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Foreword

Worldwide concern in scientific, industrial, and governmental com-
munities over traces of toxic chemicals in foodstuffs and in both abiotic
and biotic environments has justified the present triumvirate of specialized
publications in this field: comprehensive reviews, rapidly published
progress reports, and archival documentations. These three publications
are integrated and scheduled to provide in international communication
the coherency essential for nonduplicative and current progress in a field
as dynamic and complex as environmental contamination and toxicology.
Until now there has been no journal or other publication series reserved
exclusively for the diversified literature on “toxic” chemicals in our foods,
our feeds, our geographical surroundings, our domestic animals, our wild-
life, and ourselves. Around the world immense efforts and many talents
have been mobilized to technical and other evaluations of natures, locales,
magnitudes, fates, and toxicology of the persisting residues of these
chemicals loosed upon the world. Among the sequelae of this broad new
emphasis has been an inescapable need for an articulated set of authorita-
tive publications where one could expect to find the latest important
world literature produced by this emerging area of science together with
documentation of pertinent ancillary legislation.

The research director and the legislative or administrative advisor do
not have the time even to scan the large number of technical publications
that might contain articles important to current responsibility; these
individuals need the background provided by detailed reviews plus an
assured awareness of newly developing information, all with minimum
time for literature searching. Similarly, the scientist assigned or attracted
to a new problem has the requirements of gleaning all literature pertinent
to his task, publishing quickly new developments or important new
experimental details to inform others of findings that might alter their
own efforts, and eventually publishing all his supporting data and con-
clusions for archival purposes. '

The end result of this concern over these chores and responsibilities
and with uniform, encompassing, and timely publication outlets in the
field of environmental contamination and toxicology is the Springer-Verlag
(Heidelberg and New York) triumvirate:

Residue Reviews (vol. 1 in 1962) for basically detailed review articles
concerned with any aspects of residues of pesticides and other
chemical contaminants in the total environment, including toxico-
logical considerations and consequences.



vi Foreword

Bulletin of Environmental Contamination and Toxicology (vol. 1 in
1966) for rapid publication of short reports of significant advances
and discoveries in the fields of air, soil, water, and food contami-
nation and pollution as well as methodology and other disciplines
concerned with the introduction, presence, and effects of toxicants
in the total environment.

Archives of Environmental Contamination and Toxicology (vol. 1 in
1973) for important complete articles emphasizing and describing
original experimental or theoretical research work pertaining to the
scientific aspects of chemical contaminants in the environment.

Manuscripts for Residue Reviews and the Archives are in identical

formats and are subject to review, by workers in the field, for adequacy
and value; manuscripts for the Bulletin are not reviewed and are published
by photo-offset to provide the latest results without delay. The individual
editors of these three publications comprise the Joint Coordinating Board
of Editors with referral within the Board of manuscripts submitted to one
publication but deemed by major emphasis or length more suitable for
one of the others.

August 7, 1975 Joint Coordinating Board of Editors



Preface

That residues of pesticide and other contaminants in the total environ-
ment are of concern to everyone cverywhere is attested by the reception
accorded previous volumes of “Residue Reviews” and by the gratifying
enthusiasm, sincerity, and efforts shown by all the individuals from whom
manuscripts have been solicited. Despite much propaganda to the con-
trary, there can never be any serious question that pest-control chemicals
and food-additive chemicals are essential to adequate food production,
manufacture, marketing, and storage, yet without continuing surveillance
and intelligent control some of those that persist in our foodstuffs could
at times conceivably endanger the public health. Ensuring safety-in-use
of these many chemicals is a dynamic challenge, for established ones are
continually being displaced by newly developed ones more acceptable to
food technologists, pharmacologlsts toxicologists, and changing pest-
control requirements in progressive food-producing economies.

