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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. Mention
of trade names or commercial products does not constitute endorsement or
recommendation for use.
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FOREWARD

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
establishment 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,
conducts 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,
environmental 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 registration 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 provided 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 endangerment of their health.

This manual provides methodology useful in determining the extent of
environmental contamination and human exposure to pesticides and related
industrial chemicals. It has been compiled and produced in an effort to
promote general acceptance and adoption of uniform chemical methodology of
utmost reproducibility and accuracy and to ensure that analytical results
can be correlated and directly compared between laboratories. This
standardization of data collection will greatly increase our knowledge and
understanding of the extent of environmental contamination by pesticides.

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



ABSTRACT

This manual provides the pesticide chemist with methodology useful in
determining human exposure to pesticides and related industrial chemicals.
Methods are also presented for measuring the extent of environmental
contamination with these compounds. This manual has been compiled and
produced in an effort to promote general acceptance and adoption of uniform
chemical methodology of utmost reproducibility and accuracy and to ensure
that analytical results can be correlated and directly compared between
laboratories. Methods contained in this manual have generally been
developed and/or evaluated by this laboratory within the Environmental
Toxicology Division.

The analytical methodology compiled herein consists of both multi-
residue and specific residue procedures. Included also, are miscellaneous
topics treating a number of important activities such as the cleaning of
laboratory glassware, the preparation of analytical reference standards,
and the calibration and maintenance of the gas chromatograph. Several of
the methods have been subjected to collaborative studies and have thereby
been proved to produce acceptable interlaboratory precision and accuracy.
These methods are designated by stars placed at the left of the title in
the TABLE OF CONTENTS. Other methods presented are thought to be accept-
able but have not been validated by formal interlaboratory collaboration.
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INTRODUCTION

The analytical methodology collected in this manual was primarily
intended for use by EPA Laboratories conducting analyses of pesticides in
various sectors of the environment and by laboratories under contract with
EPA to conduct community studies and the monitoring of concentrations of
pesticides in the human population.

One of the primary objectives of the Epidemiologic Studies and Monitor-
ing Laboratory program was to establish and maintain, in collaboration with
other federal agencies, a broad surveillance and evaluation program concerned
with the extent and significance of the contamination of man and his environ-
ment by pesticides and their metabolites. To accomplish this goal, data have
been continuously obtained on the levels of pesticides and their metabolites
in the human population and various elements of the environment. It is
important that uniform chemical methodology of utmost reproducibility and
accuracy be used by participating Taboratories to ensure that analytical
results can be correlated and directly compared between laboratories.

A prime responsibility of the Environmental Toxicology Division is to
make new and improved analytical procedures available to EPA and related
laboratories and to those of state and local agencies working to assess
pesticide residues in people and/or environmental media. Thus, the Division
serves as a primary facility to provide (1) high purity analytical reference
standards, (2) information on analytical quality control, (3) instrumental
troubleshooting and calibration, and further (4) to conduct research on
analytical methodology for the measurement of residues of pesticides and
other toxic residues in human and environmental media.

The analytical methodology compiled herein consists of both multi-
residue and specific residue procedures. Included also are miscellaneous
topics treating a number of important activities such as the cleaning of
laboratory glassware, the preparation of analytical reference standards, and
the calibration and maintenance of the gas chromatograph. Several of the
methods have been subjected to collaborative studies and have thereby been
proved to produce acceptable interlaboratory precision and accuracy. These
methods are designated by plus signs placed at the left of the title in the
TABLE OF CONTENTS. Other methods presented are thought to be acceptable but
have not been validated by formal interlaboratory collaboration.

A numbering system is used in this manual whereby each page bears a date
and numbers and/or letters designating the identity of the section and
subsection. Additions, deletions and revisions will be distributed to manual
holders as they are made available, with each such issuance bearing appropri-
ate section identification and revision date.
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The cooperation of scientists using this manual is solicited in helping
to improve and update the material. Suggestions and comments based on user's
experience will be welcomed. Such suggestions or requests for additional
copies of the manual should be directed to:

Director

Environmental Toxicology Division

EPA, Health Effects Research Laboratory
Research Triangle Park, NC 27711
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COLLECTION, PRESERVATION AND STORAGE OF SAMPLES
GENERAL COMMENTS:

In the procurement, storage, and transportation of samples intend-
ed for analysis for pesticide residues, the personnel involved should
be aware of some basic considerations to ensure delivery to the analyt-
ical chemist of samples that have not undergone degradation of any
pesticide present and that have not been contaminated with impurities
that might interfere with the analysis.

