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- DISCLAIMER

This report has been reviewed by the Health Effects Research
Laboratory, U.S. Environmental Protection ‘Agency, and approved for
publication. Approval does not signify that the contents necessarily
reflect the views and policies of the U.S. Environmental Protection.
Agency, nor does mention of trade names or commercial products
constitute endorsement or recommendatlon for use.
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FOREWORD

The many benefits of our modern developing, industrial society are
accompanied by certain hazards. Careful assessment of the relative risk of
existing and new man-made environmental hazards is necessary for the estab~
lishment of sound regulatory policy. These regulations serve to enhance
the quality of our environment in order to promote the public health and
welfare and the productive capacity of our Nation's population.

The Health Effects Research Laboratory, Research Triangle Park, con-
ducts a coordinated environmental health research program in toxicology,
epidemiology, and clinical studies using human volunteer subjects. These
studies address problems in air pollution, non-ionizing radiation, environ-
mental carcinogenesis and the toxicology of pesticides as well as other
chemical pollutants. The Laboratory participates in the development and
revision of air quality criteria documents on pollutants for which national
ambient air quality standards exist or are proposed, provides the data for
reégistration-of new pesticides or proposed suspension of those already in
use, conducts research on hazardous and toxic materials, and is primarily
responsible for providing the health basis for non-ionizing radiation
standards. Direct support to the regulatory function of the Agency is pro-
vided in the form of expert testimony and preparation of affidavits as well
as expert advice to the Administrator to assure the adequacy of health care
and surveillance of persons having suffered imminent and substantial en-
dangerment of their health.

This manual provides the pesticide chemist with a systematic protocol
for the quality control of analytical procedures and the problems that
arise in the analysis of human or environmental media.

F.G, Hueter, Ph.D,
Director
Health Effects Research Laboratory
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ABSTRACT

This manual provides the pesticide chemist with a systematic protocol
for the quality control of analytical procedures and the problems that arise
in the analysis of human or environmental media. It also serves as a guide
to the latest and most reliable methodology available for the analysis of
pesticide residues in these and other sample matrices. The sections.dealing
with Inter- and intra-laboratory quality control, the evaluation and stand-
ardization of materials used, and the operation of the gas chromatograph are
intended to highlight and provide advice in dealing with many problems which
constantly plague the pesticide analytical chemist. Many aspects of the
problem areas involved in extraction and isolation techniques for pesticides
in various types of samples are discussed. Techniques for confirming the
presence or absence of pesticides 'in sample materials are treated at some
length. This highly important area provides validation of data obtained by
the more routine amnalytical procedures. The gas chromatograph, being the
principal instrument currently used in pesticide analysis, often requires
simple servicing or troubleshooting. A section addressing some of these
problems is included. Last, but by no means least in importance, is a short
dissertation of the value and need for systematic training programs for
pesticide chemists.
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Section 1

GENERAL DESCRIPTION OF PESTICIDE
RESIDUE ANALYTICAL METHODS

A pesticide regidue analysis usually consists of five.steps:
(1) Sampling.

(2) Extraction'of the residue from the sample matrix.

(3) Removal of interfering co-extractives ("cleanup").

(4) 1dentification and estimation of the quantity of residues in the
cleaned-up extract, usually at very low levels (e.g., 109 to 10712 g
for gas chromatography). To obtain this sensitivity, selective
determinative methods such as chromatography are usually required.

(5) Confirmation of the presence and identity of the residues.

The exact nature of each of these stages 1s dictated by the specific
pesticide(s) and sample substrate involved. A brief discussion of general
aspects of these steps follows:

1A SAMPLING

The aim of sampling is to provide a reproduction of a portion of the
environment, on a scale that enables the sample to be handled in the
laboratory. Analytical results are meaningful only if collected samples
are truly representative and meet the goals of the monitoring study or
program. The sites, techniques, and frequency of sampling and the size
and number of samples must allow the analytical results to be statistically
evaluated and replicated at a later time for confirmation. If storage of
samples before analysis is necessary, it must be proven that alteration
in the nature or amount of pesticide residues does not occur. Samples
may be composited or subsampled prior to analysis. . The steps in the.
analytical procedure are influenced significantly by the manner in which
the sample is collected, preserved, stored, shipped, and otherwise
processed prior to extractiom.



Section 1B
1B EXTRACTION PROCEDURES

Environmental and biological samples generally cannot be analyzed

directly for pesticide residues because the level of the desired residue

is too low, and the levels of interfering constituents are too high. In
virtually every modern method of pesticide residue analysis, the com~

pounds of Interest are separated from the bulk of the sample matrix by

some form of extraction. In most cases, extraction is followed by a

cleanup procedure to eliminate, or at least minimize, interfering substances.
In both extraction and purification procedures, the fractional recoveries

of the compounds must be known, and it must be possible to relate the
amounts found in the subsequent assay to the concentrations originally

in the sample matrix.

A solvent or mixture of solvents should be used for extraction that is

at least 80Z efficient, selective enough to require a minimum of cleanup,
and does not interfere with the final determination. Simple washing of

the whole sample may be adequate for surface residues of follage or
vegetables and fruits, but Soxhlet extractors, blenders, and tumbling or
shaking devices are used for most samples. Hexane or hexane-acetone
mixtures are typical solvents for nonpolar, fat-soluble organochlorine
pesticides; and benzene, chloroform, dichloromethane, or acetonitrile

are commonly used for the more polar compounds such as organophosphates

and carbamates. Acetonitrile is an excellent general solvent for preliminary
extraction of unknown residues of a wide polarity range. The more polar
solvents, however, remove greater amounts of co-extractives and may complicate
subsequent cleanup steps. Sodium sulfate is sometimes added to help extract
the more water-soluble compounds. Exhaustive Soxhlet extraction with an
appropriate solvent or mixture of solvents is the most efficient metlod

for many pesticides and sample types and can be used to compare with other
proposed procedures.

A given extraction procedure should be validated for each type of sample .
matrix and for each class of compounds to which it 1s applied. An extraction
procedure suiltable for one class of compounds in a given sample may not be
suitable for the extraction of a different but closely related class of
compounds from the same sample. The nature of the sample matrix influences
the effectiveness of the extraction procedure through the toughness, water
content, and lipid content. The toughness determines the ease of finely
dividing the sample, the water content affects the solubility of pesticides
in the extraction solvent, and the lipid content of the sample influences
both the amount of solvent and the proportion of nonmpolar component- required.
It is usually desirable to quantitatively extract lipids with the pollutants
from environmental samples for ease in reporting analytical results. Optimum
extraction conditions in terms of solvent polarity and in the time and
manner of contact between sample and extraction solvent should, therefore,

be found by recovery studies for each analysis at several concentration
levels. Recovery from spiked or fortified samples may not provide valid
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Section 1C

information about the recovery of endogenous material. Extraction
efficiency can be checked most accurately if the laboratory is equipped

to blologically incorporate radioactive-labeled parent compounds and/or
metabolites in the sample substrate. When polar compounds are involved,
hydrolysis to free conjugated residues must be considered before extraction.
However, the conditions must be such that the compounds of interest

survive the treatment.

‘ 1C  CLEANUP PROCEDURES

The amount of extract purification (cleanup) required prior to the final
determination depends on the selectivity of both the extraction procedure
and the determinative method. It is an unusual situation, e.g., with

. some water samples, when extracts can be directly determined without
further treatment. Injection of uncleaned samples: into a gas chromatograph
can cause extraneous peaks, damage to the peak resolution and efficiency

of the column, and loss of detector sensitivity. Impure samples spotted
for thin layer chromatography may result in streaked zones or decreased.
sensitivity of visualizing reagents, while those injected into a liquid
chromatograph can greatly shorten the lifetime of an expensive prepacked
column. Extracts containing fatty material are especilally troublesome.
Depending on the extent and nature of the co-extractives and the pesticide
residue, partition between immiscible solvents; adsorption chromatography
(column or TLC); gel permeation chromatography; chemical destruction of
interfering substances with acid, alkali, or oxidizing agents; distillationm;
sweep co-distillation; and selective photodegradation are most often used
for cleanup, either individually or in various combinations.

Plant or crop materirl is usually extracted with a water-miscible solvent
such as acetone or acetonitrile. After dilution with water, the residues
are generally partitioned into a solvent such as methylene chloride that
can be readily evaporated to dryness. Polar pesticides are only poorly
recovered from. a surplus of water in this way, and the trend is to keep the
residues in organic solution and remove the water co-extracted from the
sample. Evaporation of the organic solvent ylelds good recoveries of v
even highly polar compounds, which can be analyzed directly by GC with a -
selective detector or cleaned up further by a multiresidue method such as
liquid adsorption chromatography, gel permeation, or sweep co-distillation.
For purification of fat extracts, samples are usually partitioned between
hexane and acetonitrile, dimethyl formamide, or dimethyl sulfoxide. The
latter solvent is used in the widely applicable Wood procedure to elute
chlorinated pesticides from a column prepared from a fatty sample mixed
with Celite. The 1lipid content of a particular sample has a significant
effect on the recovery of pesticides in solvent partitioning procedures.
For example, DDT is recovered more efficiently by acetonitrile partitioning
from pure hexane than from a hexane solution containing dissolved fat. This
factor can contribute to the variability of recovery in cleanup procedures
involving solvent partitioning.
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For adsorption cliromatography, direct extracts or extracts purified by
partitioning are concentrated to a small volume, applied to the top of

a Florisil, charcoal, alumina, silica gel, or mixed-adsorbent column, and
the pesticides are eluted in fractions by passage of one or more solvents
while the co-extractives remain on the columm or are eluted in different
fractions. Elution of a residue in a certain fraction (selective adsorp~
tion) is useful evidence for confirmation of identity. The capacity of a
column for co-extractives and the uniformity of activity (elution pattern)
from batch to batch are important characteristics of adsorbents used for
cleanup. Methods are available for activation and deactivation of different
adsorbents and for checking the activity level achieved. r :

Florisil is still the most widely used adsorbent, and it is involved in
cleanup schemes for many fatty and nonfatty samples. However, Florisil
is not available in all countries in sufficiently constant quality, and
many analysts are becoming increasingly aware that silica gel and alumina
are less expensive, are at least as eagsy to standardize, and provide
similarly good results. Another trend is miniaturization of adsorbent
c¢leanup columns. These micro columns, containing, e.g., Florisil or 30%
water-deactivated silica gel, are very promising for routine analyses
because they offer economy in solvents and materials and reduce health
and fire hazards. Sensitivity obtainable is, of course, lower compared
to corresponding large sample cleanup procedures. S .

Chemical destruction methods are extremely useful, but caution must be

used in applying them to compounds other than those for which they have
gpecifically been validated. For example, 2,3,7,8-tetrachlorodibenzo-27‘
dioxin I8 commonly determined following alkaline hydrolysis of tissue or '
extracted lipids, but this treatment completely destroys octachlorodibenzo-p~
dioxin, : .

Of the procedures listed above, liquid-liquid partition followed by
adsorption chromatography is most often applied for organochlorine pesticides
and related compounds (e.g., PCBs) before GC with the relatively unspecific
electron capture detector. An automated instrument based on gel permeation
chromatography has been shown to efficiently separate chlorinated pesticides
and PCBs from the bulk of the lipids extracted from fatty samples, and to
be advantageous in terms of convenience and speed of processing large
numbers of samples. When specific GC detectors are employed, cleanup of
extracts becomes less important. Thus, a suitable extraction procedure
combined with a partitioning step is often sufficient for determining
organophogphorus and organonitrogen compounds in many samples. HPLC and
TLC generally require more effective cleanup steps.

Cleanup procedures should be chosen in terms of practicality, cost, time,
and reagent and equipment availability. The methods chosen should be tested
to be sure they allow detection and determination of the pesticides of
Interest at the desired sensitivity level, with recovery of preferably
80-85Z or better, and with removal or separation of adequate levels of
background interferences. Procedures giving the highest mean recovery

of a residue may not necessarily be the best to use if there is a high

b




Section 1D

variation in recovery from sample to sample. A cleanup method giving a
moderate but highly reproducible recovery may be a better choice than one
giving a high but variable recovery. The nature of the lipids in a sample
extract can be important in determining the choice of an adsorbent for
liquid column chromatographic cleanup. For example, acidic alumina has

a greater capacity for lipids than does basic or neutral alumina.

Concentration of solutions is often required prior to, during, and after
cleanup procedures. Great care is necessary when evaporating to low
volumes to avoid losses of the pesticide residue, and evaporation to

.. complete dryness is usually inadvisable. Kuderna-Danish evaporators and
micro Snyder columns, special block heaters, and rotary-vacuum evaporators
are recommended for concentrating solutions containing pesticide residues,
and keeper solutions may be added to retard the loss of volatile compounds.
All steps in the analytical procedure should be checked for residue loss due
to volatilization or degradation by carrying out recovery studies om a
spiked control (uncontaminated) sample at different fortification levels.
Since concentration factors are often 1000:1 or more, the possibility of
interference from the solvent itself must be- considered.

Most of the extraction and,cleanup procedures available today will yileld
reliable and reproducible results when practiced by a trained and competent
analyst. An important precondition is that a laboratory gain abundant
experience with any method that is to be used. The mest important analytical
methods are those allowing the determination of multiresidues of pesticides
and related compounds. Most methods available today, however, are of value
only for the parent pesticidal compounds and do not include their significant
metabolites. A°primary target for future research is the inclusion of the
metabolites of toxicological importance in the existing and new multiresidue
schemes. In addition, many of the existing multiresidue schemes do not
include the many new pesticides, mainly water-soluble and systemic insecticides
and fungicides, that have been introduced in the past few years. There is
little doubt that a number of analyses for regulatory purposes are routinely
performed today for pesticides that have been superseded by other compounds
which are not detectable by the procedures in current usage.

FIﬁAL DETERMINATION METHODS

Chromatographic methods are by far the most widely used for determination

of pesticide residues, followed by spectrophotometric and biological methods.

The latter include biloassay and enzymatic techniques that are simple, since
they require no cleanup, but are non-specific. Enzyme inhibition, when used
as a detection procedure after thin layer chromatography is a sensitive

(low ng detection limits) and selective method for certain organophosphorus
and carbamate pesticides. '

Spectrophotometric methods are generally less sensitive and less selective
than gas or thin layer chromatography and are useful mainly as ancillary
techniques to gas chromatography for confirmation of residue identity cor

for quantitation of individual pesticides. If selectivity and sensitivity
are adequate, colorimetric methods can advantageously be adapted to automated
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Section 1D

processes. Fluorescent pesticides and metabolites may be determined by
fluorometry, which is more sensitive than visible, UV, or IR methods.

Since relatively few pesticides are naturally fluorescent, fluorometry

18 selective; however, removal of fluorescent impurities 1s often necessary,
and this can be difficult.

Paper chromatography provided the analyst in the late 1950's with the first
nmultiresidue method for separation and identification of pesticides. It

has been largely superseded by gas chromatography as the primary determinative
procedure and thin layer chromatography (TLC) for screening, semiquantitation,
and confirmation. Compared to paper chromatography, TLC offers generally
Increased resolution, shorter development times, and increased sensitivity.
Most pesticide analyses have been performed on 0.25 mm layers of alumina or
gilica gel, but polyamide and cellulose are also used. Organochlorine com-
pounds are detected at 5-500 ng levels by spraying with ethanolic AgNO3 or
incorporation of AgNO5 into the layer followed by irradiation with ultraviolet
light. Many organophosphorus and carbamate pesticides are detectable at low
ng levels by enzyme inhibition techniques or at higher levels by numerous
chromogenic reagents. Fungicides are detectable by biloautography. Polar
herbicides and heat-labile, poorly detectable carbamates, which require
formation of derivatives prior to gas chromatography, are particularly amenable
to analysis by TLC.

Gas chromatography of pesticides is normally carried out on 90 .to 200 cm glass
columns packed with single and mixed organosilicone and polyester stationary
phases ranging from low to high polarity. Among the most used phases are
SE-30, QF-1, DC-200, OV-210, OV-17, DEGS, Carbowax 20M, and OV-17/0V-210,
SE-30/0V-210, and DC-200/QF~-1 mixtures. The chemically stable, low bleed
OV series of phases have become quite popular. Samples should be examined
on two or three columns of markedly different polarity before results are
considered conclusive. A useful series of columns with increasing polarity
from which to select an optimum separation is: OV-101 (methyl silicone);
OV-17 (methyl/phenyl silicome); OV-210 (methyl/trifluoropropyl silicone);
0V-225 (cyanopropyl/phenyl/methyl silicone); and Carbowax 20M (polyethylene

glycol).

Glass columns are preferred because they minimize decomposition and are
easier to pack for optimum efficiency. After being packed, columns are
conditioned at an elevated temperature to minimize liquid phase bleeding
and to obtain reproducible chromatograms. In some cases, large quantities
of the pesticides being determined are injected initially to improve the
response of these compounds. The formation of derivatives in GC residue
analysis 18 a necessity when the analyte is labile or otherwise troublesome
or 18 poorly detected by selective detectors.

Columns loaded with relatively low percentages of liquid phase generally
give superior resolution and gensitivity but become contaminated more easily
and are more prone to interactions between solutes and the solid support
than more heavily coated columns. Certain pesticides, such as DDT and '
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endrin, are subject to degradation in columns under certain conditions,

and ‘these conditions should be avoided. Highly inert columns have been
prepared by chemically bonding Carbowax 20M to a GC support. These

packings are used for GC directly, or after further coating with a liquid
phase. Glass capillary columns, with their outstanding separation ability

for difficult samples, are being reported much more frequently in residue
analysis, even though they are not as tolerant of the injection of "dirty"
extracts. : ' B

Organochlorine pesticides are usually analyzed with a tritium or 63Ni electron
capture detector with DC or pulsed applied voltages. Though this detector

is less specific than the other common pesticide detectors, it can detect

as low as 1013 g amounts of many halogenated compounds. 63Ni detectors are
operable at high temperatures (over 300°C), thus reducing possible problems
from contaminants condensing in the detector. Tritium detectors are less
expensive, and contaminated foils can be easily changed or removed for
cleaning. Commercial devices are available for linearizing EC response

over a 103-103 range of concentration, and the pulsed wide-range 63N1 detector
has become especially popular because it can be used with automatic injection
systems. Organophosphorus pesticides are detected selectively at

‘ca. 10~10-10~11 g levels by the flame photometric detector (FPD) in the
phosphorus mode (526 nm), and the FPD has overtaken the thermionic detector

as the primary detector for the determination of these compounds. Sulfur-
containing pesticides may be selectively detected by the FPD (394 nm) with

. about one order of magnitude less sensitivity, or at the low ng level with

the S-mode of the Hall electrolytic conductivity detector. Nitrogen—con-
taining pesticides are detected selectively with the N-mode of the Hall detector
(ca. 1072 ‘g sensitivity) or with the N/P mode of the flameless N-P thermionic
detector’ (ca. 10-12 g sensitivity). The N-P thermionic detector also has a
mode of operation that is selective for pg levels of only phosphorus-containing
compounds, and the Hall detector can be operated selectively for organochlorine
compounds at low ng levels. Labile, polar carbamate pesticides or their
hydrolysis products are often derivatized with a halogen-containing reagent
and the resulting derivative can be sensitively detected with the electron
capture detector. Selective detectors have the advantages of simplifying
cleanup procedures and aiding residue identificatiom. The mass spectrometer
ig a unique GC detector in that it 1s capable of almost specific detection

and identification of pesticide residues. It is, however, expensive for
routine work.

Samples and standards must be injected into the gas chromatograph using

a consistent and reproducible technique. It is advisable that injected
volumes of standards and samples be nearly equal and represent 20-80Z of

the total volume of the syringe used. Syringes must be well cleaned between
injections, and injection port septa and liners must be changed regularly.
Standards should be injected before and periodically during the analysis

of a series of samples. Cleaner samples require fewer standard injections.
A pesticide mixture that indicates the overall performance of the GC system
should be injected at least once daily. ‘ :
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Modern high performance liquid chromatography (HPLC) is being used
increasingly for the final, room temperature determination of polar,
involatile, or heat-~labile pesticide residues without derivative formation.
Analytical columns are 10-50 cm in length and 2-6 mm in internal diameter.
For pesticides, they &re commonly packed with 5-10 pum particles of a

totally porous adsorbent silica gel to which a C18 hydrocarbon phase has
been chemically bonded (reversed phase chromatography). The mobile phase

is pumped through the column at flow rates of 1-2 ml/minute (100-200 atm.
pressure). Most residue analyses have been carried out with detection by

UV absorption, and to a lesser extent by fluorescence or photoconductivity
detection. The electrochemical detector is just beginning to find use in
residue analysis. Refractive index detection has been reported infrequently,
if at all. UV detection with a mercury lamp at its major emission wavelength
of 254 nm is most often used, but use of the varlable wavelength detector

is growing because 254 nm or other wavelengths available from a mercury

lamp are not optimal for many pesticides. Fluorescence detectors have been

. used in determining nonfluorescent pesticides by fluorogenic labeling
employing derivatization methods similar to those applied earlier to
faciiitate thin-layer fluorodensitometry. The maaor disadvantage of HPLC

at present is the poor sensitivity (ca. 10"7—10“; g) and selectivity of
commercially available detectors. In order to improve sensitivity, -
interface devices have been developed to directly couple a liquid chromato-
graph with a mass spectrometer. A greater number of separations of greater
complexity can be accomplished by HPLC than by GC since the mobile phasge
Plays an active role in achieving resolution, and there is a wide range of
stationary phases available for use in combination with a great variety

of solvent mixtures and gradient elutionms. :

Quantitation of residues by scanning of thin layer chromatograms with
commercial densitometers is widely applied for analysis of nonvolatile

or unstable pesticides or where GC or HPLC equipment 1s not available.
Precision, accuracy, and selectivity are often comparable to those techniques,
and sensitivity is in the high pg-to-ng range for many analyses in which
detection is made with fluorescence, chromogenic, or enzyme-inhibition
reagents. For best quantitative results, sample applications are manually
or automatically made to small areas on precoated, hard surface, high ‘
performance silica gel or reversed phase plates; detection reagents are
uniformly applied by dipping rather than spraying; and samples and standards
are developed together on each plate. v

Other final determinative methods that have been applied to pesticide residues.
include polarography for compounds containing an oxidizable or reducible
group, either naturally or after derivatization, atomic absorption, activation
analysis, and radiochemical techniques. The latter are most often used in
metabolism studies, for example thin layer chromatography of pesticides
containing a radioactive isotope combined with autoradiography or radio-
gcanning of the layers. : . :
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CONFIRMATORY TECHNIQUES

Three truly independent results are considered necessary for positive
confirmation of the identity of a residue. Alternative methods that

can be combined are TLC and/or paper chromatography with sorbent-solvent
systems of different polarity or different visualization reagents, gas
chromatography with columms of different polarity and selective detectors,
preparation of derivatives to alter structure and volatility and thereby
chromatographic properties, extraction p-values, ultraviolet photolysis,
and mass spectrometry. Unlike conventional NMR, IR, UV, etc., mass
spectrometry has sufficient sensitivity for general applicatlon to residue
identification as well as for confirmation of pesticides in the presence
of PCBs. Thus, the directly coupled gas chromatograph-mass spectrometer
is a powerful tool for positive identification of mixture components at
residue levels. The ability of the high resolution mass spectrometer to
measure precise ionic masses has allowed individual pesticides with different
elemental compositions to be identified in complex mixtures without prior
separation in sore cases.

The reliable detection and estimation of pesticide residues is one of the
most difficult and demanding tasks an analytical chemist can be called
upon to perform. Important commercial pesticides include insecticides,
fungicides, herbicides, acaricides, and rodenticides. There are many

hundreds of these compounds with greatly differing chemical structures

and properties (e.g., organohalides, organophosphates, carbamates, anilines,
ureas, phenols, triazines, quinones, etc.). Their determination may involve
traces of any of these materials alone or in combination in a great varlety
of matrices, each with its own peculiar problems.

Further complications arise because metabolic degradation of certain
pesticides produces compounds that may be more toxic and of different
polarity than the parent pesticide. Examples include metabolically
derived heptachlor epoxide and dieldrin, from heptachlor and aldrin,

. respectively, and oxygen analog metabolites of sulfur-containing organo-

phosphorus pesticides. The analyst should be able to determine the identity
and quantity of these metabolites and degradation products as well as the
residue of the original pesticide, and extraction and cleanup procedures

and chromatographic determinative conditions may have to be modified to
accommodate these compounds. Multi-component pesticides such as chlordane,
toxaphene, and strobane and their metabolites pose difficult confirmation
and quantitation problems. Closely related, non-pesticidal compounds with
similar analytical behavior such as PCBs or chlorinated naphthalenes may also

- be present in extracts, and the analyst must be able to isolate, identify,

and measure pesticides of interest while simultaneously separating, isolating,
and identifying these related compounds, if necessary. Trace contaminants
contained in sclvents or reagents, or extracted from plastic apparatus, can
give rise to GC peaks or TLC spots that may be confused with pesticides.
Positive confirmation of some pesticides is especially difficult because

of very similar chromatographic properties of compounds, e.g., dieldrin and
"photo-dieldrin."”
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'The amount of effort expended and the choice of confirmatory tests are
determined by the importance of the sample, resources available, and the
amount of residue present. A possible alternative to testing of every
residue is confirmation of selected samples at intervals, when the seme
residues are apparently present in all samples of a group. If sufficient
residue is not available in individual members of a group of samples-to
permit use of a certain test, purified extracts are often pooled for
confirmation. ‘

1r AUTOMATION AND COMPUTER PROCESSING

Automation of pesticide analyses is presently in its early stages. Totally
automated procedures have been developed for analyses not requiring column
adsorption cleanup and those in which the final determination is colorimetry
or UV absorption. Several microprocessor-controlled systems for automatic
transfer of manually prepared samples onto a gas or liquid chromatography
column are being marketed. Laboratories with high sample throughput can
find such systems save time and cost in determinative steps. A system
for automatic cleanup of gamples by gel permeation chromatography has been
designed, although automation of Preparative and cleanup steps is not-yet

' far advanced. Data systems allow storage of large amounts of data with .
computerized printouts that increase the speed and efficiency of analyses
and improve both quantitation and identification of residues. '

Although advances in automation are being reported at an ever-increasing

rate, available systems are generally useful only for well-defined samples
containing known pesticides. A skilled analyst using conventional, non-
automated procedures is still required to carry. out successfully multiresidue
analyses of complex samples containing an unknown variety of pesticides and
interferences. A proven, completely automated procedure for multiresidue
analysis as it is usually performed (i.e., extraction, partition and adsorption
chromatographic cleanup, and gas or liquid chromatography) is not yet available.

Since this introductory section is intended as a broad overview of modern
residue analytical methods and their quality control, no details have been
given. Much of the foregoing material will be discussed more .completely

in later sectionms, and speclfic references to relevant sections of the EPA
"Pesticide Analytical Manual or other sources will be given. A general bibli-
‘ography of recent books and reviews on pesticide analysis follows.
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Section 2

INTERLABORATORY QUALITY ASSURANCE

2A  QUALITY ASSURANCE PROGRAM OF THE EPA ENVIRONMENTAL TOXICOLOGY DIVISION
(ETD) LABORATORY :

Quality control in the context of this Manual connotes procedures taken

to assure the accuracy and precision of analytical results.. Qualitative
and quantitative determinations by residue analysts are utilized for such
Important tasks as surveillance or monitoring of pesticide levels in human
tissues, some segment of the environment, or the food supply; 1if con-~
clusions and subsequent actions are to be valid, it is vital that the
analytical data be reliable. The complex nature and pitfalls of the
analytical procedures as outlined in Section 1 require a set of built-in
controls to prevent or detect incorrect results. This Manual is dedicated
to a program of quality control that will significantly minimize the out-
put of unreliable and invalid analytical data. In a legal action, it is
not unusual that the testimony of the analyst 18 evaluated on the strength
or weakness of the operating quality control program in his laboratory.

The Quality Assurance Section of the Analytical Chemistry Branch, EPA-ETD
Laboratory in Research Triangle Park, N.C., functions as the coordinating
unit for a quality control program involving various laboratories in the
EPA regions. This program was inaugurated in 1966 by the Techniecal
Services Section of. the Perrine Primate Laboratory, Perrine, FL., before
the Laboratory was moved to North Carolina. Originally, the program was -
limited to Community Pesticide Studies, National Monitoring, and State
Services Laboratories operating under contract with the U.S. Department
of Health, Education, and Welfare, and more recently with the EPA to con-
duct chemical monitoring for pesticide residues in man and environment.
Parts, such as the interlaboratory check sample program have now been
expanded to include other state and private laboratories cooperating with
the EPA.

The quality control program can be broadly divided into two classifications,
both of which will be discussed in detail in this and the following Sections.
The Interlaboratory control program, which was the first one formalized,
involves analysis of uniform samples* by a number of participating laboratories

*The terms 'check sample” and "blind sample” are used interchangeably for the
samples prepared and distributed by the coordinating laboratory. The former
term should not be confused with the other widely used meaning of "check
sample” (or control sample), that ig a sample substrate known to initially
contain no pesticides, and then spiked to evaluate Tecovery by a certain
procedure. '
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Sections 2B, 2C

in order to assess the continuing capability and relative performance of
each. In addition, this program indicates, on a mathematicsl basis, the
degree of confidence that can be placed in the results of sample analyses,
and identifies analytical areas needing further attention. The coordinating
laboratory receives data from the participating laboratories on a special
report form, processes the data, ranks the laboratories in order of

relative performance, and distributes the final results. Detalls of these
procedures and typical sample data are given in Subsections 2D through 2J.

The Intralaboratory control program, which will be treated in detail in
Section 3, assists a single laboratory in improving the accuracy and pre-
cision of data produced by its personnel by providing systematic guidelines
for top quality analytical methodology and techniques. One feature of this
progranm is the continual, periodic analysis of standard reference materials
(SPRM's) by each analyst and recording of the results on a graphical quality
control chart. This chart, which is a plot of the analytical results. vs.
their time or sequence, evaluates periodic performance in terms of both
precision and accuracy and includes upper and lower control limits to serve
as criteria for remedial action or for judging the significance of varia-

‘tions between duplicate samples.

A "Statistical Terms and Calculations subsection at the end of Section 2
will explain some basic terms, equations, and cperations used in the quality
control-programs for data handling and calculation and statistical evalua-
tion of analytical results.

PROGRAM OBJECTIVES

The objectives of the interlaboratory program are:

a. To provide a measure of the precision and accuracy potential of
analytical methods run routinely by different laboratories.

b. To measure the precision and accuracy of results between laboratories.
c. To identify weak methodology.
d. To detect training needs.

e. To upgrade the overall quality of laboratory performance.

PROGRAM ACTIVITIES
The interlaboratory program includes the following activities°
a. Analysis of interlaboratory check samples by all participants.
b. Operation of a repository to provide any non-profit laboratory

with analytical grade pesticide reference standards, over 700 of which are
now available. These are listed in an index available from the ETD labora-

tory .
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Section 2D

¢. Providing uniform, standard analytical methods in the form of
an analytical manual also available from the ETD laboratory.

d. Quality control of materials of uniform standard quality such as
precoated GC columm packings, cleanup adsorbent, etc. These materials
are purchased from commercial suppliers under stringent specifications
in bulk lots, and distributed Iin individual units to EPA laboratories and
other facilities under formal contract with EPA to conduct pesticide
studies.

e. Providing abbreviated, informal, on-the-job training for specific
requirements.

£. Assisting with problems relating to analytical methodolbgy by
phone, mail, or on-site consultations.

g. Operation of an electronic facility for repair, overhaul, design
and calibration of laboratory instruments.

TYPES AND PREPARATION OF SAMPLE MEDIA

The check sample program is probably the most important interlaboratory
activity because all allied activities closely depend on it. Samples used
in the program are mixtures of pesticides in a substrate ranging from pure
solvent, in the simplest case, to those media routinely analyzed by the
participating laboratories, such as fat, blood serum, gonad, brain, and
liver tissue, water, soil, and simulated air samples.

As an example, a description is given of the preparation and handling of
a blood interlaboratory check sample by the coordinating laboratory:
General population serum samples are obtained from a local blood bank,
typically in 300 ml bottles. The frozen samples are thawed in a re-
frigerator (2-3°C), poured together into a stainless steel container -
(previously rinsed with acetone), and mixed well. Approximately 4 liters
of serum have been sufficient for the program for one year. Experienced
chemists analyze the pooled serum to establish the base level profile and
to be sure mo gross contamination Is present. Part of the sample is then
divided into small storage bottles with Teflon~lined caps and stored in
a freezer (~18 to -23°C). The remainder is stored in bulk in the freezer
for later spiking. : :

Sub-samples are mailed to participating laboratories to serve as their
interlaboratory check sample and to provide sufficient intralaboratory
standard pesticide reference material (SPRM) for six months. Each labora-
tory supervisor requests in advance the amount of sample required for the
latter purpose based on his estimated routine sample load (see Subsection
3D). A careful study has indicated there is no need to mail the samples
frozen because neither pesticide nor sample degradation has been observed
in a 3-to 4-day period. After removing the amount required for the inter-
laboratory check sample, personnel at each laboratory sub-divide the re-
mainder into small vials that are stored continuously in a freezer.
Individual vials are removed as needed to provide 2.0 ml intralaboratory
SPRM samples.
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The next time an interlaboratory blood sample is required, the same
pooled base sample is spiked with pesticides common to blood. This sample
will allow the participating laboratories to test their recoveries at high
pesticide levels, thereby simulating analysis of routine samples from
individuals occupationally exposed to high pesticide levels. Again,
enough sample will be provided each laboratory to serve both as inter-~

.laboratory sample and intralaboratory SPRM's for six months.

The same basic procedure is used for other check sample substrates.
Rendered chicken fat from a poultry plant has been used for fat samples,
while animal brain, gonad, and other tissue check samples have also been
prepared. It is anticipated that urine, milk, and soil samples for testing
certain procedures will be supplied in the future.

With the check sample, each participant‘receives a covering letter providing
the protocol for handling the sample. The time allowed for analyzing and
reporting results corresponds to the normal time for processing a similar
routine sample.

Although it is presumably a blind sample to be analyzed along with the daily
work load, the interlaboratory check sample will most often be recognized

as such by the chemist at the time of analysis. The chemist is likely to
glve special care and attention to this sample, and, in addition the best
chemist in the laboratory may be assigned the sample in the first place.
Therefore, poor results on an interlaboratory check sample must be con-
sidered a serious matter since they will often represent the very best work
the laboratory produces.

The importance of the interlaboratory check sample program is indicated

by a number of actions that were initiated toward standardization based on
information obtained over the years. These include distribution of pre-—
tested Florisil cleanup adsorbent and GC column packings and frequently up-
dated standard analytical methods, and a centralized calibration and
electronic repailr facility.'

REPORTING FORMS

Laboratories are requested to report theilr results on special forms. The
forms are designed to provide supplemental operating data in addition to
numerical results of the analysis. The standard reporting form, with de-
tailed instructions for completion on the reverse side, is shown as Table
2-1., The data and information supplied by each laboratory include the
sample size, extent of concentration of the sample extract, injection
volumes, elution cuts if column cleanup is required, all instrumental
operating parameters, identity of the GC column, and the numerical data and
original chromatograms upon which all calculations are based. The chromato-
grame must be clearly identified so that they may be related to the data

on the reporting forms for easy checking of the quantitative results by the
coordinating laboratory.
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2F EVALUATION OF REPORTED DATA

When the completed reporting forms from the participating laboratories

are received in the coordinating laboratory, the quantitative results are
entered on a Summary of Results sheet illustrated in the next subsection.
If any results appear obviously and grossly erroneous, the laboratory is
contacted at once and given a chance to review its work and change the
report if a simple computational or transcription error is found. After
all results are recorded, a statistical analysis of the results is made
and recorded on the Summary of Results sheet. A relative performance or
ranking table is also prepared, establishing a numerical ranking value for
each laboratory (Subsection 2H). :

After the data evaluations and calculations are made, the completed report
forms and chromatograms from the laboratories with the poorer rankings are
subjected to detailed examination to determine, if possible, the reasons
for the inferior performance. Availability of the actual recorder traces
of the chromatograms for study is vital because they allow the coordinating
laboratory to check such factors as column efficiency, sensitivity of de-
tection, instrumental problems such as baseline noise and improperly adjusted
recorder gain, proper operating parameters to produce well-resolved peaks,
inaccurate reference standards, and faulty quantitation procedures. A de-
tailed critique is then written, and in cases of extremely poor performance,
the laboratory is immediately contacted by phone to apprise it of the poor
ranking and to make suggestions to improve its performance. ' '
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1.

2.

3.

4.

6.

7.

8.

INSTRUCTIONS FOR COMPLETION OF REPORT

If we are to provide you with a critique on the analytical pe:formande the
data requested on the report form must be complete. All of it is meaningful
for a full performance evaluation whether it makes sense to you or not.

Use one report form for.each GLC column and show under RESIDUE only those
values you want to appear in the final summary of results. For example,

if a given compound is quantitated on two columms, report only the value

in which you have most confidence. Do not leave the choice to us.

Under the column headed M1 in Final Vol., the numerical value to be placed
here should be the final volume after concentration (or dilution). TFor
example, in handling a blood sample, an extract concentration down to 1.0 ml1
might prove necessary for the quantitation of dieldrin. 1In this case, the
figure 1.0 would appear in the column opposite dieldrin. However, for the
determination of p,p'~DDE, a dilution of the concentrated extract up to 10 ml
may be indicated. In this case, the figure 10 would appear opposite p,p'-DDE.

Each chromatogram of sample and standard shall be sequentially numbered.
These numbers are then to be written on the appropriate.lines in the column
headed CHROMATOGRAM NUMBER. Two numbers should then appear opposite each
pesticide reported, one representing the standard chromatogram, the other
representing the sample.

Include wiﬁh the chromatograms a standing current profile for each E.C.
detector being used in D.C. mode. Label each step with the polarizing
voltage for that step.

