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PAC COMMIRRION ON METHODS OF PESTICIDE RESIDUK ANALYSIS

PLSTICIDE HESH)UTS

IUPAC Commigsion on the Development, Improvemen’, and
Standardization of Methods of Pesticide Residue Analysis

Ry 11, KGAN, Seerefary to the Commission ()aboratory of the Government Chemist, Comn-
wall Houre, Stmnfard St., London, §.T5.1, IEngland)

The first. meetings of the abiove Commis-
pion of the Pestieides Section of the Applied
Chennstry Division of TUIPAC were held in
Genevn in Novemnber 1966 under the chair-
wnnghip of Deo R AL I Galley, The follow-
g necount. of the proceedings is hnsed on
the minutes of the meeting and on the ap-
pendixes presented Ly the members and
arsociate members of the Commission  as
indientad.

1. Famigant Reridae Annlynin

The Comnission agreed (that it was desir-
nble (o develop rapid, sensitive multidetee-
tim kystenws of nnalysis for residues of
funmgnnts such ax inethyl bromide, echylene
dibromide, ethylene  dichloride,  ethylene
oxide, #crvlomitrile, cnrbon  tetrachloride,
rarthon  dirulfide, aud phospline. A study
of the appliention of gas-liquid chromnto-
graphio methods war thought (o be worth-
while. A need for sinple and relinble “on
site {est cgquipaiment. was also diseussed nnd
attenlion war drown 1o limitations i the
mo of  convereinl  indicntor  tubies  for
measurement of residner in trented produce.

2. Diphenyl Residue Analysis
‘The Connnirsion dikeussed progress in the
rludy of methods of sunpling and analysis
of citrus fruit. for residues of diphenyl. A

* preliiininry veport of e Netherlands Cen-

trnl Instivute for Nutrition and Food He-
search TN.O. indieated thet, of the two
methods studed, the gas cehromatographie
methad was the fuster and more necurnte;
however, the thin laver chromatographic
method  followed by ultraviolet  spectro-
photometry  was  also suitable. Wark  on
rampling boxed froit had been  completed
awd mvestigahion of sampling procedures for
shiplonds and other consigniments was in
progress. Both ethods of residoe annlysis

appeared (o the Commission to be accept-
nble.

3. Organomercury Fungicide Reridue
Analysis

Regulatory mcthods for orgaunonecrcury
residuc analysis were discussed; it was in-
dicated that whilc radioactivation facilitics
for this were adequate in Scandinavia, gas-
liguid chromatography offcred considerable
promise hoth for high scnsitivity and high
specificity. The ncutron activation mcthods
were probably the best where facilities were
available but, like the newer cold vapor
atomic absorption technigues which were
likely to be cheaper and just as sensitive,
did not distinguish the form in which the
mereury was bound. In the United States,
the Food and Drug Administration made 2
dircet comparison between cold vapor atumie
absorption and neutron activation tech-

“wigues; the Arsncistion of Official Analytical

Cheinista had  recently sppointed a new
referer for mnrcury residue analysis.

4. Orgnnochlorine Pesticide Residuc
Analysis .
(a) Evaluation—by J. William Cook
(Division of Food Chemissry, Food and
I)rug Adwministration, B culnngum n.c.

20204) -

Much progm has bcm madc in !.hc dc-
velopment and refinement of methods of
annlysis by which any or all of a lnrge mnn-
ber of pesticide residue chemicnls can be
detected and measured in une general opera-
tion.
“"multidetection” mcthods of analysis. The
following discussion includes DT, y-BHC,
aldrin, dicldrin, heptachlor, endrin, chlar-
dane, endosulfan, and maouy other chemicals.
There are & fow hundred pesticide chemicals
in use; some of these consist of more than
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one campound and some convert 10 & SCNICS
of alteration products which may appear m

residue analysis, Therefore, there is a large

pumber of chewicalswhich caiy show up in
A mmlGderection method of analysis. Whether
or nol they we signifieant as residues, their
presence must be recogmized s order not to
confuse them with significant pesucide chemi-
cals. Jdeally, a general method of analysis
which would measure and identify all of the
signifiennt residucs in all foad products with
a minimum of analyticrl effort and time
wonld be desirnble. ‘Ihis is not porsible at
the  present  fime  but  somie  immportant
achievements in that direction have been
oltained to date.