Although medically trained personnel may be inclined to consider
asepsis as the sole requirement, and, while aseptic handling may help
ensure freedom from unwanted contamination, there are other far more
important considerations. One example is the material of which the
sample container is made. Plastics are widely used in the container
industries but, although they take preference over glass for many pur-
poses, they should be rigidly avoided as containers for samples that
will be examined by gas chromatography. Minute traces of certain of
the components of plastics may play havoc in electron capture GLC.

Similarly, ferrous metal containers such as compression 1id cans
or ointment tins which were used by pharmacies may contain trace
impurities that will cause interference in the analysis of GLC.

In general, glass, Teflon, and aluminum foil have been proved to
be the most suitable materials to come in direct contact with the
sample. Foil or Teflon is generally used as Tiner material for a
bottle or jar cap when the material in the normal cap may contribute
impurities. The containers 1isted in the next subsection are suggested
with the foregoing considerations in mind.

SAMPLE CONTAINERS:*

A. For tissues:

1. Wide-mouth bottles, glass, 2-1/16 in. high x 1-1/4 in. diam.,
approx. 1 oz. Owens-I11inois mold number AM-6764. Available
from many wholesale glass container distributors. These are
generally sold in lots of 1 to 10, 10 to 25, 25 to 50, 50 to
100 and over 100 gross with decreasing per-gross prices for
the larger quantities. No caps are included.

These containers are suitable for any autopsy sample not exceed-
ing about 25 grams.

*New containers should be cleaned as described in Section 3, A.
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2. The suggested screw caps for the above bottles are metal with
paper back foil liners, size 38-400, available in gross
quantities from glass container distributors.

B. For blood:

Glass vials in sizes of 45 x 15 mm, 5 m]l and 60 x 17 mm, 9 ml.
These are available from Arthur H. Thomas Company, Philadelphia,
PA under catalog number 9802-G. Caps for these vials are
listed as catalog number 2849-A, sizes 13 and 15, respectively.
These are molded screw caps with cork back foil liners.

The size should be selected on the basis of the volume of sample
drawn and should not be less than 7 ml. Containers with rubber
caps should be avoided because of the possibility of contamin-
ation from impurities in the rubber. The same warning applies
to cork unless a layer of inert material such as foil or Teflon
is used on the side contacting the sample.

C. For water:

Water samples may be conveniently taken in glass bottles in which
organic solvents are supplied. For example, an emptied hexane
or acetone bottle makes an excellent water sample container.
The molded screw cap generally has a Teflon liner. 1If not, a
foil Tiner may be inserted. See Section 10, A for details.

D. For agricultural or environmental media:

Environmental or agricultural samples of 1-1b. or more may be
taken in pint, quart or 2-quart size Mason jars. One layer of
industrial gauge aluminum foil (0.001 in.) or two layers of
regular household grade foil should be used as cap liner.
Under no circumstances should the sample material be allowed
to come in contact with the paper liner material of the usual
metal screw caps.

STORAGE OF SAMPLES:

Tissue samples that are to be extracted within 24 hours may be
held at normal refrigerator temperature (+2° to +4°C). If extraction
is not to be carried out within this time, the samples should be deep
frozen at -12° to -18°C.

Blood samples that are to be separated for subsequent analysis of
the serum should be centrifuged as soon as possible after drawing. If
the serum is to be analyzed within a 3-day period, storage at +2° to
+4°C is suitable. If storage is to be for Tonger periods, it is
preferable to deep freeze at -12° to -18°C.
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Agricultural or environmental samples that are to be analyzed for
organophosphates should be placed in tight containers and stored in
deep freeze as soon as possible after sampling unless sample prepara-
tion is to be conducted within a few hours. Under no circumstances
should extraction be deferred longer than an overnight period, even
when the samples are frozen.

SAMPLING, GENERAL:

A subsection on sampling gquidelines is included in each method
section wherever feasible. In certain sections wherein the sampling
and storage may exert a profound influence over the quality of the
data obtained from the analysis, the subject is addressed in some
detail.
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MISCELLANEOUS INFORMATION
CLEANING OF LABORATORY GLASSWARE

In the pesticide laboratory involved in the analysis of samples contain-
ing residues in the parts per billion range, the preparation of scrupulously
clean glassware is mandatory. Failure to do so can lead to a myriad of
problems in the interpretation of the final chromatograms due to the presence
of extraneous peaks resulting from contamination. Particular care must be
taken with glassware such as Kuderna-Danish flasks, evaporative concentrator
tubes, or any other glassware coming in contact with an extract that will be
evaporated to a lesser volume. The process of concentrating the pesticide in
this operation may similarly concentrate the contamination substance, result-
ing in extraneous chromatographic peaks that, in extreme cases, may complete-
1y overlap and mask the pesticide peak pattern.