Mail only original chromatograms with your report, not photocopies. All
chromatograms will be returned. Fold chromatograms for each column. in
accordion fashion from ome continuous roll. Do not slice up. If your
recorder runs a considerable distance beyond the last peak, don't slice it
off right after-the peak. Let us have the whole pen run.

With your report, include all chromatograms related to the sample work whether
used for quantitation or confirmation. However, for those G.C. columns used
for confirmation only, include all data on the report form except a final
quantitative value.

On submitted chromatograms, identify each peak resulting from a standard
injection and show the amount of compound represented by the peak in pg
or ng.
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Section 2G

The reports from all other laboratories are then scanned to locate any -
irregularities that may lead to future problems. A general letter is
drafted, and a copy is mailed to all participating laboratories. The letter
discusses common analytical difficulties encountered by several labora-
tories and offers suggestions that appear to have general applicability for

‘improving compound identification and quantitation. Each laboratory also

“recelves a copy of the Summa:y of Results, with each laboratory identified

2G

by a code number, and a copy of the Relative Performance Table. Finally,
a private critique of performance is sent to each laboratory exhibiting
special need for help (Subsection 21)

SUMMARY OF kESULTS TABLES AND RESULTS OF CHECK SAMPLE ANALYSES

Typical summary'tablés are illustrated as Tables 2-2 through 2-13.
Definitions and means of calculating the items included in the statistical

'report at the bottom of each table are given in Subsection 2K.
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Section 2G

TABLE 2-2
INTERLABORATORY CHECK SAMFLE NO. 26, MIXTURE OF STANDAPDS IN SOLVENT

SUMMARY OF RESULTS .

LAB CODE PESTICIDES REPORTED IN PICOGRAMS PER MICROLITER
NUKBER I indane|Aldrin|Eporide BiR'" IDteldrin|Endrin| 2B' " [BeR' - |P0T= lntnion| 81B" < PaB" = Mi- Incpsls-pie
10 10 10 75 20 30 20 100 0 0 0 0 0 0 0
43, 12 Lee | 53¢ 379* | 15+ |87 | 32 | 578+
47, 10 11 11 88 e B === | 195*
48, 9.7 | 9.2 | 87 73 3 29 a8 | 113
52, 18+ 11 13 29% 16 i5 o= | === | 379
53, th 14 1% L7 18 87% " -== | 91
54, 20% 3.0%| 6.0% - — ——— -—- 22% | 34 4.0l 29 | 9.0
66, 9.k 8.0 9.2 66 1k 30 14 115
68, 10.1 | 10 8.5 76 21,6 |~~~ | 65% | 99
69 10.% 3 _—— —— 92% -—— 24 -
71, 10 5,0 | 10 -==| 1c00% 60% - | 150%
72, 13.8 8.8 9.k 91 19.5 |42 20 98
73 12 12 10 64 .19 27 33 9k
83. 11.4 | 4.2 | 13.5 59 29 39 32.5] 88
&4, 8.5 9.5 8.4 70 10 15 11 94
85. 8.5 8.3 8.1 75 18 27 20 90
87. 9.5 | 10.6 9.6 63 22.8 | 32 24 99
88, h.00| 14 12 - 78 22 12 28 ok
89. 9.0 8.0 | 10 70 10 14 23 120
90, 4,801 6.9 5.1% ks 11.5 | === 41 73
92. 9.0 | 10 9.0 90 20" | eem 46 115
93. 10 12 81+ 22 32, 33 31 125 i 16
95, 11 8.0 | 8.0 80 21 e -
96, 12,4 | 12,1 } 10.9 119+ 21.7 | 35.5 | 27.6 ] 150%
97. 9.4 | 11 9.8 89 23.4 | 33.6 | 41 110 _13.2 2.5
113, 9.0 8 8.6 69 16.4 | 29 20.4| ok
113A. 9.2 7.8 9.4 72 | 16,8 | 28 20.41 96
130, 11.2 | 11.0 | 11,0 86 23.8 | 29 - 26,5 | 112
135, 9.8 9.4 9.3 7% 14 25 21 104
137, 11 10 10 73 23 29 27 193
160, 11 9.0 | 10 102 ——— 24 -— | 97 68
161. 9.7 9.6 | 10.% 70 16.9 | 28 18.5} 95
162. 10.1 | 12.2 | 10 77 2.3 | 36 22.61 101
163. 14 11 10 78 19 -——— 36 96 12
164, L,5*] &,8 6.3% 18% 13.4 | 24,9 | 16.2] 56+ 20
Mean 10.5 9.9 { 10.1 72%.d 19.6 | 27.7 | 26.2| 100
Std.Dev, 1.56) 2,31} 1.61 12,9 5.641 7.82) 8.5 11.6
Rel.Std.
Dev.,% 14.9 | 23.% | 15.9 17.4  28.8 | 28.2 | 32.6] 11.4
Total
Ervor,% 36 4.7 § 33 36 58 60 116 23 *Reidcted ag
outlliers
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Section 2C

a. Check Samples Composed of Standards Dissolved in Solvent

Table 2-2 shows data from a group of 34 laboratories participating in
an interlaboratory control program for the first time as a group entity.
The distributed sample consisted of a precige formulation of eight chlorina-
ted pesticide and metabolite standards dissolved in pure solvent in a sealed
ampoule; no cleanup steps were required. The mean and standard deviation
values were calculated after rejection of the outlying values designated by
asterisks. (See Subsection 2Kf for description of fitness test). The pre-
cision (relative standard deviation) was considered "good" for this type
sample only for the compounds lindane, heptachlor epoxide, and p,p'-DDT,
“fair" for p,p'-DDE, and "poor" for the other four. The overall average
RSD (relative standard deviation; Séection 2Ke) for all compounds was 21.6%,
nearly double the value expected from a group of laboratories with top
quality analytical output, such as i1liustrated by Table 2-3, Total error
values considered "good" include lindane, heptachlor epoxide, and p,p'-DDT,
aldrin is "fair", and the others "poor." The average total error was 52%,
Just outside the "acceptable" level of <50%.

Table 2-3 shows, for comparison, results on the same sample (except for a
more difficult, lower endrin content) by a group of laboratories that (except
for one) had been in the quality control program for several years. The
calculated average RSD value is 7.7% and the average total error is 20%,
both "excellent" performance values. The average total time spent in each
laboratory on the sample by this group was 1.5 days. During the earlier
years of participation, the data output of these laboratories was similar
to that shown in Table 2-2, but continuing participation in both Inter- and
Intralaboratory Programs resulted in gradual improvement in performance to
the levels shown in Table 2-3. As an example of a factor responsible for
the poor results in Table 2-2, the 34 laboratories used 33 different GC
columns, while the experienced group represented in Table 2-3 used only
the optimum GC columms and the operating parameters recommended in the EPA
Pegticide Analytical Manual and in Section 5 of this Manual.

b. Blood Serum Check Samples

Table 2-4 shows results for a blood serum check sample reported by 18
laboratories with experience in the quality control program. The average
RSD of 13% and total error of 33% are quite acceptable for this type of

sample.

Table 2-5 shows results for a second serum check sample reported by 12
participating laboratories. This sample was prepared from the same base

lot of serum used for a previous sample (No. 31) issued earlier. It was

held in a deep freeze for the intervening six months. The formulation

values on the summary sheet were regarded as approximate. The formulation

was based on the data profile on the sample as it was originally received,
plus data from the laboratories analyzing the earlier check sample. The values
were believed to be valid within ca + 15%Z. Precision on this sample 1s very
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Section 2G

good for dieldrin, p,p'~DDE, and p,p'~DDT and is fair for o,p'-DDT. The
total error, embracing both precision and accuracy, is highly satisfactory
for dieldrin and satisfactory for the other three spiking compounds. TIwo
laboratories reported traces of heptachlor epoxide and. 8-BHC, both of which
compounds were probably actually present in trace quantities.

Results of a third serum check sample are given in Table 2-6. The mean
values reported are very close for dieldrin and P,p'-DDT (102Z recovery in
each case), high for o,p'-DDT (130% recovery), and slightly low for p,p'-DDE
(932 recovery) No reported values were rejected, but the laboratories with
DDE values below 23 ppb and the one laboratory reporting 34 ppb were cautioned
to scrutinize their recoveries to bring them into a range closer to the

mean. Interlaboratory precision for DPE and p,p'-DDT was excellent, and,
considering the low concentrations present, the RSD values for dieldrin and
0,p-DDT were acceptable. The sample was prepared by spiking serum used to
prepare an earlier check sample (No. 35). Although the formulation values
are reported as approximate, in-house analysis of the final formulation indi-
cated that the correct values were as shown.

Table 2-7 shows the results reported by 16 laboratories for a fourth blood
serum blind sample. The sample contained three actual residues and three
spiked residues, one of which (PCP) was added only to enrich an already-
present residue. Residue identity and quantitation were straight-forward
because all peaks were resolved on the recommended GC cdlumns. A formal
laboratory performance ranking (Section 2H) was not prepared for this sample
since only HCB and trans-nonachlor were spiked in known amounts to blank
serum. Calculations were made, however, for review purposes based on the
known values fof HCB and trans-nonachlor and the average recovery as the true
values for p,p'-DDE and p,p'~DDT. On this basis, good laboratory performance
was demonstrated by participating laboratories with few exceptions. Of the
16 reporting laboratories, 9 would have scored above 190, 3 above 170, and

4 in the 116-147 range. The mean recovery for HCB was 99% and forggxgng
nonachlor 110Z. The relative standard deviation (RSD) figures as showm in
the accompanying table demonstrate'good precision with the possible exception
of p,p'-DDT. The 31% RSD for p,p'-DDT appears excessive at first glance but
is certainly understandable considering that the low residue level of 2.6 ppb
is close to the method sensitivity limit.

A 50 ppb spike was added to pooled serum containing PCP in an unknown amount.
Three values were reported of 102, 142, and 190 ppb. A fourth value obtained
by one laboratory was 180 ppb. The true value obtained by one laboratory was
180 ppb. The true value was probably in the 180-190 range, since analysis of
the unspiked serum in the coordinating laboratory yielded 126 ppb. Compared
to 180 ppb in the fortified sample, this gives a difference of 54 ppb, which
is in excellent agreement with the actual spike of 50 ppb. The higher
results obtained by the coordinating laboratory and laboratory No. 4 can be
explained by the fact that a revised PCP method including a hydrolysis step
to free conjugated residues was used by these laboratories but not by
laboratories No. 7 and 25,

Although performance on sample 54 was generally good, significant quantita-
tion error was observed in a few instances. The integrity of standard
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solutions was suspect in some results, but poor chromatography techniques
were undoubtedly also major factors. Some specific examples based on careful
analysis of results are: measuring small responses like 5-~6 mm peak heights;.
injecting less than 3 ul; large differences in injection volumes of sample '
and standard; and large differences in peak heights of sample and standard.
Careless mistakes were also evident. One laboratory spoiled an excellent

set of data by identifying trans-nonachlor as heptachlor epoxide on the
OV-17/0V-210 columm. A re—injection on an OV-210 column was made, but
identity was evidently not checked against heptachlor epoxide standard also
on the same chart. This would have clearly signalled an identification
problem. TIwo laboratories missed p,p'-DDT. The GC system did not appear
gensitive enough in one case. However, from chromatograms submitted by the
other laboratory, it appears that the sample chromatogram was not allowed to
run sufficiently long to elute DDT. These kinds of problems are discussed
in detall elsewhere in this Manual, especially in Section 5.

The results of 17 laboratories with a fifth serum blind sample are shown in
Table 2-8. Although this sample represented a rather simple residue mixture, :
the necessity for a judicious choice of GC columns is well {llustrated. ‘
Heptachlor epoxide and trans-nonachlor are well geparated on the two mixed-
phases OV-17/0V-210 and SE-30/0V-210, but not on the single phase 0V-210.
Dieldrin and p,p'-DDE separate on SE-30/0V-210 or OV-210 columns, but an
exceptionally efficient OV-17/0V-210 column would be necessary for accurate
quantitation. All Office of Pesticide Programs project laboratories involved
in the study correctly identified the six serum residues. Two mon-project
laboratories missed one compound each. Fifteen of the 17 participants had
performance ratings in excess of 190 points (Table 2-18).

Table 2-9 gives results for a serum blind sample containing mirex, All :
participants except one correctly identified five pesticide residues, while
only 3 laboratories identified mirex. The p,p'~DDE was not spiked but repre-
sented the actual residue in the pooled blood serum matrix. Mirex was not
dncluded in the scoring but was fortified at the 10 ppb level. Low recovery
of mirex demonstrates the poor extraction efficiency of this compound in
hexane. The results of laboratories as 24 and 52 and the coordinating
laboratory indicate an extraction efficiency of ca - 25%Z. This low level
placed the mirex concentration below the GC sensitivity limit for several -
of the laboratories.

c. Fat Check Samples

Tables 2-10 through 2-12 show results for fat check samples. For sample
56 (Table 2-11), all reporting laboratories correctly identified the seven
added pesticides. Dieldrin was not added as a spike, but was identified by
6 laboratories in amounts of 5-10 ppb.

Sample 70 (Table 2-12) was designed to measure the proficiency of;a labora-
tory in recognizing and quantitating PCB contamination in an adipose sample:
containing common organochlorine pesticide residues. The pesticides and
fortification levels were chosen based on data from national surveys so as

to represent a realistic analytical problem. In the summary of results table,
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laborateries listed abqve the double line are Epidemiology/Human Monitoring
Contract laboratories. This sample proved to be a very difficult challenge

- for the majority of the laboratories. The percentage total error (TE) -

figures demonstrate a generally unacceptable level of performance for this
analysis. Five of the nine TE figures were greater than 507 and, there-

fore, unacceptable. TE figures for only the EPA contract laboratories

were: HCB, 51.3%; B-BHC, 16.4%; oxychlordane, 45.7%; trans-nonachlor, :
22.37%; heptachlor epoxide, 43. 57 p,p'-DDE; 46.7%; p,p'-DDT, 30 1%Z; dieldrin,
42.7%3 ‘and PCB 1254, 120%.

d. Water Check Semple = . I : L

Table 2-13 shows the results of an interlaboratory water round robin
sample reported by 19 laboratories in 1977. The sample contained spikes :
of four parent organochlorine pesticides plus Aroclor 1254, but no partially
altered compounds as would undoubtedly be present in routine monitoring

- samples.. The results shown in Table 2-13 are acceptable considering the

2H

relative difficulty of the sample. . Interlaboratory precision, as measured
by the relative standard deviation values, are reasonable, and total error
values, although above the 50Z level considered satisfactory for less.
complex formulations, are not too far off on this particular sample.

Mean recovery values for all laboratories, after rejecting outliers, were
HCB, 67%, oxychlordane, 83%; 2,£_-DDE 85%; p,p'-DDT, 86Z; and Arcclor 1254,
81%. The value for HCB is not as bad as indicated because the best re-
covery possible for HCB was 85% (0.25 ppb) '

RELATIVE PERFORMANCE RANKING
a. Origiﬁaliferfsrmance Ranking Scheme

A scheme has been used from the start of the QC program until 1980 for
the relative ranking of laboratory results in the analysis of multiresidue
check samples. This ‘scheme, described in this section, was used to calcu-
late the rankings shown in Tables 2-15 to 2-22. A new scoring procedure
that has been adopted for future interlaboratory samples is described in
Subsection 2Hb,

There are three essential criteria for a high score in the performance
ranking, namely, correct identification of all pesticides present, correct
quantitative assay of the pesticides, and non-reporting of pesticides not
present. The ranking scheme incorporates all three criteria and provides
a numerical -score for each.‘

The maximum possible score is 200 points, 100 for correct identification
and 100 for quantitatdion. A detailed explanation of the calculation pro-
cedure follows.

1 Identification

- The 100 possible total points divided by the number of compounds
actually present yields the point value per compound. Correct identification
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Section 2H

of all compounds present and reporting of no extra compounds results in a
total score of 100 points. A penalty’ equal to the point value per compound
is assessed for each compound reported that is not actually present. For
example, if five compounds are present in the check sample, each is worth
20 points. If one is missed and one extra is reported, a penalty of
2x20=40 points will be assessed against identification performance. The
score In this part would then be 100-40=60 points.

(2) Quantitation

The point value per compound is again the total possible points (logﬁk g
divided by the number of compounds present. Should all reported values o
coincide exactly with the formulation values (an unlikely situation), ;E@'
full 100 points are awarded. When a reported value differs from the fotmula-
tion value, the difference between the two (the absolute error); diyfded by
the standard deviation (previously calculated for each compound)” zives a
"weighted deviation." This value is subtracted from the point value of the
compound to give the quantitative score for that compound: ,

Compound Quantitative = Compound Point _ Absolute Error
Score Value Standard Deviation

The total score for this part is the sum of the individual compound quantita—
tive scores. ‘

An important dspect of the quantitative portion of ranking is the role
played by the standard deviation for each compound. If the precision of

the group for the analysis of a particular pesticide is poor, the standard
deviation for that compound will be relatively high. If a laboratory has

a large absolute error for this one compound but an otherwise excellent
performance, division of the error by the large standard deviation will
lower the point loss so that an unduly heavy scoring penalty is not received.

(3) Total Score and Sample Results :

The total score for laboratory performance is the sum of the identifica~
tion and quantitation point totals. Table 2-14 illustrates in detail the
method of calculation for a hypothetical analysis in which ome compound 1s
missed and one extra is reported, resulting in an inferior total score of 125.

~38-




Seetion 2H
Table 2-14

CALCULATION OF TOTAL SCORE FOR RELATIVE PERFORMANCE RANKING

Pormulation : Reported Analytical Standard
pg/¥l - values pg/ul Deviation*
g-BHC “ 30 . 27 2.10
p,p' =DDE 40 | 0 ' 1.75
Dieldrin 20 . 50 2.50 -
o,p'~DDT 10 , ' Not Reported 0.60
p,p' ~DDT 50 47 | 1.44
a=-BHC 4 ' None 10 ' -——

*Of all data from participating laboratories

Point value for each compound is 100% 5 = 20

Identification
B-BHC - 20
p,p'=DDE - ‘ 20
Dieldrin - - 20
g,EfDDT" - . o]
psp'-DDT - 20
- sum = 80 . :
-20 Penalty for false identification of &~BHC
60 Total identification points
Quantitation
. ' 30 - 27
B-BHC ‘ - 20 356 =19
p/p'-DDE = 20 - 20220 -2
. . ' 20 - 50
Dieldrin - 20 - 350 = 8
9,p-DDT - ---- = 0
psp'-DDT - 20 - 501"437 = 18
Total quantitatioﬂ points = 65

Total laboratory score 60 + 65 = 125 (of a possible 200 points)
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Tables 2-15 through 2~22 show Relative Performance Rankings for groups of
laboratories on check samples of different types. Table 2-15 shows rankings
for the laboratories reporting the data in Table 2-3. Laboratories with
scores over 190 are considered to have demonstrated generally acceptable
performance with some possible minor problems. Scores between 150 and 190
indicate definite problems that should be quickly resolved. Those with
scores below 150 should suspend all routine pesticide analytical work
pending the resolution of very serious problems in both identification and
quantitation, the effects of which place in doubt all routine analytical
data output of the laboratories. The laboratories are to initiate corrective
action immediately based on the general and individual critiques received
and personal consultations with the coordinating laboratory. The remaining
portions of the original check sample can be used as a reference standard
material to internally evaluate improvement before receipt of a new check
sample to again test laboratory performance. ' :

Each set of performance ranking data must be carefully appraised by highly
skilled, experienced residue analysts in the coordinating laboratory before
deciding upon what, if any, action should be taken based on the results.

For example, Table 2-16 shows ranking data for 17 laboratories analyzing

a fat sample (results reported in Table 2-10) and Table 2-17 a blood analysis
performed by 16 laboratories. : Examination of the scores for the fat sample
indicates a significant breaking point between laboratories with 185 or more
points and those with 168 or lower. Reference to Table 2-16 shows that those
below the break point had readily apparent problems, and these four labora-
torles received corrective critiques. To the contrary, all rankings for  the
blood analysis were 192 or greater, and all laborgtories were considered to
have turned in acceptable performances, even those with the poorest relative
scores,

Performance rankings for laboratories participating in the analysis of some
later blind samples are shown in Tables 2-18 to 2-22. - Rankings for blood
gerum sample No. 59 shown in Table 2~18 indicate that only two laboratories '
scored below 190; one laboratory scored below the 150 level indicating very
serious problems requiring immediate resolution. Performance on serum sample
No. 66 (Table 2-19) was also generally excellent, with all but one laboratory
scoring above 190 points. Performance on fat sample No. 56 (Table 2~20) was
also excellent, with 12 of the 16 laboratories scoring over 190 points and a
low score as high as 175.9. Since there were no missed compounds, the scoring
spread reflects entirely the ability of the laboratories to accurately
quantitate residues. The lowest scoring laboratory did not use proper
standards for some quantitations, so accuracy was understandably-poor. The
12Z recovery for heptachlor epoxide by laboratory 16 was also understandable
because the analyst attempted to quantitate a peak height of only 8 mm against
& 62.5 mm stdndard (see Section 50h). Fat sample No. 70 was an exceptionally
difficult sample containing both common organochloride pesticides and PCBs.
Only 5 laborgtories achieved a score of 190 or above (Table 2~21). Perfor-
mance on water: sample No. 39 is shown in Table 2-22. Laboratories with
scores above 170 had only minor problems, if any. Below this, there was
sharp drop-off to a score of 115.9. The score of zero for the lowest labora-~
tory, which was a new participant in the EPA AQC program, resulted because
the sum of -the penalty points exceeded the positive points.
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Table 2-15 -

RELATIVE PERFORMANCE RANKINGS
CHECK SAMPLE NO, 26, MIXTURE IN SOLVENT
Lab. Code ~ Compounds Palse No. of Total
Number : Missed Identifications Rejects 1/ Score 2/

ie6l. 0 Q 0 198
137. 0 0] .0 198
135. 0 0 0 197
162. 0 0 0 197
87. 0 0 0 . 197
113A. 0 0 0 197
113. 0 0 0 196
‘85. 0 0 o] 196

48, 0 0 0 195
130. 0 0 0 195
66. 0 0 0 195
73. 0 0 0 194
72. -0 0 0] 194
84. 0 0 0 192
89. 0 o 0 192
88. ) 0 1l 189
83. o 0 o 189
96. - 0 -0 2 187
97. 0 1 0 181
164, o] 1 4 169
68. 1 0 1 168
92. 1 o] 0 168

93. 0 1 2 164
90. 1 0 2 159
53. 1 0 1 158
163. 1 1 o 157
95, © 2 0 0 146
160 2 1 o] 133
45, 0 0 6 128
71. 3 .0 3 127
52. 2 1 2 123
47. 3 0 1 115
69. 4 0 2 84
54. 4 4 4 25

1/ Valqes.outéide confidence limits
2/ Total possible score 200 points .
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Table 2-16

RELATIVE PERFORMANCE RANKINGS - CHECK SAMPLE NO. 21, FAT

Lab, Code Compounds False ‘ No. of - Total
Number Missed - - Identifications Rejects 1/ Score 2/

198
198
198
197
195
193
191
191
191
189
188
187
185

1s.
16.
8.
25,
7.
4.
26.
. 33.
5.
34.
11.
9.
31.

©O O O OO0 OO0 0 0o O o
O O OO0 © OO0 O 0 o o o
©O F H H O MO OO O O o o

168
168
167
165

6.

1.
14.
24.

O H M

1/ Values outside confidence limits
2/ Total possible score 200
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Table 2-17

RELATIVE PERFORMANCE RANKINGS - CHECK SAMPLE NO. 23, SERUM

Lab. Code Compounds False : No. of Total
Number Missed . Identifications = Rejects 1/ . Score 2/
1. o 0 0 198
2. 0 0 0 198
3. 0 0 0 197
4. o ) 0 197
5. 0 [¢] 0 197
6. 0 0 0" 197
7. 0" ] o 196
8. 0" 0 0 196
9. 0 o 0 196
10. 0 0 0 196
C11. 0 ‘0 0 196
12. 0" 0 0 195
13. 0 0 0 194
14. 0 0 0 193
15. 0 0 1 192
16. Q- 0" 1 192

l/' Values‘outside confidence limits
2/ Total possible score 200
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Table 2-18
RELATIVE PERFORMANCE RANKINGS
CHECK SAMPLE NO. 59, BLOOD SERUM
Compounds ‘ False - No. ‘of 1/ Total 2/
Tab Code No. Misged - Identifications Rejects = Score -~

8 0 0 . 0 198.04
15 0 0 0 197.72
26 0 0 0 197.31
25 0 0 0 197.08
4 0 0 0 196.54
11 0 0 0 196.51
14 0 0 0 195.90
5 0 0 0 195.41
1 0 0 0 195.30
13 0 0 0 194,37
7 0 0 0 194,05
16 0 0 0 193.49
6 0 0 0 193.30
32 0 0 0 191.60
12 0 0 1 191.52
9 1 0 0 162.41
34 1 0 4

147.15

1/ Rejected as outliers
2/ Total possible score - 200 points
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Table 2-19 )
RELATIVE PERFORMANCE RANKINGS

CHECK SAMPLE NO. 66,.éLO0D SERUM

Compohnds ) *Ealsé ' ~ No. of / Total
Lab, Code No, Missed . Identifications Rejects ~ Score =

52 0. .0 0 199.3
25 0 0 0 197.7
12 0 0 0 1 197.6
0 0 0 196.9
0 0 0 196.7
24 0 0 0 195,.7
38 .0 0 0 195.5
26 0 0 0 195.5
7 0 0 0 195.4
14 0 0 0 194.1
1 0 0 0 194.0
13 0 0 0 193.8
0 0 1 192.0
6 0 0 0 191.0
16 .0 0 0 190.8
11 1 0 0 153.1

1/ Rejected as outliers ;
2/ Total possible score - 200 points
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Table 2-20

RELATIVE PERFORMANCE RANKINGS = -
CHECK SAMPLE NO. 56, FAT

Compounds  False No. of 1/ " Total 2/
Lab. Code No. Misgsed Identifications © Rejects Score ~

197.60
196.29
195.42
194.87
193.67
193.17
192.59
192.57

. 192,19
191.89
191.63
190. 54
190.29
189.09
184.69
175.87

15
38
1
25
11
8
12
4
6
14
34
7
13
26
16
31

O O OO O 0 OO © o o o

© vp,

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

1/ Rejected as outliers )
2/ Total possible score — 200 points




Section 2H

Table 2-21
RELATIVE PERFORMANCE RANKINGS
CHECK SAMPLE NO. 70, FAT
Lab. Compdunds : False» Identifidation Quantitation Total
Code No. Missed Identifications Score Score Score
51% 0 0 100 - © 95,57 195.57
8% 0 0 100 | 92.89  192.89
26+ 0 0 wo 917 19117
38 0 0 100 90,37 190.37
4 0 0 100 : 90.24 190,24
52 0 0 100 73.80 173.80
25% 0 2 77.78 94.03 171.81
11% 1 0 88.89 f 81.30 170,19
7% 0 1 .88.89 80.99 169.88
16 1 0 88.89 79.14 168.03
14% 1 0 88.89 77.68 = 166.57 ¥
13 1 0 88.89 77.12 166.01
9 1 0 88.89" 75.95 = 164.84
12% 1 1 77.78° - :80.62 158.40
24% o1 1 77.78, - 78.38 156.16
6 2 0 77.78" 73.33 151.11
10% 1 2 66,67 . 83.21 149.88
1 2 3

44 .44 69.10 113.54

* Epi&emiology/Human Monitoring Contract Laboratory
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Table 2-22
RELATIVE PERFORMANCE RANKINGS
CHECK SAMPLE NO. ‘49, WATER
Compounds False No. of 1/ Total 2/
Lab. Code No. Missed Identifications Rejects = Score ~
5 - _— . 195.72
3 - - — £ 195.37
25 - | - — 195.14
15 - - - 194,31
8 -— - - 191.87
11 — -— - . 188,93
34 - - 1 183.37
36 - . 1 1 . 171.40
13 2 - —-— . 115.92
26 2% - -— - 115.49
7 2 L -— — 114.42
10 2 1 - 94.0
16 1. - 4 80.0
1 3 - . - - 78.75
9 1 4 1 74,22
24 3 -_ 1 73.74.
12 3 1 B 56.57
6 4 - - 39,14
23 3

* Later reported the presence of the two compounds
1/ Rejected as outliers
2/ Total possible score - 200 points
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b. Current Performance Ranking Scheme

The new scheme adopted by the coordinating laboratory for ranking
laboratory performance on interlaboratory check samples differs from the
original only in the scoring of the quantitative results. The purpose of
the change is to cause a greater point loss for laboratories with signifi- -
cant quantitation errors. This, in turn, will improve the relative per-
formance of laboratories with more accurate results.

The new procedure involves dividing the absolute error by the standard

deviation (SD) to obtain the "weighted deviation" as before (Subsection
2Ha). The score for each compound is obtained by squaring the weighted
deviation and subtracting from the compound point value.

We;ghtea deviation " Point loss

0~1 standard deviations “0=-1

-2 1-4
2-3 . 49
3-4 9-16
45 . 16-25

The scoring penalty cannot exceed the point value per compound. It is
felt that this approach more fairly penalizes large errors but is not overly
harsh for results with small errors. :

As a specific example, ‘the quantitative scoring shown in Table 2-14, would
change in. the following manner under the new scoring system.

"Wéighted Points
Compound _deyiation” Subtracted Score
B-3HC 32« 1.4 1.96 20-1.96 = 18.0
L ‘ - ‘
p>p'-DDE 1075 = 0 0 20-0 = 20
30 , -
Dieldrin 3.50 = 12 20 20-20 =@
o,p'-DDT not — -
reported ?0 20 =0
p,p'-DDT . 1_%2“ = 2.1 4,41 - 20=4.41 = 15,6

| Total quanti-
tation points

- 53.6

" The major difference is the loss of all quantitation points for'dieldrin,
which certainly seems fair considering the deviation of 12 units. As
before, all points are lost for compounds not correctly identified (o,p'~DDT).
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Sections 2I, 2J

Experience will have to be accumulated using the new scoring method in order
to asgsess how the numerical values for satisfactory performance will vary
compared to the scores calculated with the old formula.

PRIVATE CRITIQUES

As already mentioned, laboratories with significant analytical problems receive
added assistance in the form of a private, individual critique of their results
reported for a check sample. The content of this critique depends upon the
problems that aré obvious from a careful analysis of the submitted results and
might include comments on incorrect standards, instrumental factors, calculation
errors, poor choice of materials or parameters, etc.

PROGRESSION OF PERFORMANCE,

During the early years of the Interlaboratory Quality Control Program, results
werz expectedly poor. Methodology, equipment, and reagents were a matter of
individual laboratory preference, and the first priority was development of
uniform methodology and standardization among all laboratories.

As an example of the improvement attainable from such a program, the recovery:
and precision results on interldboratory fat check samples for a group of
human monitoring laboratories over a period of years are shown in Table 2-23.
The method used in the first year was based on gas chromatography of a concen~ |
trated tissue extract without cleanup (1). Although the method was fairly rapid
and simple, it was discovered that the GC column and detector became rapidly
contaminated by repeated injection of uncleaned samples, and the check sample
results proved the method was unsuitable for routine use by a laboratory net-
woxk. Not only was precision poor as measured by the RSD, but the spread from
minimum to maximum recoveries for several compounds was extremely wide, and mean
recoveries were generally far from correct.

Conversion was made to a procedure including cleanup of the extract by ace~-
tonitrile/petroleum ether partition and Florisil column chromatography (2),
resulting in significant improvement in not only precision (sample 9, Table
2~-23) but in accuracy as well. After several months' experience with the method,
results on another check sample (sample 11, Table 2-23) were even better, and
with continued participation in the program, the laboratories made still further
progress in their performance through 1974 as the figures in the Table show.

The 1978 fat check sample results indicate an apparent reversion to. 1972
precision levels. Since methodology has not changed, the results apparently
reflect need for reestablishment of a training program for pesticide residue
chemists such as was once conducted by the EPA Perrine Primate Laboratory in
Florida. The 1979 results are also indicative of training needs plus the
gignificant complications of analyzing organochlorine pesticide residues in

the presence of PCBs.

The results in Table 2-24 show progression of laboratory performance on inter—
laboratory blood check samples between 1968 and 1979. In the beginning the
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Table 2-23
PROGRESSION OF RESULTS
FAT CHECK SAMPLE
Interiaboratory No. of No. of> Average Average
Sample Number Year Labs Compounds Recoveries, RSD,
v y4 4

1967 15 7 -2/ 50
1968 21 7 - 2/ 38
11 1969 19 7 108 24
21 & 1972 16 7 89 19
24 1973 14 7 95 14
28 1974 10 7 96 12
56 - 1978 16 7 92 19

70 1979 18 9 /

= 91 23

1/ Complete data given in Table 2-10
2/ Unspiked samples for which exact pesticide levels were unknown
_§/ Sample contained eight single component compound plus Aroclor 1254
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Table 2-24
PROGRESSION OF RESULTS
BLOOD CHECK SAMPLE
Interlaboratory No. of No. of' Average Averagé
Sample Number Year Labs Compounds Recov;ries, R;D,
6 1968 22 6 * 36
10 1969 20 "5 * 29
16 1970 22 4 * 21
17 1971 20 4 * 17
22 1972 17 4 96 14
23 1972 17 4 91 12
25 1973 18 4 100 13
27 1974 15 3 x 16
31 1975 17 4 % 20
33 1975 13 4 * 13
40 1976 14 4 % 17
46 1976 14 4 % 18
54 1977 16 4 * 18
59 1979 17 6 % 20
66 1979 16 5 *

15

* Unspiked samples for which the actual pesticide levels were not knéwn
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direct hexane extraction method of Dale et al. (3) was adopted but was found-
to yield poor interlaboratory precision. Sample 10 was analyzed by a triple
extraction modification of this procedure, which also proved inadequate.

The later samples were done with the currently recommended Thompson and Walker
(4) extraction method, which utilizes a constant speed mixer (Subsection 9D).
The results of the blood check samples 1llustrate again the dual value of the
Interlaboratory Control Program in upgrading laboratory performance and in
identifying weak anal&tical‘methodology.

STATISTICAL TERMS AND CALCULAIIONS
a. Accuracy and Precision

Precision refers to the agreement or reproducibility of a set of replicate
results among themselves without assumption of any prior information as to the
true result. Precision is usually expressed in terms of the deviation, variance,
or range. Accuracy is the nearness of a result or the mean of a set of results
to the true value. Accuracy is usually expressed in terms of error, bias, or

Eercentage recovery.

Good precision often is an indication of good accuracy, but one can obtain
good precision with poor accuracy if a systematic (determinate) error is present
in the method used. Systematic errors are either posi;ive or negative in sign,

The other general classification of errors in analysis is indeterminate (random)
errors. These are errors inherent in the analytical methods because of un-
certainties in measurements. An example is the measurement of the height and
width of a gas chromatographic peak with a ruler, which requires estimation
between the mm division lines. Indeterminate errors are random, that is, they
are just as likely to be positive as negative. For this reason, the average
of several replicate measurements is always more reliable than any of the
individual measurements. Although random errors are unavoidable, determinate
errors can be corrected once their cause is located.

0
Standards of accuracy and precision are not the same for a residue analysis
as for a macro analytical method such as a titration, for which a precision and
accuracy of 1-5 parts per thousand is usually expected of an experienced analyst.
The analysis of technical pesticide products is also a macro method for which
accuracy and precision are fundamental factors, and the measurement step
(usually internal standard GC or LC) must be carried out with this in mind.
In contrast with macro methodology, residue analysis involves the assay of
nanogram or lower amounts of pesticides, and with the extensive cleanup and
great amount of experimental manipulation required, procedures are considered
adequately quantitative when values + 15-207 or better are obtained on re-
covery samples fortified at ppm levels, + 30% at ppb levels. One authority
has suggested that a relative standard deviation or coefficient of variation
(Section 2Ke) of less than 407 is acceptable for precision between laboratories
for a trace analytical method. A model has been presented (5) to analyze the
reproducibility of results of determinations of unknown amounts of pesticides
in relatively few samples. The reliability of the analytical procedure, the
influence of sampling techniques, and the number of samples that should be
analyzed can be determined with the model.
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Absolute error is the difference between the experimental result and the true
value. Relative error is absolute error divided by the true value and multi-
plied x 100 to yleld percent relative error or x 1000 to yield parts per
thousand relative error. As an example, an absolute 0.2 Ul error im injection

of a sample for GC corresponds to -gigiEBAQQ-- 20Z for a 1.0 ul sample but only
Qigiﬁslgg-- 4% for a 5.0 Yl sample. It is explained later in Section 5 that

low sample injection volumes are to be avoided because of high potential errors.
Bias i1s defined as the mean of the differences (having regard for signs) of the
results from the true value.

b. Significant Figures

The uncertainty of a piece of data is assumed to lie in the last digit re-
corded, and unless qualifying information is given this last digit is assumed
uncertaiu by £.1. If the height of a GC peak is reported as 10.0 cm, the
abgolute uncertainty is * 0.1 cm, and the relative uncertainty is

gol x 100 = 1. Likewise, one should élways be sure to record all certain

figures plus one uncertain figure in a measurement, these figures being desig-

nated as gignificant figures.

