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The Analysis of Pesticide Residue 
New Problems and Metho 

Donald J. 

Public attention is currently centered 
on the widespread use of pesticides. 
Chlorinated hydrocarbons are contin- 
uously reported as residues in birds, 
fish, water, and other substances. Ad- 
verse ecological effects from the use of 
defoliants in Vietnam, the suspected 
link between birth defects in rats and 
mice and ingestion of 2,4,5-trichloro- 
phenoxyacetic acid (2,4,5-T) herbicide, 
and numerous other consequences from 
the use of chemicals have effectively 
motivated public concern. The results 
of this concern have necessarily 
changed the course of pesticide research 
and the associated analytical problems. 
Ecological samples are being analyzed, 
particularly for chlorinated hydrocar- 
bons, almost to the extent that raw agri- 
cultural commodities were examined in 
the past. Also, many samples are at 
present being analyzed to again check 
the true safety of older chemicals, such 
as mercury and arsenic, which have 
been in use for many years. Finally, 
persistent chlorinated hydrocarbons are 
being phased out, to be replaced by 
new, effective compounds of much 
shorter life. These latter compounds 
must then also be analytically reckoned 
with. 

The analytical difficulties encoun- 
tered in these new research areas may 
not be evident. Analysis of wildlife 
samples for chlorinated hydrocarbon 
pesticides is usually complicated by a 
lack of uncontaminated controls. Re- 
liable identification of the toxicant usu- 
ally requires more than one method of 
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truly dissolved, adsorbed on clay par- 
ticle surfaces, dissolved in the lipid lay- 
ers of innumerable aquatic microorga- 
nisms, and in other forms? 

How will these combined forms of 
DDT be related to the extent of absorp- 
tion by fish, and how will analysis be 

US accomplished? One would commonly 
first pump many gallons of water 
through a charcoal filter to concentrate 

Lisk the toxicant, then, with Soxhlet extrac- 
tion remove the insecticide from the 
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younger fish and their ability to store 
DDT is greater. 

Do the investigators know that the 
past history of the fish (the temperature 
at which they were reared, the type of 
food they ate, and other factors) can 
greatly affect the degree of hardness of 
their fat and therefore the solubility of 
DDT in the fat? 

If gas chromatography is to be used 
for analysis, does the chemist know 
that thermal degradation of DDT to 
certain of the very metabolites formed 
in biological systems is not uncommon? 

One could go on and on, but it is 
questions of this type that must deter- 
mine the experimental design if the 
results are to be meaningful. 

Newer substitute pesticides, such as 
carbamates, which may rapidly degrade 
in ecosystems also present problems for 
the analytical chemist. They disappear 
so rapidly following application that, to 
prove that they have not been taken 
up by samples, the sensitivity limits of 
the analytical method are often strained. 
Many of these compounds either do not 
contain the usual heteroelements (sul- 
fur, phosphorus, halogens, and so on) 
or contain them in amounts too small 
to be determined by existing sensitive, 
element-selective gas chromatographic 
detectors. Some of these new com- 

pounds, such as carbamates, are easily 
degraded thermally and therefore are 
very difficult to chromatograph. Federal 
requirements for analytical information 
concerning metabolite formation are 
becoming ever more stringent, .and 
this presents another problem. Finally, 
whereas the metabolism of older com- 
pounds has undergone intensive study, 
relatively little is known about many of 
the newer compounds. Certain of those 
of exotic structure may degrade by 
way of pathways hitherto unknown. 