Although chemists do not all agree on procedural details in the cleaning
of glassware, the majority are in agreement regarding the basic cleaning
steps. These are:

1. Removal of surface residuals immediately after use.
2. Hot soak to Toosen and flotate most of soil.

3. Hot water rinse to flush away flotated soil.

4. Soak with deep penetrant or oxidizing agent to destroy traces
of organic soil.

5. Hot water rinse to flush away materials loosened by deep penetrant
soak.

6. Distilled water rinse to remove metallic deposits from the tap water.
7. Acetone rinse to flush off any final traces of organic material.

8. A preliminary flush of the glassware just before using with the same
solvent to be used in the analysis.

Each of these eight fundamental steps will be discussed in the order in
which they appear above.

1. As soon as possible after use of glassware coming in contact with
known pesticides, i.e., beakers, pipets, flasks or bottles used for
standards, the glassware should be acetone flushed before placing
in the hot detergent soak. If this is not done, the soak bath may
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serve to contaminate all other glassware placed therein. Many
instances of widespread laboratory contamination with a given pesti-
cide are traceable to the glassware washing sink.

The hot soak consists of a bath of a suitable detergent in water of

50°C or higher. The detergent, powder or liquid, should be entirely
synthetic and not a fatty acid base. There are very few areas of
the country where the water hardness is sufficiently low to avoid
the formation of some hard water scum resulting from the reaction
between calcium and magnesium salts with a fatty acid soap. This
hard water scum or curd would have an affinity particularly for the
chlorinated pesticides and, being almost wholly water insoluble,
would deposit on all glassware in the bath in a thin film.

There are many suitable detergents on the wholesale and retail
market. Most of the common 1liquid dishwashing detergents sold at
retail are satisfactory but are more expensive than other comparable
products sold industrially. Alconox, in powder or tablet form is
manufactured by Alconox, Inc., New York and is marketed by a number
of laboratory supply firms. Sparkleen, another powdered product, is
distributed by Fisher Scientific Company.

NOTE: Certain detergents, even in trace quantities, may
contain organics that will contribute significant
background contamination by electron capture
detection. For this reason any detergent selected
should be carefully checked to ensure freedom from
such contamination. The following procedure is
recommended:

Add 25 ml dist. water, previously checked for back-
ground contaminants, to a 250 ml sep funnel. Add

1 drop of the liquid detergent (50 mg if in powder
form), followed by 100 m1 hexane. Stopper funnel

and shake vigorously for 2 minutes. Allow layer
separation, draw off and discard aqueous Tayer.

Add a pinch of anhydrous Na;SO, to the hexane extract
and shake 1 minute. Transfer extract to a Kuderna-
Danish assembly fitted with a 10 ml evaporative concen-
trator tube containing one 3 mm glass bead. Reduce
extract volume to ca 3 m1 in a hot water bath. Cool,
rinse down § joint and sides of tube with hexane,
diluting extract to exactly 5 ml. Stopper tube and
shake on Vortex mixer 1 minute. Chromatograph by
electron capture GLC and evaluate chromatogram for
contaminant peaks.

No comments required.
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4. The most common and highly effective oxidizing agent for removal of
traces of organic soils is the traditional chromic acid solution
made up of H,S0, and potassium or sodium dichromate. For maximum
efficiency, the soak solution should be hot (40° to 50°C). Safety
precautions must be rigidly observed in the handling of this solu-
tion. Prescribed safety gear should include safety goggles, rubber
gloves and apron. The bench area where this operation is conducted
should be covered with lead sheeting as spattering will disintegrate
the unprotected bench surface.

The potential hazards of using chromic sulfuric acid mixture are
great and have been well publicized. There are now commercially
available substitutes that possess the advantage of safety in
handling. These are biodegradable concentrates with a claimed
cleaning strength equal to the chromic acid solution. They are
alkaline, equivalent to ca 0.1 N NaOH upon dilution and are claimed
to remove dried blood, silicone greases, distillation residues,
insoluble organic residues, etc. They are further claimed to
remove radioactive traces and will not attach glass nor exert a
corrosive effect on skin or clothing. One such product is "Chem
Solv 2157," manufactured by Mallinckrodt and available through
laboratory supply firms. Another comparable product is "Detex"
a product of Borer-Chemie, Solothurn, Switzerland.

5, 6, and 7. No comments required.