Only significant figures should be used in recording and calculating analytical
regults. If the value 12.3 mg/g is reported for a pesticide analysis, the 12
should be certain while the 3 is more or less uncertain. Good judgment on the
part of the analyst is required to decide on the proper numbér of figures so
that significant digits asre not lost or non-significant ones retained. All
numbers written after the first resl number are considered significant. The
numbers 1.23, 12.3, and 123 all have three significant figures. Zeroes can

cause gome problems and should be paid special attention. Zeroes written

before the first real number are not significant but merely serve to locate

the decimal place, Therefore, the numbers 0.123, 0.0123, and 0.00123 all have
three significant figures; the number 0.1012 has four significant f£igures since
the second zero follows the first real number (in this case 1) and is, there- .
fore, significant. All terminal zerces following a decimal point are significant,
For example, 9.800 g indicates a weight of 9.8 grams accurate to the nearest

1 mg. All four figures are significant. The number 10,100 should indicate

five significant figures, but terminal zeroes in a whole,number must be con-
sidered with suspicion because the proper rule is not carefully followed. If

the value 10,100 mm indicates that measurement was made to the nearest 1 mm,

the absolute uncertainly is * 1 mm and the relative uncertainty

1
10,100
0.1 meter and the final zeroes only indicate the magnitude of the number in mm,
the number would better be written in exgonential form, 1.01 x 104 mm, to indi-
cate an absolute uncertainty of * 1 x 10

1 x 102
10,100

x 100 = 0.01%Z. If the measurement was actually made to the nearest

mm and a relative uncertainty of

x 100 = 1Z.
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Significant figures should be properly retained when performing mathematical
-operations. Simplified rules that serve in most cases are as follows. In
addition or subtraction, the answer has as many decimal places as the number
with the fewest decimal places. For example:

90.7 ————m————— 90.7
8.8] ——m——————— 8.8
+ 0.551 |

1001

Inspection of the three numbers to be added indicates the answer can have only
one decimal place. Each number is initially rounded off to one decimal place
and then the sum is taken. Note that the correct answer has four significant
figures (even though each number added had only three) but only one’decimal
place. Rounding off is done by rounding the last retained digit up if the
discarded digit is greater than or equal to 5; the last digit is retained
unchanged 1f the discarded digit is less than 5. For multiplication and
division, the answer can have no more significant figures than the number with
the fewest significant figures. For example, in calculating the ng of pesti-
cide represented by an unknown GC peak by comparison with the area of a standard
peak, the formula ngu = ng, ::ea“ 18 used if response is linear over the
range In question. If 1.0 ng stagdard gives a peak of 9.0 cm height (measured
to the nearest 1 mm) and the unknown peak height is 12.0 cm, the ng of unknown is

1.00 X lg 8 = 1.3 ng with only two significant figures reportable. If an

analysis is based on peak areas caléﬁlated by the usual formula height x width
at one-half height, a width of less than 10 c¢m measured only to the nearest

one mm limits the area and the calculated amount of pesticide to two significant
figures.

c. Average

: The average or mean (X) of a set of n values is calculated by summing the
individual values and dividing by n: ,

d. Range

The difference between the highest and lowest values in a group.
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e. Standard Deviation and Variation

Standard deviation(s) of a sample of n results is calculated by use of the
equation: 1/2
‘ 2 _ (C xp)?
n

IXi

n-l

Variance is equal to.sz. Relative standard deviation (RSD) or coefficient

of variation (CV) is the standard deviation divided by the mean and multiplied
by 100 (percentage) or 1000 (parts per thousand). ¢ 1s the standard deviation
for a very large set of data, calculated by the above equation with n rather
than n-1 in the denominator. Precision is increased (value of s reduced) by
increasing the number of replicate analyses, enabling one to determine with
greater statistical confidence that the true mean lies within certain limits
about the experimental mean or to reduce the interval at a certain confidence
level. Confidence limit or interval is defined as:

ts
voo

=X+
where u is the true mean, X is the experimental mean, and t is 4 value obtain-
able in tables for different percentages: of confidence and numbers of trials

(n). Values of t increase as percentage confidence desired increases and
decreases as the number - of replicates increases. .

f£. Fitness Test
EPA Quality Assurance personnel have applied the following test for re-
Jection of "outlier" values in check sample data, which, if left in, would
exert a significant effect on the overall data: :
(1) Compute the mean and the standard deviation of the entire data set.

(2) Compute the absolute value of the arithmetic deviation from the
mean of all values in the data set. . .

(3) Establish the correcﬁ factor to be used in the .calculation (Step 4)
from the following table.
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Number of data points (n)

in the data set Factor
5 1.65
6 1.73
7 1.81.
8 1.86
9 1.91
10 ' | 1.96
12 . 2,04
% .. 210
215
18 Co 2.0
20 2.2
25 . . 233
30 . 2.39
40 - 2,49

(4) 1If the absolute value of the arithmetic deviation from the mean for .
any number in the data set is greater than the factor from step (3) times the
‘standard deviation of the entire data set, the number is rejected as lying
outside a reasonable data set.

(5) The percent confidence interval for the retained values would be
given by: -

- , ) 1 . > ) '
‘(l--a [T )”109 =2

This Fitness Test has proven to be practical and reasonable over many years
with round robin interlaboratory blind sample exercises wherein proven
methodology is used. It is based in part on Chauvenet's. criterion as des-
cribed by Hugh D. Young (6). Individual statisticians disagree on the best
test for rejection of questionable results, and no claim is made for the
rigorous statistical validity of the method described in this subsection.
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g Total Error

Total error is a method proposed by McFarren et al. (7) for combining pre~-
cision and accuracy in one reporting expression:

Absolute Value of +2g

_ Total Error = the Mean Error — x 100
: True Value

where 8 = standard deﬁiation. In general, total error values < ZSZ are con-~
‘gidered excellent, < 50% acceptable, .and > 50% unacceptable.

Specifically, in the interlaboratory control program, total error is calculated
from the following equation: .

Total Error = —=— 23

where x = the arithmetic deviation of the overall mean obtained for a given
pesticide from its known formulation value (the absolute value of the mean
error), y = the formulation (true) value, and s = the standard deviation. A
discussion of this equation has recently been published (8), indicating it
may unnecessarlly downgrade a considerable portion of results. Alterndtive
equations are recommended which rigorously meet the McFarren et al. 25 or 507
criterion with at least 95% confidenceé. These equations dre:

x 100

to be used when x/s8 > 0.3 and up to 44 results are available,

T o= X +3}.8 S_ x 100

when x/s8 = 0.3 -'0.15 anc number of results are 45-170, and

28 n
T = 100
o y X g

when x is not significantly different from zero with 952 confidence.

h. Numerical Conversions

1000 mg -3
1000 pg = 107> 8
1000 ng = 10-6 g
1000 pg = 10~9

10-12

1000 ul = 10~3 liter
10-61iter
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INTRALARORATORY QUALITY CONTROL

3A PURPOSE AND OBJECTIVES

3B

¥

The intralaboratory control program is a continuing, systematic, in-

‘house regimen intended to ensure the production of analytical data of

continuing high validity. Several of the program objectives are
parallel to those given in Section 2 for the interlaboratory program:

a. To provide a measure of the precision of analytical methods.

b. To maintain a continuing assessment of the accuracy and precision
of analysts within the laboratory group. :

¢. To identify weak méthodology,and provide a continuing source of
research problems aimed at overcoming deficiencies.

d. To detect training needs within the analytical group.

e. To provide a permanent record of instrument performance as a basis
for validating data and projecting repair or replacement needs.

f. To upgrade the overall quality of laboratory performance.

_The following subsections will treat several integral parts of a high

quality intralaboratory quality control program, embracing such areas
as the periodic analysis and interpretation of results of spiked
reference materials (SPRM's), instrumental maintenance and calibrationm,

and monitoring of the quality of various materials used in the analyti-
cal scheme.

PURPOSE AND OBJECTIVES OF SPRM'S

In contrast to the interlaboratory check sample program im which one
analyst in a laboratory will analyze a sample occaslonally sent by the
coordinator, the intralaboratory SPRM program provides a continuing
measurement of the performance capability of each analyst. Each person
can be constantly aware of his strengths and weaknesses, and corrective

- steps can be undertaken when necessary, before serious problems occur

and errcneous data are reported out of the laboratory.
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The program involves continual, systematic recovery studles on prepared
test samples of each type of substrate routinely analyzed by a laboratory.
Each staff chemist conducting routine analyses should participate, and
all recovery results are recorded on a table available for examination

by the chemist's supervisors. :

NATURE OF SPRM'S

One possible approach is for a laboratory-to prepare its own SPRM's, If
the laboratory routinely analyzes animal fat samples, an appropriate check
sample may be prepared as follows: Obtain a local bulk sample of 2 1b.

or more of fatty tissue, place in a large beaker, and warm carefully on

a hot water bath to a temperature not above 50°C with intermittent
stirring. After a sufficlent quantity of liquid fat has been expressed,
filter into a second beaker through glass wool (pre-extracted with

hexane) held in a glass or porcelain funnel. Heat the filtered fat to

ca 459C, transfer about one-half to a previously tared flask with standard
taper stopper, and reweigh to the nearest 0.1 g. This portion is stored
in the stoppered flask in a freezer at -18° to -239C for later spiking.
The remaining half is divided into individual analysis units in small
vials or bottles that are also stored in the freezer. The weight of each
unit 1s glightly larger than the intended sample weight. These serve as
unspiked SPRM's.

Sufficient analyses are made on the unspiked subsamples so as to be satis-
fied with the reproducibility of results from the same analyst and among
all participating analysts. For verification, the sample may be sent to
an outside laboratory with experience in performing the analysis in
question., When reproducibility is sufficient to establish a reliable
pesticide profile in the unspiked sample, the other half is spiked to
produce residue levels approximating or slightly exceeding the levels
obtained in routine media. The spiked fat is thoroughly mixed, trans-—
ferred to small bottles, and stored in a freezer. These spiked samples
serve to test the capability of the analyst for recovery of higher pesti-
cide levels.

For both the unspiked and spiked SPRM's, at least a dozen replications of
the analysis on the same sample should be conducted by chemists with
recognized competence., From these data, the percentage relative standard
deviation is calculated and used in construction of control curves as
described later in Subsection 3F.

The same basic program outlined for fatty tissue can be followed for

other sample materials. If the compound(s) and media are known to be
fully stable at room or refrigerator temperature, freezer storage is

not required.

The EPA-ETD Interlaboratory Program provides participating laboratories

with a sufficient supply of each interlaboratory check sample to serve
also as an intralaboratory SPRM for a six month period (Subsection 2D).

-62~




Section 3D

Laboratories should store the excess material in sample-size portioms in
a freezer to be withdrawn periodically for analysis along with routine
samples. The correct formulation value will be known to the laboratory
supervisor when he receives the interlaboratory Summary of Results Table
(Subsection 2G) from the coordinator, so that he can compare the results
of his personnel with the "correct” values. The advantage of this ‘
gecond approach is that a participating laboratory will have internal
SPRM's with reliable results available to them without having to prepare
their own samples and establish residue levels and RSD values before -
they can be routinely used.

Because of their nature, it has not been the practice to treat intra-
laboratory SPRM's as blinds in the EPA program. A homogeneous, frozen

"~ fat check sample in a vial, which is ‘simply dissolved in hexane as the

3D

first analytical step, would be difficult to camouflage as a routine

‘fat sample, normally encountered by the chemist as a chunk of adipose

tissue requiring initial grinding (EPA Pesticide Analytical Manual,
Section 5,A,(1),(a),III,3). Likewise, routine blood samples are re-
ceived as a whole blood rather than as the serum form of the check
gsample. It would be undoubtedly advantageous to devise SPRM's that could
be offered to the chemist as a true blind along with his normal sample
load, but this has proven a difficult task with fat and blood when it

is necessary to prepare a homogeneous sample guaranteed to give a con-~
sistent analysis regardless of the portion taken. It might well be
feasible for some other sample substrate, such as urine or water.

FREQUENCY OF SPRM ANALYSIS

The frequency of SPRM analysis is related to the volume of routine samples
run, Laboratories making less than one routine analysis per week of a
given substrate should analyze a corresponding SPRM sample with each
routine sample, and not less than one SPRM analysis per month even if

. no routine samples are encountered. Laboratories analyzing one or more

gamples per week should analyze at least 10 percent as many SPRM samples
as routine samples, with a minimum of one per week, For example, if
one to fourteen samples are run per week, at least one standard sample
should be analyzed each week. If thirty samples are run, one corres-
ponding SPRM sample should be analyzed for each nine samples, or a
total of three standard samples. The SPRM is carried through the
analysis in parallel with a group of routine samples, giving it no
special care or treatment.

In laboratories where more than one chemist performs an entire routine
analysis of a given substrate, each individual should run separate

SPRM samples. However, if protocol is that routine analyses are handled
by a team, e.g., with one chemist preparing extracts and another doing
the determination, SPRM samples should be handled in this same normal
fashion.
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RECORD KEEPING

Immediately upon completion of each analysis of an SPRM sample, results
are recorded on an Internal Check Sample Form. An example for blood
serum is shown as Table 3-1. Data are entered in legible handwriting.
Each participating chemist should have access to this record. If
significant deviations from the furnished correct (mean) values occur, .
an investigation is begun at once to determine the reason or reasons.

The chief chemist of each laboratory completes a quarterly.report for
forwarding to the coordinator and includes in the confidential in-house
section (Table 3-2) one copy of each Internal SPRM Report. The coordi-
nator compiles the data from all laboratories and furnishes to each -
statistical summaries for comparison of results. ’ '

The following two publications by the National Enforcement Investiga-
tions Center (Denver Federal Center, Bldg. 53, Box 25227, Denver, CO
80225) of the EPA contain information on record keeping and reporting of
analytical results: . ’ B

(a) NEIC Policies and Procedures Manual, May, 1978.
(b) Pesticide Product Laboratory Procedures Mhnual, August,v1979.

Reference (a) outlines legally oriented standard operating procedures for
EPA chemistry and bilology laboratories. Pages II-19 to II-29 focus on
document control, with information on serialized documents, project log-
books, fileld data records, sample identification documents, chain-of-
custody records, analyst and instrument logbooks, photographs, document
corrections, document consistency, document numbering and inventory, and
files, ' C o ' o

The information in Reference (b) 1s specifically for laboratories per-
forming analytical testing on pesticide formulations and .products to
determine if labeling is correct. The results of these analyses can lead
to a number of legal actions, including criminal action. Although it
may be more Important that records be kept carefully and completely in
this eituation compared to a monitoring laboratory, the same principles
can be applied to all analytical laboratories. Analysts are specifically
referred to Section IV of Reference (b) above for recommended procedures
on two aspects of sample custody: documentation and physical sample
gsecurity. These procedures are designed to ensure that collected samples
are not tampered with in the event of any subsequent legal action.

Section VI of Reference (b) describes proper record keeping. Although
this material is not uniquely applicable to SPRM samples, the points of
importance to all pesticide analysts will be summarized here. The reader
is also referred to Section 50d of this Manual for further information
on reporting of results and record keeping. S
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TABLE 3-1
RECORD OF ANALYSIS OF STANDARD REFERENCE MATERIAL
Labhoratory
' , Media
Analyst or Team
Sample Hept. { Diel~{ )
No. Date| Aldrin | 8-EHC | EpcX. drin | o,p'-DDT | p,p'~-DDD | p,p'-DDE | p,p’'-DDT

Analyst ox Team

Reporting units should be in ppb or ppm.. Cbserve standing instructions for
minimue reporting levels.
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TABLE 3-2 , ' (Date)

SUBJECT: Quarterly Report, Quarter Ending

TO: Chief, Quality Assurance Section, Analytical Chem. Branch,H?eéith Effects
Research Laboratory, (MD-69), Research Triangle Park, NC 27711

FROMi Chief Chemist _A (Laboratory) .

During the past quarter we have analyzed the following numbers. of
routine* gsamples for pesticide residues:

Blood (multiresidue)
Blood (PCP)
Blood (Other) (specify)
Adipose Tissues
Other’ Human Tissues
A@r

séils

Stream Sédiment
Water (multiregidue)
Water (Other) (specify)
Urine (alkyl phosphate)
Urine (Other) (specify)
Housedust |

Fish or Shellfish

LT

Wildlife

Other**

Are any spiked SPRM‘s prepared in-house? Yes No If Yes, ‘list the
substrates on the reverse side of this sheet giving the spiking level
range of each compound spike.

Chief Chemist

*The term "routine"” is intended to mean samples of local origin such as
donors, autopsies, etc.

**Spacify substrates if 10 or more=sampleS'Were,analyéed~during;quarte:;
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Detailed and specific notes should be made regarding all sample analyses,
manipulations, and observations. Sufficient detail should be provided.

to enable the analyst or others to recomstruct the analysis step-by-step
at a later date. All analytical work (graphs, charts, notes, etc.) should
be retained in a general laboratory locked file cabinet and identified

by sample number. This is in addition to the individual analyst's note-
‘book or logbook and will assure that all primary information regarding

a sample is in one location so that there is less chance of loss. Labora-
tory notebooks should be the "two-page" carbon or pressure—-sensitive
paper type. The originals are then removed from the notebook and re-
tained with the laboratory records.

Careful notes should be made concerning the sample as received (see
Subsection 8D), the preparation of the sample for analysis, and the actual
determination. If a specified procedure is being followed, this should
be referenced, and any variations from the procedure must be recorded.

- If the method is not specified, details of every step are recorded.

Each laboratory operation should be accurately documented as to date
performed, particularly when an analysis or several analyses of a sample
or samples extend beyond one day. Time of starting and stopping should

be recorded for all operations when duration is a factor, e.g., extrac-
tions, separations, centrifugations, color formatioms, etc.

Photographs can be made when they might be useful, e.g., to record the
results of a thin layer chromatographic separation. All photocoples
should be mounted on heavy paper and identified as to sample number,
date, analyst, and subject matter.

Custody information and storége location should be documented if samples
are stored overnight. '

Reference standard information, including source, purity, and age should
be recorded along with appropriate weighing and dilution data, If a
reference standard is used that was prepared at an earlier date, then
the original weighing and dilution data should be referenced.

All instrumental conditions should be recorded either on the worksheet
or on an appropriate chart, graph, or printout. All graphs, charts,
and printouts should be identified by sample number, date, analyst,
and determination number.

Gas chromatography data should be recorded for each analysis at least
to the following extent: :

1. 'Gas chromatograph : - Make, model, and detector.
- ' : ‘ Include. designation if more
than one of same model 1is

availsble,
2, Colﬁmn - Source and/or date prepared
: = ‘ -~ Length, id, od, and compo-
sition -

- Packing (%, type, and source)
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3. Conditions : Temperature of oven,
: injection port,. detector,

transfer lines, etc.
Flow rates, composition
and purity of carrier,
detector, and purge gases v
Electrometer conditions such
as range, attenuation,
voltage, amperage, etc.

Injection Amount injected and size of
syringe

Response Digitalvintegration (inecl.

: . make, model, slope sensi-
tivity, and other pertinent
parameters), planimeter,
peak height, cut and weigh,
etc.

Internal standard (if used) Identification, source, and
concentration

Any conditioning or calibration
Recorder Make, model, range, and speed

Sensitivity %Z response to pg, ng of a
standard material

HPLC data to be retained for each analysis should include at least the
following: : .

1. Liquid chromatograph Mlke, model, type, and lab
designation

2, Detector Make, model, type, and wave~
length

Column Source and/or date prepared
Length, 1id, od, and compo~
sition

 Packing (type, source, and
particle size) '
Pre-column, 1f applicable

Mobile phase Isocratic or gradient?
Name and 7 of each solvent
Degassed? Filtered?

Injector Type, make, and model
Amount injected
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6. Temperature , - Type of control and tempera-
ture
7. Sample handling - TFiltration? Pore-size of
‘ filter
8. Response measurement : - Digital integfation (incl.

make, model, and settings),

planimeter, peak height, etc..

9. Recorder : ' - Make, model, range, and speed
10. Internal standard - Identification, source, and
: ' concentration

Spectrophotometric data should be retained to the extent called for
on the specific charts, along with any additional information as may
be relevant to the measurement.

QUALITY CONTROL CHARTS

Tn addition to recording numerical results of each analysis of an internal
SPRM, it may be desirable for each analyst or team to construct a Quality
Control Chart. This depends to a great extent on the number of SPRM
analyses of a given substrate per week or month, The purpose of this
chart is to provide graphic assessment of accuracy and precision for

the analysis of each substrate and instant detection of erroneous data.
The charts allow quick and easy observation of recovery trends for a
particular analysis and have long term value for the self evaluation ,
of analytical output by staff personnel. Another significant value of
the charts is that of providing a laboratory administrator with a rapid
agssessment of the continuing analytical capability of the staff chemists
as related to the output of valid analytical data.. :

The first and very important step in the development of a control chart
is the determination of an appropriate value of the relative standard
deviation (RSD) (Subsection 2Ke) for the particular amalysis, The RSD
value used in preparation of control curves should be determined as

- guggested below, and should be a fixed value that represents the best

precision possible for this particular method and substrate. This value,
when once established, should then remain fixed for an indefinite period
of time or until a method revision or improvement is made that would
permit the determination of a lower RSD. . A separate RSD value could

be calculated and used for each pesticide residue in each method-substrate
combination. However, this is unnecessarily complicated for a multi-
residue method. A preferred practice is to determine an RSD value for
several pesticides analyzed by a given method, and the average RSD value
which will remain fixed as previously mentioned. An example would be the
10Z RSD figure that is commonly accepted for all organochlorine residues
determined by the EPA PAM procedures for blood serum or adipose tissue.
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An in-house RSD value should be determined as suggested ;ﬁ Section 3C

of this Manual: "at least a dozen replications of the analysis on the
same sample should be conducted by chemists with recognized competence.
From these data, the percentage relative standard deviation is calculated
and used In construction of control curves.”" As a satisfactory alterna-
tive, two or more competent chemists of the staff analyze six replica-
tions of the same sample, from which a reasonable value for percentage
RSD 1s obtained. .

In summary, the RSD value is a measure of the best possible precision
obtainable with a method. The accuracy of the method is, of course,
not reflected in this figure. The quality control charts, however,
provide a rapid assessment of both accuracy and precision. '

The preparation of QC charts is illustrated by the following Figures
3-A and 3-B in which results for sefum intralaboratory SPRM analyzed
over a period of three months for p,p'-DDE and P-p'~DDT by chemists in
two different laboratories are shown. (Several additional pesticides
were also found, but only two are illustrated). Consecutive results
are plotted on every second space along the X-axis. The Y-axis contains
zero (0), plus (+), and minus.(-) lines. The (+) line represents two
standard error units (comparable to standard deviations) on the high
side from the "correct" answer (the spiking level, or the level found
by an experienced analyst in the coordinating laboratory), while the
(~) line represents two standard error units (SEU) on the low side,

In the case of this sample, it had been previously determined that an
appropriate RSD value was 107 of the spiking level for each pesticide.

The known formulation or spiking value is subtracted from the experi-
mental value (obtained for an analysis of the in-house standard sample
to provide a (+) or (-) arithmetic deviation (difference). This .
difference is then divided by the calculated standard error unit to
glve the number of standard error units from the correct value., This
is the number plotted on the appropriate horizontal line. '

Assume, for example, the first serum SPRM analysis is run during a
quarter, and a value of 105 ppb 1s obtained for the content of DDT.

The spiking level, however, was 150 ppb. One standard error unit (SEU)

is calculated by multiplication of the Fformulation value by the percent
RSD to give a standard error unit that should be valid throughout the
life of the gpecific SPRM: 150 x 0.10 = 15 ppb = one SEU. The difference
105 - 150 = 45 i3 then divided by 15 to give the number of standard

error units to be plotted, in this case -3.0., If the second result is

125 ppb, the second point plotted along the horizontal axis would be-
calculated as:

125 - 150 =25

one SEg. °T iz - -1.7 SEU
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Figure 3-A. Laboratory A control curves’for'blood SPRM,
three-month period.

Figﬁrev3-B. Laboratory B control curves for blood SPRM,
three-month period.
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When constructed in this way, quality control charts readily show levels
of accuracy and precision for repetitive analyses by a given analyst.
Figure 3-A demonstrates excellent precision since the results all £all
along an essentially horizontal line. Accuracy is good because this
line is well within the control area of +2 SEU, all recovery values
being slightly low, probably due to an inherent negative determinative
error in the procedure being used. Figure 3-B, on the other hand,
demonstrates very poor analytical performance in both accuracy and
precision. Nine of the repetitive values for DDE and eleven for DDT
are out of the acceptable control range of +2 SEU.

Control charts also highlight cases where errors are present exerting
similar effects on the analyses of several pesticides. The following
Figure 3-C, for .example, demonstrates rather poor precision and also

a distinct correlation in the configuration or shape of the curves for
both compounds. This signals some common error proportionately affecting
both compounds, most likely the extraction step in this blood analysis.

Figure 3-C. Laboratory C control curves for blood SPRM,
three-month period.

From time to time, the following question is asked; "What is to prevent
an analyst from 'fudging' the control chart points so that his curves
will appear significantly better than they should"? This can and has
occurred in very rare Instances. The alert laboratory administrator,
however, should have little difficulty detecting the doctoring of curves.
When a chart is submitted that is virtually a straight line such as that
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for p,p'-DDE in Figure 3-A, his suspicion should be aroused to the extent
of personally checking the raw data to either confirm or refute his
apprehensions. Furthermore, such an apparently outstanding performance
will catch the attention of other analysts in the peer group whose data
may look relatively poor by comparison. o

In the first sentence of this subsection it was gtated that "it may

be desirable" to prepare control charts. One main value of the charts
is to detect trends. Therefore, i1f a given SPRM sample is analyzed on

an infrequent basis, a chart would serve little purpose as trends-would
not be evidenced. On the other hand, if a laboratory is monitoring a
waterway, for example, for certain pesticides or other organic pollutants,
the number of routine samples per month may be 100 samples or more. If
the controlling SPRM is analyzed at the recommended minimum rate of

one SPRM per 10 samples, this would amount to at least 10 SPRM analyses
per month, a number sufficient to justify preparation of the chart.

BENEFITS OF THE IN-HOUSE SPRM PROGRAM

Analyzing in-house SPRM's will require a certain amount of man hours
during which laboratory personnel cannot accomplish routine, productive
analytical work. The time, effort, and expense spent on such a program
has proven an invaluable investment, however, in the quality of analytical
output in those laboratories involved. For example, chemists from regu-
latory laboratories are sometimes called upon to testify in a court case
based upon their analytical results. 1If a chemist is armed with high
quality analytical assurance data, the validity of his results on the
sample(s) in question will be much more difficult to disprove, and the
case will be that much stronger.

N . |
If a laboratory has a corrextly functioning intralaboratory control'pro-
gram in effect, the morale of personmnel is high, everyone has confldence
in the routine data output, and interlaboratory check samples can be

~ taken in stride and handled with little disruption of the normal work

schedule. Since a higher volume of uncontrolled analytical data is.
obviously of much less value than a lower output of reliable results,
time and effort must be allowed for each pesticide analytical laboratory
that cares about valid results to conduct a proper quality eomtrol
program. ' '

Certain minimum requirements are necessary for the physical plant in which
analyses are to be performed. Minimum considerations should include such-
factors as safety of personnel, reasonable temperature and humidity
control, an adequate ventilation system, refrigerated storage areas for
samples, facilities for an assembly line layout if large numbers of
samples are processed, and an efficient glassware wash area. In additionm,
all necessary equipment for safety, sample preparation, analysis, and
sample and data processing must be available, 7 :
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The following subsections are intended to highlight a number of in-
house factors that can lead to inaccurate analytical data in any labora-
tory and to present guidelines for avoiding these pitfalls. Further
details of many of the areas mentioned will be given in appropriate
later sections of this Manual or are covered in the cited gections of
the EPA PAM,

ANALYTICAL BALANCES

Most laboratories contain balances of two typés. Rough triple beam or
Dial-0-Gram balances are used for weighing approximate amounts of

.materials to the nearest 0.0l or 0,001 g. TFor example, to prepare one

liter of a 2 percent solution of NaCl for use in the liquid-liquid
partitioning step of the modified Mills, Onley, Gaither Procedure
[EPA PAM, Section 5,4, (1), (a)] the required 20 g of salt could be
weighed out on one of these rough balances since the concentration
cof the solution is specified to only one significant figure.

An analytical balance is required, however, for the critical weighing

of primary analytical pesticide standards in preparing standard reference
solutions. The usual analytical balance has a capacity of 160 g and a
capability of weighing to the nearest 10.0001 g (error and uncertainty),
the fourth decimal place being obtained by estimation and, therefore,

the final significant figure recordable (Subsection 2Kb). This leads

to a total accuracy and precision of .

0.0002 g

0.0200 g x 100 = 1%

in weighing 20.0 mg of pesticide standard by difference (two weighings),
as in usually done in preparing primary standard solutions (Subsection
30). This value is quite acceptable considering the other errors in-
herent in the total analytical scheme. .

The accuracy, precision, and sensitivity of the analytical balance should
be checked at least once a year by a qualified balance specialist, and
the balance should be used properly by all personnel to insure its
maintenance in good condition at all times. Since the analytical balance
is used to weigh standard pesticides for preparation of solutions upon
which all analytical results are based, its importance, and the need

for its care and protection, should be obviocus. - The single pan, direct
reading analytical balance that weighs by the principle of substitution
is by far the type in widest use today. As compared with the classic,
double pan, equal arm balance, the single pan balance is more automatic,
convenient, and much faster (although no more accurate or precise), but
it is still 2 very fragile instrument requiring certain precautions in
its use. These include the following:




3I

Section 3i

a. The balance should be placed on a heavy, shock proof table or
cement block slab built up to convenient height from the floor.

b. The balance is preferably located away from laboratory traffic and
protected from drafts and humidity changes.

c. The balance temperature, room temperature, and temperature of the
object being weighed should be equilibrated.

d. When not in use the balance beam should be locked, objects removed
from inside, and all weights released from the beam.

e. The inside and outside of the balance must be kept scrupulously clean.
Never place chemicals directly on the balance pan. Remove spilled
chemicals immediately with a brush. '

Before using an analytical balance for the first time, the manufacturer 8
iiterature should be consulted or instructions obtained from someone
experienced in its proper use.

PURITY OF SOLVENTS

The purity of reagents, solvents, adsorbents, distilled water, etc. is
of extreme importance when analyzing samples for residues In the low ppm
or ppb range. The electron capture detector senses any electron capturing
materials in the injected sample, whether they be pesticides or other
impurities. Quite often, extraneous contaminants will give rise to GC
peaks that may precisely match the retention characteristics of certain
pesticides, even,on two or three different stationary phases. A common
contaminant of s7)lvents and reagents is di-i-butyl phthalate plasticizer,
which can be easily confused with BHC and aldrin in GC with electron
capture detection. Construction materials have been suggested as the
source of phthalic acid esters and PCBs present in laboratory air and the
cause of solvent, reagent, and glassware contamination (1). Sulfur and
sulfur-containing compounds can be present in solvents and column materials,
as well as in certain substrates (onion, cabbage, turnips), and can give
rise to peaks easily confused with pesticides (2), The use of plastic
gloves, Tygon tubing, plastic tubing, Nalgene containers, and plastic

- gerew caps without Teflon liners should be strictly avoided whenever

contact with organic solvents is possible.

Commercial solvents designated "pesticide grade" or "distilled in glass"
can usually be used without further treatment, but care must be exercised
in their storage. For example, it was reported that photo-chemical

‘reactions can produce compounds from pesticide-grade hexane that are

detected by an electron capture detector and interfere with pesticide
residue determinations (3). Storage in the dark was recommended to
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prevent this. Reagent- or technical-grade solvents almost always require
distillation by the user in an all-glass still. In any case, each
solvent should be checked before use for interference in the analytical
procedure by evaporating a portion to provide as great a concentration
factor as will ever be employed in any method for which the solvent

will be used.

A typical procedure is to concentrate 100 ml of solvent to 1 ml and to
inject 5 pl into the.gas chromatograph equipped with the detector of
choice. Detector response is recorded for at least 20 to 30 minutes.

No cloudiness or discoloration should be observed when the volume is
reduced, and no GC peake that would interfere with sample analysis should

be produced. Details of the test for electron capture GC are given in
Section 3,C of the EPA PAM. £

Tests for interfering substances not detected by this procedure but
causing pesticide degradation and loss are made by carrying known amounts
of standards through the analytical method in the absence of any sample
substrate (a complete reagent blank check). Solvents containing oxldants
are especlally troublesome in causing losses of organophosphorus pesti-
cides, most notably carbophenothion. Acetonitrile andethyl ether are
two common solvents that may require special attention. Impure acetonitrile,
the vapors of which will turn moistened red litmus paper blue when held
over the mouth of the bottle, should be redistilled. Recoveries of some
phosphate pesticides from Florisil columns are low 1f peroxides are
present in ethyl ether eluants. Ethyl ether is tested for the presence
of peroxides by adding 1 ml of fresh 10Z KI solution to 10 ml of solvent
in a clean glass-stoppered flask or cylinder previcusly rinsed with ether.
Shake and let stand for 10 minutes. No yellow color should be observed
in either layer. If present, peroxides are removed by extraction with
water, after which the 22 ethanol normally present in ether and also
removed by the partitioning is replaced [EPA PAM, Section 5,4,(1),@)].

Reagent grade solvents purchased in large cans with plastic pour-spouts
can be a significant source of contamination. If these solvents are
used in the laboratory glassware cleaning routine, the glassware sghould
be rinsed with pesticide grade solvent immediately after rinsing with the
reagent grade solvent from the can. The solvent from these cans should’
never be used for extraction of samples or dilution of samples or standards,
Metal safety cans commonly used for solvent storage can also contribute
contamination. Plastic snap caps that seal cans of diethyl ether can be
a large source of sample background. These impurities begin to elute
early in the chromatogram and continue until well after the P,p'-DDT
peak (relative retention of 4.6 on a 1.5% OV-17/1.95% OV=-210 column).

Solvent purity for HPLC (4, 5) is at least as critical as for GC, and it
is frequently necessary to repurify even the highest quality commercial
solvents, Impure solvents can lead to baseline instability, spurious
peaks, variable retention volumes, impure recovered fractions, and other
problems. Solvent purity is more important in gradient than in 1soecratic
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elution. This is especially true of the weaker solvent since more of it
passes through the column, and its impurities can be concentrated on the
column head. Intentional impurities such as the ethanol stabilizer in
chloroform and the antioxidant (UV absorbing) in tetrahydrofuran (THF),
as well as HCl or oxidation products in chlorinated hydrocarbons, benzene
in hexane, and the aforementioned peroxides in ethers, may have to be
removed if they interfere. Water content of solvents has an important
effect on separations and must be controlled. Tests for solwent purity
include recording the UV spectrum in a 5 or 10 cm cell versus air over
the dynamic range of the UV detector, spotting residue from evaporation
. of a large volume for TLC with Iy vapor visualization, and Karl Fisher
titration for water. Antioxidants are easily removed from THF by
distillation, but the THF then rapidly oxidizes and must be tested for

" peroxides with KI as described earlier. HCl is removed from chlorinated
sclvents and alcohol from chloroform by extraction with water. Water
and some other polar impurities are removed from low to moderately polar
solvents by columm chromatography on activated silica (heated to 175°0),
alumina (heated to 300°C), or a molecular sieve. About 2-6 bed volumes
should be passed through the adsorbent before replacing it; low cost,
larger particle adsorbents that can be dry packed may be used. Water
content of solvents is best controlled by preparing dry solvent and
blending with water-saturated solvents. Impurities in water are removed
by filtration, reverse osmosis, deionization, distillation (neat or from
alkaline permanganate), electrolysis, passage through a reverse~phase
column (for reverse-phase separations), or .combinations of these. .

Reagent grade water, especially purified for HPLC use, is commercially
available from several sources. Particulates are removed from solvents
(especially those cleaned up on an adsorbent column) prior to use in

HPLC by passage through a solvent-resistant 0.5 U membrane filter, and
dissolved gases are removed by heating, stirring under a vacuum, or ultra-
sonic agitation. The composition of solvent mixtures can be altered by
prolonged heating or exposure to vacuum. Table 3-3 summarizes some
aspects of solvent purity in HPLC as outlined by one instrument manu-
facturer, : ‘

77—




TARLE )-3

Contaminant

Particulate
matter (dustats)

Alcohal

Hydrocarbons
[in water)

Peroxides
(in sthars)

HC1, HBY
(halogenated
solvents)

3T X

Diszselved oxygen

Unimown
U¥-absorbing

High boiling
coapounds

Algas in water.

SOLVENT FURITY IN L& [8]

Possible Source

During transfer,
unolean vessels.

Glasawars, solvent
yreparation or
ssmufacturs
Stabilizer in

chloroform, impur.ty
in ‘hydrocarbons

Drganic matter

Dagradation

Degradation

Antioxidant in THP

Solvent preparation

Pron mamufacturs

From solvent
nanufacture

Growth during

prolonged storage

* butyl hydroxytoluene

Etfect

May block in-lina filters,
lodge in pump sesals, or.ac-
cumulats at column hesd.

VYariable columm activivy.
k' variation, stability'of
silicate es*ar bonded phases.

Similar to water,

Baseline inastability
during gradient elution.

Oxidation of bonded phase.
(‘-3-1 -NHZ to "No.z).v
reaction with sample,
column deactivation or
degradation (polystyrens-
baged).

Column degradation [ 1)1
‘bonded phases, UV absorbance
(bromide), stainless stoel
attack.,

v ab‘lo:"bi.n;.

Degrades polystyrene-based
packing, oxidizes 8,8'-oxy-
dipropionitrile, may react
with sample.

Baseline ingtabilityor drift

during gradient slution, high
detector backgr.und,

Contaninates collectad
sample in preparative ILC.

Can plug in-line’ filters,.
column entrance frits.
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Removal
AT

Pilltration through membrane
£i1zer.

Drying over molscular sieve of
anhydrous sodium sulfate.

Prom hydrocarborm, pass through
activated silica; from cxm,
extract with H,0, dry with

NIZSO“o

Passage through porcius
polymer column or cm bonded
ph”'.

Distillation or passage
through sctivated silica
gel or alumina.

Passags through activated
silica or cxlcium carbonate
chips.

Distillation.

Degas solvent with vacuum
or heat.

Try activated silica ox
aluminas distillation for-
organics anmd recrystalli-
tation or passage over lon- .
sxchangs column for inorganics.

Distillation.