These matters are of genuine concern to increasing numbers of gov-
ernmental agencies and legislative bodies around the world for some of
these chemicals have resulted in a few mishaps from improper use. Ade-
quate safety-in-use evaluations of any of these chemicals persisting into
our foodstuffs are not simple matters, and they incorporate the considered
judgments of many individuals highly trained in a variety of complex
biological, chemical, food technological, medical, pharmacological, and
toxicological disciplines. ‘

It is hoped that “Residue Reviews” will continue to serve as an
integrating factor both in focusing attention upon those many residue
matters requiring further attention and in collating for variously trained
readers present knowledge in specific important areas of residue and
related endeavors involved with other chemical contaminants in the total
environment. The contents of this and previous volumes of “Residue
Reviews” illustrate these objectives. Since manuscripts are published in
the order in which they are received in final form, it may seem that some
important aspects of residue analytical chemistry, biochemistry, human
and animal medicine, legislation, pharmacology. physiology, regulation,
and toxicology are being neglected; to the contrary, these apparent omis-
sions are recognized, and some pertinent manuscripts are in preparation.
However, the field is so large and the interests in it are so varied that the
editors and the Advisory Board ecarnestly solicit suggestions of topics and
authors to help make this international book-series even more useful and
informative.



viii Preface

“Residue Reviews” attempts to provide concise, critical reviews of
timely advances, philosophy, and significant areas of accomplished or
needed endeavor in the total field of residues of these and other foreign
chemicals in any segment of the environment. These reviews are either
general or specific, but properly they may lie in the- domains of analytical
chemistry and its methodology, biochemistry, human and animal medicine,
legislation, pharmacology, physiology, regulation, and toxicology; certain
affairs in the realm of food technology concerned specifically with pesti-
cide and other food-additive problems are also appropriate subject matter.
The justification for the preparation of any review for this book-series is
that it deals with some aspect of the many real problems arising from
the presence of any “foreign” chemicals in our surroundings. Thus, manu-
scripts may encompass those matters, in any country, which are involved
in allowing pesticide and other plant-protecting chemicals to be used
safely in producing, storing, and shipping crops. Added plant or animal
pest-control chemicals or their metabolites that may persist into meat and
other edible animal products (milk and milk products, eggs, etc.) are also
residues and are within this scope. The so-called food additives (sub-
stances deliberately added to foods for flavor, odor, appearance, etc., as
well as those inadvertently added during manufacture, packaging, dis-
tribution, storage, etc.) are also considered suitable review material. In
addition, contaminant chemicals added in any manner to air, water, soil or
plant or animal life are within this purview ‘and these objectives.

Manuscripts are normally contributed by invitation but suggested
topics are welcome. Preliminary communication with the editors is neces-
sary before volunteered reviews are submitted in manuscript form.

Department of Entomology F.A.G.
University of California J.D.G.
Riverside, California

August 7, 1975
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2 Epwarp D. MAGALLONA

have been increasingly used, notably the organophosphates and the car-
bamates. There are two main groups of insecticidal carbamates, the
N-methyl- and the N,N-dimethylparbamates. The latter are used only
to a limited extent, especially in the United States, because of the greater
insecticidal spectrum and potency exhibited by the N-methylcarbamates
(O'Brien 1967). The N-methylcarbamates can be further subdivided,
according to the nature of the functional group attached to the carbamyl
moiety, into the aryl and the oxime N-methylcarbamates; the aryl
N-methylcarbamates are the most important from the standpoint of num-
ber and tonnage used in pest-control work.

Since gas chromatography (glc) has become the most used single
detection technique in pesticide residue analysis, its use in the detection
of insecticidal carbamates was a matter of course. Review papers which
included the glc of insecticidal carbamates as part of a broader subject
were those of FisuBEIN and ZreLinskr (1967 and 1969) and the biennial
Analytical Chemistry review series on pesticide residues (WiLLiams and
Coox 1967, THORNBURG and BeEckMAN 1969, THORNBURG 1971 and 1973).
In these papers, emphasis was on the detection itself and no unification
with the equally important pre-chromatography steps was attempted.
The annual “General Referee Report on Carbamate Pesticides” by the
Association of Official Analytical Chemists (AOAC) also provides in-
sights on recent developments on the subject (BeEnson 1969 and 1970,
StoruERR 1971 and 1972) but its coverage is necessarily restricted.