New Gas Chromatographic Detectors 

and Refinement of Existing Ones 

New instrumentation and methodol- 
ogy have been developed during the 
past few years which facilitate analysis 
of many compounds. Among all the 
analytical techniques, gas chromatog- 
raphy and its ancillary developments 
remain, so far, the most important. 
Much progress has been made in the 
design of new detectors and in the re- 
finement and modification of existing 
ones. Owing, in part, to the current 
emphasis on analysis of chlorinated 
hydrqcarbons in ecological samples and 
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to the routineness of operation of the 
technique, electron affinity detection is 
probably still used for pesticide analysis 
more than all other detection systems 
combined. Its unparalleled detection 
limits, often in the picogram range, 
and its uncanny response to a wide 
range of compounds which, almost 
without exception, are toxicants (halo- 
genated, nitro, heavy-metal, and poly- 
nuclear compounds, for example) also 
account for its popularity. 

The detector contains a source (usu- 
ally isotopic) of slow-moving electrons 
(low-energy beta rays) which, following 
reaction with nitrogen carrier gas to 
form negative molecular ions, are cap- 
tured by positive sites on pesticide 
molecules which contain functional 
groups or structures possessing electron 
affinity. A resulting decrease in current 
between the detector's cathode and 
anode is amplified and recorded as the 
peak signal of the eluting molecule. 

The radioactive source in most earlier 
electron affinity detectors was tritium; 
a smaller number of these sources con- 
tained strontium-90 or radium-226. 
Tritium's upper operating temperature 
limit of about 225?C, and therefore 
the need for frequent cleaning of the 
detector, was its main limitation. Stron- 
tium and radium foils, although less 
sensitive than tritium, were operable at 
much. higher temperatures. Unfortu- 
nately they emit gamma radiation and 
are therefore of concern to the oper- 
ator. Nickel-63 is now available as a foil 
(1); although more expensive than tri- 
tium, it is operable at temperatures up 
to 300?C and emits pure beta radiation. 
Since nickel-63 emits beta radiation al- 
most as soft (0.06 million electron volts) 
as tritium (0.02 million electron volts), 
there is little sacrifice in sensitivity. 

The alkali thermionic detector, first 
reported by Giuffrida (2), for analysis 
of residues of organophosphorus insecti- 
cides has been variously modified and 
continues to be the most widely used 
detector for these compounds. This 
detector involves the addition of a wick 
impregnated with alkali metal salt (for 
example, potassium sulfate) to the flame 
of the standard flame ionization detec- 
tor. Chromatographed phosphorus com- 
pounds entering the flame elicit a 
greatly enhanced response, the mecha- 
nism of which is still a matter of dis- 
pute. The high sensitivity and good 
selectivity of the device and the fact 
that it is possible to rapidly and cheaply 
convert flame ionization detectors to 
the alkali thermionic mode account 

for its popularity. A thermionic detec- 
tor incorporating rubidium sulfate and 
sensitive to nanogram quantities of 
nitrogen compounds has been reported 
(3). Proper geometry is especially im- 
portant for optimum performance of 
this detector. 

The flame photometric detector (4) is 
rapidly becoming a standard device in 
residue analysis. Its highly specific re- 
sponse to either sulfur or phosphorus 
compounds makes it ideal for such 
analysis, a minimum of preliminary 
isolation being necessary. When the 
detector is in operation, separated sul- 
fur and phosphorus organic compounds 
enter a flame which excites sulfur and 
phosphorus band emission at 526 and 
394 nanometers, respectively. The 
emitted radiation is isolated by appro- 
priate filters and measured by a photo- 
multiplier tube detector. Its sensitivity 
is about 0.1 and 1 nanogram of phos- 
phorus and sulfur, respectively. Bow- 
man and Beroza (5) reported use of this 
detector in the dual-channel mode that 
permits simultaneous detection of phos- 
phorus and sulfur in chromatographed 
compounds. 