Distillation from alkaline:
peresnganate or dilmcard.
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33 DISTILLATION OF SOLVENTS (6, 7)

Distill reagent grade acetonitrile over reagent grade AgNO; (3 g/1l) with
an all-glass fractionating column equipped with a water cooled condenser.
_Discard about the first 107 of the distillate and leave the last 20%

of the solvent in the flask. Rinse the flask and use fresh AgNO3 and
boiling chips for each distillation, Test the distillate for interference.
Alternatively, to 4 liters of acetonitrile .add 1 ml of 85% H4PO,, 30 g
Pp05, and boiling chips. Allow to stand overnight and then distill from
all-glass apparatus at 81-82°C (do not exceed 82°C), discarding the first
and last 10% of distillate. Distill acetone, hexane, benzene, carbon
tetrachloride, chloroform, ethyl ether, isopropanol, methanol, methylene
chloride, isooctane, petroleum ether, and ethyl acetate from all-glass
apparatus. A technique for recovery of reusable solvent from Kuderna-
Danish evaporators has been described (8).

3K CONTAMINATION FROM REAGENTS AND MATERIALS

Any other reagents used in the extraction or cleanup steps are also
potential sources of contamination. These reagents, such as. godium
sulfate (NagSO;), glass beads, sodium chloride, and glass wool, should
be pre-extracted with the solvent to be used in the analytical method

or another solvent known to remove the potential interferences. For
example, NapSO; is extracted in a reserved Soxhlet apparatus, the
thimble of which is pre-extracted before the first use. Methanol
followed by hexane or petroleum ether are cycled for several hours each,
after which the NajSO, is dried and stored in a glass container with a

. glass cap at 130°C in the oven used to dry Florisil and other adsorbents.
Plastic fiber pack liners have been found to contribute PCBs and phthalates
to NaySO; that must be removed by this procedure. Phthalate esters are -
also removed from sodium sulfate by heating at 600°C for 4 hours in a
muffle furnace (FDA PAM, Section 121). Impurities in batches of silicic
acii that interfere with separations of pesticides from PCBs were re-
duced by extraction of the adsorbent with solvent (9). Adsorbents

that are activated and stored in an oven that is not cleaned at least .
yearly will absorb vapors from the oven. These impurities may be eluted
along with pesticides in cleanup procedures and could interfere in the
later determinative step.

Filter paper and other reagents and apparatus should be checked by
washing through the solvent to be used and injecting a sample, after
concentration, into the gas chromatograph. No peaks should appear.
Impurities from filter paper were the cause of interfering signals in
the GC~alkali flame ionization detector determination of pesticide
residues in plants; Soxhlet pre-extraction of the paper with acetone
was recommended (10). Teflon and aluminum foil should be rinsed with
an appropriate solvent. Solvents in polyethylene wash bottles can
become contaminated with electron capturing and UV absorbing species
and should be tested for impurities. Better still, avoid the use of
plastic wash bottles and use Teflon or all-glass ones. Glass wool was
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shown to contain hydrocarbons, phthalate esters, and unesterified acids,
among other compounds detected by GC. The most efficient way of elimina-
ting these impurities was to treat the wool for a few minutes with
hydrogen chloride vapors, followed by continuous Soxhlet extraction

for 24 hours with methylene chloride (11). Losses of 2,4~D caused

by a glass wool plug have been reported (12).

Distilled water can be troublesome, particularly in a procedure where

a large volume is used. Such a procedure is the Mills, Onley, Gaither
cleanup method for adipose tissue [EPA PAM, Section 5,A,(1),(a)] where
700 ml of water is partitioned with acetonitrile, the latter being finally
concentrated to 5 ml (a potential contaminant concentration factor of
700/5 = 140). Since the source of contamination in laboratory water

is organic in nature, distillation will not be sufficient cleanup 1if

the organic material co-distills with the water. An activated charcoal
filtration prior to the distillation procedure has been found to signifi-
cantly improve water quality. If deilonization through a column of ion
exchange resin 1s carried out, an activated charcoal filter should be
installed between the colummn and the distillation equipment to trap

any organic impurities eluted from the resin before the water enters

the still. For analyses at ppb and ppt levels, distilled and deionized
water should be further purified by a double extraction with an approp-
riate immiscible solvent, e.g., benzene or isooctane, followed by boiling,
if necessary, to remove the residual solvent. Aqueous salt solutions
such as 27 NaCl or saturated NaCl used in some isolation procedures are
prepared from properly purified salt and water and then solvent extracted
as a further precaution. Contamination can result from Teflon or Tygon
lines and/or plastic resin or charcoal cartridges. Water samples from
systems containing these elements must be analyzed at the level of sensi-
tivity necessary for the analysis prior to use of the water. .

Materials in which the initial sample is stored must be given considera-
tion. Polyethylene bags are totally unsuitable for samples to be
examined by electron capture GC or TLC because of trace contaminants
that may be present. As an example, it has been reported (2) that poly-
ethylene contains a contaminant that reacts with AgNO3 chromogenic. ~
reagent, giving a TLC spot close to that of p,p'-DDE and having similar
GC retention times to o,p'-DDE and p,p'-DDE. Figure 3-D shows a gas
chromatogram of a hexane extract of the cardboard liner from a common
type screw-cap bottle. The peaks were found by GC-MS to be due to:
various phthalates. Although these plasticizers would not interfere
with GC if a halogen-selective detector was used, they are a potential
interference for electron capture-GC and GC-MS analysis (13). Glass
containers with solvent-rinsed aluminum foil or Teflon-lined caps are
generally acceptable as sample containers and for storing purified
reagents.
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figure 3-D, Gas chromatog-
raphy of hexane extract of
cardboard bottle cap liner
on 107 OV-3 column with a
‘hydrogen flame ionization
detector at 16 x 10-11
amp/mV sensitivity. Amount
injected represents 1/100 of
the extract from one 3/4 inch
‘diameter liner.

Other examples of problems with reagent contaminants have appeared in
‘the literature. Bevenue et al. (14) reported on the ‘contribution of
contaminants by organic solvents, glassware, plastic ware, cellulose.
extraction thimbles, filter paper, and silica gels to water samples
causing interference with subsequent GC analysis in the ppb range.
Prior to their use, heat treatment of glassware and the silica gels
was recommended to eliminate contaminants, while plastic ware and

- filter paper were excluded from the procedure. Levi and Nowilcki (15)
found that cloth bags contained residues that were absorbed by cereal
grains stored in these bags and gave spurious GC peaks with electron
capture detection. The same workers (16) found that NapSO;, filter
papers, solvents from wash bottles, Teflon gaskets, and glass wool
‘produced interfering EC-GC peaks and gave methods for their elimination.
Bevenue and Ogata (17) reported on the contribution of extraneous
components by high purity, analytical grade basic reagents used for
adjustment of pH during isolation steps in the analysis of chlorophenoxy
acld esters and ethyl or methyl derivatives of hexachlorophene and PCP
in plant and animal tissue and water samples. Baker et al. (18)

found contamination of acetone with an impurity corresponding to CCl,
and interfering in the analysis of the latter pesticide (fumigant) by
EC-GC. It was shown that this contamination could be caused by CCl,
in the laboratory atmosphere, possibly arising from the use of aerocsol
propellant cans for spraying thin layer chromatograms. Trotter and
Young (19) found that impurities in SbCl. reagent caused erratic re-
coveries of PCBs in perchlorination procedures.
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Section 31,

The chromatogram in Figure 3-E is of material extracted from disposable
vinyl laboratory gloves. A chemist wearing these gloves had touched
the lip of a concentrator tube with the fingertip of his gloved hand.
One of the extraneous peaks produced coincided exactly with the com-
pound (ICDD) that was being determined.

In view of these problems, it 1s mandatory that reagent blanks be run
constantly for each analytical procedure, with final extracts being
reduced to the same concentration level normally used for the sample
material. A reagent blank invelves repetition of the entire procedure
without including the sample itself.

Figure 3~E. Electron capture gas chromatogram of material
extracted with n-hexane from outside surfaces
of disposable vinyl plastic laboratory gloves.

] ! 1 !
4 6 8 10

TIME/min.

GC RETENTION DATA FOR COMMON INTERFERENCES

Table 3-4 contains relative retention data for common contaminants on
gseveral GC liquid phases used in EPA and FDA laboratories (Section SL).l
These compounds will be eluted at the same positions as certain pesti-
cides (EPA PAM, Sectiom 4) and will, therefore, interfere in the
analysis of the pesticides or be mistaken for them.
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Sections 3M, 3N

3M CLEANING OF GLASSWARE

The residue analytical chemist must be sure his glassware is entirely
free from contamination. The cleaning operation generally includes:

a. Soaking and washing in a high temperature (50°C) bath of synthetic
detergent (e.g., Alconox) in water.

b. Rinsing with tap water.
c. Rinsing with distilled water,

d. Rinsing with acetone.

Cleaning of glassware used to concentrate samples (e.g., K-D flasks or
evaporative concentrator tubes) should include a soak for at least 15
minutes in hot (40-50°C) chromic acid cleaning solution (observe rigid
safety precautions) after the tap water rinse to remove all traces of
organic material, This soak 1s followed by thorough rinsing with tap
and distilled water and then with acetoéne and hexane. Pipets are washed
in the same way, preferably using a commercial automatic or semiautomatic

gelf~contained washing unit.

Large glass items such as beakers and flasks are inverted and suspended
to dry in metal racks. Small items such as glass stoppers and bottle
caps are wrapped in aluminum foil, dried in an oven, and stored in foil.
Pipets are wrapped in bundles in aluminum foil and oven dried.

Clean, dry glassware is stored in a dust-free cabinet. (Stainless steel
storage tubes are available for pipets). As an extra precaution, each
plece should be rinsed with the solvent to be employed in the analysis
immedlately before use. As soon as possible after a piece of glassware
has come in contact with a sample containing pesticides, it should be
rinsed with acetone to remove surface residues. If this is not done,
the subsequent soak bath of detergent will pick up the pesticide and
may then serve to contaminate all other glassware placed therein,
Detalls for cleaning glassware are given in the EPA PAM, Section 3,A.

3N HOUSEKEEPING

Good general housekeeping procedures are important in the analytical
laboratory. Benches should be neat, labels legible, and files orderly.
Certain contaminants such as cleaning agents and dust are impossible to
exclude, but others should not be deliberately introduced, such as by
eating or smoking in the laboratory. To reduce possibilities of errors
and cross contamination, food, beverages, or snacks should not be stored

in 8 refrigerator used to store samples.
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Section 30

ANALYTICAL PESTICIDE REFERENCE STANDARDS

It has often been noted when evaluating chromatograms from interlabora-
tory check samples that reference standards used in certain laboratories
reporting rejected results were undoubtedly inaccurate. (This can be
determined by the coordinator by comparing the peak height ratios in
the chromatograms from the check sample of precisely known composition
against the same ratios from the laboratories' iInternal standards).

The proper preparation and storage of analytical standard solutions is
of utmost importance. S$ince the working, diluted standards may be in
use for up to six months, any mistakes in preparation of the concentrated
stock solutions or in their dilution would be reflected in the accuracy
of analytical results for this entire period. Incorrect standards will
result in correspondingly incorrect analytical data even though first

“class technique is thereafter employed and all laboratory instruments

are in perfect operating condition. - Even including improperly operated
equipment, the greatest single source of quantitative error im GC
analysis i{s undoubtedly inaccurate standard solutions.

Identification and record keeping of reference standard solutions are.
activities that often receive too little attention in some laboratories.
Tts importance cannot be overemphasized, particularly in a laboratory
concerned with law enforcement. Therefore, the protocol should be
formalized and standardized for all staff chemists within the laboratory
group. By so doing, it should be possible for any other staff chemist
or a supervisor to consult a given chemist's reference standards log-
book years after an analysis was conducted and readily determine the
precise identity and concentration of any standard.used in an analysis..

The logbook should reflect a complete record of each prepared reference
standard solution, starting with the pure primary standard and ending .
with the final working standard solution. Data that should be docu-

‘mented include weight of primary standard, concentration of all subse-
quent serial dilutions, and the dates of preparation of all dilutionms.

In multiresidue ‘analysis, it is common practice to prepare final working
standards as a mixture of pesticides of interest to the laboratory, this
subject to be treated in some detail later. in this section. Such a
mixture should be assigned an identification number and so documented

in the logbook. The same number should be printed on the bottle label

of the mixture and should also be used to identify all reference standard
chromatograms during the life of the mixture.

In one possible coding system, each standard is assigned a number pre-
ceded. by the’letter C for "concentrated", I for "intermediate', and

W for "working". Referring to Figure 3-I, the concentrated stock solu-
tions could be given the numbers Cl (lindane), C2 (aldrin), C3 (dieldrin),
C4 (o,p'-DDT),and C5 (p,p"~DDT).. :The number would represent the compound,

~ and the prefix the stage of concentration. After dilution, -the intermediate
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stock solutions would be designated Il, I2, I3, I4, and IS5, respectively.
The final working standard mixture prepared from these solutions could be
designated Wl-5, or it can be given a totally new number such as W6. The
latter is probably less awkward in certain situations, e.g., if the final
working standard mixture is remade using solutions I1-I4 and a later~
prepared standard of p,p'-DDT (perhaps designated 110).. The new working
standard would be designated W1-4,10 with the former system, but could .
be numbered more simply as W7 if a unique sequential system number is
given to each solution, It is likely that each laboratory can devise a
numbering system to suit its needs, The important point is to use some
clear and consistent system to designate standards and to have records
fully describing the preparation of each numbered solution. Sample
sheets for maintenance of the reference standards logbook are showm in
Figures 3-F, 3-G, and 3-H. These forms are in routine use at the EPA
laboratory in Research Triangle Park, NC.

Organic compounds are subject to a wide variety of oxidation, hydrolysis,
isomerization, and polymerization reactions. Instability of organic
standards is, therefore, often a problem. Storage and use conditions
ghould be those that retard degradative processes, and purity should be
periodically rechecked.

Details for the preparation, storage, and use of pesticide analytical
standards are given in Section 3,B of the EPA PAM. Some important
considerations as they pertain to quality control and identification
of potential trouble spots are outlined below.

8. Primary Standards

There are no officially recognized pesticide "primary" standards,
although in the parlance of the pesticide chemigt, analytical grade
standards of 99% or higher purity are referred to as primary standards.
Purities of standards are commonly greater than 997 and seldom less than
95Z but may be lower in some cases., For example, chlordane and toxaphene
are available in technical grade with 60-70Z% purity. The percentage of
purity must be known in order to apply a correction factor in weighing
out the standard for subsequent dilution.

There are several sources of pesticide standards. Most manufacturing
companies will supply theé analyst with technical grade pesticides and

in some cases a small amount of a more highly purified grade. The
technical material may be purified by repeated recrystallization and
checked for purity by at least two analytical criteria such as elemental
compogition; IR, NMR, or mass spectrum; melting point- GC trace; or TLC
spot pattern. The EPA Quality Assurance Program maintains a pesticide
calibration and reference materials repository at its Pesticide Labora~-
tory at Research Triangle Park, NC. This laboratory supplies 100 mg or
less of standards of certain pesticides metabolites, and derivatives,.
on a discretionary basis as time and resources permit, to nonprofit,
government, and university laboratories. EPA publication EPA-600/9-78-012
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Figure 3-F
PREPARATION OF CONCENTRATED STOCK STANDARDS
No. . ! Date / / Chemist___
Compound . Lot No. Purity - AR
" Final Gross Wt - g Solveﬁc
aTare Wt g . )
Dilution Vol. ) _.ml
Net Wt [ _ ‘ -
Concentr._ : ng/ul
| #¥pdj. Net Wt _ mg R
No. Date / / Chemist
Compound ' v Lot No. _ Purity -
Final Gross Wt g ‘Sclvent
*Tare Wt e .
e Dilution Vol. ) , ml
Net Wt g
e e Concentr. ng/ul
**7d5. Net Wt mg . ' '
No. Date / / Chemist
, Compound , . . ' Lot No, ‘ Purity N s
Final Gross Wt g
Solvent
*Tare Wt q
. ' Dilutinn Vol. ml
Net Wt v q ! o i
) Concentr. ng/ul.
*4ndj. Net Wt ‘ mg " s .
No. - Date VA A, Chemist _
COmpound’ . Lot No. Purity ‘ s
Final Gross Wt v g
: Solvent
*Tare. Wt g .
: ‘ Dilution Vol ml
,  Net Wt g ‘
. Concentr. : ‘ ng/ul
**npdj. Net Wt mg -

*If weighing into a becaker, this is thae empty beaker weight. If weighing from a
dropping bottle, thig {s the initial weight of bottle and contents.

**Corrccted for purity of primary standard.
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Figure 3-G
gu Section 30

PREPARATION OF STANDARDS OF INTERMEDIARY CONCENTRATION

NO. bate_ / / Chemist
Compound
Strength of Concentrated Stock ng/Hl
Aliquot of Concentrated Stock ' ml
Dilution Volume ) ml
Dilution solvent
Final Concentration _ng/ul
NO., Date__/__/ Chenist
Compound
Strength of Concentrated Stock ng/Hl
Aliquot of Concentrated Stock ml
Dilution Volume ml
Dilution solvent
Final Concentration ng/ul
m, - Date / / Chemist
Compound
Strength of Concentrated Stock ng/ul
Aliquot of Concentrated Stock ml
Dilution Volume ml
Dilution solvent
Final Concentration ~ ng/yl
NO, Date__/ / __ Chemist
Compound
Strength of Concentration Stock ng/ul
Aligquot of Concentrated Stock v ml
Dilution Volume v o ml
Dilution solvent
Final Concentration ng/ul
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Figure 3-H
PREPARATION OF FINAL WORKING STANDARD SOLUT;ONS

Date / / ’ Chemist

No.

Solvent

Conc. of
Parent Sol., Parent Sel. Alig. Vol., Dilution ¥Final Conc.

Compound Number nag/ul ml Vol, (ml) pg/ul

1. _
2. , v -

4.
5.
6.

8' N

Date / / Chemist

No.

Solvent

Cone. of .
. Parent Sol. Parent Sol. Aliq. Vol. Dilution PFinal Conc.
Compound Number ng/ul ml *Vol, (ml) pg/ul

Date / / Chemist

Solvent

Conc, of :
. Parent Sol. Parent Sol. Alig. Vol. Dilution Final Cone.
Comvound : Number ng/ul ml Vol. (ml) pg/ul

1.
2.
3.
4.
5.
6.
7.
8.
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lists available standards and supplemental data. Purified standards
can be purchased from a number of U.S. companies handling chromatographic
equipment and ‘supplies and from the National Physical Laboratory,
Ministry of Technology, Chemical Standards, Teddington, Middlesex,
England. Purities of these standards are not always what they are
advertised to be, so the chemist should always verify the purity and
repurlfy if necessary and practical.

Concentrated stock standard solutions are conveniently made up at a

200 ng/ul concentration by weighing 20.0 mg of pure standard and diluting
to 100 ml. If the primary standard is given as 99.0 percent pure, weigh
20.0 or 20.2 mg; 1f the purity is given as 90.0%, the weight will be
0.990

20.0
~0.900 22,2 mg,
Toxicity levels and relative stabilities are important factors that
dictate the methods of handling and storing various pesticide standards.
Highly toxic pesticides (low LD5qy values) require special precautions
such as wearing disposable rubber or plastic gloves and avoiding inhala-
tion of vapors. The stable organochlorine compounds may be stored at
room temperature in tightly sealed containers, while organophosphates,
which are subject to a wide variety of oxidationms, rearrangements and
hydrolytic reactions, should be desiccated in a refrigerator and allowed
to come to room temperature in the desiccator before use. If standards
are stored In a freezer, containers are not opened until warmed to room
temperature, or condensed water vapor will be introduced.

b. Concentrated Stock Standards

Secondary standards are liquid solutions of the primary standards..
The final concentration ¢f working standard will depend upon its use,
e.g., pg range for electron capture GC, ng range for TLC and other GC
detectors, and pg range for IR spectroscopy.

For electron capture GC, usually three dilutions of the primary standard
are made to arrive at the working standard. An analytical balance
capable of weighing to at least 0.0001 g and scrupulously clean glass~
ware are employed. Stable, low toxicity pesticides may be weighed into

a small beaker or cupped aluminum foil, transferring solid compounds to
the balance with a stainless steel micro spatula and liquids with a pipet
or dropper. Crystalline standards weighed on aluminum foil are transferred
dry through a small glass funmel into a volumetric flask, the foil and
funnel being carefully rinsed with solvent. Standards weighed into
beakers are completely dissolved (observe carefully) in a small volume

of solvent and transferred quantitatively by rinsing with the rest of

the solvent through the funnel into the volumetric flask. Liquid primary
standards can alternatively be transferred to a dropping bottle with
ground-in stopper; the bottle containing the standard is weighed, an
estimated amount of standard transferred directly into a volumetric flask,
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and the bottle reweighed, the loss in weight representing the net sample
weight. This closed dropping bottle technique is mandatory for high
toxicity liquid pesticides. Solid primary standards may be weighed
(10.0 mg) directly into 50 ml volumetric flasks, which will fit onto

the pan of most one pan analytical balances. A procedure for storage
and transfer of degradable pesticides under inert atmosphere is given
in the FDA Pesticide Analytical Manual, Volume I, Section 132.

It 18 difficult with any of these techniques to weigh exactly the pre-
determined amount to obtain all solutions of 200 ng/pl., It is seldom
necessary to take the trouble to attempt this, in any case, since the
important thing is to obtain a formulation near to that which is desired
and to know its exact wvalue. This is calculated by dividing the known
weight by the flask capacity. A possible procedure for preparing
standards of exactly a certain concentration is to weigh the solid and
then add only enough solvent (e.g., the solvent is measured from a pipet,
or the solid is weighed into a graduated centrifuge tube and solvent
added to the appropriate line) to give the desired concentration.

c. Intermediate Concentration Standards

It is usually necessary to prepare standards of intermediate concentra-
tion by dilution of the concentrated standards and then to prepare working
standards by dilution of the intermediate standards. It is impractical
and hazardous to prepare the final solution from the concentrated stan-
dard in one dilution or to prepare an original secondary standard at a
concentration low enough to allow only one subsequent dilution. Some
analysts have attempted to make this enormous dilution by aliquoting
microliter volumes with a syringe into a volumetric flask, This is
extremely poor technique, however, since an error of as little as 0.2 ul
in a 5.0 pl transfer will be grossly magnified when a 5 to 10 ul injection
of the resulting solution is chromatographed.,

Separate solutions of each compound or a standard mixture can be prepared
at this point, The concentration level depends on the response of the
detection mode of the analytical procedure in which the standard will

be used.

All solutions should be equilibrated to room temperature before any
pipeting or diluting is carried out. Volumetric transfer pipets should
be used where available, or a Mohr-type measuring pipet in other cases.
'Be sure to note whether the pipet is calibrated "to deliver" (ID) or.
"to contain" (TC) and use accordingly. The accuracy of well cared for,
properly cleaned commercial Class A pipets and volumetric flasks is such
that calibration is not required in order for potential errors from this
" source to be insignificant.

Pipets calibrated to deliver their stated volume should be used if
possible. Measuring pipets are calibrated, like a buret, but do not
deliver a volume of liquid as accurately or reproducibly as volumetric
pipets. The latter are recommended whenever possible for anmalytical
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work. Pipets are filled by use of a rubber suction bulb rather than
the mouth. After filling and dropping the meniscus to the etched 1ine,
no air bubbles should be evident anywhere in the pipet. The outside

of the pipet tip is wiped free of liquid and the tip then placed against
the inside wall of the vessel to which the solution is to be transferred.
The liquid is discharged, keeping the tip against the inside for 20
seconds after the pipet has emptied. The pipet is removed from the

side of the container with a rotating motion to completely discharge .
any drop on the tip. The small quantity of liquid inside the tip is

not to be blown out; the pipet has been calibrated to account for this.
Only properly cleaned and dried pipets can be inserted into the solution
container without fear of contamination or dilution.

d. Working étandafds

Working standards are generally made up as mixtures, the actual
combinations being dependent upon the compounds of interest and the
ability of the analytical method to resolve them. Care must be exercised
that these mixtures do not contain compounds that may react with each
other. Fach working standard mixture should be made up at two or even
three concentration levels, depending on variations in pesticide concen-
trations in routine.samples. No compound should be present in such
concentration that when injected into the gas chromatograph the linear
range of.the detector will be violated. If P,p'~DDT is present in a

* standard mixture, neither p,p"'-DDD nor p,p'-DDE should be present since
these compounds are breakdown products 6f DDT and their presence or

absence is useful for monitoring this degradation. All compounds present
in each mixture should be resolved by the working GC columns used in the
laboratory. Suggested mixtures and concentration levels of.common chlorin~-
ated pesticides for laboratories analyzing tissue samples by EC-GC with

the recommended colimns (Subsection 5L) are given in the EPA PAM, Section
3,B. A typical mixture, diagrammed in Figure 3-I, may be prepared as
follows: weigh 20.0 mg each of primary standard lindane, aldrin, dieldrin,
9,p'-DDT, and p,p'-DDT into separate 100 ml volumetric flasks to prepare
concentrated stock solutions of 200 ng/ul each. Transfer, respectively,
0.5, 0.5, 1.0, 2.0 and 2.0 ml of each of these by separate pipets to - '
individual 100 ml volumetric flasks to prepare intermediate stock standards.
Transfer 2.0 ml of lindane, aldrin, and dieldrin and 1.5 ml each of
0,p'~DDT and p,p'-DDT to the same 100 ml flask to. prepare a final working
standard mixture containing, respectively, 20, 20, 40, 60, and 60 pg/ul.
For other than EC-GC, stock standards of 0,5 mg/ml and working standards
from 50-100 to 0.5-1 ng/ul are typical. The procedure outlined in Figure
3-I is but one option for preparing the required solution; other approaches
requiring less glassware are possible. '
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Figure 3-I. Serial dilutions of pesticide standard mixture

PREPARATION OF WORKING STANDARD A;

Lindane Aldrm Dieldrin o,p=-DDT ~ p,p~-DDY .
| O a - . (| ~ Primary Stondards
E T e
& JL A : & Conc. Stock Stds. -
s.“o ‘ ‘Lo.s-m ‘lmme rnmc , lu mi (200ngiuieach)

luslul ng/pt 2n§/jﬂ Snglm Interm. Stock Stds.
ER

I! . Final Working Standord Mixture -

e. Choice of Solvents and Storage of Standard Solutions

. The EPA ETD laboratory has evaluated storage conditions for analytical
reference standard solutions to minimize the decomposition of the
reference standard in the solution and the evaporation of the solvent
grom,the solution.. .

k(ij Solvent Evapofation Control

The evaporation of the solvent containing the standard is easy .to
evaluate and observe. Under almost all conditions, some solvent evapora-
tion can be measured. This solvent evaporation must be minimized to
maintain the concentration of the standard solution for a reasonable
length of time. The study of ‘solvent evaporation centered around the
following factors.

choice of solvent
solution volume
. choice of container

‘storage temperature

(a) Choice of solvent

The chosen solvent should easily dissolve the reference standard,
not chemically alter the reference standard, be compatible with the
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method of analysis, and not evaporate very rapidly. Solvents that
evaporate rapidly include diethyl ether, petroleum ether, pentane, and
acetone. These solvents are very poor choices for the long-term storage
of reference standards. Desirable solvents from the standpoint of
evaporation are isooctane, isopropanocl, and toluene.

The use of hexane is very popular in residue laboratories. However,
hexane evaporates 2.6 times more rapidly than isococtane at ambient
laboratory temperatures from closed volumetric flasks with glass :
stoppers. The evaporation rates of different test solvents under these
conditions and the predicted placement of other commonly used solvents
that were not tested are listed in Table 3-5 in order of decreasing
evaporation rate. T "

Table 3-5

EVAPORATION RATES OF ORGANIC SOLVENTS FROM
GLASS STOPPERED VOLUMETRIC FLASKS

Evaporation Rate

Solvent (ml/wk) _
Pentane : -
Diethyl ether 0.634
Methylene chloride © 0.254
Acetone : 0.221
Hexane 0,158
Chloroform : —a
Benzene | : B 0.096
Methanol o ' 0.086
Ethyl écetate -
Acetonitrile : -
Ethanol ' —
Isooctane 0.061
Heptane -
Isopropanol | -
Toluene 0.045
Decane ‘ ——
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(b) Solution volume

Volumetric flasks of four different sizes were evaluated as to the
effect of solution volume on the solvent evaporation rate. The absolute
evaporation rates of hexane from the flasks (5ml, 10 mi, 50 ml, and
100 ml) were 0.167, 0.155, 0.113, and 0,100 ml/week, respectively.” The
decreasing evaporation rates with increasing solution volume in itself
-makes the larger volume flasks more desirable. The relative evaporation
rates (percentage of the solution volume evaporated per week) of the
four flasks were 3.34, 1.55, 0.226, and 0.10% of the container volume
evaporated per week, respectively. As GC measurements are sensitive to
3% volume changes, the use of the 5 and 10 ml volumetric flasks for
_more than one week is not recommended. The use of the larger solution
volume increases the useful lifetime of the reference standards.

(c) Choice of container

Several different types of glassware were evaluated at ambient
temperature in an attempt to find a container that is easy to use and
_ will retard solvent evaporation. The containers tested included:

Volumetric flasks with glass § stoppers

Screw-cap prescription bottles with cardboard lined plastic caps
(Brockway Glass Co., Inc., Brockway, PA)-with added Teflon disc
cap liners (A. H. Thomas, {#2390H) ‘

Multivials (Supelco, Inc., #3-4579), 10 ml size

Serum bottles (Wheaton Scientific #223739), with Teflon faced septa
(Wheaton Scientific #224167) and metal seal (Wheaton Scientific #224182).

Small volume flat bottom and conlcal vials from various sources
with appropriate caps . (Supelco, Inc., #3-3291, 3-3233, and
3-3300; Wheaton Scientific #225170 and 224882), 0.3, 0.6, and
1.0 ml sizes

Figures 3-J and 3-K illustrate these containers. Both hexane and isooctane
were used as solvents in this evaluation, the results of which are summar-
ized in Figure 3-L.

The evaporation rate of hexane from the volumetric flasks was the fastest
found in this study. The use of volumetric flasks to store hexane solu-
tions is discouraged. Isooctane also evaporated quite rapidly from volu= .
metric flasks. The evaporation rates of hexane and iscoctane are sig-
nificantly reduced in screw-cap prescription bottles when compared to

the volumetric flasks. The evaporation rates of the solvents from the
prescription bottles was approximately 0.025 ml solvent evaporated per
week. This rate is low enough to allow use of these containers.
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Figure 3-J. Serum vial with Teflon—lined septum

Figure 3-K. Other containers used in evaporation study. Back row {(left to
right): prescription bottle, volumetric flask, multivial.
Front row. £lat bottom vial. conical vial.. conical wvial.
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The use of the multivials, septum bottles, and small vials are all dis-
couraged due to problems of handling or large relative evaporation rates.
In the case of multivials, the evaporation rate of solvent from the con-
tainer when used as a screw cap vial was high (0.071 ml/week) unless the
extra glass below the snap-off score line of the ampule seal was removed.
The multivials also contaminate the solution in the vial with torn up
pleces of septum cap seal if the ampule glassware in the vial neck is
not removed. In the case of the serum bottles, the evaporation rate of
the solvent was 0.094 ml/week after the bottle seal had been punctured
with the beveled needle of a standard 10 p1 Hamilton syringe. The rela-
tive evaporation rates of the small vials were all greater than 5% of
the solution per week, making them useless for long~term storage of
standards.

(d) Storage temperature

The evaporation rates of hexane from 10 ml volumetric flasks at
ambient temperature, +3°C, and -15°C were 0.155, 0.0575, and 0.0226 ml
per week, respectively. This represents a reduction in evaporation by
a factor of 2.6 when the solution is stored in the refrigerator (+3°C)
and 6.8 if the solution is stored in the freezer (~15°C), compared to
room temperature. Storage under refrigeration or in the freezer when
not in use significantly increases the useful life of standard solutions.

Standard Chemiéal Stability Control

The chemical stability of organochlorine, organophosphate, carbamate,
and triazine reference standards in solution was evaluated for one year
under four different storage conditions: at ambient temperature (23-24°C)
out on the bench top in natural and fluorescent light;! at ambient tempera-
ture in the dark; iIn the refrigerator at +39C; and in the freezer at
~15°C. The results were as follows:

(a) Organochlorines

All of the 28 organochlorine compounds tested (Table 3-6) were stable
in isooctane solution under the four test conditions.

(b) Organophbsphates

All of the 20 organophosphate compounds tested (Table 3-6) except
disulfoton were stable in isooctane solution under all of the four test
conditions. Disulfoton was not stable under any of the test conditions.
Solutions of disulfoton should be replaced monthly if not stored in the
refrigerator or freezer when not in use. Solutions of disulfoton that
are properly stored in the refrigerator or freezer should be monitored
for decomposition bimonthly.
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-

(¢) Carbamates

Eight of the 13 tested carbamates (Table 3~6) were stable in toluene
solution under all four test conditions. Standards-of CDEC and butylate
decomposed under all four storage conditioms. Butylate decomposed
approximately 50% per year under all four storage conditions. CDEC
decomposed between 50 and 98% per year depending on the storage conditions.
Carbaryl, methiocarb, and carbofuran decomposed 38, 48, and 177, re~
spectively, when stored at ambient temperature with exposure to natural
and fluorescent light.

Solutions of CDEC and butylate should be stored in the freezer when not
in use and replaced monthly. Solutions of carbaryl, methiocarb, and
carbofuran should be stored away from light and replaced after six
months,

(d) Triazines

Half of the 10 triazines tested (Table 3-6) were stable to decomposi~
tion of the reference standard material in ethyl acetate-solution under
all four test conditions. Prometryn, prometon, atrazine, and ametryn
decomposed between 12 and 17% at ambient temperature with light exposure.
Atrazine and atraton degraded approximately 15% at ambient temperature
when stored in the dark.

Recommendations for Storage of Pesticide Analytical Reference Standards

The follo%ing recommendations are made concerning the factors that
affect analytical reference standard solution integrity: A

.Select a solvent, such as isooctane or toluene, that will dissolve
the standard material and evaporate as slowly as possible.

Store the standards in relatively large volume solutions (50-100 ml)
to reduce the percentage volume losses to acceptable levels. Monitor
the solvent loss by placing an indelible mark on the side of the
solution container when the container is filled and then discard

the solution when 3-5% of the solvent has evaporated.

Select a container, such as a’'screw-cap prescription bottle or a
large volume volumetric flask, that will not allow rapid solvent

evaporation.

Store the standards away from light in a refrigerator whenm not in
use to reduce evaporation and reference material decomposition.

Replace the easily decomposed reference standard solutions at the
recommended inte:v§ls (e.g., monthly for CDEC, butylate, and
disulfoton).. , .
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Section 3P

Periodically check standard solutions by comparison against fresh
dilutions of the stock solution.to prove that the solutions are
still valid for qualitative and quantitative use.-

AS

Do not store any standard solutions for longer than one year.

3P CALIBRATION AND MAINTENANCE OF THE GAS CHROMATOGRAPH AND ACCESSORIES

It is essential that the entire gas chromatograph be maintained in top
operating condition if high quality analytical data are to be produced.
In appraising results of interlaboratory check samples, it is clear
from data and chromatograms that this is not the case in some labora-
tories. Section 5 will present details of proper operation of a gas
chromatograph. This section will offer guidelines for making routine,
periodic checks of equipment to insure continued good operation and
minimal down time. Correct procedures for the operations mentioned
(e.g., silylation and conditioning of columns, obtaining background
profile) will be described in-Sections 4, 5, and 6 of this Manual. -

Certain checks should'Be made daily, others on a weekly or monthly basis.
Table 3-7 outlines the suggested frequency of such instrumental checks
for. a chromatograph equipped with an electrom capture detector.

It is suggested that a writteﬁ log be maintained for each instrument,
recording the following data: i

a. Date of inétallation and serial number of each detector inétalled

(this will also serve as a record for Atomic Energy Cormission
inspection). : o

b. Background current (BGC) profile furnished with the detector under
the EPA Interlaboratory Quality Assurance Program or from the
commercial manufacturer. .

¢. Your own BGC profiles obtained at time of installation of each
detector and subsequent profiles (column identity notations should
be made). . ’ ‘

d. Date of change of pyrometer batteries, if used.

A record should also be kept of each GC column packed and installed in
an instrument, logging such information as: ‘

a. Assignment of a columm number;

b, Date of packing column.

¢. Liquid phase identity amnd lot numbéf of precoate& column packing.:
d. Conditioning temperature, flow rate, and number of hours.

e. Length and shape of columm.
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Section 3Q

f. Background current obtained on newly installed column and subsequent
background current profiles during the life of the column.

g. Date of each silylation of columm.

h. Compound conversion'data, with dates monitored, and percentage of
~ compound breakdown. 0

i. Monthly, chromatograph the following special column evaluation
mixture, recording absolute and relative retention data and
efficiency based on the p,p’'-DDT peak.