The developments so far have made it
possible (o extract, clean up, mensure quan-
titatively, and give a bigh degree of certaimy
to the identity of the compounds for wp to
100 pestiende residoe chemieals obtained from
A preat variety of food crops and products
all in one general operation, This has been
done with cither extracts from individual
products or camposites of & large number
of producis, cg., “total diet” or “market
hasket” sumples. ‘The development of sueh
procedures has  required 2 tremendous
amount of cffort. At each point along the
way choices had 1o be made. As / conke-
quence af these choiees, adjustments in the
total procedure have alse had (o be made.
The choices may not necessarily huve been
the best ones, but as the total procedure
developed, the more diflicult it beewme to
undertake any substitntions. Many of the
rteps add to the certainty of the identity of
the ehenicals o8 well as to the guantitative
measurement. The extraction and the clean-
up procedures must vield quantitative recov-
eries of the chemiends. The gas chiromato-
graphic  systems—that is, combinations of
column packing, liquid phase, temperature

.of aperation, kind of detector, and operating

parameters—are gl highly important when
one is atiempung (o obiain quantitative
response from a mumber of chemieals. Condi-
tions which may be satisfactory for guanti-
tative resuits on an individuad chemieal or a
small number of chemicals may not yiekl
adequate  quantitation for all of many
chemicals. '
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The collaborative stady of multidete
inethods is not as straightforward ae
“wet” methnds_of analysis, CThe el
‘snple procedure that has heen nsee
AOAC and other gronpe for desygn
excention of collaborative studies is ge
not applicable to these smlisdelection
cedures. It has been the expernience of |
and gome other gronps that if the
of the procedure are not desenibed ean
and i they are not followad clusely, ¢
variations in the analytieal sesults are
taimed. At the st AOAC mectmg, a sy
conference was held to diseuss the peol
wvelved in collaborative stwdies an 1
methods. 1L was decided that nospecial rede
for collaborative stwdies wimld be appome
he would work with the speciahst inometl,
olopy- for the organoehlorimes, gl
phntes, herbicides, eie, to come up with ©
yprocedures which are ready for rollabora
stndy i possible, and {hen deseribe tl
procedures,  obtain collaborators,
samples, receive and talndate data, ote.
was proposed and aceepted that if mends

suby

. of TUPAC were availnble to participate

thix collnhorative effort they would he w
comed by AOAC, It w antieipated that
program will become effective early in )i
1 will probably inchade extraction, clesm
thin layer ehromatoprphy, and gas el
matopraphy. :
Gas chromatography will invalve the 1
of an ceclron cupture detector anid a the
mionic detector on a sphil strezun or in ta
dem so that a separate but simubtaneo
readout for both ormochlorines and oreun
phosphates will be made, The simultaneo
readout. from the two deteetors adds to 1
certainty of the identity of the compound
For instance, parathion gives a lusge 1
sponge on the thermionie deteetor due 4o
j»l)(asphur\js_ sd & mueh. smaller response «

“the EC detector due to the NOy group. ‘1.

presence ol mtio of these two peaks alon
with retention Gine are ynite chararterst.
Likewise, trithion gives respense by i
detectors beeanse of the phisphorus and th
chloriue in the molecule. Aguin the retentio
time and ratio of the (\wo responses enhine
identification  of  the
anelyzed.

compornds T
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Cused withe the vesolstion aud sensitivity of

. (0) Posaible Interferenee by Chlorinated ™~

Diphenylaw—by G. Hidmark (Inatitate of
Anulytical Cliemintey, Univeraity of
Stoebeholm, Roslagavogiin 90, Stockbholpe 50,
Sweden)

A Inrge ymmber of unknown Imt chlarine-
cuntaining ecmpounds have been detected i
nddition Ao the ovdingry  pesticides i the
nnlyeis of saniples, uking hath the eleetron
enpture snd the mieroconlometrie deteetor.
Mass speetra of wome of these compramds
abigined with o combined gas chromato-
graphenumss wpeetromicier (LIKB-000)  indi
cated that most. of the unknown conypunends
are polyehlorinated  hiphenylr, potentinted
somewhat in nutore towarde those of higher
degres of chlorination, A arge number of
snmples have been examined, Volyehlorinated
Liphenyls are foand cepecially in fish and in
ken birds, but also in conifer necdles and in

some kaoplex of Inman depot. fat, Twe hon-

dred snmples of soll and water and (wenly’

samples of terrestrind mnmmals contained no
detectable nmounis of ehlorinated biphenyls,
Tepical QUL traces are given by Jensen and
Widnmik (1) By using s mitvation method,
most of the ordinary pesticides can be ve-
moved fram extraets and the polyehlorinated
biphenyl will te wnnflected. In this way, il
hae been ghown that two of the nmjor
chlorinated  hiphenyl  penks  overlap  the
peaks of pp-DIVE and 0,3 -DIVT, respec-
tively. This overlap s found with 8106

. rolumns, most frequently used for the quim-
ttative residue analyees reporled in litera-

ture, hudk not with QE-1 columns.

