige both for high sensirivity and high
specificity. The neatron agtivation methods
were probably the best where facilities were
availuble but, like the newer eold vapor
atomic absorption techniques which were
fikely to be cheaper and just az sensitive,
did not digtinguish the form in which the
mereury wag bound, In the Unired States,
the ¥ood and Drug Administration raade a
direet somparison hetween cold vapor atomic
absorption and neutron  activation tech-
nigues; the Asspeiation of Official Analvties]
Chemists had recently appointed a new
referee for mercury residue analysis.

4. Organochlorine Pesticide Residue
Analysis
() Eraluation—by J. Willian: Cook
{ Division of Food Chemisiry, Food and
Dirug Administration, Washington, D.C.
20204)

Muceh progress hag been made in the de-
velopment and refinement of methods of
analysis by which any or ail of a large num-
her of pestieide residie chemieals can be
detected snd measured in one genersl vpera-
tion. They have come to be kvown as
“multideteciion” methods of analysis. The
following discussion includes DDL, y-BHC,
aldrin, dieldrin, heplachlor, endrin, chlor-
dane, endosulfan, and many other chemicals.
There are & few hundred pesticide chemicals
in nge; some of these consist of more than
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one compuund and some convert o a seres
of alteration producis which may appear in
regidue qualvsiz, Therefore, there s o large
pumber of chemicals which ean show up in
a multideicetion method of analysis. Whether
or not they are gignifieant as residues, their
presence must be recognized in order now fo
confuse them with significant pesgticide chemi-
eale. [deally, s general method of analysis
which would measure and idenafy all of the
Agnificant residues in all fond produets with
a4 minimum of anulytieal efort and e
swould be desirable. This s not possible at
the prosest time but  some hmporiant
achievemenis in thai divection have beeu
obtained o daze.

The developments se far have made if
possible 1o extraet, clean up, measure quan-
titatively, and give o high dogree of certuingy
1 the Wentity of the campounds for up 1o
100 pesticide residdue shemicals obtained from
a great vadety of food srops and produets
all in one general operation. This has been
done with either extracts from imcdividual
products ar composites of » large number
of products, eg., “vowal diet” or “market
hasket” samples. The developmeny of such
procedures luw reguived  a tremendous
amount of cffort. At esch pownt aloug the
way ehotees had to be made. As & cunse-
yuence of these choltes, adjustments in the
total procedure huve also had to be made
The choiees may nol necesunriy have been
the best ones, but as the tolal proeedure
developed, the more difficult Iy berame 1o
undertake any substitutions, Many of the
steps add to the certainty of the ideality of
the chemieals ag well as fo the quanthtative
measurement, The extraction and the eclean-
up procedures must vield quantitative recov-
eries ol the chemieals. The gas chromato-
graphie svstems—that is, combinations of
eolumn packing, liquid phase, temperature
of operation, kind of detector, and aperating
parameters—are all highly important when
one is attempting to obtain  quantitative
response from a number of chenticals, Condi-
tions which may be satisfuctory for quant-
tative results on an mdividual chemical or a
small nomber of chemicals mav not vield
adeguate  nuantitation  for all of many
chemieals,

JUURNAL OF THE A0.a.¢. {Vol. 80, No. 5, 1967)

The ecollaborative study of multidetection
methods s not as straightforward as for
~wer” methods of analysis, The relatively
simple procedure that has been used by
AQAC and other groups for design and
exeeution of collaborative studies is generally
not applicable 0 these multidetection pro-
redures. 1t has been the experience of FDA
and some other groups that if the details
uf the procadure a2re not deseribed oxactly
and i they are not [ollowed closely, great
varhtions W the analyiical results are ob-
taiped, At the Inst AOAC mooeting, a speeial
conference wag held to discuss the problem
invelved in collaborative studits on these
methods, 15 was decided that a special referce
for eollgborative studies would be appointed:
he would work with the specialist in method-
ology for the organoehlorines, organophos-
phates, herbicides, cte., 1o come up with total
propedures which ure ready for collaborative
study if possible, snd then deseribe those
procedures,  oblain  ecollaborators, submir
saples, receive and iabulate data, ete. It
was proposed and aceepied that if members
of TUPAC were avallable Lo partisipate in
thi= collabocative effort they would he wel-
eamed by AQAC. Tt is anticipated that thiz
program will become effective early in 1967,
It will probably include extraetion, cleanup,
thin layer chromatography, snd gas chro-
matography.