Chlorinated Pesticide Mixture for GC

Column -Evaluation
-

Compound : Concenti:ation, ng/ul

0~BHC - ~0.010
B-BHC | .040
Lindane » ‘ .010
Heptachlor ’ .010
Aldrin . .020
Hept. Epoxide .030
Pp,p'-DDE - .040
Dieldrin .050
Endrin .080
0,p'~DDD ‘ .080
P,p'-DDD .080
0,p'~DDT .090
p,p'-DDT .100

3Q ADHERENCE TO OFFICIAL OR STANDARDIZED METHODOLOGY

If reproducible and corresponding data are to be produced on both routine
samples and interlaboratory check samples by a group of different labora-
tories, it is essential that uniform standard analytical methodology be
used by all. In the EPA program, this methodoclogy is developed, tested,
and collected in the Analytical Manual by the coordinating laboratory

of the quality assurance program, in close cooperation with the EPA
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methods development section. Individual laboratories in the multi-~
laboratory system are encouraged to suggest improvements in existing
procedures, but at no time should any individual summarily introduce
method revisions, changes in GC columns, alterations in instrumental
parameters, etc., without consultation with the coerdinator or authors
of methods. K Past experience clearly indicates that the vast majority
of poor analytical performances on interlaboratory check samples were
performed by laboratories deviating in some way from the standard
procedures. It is important, therefore, that laboratories adhere to
standard analytical methods, but also that they report any problems
with them to the coordinator so that these methods can be further re-
searched and improved as experience dictates the necessity. A standard
procedure is generally not circulated until such time that reproducibility
and precision have been well established. Chemists having troubles with
some phase of a standard procedure should search internally for the cause
of the difficulty rather than making revisions in the method that cannot
be fully studied and statistically evaluated by the individual,

IMPLICATIONS OF AN INTRALABORATORY QUALITY CONTROL PROGRAM

An intralaboratory quality control program such as described in the
preceding pages requires a good deal of time and effort and does not
come cheaply. It is a conservative estimate that around 157 of the
typical analytical laboratory's resources should ideally be channelled
into quality control. The questions often arise, particularly in a
smaller laboratory, "Is such a program worth all this effort and expense’
What is the return on the investment?" :

Each laboratory administration officer must resolve the answers to these
questions in light of the impact of his ultimate analytical data. If
his laboratory is regulatory in nature, would he feel comfortable going
to court to defend the validity of his analytical data? Would his
control program hold up under a barrage of cross-examination questions?
If the laboratory's work is primarily of a monitoring nature, would he,
for exampie, feel fully confident in advising his superior officials that
a given waterway is carrying a pollution load of x micrograms per liter
of PCBs?

From observations in the EPA interlaboratory quality assurance program
(Section 2), it can be stated without reservation that laboratories
lacking a systematic internal control program more than likely will do
very poorly in the analysis of a blind sample. In numerous instances,
laboratories joining the program and analyzing a blind for the first
time have performed rather badly in contrast to the peer laboratories
that have been practicing rigid internal quality comntrol., The practical
implication of this, of course, is that analytical data from such loosely
controlled laboratories are simply unreliabile.

.
To cite a specific instance, one laboratory joining our program and re-
porting the results of their first analysis of a spiked water sample
reported the presence of p,p'-DDE, p,p'-DDT, o,p' -DDT, heptachlor

-104-




Section 38

epoxide, o,p'~DDE, and dieldrin. The actual spiking composition was
HCB, oxychlordane, p.p'-DDE, p,p'-DDT, and Aroclor 1254 (PCB). In other
words, the analyst found two of the compounds that were actually present,
four that were not present, and missed three that were present.

- It takes no .great stretch of the imagination to assess the reliability

38

of routine analytical data from this laboratory. Such data would do
far more harm that good. '

Unfortunately, 1aboratory administrators are sometimes inclined to regard
analytical data as a production commodity, expecting x numbers of analyses
to be completed in y length of time with little thought to such ancillary
factors as quality control or specific analytical problems related to
certain samples. We have no great quarrel with output norms, provided
that quality control activities are built into the norms. When they are
not, analytical data such as those described above should not be regarded
as unusual. :
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Section 4

EVALUATION, STANDARDIZATION, AND USE OF MATERIALS FOR
PESTICIDE RESIDUE ANALYSIS

ADSORBENTS

Cleanup and preliminary fractionation of sample extracts are most often
accomplished by chromatographic elution through a colummn of an active
adsorbent. Florisil, a synthetic magnesium silicate, is most widely used
for this purpose; but the latest trends indicate that partially deactivated
silica gel and alumina, charcoal, and adsorbent mixtures, as well as gel
permeation chromatography (1), are becoming increasingly popular.

The activity (adsofﬁtive strength) of adsorbents can be checked by elutioﬁ
of standard dye materials (2), lauric acid, or standard pesticide mixtures
through a prepared column. Most materials may be activated by strong

‘heating, and some may be activated for a particular purpose by pretreat-

ment with an acid or base (e.g., alumina) or an organic solvent (e.g.,
charcoal). ' Deactivation of a polar adsorbent to a desired level has been
achieved by addition of a certain percentage of water.

Florisil has proven to be nonuniform in elution characteristics (3,4) and,
therefore, each batch requires careful pretesting of the adsorptive
properties prior to use. One activity of the EPA Health Effects Research
Laboratory, Environmental Toxicology Division, Analytical Chemistry Branch
Interlaboratory Quality Control Program (Section 2) is the furnishing of
uniform, standard quality Florisil to other EPA laboratories and to labora-
tories with direct contracts to conduct envirommental monitoring. Pro-
cedures specified by the program coordinator and other available standardiza-
tion methods will be described in the following subsections.

a. EPA Procedures for Handling and Evaluation of Florisil

Details are given in Section 3D of the EPA Pesticide Analytical Manual.
Especially high quality lots of Florisil (calcined at 1250°C) are
purchased from the manufacturer in 200-400 1b quantities after favorable
evaluation of an advance sample by the coordinator of the interlaboratory
program. When the entire lot is recelved, another evaluation is made

on plugs taken from each polyethylene-lined fiber shipping drum by

means of a grain trier. If satisfactory, adsorbent is transferred

from the drums to specially cleaned wide mouth glass jars with foil-
lined metal screw caps and a capacity for 2 1b of Florisil.

Evaluation of Flarisil for use in a modified Mills, Onley, Gaither pro-
cedure is made by heating Florisil in an Erlenmeyer flask overnight ox
longer at 130°C in a clean oven that is preferably dedicated to this
sole purpose. Heated Florisil is stored at 130°C in the oven with the
flask covered by aluminum foil or glass stoppered. Three columns
(RKontes 420530, size 241, 25 mm od x 300 mm length) are packed with

4 inch beds of activated adsorbent topped with Na280; immediately prior
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to use, as described on page 6 of the EPA PAM, Sectién S;A,(l),(a).
Alternatively, the columns may be prepacked, activated, and stored with
aluminum foll covers in the oven, and withdrawn a few minutes prior to
use.

Iwo standard mixtures containing a total of 17 organochlorine and
organophosphate insecticides are prepared at levels of 20-250 pg/ul;

5 ml of each is added to separate columms and 5 ml of hexane is added
to the third as a control. Elution is carried out with 200 ml of 6%
diethyl ether in petroleum ether in two 100 ml portioms, and similarly
with 15% and finally 50% ether-petroleum ether. The six eluates are
concentrated and injected for analysis by gas chromatography with an
0V-17/QF-1 column capable of resolving the mixtures of pesticides in
the fractions.

The percentage recovery for each compound is calculated from the chroma~
tograms of the eluate increments and the original standard mixture.
Results are recorded on the standard form shown as Table 4~1. The
Florisil is evaluated on the basis of the elution pattern and recovery
of the pesticides of interest. All chlorinated insecticides should

be recovered in the range 90-105%7 with the possible exception of
aldrin, for which recoveries may be low. Some organophosphates, such .
as carbophenothion, may also yleld low recoveries. Ethyl ether should
contain 2% v/v ethanol as commercially supplied, or if absolute ether
is used, exactly 2% v/v ethanol should be added to obtain the correct
polarity which results in the compound elution pattern shown in Table
4-1. The effects of the ethanol constituent may be observed in the
following Figure 4-A, wherein three identical mixtures of seven com-
pounds were eluted through three separate but identical Florisil
columns. Petroleum ether with no ethanol was used in one column,
petroleum ether with the correct 2Z ethanol in the second columm, and
petroleum ether with 47 ethanol in the third column. ;

A copy of the elution pattern is enclosed with' each ‘shipment of Florisil
to qualified field laboratories, which should attempt to verify the ‘
results. Changes in local conditions, such as packing procedures,
temperature, and humidity, can affect the amount of adsorbent or the
nature (polarity) of the solvent required for proper elution. Although
the method outlined evaluates Florisil for use with certain pesticides

in a specific procedure, similar methods can be used to pretest different
adsorbents for any residue analysis.
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Section 4A

Figure 4-A. The effects of polarity variation of eluting solvent in
Florisil partitioning of 7 pesticides. Absolute ethyl
ether mixed with 0, 2, and 4% absolute ethanol. ‘

Elution Froction®
Hept. Epoxide
Dieldrin

Endrin

Diazinon
Mathyl Parathion

4% Etha
IT|X Elution Froction®
Hept. E ide
Erhyl Parathion] ‘0‘; = o::; d(,:“'
. 1
Malat.hton‘ 161 B4 Endrin
- 3| 87 Diazinon
“Eluting mixturas: = 2} 98 Methyl Parathion
Fract. 1 - 6% Et,O in pet.ether 3| 97 Ethyl Parathion -
;rrg‘c:.lllll :lgé w aow o Malathion

b. Florisil Standardization by Lauric Acid Adsorption

For details, see Section 121.3 of the FDA Pesticide Analytical Manual.
Florisil is activated and stored as described in Subsection 4Aa. As

an alternative, stoppered containers of activated Florisil may be stored
in a desiccator at room temperature and the adsorbent may be reheated

at 130°C (unstoppered) after two days.

Standardization by weight adjustment based on adsorption of lauric acid

was originally described by Mills (5). An excess of acid solution

(400 mg in 20 ml in hexane) is added to 2.00 g of Florisil in a flask, and the
amount not adsorbed after shaking for 15 minutes is measured by alkaldl
titration of an aliquot removed from the flask. The weight adsorbed is

ugsed to calculate by proportion equivalent quantities of Florisil batches
having different adsorptive capacities:

Equivalent quantity 110
of Florisil batch x20 g
required per column Lauric Acid Value of

batch

Lauric Acid Value mg lauric acid/g Florisil
200 - (ml required for titration -
x mg lauric acid/ml 0.05N NaCH)

This gross method gives no real indication of the elution pattern to be
obtained from a column containing the standardized Florisil. .
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To verify the value obtained by the lauric acid method and to test for
proper elution of organochlorine and phosphate insecticides, 1 ml of a
standard mixture containing 1-15 ug of eight compounda is applied to a
22 mm id column containing 4 inches of Florisil (or the weight deter-~
mined by the lauric acid method) and eluted with 200 ml portions of 6,
15, and 50Z diethyl ether in petroleum ether. The three fractions are
concentrated prior to gas chromatography on an appropriate column.
Heptachlor, heptachlor epoxide, ethion, and carbophenothion should
elute with good recoveries in the 6% fractiom; parathion, dieldrin, and
endrin in the 157 fraction; and malathion in the 50% fraction. This
mixture is recommended for routine testing since 1t contains pesticides
that give indication of improper eluticn, poor Florisil, and impure
reagents.

Deactivated Florisii

Weter—deactivated Florisil is required for the Osadchuck et al. multi-
residue screening procedure for foods (Subsection 9M). Preparation
and standardization is carried out as follows for this method (6):

(1) Deactivation

Heat 1-2 kg of Florisil in a one gallon jar at 300°C for 8 hours and
cool overnight. Add 2% (w/w) distilled water and place a screw cap
lined with aluminum foil on the bottle. Place the jar in a rotary
mixer, tumble for 1 hour, and allow Florisil to stand for 24 hours
after mixing. .

(2) Standardization

A mixture of dieldrin, malathion, and azinphosmethyl is added to a
2.5 em id tube filled with 15 cm of deactivated adsorbent. The
column is eluted successively with 300 ml portions of 30% methylene
chloride in hexane, 102 ethyl acetate in hexane, and 307 ethyl

" acetate in hexane. Dieldrin should elute in the first fraction,
malathion in the second, and azinphosmethyl in the third, with all
recoveries greater than 90%. Late elution, especially of malathion,

which just barely elutes with 107 ethyl acetate, indicates insufficient

deactivation and the need for more polar solvents. Early elution
indicates over-deactivation, requiring legs polar solvents for
chromatography (i.e., lower percentage of methylene chloride or
ethyl acetate). .

Comparable standardization is carried out for other methods employing
deactivated Florisil. '

Deactivated Silica Gel and Alumina
Silice gel deactivated with various percentages of water has been
successfully used for cleanup and fractionation in many residue deter-

minations. Preparation of 20Z deactivated adsorbent on a small scale
has been conveniently and successfully carried out as follows (7):
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(1) Activate Woelm silica gel 48 hours at 170—175°C.

(2) Add 2 ml of water to 10 g of adsorbent in a tightly capped Teflon-
lined screw top vial.

(3) Mix on a rotary mixer (Roto-RackTM) for 2 hours at setting 8.

Silica gel prepared in this manner can be stored in the capped vial
for at least one week with no change in adsorptivity. Standardiza-
tion iIs carried out, as asbove, by packing the required column,
adding an aliquot of standardization solution containing the pesti-
cides of interest at a level providing adequate detector response,
eluting with appropriate solvents, and examining fractions of
eluate by gas chromatography.

Alumina deactivated with water is used in conjunction with silica
gel in the Holden and Marsden cleanup procedure (Subsection 90)
and its various modifications (8). This may be prepared in a
similar manner by addition of the required percentage of water to
alumina previously activated at 800°C for 4 hours.

Celite 545

Electron capturing impurities are removed from Celite 545 as follows:
Slurry with 6M HC1 while heating on a steam bath, wash with water until
neutral, wash with several solvents ranging from high to low polarity,
and dry. Impurities interfering with phosphorus-selective detectors

are removed by heating Celite at 600°C in a muffle furnace for a minimum
of 4 hours (FDA PAM, Section 121).

Charcoal

Charcoal adsorbent is purified as follows: Slurry 200 g with 500 ml of
concentrated HCl, and stir magnetically while boiling for 1 hour. Add
500 ml of water, stir, and boil another 30 minutes. Recover the char-
coal by filtering through a Buchner funnel, wash with water until
washings are neutral, and dry at 130°C. (FDA PAM, Section 121). As an
alternative procedure (9), add 225 g of charcoal to 1.2 liters of
ethanol-conc. HCl-water (50:10:40) and reflux for 1 hour. Collect the
charcoal on a Buchner funnel and wash with distilled water until pH test
paper shows only a trace of acid to be present. Further wash the char-
coal with acetone and aspirate until nearly dry. Air dry until odorless
(2-3 days) and finally dry in a porcelain dish. at 130°C for 48 hours. .
Store in a tightly stoppered bottle. ’

Magnesium Oxide (Sea Sorb 43)

Slurry 500 g with enough distilled water to cover it in a 1 liter
Erlenmeyer flask, heat with occasional shaking for 30 minutes on a-
steam bath, and filter with suction. Dry for 12-24 hours at 105-130°C
and pulverize to pass a No. 60 sieve. About 10% water is adsorbed in
this procedure. Store in a closed jar (FDA PAM, Section 121; 9).
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h. Packing and Elution of Adsorbent Columms

Pack the adsorbent in glass chromatographic columns containing a loose
plug of glass wool (coarse porosity fritted glass discs as support are
not recommended because of the difficulty of keeping them clean).

Columns 300 mm x 22 mm id with or without a Teflon stopcock (e.g.,

Kontes 420530, size 241, or equivalent) have been widely used for larger
scale cleanup, and 7 mm id columns (e.g., Kontes size 22 Chromaflex
columns, or equivalent) for small scale chromatography. Add the re-
quired amount of dry column packing in increments and gently tap to
settle after each addition; then add a layer of granular sodium sulfate
(ca. 0.5 inches) on top of the adsorbent. Prewash the column with
hexane or petroleum ether, bring the level of liquid to the top of the
‘bed, add the sample, and wash it into the bed with several small portions
of the first eluant. Collect the various fractions in separate containers.

Carry out the elution with a series of solvents and solvent mixtures of
increasing polarity. Select the polarity of the solvent series con-
sistent with the activity (polarity) of the adsorbent and the polarity
of the sample. Use the least polar solvent that will elute the pesti-
cides from the adsorbent to minimize co—elution of polar impurities.

The order of polarity for several common solvents is as follows:

hexane (petroleum ether) - least polar.
benzene

ethyl ether

methylene chloride

ethyl acetate

acetonitrile

methanol - most polar

cAs CHROMATOGRAPHY PACKINGS
4B mmonncnou AND COLUMN TECHNOLOGY

It is appropriate to reiterate that the column is the "heart of the gas
- chromatograph.” Even though all other modular components of the instrument
may be functioning perfectly, a bad column will cause the entire gas chro-
matographic output to be correspondingly bad. In this subsection, a number
of practical operational problems will be discussed; many of these problems
have come to light in the interlaboratory quality control program described
earlier in Section 2. "Some of the operational instructions, fully covered
in Sections 4,A- 4,D of the EPA PAM, will be briefly reviewed in this sub-
section, but only as they relate strongly to the success or fallure of the
gas chromatographic performance.

A column for gas liquid chromatography consists of a tube filled with a

powdered support on which is uniformly coated a liquid, stationary phase.
When a mixture of compounds is injected into the gas chromatograph, each
compound 1is swept through the column at a rate that is determined by the
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interaction of the compound with the stationary phase under the glven
operating parameters such as temperature and flow rate of carrier gas. If
the phase and the parameters are properly chosen, the different compounds
will migrate through the columm at different rates, and separation will be
achieved as diagrammed in Figure 4-B (10).

Figure 4~B. Schematic diagram for elution analysis.
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Most applications of residue analysis are carried out with packed columns
of this type rather than wall coated or support coated capillary (open
tubular) columms, although the latter are being used now with greater

frequency (see Subsection 4M). GC tubes are usually made of borosilicate
glass. Copper and stainless steel are best avoided because both can '

cause decomposition of compounds unless special precautions are taken.

Commercial solid support materials are usually composed of flux-calcined
diatomaceous earth that may be treated by acid- or base-washing or silaniza-
tion. Firebrick, glass beads, and Teflon are other support possibilities.

A good support material should be available in narrow and uniform ranges of
particle (mesh) size and have a minimum of active adsorption sites for inter-
action with injected compounds passing through the column, high surface area
per unit volume, good thermal stability, and mechanical strength. Although
greatly improved in recent years, various supports and different lots of the
same support are not necegsarily equal in surface area or inertness. Ad-
gorption or degradation of a pesticide on the support can affect the relative
retention time and responge of the compound. It is important to select the
most inert solid support possible for pesticide analysis, with additional
special treatment being desirable for columns used to determine certain
sensitive compounds (Sections 4F and 4I). Chromosorb W is among the least
active diatomaceous earth supports commercially available. As a general
rule, column efficiency increases as the particle size of the support de-
creases, but a greater carrier gas pressure is required te maintain a given
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flow through columns with smaller mesh sizes. For most pesticide work,
supports with mesh sizes of 80-100 or 100-120 will be satisfactory. The
presence of very fine particles, those above the upper limit of each
individual mesh range, may cause column inefficiency. If it is likely that
particles have been broken during shipment or use, thus increasing active
sites and exposing untreated surfaces, check to determine whether the

mesh size of the solid support is completely within the expected range.

There are a great number and types of liquid phases commercially available.
The choice of liquid phase is usually made on the basis of the polarity of
the compounds to be separated. Phases recommended for general use in pesti-
cide analysis are described in Section 5L. Recently, liquid phases have
been marketed that are purportedly "equivalent" to previously available
phases but with greater thermal stability. It is important to determine
whether they provide the same relative retention times.

Important column considerations include efficiency and resolution capa-
bility, sensitivity (in relation to the detector), retention, compound
elution pattern, stability to heat and Injection loading, and freedom from
on-column compound decomposition. These will be discussed in light of their
effect on day-to-day operation of the column.

COLUMN EFFICIENCY AND PEAK RESOLUTION

Figure 4-C shows the equations used for calculating column efficiency (in
theoretical plates) and the resolution (R), or degree of separation between
peaks, from a chromatogram. A numerical value for efficiency, in itself,
is of little practical import. However, efficiency is generally synonymous
with peak resolution, and this is of considerable importance to the chroma-
tographer. Figure 4-D, for example, shows superimposed chromatograms of
standard chlorinated pesticide mixtures on two separate 6-foot columnsg of
2% OV-1/3%QF-1, one (A) with very poor efficiency (740 total plates) and the
other (B)~with high efficiency (4,530 plates). It will be observed that' on
column B, all seven peaks give baseline separation, whereas on the low
‘efficiency column A, poor separation is evident for four of the peaks.

A column efficiency value of 500 theoretical plates per foot for p,p'-DDT
is considered to be of minimal acceptability in terms of the generally
expected peak resolution. A 6-foot column of 3,000 plates will usually
provide acceptable resolution of mixtures encountered in residue analyses.
Since the absolute retention time of the peak used for measurement has an
effect on the calculated N, it is necessary to choose a standard peak such
as p,p'~DDT for comparison of column efficiency. Column efficiency as
measured by this equation is affected by noncolumn factors such as dead-
volume in the instrument construction or by anmy gas leaks.
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Calculation of column’ efficiency and resolution

Figure 4-C.

Efficiency: N=16 (%‘;)z

Resolution: R= ¥ fy
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Effect of column efficiency on pesticide resolution

Figure 4-D.
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Column factors that influence efficlency are the particle size of the
support (small particles lead to higher efficiency), uniform coating, care
in handling and packing the coated support, columm diameter and length
(longer columns provide more total plates), and operating parameters such

as temperature and flow rate, particularly the latter.” These parameters
must be optimized in relation to the liquid phase loading and the analysis
time. In general, lower temperatures and flow rates and low liquid phase
loading beneficially affect efficiency. Figure 4-E illustrates the advantage
of low loading (column A) by comparison of resolution and elution time for
two columns of nearly equal polarity operated at similar temperatures. A
pitfall of low-loaded columns, however, is easier degradation and/or adsorp-
tion of certain susceptible pesticides, affecting both the retention time
and the apparent response of these compounds. The minimum coating that can
be used is limited to the amount for complete coverage of the support,
usually. 1-3%, and also by the reduced capacity for sample components.

Figure 4-E. Effect of stationary phase loading on column efficiercy.
0
A: Temp. 187°C, 70 ml/minute, effic. 4550 theor. plates.

B: Temp. 190°C, 100 ml/minute, effic. 2600 theor. plates.
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4D SENSITIVITY AND RETENTION '

The same principal factors influence the sensitivity and retention of the
colum: type and loading of the liquid phase, carrier gas flow rate,
column temperature, column length, and particle size of the support.

These column parameters influence the sensitivity in that any change in-
creasing the peak height for injection of a given amount of pesticide will
thereby increase detector response. The columns recommended in this Manual
(Subsection 5L) are designed for adequate resolution consistent with
practical elution times, and an absolute retention of 16-20 minutes for
P,p'-DDT has been found to approximate these characteristics for a column.
This retention range can be obtained by operation of lower load columns
(3-6%) under such conditions that will produce maximum efficiency. Higher
load columng must be operated at elevated temperature and flow rate, and
therefore decreased efficiency, to obtain this elution time. Relative
retention times are affected only by the nature of the liquid phase and the
column temperature. That is, at a constant temperature, the percentage
loading of a particular liquid phase can bé varied without changing the
relative retention of two or more pesticides.

The following bar graph, Figure 4-F, provides comparative sensitivity data

on eight GC columns using the 3%Z OV-1 column as unity for reference purposes.
Each column included in the study was operated at its optimum parameters in
terms of the achievement of maximum response, efficiency, and a practical
retention time.
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4E COLUMN STABILITY

It is desirable to use columns that are heat-stable or "bleed" resistant
and that continue to function properly under injection loading with dirty
extract. Liquid phase bleed is evident from a persistently drifting base-
line and the inability to obtain a normal level of standing current (Sub-
section 5C) from an electron capture detector. Minimum baseline noise
and drift are achieved with a relatively lightly loaded column containing
a stable liquid phase of low volatility. '

When a succession of "dirty" extracts are passed through the system, the
column performance is usually affected. The most prevalent symptoms of
injection overloading are depressed peak height response, lowered efficiency
and resolution, on-column breakdown of pesticides, erratic recoveries, and
unsymmetrical peaks (see Figure 4-J). Columns with low liquid phase load-
ing are more susceptible to injection overloading.

4LF RESISTANCE TO ON-COLUMN COMPOUND DECOMPOSITION

Unless a column is properly prepared, conditiomed, and maintained, it can
cause such compounds as endrin and/or p,p'-DDT to undergo some degree of
decomposition. The main symptom of endrin decomposition-is a greatly re-
duced endrin peak with the formation of one or two additional peaks arising
from decomposition products. p,p'-DDT decomposes to p,p'-DDD and, in extreme
cases, to p,p'-DDE.

Newly packed ‘columns should be specially treated with a silanizing agent such
as Silyl 8 to reduce the number of active adsorption sites that can cause
decomposition of endrin. The beneficial effect in improving response and
minimizing conversion of endrin to breakdown products is illustrated in
Figure 4-G. Chromatogram A was obtained for an aldrin-endrin mixture
immediately after heat conditioning and equilibrating a column of 1.5%
0V-17/1.95%Z QF-1. It exhibits a small endrin peak and two breakdown peaks.
(In principle, endrin could be quantitated using: ‘the sum of these three peaks;
however, the final breakdown peak elutes very slowly and would cause the
analyst to waste considerable time.) After treatment with Silyl 8, the same
amount of the same mixture was injected, and Chromatogram B shows significant
improvement in the endrin response and complete disappearance of the two
breakdown peaks. ' :
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Reduction in breakdown of endrin resulting from

Figure 4-G.
column silanization
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Silanization does not always provide such dramatic results. Cases have
been noted when no endrin response whatever, either in the form of a main
peak or breakdown peaks, was obtained, and silanization did not improve
the situation. On the average, however, silanization clearly improves the
gas chromatographic behavior of endrin.

DDT breakdown is manifested by the appearance of p,p'-DDD and/or p,p'-DDE
on the chromatogram resulting from the injection of pure analytical grade
p,p'-DDT that is known to be free of these metabolites as lmpurities.

This problem is associated with overloading of the column packing adjacent
to the front glass wool plug, the plug itself, or the glass insert 1f off-
column injection is used, with contaminants from dirty extracts. Figure
4-H illustrates the DDT breakdown phenomenon. Chromatogram A is an aldrin-
DDT mixture on an SE-30/QF-1 column with no decomposition, while B shows
another column containing the same phase (operated with somewhat different
parameters) that caused a total of 25% decomposition of the DDT peak to its
two metabolites. This chromatogram was obtained in a laboratory where the
injection insert had not been changed for three weeks.

Figure 4-H. Breakdown of p,p'-DDT on 4% SE-30/6% QF-1 column

A ~ No Conversion : 8 - Maximum Conversion

PIP'DDT

Figure 4-I is a similar illustration of deterioration of column performance
with age or with heavy use for dirty samples. The older column (B) is pro-
moting degradation of DDT to DDD (peak 5 to peak 4), and retention times
have lengthened. These chromatograms point out the importance of frequent
analysis of GC standards that atre representative of those compounds that are
most frequently analyzed. o
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Figure 4-I. Electron capture gas chromatograms of DDT and metabolites on
a 4% SE-30/6% QF-1 column, 180 cm x 4 mm 1d, at 180°C. (A) New
column, (B) column after 2 months use for "dirty" samples.
Compounds: (1) p,p'~DDE; (2) o,p'-DDD; (3) o,p'-DDT; (4)
P,p'-DDD; and (5) p,p'-DDT.

w 2

g 4

P 5 ] 2

= 4

g 3

8 5

«
i | 1 ] 1 | (1 1 ] 1 1 ] |
0 3 8 9 12 18 g 3 8 9 12 15 18

TIME (min)

Figure 4~J illustrates an extreme case of overloading of a column of 2%
OV-1/3Z QF-1l. Chromatogram A is from & standard mixture of seven pesti-
cides on a freshly prepared column. The column wag then disconnected from
the detector so the exit end vented inside the oven. ‘Elghteen consecutive
injections were then made of fatty tissue extract after elution with 157
diethyl ether-petroleum ether through a Florisil column, each injection
containing the equivalent of 25 mg of fat. After 30 minutes the column was
reconnected to the detector, the system was equilibrated, and an identical .
volume of the same standard mixture was injected. Chromatogram B shows

the results of columm overloading: depressed peak heights, peak tailing,
peak broadening, and conversion of p,p'-DDT to P,p'-DDD (in actuality, the
ratio of these changed from 8:10 to 4:10). A clean Vycor glass insert was
then installed in the injection port, the system was re-equilibrated for

30 minutes, and another equal volume of standard mixture was injected.
Chromatogram C shows the dramatic recovery of the system after this single
step. Finally, Chromatogram D indicates a complete rejuvenation of the
system when the same mixture was injected after overnight purging at normal
operating temperature and carrier flow parameters.

This series of chromatograms is stxiking evidence that damaged columns can
often be salvaged by changing the injection insert, forward glass wool plug,
and perhaps the first ome-half or one inch of column packing. More import-
antly, properly maintained and monitored columns should provide top perform=~
ance without problems for many thousands of injections.
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Chromatograms illustrating column overloading
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. Section 4G
HOMEMADE VS. PRECOATED PACKINGS

The decision whether to make column packings or to buy them precoated con-
fronts every laboratory conducting GC analyses. Prior to 1969 the answer

to this question was easy. The precoated supports available from commercial
suppliers were so poor in quality that it was necessary to hand-coat packings
to obtain satisfactory materials. Since that time, however, several commercial
firms have developed the capability to produce high quality packings. Not-
withstanding, anyone purchasing this material should do so on specification.

As broad guidelines, the following quality criteria are presented:

a. Must meet a column efficiency of 2 minimum of 3,000 thédretical plates
for a column of 183 cm (6 £ft) x & mm (5/32 in.), computation being made
on the basis of a peak for p,p'-DDT. : :

b. A specific pattern of compound elution and peak separatioh.

¢. An absolute retention time range for the elution of P,>p'-DDT using
specified parameters of column temperature and carrier gas velocity.

d. No appreciable decomposition peaks to result from the. injection of pure
standard endrin or p,p'-DDT '

e. Final acceptance of each lot purchased to be based on buyer's evaluation
at time of delivery. , ‘

The final decision on whether to purchase or prepare column packing may de-
pend on the situation in a given laboratory. The successful formulation of
column packing in small batches requires a degree of expertise somewhat
beyond the purely scientific. The procedure has been described as 507
science and 507 art. If some particular individual on a laboratory staff
has developed the expertise to produce good column packing in small lots, it
may prove advisable to prepare the material on an in-house basis. This is
somewhat cheaper and far more convenient in terms of immediate availability.
On the other hand, if no individual on the staff has this "knack" and the
laboratory has no appropriate equipment for the task, it may prove advisable

to rely on a commercial supplier.

There are a number of methods available for the preparation of &olumn
packing. The simplest probably is the "beaker technique" wherein the liquid
phase or phase mixture is dissolved in an appropriate solvent in a beaker,
the support is added, and the mixture is stirred while evaporating the
solvent under a stream of air or nitrogen. The strong disadvantage is that
the constant hand stirring tends to fracture the support particles.

An extension of the beaker technique is known as the "filtration technique."
The slurry in the beaker comprised of liquid phase, support, and solvent is
removed by drawing air through the layer of packing on the filter paper by
means of a side arm flask connected to a vacuum source.
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The "fluidization technique" is a more sophisticated extension of the beaker
technique. The slurry in the beaker is transferred to a fluidizer cylinder
(Applied Science Laboratories, Catalog Number 13994) so constructed that a
high volume of nitrogen can be blown up through the packing from the bottom
of the cylinder, while heat is applied by an element at the base of the
cylinder. o _ :

In the "rotary vacuum technique" the liquid phase or mixture is dissolved
‘in an appropriate solvent in a small beaker and transferred to a Morton
flask (Kontes No. K-295900) with indented sides. The support is added and
the flask is placed in a variable heat water bath and connected to a rotary
evaporator (Rinco). Mixing and solvent evaporation are carried out by
rotating the flask under vacuum with applied heat.

Because no preparation technique is presented in the EPA PAM, one method is
offered below for the benefit of laboratories that may like to prepare their
own packing. While other methods may be equally satisfactory, the rotary
vacuum method as detailed here has proved very satisfactory for the pro-
duction of small batches of GC column packing. The batch size described
will provide enough packing to £ill three 183 em x 4 mm columns.

a. Based on a 21 g total batch size, compute the amouﬁt of liquid phase(s)
. to weigh in 30 ml beaker(s) on an analytical balance.

b. Weigh out liquid phase to two-place accuracy. If making mixed-phase
packing, weigh each liquid phase in a separate beaker.

c. With a 25 ml graduatedlcylinder, transfer 15 ml of the appropriate
‘ gsolvent into each beaker. Stir with a 3 inch glass rod until the liquid
phase is completely dissolved.

d. Through a glass funnel, transfer each liquid phase sclution into one
" 300 ml Morton flasx. Note: From this point on, all solvent used for

rinsing beaker(s) and funnel(s) will be measured so that the final
"solvent volume in the flask will be just sufficient to produce a slurry
of about heavy cream consistency when the support is added. This is a
somewhat critical point because too little solvent does not permit
adequate mixing for uniform support coating, and too much solvent
involves an excessive evaporation time for the solvent. A 10 ml Mohr
pipet works nicely for adding and measuring the applied solvent. The
beaker(s) should be rinsed with four consecutive applications of 7-9 ml
of solvent, the exact amount depending on the appropriate solvent/support
ratio.

‘e. After the liquid phase transfer into the flask, place a powder fummel in
_the flask and add the support. Note: The amount of support to weigh
out for a 21 g batch is the difference, in grams, between the total
amount of liquid phase weighed and 21 g. For example, with a 21 g batch

of packing of 47 SE-30/6% QF-1:
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SE-30 0.040 x 21.0 = 0.84 g
QF-1 0.060 x 21.0 =-1.3 ¢
Total liquid phase: 2.1 g

21.0 - 2.1 = 18.9 g of support

£f. Attach the flask to a rotary (Rinco) evaporator.

g. Mix slowly for 10 minutes at room temperature with just enough vacuum”
applied to hold the flask om the evaporator.

h. Advance the hot plate control sufficiently to increase the temperature
of water in the beaker to 45°C in ca. 20 minutes. Increase the vacuum
slightly at the start of heating and continue increasing, a little at
a time. Notes: (a) By the time the temperature reaches 45°C, the
vacuum should be such that the slurry is at a near-boil. This con—~
dition should be maintained throughout, until all visible solvent is
removed. (b) After the 10 minute initial mixing period, the flask is
rotated very slowly. This is a very critical point. It is genmerally
not possible to slow the power stat or Variac sufficiently to com~
pletely accomplish this, and it is necessary to brake further by hand.
mmrmumsmmmmuaumﬂmbymewaumthwwwmr@uy
a small time investment in light of the importance of good column
packing and the length of time good columns should give service.

i. Advance heat gradually to 55°C,‘app1ying as much vacuum as possible
just short of flushing liquid solvent out of the flask. Remove all
visible solvent at this temperature,

j. Advance heat to produce 65°C, applying all vacuum available and rotating
very slowly and intermittently.

k. When all evident solvent is removed, release the vacuum carefully and
shut down the assembly. Transfer the flask of packing to an oven and
hold at 130°C at least 2 hours, or overnight.

Alternative pan coating and filtration coating procedures are described in
the FDA PAM, Section 301.5.

Once a column is prepared, the actual weight percent loading can be de~
termined, if required, by exhaustive Soxhlet extraction in glass thimbles
or standard low temperature or thermal ashing procedures.

PACKING THE COLUMN
Columns for pesticide analysis are generally 4-7 feet (120-210 cm) in length

and 1/8 or 1/4 inch (0.32 or 0.64 cm) od metal or glass. Aluminum columns
have been found suitable for chlorinated pesticides, but glass is usually
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preferred to prevent degradation often associated with metal columns. U-

shaped, 6~-foot, glass columns are used in the Tracor MT-200 gas chromato-

graph that is standard throughout the EPA network of laboratories (Section
5). These are cleaned before packing by scrubbing with soap and water and
a pipe cleaner, rinsing with water and acetone or anhydrous methanol, and

drawing vacuum to dry. Glass columns should be silanized prior to packing
for chromatography of especially labile compounds. See also Subsection

5J for information on silane treatment of glass injection inlets.

There are several methods for packing a columm, e.g., hand vibrationm,
mechanical vibration, and vacuum. The method of choice may be dictated

by the configuration of -the columm. ~Thus, vacuum is about the only method
for packing a coiled columm. A U-shaped columm may be packed by any of the
three methods. In general, the aim is to pack the coated support tightly
to increase efficiency, with the least amount of particle breakage possible
to decrease adsorption/degradation problems. The recommended method is
hand vibrating, which has produced columns of consistently high quality.

a. The operator should be sure that the column, if intended as a 6-foot
column, is really 6 feet in total length, and not some lesser length.
Efficiency and retention time are both reduced in a shorter columm.
For off-column injection in some chromatographs such as the MT-220,
the inlet end of the column should be 1 inch shorter than for on-
column injection. -

b. On each column leg place a mark at a point on the glass that will be
Just visible at the Swagelok nut when the column is installed in the
oven. : :

c. Through a glass funnel attached to the column, pour ca. 6 inches of
packing into each leg.

d. Repeatedly tap the U-bend of the column on the floor for ca. 30 seconds.
Note: The glass is fragile and it is, therefore, advisable to place
gsome type of padding such as a magazine on the floor.

e. Repeat this operation, adding ca. 6 inches at a time to each columm
leg. It is advisable to vibrate additionally with a wooden pencil,
running it up and down the length of the packing. :

f. Continue adding packing and vibrating until the pencil marks are reached
and the packing will not vibrate below the marks. This should be done
" with great care, tapping the column a sufficient length of time to be
certain that no further settling is possible by msnual vibration. The
use of mechanical vibration is not advised as the packing may be packed
 too demsely, thus introducing the possibility of excessive pressure
drop when carrier gas is applied.

g. Place plugs of:ca. 1 inch length of silanized glass wool in each end,

just tightly enough to prevent dislodging when carrier gas is applied
but not so tight as to impede gas sweep through the column. If glass
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wool is packed by hand, the hands should be carefully washed with soap
or detergént, rinsed, and dried to minimize skin o1l contamination of
the glass wool. Glass wool can be silanized by treating with 10%
dimethyldichlorosilane in toluene for 10 minutes followed by rinsing
with toluene and treating for an additional 10 minutes with anhydrous
methanol and air drying, or the prepared material can be purchased

commercially (e.g., from Applied Science Laboratories). The column
is now ready for conditioning. '

One excellent measure of a well packed column is the net weight of
packing per foot compared to a previous efficient.columm. Experienced
chromatographers can repeatedly prepare columns within ca 2 mg/foot
using the same batch of packing.