(¢) Confirmation of Identity—

by K. E. Elgar (Shell Research Lid.,

K ovdstock Agriculture fesnarch Frntrr,
urae, Kent, England ) -

Multideleetion methods \mnl(l seem to be

eaxentinl for the analvsis of orgamochloring
vextdues beennse of the number of ehlorinated
components which can Iw present i any one
wample. lowever, there are problemns of
even when  techmiques  nre

cleetron eapture GLL, For example, the
resolution of the GLE colunm may not be
sharp cnough to separate components: or
nipuntics present in the teclnicad pesticide

TUPAC COMMISSION ON METIDS OF PESTICIDE RESIRUE ANALYSIS
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“or other natural )\mdncts prccom in Lhc ex-

tract may complicate the analysis; or some
insecticides may thermally or eatalytically
decompore: during the analysis.

Tor these rvemsons, residues of organo-
chiorine compounds should be confirmed by
ofher analyiical methods. If enough material
can be solnted, infrared spectroscopy or mass
gpoctroscopy can give powerful evidence of
identity. Nowever, with other methods in
common uxe the physical basis underlying
separation is very similar, Itobhinson et al.
(2) reported A& highly significant  con-
eorilance belween the “p-values” for pesti-
cides in the ~various partition systems
deseribed Ly Beroza and  Bowman  (3).
Similarly, retention times on different GLC
stationary phases and Ry of pesticides in
various TILC or paper chromatographic
systems  are  highly  correlated. Further-
more, 1, values in paper chromatography
are closcly corrclated with Ry values in
TLC and with p-values. It is possible
to do a great deal of work with the in-
tention of cstablishing the identity of a
compound, but very little additional cvidencr
will be gained beenuse the rerults from the
methods used were not independent. G1C
retention time, an Ry value from T1C or
paper chromutography (or & p-value), a
GIC reteation time of n derivative formed
by chemieal reaction, and pesticidal aetivity
sgnimst a sueceptible organism arc considercd
to be independent. parameters giving signifi-

-

cant evidence of identity. B

3. (Dr;nnuplmnphonn Inacfllude Residue
Analysis

The Commission concluded that while the

regulatory methods were adequate for pare-

thion - and -malathion, ‘clnrification of the
terminal residue situation would be welcome
in some instances. Ilawever, mare work nn
the clemmp siage for malathion residues in
cges, milk, and dricd fruit was indicated.

6. Dichilorvos Renidue Analysin
By R. A. E. Galley (Shell Rescarch Lid..
W ondstock Agricuftural Research Centre,
Sintingbourne, Kent, England)
Five different appronches have been de-
veluped for the determiuntion of traces of
dichlorves: total phospharus (4, 5), colorim-
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ctry uwsing dinitrophenyihydrazne {G), atka-
Aine..resoreinol (7, 8); spedific hioassay (9).
cholinesterase inhibition (10-12), and gas-
liguid chromatography with the thennionic
deteetor (13) and  the microcoulumetric
detector (14).

On the basis of sensitivity,  sclectivily,
speed, and possibility of multideteetion, the
most. suitable technigue is GLC. Iis sonsi-
tivity {in the nanogram range with the mure
sensitive deteetors) is appronched only by
the cholinesternse inhibition procedure, and
it is unmaiched on the other counts. How-
cver, there are two aspeets in the aunlysis
of traces of dichlorvos by GLC in which
improvements are necded. These nre the sup-
pression of decomposition of dichlorvos on
the GLC colunm, and the selestion of the
best deteetor fromn’ (@) elestron capture, (&)

- thermionie, (c) microcolometsic, and (d)

Hame photometric. .

The other sensitive method which is in
widesprend use (and whicl, (ogether with
GIC, offers additional evidence of idmntity)
i5 the chalinesterase inhibition procedure.
This is a general method for anticholinester-
aser; (e amalyze mixtures of inhibitors,
separation belore the snalysis is required.
Hawever, the volatility of dichlorvor s
such that it can be stewn distilled Irom ex-
tracts cven when they contain a high pro-
portion of fatty material. It is possible, there-
fore, to obtsin a degree of specificity in the
analysis for dichlorvos by cholinesterase in-
hibition by incorporatiug a steamn distillation
slep before the determmation. |

Procedures for the collection’ of dichlorvos
vapor from the air, extraction of residues
from crops and tissucs, and cleanup are

available. Dichlorvos nay be quantitatively
removed from air by bubbling through dis-
_ tilled water. Chileraform, methylene chioride,

and benzene have been used to extracl di-
chlorvor  remducs.  Partitioning  from  an
organic solvent into water, colomn chroma-
tography on siliea gel, and sicam distillation
provide adequate cleanup frnm fatty and
nonfatty materinls.