(s chromatography will involve the use
of an electron eapture detector and a thor-
wionie detector on a split stream or in tan-
dem so that a separaic but simultaneous
reatlout for both organochiorines snd organo-
phosphates will be made. The simultaneous
readout from the two detectors adds to the
certainty of the identity of the compounds.
Fur instance, parsthion gives a large r1o-
spouge on the thermionie detestor due to the
phospherus and a much smaller responge on
the FC detector due to the NOy group. The
presence and ratlo of these 1wo peaks along
with reiention fime are quite characteristic,
Likewizse, trithion gives response by bath
detectars beeanse of the phosphorus and the
chiorine in the molecule. Again the retention
time and rafio of the two responses enhanco
identifieation  of the compouuds being
analyzed,
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(b) Possible Interference by Chlorinated
Biphenyls—by G. Widmark (lustitute of
Aralytical Chemistry, Univarsity of
Stockhalm, Roslagsvagén 90, Stockholm 50,
Sweden}

A large number of unknown but chloriue-
conteining compounds have been detected in
addition to the ordinary pesticides in the
snalvais of samples, using both the electron
capture and the microcowlometric deteetor.
AMags speetra of some of these compuunds
obinined with a combined gas chromato.
graph-mass spectrometer {(LKB-2000) indi-
eated that most of the unknown compounds
sre polveblorinated biphenyls, potentinted
somewhut in narure {owards those of higher
degree of ehlovinution. A large number of
samples have been examined. Polyehlorinated
hiphenyls are found especially in fish and in
s birds, but wlso in conifer needles and in
some samples of hman depot fat. Twa hun-
dred samples of soil and water and twenty
samples of terresirizl mammals confained no
detectable amonnts of chilorinated bipheuyés.
Twpieal GLC traces are given by Jensen and
Widmark {13, By using a nitmtion method,
most of the ordinary peaticides can be re-
moved from extracts and the polyvehlorinarad
niphemy] will be unaffected. In this wuy, i
hus been shown that two of e major
chiprinaied  biphenyvl peaks overlap the
peaks of pp~-DDT and 0.0 -DIT, respec-
avely. This overlap i found with 8F-08
eolumas, most frequently used for the quan-
titative residue analyses reported in litera-
wire, but not with QF-1 eolumus.

{c) Confirmation of Identity—
br K. B, Figar (Shell Rescarch Lid,,
Woodstack Agriculture Reseurch Centre,
Sittingbourne, Kent, Engtand )
Multideteetion methods would seem 10 be
essential for the snalysis of organoehlorine
rexidues beecause of the number of ehlovinated
eomponents which can be prescut in any one
sample. However, there are problems of
mterpretation cven when technires  are
vred with (he resolution and sensitivity of
clectron capture GLC. For exumple, the
resolution of the GLC cojutan may not be
<harp enough te separate componeuis: or
purities present i the techuical prsticide

or other natural products present in the ex-
tract may cumplicate the analysis; or some
insseticides may thermally or catalytieally
desompose during the analysis.

For these reasons, residues of organo-
chlorine compotmds should be confirmed by
nther analvtical methods. If enough material
capt be isolated, infrared speetroseopy or muss
spectroseopy can give powerlul evidenee of
identity. llowever, with other methods in
common use the physical basis underlying
separation is very similar. Robinson et al.
(2) reported a highly  significant con-
cardance beiwesn the “p-values” for pesti-
eides in the various partition systems
deseribed by Beroza and Bowman (3).
Similarly, retention times on different GLC
stationury phases and R, of pesticides in
varions TLO or paper chromatographic
systes are  highly  correlated.  Further-
more, By values in paper chromatography
are closely vorrelated with R, values in
TLC and with p-values. It s possible
to do n greai deal of work with the in-
tention of estgblishing the ilentity of a
gompound, but very little additionsl evidence
will be gained because the resules from the
methods used were not independent. GI.C
retention time, an Ry valae from TLC or
paper chronutography for a pevalue), a
GLC retention rime of a derivative formed
by chemical renelion, and pesticidal aetivity
againgt u susceptible organiam are considered
10 be independent parameters giving sigoifi-
eamt evidence of identity.