COLUMN CONDITIONING

The column is conditioned, or made ready for routine use, by heat curing,
gllanization, or Carbowax treatment, and injection of a concentrated pesti~
cide solutiomn.

The purpose of heat curing GC columns is to remove impurities in the
partition phase, impurities from the solvent in which the phase was
dissolved, and the solvent itself. If a column is put into use immediately
after coating with these contaminants present, a background signal such as
that shown in Figure 4-K caused by the elution of these compounds will re-
sult. Proper conditioning will allow the ‘column to operate on the plateau
(region C) where a small, constant background signal results from the low
vapor pressure of the partitioning liquid at the particular temperature

of operation. This low-bleed operation of the column improves day-to-day
stability of sensitivity and baselines, quantitation, and the quality of
chromatograms; it also lowers the amount of detector cleaning needed.
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Figure 4-K. Column conditioning (11).

The following schedule of heat conditioning is recommended for some EPA
(Subsection 5L) and FDA prescribed GC columms:.

o. 1/

Phase : | Oven Temp., C — Minimum Time, hour
4% SE-30/6% OV-210 245 ' 72
1.5% 0V-17/1.95% QF-1 245 48
3z pEes 2/ 235 : 20 3/
10% ov-210 245 48
10% pe~200 &/ 250 | 16
10%Z DC-200/15% QF-1 (1:1) 250 72-120
15%Z QF-1/5% DC-710 (2:1) 240 - : 120
L/ Carrier gas flow 60 to 70 ml/minute.
2/ Shown for information only. Column not recommended for routine use.
z; Do not exceed this time period.

</ DC-200 columns are significantly improved 1if conditioning is carried
out without carrier gas (12).

129




Section 4%

In general, it is desirable to heat cure the column at a temperature

ca. 20° below its maximum useable temperature with a normal flow of oxygen-
free carrier gas in a leak-tight GC system. An alternative, more gradual
approach considered preferable by some laboratories is to use a temperature
program starting at 50°C for 30 minutes and increasing at about 5°C/minute
up to the desired maximum. Details for the connection of the .inlet column
leg (which is 1 inchH shorter for off-column injection) to the inlet port of
a MI-220 chromatograph through a special Swagelok attachment are given in
the EPA PAM Section 4,A,(2),IV,1. The column exit is vented inside the
oven and not connected to the detector. The outlet ports leading to the
transfer line are sealed off with Swagelok nuts to prevent traces of ‘
column effluent from seeping through to the detector. Particular caution
is needed when preparing mixed columns with different, but supposedly
.equivalent, liquid phases. Use of one or more of the newer, stabilized
liquids (e.g., OV silicones, SP products, silars, etc.) may give a columm
with an altered phase ratio after conditioning because of increased
temperature stability. These more stable colummns still require condition-
ing before use, but shorter times will be.necessary. To determine the
proper time, the column should be cooled and connected to the detector after

a reasonable conditioning period (e.g., 2-3 hours) and the baseline should
be checked at the sensitivity to be used for the analysis, or slightly
higher. If necessary, conditioning is repeated until stability is satis-
factory. Capillary columns, which are also made by evaporation of a
solution of a partition liquid, should be conditioned the same way as a
packed partition column. The maximum temperature may be lower than for
the game liquid in a packed column, however, due to the weaker attraction
of the liquid to the column wall. A

As mentioned previously, column efficiency and response, especlally the
response of endrin, would slowly improve as new columns become "seasgoned"
with use, but silanization is a means of rapidly conditioning the column
to full endrin response. After heat curing and with the column still
igolated from the detector, the oven temperature and carrier gas flow rate
are adjusted to the approximate recommerided operating conditions for the
colum of interest (Subsection 5L). Four consecutive injections of 25 Bl
each of Silyl 8 (Pierce Chemical Co.) are made, spaced 30 minutes apart.
Following the final injection, about 3 hours is allowed for all traces of
the silanizing material to elute from the column. The syringe used for
these injections should be used for no other purpose and should be rinsed
Immediately after use to avoid damage. The effects of silanization do not
persist indefinitely, and repeat treatment about once a month is recommended.
Silanization is particularly useful when low loads of liquid phases are
used. Columns to be used with flame photometric or thermionic detectors
for detection of organophosphorus pesticides should not be silanized but
rather Carbowax-treated.

Generally, Carbowax-treated columns are much more responsive and capable of
higher peak resolutions for organophosphate pesticides than columns that
are untreated. Depending on the specific compound and column, increases

in response have ranged from 10 to 200%, with a 100Z7 increase, or doubled
response, being most likely. Silyl 8 conditioning has no beneficial effect
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on organophosphate response, and silylated columns should definitely not

be used with the flame photometric detector since bleed will cause excessive
fogging of the heat shield. Details of the treatment and a special Swagelok
assembly used in the MT-220 chromatograph are given in Section 4,B,(2),IV of
the EPA PAM. This is a modification of the method reported by Ives and
Giuffrida to bleed Carbowax from a 2 inch 10% precolumn heated in the
chromatograph oven at 230-235°C for 17 hours with a carrier gas flow of

20 ml/minute. (See also Section 4J concerning a different type of Carbowax
column treatment.)

The response characteristics of the column should be monitored with a
standard mixture of organophosphorus pesticides immediately after treatment
to serve as a reference point for later checks on the longevity of the
beneficial effects. Response will sometimes drop rapidly for several days
after treatment and then stabilize, usually at a level well above that for
the untreated column. Carbowax-treated glass wool may also be less
adsorptive than the silanized wool usually used.

Following the silanization or Carbowax treatment and with the oven tempera-
ture and carrier gas flow rate adjusted to the approximate operating levels
for the particular column, several successive injections of a pesticide
priming mixture in the microgram range are made onto the column with enough
time between injections for all compounds to elute. Injection of priming
standards each morning will help assure consistent peak response for
working standards throughout the day. With some easily degraded compounds
such as underilvatized monocrotophos, the column is primed before every
analysis. Other difficult pesticides that may not chromatograph well
unless the column is aged and primed include perthane, methoxychlor,
dicofol, tetradifon, chlorobenzilate, Prolan, captgn, esters of 2,4-D,
malathion, azinphosmethyl, coumaphos, and PCP.

SUPPORT BONDED CARBOWAX 20M COLUMNS

Section 4,A,(7) of the EPA PAM describes the preparation of highly inert
GC columns by chemically bonding Carbowax 20M to diatomaceous earth GC
support. The Carbowax is coated (using a 57 solution) on acid washed
Chromosorb W, 80-100 mesh, and after heat conditioning at 270-280°C, the
nonbonded phase is removed by solvent extraction. A thin layer of liquid
phase remains unextracted, bonded to the support surface. Columns packed
with support prepared in this way, or purchased commercially prepacked
under trade names such as Ultrabond (Supelco) or Permabond (Dow), have

‘ been used without further treatment or after being conventionally coated

with another liquid phase for the separation of chlorinated, phosphate,
carbamate, and triazine pesticides and chlorinated phenols.

Support bonded columns have been used with electron capture, Hall electro-
lytic conductivity, and N-P thermionic detectors (see Sectioms 4,A,7; 4,C;
4,D; and 12,A of the EPA PAM). The great advantage of these highly de—
activated columns appears to be the ability to directly chromatograph
polar and unstable compounds without derivatization and to achieve sharp,
symmetrical peaks. Support bonded columns allow lower operating tempera-
tures and provide minimal column bleed, longer column stability, and high
efficiency and sensitivity (13-16).
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Aside from Carbowax 20M, polyester phases have been evaluated for the
preparation of support bonded column packings (17). In some cases, double
support bonding was advantageous. This involves coating the original heat
treated and extracted support with an additional 5% of the same liquid phase
and repeating the heat treatment process.

EVALUATION OF THE COLUMN

Unfortunately, many chromatographers, after packing and conditioning the
column, proceed immedistely to use it without making the effort to system-
atically determine whether it is good or bad. Considering the fact that
the column, if properly prepared and maintained, may be in constant use for
a year or more as the most vital component of the gas chromatograph, the

2 or 3 hours spent conducting a systematic evaluation 1s time well invested.

In fact, learning immediately whether the quality characteristics are
sufficlently good to justify placing the colummn on-line as a working tool
could result in a considerable overall time saving.

Full details of the evaluation procedure are included in Section 4,A of the
EPA PAM, The following material provides highlights of the procedure. o

After completion of conditioning steps, the oven and carrier flow are shut
down, and the column is comnected to the detector. A clean glass injection
ingert and septum are alsoc installed. The oven temperature and carrier
flow are then increased to their operating values. When the proper oven
temperature is reached, the carrier flow rate is carefully tested with a
soap bubble device and adjusted. (Subsections 5A and 5B discuss the proper
performance of temperature and flow rate measurements.) At least 1l hour,
or preferably overnight, is allowed for the chromatograph to equilibrate.
The temperature and flow rate are rechecked after equilibration. Before
making any injections, a background (standing) current profile is run at
the normal operating parameters for the specific columm being tested if an
electron capture detector is-used. The polarizing voltage' is set at its
proper value. These operations are further discussed ‘In Subsection 5C of
this Manual. ’ ‘ B '

A complex chlorinated pesticide mixture is now chromatographed to evaluate
efficlency, resolution, compound stability, and response characteristics.
The mixture described in Section III, C,5 of the EPA PAM is useful for

this purpose since it contains compounds that give a number of very closely
eluting peaks on the recommended pesticide GC columns. If the mixture is
prepared iIn isooctane and stored tightly stoppered in the deep freeze, it
is useable for a year or more for column evaluation (but not quantitation).

From the chromatogram of this mixture, one can calculate the column
efficiency based on the peak from p,p'-DDT. For successful pesticide
analyses, this should be at least 500 plates per foot, or 3,000 plates for
a 183 cm (6 foot) column, as calculated from the equation shown ‘in Figure
4-C. The relative retention time for p,p'~DDT will indicate the actual
colum temperature (Subsection 5A of this Manual and Section 4,A of the
EPA PAM) and serve as a check on the instrument pyrometer readout.
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The absolute retention time of the p,p'-DDT peak should be 15 to 18 minutes,
or the operating parameters are incorrect, the column is not the correct
length, or it is not properly packed. Too low an absolute retention indi-
cates too high an oven temperature or carrier gas flow, too short a column,
packing which is too loose, or a combination of two or more of these. A
high retention time would indicate the possibility of opposite causes.

If column efficiency and resolution are favorable, compound breakdown is
evaluated by injection of p,p'-DDT and endrin. Columns indicating poor
resolution, efficiency, and/or retention characteristics that cannot be
corrected by slight parameter adjustments should not be further used. On
the other hand, satisfactory columns will often improve or "season' with
use, especially'as cleaned-up sample extracts are injected onto the column.
The percentage composition of the liquid phase undoubtedly changes with age
for most columns as well.

Pure analytical standard p,p'-DDT and endrin are injected in turn in
sufficient concentration to result in a total peak height of 50-60% full
scale recorder deflection. Breakdown, as indicated by appearance of peaks
in addition to the main pesticide peaks, should not exceed 3% for DDT and
6Z for endrin of the amounts injected. The breakdown percentage is the
value of all peaks on each chromatogram divided into the total peak area
value for the breakdown peaks x 100. Similar procedures are used for
other pesticide classes with appropriate standard mixtures.

Reproducibility of the size of peaks when a2 compound is injected re- ‘
petitively should be 22-3%. Poor reproducibility can be due to breakdown

or adsorption of the compound on the column or to extra-column causes such

as faulty syringe or syringe technique (Section 5J), a leaky septum (Section
5J), or detector malfunction. Reproducibility should be checked with those
compounds that are possible to chromatograph successfully but that can

break down or be adsorbed (e.g., endrin). Priming injections of large amounts
of a difficult compound, as mentioned earlier, may allow maintenance of re-
producibility for an adequate period of time for an analysis. Difficult com-
pounds should alsc be checked for linearity of response (Section 50d) since
one cause of non-linearity may be on-column breakdown or adsoxrption.

MATNTENANCE AND USE OF GC COLUMNS

Table 3-3 of Section 3 outlines a recommended maintenance program for a gas
chromatograph with an electron capture detector in monitoring laboratories
in which biological media are predominant samples. A properly cared-for
column should provide service for many months. Off-column injection of
biological samples will enmhance column life (Subsection 5J); frequent (daily)
changing of the injection insert and septum helps ensure continuing good
performance. Weékly, bi-weekly, or monthly, depending on the number and
types of samples injected, the silanized glass wool plug at the column inlet
should be replaced. This is mandatory when injecting biological samples
directly on-column. If the glass wool plug becomes contaminated by extraneous
material, chromatograms showing excessive DDT breakdown, peak tailing, and
depressed peak height response will result. Changing the glass wool
regularly will usually restore proper performance.
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The column packing near the inlet must also be replaced with fresh, con-
ditioned packing if it becomes contaminated. Contaminated packing can be
removed without removing the column from the instrument by applying gentle
suction through a long-tipped disposable pipet inserted into the column.
The columm interior should be swabbed where the packing was removed to
eliminate fatty deposits on the glass wall. Elimination of the glass wool
at the column inlet has been recommended (FDA PAM, Section 301.9) for
minimizing fatty extract builldup at the top of the column by permitting the
extract to spread over the top portion of adsorbent. This adsorbent; which

will trap or degrade pesticides less readily than contaminated glass wool,
is regularly replaced. Daily monitoring of DDT breakdown is important
for early indication of contamination of the injection port and/or columm.
Improved cleanup of dirty extracts prior to gas chromatography is an
obvious aid in maintaining good column performance.

The effects of silanizing conditioning do not last indefinitely, and
breakdown of endrin should be monitored weekly to determine if and when
the treatment must be repeated. The effects of Carbowax treatment appear
to persist for at least three months under normal use. The operator should
watch for a slow decrease in the response of organophosphorus pesticides
as compared to that produced by the column immediately after the initial
conditioning. A repeat Carbowax treatment of the same column appears to
rejuvenate the response, but may cause a shift in some retention values
relative to parathion. Repeat treatments are, therefore, not recommended
since consistent relative retention values are important for tentative
peak identification (Subsection 5N).

When the column is idle overnight or weekends, a low carrier flow of

ca. 25/ml minute is maintained through the column and a simultaneous purge
flow of 25-30 ml through the detector. When an instrument has multiple
columne connected to a single EC detector, a carrier flow just high

enough to provide positive pressure is maintained through the unused -
column(s). In a series of observations with a pair of nearly identical
lowload columns having the same 70 ml/minute flow through each, the peak
height response for aldrin was reduced ca. 25% compared to when the off-
column had a very low carrier flow. If the column not in use is of a
highly stable liquid phase such as OV-1l, OV-17, etc., the carrier flow on
this "off" column may be reduced to zero with no ill effects, thus allowing
for full response from the columm in use.

Colums removed from an instrument are tightly capped and are reconditioned
1f out of the instrument for more than a few days. A flow of 60 ml/minute
carrier gas for several hours at a temperature ca. 25°C above the prescribed
operating temperature (venting into the oven) is used for this operation.

Erratic and noisy baselines frequently indicate leaks in the column
connections or some other point in the flow system between the Injection
port and the detector inlet. If the chromatograph oven can accommodate
two or more colummng but only one is installed, the unused transfer line to
the detector must, of course, be plugged to prevent a massive leak.
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Further details of instrument maiﬁtenance, troubleshooting, and calibration
are given in Section 6. :

8.

Carrier Gas

. Impure carrier gas can often virtually and irreversibly destroy a

column. The main manifestations of this are evident in the inability

to obtain an adequate background current profile, and low or zero re-
sponse upon injectién of standard solutions. Every effort should be
made to avoild installing a new column for evaluation at the same time
a new tank of gas is placed on-line. With this situation, the chroma-
tographer cannot be sure whether he simply has a bad column or a bad
tank of gas. If the problem is traced to a bad tank of gas, the
molecular sieve filter at the inlet of the flow system should -also be
replaced as experience has indicated that the contamination of the
molecular sieve will perpetuate the problem even after a fresh columm
and good tank of gas are installed (Subsection SC)

Erratic Baselines

This phenomenon may be caused by a number of instrumental factors, and
these will be treated in detail in Subsection 5K. The contribution

of the columm to this problem is largely one of loose joint connections,
allowing air to seep into the carrier system. Special care should be
taken to ensure that both column joint nuts are tight. One common
occurrence is this: The chromatographer connects the freshly con-
ditioned column to the detector and makes certain that the Swagelok
nuts are tight. After about two days of operation, the oven door should
be opened and the nuts should be tested with a wrench. In almost all
cases, it will be found that the nuts are no longer tight, sometimes
requiring as much as a half turn for retightening.

Accuracy of Oven Temperature and Carrier Gas Flow Velocity

Information gleaned from the interléboratory check sample program de-
scribed in Section 2 has clearly indicated that in many laboratories

" the chromatographer does not really know his true column temperature

or carrier gas flow velocity. In most such cases, full reliance is

. beilng placed in the accuracy of the instrumental pyrometer and ball

rotameter, both of which may be grossly inaccurate. These subjects
will be discussed in Subsections 5A and 5B but are highlighted here
because of the profound effects on the day-to-day operation of GC
columns., Figure 4-L is presented as an i1llustration. A temperature

of 200°C is recommended as optimum for the 1.5%Z OV-17/1.95Z QF-1 column.
At this temperature, the separation between p,p'-DDE and dieldrin is
normally as shown in Chromatogram A. One laboratory reported operation
at 200°C, but their chromatogram was that shown in B. Subsequent
investigation revealed that the actual oven temperature was 185°C, or
15°C at variance with the value given by the instrument pyrometer.
Resolution or quantitation of either p,p'~DDE or dieldrin would not

be possible in Chromatogram B.
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Figure 4-L. Effect of temperature on resolution, 1.5% OV-17/1.95%
QF-1 column.
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d. Sources of Supply of Blank Glass Columns

This subject is mentioned here only by reason of a very significant
variation in prices between various suppliers for the same commodity.
Price markups in excess of 700% are not uncommon, so it behooves the
laboratory purchasing group to do a little shopping to achieve the
appreciable savings possible on quantity lots. T

The cited subsections of Section 5 treat these problems in greater
detail as they relate to overall operation of the gas chromatograph.

CAPTLLARY GC COLUMNS (see algso Subsection 5L in Section 5)

The bulk of the material in thig chapter concerns traditional packed GC
columns, which are predominantly used today in residue analysis. However,
applications of capillary GC have increased greatly in recent years.

Coating a capillary column requires the deposition of a uniform 0.1-1.5 Hm
film of 1liquid phase onto the walls of the glass tubing, generally .
10-60 m x 0.25~0.50 mm id. Coating techniques for wall coated open tubular
columms can usually be fitted into one of two general methods, termed
dynamic and static. The dynamic method consists of forcing a solution con-
taining approximately 107 liquid phase in a suitable low boiling solvent
through the column under closely controlled flow conditions. Usually the
coating solution is applied as a single, coherent slug occupying from 2 to
15 coils of the columm. The slug is forced through the column at a velocity
of ca. 1-2 cm/second with nitrogen pressure. Some workers utilize a single
application while others prefer two or three consecutive coating treatments.
Several formulas have been proposed for calculating the final thickness of
film deposited by the dynamic technique.
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In the static technique, the column is completely filled with a dilute

solution (3-10 mg/ml) of liquid phase in a low boiling solvent, and one
end is carefully sealed. The filled column is placed under vacuum, and
solvent is evaporated under quiescent conditions leaving a thin film of
liquid phase.

A discussion of these techniques, as well as methods for preparing support
coated open tubular (SCOT) and porous layer open tubular (PLOT) columns

is contained in the book by Jennings (18). SCOT columns have the liquid
phase deposited on a surface covered with a porous layer support material
such as diatomaceous earth. PLOT columns have the liquid phase deposited
on a surface extended by substances such as fused silica or elongated
crystal deposits.

The methods of Grob et al. are probably the most followed by analysts
attempting to prepare their own capillary columms. The procedure involves
treatment of the glass surface with barium carbonate, deactivation with
Carbowax 20M and Emulphor ON 870, and static coating of nonpolar phases
and dynamic coating of polar phases (19). The same workers have described
a standardized quality test for capillary columms (20).

Onuska and Comba have described the preparation of surface modified wall
coated open tubular columns for specific application in pesticide analysis
(21). A borosilicate glass colum (20 m x 0.24 mm id) was treated with
NH4HF9 to form filamentary crystals on the inner wall. After heating, the
column was washed with 107 HCl, methanol, acetone, and ether, followed by
deactivation with a 17 (w/v) solution of Carbowax. The column was then
heated to 290°C and dynamically coated using a mercury plug method with a
47 Cw/v) solution of OV-101 in n-hexane. ‘

Because of the difficulties in ac¢hieving reproducible surface preparation,
deactivation, and coating, most workers purchase capillary columns pre-
coated from commercial sources (e.g., Supelco, Applied Science Laboratories).
Single phases with a range of polarities are currently supplied. Test
chromatograms are usually supplied with the columns, and efficiency is
guaranteed at a certain level. A typical value is 2500 plates per meter

for a 0.25 mm analytical column.

The stability of capillary columns depends on the liquid phase, the technique
of the coating, and the temperature of operation and time of use at that
temperature. Some workers have observed that columns last longer if they
are maintained at the operating temperature than if they are frequently
cooled and heated.. The use of dry carrier gas is important, especially when
flowing through a cool column. Coated colummns store best if they are filled
with dry, inert gas and flame sealed. The size and composition of injected
samples affect column life. Large injections may have a scrubbing effect
that displaces some liquid phase. Some solvents, e.g., CS2, are especially
efficient at displacing liquid phases. , . :
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If capillary colummns are not used above 260°C, excellent, low dead-volume.
connections can be made with 30 gauge heat shrinkable Teflon tubing. The
glass capillary is carefully butted against the connecting line, and a
butane micro torch is used to shrink the covering Teflon tubing and seal
the junction.
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INSTRUMENTATION AND PROCEDURES FOR
GAS CHROMATOGRAPHY

During the extended period of operation of the interlaboratory check
sample program described in Section 2, a significant number of analytical
"bloopers" have been attributable to improper operation of the gas
chromatograph. In many such cases the operator had no idea that any-
thing was wrong, primarily because no systeématic guidelines were followed
for monitoring the instrumental performance. This section will present
such guidelines for the proper operation of the gas chromatograph in
pesticide residue analysis. Some of the material repeats the instructions
outlined in the EPA Pesticide Analytical Manual, but because of its
importance in analytical quality control, it is worthy of reemphasis.
Section 4 should be consulted for material om evaluation, standardizationm,
and maintenance of GC columns and Section 6 for details of instrumental
troubleshooting and calibration.

Since the gas' chromatograph is the instrument in most widespread use in
the pesticide residue laboratory, its proper maintenance and use is of
primary importance. Failure of any of the components, such as the oven,
gas flow system, detector, electrometer, or recordev, to function at
optimal potential can markedly distort the overall instrument performance
and the resulting qualitative and quantitative data. Table 3-7 in Section
3 outlines a series of periodic checks recommended for insuring a con~
tinuing high level of chromatograph performance. Figure 5-A, appearing

on the next page shows the MT-220 (Tracor, Inc.) gas chromatograph, which
is in widespread use throughout EPA laboratories. This is a floor model
chromatograph that features four vertical U~columns, on~ or off~column :
injection, and simultaneous installation of up to four different detectors..

TEMPERATURE SELECTION AND CONTROL

Proper adjustment of the column oven temperature and the carrier gas flow
rate (Subsection 5B) will have a great influence on the caliber of per-
formance of the entire chromatographic system. Improper selection and
control of these parameters may result in poor column efficiency with
concurrently poor resolution of peaks, inaccurate relative retention
values, depressed peak height response (poor semsitivity), elution times
that are either too fast to yield adequate peak resolution and reliable
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peak identification or too slow to be practical, or rising or erratic
baselines. Impaired resolution may preclude accurate quantitation of
two important pesticides that_are not adequately separated, while

inaccurate retention values will make proper residue identification
difficult,

Figure 5-A, Gas Chromatograph, Tracor MT-220

The temperature Tegulation and readout systems of the columm oven,
detector, and injection port of the gas chromatograph are critical for
obtaining reliable analytical results. Accuracy of the pyrometer read-
outs must be established and maintained to prevent occurrences such as
electron capture detector tritium foil vaporization due to excessive .

temperature or an injection port or column significantly higher or lower
in temperature than desired.

A properly:operating temperature programmer will maintain the column oven
temperature without appreciable deviation (+0.1°C), provided that room
temperature fluctuations are minimal. Excessive temperature fluctuation -
will lead to erratic baselines and retention measurements. Pyrometer
batteries (if your instrument is so equipped) should be checked monthly
to determine if they are delivering Ffull voltage under load. A hint of
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inaccurate pyrometer operation is obtained by switching to an unused
sensor and observing the readout. A value more than 5°C from room
temperature suggests faulty operation. In addition, the oven temperature
must be monitored by means other than the built-in instrument pyrometer.
A precalibrated pyrometer with leads inserted through the oven door or

a mercury thermometer placed down through an unused injection port is
recommended. The instrument pyrometer must not be relied upon as the
only means of monitoring column temperature.

Injector temperature is determined by the nature of the sample, the
identity of the pesticide, and the volume injected. An excessive in-
Jection port temperature may lead to decomposition of heat-labile pesti-
cides, stripping of the partition liquid from the front end of the
column resulting in peak tailing, and ipcreases septum bleed (leading

to spurious peaks) and reduced septum life. A temperature lower than
the optimum may cause slow or incomplete sample volatization. The
detector temperature should be 30-50°C above that of the columm (50°C
above the final temperature when programming is used) to prevent the
possibility of condensation of sample components or liquid bleed from
the column. An excessively high detector temperature can result in
reduced sensitivity and/or increased noise level. Inaccurate column
temperature can affect peak retention times and resolution and may alter
the elution pattern of certain pesticidal compounds that may be present
in a sample, sometimes to the extent that two compounds that completely
separate at a given temperature may completely overlap at some other
temperature.

Column temperature may be checked by computing the relative retention
ratio for p,p'-DDT (or another convenient pesticide) compared to aldrin

as follows: divide the distance in mm on the recorder chart between the
injection point and the peak maximum for DDT by the distance between the
injection point and the aldrin maximum on the same chromatogram. There

is a linear relationship between column temperature and relatiwvwe retention
values for organochlorine compounds (not organophosphates) so that com-
parison of this computed wvalue with those available for over 50 pesti-
cides on the recommended pesticide columns between 170°C and 204°C [EPA
PAM, Subsection 4,4, (6), Tables 2(a) - 2(e)] should provide a check of

the actual column temperature. Selected values for p,p'-DDT are shown

in Table 5-1 as an example. A computed relative retention value much
below the given value in the table at the selected oven temperature
indicates a temperature that is actually higher while a value much

higher than the chart denotes a low oven temperature. Relative retention
ratios are also a function of the type and proportion of the component
liquid phases in the column packing, so preparation of the column and
packing should also be carefully checked if retention values are discrepant.

Surveys of the data and chromatograms submitted by laboratories newly
participating in the EPA Interlaboratory Control Program (Section 2)
indicated that a high proportion of gas chromatographs were operating
with column oven temperatures deviating significantly from the supposed
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TABLE 5-1
RETENTION TIMES FOR p,p'-DDT RELATIVE TO ALDRIN

Liquid Phase Temperatures, °C

170 174 178 182 186 190 194 198 202
1.5% OV-17/1.95% QF-1 5.57 5.39 5.20 5.01 4,83 4,64 4.46 4.27 4,09
4.0% SE-30/6.0% QF-1  4.04 3.92  3.80 3.67 3.54 ,3.43 3.30 3.18 3,05
5% 0V-210 4.47 4,31 4,15 3.98 3.82 3.66 3.49 3.33 3.17
values. These erroneous temperatures resulted from inaccurate instru-

ment pyrometers and a lack of alternate temperature monitoring devices
and procedures. As an example, one laboratory using a column of 1.57%
0V-17/1.95% QF-1 indicated an absolute retention time of 26 minutes and
a relative retention ratio of 4.87 for p,p'~DDT at a temperature of 200°C
and flow rate of 65 ml/minute. Under these stated conditions the re-
tention time for DDT should have been 18-20 minutes, and reference to
Table 5-1 shows the true oven temperature was ca 185°C, fifteen degrees
less than the pyrometer indicated. See Figure 4-L in Section 4 for
illustration of the effects of inaccurate column temperature on peak
resolution.

A discussion of the importance of the GC oven to chromatographic per-

formance and suggestions for simple evaluation techniques for thermal

variables have been published (1).

SELECTION AND CONTROL OF CARRIER GAS FLOW RATE

The exact carrier flow system depends on the chromatograph in use. A
common arrangement is for the gas to flow from the cylinder through a
two stage regulator to a filter-~drier element, branching thereafter to:
(a) a purge line running through the purge rotameter, flow controller,
and detector, and (b) the carrier gas flow line running through the
rotameters, the flow controllers, the columm, and finally through the
transfer line into the detector. If temperature programming is used,
differential flow controllers should be installed in the carrier gas
line to prevent a decrease in flow as the pressure drop increases across
the column due to increasing temperature.

The choice of carrier gas is dictated mainly by the requirements of the
detector being employed. Nitrogen is required for the usual pesticide
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detectors, except that the pulsed mode of the electron capture detector
may employ argon with 5% methane. Flame detectors require gases such
as hydrogen, oxygen, and air for combustion. N/P detectors require
helium.

Gases should be obtained in the highest possible purity and gas cylinders
equipped with dual stage regulators. '"Prepurified' nitrogen is required
for the DC mode and, in some cases, the constant current pulsed mode of
electron capture detection. A gas that is 99.9987 pure has an impurity
level of 20 ppm, and at least this purity should be employed for the
carrier and auxiliary gases in trace analyses. Each gas supply is
f£iltered through a filter-drier cartridge connected at the regulator
output of the cylinder. A filter containing Linde 13X (1/16 inch)
molecular sieve pellets will remove water, most hydrocarbons, and CO,.
Before the filter~drier is charged with the fresh molecular sieve, the
interior of the cartridge is acetone rinsed and heated at 130°C in an
oven for at least one houxr. The bronze frit is acetone rinsed and flamed.
After filling, the unit is heated at-350°C for four hours with a nitrogen
flow of ca 90 ml/minnte passing through the unit. If activated units are
to be stored for a period of time, the ends must be tightly capped. The
filter unit should be replaced with a fresh one in the rare event one
discovers that a contaminated tank of gas has been used. Oxygen removal
requires a special scrubber or a molecular sieve filter immersed in liquid
nitrogen. Gas cylinders should always be replaced before they are com-
pletely empty.

It is essential that no leaks exist anywhere in the flow system. Even a
minute leak will result in erratic baselines with the 3H or 83Ni electron
capture detectors. If the baseline has been stable but becomes erratic
upon installation of a new column, 2 loose column connection is indicated.
Leaks are detected by application of "Snoop" or some similar product at
all connections in the flow system'from the injection port to the .de-
.tector, provided the connections a“e at room temperature. Do not ‘attempt
to use "Snoop" on a hot column. Commercial high temperature liquid leak
detectors are also avallable for high temperature connections such as
around injection ports. These bubble-~type leak detectors should be used
with caution since the solutions can be drawn into the GC system at the
leak source or at a checked source once it is broken. )

Another means of detecting leaks when using an electron capture detector
is by spraying connections with Freon MS-180 with the instrument operating
and observing any recorder response. Short sprays are applied close to
the connection, but not around the injection port or the detector.

The carrier gas flow velocities are checked using a soap bubble flow-
meter, which can be purchased commercially or easily constructed by
attaching a sidearm near the bottom of a 50 ml buret [Subsection 4,4,
(6), Figure 4(a), EPA PAM]. Since rotameters are installed ahead of the
columns, they cannot be relied upon when adjusting the carrier flow as
they may be in error. It is necessary to check the flow rate at a point
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after the column because the pressure drop across columns will vary
somewhat from one column to another. An equilibration period of only
a few minutes with normal operating parameters is required before the
flow rate check is made. '

If two or more columms are connected to the same detector via a common
transfer line, the carrier flow to the column(s) not in use is shut off
while the flow rate through the column in use is being measured. Like-
wise, the purge gas is shut off. If flow in all columms is 'shut off,
the purge gas flow through the detector can be measured. The flow
through unused columns is also shut off while determining the background
current of an electron capture detector. The head pressure gauge on
some commercial instruments allows continuous monitoring for problems
upstream of the column, such as a leak in the carrier gas lines, as well
as determination of minimum regulator pressure, changes in column head
pressure during temperature programming, and long term column changes.
If available, head pressure monitoring can accomplish some of the same
results as checking of the flow rate.

Carrier flow rates in excess of recommended values lead to lowered
absolute retention times and compressed chromatograms while rates that
are too low will have the opposite effect. Relative retention values
reflect only the operating temperature of the column (Subsection 54),
while absolute retentions indicate either or both carrier gas flow rate
and temperature. Other effects of excessive flow rate may include
depression in peak height response and poor column efficiency. Figure
5-B illustrates chromatograms of identical pesticide mixtures from the
same OV-17/QF-1 GC column operated with approximately the recommended
conditions (B) and then with too rapid a flow rate (A).

Figure 5-B. Effect of floW'raﬁe.on GC resolution
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GC Detectors

GC detectors for residue analysis must be sensitive to minute amounts

of the pesticides sought, but selective enough not to detect reasonable
amounts of co-extracted substrate material. Despite this selectivity,

it is necessary to protect the total gas chromatographic system,
including the detector, by purifying the extracts. This will reduce

the amount of co-extracted material in the final solution to a level
that will not be detrimental to the chromatograph or to the quality of
the separation, identification, and measurement. Nonselective detectors,
such as the flame ionization detector, produce very complex chromatograms
with peaks from pesticides as well as from co~extracted compounds; these
detectors are not selective enough to be practical for the quantitative
analysis of residues of only a limited number of pesticides of certain
classes. With detectors that are less selective (or less specific) for
pesticide(s) of interest, more effort is required in sample preparation,
in avoiding reagent contamination, and in residue identification.

For pesticide analysis, sensitivity of a GC detector has been traditionally
designated as the amount of pesticide that will provide a peak whose
height corresponds to some percentage of the full scale recorder de-
flection (usually 10 or 50%). Minimum detectable amount has been that
quantity of pesticide giving a signal at least four times the background
noise (random fluctuations) at baseline. Detector sensitivity and minimum
detectable level are now generally not differentiated and are reported

by instrument manufacturers and many chromatographers in units of weight
(ug, ng, Pg) per ml for concentration-sensitive detectors (e.g., electron
capture GC detector, UV HPLC detector) and in weight per second for mass
gensitive detectors (FPD, N-P GC detectors). These numbers designate

the concentration or flow rate that will produce a signal level that is
some multiple of the noise (usually 2X). If the sensitivity of a .compound
is stated as 16 ng/ml, the flow -rate 1.5 ml/minute, and the peak width

20 seconds, the absolute amount detectable is calculated as 1.5 ml/minute.
x 20/60 minutes x 16 ng/ml = 8 ng. If, for a mass sensitive detector, the
minimum detectable level is 12 pg/second and the peak width is 5 seconds,
12 x 5 = 60 pg can be detected. Both systems of stating detector sensi~
tivity are used in this chapter.

The reader is directed to references (2-5) for general reviews of the
element selective pesticide detectors. A quality control program for GC
detectors has been initiated by Agriculture Canada. Twenty-seven labora-
tories were supplied with chlorpyriphos standard solutions (chosen because
this pesticide contains Cl, S, P, and N atoms) for the determination of
linear range and minimum detectable amounts. Results have been reported
(6) for 23 FPDs in the P-mode, 18 FPDs in the S-mode, 28 electron capture
detectors, and 20 linearized electron capture detectors. This information
will be of interest to any laboratory wanting to compare its detector
operating conditions and performance with the experience of others, or
those wishing to set up a program of continuous detector monitoring.
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ELECTRON CAPTURE DETECTOR
a. Principles and Operation

The electron capture (EC or electron affinity) detector is widely used
for sensitive detection of halogenated pesticides or other classes of
pesticides, often after derivatization with halogen-containing reagents.
The detector consists of a radioactive source which emits low energy
g-particles (electrons) capable of ionizing the carrier gas to produce
secondary electrons. A voltage is applied, causing a steady stream of
these secondary electrons to flow from the source (cathode) to a collector
(anode) where the amount of generated current is fed to an electrometer
and . recorded on a recorder.. Thus, a standing current or background
signal is produced.

When an electronegative species is introduced into the detector, a
quantity of electrons will be captured and the current reduced. The
negative signal is in contrast to the positive current produced in
detectors such as the flame ionization detector. The magnitude of
standing current reduction, which depends upon both the number of electron
capturing species present and on their electronegativity, is measured on
the recorder and indicates the amount of material capturing electroms..
After the component passes through the detector, the standing current
returns to the original value, and a characteristic GC peak is shown on -
the recorder, provided that the radioactive foil is not overly contaminated.
The .exact theory of operation of the EC detector is still unresolved (7-9).

The EC detector is selective in principle for highly electronegative com-
pounds, but in practice it is the least selective of the widely used pesti-
cide detectors. Rigorous cleanup of pesticide extracts is required to
eliminate extraneous peaks due to compounds containing halogen, phosphorus,
sulfur, nitrogen dioxide, lead, and some hydrocarbons. Its sensitivity,
however, is the highest of any contemporarg detector, with many halogenated
compounds being detectable in low pg‘(10“l g) amounts. Advantage is taken
of this sensitivity by preparing halogenated derivatives of compounds
(e.g., carbamate insecticides) normally not detected well by EC. The
response of EC detectors has been studied and guidelines presented for
predicting which derivatives might best‘increase sensitivity (10).