The microwave-powered emission de- 
tector reported by McCormack et al. 
(6) and applied to residue analysis (7) 
has been modified. This device is simi- 
lar in principle to the flame photometric 
detector. The chromatographed com- 
pounds are subjected to strong electron 
bombardment and thermal degradation 
in an intense microwave-powered argon 
plasma. Atomic emission of phosphorus 
and iodine in the respective compounds 
is resolved and monitored spectrometri- 
cally to measure the peak emission of 
chromatographed pesticides. More re- 
cently a low-pressure helium plasma has 
been used which is more intense and 
excites emission of atomic sulfur, chlo- 
rine, and bromine as well as elemental 
emission of phosphorus and iodine in 
organic compounds (8). The helium 
plasma device has been applied in trace 
analysis of many residues in a variety of 
samples (9, 10). 

Use of the microcoulometric detec- 
tor is well established in gas chromato- 
graphic analysis of sulfur and halogen- 
ated organic pesticides (11). This de- 
tector has been adapted to specific anal- 
ysis of nitrogen compounds (12). The 
eluted compound is catalytically re- 
duced in hydrogen to ammonia, which 
is titrated by coulometrically generated 
hydrogen ions. As little as 1 nanogram 
of ammonia yields a detectable re- 
sponse. Selective analysis of chromato- 
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graphed nitrogen compounds is also 
possible, through use of the newly de- 
veloped electrolytic conductivity detec- 
tor (13). The compound is similarly 
reduced to ammonia, which is then de- 
termined conductometrically. Quanti- 
ties of ammonia in the range of 5 to 10 
nanograms are detectable. To date, 
these devices are the most generally 
sensitive and specific detectors of nitro- 

gen compounds. 

Column Substrate Materials 

Although innumerable column sub- 
strate materials are commercially avail- 
able for gas chromatography, most 
separations are carried out with only a 
few. Initially DC-200 and SE-30 were 
used as nonpolar substrates for most 
analyses. The combined substrate col- 
umn incorporating DC-200 and QF-1 
was first devised to separate dieldrin 
and p,p'-DDE and is now frequently 
used for general insecticide separations. 
Semipolar substrates such as Carbowax 
20M, DEGS, and Apiezon L have been 
useful for chromatographing particular 
compounds. 

Similarly, several polar substrates 
have been valuable for specific separa- 
tions. FFAP is useful for the separation 
of keto compounds (14). Ucon Polar is 

appropriate for the separation of cer- 
tain compounds such as the methylated 
alkyl phosphate hydrolytic metabolites 
of organophosphorus insecticides (15). 
The cyanosilicone substrate XE-60, is 
sometimes used for special separations. 
The OV series of phenyl-substituted 
silicones are a new addition to the avail- 
able substrates. Many applications have 
been reported. OV-17 is particularly 
versatile as a stationary phase for the 
chromatography of pesticides (16). The 
recently introduced porous polymer 
beads will probably also be used in 
more analytical problems with pesti- 
cides and their metabolites. These beads 
have been shown to be appropriate for 
analysis of the fumigant Nemagon (1,2- 
dibromo-3-chloropropane) in soil (17) 
because they markedly increase the re- 
tention time of this normally rapidly 
eluting compound. The great number of 
investigators using gas chromatography 
has made it profitable for several manu- 
facturers to market these substrates in 
very pure form, and as coated support 
materials showing good analytical re- 
producibility. This has greatly advanced 
the successful application of this analyti- 
cal technique. 
6 NOVEMBER 1970 

Derivatization Procedures 

The application of derivatization 
procedures in the analysis of pesticide 
residues continues. There are several 
reasons for forming derivatives of a 
compound to be analyzed. These in- 
clude (i) reducing its polarity or in- 
creasing its volatility or stability to 
permit chromatography; (ii) converting 
the compound to a new product which 
is more responsive to a particular detec- 
tion system; and (iii) altering its struc- 
ture in- order to change its retention 
time to separate it from interferences 
or to aid in its characterization. 

Much effort has been applied to the 
selection of organic reactions for form- 
ing pesticide derivatives. For facilitat- 
ing the chromatography of pesticide 
compounds, reactions have included 
methylation of herbicide acids (18), for- 
mation of herbicide phenol methyl 
ethers (19), and decarboxylation of a 
herbicide acid (20). These reactions re- 
duce polarity and increase volatility. 
More successful chromatography of 
pesticidal carbamates and ureas is pos- 
sible through the formation of trimethyl- 
silyl derivatives (10, 21) which increase 
volatility and possibly thermal stability. 