5. Organophosphores Insecticide Residue
Analysis

The Commission concluded that while the
regulatory methods were adequate for para-
thion and malathion, clarification of the
terminal resicue situation would be welcome
in some instances. However, more work on
the cleanup stage for malathion residues in
cags, milk, und dried ruit was indieated.

6. Dichilorvos Residue Analysis
By R. A. E. Galley (Shell Research Lid.,
Woodstock Agriculiural Research Centre,
Sittingbourne, Kent, England)
Five different approaches have been de-
velaped for (e determination of traces of
diehlorvos: total phospherue 4, 3}, volorim-
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etry using dinitrophesyihydrazine {8), alka-
line regorcinol (7, B}, speeific biowssay (9),
cholinesterase inhibition (10-12), and gas-
Hyuid chromatography with the thermionic
detector {13} and the microsoulometrie
detecetor (14).

On the hasis of sensitivity, selectivity,
speed, and possibility of multidetection, the
most suitable techuique is GLC. Its sensi-
rivity (in the nanogram range with the more
sensitive detectors) is approached only by
the cholinesteruse inhibition procedure, and
it i3 unmatehed on the other counts. How-
ever, there ate two aspects n the analysis
of traces of dichiorves by GLO in which
improvements are needed. These are the sup-
pression of decorsposition of dichlorves on
the GLOC columu, and the selection of the
best delector irom (a) eleetron caprure, (b)
thermionie, {¢) microcaulometric, and {d}
flame photometrie,

The other sensitive method which s in
widespread use {and which, together with
GLC, offers sdditional evidence of idenlity)
is the cholinesterase mbibifion proeedure.
This s a gencral method for anticholinester-
to analvze mixtures of inhibitors,
geparation before the anulvsis is required.
However, the volatility of dichlorvos is
guch that it can be steam disiilied from ex-
tracts even when thev contain a high pro-
portion of farty material. Tt is possible, there-
fore, to obtain o degree of specificity in the
analysis for dichlorvos by cholineslerase in-
hibitiop by incorporating o steum distilation
step beforn the determmination.

Pracedures for the eollection of dichlorves
vapor from the air, extraction of residues
from ecrops and tissucs, and cleanup are
available. Dichlorvos may be quantitatively
removed from air by bubbling through dis-
tilled water. Chloroform, methylene chloride,
and benzese have been used vo extract di-
chloreus  residues. Partitioning  from  an
organic solvent nto water, colunn chroma.
tography on silica gel, and steam distiilation
provide adequate eleanup from fatiy asd
nonfarty materials,

g
S88S,

7. Piperonyl Butoxide Residue Analysis
The Commission recognized the peed for
refinhle methods for residues of piperonyl

JOURNAL OF THE a.0.4.¢. {Vol, 50, No. 5, 1967)

hutoxide and eertain allied matenals sueh as
aHellirin and MOXK 245,

8. Radipactivation Methods of Apalysis

The Commission was informed that the
Internutional Atornic Bnergy Agency (1AEA)
had indicated that it would be prepared to
(a) provide facilities for eo-ordinating col-
Isborative studies of exigting radivastivation
methods, (&) asgist orgunizations in the use
of aetivation technigques for the cvaluation
of anslytical methods in genoral, and (¢}
help laborafories wishing o establish radio-
chemical techmiques (15). I3 was agreed that
while raciochemical methods of analysis
were useful for mercury and for hromine
residue determinations, fhey were very ox-
pengive snd not necessarily more sensitive ur
more specific than some other methods.
Moreover, although they were often uceful
in mewbolic or field residne wial siudies,
radiochemical methods were m general me
appropriate to regulatory methods of gnaly-
sis; thie development of various other methods
of regulatory residue snalysis was far more
suitable.

REmecNeEs

(13 Jensen and Widmark, Acta Chem. Seand..
i press,

{2) Rohinson, J., Richardson, A, and Flgar.
K. ., “Chemies] Tdentity in Ultramicro-
Analysis® presented at the 1532ud Mesiing
of the American Chemical Boviery, Sep-
tember 1966, at New York Ciy,

(3) Bowman, M, €, and Berozs, M. This
Journal 48, 043-952 (1965).

(4) Laws, E. (3, and Weblev, T, J., Analyal
86, 240258 (1961).

{3) Saliman, . M., dnal. Chem, 36, 113-114
(1964).