Sources of B-radiation have usually been either tritiated titanium on
copper or a 63N1 foil. The latter is more expensive but can be used

at temperatures above 250°C, which would damage the tritiated detector
(maximum temperature ca 225°C). The nickel detector can be used safely
to 400°C without appreciable loss of radioactive material. The higher
operating temperature reduces the possibility of contaminating the de-
tector with extract impurities or the bleed from GC liquid phases. It
also extends the. number of compounds that can be detected and greatly
reduces detector maintenance. The tritium source is more sensitive. than
nickel for a short period of time, reaching maximum sensitivity after a
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few days of operation. Then there is typically a constant loss in sensi-
tivity, requiring frequent recalibration and eventual foil replacement.
The sensitilvity of the 63N1 cell is reputedly less than that of a tritium
cell, but it remains relatively constant and may equal or surpass the
sensitivity of a tritium cell after a period of use. Some compounds

show increased sensitivity at the higher temperatures possible with the
Ni cell than with a new tritium cell (11).

The EC detector is used with either a constant negative DC voltage or

an intermittently pulsed DC voltage (constant frequency or ''plain pulsed"
mode) imposed across the anode-cathode. The former mode requires nitro-
gen carrier gas, while argon plus 5~107 methane is used with pulsed
voltage. The argon-methane can be added to the chromatographic system

as a make-~up gas or as the carrier gas. When added as a make-up gas,
introduced after the column but prior to the ionization portion of the
detector cell, nitrogen or helium can be used as the carrier gas, and
simultaneous dual detector operation is possible. The pulsed and DC
modes provide approximately equal sensitivity and linearity, but advantages
have been claimed for the former in terms of freedom from anomalous re-
sponses (11), reproducibility of response, independence of response to
voltage, and operation with somewhat dirty samples. However, DC operation
has proven entirely adequate for routine analyses in the.EPA Laboratories
when properly cleaned—-up samples and low-bleed columns -are employed.

Constant current (pulse- or frequency-modulated or variable frequency
mode) operation is a third mode of EC detection. A standing current is
again achieved by applying voltage pulses, but in this case the pulse
sampling frequency is varied by a servo-mechanism closed loop control
circuit that maintains the standing current constant even when an electron
absorbing compowrid enters the detector. “Pulse frequency is . .converted to
a DC signal that is monitored in the usual way to provide a chromatogram.
The basis of quantitative measurement is the relationship between the
change of pulse frequency and the concentration of electron capturing
substance. This mode of operation provides an increased linear response
ﬁange without loss of detectability and a high degree of baseline stability
12-14).

Linearized 63Ni constant current EC detectors are available from several
commercial sources. They allow detection of low pg amounts of chlorinated
insecticides with isothermal or temperature programmed operation and

have a linear dynamic range of 104-10°. In one study (15), 27 laboratories
reported an average of 1.5 pg of chlorpyriphos required to produce a
readily discernable peak. The compound-independent, extended linearity

is of great benefit for automated analyses where a wide concentration
range of samples can be analyzed without dilutions or reruns. Those
detectors with small cell volumes (ca 0.3 ml) are well suited to -capillary
colum GC. Most commercial linearized constant current EC cells can be
operated with either argon~methane or nitrogen carrier gas; the linear
range may be_one decade higher with the former (15). Detector sources

are either 93Ni or tritiated scandium.. The latter has been found to have
a significantly greater linear range and similar sensitivity (16).
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Figure 5-C illustrates the linearity of the Tracor 63Ni electron capture
detector equipped with an electronic linearizer (frequency modulated mode)
[EPA PAM, Section 4,A,(3),IV]. This detector offers a linearity range

of 10% with either nitrogen or argon-methane carrier gas. By cgmpagison,
the linearity of the Tracor detector in the DC-pulse mode is 10°-10 an.

Figure 5-C. Response of the Tracor linearized EC
' detector from 5 x 10712 tq 5 x 10'8 grams
using argon-52 methane carrier gas.
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The EPA analytical laboratories originally used parallel-plate 3H EC
detectors because cleaning can be done in-house under am NRC permit.
Details are given in the FDA Pesticide Analytical Manual, Vol. I, Section
311.12, for cleaning a tritium EC detector. Foils may be removed only
by persons with an NRC license for this purpose. A cleaning solution
of 5% KOH in absolute ethanol is recommended for cleaning radioactive
foils. Tritium foils should not be exposed for more than one hour, and
aqueous solutions or traces of water should be avoided. Mildly abrasive’
cleaning compounds_and ultrasonic cleaning apparatus may also be used.
High temperature 3N1 detectors are probably in greatest present use,
with and without electronic linearizers, and concentric-design tritium
ggtectors are also still widely used. Figure 5-D shows a Tracor, Inc.
Ni detector. The column effluent entrance is shown on the left and
the purge gas line, polarizing voltage connector, electrometer input
connector, and gas effluent outlet (top to bottom) on the right. The
heater-limit switch fits into the nearest large hole seen on the top,
front. The 63Ni foil is a sealed source and is usually sent back to
the manufacturer for cleaning. It is frequently possible, however, to
clean a nickel foil in the chromatograph by injecting 100 ul of water a
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few times into a 300°C system-employing an empty column. Purging the de-
tector at 400°C overnight may also be helpful. It has been reported (7)
that the major contamination of the EC detector occurs by deposition of
material on the anode surface, causing a significant reduction in
efficiency of collection of electrical charge, and that performance can
be restored by cleaning only the anode without disturbing the other parts
of the cell.

Figure 5-D. Tracor, Inc. 63Ni EC Detector

s ey

Response of EC detectors depends upon temperature (18); type, flow rate,
and pressure (19) of the carrier gas; cell and electrode configuration

and dimensions; electrode positions; amount of radiocactivity;.contact
potentials caused by adsorption of sample components on electrode surfaces;
space charges of slow moving ions surrounding the electrodes; and applied
potential. The adverse effects of even slight scoring on the EC collector
probe have been described (20). The unpredictable nature of these
parameters causes anomalous responses, drifting baselines, variable
sensitivity, and a limited, variable dynamic range in the DC mode.
Operating parameters must be optimized for each manufacturer's detector.

b. Background Current Profile.

Measurement of the background current profile (recorder response Vvs.
voltage) should be made regularly to evaluate the performance of the
detector as influenced by the condition of the foil or other factors
such as column bleed or contaminated carrier gas. At maximum voltage
and an attenuation setting of 12.8 x 10~2 A.F.S. when using a 1 mv re-
corder, a good detector should produce a response of 60-80% full scale
deflection. With aging this will approach 30%, when the foil should be
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‘replaced. A profile that drops drastically in a period of one or a few
days indicates problems with the detector itself or an adverse influence
by the column. Detailed instructions are given in Section 4,A,(3) of the
EPA PAM for obtaining a BGC profile with a Tracor MI-220 chromatograph,
and typical profiles are illustrated in Figure 5-E. Operational details
for obtaining background current vary somewhat from one instrument to
another, and each particular instrument manual should be consulted for
recommended column parameters for making this test. Some commercial
detectors regrettably do not provide for easy variation and readout of
the potential. In general, more significant information is obtained by
determining the background current at the normal operating parameters
for the column being used.

" Figure 5-E. Typical electron capture detector
background current profiles.
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From the background current profile, the optimum polarizing voltage for
operation may be estimated. If the detector foil is new and the background
current is high, it is usually acceptable practice to simply set the
polarizing voltage at such a value to give 85% of the total profile with
the 3H detector or at 92% with the‘63Ni detector. 1If operation above

this range is attempted, anomalous results can occur. Figure 5-F shows

an obvious case in which anomalous results were produced by operating

above 99% of the maximum current with a DC mode tritium detector.
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Figure 5-G shows a less obvious situation. The upper chromatogram in
this figure shows optimum response; the lower one shows abnormal response
due to operation at over-~voltage. Expansion of the upper portions of the
peaks and contraction of the peak bases result, so that, in effect, only
the tops of the peaks are seen, as if the broken line in chromatogram A
were the baseline. Detector over-current can result from cleansing of
the detector foil by heating or injection solvents, and the analyst

may be unaware that it has occurred. The problem may also exist when

the detector is operated in the AC or linearized modes, as the standing
current must be correct to provide a working linear range (see below).

A more reliable method, especially for older, partially dirty detectors,
is to run a polarizing voltage/response curve as described in Section
4,A,(3) of the EPA PAM. Selection of the proper polarizing voltage is
very important so as to (a) produce maximum peak height (response) with

Figure 5-F. Normal electron capture response (A) to
chlorinated pesticide mixture and response
(B) resulting from operating at an
excessively high applied voltage.

w

’ A

S

O

I e

w

(24

[0

wi

Q

o

Q

Q

W

>~
R S RSN SRS N TS R——
o 3 6 8 12 15 18 21 24

TIME (min)

-152-




Section 5C
Figure 5-G. Chromatogram of standard chlorinated pesticide
e ' mixture. Column: 1.8 m x 4 mm id glass packed
with 10% DC-200 on a silane-treated support.
Column temperature: 200°C. Detector: electron
capture at 1 x 1078 AFS. (4) detector voltage
10V, (B) detector voltage 30V. Broken line on
chromatogram A indicates apparent baseline for -

chromatogram B. (Courtesy of Applied Science
Laboratories, Inc.)
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minimum electrical overshoot on the backside of the peak (Figure 5-A,H),
and (b) ensure maximum possible efficiency and peak resolution. The
polarizing voltage must be adjusted to accommodate a slowly deteriorating
background current, so frequent profiles must be run to keep a check on
this. An article published in Gas—Chrom ® Newsletter, March/April 1973
treated this subject so well that a reprint is presented on the following
two pages, courtesy of Applied Science Laboratories, State College, PA.

As shown in Figure 5-E, DC mode detector profiles are plots of detector
current along the Y-axils versus polarizing level in 5 volt steps. In

the pulsed mode, profiles are plots of response current versus the
frequency of the polarizing pulse at baseline, i.e., with no electron
capturing material present other than that over which there is no control,
such as column or septum bleed. Pulse profiles are normally generated
using variable frequency steps of 1, 2, 5, 10, 20, 50, 100, and 200 thousand
cycles per second (kilohertz). JFigure 5-H shows a comparison of profiles
made with argon-methane carrier gas and pulse polarization and profiles
made on the same detector.with DC polarizing voltage and nitrogen carrier.
The left hand pair show a typical clean detector installed on a gas
chromatograph. Note that ISAT (argon-methane) is 6.4 x 10~9 amps versus

an ISAT (nitrogen) of 4.75 x 1072 amps. The ratio is 1.35, which will

usually hold for clean detectors. The second set of profiles of a very
dirty detector shows that this ratio fails if the detector is really dirty,
ags this one obviously is. The third set of profiles indicates a clearly
dirty detector that would not operate well in DC mode with nitrogen. With
the pulsed argon-methane mode, however, a completely normal profile is
produced. The advantage of the pulsed operating mode is obvious. The
ratio is quite different from 1.3. This detector was tested after these
profiles were made and produced a satisfactory linear curve of response

in the pulsed mode using argon-methane.

A simple way to evaluate the progressive contamination of a detector in
pulsed-mode operation is to monitor the decrease in the peak response

level for a given amount of a standard pesticide at a certain pulse v
voltage. This is compared to that obtained when the detector was first
installed. The exact method for obtaining performance curves for different
pulsed mode detector models should be obtained from the individual operation
manuals, :

¢. Detector Contamination

Contamination of the detector by deposition of a coating. of low vapor
pressure materials on the electrodes seriously affects detector performance
by consuming a portion of the detector capability, leading to loss of
sensitivity, trailing peaks, or erratic chromatographic baselines.
Contaminant sources may be a bleeding column, contaminated carrier gas,
bleeding septum, dirty sample inlet, unclean samples, dirty carrier gas
flow controller, or dirty tubing. Many of these factors are treated in
detail elsewhere in this Manual, but a review is presented below.
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"‘Chromatographer, Beware of Thy Detector!

Wa all know that the performance of ‘the same types of GC
columns can vary with the quaiity of the packings and the
columns themseives. Figures 1 and 2 are examples of extreme
differences in column performance when used for pesticide
analysis. Both columns are 6 ft x 4 mm 1D glass U-tubes
packed with 10 wt % DC-200 on’'a'silane treatad support. Both
runs were made at the same operating conditions. Resolution
in Figure 1 is good, but the resolution in Figure 2 is far
superior because of the unbelievable 13,000 theoretical piates
obtained, Yet, the separation factors are the same in both
cases (0.g., 1.12 for endrin/dieldrin).

0.3 ng Linasns
Eponkis

0.3 ng Hep
.

T e (.3 ag Ald¢in
~ 0.3 ng Hep

0.3 ng Dieldsin

> 0.3 ng Endun
adiin Decomposiuon
0.3 ng pp"-0DT

-

J

[ S

-

TIME (Minutes)

Figure 1. Chvr gram of d chiorinated pesticide mixture.
Column: 6 ft x 4 mm 1D giass packed with 10% OC 200 on »
silane-traated t. Column tampsreture: 200°C. O : Elactron
capture at 1x 103 AFS. :

4.7 ag Aldein x2

4.7 ng Hepiachtor x2
4.7 ng Disldein x1 -

4.7 ag-Lindane x6

4.7 ng Hepischior Epoxiae x2

4.1 ng Eadrin %1

4.7 ng pp"-DOT x}

|

T

| D I S T T T 1

0 3 8 b 12 15 18 21
TIME (Minutes)

Figure 2. Chromatogram of standard chiorinated oesticide muxtues.
Column: 8 (¥ x 4 mm 10 giass packed witn 10% OC 200 on 2
silane-treated suppart. Column temperature: 200°C. Datector: Electron
capture at 1 x 109 AFS.

You say that you would like a 6 ft column with the
sfficiency shown in Fiqure 27 Wall, wa can make such columns
and we can obiain resuits like those in Figure 2 anytime we
want to - providing we uss an £C daetector. In fict, we make
these columns all the ume, but do not obtain the Figure 2
resuits - becauss we do not want to. You ask why? A very
good gquastion.

Lst’s compare Figures 1 and 2 more closaly. There is 3
noticeable difference in absolute detector response between
the two resuits and aiso in relative responses among the peaks.
in Figure 1, the endrin/dieldrin peak height ratio is good
{0.61), with signs of shight 2ndrin decomposition, which is
normal, However, in Figure 2 the endrin/disldrin ratio is oniy
0.31, indicating appreciably greater endrin decompasition, and
yet thers are no signs of it in the chromatogram. Something
sppears to be radically wrong with the resuits in Figurs 2.

Weil, somathing is wrong, The column usad in Figure 2 does
not produce 13,000 theoretical plates. Actually, it is the exact
same column which gave the Figure 1 resuits. Everything was
the same for the two runs except far one thing - the EC
detector voltages were different. A voltage of 10 voits
produced Figure 1, while a voitage of 30 voits produced Figure
2. The detsctor is an old Barber-Colman tritium EC detector
with variable DC voltage; i.e., any voltage can be applied. A
piot of background current (bassiine) vs, detector voltage is
shown in Figure 3. The problem is non-iinear detector
responsa, EC detector response is linear or approaches linearity
only over a smail range of voitages. This voltage range usuaily
lies beiow the knee leading t0 the piateau in the current vs.
voitage curve {see Figure 3). In our examples, this voitage
range is approximataly 10 to 18 voits.

40
- 30 <4
Z
w
=
&
3 S
g 20 - e -
3
=]
c
g
10 -
2 ]
o
o L) L I. 1
Q 10 20 30 40

VOLTAGE [Voits!

Figure 3. Plot of current ve, voitage tor an EC detactor,

At higner voitages, the responss becomes non-linear and the
responss-to-concentration slope increases with increasing con-
centration. This non-linearity becomes extrame on the plateau
of the current vs. voitage curve. Mare, the resoonse o
concentration slope is very small at low concentrations and
increases rapidly at high concentrations. This resuits in an
extreme contraction of the lower nart of a GC peak and an
extension of the upper part of the peak. When this occurs, a
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ciwomatogram like the one 1n Figure 2 1s produced. Figure 1
can be converted 1o an dpproximation ot Figure 2, as shown in
Figure 4. A superficial baseline has been drawn which cuts out
the bottom part ot the peaks. The similanity between Figures 2°
and 415 obvious |f we extended the upper part of the peaks in

Figure 4, the chromatogram would resemble that in -Figure 2

still more closaly, This may appear extreme, but notice that in

Figure 2 wa have lost not only the endrin decomposition

product, but also all the small impurity peaks that are seen in

Figure 1.

0.3 ng Lindsna

0.3 ng Heptachlor
0.3 ng Aldrin
0.3 ng Heplachtor Eponide
0.3 ag Disldrin

0.3 ng Endrin

0.3 ng p»'-DDT

L v 1 ¥ L
[} 3 ] 9 12 15 18 21
TIME (Minutes)

Figure 4, Sama chromatogrem as in Figure 1.

Section 5C

At voltages below the oplimum range, the reverse occurs,
The response ta concentration siope is high at low concentra-
ions and decreases with increasing concentration. fn this case,
the lower part of a peak will be extended and the upper part
contracted. This 13 observed as a wider peak, giving a low
thearetical plate calculation, and the peak maximum will tend
to be rounded. Also, smail peaks will be ovaremphasized. .

The graphs in Figures 5 to. 8 summarize the effect of EC
detector voitage on GC resuits. These hgures show the eftect
of voltage on various peak height ratios and on the theoretical
plate calculation. .

Another complication is that the current vs. voltage curve
and the optimum volitage are not always the same, but vary.
with factors such as detector cleanliness and liquid phase
bleed. A dirty detectar or a high liquid phase bleed will cause
the plateau in the current vs. voitage curve to shift to lower
currents and voltages, as shown by the broken hine curve in -
Figure 3.

This problem of variable non-inear response with EC
detectors complicates quantitative analysis and is the reason
why frequent and careful use of caiibration standards is so
important in pesticide analyses. However, when one is
interested in determining column efficiency, the effect of
non-linear detector response on the theoretical plate response
has not been so obvious: This effect can also be obsarved with
argon ionization detectors, where applied voitage aiso aftects
linearity. Years ago we found we were consistently obtaining
about 150 more theoretical piates per foot trom argon
ionization detectors at voltages above the optimum than from
flame ionization detectors, which have goad Linear response
characteristics.

To be fair to EC detectors, there are now one or more on
the market which operate at a fixed volitage and are claimed to
have:good linear characteristics aver a wide dynamic range.

Let it suffice to say: “Chromatographer, beware of thy
detector! Also, know thy detector!””
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g 5 Figure 8. Plot of peak height ratios of 5 8 ~
= endrin to dieldrin (e/d} sad p.p-DOT to Q-
£ 4 " distdein {D/d) vi EC detsctor voltage. 8‘ ]
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Figure 5. Plot of peaak height ratio of
heptachioe to disidnn {h/d) ve EC de-
sctor voltags.
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Figure 7. Plot of pesk hsight ratio of
andrin decompostion groduct to diidnin -
{E/d}) vs. EC datector voitage.

. Figure 8. Plot af calculated theorstical
piutes for dieldein ve. EC detector voit-
oge.
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Section 5D

Oxygen is a frequent contaminant in nitrogen carrier gas, and the EC
detector responds exceptionally well to traces of oxygen. A background
profile should be made after changing the tank of carrier gas and allow-
ing at least one hour for the system to equilibrate. A suitable oxygen
scavenger and a clean chromatographic system . are most important for good
péerformance (13, 21).

Certain liquid phases tend .to bleed in varying degrees at normal operating
conditions, even after conditioning for extended periods of time. DC-200,
DC-550, DEGS, and QF-1 are such phases and should be avoided where possible.
The high temperature OV silicones with low (1-5%) phase loadings produce
very favorable columns. The background current determination is par-
ticularly important with a new column in the instrument because background
current that cannot be brought up to the expected level indicates the
probability of a bleeding column requiring additional heat treatment: to
vaporize off the volatile impurities.

Solvents and monomers can bleed from the septum and be swept through the
colum into the detector. Glass inlet liners used for off-column injection
" should be changed frequently. Proper handling of septums and maintenance
of the injection port are discussed in Subsection 5J.

Contamination from dirty tubing or other system components prior to the
inlet can be caused by a bad tank of carrier gas containing grease, oils,
or water vapor. Use of a molecular sieve filter-drier will usually pre-
vent this problem. These adsorbent traps must be regenerated regularly.
If moisture has accumulated in the tubing and flow controllers from a

bad tank of gas, simply changing the tank may not solve the problem.

The entire system would have to be flushed out with a low boiling solvent.

A good rule is to introduce only one variable at a time into the GC-EC
system and to run a background profile just before and just after changing
the variable. For example, a column and a tank of gas should not both

be changed at the same time. This rule makes the isolation and correction
of problems a much easier task.

A review of the operation and principles of the electron capture detector
for pesticide analysis (22) and a review of its theory and characteristics
(11, 23) have been published.

MICROCOULOMETRIC DETECTOR’

The original detector for the specific detection of organochlorine pesti-
cides was the microcoulometric (MC) detector. The detector operates on .
the following principle: column effluent is mixed with oxygen, the organic
compounds are combusted in a furnace, and the formed HCl is titrated in an
automatic cell with internally generated silver ions. The MC detector has
now been largely replaced by the electrolytic conductivity detector
because of its greater sensitivity and easier operation and maintenance.
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Section 5E

The MC detector can also be operated to be specific for pesticides con-
taining S, P, or N, but the FPD, N-~P, and electrolytic conductivity de-
tectors are preferred for the detection of these compounds. One advantage
of the detector for some applications is that the amount of ions used in
the cell reaction can be related theoretically by Coulomb's law to the
absolute amounts of pesticides passing through the GC columm. Although
the detector can still be purchased from Dohrmann-Envirotech and is
occasionally reported in the literature (24), the absence of wide use

in EPA laboratories and pesticide analytical laboratories in general has
dictated that detailed material on this detector be deleted. Interested
readers are referred to earlier revisions of this Manual and the FDA
PAM (25). '

THERMIONIC DETECTORS

The original alkali flame ionization detector was described by Karmen

and Giuffrida in the early 1960's. They found that if a crystal of an
alkali salt is placed over a flame and a collector electrode above the
alkali source, a very enhanced response to phosphorus~containing species
could be obtained. A variety of designs of the alkali flame ionization
detector (AFID) were reported, the mechanism of operation was widely
studied, and further modifications made the detector sensitive to nitrogen
as well as phosphorus compounds. The AFID is described in detail in the
FDA PAM, Section 313 and in Section 5E of earlier revisions of this QC

‘Manual and is reviewed in references (26) and (27). The alkali flame,

Coulson, and flame photometric detectors have been compared and evaluated
(28).

New developments in the 1970's, pioneered mostly by Kolb et al. (29), have
led to a thermionic detector involving an electrically heated bead, re-
sulting in more reliability and an extended linear range. This detector,
termed the nitrogen-phosphorus or N-~P detector, 1s described in Section
4,D of the EPA PAM and Section 316 of the FDA PAM and will be 8iscussed
in the rest of this section. N-P detectors are supplied by different
manufacturers (see below). A schematic diagram of the Perkin-Elmer
detector incorporating a rubidium silicate bead is shown in Figure 1

of Section 4,D of the EPA PAM. In the usual mode of this detector, shown
in the center of this Figure 1, the source is electrically heated, and
the detector is sensitive to both nitrogen~ and phosphorus-containing
substances, but more sensitive to P than to N. The linear range is over
five orders of magnitude, and sensitivity is in the pg range. In the
P-mode, shown on the right of Figure 1, the source is heated by a high

. energy flame and the jet is grounded. The response to phosphorus is the

same as in the N-P mode, whereas the N response is suppressed ca 50 fold
and the linear range 1s reduced to 104,

Compared to the KC1l AFID, the N~P detector operates with reduced flow of
hydrogen gas and temperature. This causes an increased response to
nitrogen while maintaining high sensitivity to phosphorus.
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Section 5E

The principle of operation of the N~P detector is as follows: GC column
effluent is ionized at or near the electrically heated alkali source in
the presence of a relatively low temperature plasma around the bead.

P~ and N-containing species are preferentially ionized and drawn to the
collector electrode, where the resulting change in current is amplified
and recorded.

For detection of N-containing pesticides, the N-P detector is less se-
lective than the N-mode of the Hall electrolytic conductivity detector.
However, the former is more stable, sensitive, and easier to operate.
Sample extracts can often be examined after a minimum of cleanup using
the N-P detector (see the FDA PAM, Sections 232.4 and 242)., Extracts
containing traces of acetonitrile cause a large detector response that
obscures early-eluting pesticide peaks. Since the usual mode of the
N-P detector detects phosphorus and nitrogen compounds simultaneously,
a single extract can be ¢onveniently examined for both types of compounds.
For examination of P compounds only, the P-mode of the FPD is the usual
best choice. Some models of the detector do not tolerate injection of
halogenated solvents without deterioration of the alkali source. -This
should be determined prior to use.

N-P detectors are available from Perkin-Elmer, Hewlett-Packard, Varian,
and Tracor. Although each is basically a flame ionization detector to
which an electrically heated source has been added between the jet and
ion collector, they differ in design and operation and in the exact
nature of the alkali source (see the EPA PAM, Section 4,D,II). Installa-
tion, operation, and maintenance instructions should be carefully followed
for each of the detectors. The detectors include a power supply for
heating the source and for maintaining source bias voltage. An electro-~
meter as used for an FID is required. High purity hydrogen and air
should be used for the detector, and nitrogen or helium for the carrier
géas.

The following are general characteristics of the various N-P detectors:
selectivity to nitrogen against both hydrocarbon and phosphorus increases
with decreasing hydrogen flow, but selectivity to P. vs hydrocarbon is not
greatly influenced by flow rate. The electrical potential difference
between the jet and collector can also affect selectivity, but this effect
varies with individual detector designs. Selectivity factors range from
10,000-100,000:1 for N vs C and 75,000-200,000:1 for P vs C. Under de-~
tector conditions providing a 1/2 fsd response for 2 ng of parathion, ug
amounts of hydrocarbons or S~ and halogen-containing compounds should cause
no response. The N/P response ratio is 10-20:1. :

. Sensitivity is dependent upon the temperature of the source, which is a
function of the source heating current and the flows of air and carrier
gas, and to the flow of hydrogen gas. Manufacturer's optimal specifica-~
tions are ca 10~13 grams N/second and 10~1 grams P/second. Greenhalgh
and Cochrane (17) reported a minimum detection level of 0.12 or 0.13 PE
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chlorpyriphos for three different N-P detectors, which represented a ten
fold better sensitivity than the FPD (P-mode). The FDA PAM reports
practical detection limits of 1 ng for most OP pesticides and 5-30 ng

of most nitrogen pesticides. Sensitivity for nitrogen pesticides varies
with the number of N atoms in the molecule and its structure. Compounds
containing a P=0 group are about twice as well detected as the analog
with a P=S group (17). Detector linearity is at least three orders of
magnitude and as hlgh as five orders. : :

It has been noted by analysts that differences among alkali sources are
common, even as supplied by one manufacturer. "Recommended gas flows

are: air - 30-200 ml/minute, with 100 ml/minute being usual; less than

10 ml/minute is required if He rather than Ny is the carrier gas; hydrogen -
1-5 ml/minute, usually ca 3 ml/minute; carrier gas - 15-30 ml/minute.

" Sensitivity is lower at carrier flows above 40 ml/minute. To accommodate
this lower flow rate, 2 mm id.packed columns rather than 4 mm id columns

can be used. Similar chromatograms are produced in a 2 mm id column

with a 15.ml/minute flow and in a 4 mm id column at 60 ml/minute, with a
constant operating temperature.

The body of the detector is normally at 250°C and the source at 700-900°C.
The temperature is chosen by adjusting the potentiometer to produce a
baseline current as. recommended by the manufacturer, usually 1.5 x 1011
amps or 4 x 10712 amps. : Or, the temperature can be set to produce a
specific response for a standard amount of pesticide, e.g., 1/2- fsd for

2 ng of. parathion. :

To reduce contamination of the detector, low bleed septa should be employed,
columns should be properly conditioned, and injection of "dlrty samples
should be avoided. ‘

Figure 5-I shows a photograph of the Tracor N-P detector, and Figure 5=J
is a schematic of the mounting detail for connection to a gas chromato-
graph. Figure 5-K shows a typical chromatogram using this detector.

The selectivity for the N- and P—containing pesticides compared to’

. etcosane (CZO) is obv1ous. :
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Section 5E

Figure 5~I. Tracor Model 702 N-P detector and control module
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Section 5E

Figure 5-K. Typical chromatogram of pesticides with the
N-P detector. '

SAMPLE: | x 109 g/ul Atrazine

5 x 10799/, Methyl Parathion

| x 1078 g/l Eicosane in Hexane
SAMPLE SIZE:4.0pul
COLUMN: 6" x 1/4" Glass - 3% OV 10l

on Chromosorb W-HP (80-90mesh)
COLUMN TEMPERATURE: 200°C
INLET TEMPERATURE: 215°C
DETECTOR TEMPERATURE:250°C
CARRIER FLOW: 25cc/min Helium
PLASMA GAS FLOWS: 2.5cc/min Hydrogen

120cc/min Air

DETECTOR BACKGROUND CURRENT:
.5 x 1074 amperes
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Section 5F

SF  FLAME PHOTOMETRIC DETECTOR (FPD)

This detector operates by monitoring HPO and S9 emission bands, which
result from burning the column effluent in a cool, hydrogen-rich flame,
at 526 nm (P-mode) or 394 nm (S-mode) using a combination of a narrow
band-pass interference filter and a suitable photomultiplier tube.
Samples require relatively little cleanup because of the selectivity
of the detector for pesticides containing P or S. Applications to the
detection of certain other elements (e.ﬁ., Ti, As, Zr, B, Cr) have also
been made with limits of ca 10~7 - 10-1 grams. .

Figure 5-L shows the external appearance of the FPD. The carrier gas
exit line is seen on top and the 0s/air inlet connection and hole for
the heater on the bottom side. The mirror lies behind the circular
bulkhead seen covering the burner chamber on the front, and the filter
lies behind the screw seen on top of the photomultiplier housing. The
hydrogen gas inlet is on the opposite side, and column effluent enters
underneath the burner chamber. Signal and polarizing cables are
attached at the back end of the PM tube. A cross section. view of the
FPD is shown as Figure 5-M. Figure 5-N pictures the dual FPD which

in principle allows simultaneous monitoring of sulfur and phosphorus
output from a single injection, as well as normal flame ionization out-
put if it is of interest. In practice, differences in sensitivity of the
P and S modes make dual operation impractical for analysis of low amounts
of residues where maximum sensitivity is sought. That is, if the P-mode
is optimized, the S-mode will not be sensitive enough to be of use.
Figure 5-A shows a Tracor FPD mounted to the MT-220 gas chromatograph.

At least three other companies produce FPDs that differ in a number

of construction aspects and performance.

Figure 5-L. Tracor fi;me photometric detector

- s g s
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Figure 5-M. Cross section of a flame photometric detector

Glass window

Photomuitiplier tube Optical filter

Burner
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Flame ionization target fitting
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*Column effluent
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Figure 5-N. Dual flame photometric detector
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In the original operating configuration of the FPD, oxygen (* air) is
mixed with the nitrogen carrier gas and pesticide at the entrance to
the detector; hydrogen is brought directly to the burner. Components
are burned in a hollow tip that shields the flame from view by the
photomultiplier (FM) tube. Emission occurs above the flame tip, and
the light is transmitted to the PM tube through a filter that transmits
a specific wavelength of the element to be monitored. A potential is
applied to the PM tube, and its output is amplified by the electrometer
and read-out on a recorder.

When the FPD is operated in this manner, as little as 3 pl of solvent

in the injected sample will extinguish the flame unless modification is
made to vent the solvent. A Valco 4~part switching valve (No. CV-8HT),
silylated before installation, was recommended for. this purpose. Re~-
versal of the hydrogen‘and air/02 gas supply lines at the detector _
inlets has been shown to give a "hyperventilated" flame (30) that allows
injection of up to 25 ul of solvent with no flame blowout and similar

or better sensitivity, baseline stability, and linearity, but an
approximately 20-fold loss in selectivity for most detectors. 1In this
"reverse configuration", effluent is premixed with hydrogen..

The minimum detectable quantities of the elements S and P reported in
different sdurces are about 40 pg-l ng and 10-100 P8, respectively. 1In
routine operation, 2.5 ng of ethyl parathion should yield a peak height
equal to 1/2 fsd, although sensitivity can usually be improved well

beyond this in most analyses by careful adjustment of operating parameters.
In a comparative study (15), the limit of detection for chlorpyriphos was
115 pg and 174 pg in the P-mode for normal (flame-out) and reverse gas
flow configurations, respectively, and 167 and 87 ng in the S-mode with
the two flow configurationms.

The degree of sensitivity of the FPD relates to at least four factors;
condition of the PM tube; voltage applied to the PM tube; flow rates

of Hy, Oy, and air; and the condition of the viewing system (optical
window and filter); Each of these factors should be checked and opti-
mized for each installation. A drastic reduction in the peak height of
malathion can-be an indication of a poor column, provided the rest of

the system is known to be operating properly. Equal amounts of malathion
and ethyl parathion normally give a peak height response ratio of about
0.70 on a good column.

To obtain optimum flow rates, set hydrogen flow at 150-200 ml/minute,
obtain maximum response for an injected, early eluting phosphate pesti-
cide (e.g., ronnel or diazinon) by varying oxygen flow with zero air

flow, then maximize response by varying the air flow with oxygen set at
its optimum value. Some detectors may show best response with no air
flow. Maximum response is indicated by a large signal to noise ratio;

an increase in flow rates may increase peak height while also causing

an increase in baseline noise. Generally, a high flame temperature
resulting from too much oxidizer and too little fuel will give the poorest
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sensitivity. Typical operating parameters for the FPD in the P-mode

are in Table 5-2, These values are for the Tracor FPD, based on recommenda-
tions in the manufacturer's detector manual and experience in EPA labora-
tories. Table 5-3 lists FPD parameters used in analytical laboratories
participating in the Canadian Check Sample Program on Pesticide Residue
Analysis (6). These values were chosen to produce in the S-mode an
exponential response factor of 1.9, and to give maximum response in

the P-mode. The Tracor company (Personal Communication, 1980) recommends
the introduction of 60-100 ml/minute of hydrogen through the air/0O2 inlet
and 80-150 ml air into the port marked for oxygen. The use of oxygen is
not considered necessary by Tracor with this reversed plumbing arrange-
ment.,

The temperature gradient between the column and detector is kept as low
as possible, and the detector is always heated before the column when
starting up a cold system. The detector base is maintained at about
210°C. The nitrogen to oxygen ratio should be ca 4:1, the carrier and -
purge flow rates should be equal, and the total flow of air, oxygen,
.and carrier should not exceed 200 ml/minute. A lower total (100-150 ml/
minute) usually produces the most favorable signal to noise ratio, -

Although the FPD is not as sensitive to gas leaks as the electron capture
detector, the flow system of the chromatograph should be tight. Leaks

in the hydrogen, oxygen, or air supply can be hazardous from an explosion
standpoint: A common cause of sensitivity loss in the FPD is air leaking
into the burnmer chamber causing a change in flame characteristics. This
is remedied by replacing the gaskets (probably discolored and brittle)
with new, bright, and flexible ones. Stability of the FPD is promoted
by having a very stable flame. This is best accomplished by using high
quality flow controllers for the detector gases.

Optimum response voltage for the PM tube is determined using a variable
power supply that allows the voltage to be increased with little increase
in electronic noise., Raising the voltage from the electrometer will
increase electronic noise inordinately. - With optimum flow rates, the
power supply 1s set at 750 V, and a sample of diazinon is injected to
give 30-60% f£sd. The injection is repeated at 850 V and at voltage
increments between and. around these values until the point of maximum
signal to noise ratio is determined. It may be necessary to attenuate

to keep on scale during this determination, so the linearity of the
electrometer must be known. ~Different PM tubes require different voltages
for best performance, a value of about 850 V being typical. A suspect PM.
tube may be checked with one of known sensitivity to give indication of
its condition. Satisfactory operation of the FPD over its full dynamic
range requires both a highly stabilized 750 V power supgly plus an
electrometer with a bucking capability at least 1 x 107™° amps. PM tubes
are heat sensitive and should be well insulated from sources of heat in
order to keep sensitivity from being lost. The tube can be kept cool by
blowing air over it or circulating cooling water through a copper tube
wrapped around it. In a modified FPD design that protects the PM tube
from heat radiation, emitted light is carried to the phototube by a light-

pipe.
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Table 5-2

OPERATING PARAMETERS FOR THE P-MODE OF THE TRACOR FPD

Temperatures (°C) : Flow Rates (ml/min.)
Column 200 Purge* 70-80
Injection Block 210-225 Carrier 70-80
Detector#*#* 165-250 Hydrogen ~ 50-200
Transfer Line 235 " Oxygen 10-30%**

Switching Valve*® 235-240 Air 0-100

* With Valco switching valve
** High temperature model is never heated above 250° C, low
temperature model never above 170°C
*k% To ignite the flame, an oxygen flow of 50 ml/minute or
more may be required, depending on the detector

Table 5~-3

GAS FLOW PARAMETERS SUGGESTED FOR OPTIMUM RESPONSE
WITH THE MELPAR (TRACOR) FLAME PHOTOMETRIC DETECTOR (6)

01ld configuration ‘ New‘Reverse Configuration

P-mode S-mode P-mode . - S-mode
H, (ul/min) 200 70 | 200 .50
Adx( " ) 80 30 30 s 50
0, « " ) 10 10 15 = 10
02'/H2 ratio 0.13 0.22 - 0.11 | 0.4
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Interference filters may be changed at any time, i.e., it is not necessary
to shut down the instrument to do this. The power to the PM tube must be
turned off when removing it from the flame base. Excess light will damage
or destroy the sensing element when the tube is connected to the power
supply. Light leaking into the PM tube during operation 6f the c¢hromato-
graph will increase the noise level and decrease sensitivity. One remedy
is to tighten all connections having gaskets between the burner and the
mounting of the PM tube. A second remedy is to construect an opaque fiber
or plastic tube to slip over the connection of the. PM tube and the metalliec
link with the cooling fins, or a light-tight box to completely house the
burner and PM tube. Ignition of the flame may be detected‘by obServation
of recorder pen deflection up or down scale, hearing the "pop" of the
hydrogen gas, or deposition of moisture on a cold, flat metal surface

. held near the exhaust tube. After several months of operation, the quartz
window in the FPD burner becomes pitted and "fogged" or opaque. This loss
of transparency can cause a decrease in sensitivity that can usually be
restored by polishing the window with carborundum or jeweler's rouge and

a polishing mat commonly used by infrared spectroscopists for -salt windows.
If the pitting or fog is too deep and cannot be polished out the window
should be discarded and replaced.