The array of reported derivatives to 
accentuate detector response has been 

particularly diverse. For increasing the 
electron affinity of molecules the follow- 
ing examples might be used: bromina- 
tion of diphenylamine (22) and 1-naph- 
thol (23), nitration and methylation of 
herbicide acids (24), formation of 2,4- 
dinitroaniline derivatives of amines 
derived from carbamates and certain 
other pesticides (25, 26), trichloroacety- 
lation (27) and chloroacetylation of 
pesticide phenols (28), and halomethyl- 
dimethylsilylation of pesticide acids 
and phenols (29). The method 
described (25) for formation of 2,4-di- 
nitroaniline derivatives of amines de- 
rived from carbamate insecticides is 
rapid, reliable, sensitive, and versatile 
and should provide an exceedingly val- 
uable screening procedure for these 
important compounds. Thiophosphory- 
lation of carbamate phenols has been 
used to increase response to the flame 
photometric detector (30). As an ex- 
ample of derivatization to obviate inter- 
ferences prior to gas chromatographic 
analysis, dieldrin has been treated with 
hydrobromic acid and acetic anhydride 
to open the epoxide ring and yield two 
peaks with a longer retention time in 
order to separate dieldrin from p,p'- 
DDE (31). 

Gas Chromatographic Auxiliary 

Techniques 

In conjunction with gas chromatog- 
raphy, a very useful technique to aid 
in the characterization of pesticides was 
developed by Beroza and his co-workers 
(32). They devised a simple procedure 
for determining the partition coefficient 
("p" value) of a pesticide between two 
immiscible solvents. Following gas chro- 
matography of a given pesticide and 
peak-height measurement, a measured 
volume of the remaining solvent con- 
taining the compound is partitioned 
with an equal volume of a second im- 
miscible solvent. The original pesticide 
solution is again chromatographed, and 
from measurement of the new reduced 
peak height the "p" value is computed. 
These investigators have determined 
and published a large number of "p" 
values for numerous pesticides in sev- 
eral common solvent combinations. All 
aspects of this technique have now been 
described in a single reference (33). 

The research of a number of investi- 
gators (34) has led to the commercial 
availability of a sweep codistillation 
apparatus for preliminary isolation of 
pesticides prior to gas chromatographic 
analysis. A volume of a concentrated 
solvent extract representing up to 2 
grams of sample is injected into a 
heated tube containing glass beads and 
quartz sand. The sample is swept 
through the tube by means of a rapid 
flow of nitrogen and several portions of 
injected solvent. Many extraneous ma- 
terials remain in the tube. Emerging 
vapors containing the pesticide are con- 
densed in a Teflon coil cooled in an 
ice bath. These condensed materials are 
redissolved and analyzed by gas chro- 
matography. The method has been suc- 
cessfully applied to the analysis of 
various pesticides in agricultural sam- 
ples (35). 

Other Chromatographic Methods 

For isolation and separation of toxi- 
cants from endogenous interferences or 
from each other, thin layer chromatog- 
raphy continues to be a major tool. 
Many procedures in which new sub- 
strates, eluting solvents, and sensitive, 
specific chromogenic agents are used 
have been published. Several develop- 
ments either have found or probably 
will find increasing application in pesti- 
cide analysis. The use of glass or poly- 
ester sheets (36) coated in advance with 
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the desired adsorbant substrate greatly 
facilitates application of the technique 
and yields more uniform results. The 
introduction of channel layer chroma- 
tography (37) increases the capacity of 
the plate, permitting the use of larger 
samples, and eliminates edgewise dif- 
fusion of compounds during develop- 
ment or elution of plates. Also, the 
recent availability of double-beam ratio- 
recording spectrophotometric scanners 
should greatly aid in the quantitative 
measurement of toxicants and metabo- 
lites. 