8. There is always a possibility that between the time of washing and
the next use, the glassware may pick up some contamination from
either the air or direct contact. To ensure against this, it is
good practice to flush the item immediately before use with some
of the same solvent that will be used in the analysis.

The drying and storage of the cleaned glassware is of critical impor-
tance to prevent the beneficial effects of the scrupulous cleaning from
being nullified. Pegboard drying is not recommended as contaminants may be
introduced to the interior of the cleaned vessels. Neoprene-coated metal
racks are suitable for such items as beakers, flasks, chromatographic tubes,
and any glassware then can be inverted and suspended to dry. Small articles
like stirring rods, glass stoppers and bottle caps can be wrapped in aluminum
foil and oven dried a short time if oven space is available. Under no cir-
cumstance should such small items be left in the open without protective
covering. The dust cloud raised by the daily sweeping of the laboratory
floor can most effectively recontaminate the clean glassware.
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Pipet Washing

The efficient washing of pipets offers some special problems. Hand
washing performed by soaking pipets in a pan or sink followed by rinsing
under running water is highly unsatisfactory, particulary as applied to
transfer or volumetric pipets. This procedure does not assure a complete
rinse of all surfaces inside the bulb. Therefore, an automatic or semi-
automatic washing system is strongly recommended. Self-contained equipment
for the entire operation, although available commercially, is quite
expensive.

The basic cleaning steps are the same as those listed earlier for
miscellaneous glassware, with the exception of the soap wash.

After use, all pipets should be rinsed with an appropriate solvent to
remove the bulk of residues remaining in the pipets. The pipets are cleaned
by immersion in a chromic acid cleaning solution. For this purpose, the
pipets should be in a standard (13.5 x 44 cm) nalgene pipet basket. The
entire assembly is submerged in chromic acid in a glass cylinder (16 x 39 cm).
After 1-2 hours, the basket of pipets is withdrawn from the chromic acid
solution, allowed to drain about 1 minute, and then transferred to a stain-
less steel washer where rinse water (tap) is run through the washer at the
rate of ca.3 minutes per discharge for approximately 1 hour. If piped
distilled water is available, seven or eight discharges of this are run
through the system to remove all traces of metal contaminants left by the
tap water.

A final rinse with acetone, either from a wash bottle or from an over-
head syphon bottle, is then applied to each pipet. After draining, a
convenient and rapid method of drying is to wrap a bundle of pipets 1in
aluminum foil and place in a drying oven for at least 3 hours, or overnight.

NOTES: (a) Under no circumstances should plastic gloves be worn
by personnel during glassware cleaning or handling.
It has been determined beyond question that these
gloves can most effectively contaminate an entire
sinkful of glassware to such an extent that subsequent
solvent rinsing may not completely eliminate the
contaminants. This is a VERY IMPORTANT precaution.

(b) Drying racks of plastic or plastic-coated metal must
be avoided. The Tatter type of rack may be used,
however, after the plastic is scraped from the metal
prongs and the rack is cleaned thoroughly with a
suitable organic solvent.
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FIGURE 1. PIPET  BASKET
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e S.S. Pipet Basket

500 watt immersion
element

e G'' x 18" Pyrex
glass cylinder

Figure 2. Assembly of pipet washer showing pipet basket inside coiled
immersion heater, all contained in Pyrex jar.



Revised 12/15/79 Section 3, B
Page 1

MISCELLANEOUS INFORMATION

PREPARATION, STORAGE, AND USE OF PESTICIDE ANALYTICAL STANDARDS
FOR GLC

I. EQUIPMENT, SOLVENTS, AND REAGENTS

1. Analytical balance capable of an accuracy of + 0.05 mg.
2. Spatula, stainless steel.

3. Pipets, Pasteur, disposable.

4. Flasks, volumetric, 25, 50, and 100 ml.

5. Bottles, prescription, % oz, 1 0z, or 2 0z, with plastic screw
caps. Available from any wholesale pharmacy supply firms.
With cap liners, Teflon, sizes 13, 15, 18, and 22 mm, Arthur H.
Thomas 2390-H22, H32, H42, and H62.

6. Vial, screw cap, size 1-6, Kontes # K-940100, with Microflex
valve # K-749100.

7. Serum bottle, 20-100 ml size, Wheaton # 223742 to # 223747,
with Teflon-faced septa # 224168 and seal # 224183.

8. Refrigerator, explosion proof, with freezer across top, capable
of maintaining + 4°C in refrigerator section and - 15°C in freezer.

NOTE: It is definitely preferable to have separate refrigerators
for chemicals and sample materials. However, if a labora-
tory is restricted to one refrigerator, sample materials
should be stored in air-tight glass containers to prevent
contamination by spillage or airborne vapors from
pesticides.