7. Piperonyt Butoxide Residue Anulyrin
The Commission recognized the need for
1chable methads for residucs of piperonyl

JOURNAL 0F THE A0AL, (Vol. 50, No. 0,

Intoxide and eortain nllied maieriads T

allethrin and MGK 245.

8. Radiouctivition Merhade of Avnlya

The Conumission was informed that
Intornntional Atomic Fucrgy Ageney (1A
had indicated that it would be prepare
(a) provide facilitics for co-ordmatmg
Inborative studies of existing ‘s:ulionctiva
methods, (b) assist organizations in the
of activation technignex for the evidua
of analytical methods in general, amd
help Iaboratories wishing to establish 1
chemieal technigues (36). 1t was agseed 4
while  radiochemical methods  of  anal
were wseful for mereury and for brom,
residue deferminations, they were very
yengive and not necessanly more kensitve
more specific than xome other mietho
Morcover, although they were often wee
in metabolic or field residue trial studn
radiochemical methods were in general @
sppropriate Lo regulatory methods of annl
sis; the developnuent of varions other methe
of regulatory residuc analysis was far g
mitable.
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" (14) Ttoone, G. H., ihid. 48, 748-752 (1965).

(15) “Rudivisatopes in the Detection of Pesti-
cide llesiduca”, procecdings of the Yanel
on the Uscs of Rudioisutopes in the
Detertion of Pesticide Rosiduns, Inter-
national Atomie Encrgy Ageney, Vienna,
Apri} 12-15, 1966.

IUPAC Commission on Terminal Residues

By 11, BNGAN, Keeretary 1o the Commirzion (Laboratory of the Government Chemist, Corn-
will Houke, Stamford Bt FLandon, §.15.1, England)

The firet. meetings of the above Commis-
sion of the Vertieidea Beetion of the Applied
Chemirtry Divisiom of TUIAC were held in
ienevn in November 1066 under the chair-
mauship of Dr, 11, Nurtig. The following ac-
connt. of the proceedings is haged on the
minntes of the wieeting snd on the ap-
pendixes drawn up by members and nrsociate
members of the Commission s indicated.

0

© 1. Teeminnl Carbamnie ltesidue

The comnnirsion  diseussed Uhe present
position regarding knowledge of the naune
of the Wwnninal ressdues of earbamates, -
cluding enrbaryl, as indiented in the evalua-
tiong helow, and set np a working group to
further this knowledge with particular re-
food

production, :

" (a) Evaluotion—by J. William Cook )

Drug Adminisiration, Wachington,
D.C. 20201) - -

* Tu the emlier stadhes on enrhary] residucs,
buth earharyl and its hydrolytie product,
1-naphthol, were considered. Residue studics
on many crops shawed that the quantity of
f=naphthol was small and dilicult (o sep-
avute frone earbaryl, Thos, it was considered
that  I-pmuphithal need not be  measured
scparately (s enrbaryl, Tolerances  for
enrbaryl extaldished o the United  States

are based on the assumption that the major
part of the reaidue ir the intact carbamate.
Sinee the establishment of the initial {oler-
ances for earbaryl, work has been done
which may have some bearing on the quanti-
tative nnd qualitative arpeets of the residuc.

Light, including artificinl light and sun-
light, changes carbaryl. In the fonnulated
state it slowly degrades under the influence
of ultraviolet and sundight to give scveral
unidentified produets (1). Crosby et al. (2)
reporled that ethanol or hexane solutinns of
some methylerrtbamate ineecticides, includ-
ing carbarsl, pave a varicty of cholinesterase-
inhibiting derivatives when exposed to cither
aruficinl hight or sunlight. The products were
separated but not identificd. Abdel-Waheb
st coworkers reported that the nature of
the surfsce, the light, and the compound
affected the rate of conversion of carbaryl

. and other carbamates in witro in the solid

. sate.
(Division of Food Chemistry, Food and = 7

" Binee neither the qualitative nor quantita-
tive aspects of photodecomposition of carha-
mates have been esiablished, fhe significance
of these studies in relntion to current and
futvre tolerances for carbaryl must await
further study.

Whitchurst. et al. (4), using the colori-
metric method of analysis sensitive Lo ear-
baryl, 1-naphthol, and J-naph:thol conjugatces,
concluded Lhat when cows were fed a diet
containing carbaryl, no residues, to the limit
of the methend, were found in milk. This was
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