{6) Tlughes, J. T., dnalyst 88, 318-319 (1963).

{7y Geiger, M, and Firer, B. Z. Aud.
Chem. 174, 401407 (10603,

(8) Biichler, W, Heizler, W, and Iirer, K.
ihid. 213, 28-30 (1965).

{9 Sun, Y~P., snd Jobhnson, B. R, Thi
Journal 46, 524530 (1963).

(10) Giang, P. A, and Hall, 8. A Aral. Chem.
23, 185301834 (19513,

(11) Giang, P, A, Smith, F. ¥, and Hall. §. AL
J. Agr. Raod Chem. 4, 621-522 (1956).

(12) Porter, P, F., “Vapona Insecticide

MON-MT-008568

TOWOLDMONO0003242

WATER_PCB-00000264



1 PAC COMMISSION ON METHODS OF PESTICIDE #ESIDUR ANALY SIS W7t

(DDYPY?, in dnalytical 3Meothods for
Pestivides, Plant Growth Regulalors, and
Food Additives, Vol. 11, G. Zweig (Bd),
Academic Press, New York, 1984, pp
561-579.

{18) BlRefai, A. R, and Giufivids, [Levou,
Thas Journal 48, 374-379 (1065},

{14) Boone, (. H., thid. 48, 748-752 (1065).

£15) “Radioizotopes in the Detection of Pesti-
cide Heddues”, proccadings uf the Panel
on the Uses of Radioisotopes in the
Deiection of Pesticide RBesduoes, Inter-
astionsl Atomic Encrgy Agency, Vienua,
April 12-15, 1966,

IUPAC Commission on Terminal Residues

By LI BGAX, Secretary to the Commission {Laboratory of the Government Chemist, Corn-
wall Houee, Stiunford 8¢, London, 8.E.1, England)

The first meetings of the abave Commis-
sion of the Pesticides Section of the Applicd
Chemistry Division of IUPAC were held in
(ieneva in November 1988 under the chair-
manghip of Dr. H. Hurtig. The following ac-
count of the procerdings is based on the
minutes of the meeting and on the ap-
pendixes drawn up by moembers and associate
members of the Commission as indiented.

i, Terminal Carbamate Residue

The commission discussed the present
position regarding knowledge of the nature
of the terminal residues of carbamates, in-
einding carbaryl, as indicated in the evahua-
tions below, and set up a working group tw
further this knowledge with particular re-
gard t0 the uses of carbamates In food
production.

{a) Evaluation—by J. William Cook
(Division of Food Chemistry, Food and
Brug Administration, Washington,
D.C. 20204)

In the earlier studies on carbary! regidues,
bath earbaryl and its hydrolytic produet,
I-naphthol, were cousiderad. Tesidue studies
on many erops showed that the quanlity of
I-naphthol wus small and diffieult t¢ sep-
arate from carbaryl. Thus, it was considered
that  l-naphthol need wot be  measured
separately from earbaryl. Tolerances for
carharyl established i the United States

are hased on the sssumption that the major
part of the residue is the intact ecarbumate.
Since the establishment of the initigl toler-
ances for earbaryl, work hag been dowe
which may have some bearing on the quanti-
tative and qualitative aspects of the residue.

Light, ineluding artifieial light and sune
light, changes carbaryl. In the Jormulated
state 1t slowly degrades under the influence
of ultravioler and sunlight o give several
unidentified products (1), Crosby ¢t ol. {2)
reparted that ethanol or hexane soiutions of
some methyleathamate insceticides, includ-
ing carbaryl, gave a varicty of cholinesterase-
inhibiting derivatives when exposed (o either
artifieial light or sunlight. The products were
separated but not identified. Abdel-Waheb
aml coworkers reperted that the nature of
the surface, the light, and the compound
affected the rate of conversion of carbaryl
and other carbamates in witro in the solid
state,

Since peither the ¢ualilative nor quantina-
tive aspeets of photodecomposition of earba-
mates have been established, the significance
of these studies in relation tu current and
future tolerances for carbarvl must await
further study.

Whitelurst e al. {4), using the colovi-
metric method of asalysis sensitive ta ear-
baryl, I-naphthaol, and l-naphthol conjugates,
concluded that when eows were fed a dint
containing earbaryl, no residues, to the limit
of the method, were found m mik. "This was
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