9. Primary pesticide standards. Available in approximately 50 mg
quantities to qualified laboratories from the reference standards
repository, ETD, HERL, U.S. EPA, Research Triangle Park, NC.

NOTE: The organophosphorus compounds are subject to a wide
variety of oxidation, rearrangement, and hydrolytic
reactions. These compounds should be stored in the
refrigerator in a large air-tight container (such as
a wide-mouth mayonnaise jar) or in a desiccator to
minimize moisture absorption and toxic vapor cross-

-~
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contamination. ALL HANDLING OF THESE STANDARDS SHOULD
BE DONE WITH RUBBER GLOVES. SKIN CONTACT BY HIGHLY
CONCENTRATED MATERIALS CAN BE FATAL. Samples of organ-
ophosphates and metabolites should be equilibrated to
room temperature in a desiccator to avoid condensation
and possibility of long-term hydrolysis.

10. Sylon-C7 (Supelco) for silanization of empty glass gas chromato-
graphic columns and glass injection inserts.

11. Toluene, isooctane (2,2,4-trimethylpentane), ethyl acetate, or
hexane, pesticide quality, distilled in glass.

NOTES: 1. A 10 ul injection of each solvent (except ethyl
acetate) should result in a chromatogram with
zero background when examined by electron capture
GC with system sensitivity adjusted to concur with
the criteria outlined in Section 4,A,(4).

2. Isooctane or hexane are both suitable for standard
dilution. Isooctane, while more expensive, offers
the advantage of a 100°C boiling point and much
higher vapor pressure than hexane. The solvent is
much less likely to evaporate through long-term
leakage around the seal and during repeated bottle
openings.

3. Ethyl acetate is not recommended as a final solvent
for electron capture GC but may be necessary for
preparation of the first or concentrated solution
of polar materials.

IT. INTEGRITY AND STABILITY OF STANDARDS:

1. Stability of the Solid or Liquid Primary Standard.

Standards that are not in solution are generally stable to
chemical decomposition, if kept refrigerated or frozen. Studies
done in the past have not shown significant chemical decomposition
for time periods in excess of one year. The generally used organo-
chlorines, organophospates, triazines, and carbamates are included
in this group. The organophosphate and carbamate standards are
subject to hydrolysis reactions. Storage of these compounds in a
refrigerated desiccator jar is recommended.

2. Stability of Standard Solutions.

Over the time period of one year, most compounds in hexane,
isooctane, or toluene solution are stable to chemical decomposition.
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Refrigeration of the standards when not in use is strongly
recommended.

Compounds in four classes have been studied. Organochlorine
and triazine compounds seem to be stable for long time periods.
Most organophosphates and carbamates are also stable. Disulfoton
is the only organophosphate that degraded chemically over the
period of one year, to the extent of 10% in three months.

The carbamate compounds CDEC and butylate have been found to
be unstable as stock solutions and as GC injection solutions.
Storage of these solutions for greater than one month is not
recommended.

3. Solvent Evaporation Problems.

Most of the problems with standard solution integrity were
found to be related to solvent evaporation and the resultant
solution concentration. The solvent, the storage temperature, and
the storage container are all factors that influence solvent
evaporation.

The rate of solvent evaporation from closed containers is
related to the vapor pressure of the solvent at the storage temp-
erature. Hexane evaporated 2.4 times faster than isooctane. The
vapor pressure of hexane is 3 times the vapor pressure of isooctane.
Although the relationship is not perfect, vapor pressure is a better
factor to relate to than the boiling point of the solvent. The
following is the order of the evaporation rates of the solvents
studied:

toluene < isooctane < benzene < methanol << hexane <
acetone < methylene chloride << diethyl ether << petroleum ether

For this reason toluene or isooctane is recommended as the
solvent for storage of standards. When solubility or reactivity
is a problem, the choice of a solvent should be based partially
on the necessary chemical properties and the vapor pressure of
the solvents. The use of solvents with high vapor pressures can
significantly shorten the shelf-life of standard solutions.

As expected, there is a dramatic difference between solvent
evaporation rates at ambient laboratory temperature and in the
refrigerator. The 1ife of analytical standard solutions will be
Tengthened considerably by refrigerated storage when not in use.

The choice of the storage container is a rather critical one.
Volumetric flasks are standard storage containers used by many
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laboratories. However, the standard taper stopper does not form
a good seal. The only way to reduce the effect of evaporation is
to store a large volume of the standard, thereby reducing the
relative solvent loss.