An attempt at unifying the subject of detection with pre-chromato-
graphic operations was made by WirLiams (1971) but the coverage was
restricted to plants and extraction and cleanup steps were discussed only
cursorily.

It is the intention here, therefore, to provide an updated and com-
prehensive review of the glc of carbamates. Identity confirmation is
also included in response to the growing awareness that glc responses
from other industrial pollutants or related pesticides could be erroneously
interpreted as those commg from the pesticide analyzed especially if the
electron-capture detector is used.

- II. Pre-chromatography operations

Pre-chromatography operations, singly and collectively, influence the
final determinative step in terms of how closely the actual insecticide
content of the substrate is estimated and the degree of interference from
substrate extractives and other sources; therefore, the transfer of the
insecticide from the substrate to the organic solvent(s) should be maxi-
mized while only minimal and/or reproducible losses are allowable dur-
ing cleanup or other preparative steps.

Very few studies have been made to evaluate the efficacy of different
extraction and cleanup techniques for the analysis of carbamates, espe-
cially with field-incurred residues, so that very few generalizations can
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be made. In most cases, the reported procedures were adopted because
they were found suitable and recoveries with fortified samples were
considered ddequate, To provide some general guidelines on these opera-
tions it is' necessary, therefore, to consider results obtained with the
organochlorines and the organophosphates, at the same time keeping in
mind some properties unique to carbamates which may necessitate a dif-
ferent set of procedures.

For carbamates, their thermal and hydrolytic instability should be
given consideration in the overall detection scheme. Evaporation of sol-
vents to dryness should be avoided because insecticide loss with this
operation is high and variable. Mineral oil or natural oils and waxes as
keeper may minimize losses in concentration steps. Where possible, lower
boiling solvents should be used in the earlier stages of the analysis so
that preferential evaporation can be taken advantage of if transfer to
another solvent is necessary. For evaporations to 0.1 to 0.3 ml, a.micro-
Snyder ‘column attached to a Kuderna-Danish collector tube has been
suggested by BURkE et al. (1966). Operations at pH higher than neutral
should be avoided with most carbamates because of hydrolytic cleavage
(Ary and Er-DiB 1970, Faust and Gomaa 1972). Another property of
carbamates which is important in the overall residue picture and has
recently received increasing attention is the formation of hydroxylated
metabolites; this poss1b111ty is discussed in Section II c.

a) Extraction

For routine analysis, blending or other homogenization is commonly
used because of the facility of the operation and the high recoveries ob-
tained using the proper solvent or solvent systems. Because Soxhlet ex-
traction, despite its tediousness, results in almost complete removal of
the pesticide from the substrate, it may be used to evaluate other extrac-
tion procedures. However, the extents of thermal decomposition and
volatilization of carbamates should be evaluated in using Soxhlet ex-
traction.

- Extraction efficiency of ﬁeld—mcurred residues is also conveniently
evaluated using radiolabeled compounds. In the absence of radiolabeled
compounds and the inability to check on extraction efficiencies by Soxhlet
extraction because of thermal degradation or volatilization, the proce-
dure suggested by THorRNBURG (1965) may be used: In this procedure,

_using field-treated: samples, three samples are extracted as follows: (1)
extraction according to the proposed procedure, (2) extraction according
to the proposed procedure but conducted three times and the extracts
combined for analysis, and (3) extraction according to the proposed
procedure but using three times the solvent volume. Effective removal
of the pesticide is indicated by good agreement among the recoveries
obtained.

The choice of solvent or solvent systems in the extraction operation
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may be critical as far as efficiency is concerned. This choice is dictated
to a large extent by the nature of the substrate for analysis.