The FPD response. to P is linear over a concentration Tange of about 3-5
decades, e.g., 0.4-400 ng for parathion and 0.14-400 ng for chlorpyriphos-
(15) inthe P-mode. “Nonlinear response of the FPD (526 nm filter) to .
oxygen analogs of OP pesticides is often noted and is thought to be caused
by degradation of these P = O compounds. GC columns should be optimized
for separation of these compounds without breakdown, and metal transfer
lines between the column and detector should be as short as possible and
preferably made from Teflon or glass-lined metal tubing. The S-mode is
inherently less sensitive than the P-mode, and response for compounds
containing a single S atom is nonlinear starting in the 1-10 n{ range.

The response. increases very roughly as the square of the concentration

of sulfur, so standard curves are plotted on semi~log paper for S-mode
quantitation.’ Quantitative evaluation of chromatographic data from the
nonlinear S-mode FPD has been theoretically .and experimentally studied
(31). A linearizing amplifier option is available for commercial detectors
that electronically transmits the square root of the detector response 'to
the recorder so that plots of peak height or area vs concentration are ..
linear within % 5%. This linear response facilitates easy interpretation
and allows electronic integration and data acquisition not possible with-
out the square root function. The potential errors involved in the use

of these commercial linearizers, if response is not actually proportional
to the square of S concentration, have been evaluated and recommendations
made to minimize the error (32).

The unique square-law sulfur response of the FPD can be used to help
distinguish sulfur pesticide peaks from interfering peaks due to large
concentrations of nonsulfur compounds, such as hydrocarbons, that can also
be detected. Because the peak height of sulfur compounds varies as the
square of the sulfur atom flow into the FPD, peaks due to sulfur compounds
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tend to be narrower than those of nonsulfur compounds with comparable
retention times. Therefore, visual inspection can often identify these
unusually narrow peaks. A more definite identification will be achieved
if the volume of sample injected is increased. Peak heights of sulfur
compounds will increase as the square of the injected volume while peak
heights of nonsulfur compounds will increase linearly. As a result, the
sulfur compounds effectively rise up out of the background. If the
hydrocarbon peaks are not well resolved from the sulfur compounds, hydro-
carbon quenching of sulfur light emission may diminish the advantage of
this square~law response. .

In order to operate in the dual mode, it is necessary to optimize com-
bustion gas flows for the S-mode and to have sufficient sulfur to detect
in this mode. This combustion mixture is not necessarily the optimum

for best phosphorus response. Optimum conditions will vary from de-
tector to detector. If enough residue is present to detect in the S-mode,
attenuation must be used to keep the P response on scale with the S re-—
sponse.

The proper attenuation for a given sample will depend upon the sensitivity
achieved, but, in general, it is best to operate near the maximum

and to dilute the sample as necessary. Selectivities for P and S are
about 10,000-25,000 or more:l compared to nitrogen, carbon, hydrogen,

and oxygen. Large amounts of sulfur impurities give a response in the
P-mode (P:S response ratio 4-25:1 at 526 nm) whereas phosphorus impurities
cause negligible response in the S-mode (S:P response ratio 100-1,000:1

at 394 nm). As the degree of sulfur oxidation in the molecule increases,
there is usually a decrease in sulfur response. Factors affecting se~
lectivity of the FPD have been studied (33).

Maximum utility of the FPD is afforded by the dual photomiltiplier arrange-
ment (Figure 5-N) whereby P and S are simultaneously moniiored on a dual-
pen recorder. This arrangement informs the analyst whether a compound
contains only P or S, or both, and the P/S ratio (the P-response divided
by the square root of the S-response) is important information for con-
firmation of residue identity. The.response ratio (x103) ranges. from
5.0-5.8 for PS compounds, 2.5-3.4 for PSyp compounds, and 1.6-2.4 for

PS3 compounds (34). As mentioned earlier, dual operation will not be
practical for analysis of low amounts of residue barely detectable by

the P-mode of an FPD optimized for this mode because of the much lower
gengitivity of the S-mode under these conditions.

Errors have been noted (35) in quantitations with the FPD in the P-~mode
when automatic integration is applied. The detector response passed
through a minimum after the solvent peak and then gradually rose to the
baseline without passing through a maximum to stop the integration before
the first pesticide peak. This was overcome by adding a low boiling
organophosphate (e.g., tributyl phosphate) that eluted after the solvent
but before the pesticide peak (malathion was studied). The FPD has been
coupled with a capillary GC column for analysis of OP pesticides (36).
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The FPD has proven to be a versatile, sensitive, selective, and reliable
means of analyzing not only pesticides and metabolites containing P and
S atoms, but also for compounds such as carbamate insecticides in the
form of derivatives containing these elements. The FPD has advantages
over the normal flame thermionic detector for routine analysis in terms
of ease of operation, better stability, less maintenance time, inde-
pendence of response to gas flow rates, and need for less frequent
injection of standards. Sensitivity of the FPD is about one order of
magnitude less for P compounds than with a fully optimized flame or
flameless thermionic detector. Applications and limitations of the FPD
in atmcspheric analysis have been reviewed (5).

Varian has developed a new FPD with dual flame design that is reportedly
(37) superior, but it has not yet been carefully evaluated for routine
residue analysis. Two hydrogen-air flames are used to separate the
regions of sample decomposition and emission, so that the upper emission
flame is more efficient, and sensitivity is improved compared to the
single~flame FPD. The major claimed advantage of this construction is

the reduction of the effect of hydrocarbon background quenching of the
light emission from S- or P-compounds, because much of the C-H emission
takes place in the lower oxygen-rich flame, while only the upper hydrogen-
rich flame is viewed by the photomultiplier. Reported selectivities are
103 grams C/gram P and 103 grams - 106 grams C/gram S, and response is less
affected by the compound structure because of more complete breakdown into
S9 and HPO species. Up to 200 ¥l of solvent can be injected without
extinguishing the flame, and a pushbutton linearizer for the exact
quadratic response of the S-mode’is included.

ELECTROLYTIC CONDUCTIVITY DETECTOR |

This detector operates by mixing of the column effluent with oxygen or
hydrogen reactant gas, followed by oxidation or reduction in a furnace
containing certain catalysts. In the original Coulscn detector, ionizable.
species emanating from the combustion zone are contacted with deionized
water, and the carrier gas is separated from the liquid in a separator.
The conductivity of the water is changed due to the presence of the
ionized specles, and the change is measured and displayed on a recorder
in the form of usual GC peaks. Table 5-4 shows the various modes of
operation of the Coulson conductivity detector as described by Cochrane.
The conditions and selectivity would be similar for the Hall detector.
Selectivity and sensitivity in these modes are poverned by the furnace
temperature, nature and flow rates of the reactant and carrier gases,
flow rate of water through the cell, and proper choice of catalysts and
scrubbers. Each analyst must optimize his conditions for the compound
in which he is interested. As a result, the minimum sensitivity values
reported by different workers for compound classes have varied quite
widely. A general review of the electrolytic conductivity detector has
been published (38).

Gas chromatography with the Hall electrolytic conductivity detector (HECD)
is described in Sections 4,C,(1)-(5) of the EPA PAM. Included are discussions
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of the GC instrument, choice of columns, methods of quantitation and
interpretation, GC data and chromatograms, and a complete description
of the principles and details of operation of the various modes of the
Tracor Model 700 detector. The FDA PAM also contains material on the
Hall detector, .in Section 315.

The current commercial version of the Hall detector is shown in Figures
5-0 and 5~P. Figure 5-0 displays the basic components of the 700A de-
tector and conductivity cell, while Figure 5-P shows the appearance

of the commercial detector. The Model 700A is available only with the
Tracor Model 560 gas chromatograph. The Model 700 is 'similar to the
700A and can be connected to other gas chromatographs. The Model 700A
features precise electrolyte flow regulation, a microreactor furnace,
extremely low.dead volume, improved scrubbers, and automatic solvent
venting. A new differential conductivity cell design combined with a
bipolar pulse cell excitation system provides increased sensitivity
compared to older models. ’

A comparison of the Hall,and Coulson detectors has been carried out. An
approximate 7-fold increased sensitivity was found for the Hall detector
relative to the Coulson detector for nitrogen-containing pesticides.
Values obtained on a 4% OV-101/6% OV-210 column -at 205°C were as follows
(40):

ng for 1/2 fsd

Coulson Hall
Atrazine 7 1.1
Bladex 15 1.1
Chloropropham 7 75 6.0
Diazinon 25 4.5
Ramrod 50 6.5
Parathion 150 20

The Tracor company reports semsitivities of 40 ng of atrazine (N-mode)
and 40 ng atrazine and 20 ng aldrin (Cl-mode) for 30-60% fsd peaks with
<1Z f£sd background level for the 700/700A detectors under the following
typical operating conditions: 1.8 m x 6.4 mm 3% OV-1 colummn, 200°C,
helium carrier 50 ml/minute, hydrogen reaction gas 50 ml/minute, 507
n~propancl in deionized water electrolyte flowing at 0.8 ml/minute,
850°C furnace temperature (41). The improved semsitivity of the Hall
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Figure 5-0. Cross section of HECD microreactor
and conductivity cell (39)

Figure 5-P. Tracor Model 700A Hall electrolytic
conductivity detector
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detector is seen by comparison of these values with Table 5-4. As

seen in Figure 5-R, experimental detection levels are often well below
these reported amounts.

Figure 5-R. Chromatogram obtained with the Hall electrolytic
" conductivity detector in the Cl-mode (2)

Lind
{2.5ng)

60

RESPONSE
Heptachiar (2ng)
Aldrin {2ng)

Disldrin (2ng)

(=]

-

o] .2 4 [
TIME, minutas

Selectivity values are Cl/C > 1Q6, N/ >1105, and S/Cfg-lﬂs, and
‘linearity for Cl is 105-106, for N 10%, and for S > 104, Figure 5-8
demonstrates the sensitivity and selectivity of the N-mode, while
Figure 5-T shows the chromatogram of spiked soil extracts (20 grams
s011/40 ml methanol) injected without cleanup. Figure 5-U shows the
sensitivity and selectivity for sulfur detection with the catalytic/
oxidative mode; the pyrolytic/oxidative mode can also be used for
S-detection with about one order of magnitude superior selectivity.

Figure 5-V shows the S-mode analysis of lettuce extract (acetone)
without cleanup. ' .
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Figure 5-S.
HECD 700A selectivity
in the N-mode (39)
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Figure 5-U. HECD response to hydrocarbon and sulfur compounds (39).
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Figure 5-V. Lettuce extract with malathion added (A) and control (B) (39)
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EPA experience has been that detection sensitivity of the Hall detector
is lost in some laboratories in the analysis of sample extracts com—
pared to results with standards. Good results have been obtained when
gel permeation chromatographic cleanup of sample extracts is combined
with the Hall detector. QF-1 or OV-210 fluorinated GC liquid phases
may not be used with the detector in the N- or halogen-modes (42).

The following are some operating characteristics and maintenance ’
instructions for the Hall detector as outlined by Bayer (43): Cleaning
requirements are minimized by disconnecting the furnace to cell transfer
line, leaving the furnace on, and turning the pump off at the end of

the day's analyses. Build-up of carbonaceous residues in the quartz
tube is alleviated by running the furnace at high temperature in the
oxidative mode. Siliceous deposits resulting from silicon column

bleed or silyl derivatives.can be removed with 10% HF. Alternatively,
the quartz tube can be replaced. Small variations in the conductivity
solvent flow rate will change the detector response, so the flow rate
should be set to a constant value each day. The recommended 1-5 ce/minute
hydrogen flow rate through the standard 2 mm id quartz tube is very
difficult to achieve in the reductive mode with the supplied needle
valve, but variations have only minor effects on detectdr sensitivity.
The maintenance and cleaning required depend on the type of samples
analyzed. Weekly or more frequent cleaning may be required if dirty
samples are commonly analyzed. The procedure, requiring less than one
day, involves disassembling the unit and replacing the quartz tube,
Teflon transfer line, ion-ekchange resin, and solvent. The needle valve,
its filter, and the conductivity cell are cleaned in an ultrasonic bath.,
Baseline noise can be caused by air bubbles or residue trapped in the
conductivity cell and ionic species in the solvent. Bubbles are removed
by rapidly turning the solvent pump off and on. Residues are removed by
disassembling and cleaning the cell in an ultrasonic bath, and ionic
species are minimized by using high purity solvents and water and routinely
changing the ion-exchange resin.

OTHER DETECTORS AND. DETECTOR COMBINATIONS

The sulfur-phosphorus emission detector (SPED) is similar to the FPD
except that fiber optic bundles are used to transmit light from the
flame to the PM tube and that thé chemliluminescence of the HPO and

So species are monitored at different heights above the flame (the
viewing port for P is 6 mm above the port for S). This detector has
been evaluated for pesticide analysis with the following results (28):
response was similar to the normal FPD (linear in the P-mode, squared
in the S-mode, and quadratic for compounds containing both P and S);
linearity for three standards (Ro-neet, DEPPT, and DEPP) in the P-~mode
was 102-103 » and the minimum detectable amounts were 5 x 10~1l to

2.3 x 1013 /second.

The photoionization detector (PID) is in principle a flame ionization
detector in which the ions are created by UV photons instead of a flame.
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Sensitivity is 10 to 50 times greater and the linear dymamic range is
10-100 fold greater than the FID. The PID is sensitive to inorganic
compounds such as NH3, PH3, and AsHg to which the FID does not respond.
The detector (44) has a sealed UV source focused directly into the
ionization chamber. The UV energy photoionizes the various compounds
eluting from the GC column but not the helium carrier gas. Orgaric
compounds with ionization potentials greater than the 10.2 ev energy

of the source, such as C3;-C; hydrocarbons including many common pesti-
cide solvents (methanol, methylene chloride, carbon tetrachloride,
acetonitrile), do not respond. The increased sensitivity is apparently.
due to the increased ionization efficiency of photons compared to a flame
and operation of the PID in an oxygen-free enviromment, thereby eliminating
free-radical quenching. The linear dynamic range has been reported as

107 -,108; and the minimum detection level was <2 pg for benzene. The PID
- response to carbon is proportional to the carbon number as is the FID.
Because it responds to the sample concentration, maximum sensitivity is
obtained at low flow rates (1-10 to 10-100 ml/minute). The maximum L
operating temperature is 315°C. The nondestructive detection of .ng levels
of organophosphorus pesticides has been demonstrated (45).

Principles of the use and detalls of the arrangement of multiple detectors
for efficient GC determination and confirmation of pesticides of different
chemical types in a single sample are discussed in Section 320 of the FDA
PAM, and a specific description of the combination of electron capture
and thermionic detectors for simultaneous determination of OCl and OP
pesticide residues is given in Section 321 of the same manual. When a
combination of detectors is used, the chogen cleanup procedure must be
suitable for the least selective of the detectors, enough residue must be
injected to meet the minimum sensitivity of both detectors, and the nature
and amount of injected solvent must be compatible with both. Figure F-W
illustrates the application of dual detectors to facilitate identification
and quantitation of pesticides. The left chromatogram shows the electron
capture response to a mixture of six N~ and/or P-containing pesticides to
which PCBs were added. The six pesticides, the positions of which are
indicated, are obviously overlapped by the PCBs to a degree that makes
analysis very difficult. The right chromatogram shows the selective
response of the N-P detector to the same mixture, with no detection of the
PCB peaks. If the N-P detector were used alone, the presence of the PCBs
would not be ascertained. Without the N-P detector, the pesticides could
not be properly determined. Therefore, both detectors are useful for this
sample (2). ' ‘ ' :

A GC system with one column, a three-way effluent splitter, and five
different detectors [electrolytic conductivity (N-mode), FPD (¥FID, S-, and
P-modes), and electron capture] operating simultaneously was described
(46). A computer program for evaluating data from this system was later
published. The program calculates retention times relative to two intermal
standards as references and peak areas corrected for baseline drift (47).

The mass spectrometer (Section 10L) can be used either as a universal
detector or the ultimate specific detector for gas chromatography. For
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the latter purpose, specific ion monitoring at a single mass number or
simultaneous monitoring of several selected characteristic fragment ions
is carried out (48). Linearity of response generally extends over
several orders of magnitude. Picogram sensitivity has been achieved,
éven at high resolution (49).

Figure 5-W. Analysis of a pesticide mixture in iscoctane solution to
which a small amount of 'polychlorinated biphenyl mixture
was added, by gas chromatography with two different de-
tectors. Columm: 1.8 m x 2 mm id glass, packed with
3%Z 0V~101 on Gas Chrom Q, 80-100 mesh. Column temperature:
190°C. Sample volume: 1 pl containing each of the six
pesticides in the amount of 5 ng. Peaks: 1l-di-syston,
2-methyl parathion,' 3-malathion, 4-parathion, 5-methyl
trithion, 6-ethion (2). . )

ECD

ImV « 512 ImV » 400

5 € RNUTES

—

5I ELECTROMETER AND RECORDER

The electrometer is primarily a device for amplifying the electrical signal
from the detector prior to its introduction to the recorder. Units may be
single channel, designed to operate with one detector and recorder, or dual
channel. Customary controls on the electrometer include input and output
attenuators, output polarity, and controls for the recorder zero and
bucking current. Servicing of electrometers is generally a function of

a trained electronic technician or representative of the company manu-
facturing the chromatograph.
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To check electrometers on the Tracor MT-220 chromatograph, set attenuators
to the off position and zero the recorder. Set the output attenuator at
x1 and record the baseline. A steady baseline with less than 1% noise
should be obtained. . : _

Recorders may be of single or dual channel design, the latter being
capable of receiving two separate voltage signals supplied from the
electrometer to two pens that trace separate chromatograms on opposite
sides of the same chart paper. Electronic controls on a recorder
usually consist of a pen zero and a signal gain adjustment. Most

chromatographs require a recorder with a full scale semnsitivity of 1 mv

and a full scale response of one second or less.

Proper adjustment of the recorder gain control is extremely important.
Some analysts, upon observing excessive baseline noiseé, erroneously
conclude that this should be eliminated by lowering the gain. When the
gain is set too low, however, the resulting chromatograms appear
"terraced" with a stepping-stone effect in the baselines. In extreme
cases, peaks have jagged and flat rather than pointed tops. When this
is evident, correction can usually be achieved by advancing the gain

control to a point just short of pen chatter.

SAMPLE INJECTION AND THE INJECTION PORT
a. On-Columm and Off-Column Injection

Some gas chromatographs have injection ports designed to accommodate
either on-columm or off-column injection. The former entails insertion
of the syringe needle directly into the glass wool inlet plug of the
column. For off-column injection, some type.of glass or metal insert
is installed in the injection port, and injection is made into this
insert where the sample is flash vaporized and swept into the column
by carrier gas. In practical operation in a pesticide laboratory
that is injecting a heavy volume of biological extracts, off~column
injection through a glass insert is preferable. A significant amount
of extraneous material that would otherwise be injected directly into the
column is trapped by the insert. If your chromatograph does not provide
the option of off-column injection, it is mandatory to frequently change
the glass wool inlet plug. The frequency of change is determined by
daily monitoring of the extent of p,p'-DDT conversion (see 4F of Section 4).
The plug is changed when the combined areas of the breakdown peaks (DDE
and/or DDD) exceeds 3 or 4% of the sum of the areas of the p,p'-DDT
and the breakdown peaks.

An earlier discussion of some problems associated with injection of
unclean samples and maintenance of the injection sleeve was presented in
Subsection 4F. Glass injection sleeves are cleaned in chromic acid
cleaning solution, rinsed with water and acetone, and dried. A final
gilanization treatment of the clean injection sleeve with Supelco's
Sylon-CT has also provided a dramatic solution to P,p'-DDT and endrin
breakdown problems. The label instructions were followed.

-181-




Section 5J

There are known instances where changing the insert, glass wool plug, and
even the first 1/2 inch of packing have not diminished conversion of DDT
resulting from massive injections of uncleaned samples without proper
on-going maintenance. Final correction required disassembly of the entire
injection port and wire brush cleaning of all metal parts to remove
encrusted f£ilth. Following this, each part was further cleaned in an
ultrasonic cleaner in alcohol KOH and finally acetone rinsed. Some
analysts recommend the use of a small plug of quartz wool in the exit

end of the injection insert to act as a further trap for extraneous
contaminants,

b. Septa

- A large number of different types of septa are available ¢ommercially
including inexpensive silicone rubber designed for low temperature,
routine GC; high temperature silicone rubber; and expensive, layered or
sandwich types. Catalogs ‘of the different suppliers should be consulted
for the specifications of the available products.

The septum chosen for residue analysis should not produce significant,
bleed (ghost peaks) that can affect identification of quantitation of
residues under the conditions used for gas chromatography. Bleed
generally increases as the inlet temperature increases and diminishes
with the length of time the septum has been installed. A leaking septum
may cause a number of problems, including baseline drift, loss of sensi-
tivity or erratic sensitivity, increase in peak retention times because
of loss of carrier gas, or column deterioration due to entering air.

Septum leaks can be caused by loss of elasticity as a function of tempera-
ture and time of use, injection with a large diameter or damaged (bent

or burred) syringe needle, or incorrect tension of the septum nut. It is
preferable to change the septum before a leak develops to prevent the
production of incorrect analytical results. Change might be made on at
least a daily basis if the instrument receives. heavy use,

Replacement at the end of the working day is convenient since this will
allow the septum to condition during the night and be ready for use the
next morning. A needle guide on the syringe or an injection port with a
small diameter hole can prolong the life of the septum by causing the needle
to penetrate the septum at the same point, thereby minimizing coring and
tearing of the septum. A needle guide also helps to maintain the

integrity of the needle itself. Overtightening of the septum nut will

tend to extrude the septum and increase the amount of septum bleed.
Undertightening can reduce the ability of the septum to seal.

The septa in widest use for residue analyses are the high temperature
gsilicone rubber septa such as blue HT (Applied Science), white HT (Alltech
-Associates), Thermogreen LB-1 (Supeleo); perfluoroelastomer type (Pyrosep,
Supelco); and layered septa with Teflon or polyimide faces that are
placed against the injection port (LC Company). In one comparative

study (50), the blue HT tested best for high temperature use and long
life. After baking at 300°C in an unused injection port overnight
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‘(15 hours), this septum gave good service for 50 injections using a

. 26-gauge needle, without leaking or producing ghost peaks. The Teflon
faced septum did not produce ghost peaks initially but did bleed after
a few injections had ruptured the face and exposed the silicone rubber.
After puncturing, the Teflon septum performed more poorly than the blue
HT. ‘ :

In another comparative study (51), the rubbery Teflon perfluoroelastomer
septum gave the least bleed of all septa tested, including silicone

- rubber and Teflon-faced septa. Reports from another laboratory indicate
that polyimide-faced septa are superior to those that are Teflon coated
in terms of bleed at high temperature, but that the unlayered high
temperature rubber type is still preferable.

The method of septum preconditioning depends upon the temperature to be
employed. For use below 250°C, rinsing with acetone, wiping with a
Kimwipe tissue, and air drying may be sufficient for HT silicone rubber
septa. For higher temperature use, overnight baking at 300°C (50) will
probably be required. Each laboratory should evaluate its septa (see
below), and precondition and replace them as required for its applications.
‘Septa should never be handled with the fingers, but rather with a tissue
or clean forceps. o '

Although different laboratories have individual methods for changing a
septum, the following considerations are appropriate. It is undesirable
to expose a GC column to air while it is hot. This can cause oxidation
of the stationary phase and columm deterioration. Also, quick removal

of the septum nut while the carrier gas is flowing (column under pressure)
can cause the column packing to shift or be blown from the column. To
avoid these problems while changing the septum, reduce the column tempera-
ture and shut off the carrier gas flow when the column is cool. When the
gas flow has ceased, remove the nut and insert the new septum. Resume
the carrier gas flow, allow the column to f£lush for a few minutes, and
reheat the column. . ' :

‘The following procedure allows evaluation of septa for high temperature
applications: place a clean metal disc in the injection-port nut and
install a short (e.g., 46 cm) nonpolar column such as Dexsil 300 on
80-100 mesh Chromosorb W-HP in the gas chromatograph. Heat the injection
port to 300°C (or the temperature of interest), set the attenuator to
a sensitive setting, and program the oven at 20°C/minute from 50°C to
the maximum temperature of the column. No peaks should be detected. If
the instrument has a septum purge, turn this off. Cool the oven to 50°C
and replace the disc with the septum to be tested. Wait 10 minutes and
then temperature program the colummn as above. If peaks are produced, a
preconditioning step such as baking must be used to eliminate volatiles
from the septum. Perform this preconditioning on the septum and reevaluate
it. '
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¢. Injection Techniques
(1) Handling the Syringe

When a sample is injected into the chromatograph, it is essential
that it be entirely vaporized without loss. Injections are usually made
using a 10 pl syringe for the electron capture, thermionic, and FPD de~
tectors or a larger capacity if required for other less sensitive de~-
tectors (e.g., microcoulometric). Automatic injection devices are
ava;lable for use with some chromatographs and detectors. (See Section
50k). ' o

Samples are injected from a microliter syringe by inserting the needle
through the septum as far as possible, depressing the plunger with the
thumb or finger, then immediately withdrawing the needle (keeping the
plunger depressed) as rapidly and smoothly as possible. Some analysts
prefer a delay of 1-2 or up to 5-10 seconds before withdrawal of the
needle. When initially filling the syringe, air is expelled by repeatedly
drawing liquid in and rapidly expelling it with the needle tip still
under the liquid surface. The volume of sample to be injected is exactly
adjusted by drawing up a couplé of ul more than necessary into the barrel.
Hold the syringe vertically with the needle pointing up, put the needle
through a tissue to absorb expelled liquid, and push the plunger until it
reads the desired value. The excess air should now have been expelled.

There should be no delay between filling and injection of the sample.
After injection, the :syringe is rinsed clean by filling with and expelling
5 portions of ethyl acetate or acetone, and the syringe is pre~rinsed with
the next sample to be injected in the same manner. Be sure to follow -
carefully all manufacturer's suggestions for proper use of each particular
syringe. ' ’ B ‘

When a sample is injected in this normal manner from a 10 ul syringe, the
needle will retain ca 0.2-0.3 ul of sample. It is usually safe to ignore
this volume since standards are injected for comparison,  and the errors
due to retained volumes will cancel out if equal volumes are used and
concentration differences are negligible. Alternatively, the syringe may
be filled by drawing the entire sample into the barrel, noting the final
volume by reading each end of the column of liquid. After injection,

the plunger is pulled back and the small volume of retained solvent now
in the syringe barrel is read and applied as a correction. This will
correct for nonreproducible injection technique but not, however, for
the error encountered if the retained volume has a composition different
from the original sample, as would happen if nonuniform distillation had
occurred in the needle. Then the remaining liquid would be richer in high
boiling sample components. ' -

This can be overcome by using the solvent flush injection technique, the
most reliable and reproducible method available. About 2 ul of solvent.
ie first drawn into the syringe followed by a 1-2 pl air pocket and then
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the required volume of sample. The sample is brought completely into the
barrel so its volume can be read. On injection, the flush solvent behind
the sample ensures injection of the entire sample without loss due to
hang-up. Whatever method the analyst chooses to employ, he must be as
consistent as possible in his injections of standards and sample. It is
ceritical that the solvent chosen for injection of the sample completely
dissolves the residues of interest, and the same suitable solvent should
be drawn first into the syringe for the flush technique. The suitability
of the solvent should be verified by obtaining reproducible peaks from
repeated injections of a sample dissolved in the solvent [see Subsection
5Je(3)]. - S ' ‘

It is good practice to reserve one syringe only for electron capture work.
If a series of concentration levels is to be injected, the more highly
concentrated solutions should be injected last. . If the complete freedom
-of a presumably clean syringe from pesticide traces is suspect, pure
solvent should be injected and any peaks would indicate contamination -
and need for further cleaning. Dirty syringe plungers and needles should
be wiped with lint-free wipers dipped in an appropriate solvent (e.g.,
ethyl acetate), and the barrel should be cleaned by .drawing solvent
through the needle and out the top with a vacuum. .

(2) Preferred Volume Range

Injection of 1-3 yl samples from a 10 ul syringe is not

 recommended because of the large increase in error probability resultiﬁg
from these small volumes. For example, a typical absolute injection error

of 0.2 pl in a 1.0 ul injection would produce a %*% x 100 = 20% relative

error, while the same 0.2 ul error in a 5 ul injection volume reduces the
relative error to a tolerable 4% level. The analyst is strongly urged to
inject volumes between 3 and 8 ul (5-8 ul optimum) from a 10 ul syringe

for analyses with electron capture detectors. A syringe filled close to
capacity is more difficult to manipulate. .Proper dilution of standards

and samples will provide on-scale peaks upon injection of optimum volumes.
Standard and sample solutions are prepared so that peaks of approximately
the same area are produced (Subsection 50). With use of proper techniques,
a capable analyst should be able to reproduce a series of 3-8 ul injections
to within 1-5% of average peak area or height when response is ca . 1/2 fsd.

The preceding paragraph describes the conventional wisdom concerning normal
use of a common 10 ul GC syringe. Data have been presented, however,
leading to recommended volumes between 2-4 ul. Below 2 ul, the error of
injection increased above the +4-57 range. 'Reproducibility decreased for
samples greater than 4 ul, supposedly due to.the difficulty in quantita-
tively transferring the total volume from the syringe because the piston
sealed poorly and allowed the liquid to be foreed back or leak through

the back of the syringe (52).
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(3) Injection Solvent

The choice of injection solvent has been shown to affect quantita-
tion of polar organophosphorus pesticides. Hexane solution aliquots con-
taining 4 ng of dimethoate and 8 ng of g-phosphamidon gave GC peak heights
only 64Z and 43%, respectively, of those from corresponding aliquots of
acetone solutions. The low values with hexane apparently were caused by
adsorption of the compounds in the syringe needle (53). This error was
overcome by using acetone as the flushing solvent in the solvent flush
injection technique [Subsection (1) above] oz, preferably, using acetone
to prepare all standard and sample GC solutions. _Since this solvent:
effect is probably a general occurrence in the analysis of polar pesti-
cides and metabolites, careful consideration should always be given to the
cholce of an appropriate GC solvent. Other workers have also recognized
that the injection solvent can affect the precision and accuracy cf GC
analyses (54). ) ’

d. Capillary Columns

An inlet system for use with glass capillary columns in trace analysis

"has been described by Spencer (55). The system has a combination splitter

and splitless design, the latter being most useful for trace pesticide
analysis. In the splitless mode, microliter samples can be directly in-
Jjected and the inlet backflushed to purge residual solvent from the
vaporization chamber after the sample has entered the column. Relatively
large samples can be injected without overloading the system and causing

" band spreading.

5K

ERRATIC BASELINES

If all modules of the GC system are functioning properly, baseline noise
should be below 1% fsd. When noise exceeds this level with the electron
capture detector, all analytical work should be suspended until the

cause 1s isolated and corrections made. A poorly regulated current supply
or column liquid phase bleed can cause an erratic baseline. The slightest
leak anywhere in the flow system may permit the entry of air and can be
another cause of a noisy baseline. The most common points of leakage

are probably septa that are not changed often enough or loose columm
connections. ‘ :

Currently, three types of ferrules are most highly recommended for glass
column pesticide work, and the choice appears to be mostly a matter of
personal preference. Teflon, graphite, and Vespel polyimide-graphite-
combination ferrules are all available in ome piece design for use with-
out a metal back ferrule or O-rings. Reducing ferrules for use without
metal reducing unions and capillary ferrules are also available.
Temperature limits are 250°C for Teflon, 450°C for graphite, and 350°C
for Vespel. The three types of ferrules are reuseable at least several
times if carefully removed from old columms.
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Overtightening of ferrules causes deformation and limits the possibility
of reuse. Expensive and valuable glass columns can also be broken. Under-
tightening of ferrules causes leaking and possibly allows the column to

be .pushed out and broken when it is subjected to increased back pressure.
Most analysts eventually develop a feel for the correct ferrule torque.

A typical procedure is to tighten the Swagelok fitting until finger

‘tight and then a 1/4 to 1/2 turn with a wrench until leak tight. More

precise tightening without column breakage 'is facilitated by use of a
commercial torque wrench (available from, e.g., Supelco) that allows only
the correct amount of force to be applied to each type of ferrule before
slipping. The need for further tightening of comnections should be

checked by opening the oven after the initial overnight heating period of

the colummn.

The column should be pushed into the fitting and then pulled back 1/16 inch
before the ferrule is tightened. Because of different construction
materials, the instructions supplied with each type of ferrule should be
consulted before applying torque to obtain a leak-free connection. The
threads on the instrument must be in good condition to allow the nut to be
properly tightened, so a rethread device should be periodically used to
clean the injector and detector fitting threads. Leaking ferrules are
located by use of a liquid leak detector around the top of the comnecting
nuts or by monitoring pressure readings of the head pressure gauge.

When temperature programming is employed to facilitate complex separatioms,
dual column GC operation will compensate for the baseline of the analytical
column. The dual columns contain the same liquid phase but need not be

the same length. To set up the desired baseline, the recorder and de-~
tector are first zeroed. The columns are then heated to the upper
temperature limit of the program where the bleed from the columns will be
greatest. The resultant baseline is adjusted to the desired baseline by
varying the flow rate of the balancing column. Another approach for "high
bleed" analytical columns 1s to place a short, "low bleed" scrubber column
(e.g., a low loaded silicone) at the analytical column exit.

RECOMMENDED GC COLUMNS FOR PESiICIDE ANALYSIS
a. Column Selection

A number of important factors must be considered in the choice of a
column or combination of columns most suitable for a particular laboratory.
Some of these factors are the following:

(1) The selected columns should be capable of separating the largest
number of pesticides of interest with a minimum number of overlapping
peaks. For example, 10% DC-200 or 3% OV~l non-polar methyl silicone
columns are of limited value to the analyst determining the more common
chlorinated insecticides in environmental or animal samples. Partially
or completely overlapping peaks are obtained for several pesticides
generally detected in these sample substrates, e.g., p,p'-DDE and dieldrin

" 0,p"-DDT and p,p'~DDD, and the isomers of BHC (Figure 5-X, part A).
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(2) A high efficiency column is desirable if injected extracts
contain extraneous materials and detection of low presticide concentrations
is required. This will provide sharper separation between the peaks of
Interest and extraneous peaks of biological origin. '

(3) Retention time or elution speed may be a primary consideration
if the analyst is concerned only with quantitation of certain, specific
pesticides. For example, in a project where the sole interest is to
routinely determine residues of a late-eluting pesticide such as
methoxychlor, the column selection and operating parameters would be
tailored to elute methoxychlor in a minimal time period consistent with
its separation from any extraneous peaks. ' ' '

(4) Pairs of working columns should be selected to be of dissimilar
polarity and therefore provide different elution patteins ("fingerprints")
(Subsection 5N).

(5) sShorter columns may be adequate for chromatography of certain,
late~eluting pesticides, but for multiresidue analysis of unknown samples,
a 6-foot column is recommended to obtain optimum efficiency and peak
resolution. : '

b. Phases Used in the EPA Laboratory Network

After a careful comparative study of many GC columns with the above
factors in mind, the four liquid phases listed in Table 5-5 were chosen
as working and confirmatory columms for the routine analysis of. organo-
chlorine insecticides in human tissues. These columns will efficiently
separate the principal compounds of interest (DDT, DDD, DDE, BHC isomers,
heptachlor epoxide, and dieldrin) in a reasonable time, have low bleed,
and give long service when properly prepared, used, and maintained, as
described in Section 4 of this Manual. They have also proven to be
excellent columns for general use in the determination of many pesticide
classes in various substrates. The SE-30/0V-210 and OV-210 columns are
especlally recommended for separation of organophosphorus pesticides to
be detected with the FPD. ‘

Each of these phases has its own peak elution pattern for the compounds

of a given mixture. An efficient column of the mixed phase 0V-17 (phenyl
-methyl silicone) with QF~1 or 0V-210 (trifluoro propyl methyl silicone)
gseparates all usual tissue peaks completely except for a ca 75% separation
between p,p'-DDE and dieldrin. Higher load mixtures must be operated at
very high temperature and carrier gas flow velocity to avoid slow elution
and are not recommended. The SE~30 methyl silicone/OV-210 column gives

no separation between lindane and B8-BHC but good separation between
dieldrin and p,p'-DDE on an efficient column.

The single phase OV-210 gives a full separation of the common BHC isomers,
but only falr separation between the compound pairs of heptachlor,
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epoxide/p,p'-DDE and P,p'-DDD/p,p'-DDT. The single polyester phase DEGS
gives excellent separations of BHC isomers, complete peak separations of
all compounds usually in tissues, and an unusual peak .sequence (B-BHC
after o,p'-DDT and p,p'-DDT before p,p'-DDD) that makes it useful for
confirmation of peak identities. The DEGS columm, ho