Better containers include prescription bottles with Teflon
seals in the cap; these are quite reljable and inexpensive. The
graduation mark on the side of the bottle or a piece of label tape
can be used to monitor the evaporation of the solvent. Once the
solvent evaporation is obvious, the standard is discarded. Two
other very good containers are the large volume screw cap vial sold
by Kontes and the serum bottle (with Teflon-faced cap) sold by
Wheaton. These two containers allow a minimum of solvent evapora-
tion when closed, and they are never opened in use. This reduces
the solvent loss dramatically. Once again, a mark or label on the
side of the container will serve as a graduation mark. Once the
solvent Tevel in the bottle is significantly below the mark, the
standard should be discarded.

ITI. FORMULATION PROCEDURE:

1. Preparation of Concentrated Stock Standard Solutions.

Except for concentrates for special purposes, a concentration
of 200 ug/ml 1is suitable for the common chlorinated and organo-
phosphate pesticides. Ten milligrams of the primary standard,
corrected to a 100% purity basis, diluted to 50 ml will provide
this concentration (20 mg/100 ml).

Toluene is a suitable solvent for most of the primary stan-
dards. RB-BHC dissolves readily in toluene, with stirring and a
slight application of heat from a hot water bath. For the tria-
zines, the use of ethyl acetate is necessary for the concentrated
stock solutions.

The concentrated standards of chlorinated compounds and
triazines should maintain uniform strength for a 12-month period
at - 10° to - 15°C. The organophosphate standards are less stable
than the organochlorines. It is recommended that the concentrated
stock solutions of phosphates and carbamates be held no longer
than 6 months at - 15°C.

NOTES: 1. Extreme care must be used in the formulation of this
standard. If an error is made here, all subsequent
dilutions for the life of the standard will be
inaccurate. Obviously, all quantitations of samples
will be similarly incorrect.
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2. Concentrated solutions of CDEC and butylate should
not be kept for longer than one month. Very rapid
decomposition of the compounds occurs under all
conditions.
Preparation of Standard Solutions of Intermediate Concentration.

These will be the standards from which the final working

mixtures will be prepared. Convenient intermediate concentrations
of a number of widely used compounds are given in Table 1.

The solvent for the intermediate standards must be of pesti-
cide quality. Hexane and isooctane are normally used. Isooctane
is preferred as discussed in Section 3,B,II.

The intermediate concentration standards of the chlorinated
compounds and triazines, if stored in the freezer at - 10° to
- 15°C, should be stable for a 12-month period.

The organophosphorus and carbamate intermediate standards
should be similarly stored in the freezer. The time Timit of these
standards should not exceed 6 months.

Working Standard Mixtures.

A.  Preparationand Storage.

Isooctane is favored as the solvent for the working
mixtures since the many repeated bottle openings greatly
increase the evaporation and subsequent concentration of
standards if a lower boiling point solvent is used.

The attached Table 2 is useful in rapid determination
of the aliquot volumes of the higher concentration solutions
required to result in given concentrations of the diluted
working standards.

The use of standard mixtures of varying concentrations is
a necessity for reliable quantitation of unknowns. The degree
of peak height variation between sample and standard ideally
should not exceed 10%, although variations up to 25% should
not result in appreciable error. A simple means of achieving
this is to have available working standard mixtures of three
concentrations. The suggested mixtures given in Table 3 have
proved very useful in the analysis of tissues. Those labora-
tories conducting analyses on environmental samples may wish
to make alterations in the compound content, but the multi-
concentration concept should be retained (Miscellaneous
Note 5).
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The selection of working standard containers and methods
of handling and storage are, to some extent, a matter of local
preference. Following are two procedures, both of which have
proved satisfactory.

1. After the working standard mixtures are diluted in
volumetric flasks, they are transferred to prescrip-
tion bottles with Teflon-Tined screw caps, serum
vials, or vials with valve tops. These mixtures
should be stored in the refrigerator at all times
when not in actual use. The organochlorine and
organophosphorus working standards should be renewed
monthly. With this scheme, Targe volume glassware
should be used.

2. The working standard mixtures are transferred from
the volumetric flasks into several small volume
(up to 20 m1) containers. When not in use, the
standard solutions are kept in the deep freeze. When
needed, they are removed from the deep freeze and
used. Storage in the refrigerator when not in use
is recommended. When the project is completed or the
standard has evaporated, a new one should be obtained
from the deep freeze and put into use. This option
has the advantages of less frequent formulation of
working standards and reduced possibility of errors
arising from repeated opening of the working stan-
dard containers.