1. Plant tissues.—Although for organochlorines the order of efficien-
cies of the extraction solvents appears to be water-miscible > water-
miscible-water-immiscible combination, > ‘water-immiscible ( Burke and
PorTER 1966, KLEIN 1958, KLEIN et al. 1959 ), the same simplification does
not appear to be operative with carbamates. Thus; Warts (1971) found
that blending with acetonitrile and ethyl acetate and Soxhlet extraction
for 12 hours removed about 100% of C-labeled carbaryl' from bean
leaves and kale. vaN MmpeLEM and PepLow (1973) also showed that
ethyl acetate resulted in more efficient extraction of *C-labeled carbo-
furan from weathered cabbage leaves compared to acetonitrile or meth-
anol blending, Soxhlet extraction, and acid digestion although it was the
least efficient of the five procedures for total 1*C which was primarily
3-hydroxy carbofuran. On the other hand, Porter et al. (1969) found
acetonitrile superior to methylene chloride so that ‘acetonitrile is also
recommended by the associate referee for adoption in the AOAC “Offi-
cial Methods of Analysis” (StoraEerr 1971).

The MiLis et al. (1963) procedure, which has become the most widely

. used extraction and cleanup system for organochlorines and organophos-
phates and which also formed the basis for the “Multiple Detection
Scheme” of the U.S. Food and Drug Administration for these insecticides,
was modified by Porter et al. (1969) for the analysis of carbaryl. The
basic Mills procedure involves extraction of the sample with acetonitrile,
dilution of the extract or an aliquot with water, and then partitioning of
the insecticides into petroleum ether. The petroleum ether is then passed
directly through a Florisil column or first concentrated to five to ten ml
before Florisil column chromatography. The Porter et al. (1969) modi-
fication was necessary because carbaryl cannot be removed from aqueous
acetonitrile with petroléum ether nor could it be eluted from the Florisil
column with the eluting solvents used for organochlorines and organo-
phosphates. The modification called for a preliminary cleanup of the
acetonitrile extract by ammonium chloride-phosphoric acid solution fol-
lowed by Florisil column chromatography. The insecticide was then
transferred to methylene chloride by partitioning after dilution of ace-
tonitrile with water. A final Florisil column cleanup was then made on
the organic phase with methylene chloride serving to elute carbaryl.

- Horpen (1973 ) also attempted to apply the multi-residue method to
the analysis of carbamates by way of the 2 4-dinitrophenyl ether deriva-
tive. With several crops, petroleum ether partitioning followed by treat-
ment of the acetonitrile phase with coagulating solution, and then removal
of phenolic impurities by partitioning of a methylene chloride extract

1 Chemical characterizations of insecticides mentioned in text are given in
Table XII.
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with dilute alkali was adequate cleanup for detection by electron capture
with good recoveries.

In the case of aldicarb and metabolites, ANDRAWES et al. (1971 b)
found that a 1:1 mixture of ethanol and water was the most, efficient
extraction solvent for plant tissues. With dehydrated substrates, the use
of 35% water in acetonitrile could result in higher extraction efficiencies.
Jounson and StansBURY (1965 a) also increased carbaryl extraction from
dehydrated fibrous products by soaking the sample in water for six to
24 hours prior to extraction. Carbaryl decomposition was insignificant.
For organochlorines and organophosphates, the aqueous acetonitrile sol-
vent was also found efficient for frozen samples (BURKE and PoORTER
1967) and for those substrates having a high sugar content (STORHERR
et al. 1971).

An examination of Table I shows that methylene chloride or chloro-
form is the extraction solvent of choice in most cases, their use being
premised on their high solubility for carbamates; however, the use of
these solvents may have to be discouraged because of their inferiority
to acetonitrile, ethyl acetate, or the water-miscible-immiscible solvent
system recommended by GunrthER and BLinn (1955).

2. Animal tissues.—Special problems are associated with the extrac-
tion of pesticides from this substrate; different tissues of an animal have
widely different physical properties and the connective tissues are harder
to break or separate compared to plant tissues. With animal tissues,
therefore, obtaining a thoroughly blended sample may be difficult. Ex-
traction problems associated with tissue water, mainly emulsion forma-
tion, can be avoided by using sodium sulfate while the sample is being
ground in a mortar and pestle or while it is being blended.