Another technique in which signifi- 
cant advances have occurred recently 
is that of liquid-liquid chromatography. 
The application of this method to anal- 
ysis of insecticides was reported by 
Lambert and Porter in 1964 (38). These 
workers built an automatic chromato- 
graphic system, employing a column of 
hexane-carbon tetrachloride as the 
mobile phase and water-ethylene glycol 
as the stationary phase adsorbed on sili- 
conized firebrick. They used a refrac- 
tometer detector. Several companies 
now offer automatic liquid-liquid chro- 
matography systems which accept any 
of a number of column packings and 
use any of several detectors. Among the 
newest developments in column materi- 
als are controlled surface porosity sup- 
ports (39, 40). These stable materials 
may be operated at high pressures in 
narrow columns for rapid analysis, with 
negligible loss of resolution (40). The 
method has been applied to pesticide 
analysis (39, 40). As little as 0.5 nano- 
gram of organic compounds has been 
detected, by means of an ultraviolet ab- 
sorption detector (40). A good descrip- 
tion of available detectors, including, 
among others, refractometers and de- 
tectors based on electrolytic conductiv- 
ity, heat of adsorption, spectrophotom- 
etry, and flame ionization, has been 
published (41). 

Automated Pesticide Residue Analysis 

The automation of pesticide residue 
analysis is a recent development largely 
pioneered by Gunther and his co-work- 
ers (42). The equipment most often 
used is that marketed by Technicon 
Corporation. The automated analysis of 
organophosphorus insecticide residues 
by initial combustion (43) or wet oxi- 
dation (44), followed by colorimetric 
analysis of orthophosphate, has been 
reported. Ott (45) reported the auto- 
mated analysis of organophosphorus in- 
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secticide residues by two simultaneous 
procedures for verification. One was 
based on the colorimetric analysis of 
orthophosphate following wet oxidation 
of the insecticide. The second involved 
colorimetric analysis of thiocholine re- 
leased from acetylthiocholine by excess 
cholinesterase following inhibition of 
the enzyme in human blood plasma by 
the insecticide. Winter (46) has also 
automated a method based on cholin- 
esterase inhibition for analyzing organo- 
phosphorus insecticide residues. Levine 
et al. (47) have reported an automated 
micro method for determining serum 
cholinesterase. An automated system 
of injection for performing unattended 
analysis of organochlorine and organo- 
phosphorus insecticides by gas chro- 
matography has been described (48). 
Methods for performing automated 
ultraviolet absorption analysis of the 
fungistat biphenyl (49) and colorimetric 
analysis of aziridine (50) in chemosteril- 
ants have also been reported. 

Mass Spectrometry 

Mass spectrometry is a sensitive tech- 
nique which is being increasingly ap- 
plied to analysis and elucidation of the 
structure of pesticides and metabolites. 
Under ideal conditions, quantities as 
small as 10 nanograms will produce a 
usable mass spectrum. Mass spectrom- 
etry in combination with gas chroma- 
tography has been used to advantage 
for separating and identifying the poly- 
chlorinated biphenyls in ecological sam- 
ples (51), The mass spectra of organo- 
phosphorus insecticides (52) and carba- 
mate pesticides (53) have been deter- 
mined by means of time-of-flight mass 
spectrometry. Organochlorine or phos- 
phorus insecticides have been identified 
in mixtures by high-resolution mass 
spectrometry (54). The high-resolution 
mass spectra of several organochlorine 
pesticides have also been determined 
(55). Various chlorinated phenoxycar- 
boxylic acid herbicides have been 
identified by mass spectrometry (56). 
Negative ion mass spectrometry could 
presumably be used for determining 
chlorine isotope ratios (57), although it 
appears that this method has not been 
applied to studies of pesticide metab- 
olism. Spark source mass spectrometry 
(58) is also an exceedingly sensitive 
method for trace element analysis, 
which is being more and more fre- 
quently applied to the analysis of bio- 
logical materials. It has been used for 

detecting various metals in lung tissue 
(59) and in hair (60) and for detecting 
mercury in apples (61). 