Working standards can be used for long periods of time
without chemical decomposition. Standards of carbaryl and
methiocarb do decompose when exposed to Tight. These stan-
dards should be replaced every 2 months. Disulfoton, CDEC,
and butylate decompose rapidly under all storage conditions.
Standards of these compounds must be replaced at least every
month.

A11 standards should be replaced when solvent evaporation
is obvious when compared to a reference line on the container.

B. Use of Working Standards.

At the start of each working day, after making certain
that column operating and instrumental parameters are properly
adjusted, it is good practice to make several consecutive
injections of standard mixtures to "prime" the column for that
day's work. When it has been determined that peak heights for
given compounds are constant, the first exploratory injection
of an unknown sample extract is made. From this, the
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chromatographer can now make a number of tentative peak
identifications by calculating relative retention values.

The peak height response of some of the compounds in the
sample extract may match, within reason, the peak heights
resulting from the prior working standard injections. In all
probability, certain other compound peaks will not match. The
operator will now-select from the three working standard con-
centrations the one that he estimates will produce matching
peak heights.

In some cases, it will be found that even the highest
concentration mixture will be insufficient to properly quan-
titate p,p'-DDE and p,p'-DDT. In this case, the sample
extract should be quantitatively diluted to a degree that is
calculated to produce peaks matching those of the working
standards. The pesticide concentrations in the mixtures in
Table 3 practically preclude any possibility of violating
the detector linearity range of the EC detector when volumes
of 5 to 6 nul are injected.

The range of the €3Ni detector is much more restricted
than that of the 3H detector in the DC mode. Each detector
must be checked for its linearity performance. Improved
performance from the ©3Ni detector can be obtained in the
Tinearized or pulsed mode.

IV. MISCELLANEOUS NOTES:

1.

In addition to the diluted working standard mixtures, each labora-
tory should maintain a standard of pure p,p'-DDT diluted to 60 pg/l
(the highest concentration of the working mixture). This should be
chromatographed daily on each working column to provide current
information concerning on-column conversion (generally to p,p'-DDE
and/or p,p'-DDD). In case a breakdown peak greater than 3% of the
p,p'-DDT is noted, the silanized glass wool plug at the column
inlet and the Vykor glass injection insert should be changed. It
is most important that the glass injection insert also be silanized.
If, after an overnight period of normal operating temperature and
carrier gas flow, the situation has not improved, the column

should be discarded.

If a laboratory has occasion to analyze for endrin, a similar check
with an endrin analytical standard should be made weekly. The con-
centration should be ca.100 pg/ul. The manifestation of endrin
breakdown is a depression of peak height response in the main peak
accompanied by the formation of two additional peaks. One of these
is in the general area slightly later than p,p'-DDT. The other,
and largest, peak elutes extremely late, around the methoxychlor
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retention area on the 0V-17/0V-210 column. If this is observed,
the silanized glass wool at the head of the column should be
replaced, as well as the glass injection insert.

3. In no case should any attempt be made to dilute standard concen-
trations to quantitate sample peaks of less than 10% full scale
recorder deflection. In view of the sensitivity of which the
MT-220 is capable, if all systems are functioning properly, there
should be no need to compare peaks with very small areas against
each other. The optimum range of peak heights for quantitation
Ties between 20 and 70% full scale recorder deflection, provided,
of course, that the compound concentrations fall within the linear
range of the detector.

4, The importance of operating within the limits of the linearity
range of the detector cannot be over-emphasized. One means of
ensuring this is to operate at a relatively high sensitivity.

5. It is strongly preferable to use the same attenuation setting for
standard and sample. If, for any reason, it should appear
necessary to use different attenuations, the operator must carefully
consider detector linearity limitations and should have prechecked
the attenuator linearity. The use of multiconcentration standard
mixtures should minimize the need for peak height adjustment by
other means.

6. When a new working standard formulation is used for the first time,
the peak height response should be carefully compared with the
latest chromatograms of the previous mixture. This practice
enables the chromatographer to immediately detect any response
irregularity, thereby avoiding the use of an incorrect standard for
several weeks.

7. It is good practice to standardize injection volumes of standards
and sample extracts. A 5 ul injection provides a convenient
volume. If alternative volumes are used, they should be restricted
to the range of 3 to 8 ul, and each operator should make certain
that he can obtain linear response when injecting these volumes.
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TABLE 1. SUGGESTED CONCENTRATIONS OF THE INTERMEDIATE STANDARDS
OF SOME COMMON PESTICIDAL COMPOUNDS USED IN ELECTRON
CAPTURE GLC.