An extraction procedure which eliminates ‘desiccants was proposed
by BenyiLLe and TinoLe (1970) for fish samples and other resilient tis-
sues. The sample was frozen, cut into small pieces, and ground with
Dry Ice in a blender. The pulvenzed mixture was poured jnto plastic
bags and stored in a freezer overnight to allowed complete elimination of
the Dry Ice. A fine homogenate was obtained with this procedure.

It can be seen in Table II that methylene chloride was also the solvent
most often used for extraction of animal tissues. Again, its use was
premised primarily on the high solubility of carbamates in this solvent
and no comparative study has been made to illustrate its superiority over
other solvents or solvent systems. With carbaryl in bees, Jounson ‘and
StansBury (1965 b) favored benzene over methylene chloride because
it resulted in higher recoveries; this could be due to the greater solubility
of waxes in benzene. ,

3. Milk.—MorrrrT (1963) has indicated that since most organophos-
phates, carbamates, and sulfur-containing compounds are polar and are
thus not fat-soluble, small or no residues from these pesticides are. ex-
creted through the milk. With Baygon, carbaryl, dimetilan, and Mobam,
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Gas chromatography of carbamates

(L96T1)
SOMASIN ® HAJALJ

(® L961)
VZOudAg X} NVIAMOY

(8961)
ANVIHELY asvaqg

(6961)
VZOUdA( X} NVINMOg

(0L6T) ‘17 42 varwag

(oL6T1)
HATIDAXHEVA @ V]

(8961 ) S1] R THOVY

(eL6T)
ZBOE@ X SIVITII 3

UONEZI[BINAU I9)JE dUSZUA] 0JuT
apronoasur uonnied way SHHD
PUE 1930 YIIM JOBIXS PIOB YSEAN
HO’HD
s Jouayd pue OHHD I
9JBWECIED JN[3 ‘UWN[0D BUTWN[Y
auexay
Y oseyd ‘De paygIproe yseap

SOINIXIW DUSZUA(]
19U0}a0' M 9P ‘uwnjod [0
BOI[IS A PaMO[[0F 9USZUa( Wiy

aanoenxe rejod jo woneydroarg
)vjP08
[Ay3e:ouexoy g: 1 Suisn JH
IynB[asary Ul DLL YIM MO[[of
S[DHD ‘ouexay gig WPIM Ijenyo
‘uwnjoo [2013dng OgAH-[e8 eOI[IS
1ay3e
‘ouexay T:¢ YIM N[ ‘uwnjod
099 oore puE (J 90f BY|[0S
‘(O°H %01 ‘payeandesp) eupmmpy

uonen3eo)
sajensqns Axem 10y dnueao
[BUORIPPE S8 UWM[0O [ISLIO[]
faanpeaoo1d HONONO(ION pue
HALLNG WOl UOHBOGIPOUL I0UTJA!

'OS’H NS0 [3Tm pus[g

'OS*EN ‘yue
PU® *[DHD Y puajg

93B300¢ [AY30 YN pua[g
a1039q
SE 308X [DH NG
IIM 9Yed I3[y pue
aseyd ‘De jeany PO
M JoeIIX ‘Ou0jede
M puolq ‘1ognq

jo oouesaxd ur doyp

fO°HD s

UOROBIIXS AQ Pamo[[oF

9u0390® - 19)em Ul 0Lt
paiepmod IIUIdA0 HeOg

"OS*eN “que
PU® NO'HO s pudlg

QUO03a0E YIm pusfg

aA0qe se uonsadiq

a3er[0F 35910,

sseid epnuuiog

Ayprrep

siead ‘w100 ‘sopddy

sureid 201y

w0

so[ddy

sy [rews

uvoayz,

[ouayd ‘weqopn

[Awoyieoy

sajroqejaur
G ‘[oinsapy

[eqoa

upipuey
[oansa
‘6LSOT ®qID