A new and promising device is the 
plasma chromatograph (62). This in- 
strument, when used in conjunction 
with a mass spectrometer, offers a pow- 
erful means of analyzing and elucidat- 
ing the structure of pesticides and pol- 
lutants (63). In principle, a mixture of 
organic compounds is injected into an 
ionizer section where ion molecules are 
formed. These species are next sep- 
arated by drifting at different rates 
through a tube in a strong electric field. 
The ion molecules arrive at a collector 
as ion peaks at times determined by 
their structures. A portion of the com- 
ponents emerging from the tube may 
be directed into a quadrupole mass 
spectrometer, simultaneously producing 
a mass spectrum. The sensitivity of the 
method is in the range of a fractional 
part per billion. 

Other Approaches 

Nuclear magnetic resonance spec- 
trometry is another analytical tool be- 
ing used for the identification of pesti- 
cide structure. Its main limitation is 
lack of sensitivity, but the valuable 
structural information obtained often 
makes any preliminary isolation and 
concentration steps worthwhile. The 
method has been applied in the analysis 
of chlorinated (64) and organophospho- 
rus insecticides (65) and carbamate 
drugs (66). 

Many other approaches are currently 
being used for the analysis of pesticide 
residues. These include ultraviolet, visi- 
ble, infrared, and fluorescence spectro- 
photometry; neutron activation analysis; 
oscillographic polarography; and isotope 
techniques. The application of these 
methods to residue problems has been 
discussed elsewhere (67). One may ex- 
pect that laboratories investigating these 
problems will also use methods such as 
atomic absorption and emission spec- 
trometry as they enter the field of ana- 
lyzing toxic metals in agricultural or 
ecological samples, such as mercury in 
fish. 

Still more elegant analytical instru- 
mentation for detecting ever smaller 
quantities of toxicants and their metab- 
olites will undoubtedly be developed in 
the future. The isolation and proof of 
structure of minute traces of many of 
these compounds will, however, remain 
a formidable challenge. 
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The chance of human injury in the national parks can 
be reduced to a minimum through improved management. 
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Within recent geological time the 
grizzly bear (Ursus arctos horribilis) 
was at the top of the North American 
food pyramid wherever the species was 
found. Storer and Tevis (1) claim that 
in California before the arrival of the 
Spaniards the grizzly and certain In- 
dian tribes competed for such foods as 
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acorns. The bear fed as he pleased. 
The Indian took what was left. Then 
European man arrived with firearms 
and by the mid-19th century had es- 
tablished his supremacy. Since then, 
the demise of the grizzly has been 
dramatic. 

The range of the species in North 
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The range of the species in North 

America, until shortly before the ar- 
rival of European man, extended from 
the western coast to the Mississippi 
River, south into Mexico, and north 
to the Arctic Circle, reaching north- 
east to the Arctic coast near Simpson 
Strait, Mackenzie District (1, 2). To- 
day both range and numbers have con- 
tracted to a fragment of what they 
were originally (1). Grizzlies previous- 
ly favored foothills, brushlands, and 
river valleys, rather than the bigh 
mountains (3). Grizzlies now inhabit 
mountainous parts of Montana, Idaho, 
and Wyoming, centering about Gla- 
cier National Park and Yellowstone 
National Park. Farther north, popula- 
tions exist in parts of Alberta, British 
Columbia, Yukon Territories, North- 
west Territories, and Alaska. As man 
disperses into these northern areas, 
further encroachments on grizzly habi- 
tat and numbers will occur. The last 
home for this one-time monarch of 
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