Section 3, B

Organochlorine ng/ul Organophosphorus ng/ul
a-BHC ] Mevinphos 50
8-BHC 2 Phorate 50
Lindane 1 Dimethoate 40
Heptachlor 1 Diazinen 30
Aldrin 1 Methyl Parathion 10
Heptachlor Epoxide 1 Ethyl Parathion 10
0,p'-DDE 1 Malathion 20
p.p'-DDE 2 Ethion 20
Endosulfan 4 Carbophenothion 10
DDA (Methyl Ester) a Azinphos Methyl a
Dieldrin 2

0,p'-DDD 2

Endrin 4

Perthane a

p,p'-DDD 4

0,p'-DDT 4

Dilan 10

Methoxychlor 10

Tetradifon 29

Mirex 10

Chlordane 10

Toxaphene a

2Final working standard prepared directly from the 200 ng/ul

concentrate.



Revised 12/15//79

Section 3, B

Page 10
TABLE 2. COMMONLY USED DILUTION VALUES. VALUE IN LEFT COLUMN IS THE AMOUNT (ML) OF CONCENTRATED
SOLUTION THAT MUST BE DILUTED TO 100 ML TO ARRIVE AT THE CONCENTRATION VALUE GIVEN IN
THE RIGHT COLUMN. VALUE AT HEAD OF EACH COLUMN IS THE CONCENTRATION OF THE STOCK
SOLUTION.
Tug/ul 200 ng/ul 20 ng/ul 10 ng/ul
ml ng/ul ml ng/ul m} pg/ul ml pg/ul
50 500 50 100 5 1,000 10 1,000
47.5 475 47.5 95 4.875 975 9 900
45 450 45 90 4.7% 950 8 800
42.5 425 42.5 85 4,625 925 7 700
40 400 40 80 4.5 900 6 600
37.5 375 37.5 75 4.375 875 5 500
35 350 35 70 4.25 850 4.75 475
32.5 325 32.5 65 4,125 825 4.5 450
30 300 30 60 4 800 4.25 425
27.5 275 27.5 55 3.875 775 4 400
25 250 25 50 3.75 750 3.75 375
22.5 225 22.5 45 3.625 725 3.5 350
20 200 20 40 3.5 700 3.25 325
17.5 175 17.5 35 3.375 675 3 300
15 150 15 30 3.25 650 2.75 275
12.5 125 12.5 25 3.125 625 2.5 250
10 100 10 20 3 600 2.25 225
9.5 95 9.5 19 2.875 575 2 200
9 90 9 18 2.75 550 1.75 175
8.5 85 8.5 17 2.625 525 1.5 150
8 8n 8 16 2.5 500 1.25 125
7.5 75 7.5 15 2.375 475 1 100
7 70 7 14 2.25 450 .95 95
6.5 65 6.5 13 2.125 425 .9 90
6 60 6 12 2 400 .85 85
5.5 55 5.5 1" 1.875 37% .8 80
5 50 5 10 1.7% 350 0.75 75
4.5 45 4.5 9 1.625 325 .7 70
4 40 4 8 1.5 300 .65 65
3.5 35 3.5 7 1.375 275 .6 60
3 30 3 6 1.25 250 .55 55
2.5 25 2.5 5 1.125 225 0.5 50
2 20 2 4 1 200 .45 45
1.5 15 1.5 3 0.875 175 4 40
1 10 1 2 0.75 150 .35 35
0.5 5 0.5 1 0.625 125 .3 30
0.5 100 0.25 25

continued
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TABLE 2. (CONTINUED)
4 ng/ul 2 ng/ul 1 ng/ul
ml pg/ul mi pg/ul ml pg/ul
20 800 35 700 50 500
18.75 750 32.5 650 a5 450
17.5 700 30 600 40 400
16.25 650 27.5 550 37.5 375
15 600 25 500 35 350
13.75% 550 22.5 450 32.5 325
12.5 500 20 400 30 300
11.25 450 17.75 375 27.5 275
10 400 17.5 350 25 250
9.375 375 16.25 325 22.5 225
8.75 350 15 300 20 200
8.125 325 13.75 275 17.5 175
7.5 300 12.5 250 15 150
6.875 275 11.25 225 12.5 12%
6.25 250 10 200 10 100
5.625 225 8.75 175 9.5 95
5 200 7.5 150 9 90
4.375 175 6.25 125 8.5 85
3.75 150 5 100 8 80
3.125 125 4.75 95 7.5 75
2.5 100 4.5 90 7 70
2.375 95 4.25 85 6.5 65
2.25 90 4 80 6 60
2.125 85 3.75 75 5.5 55
2 80 3.50 70 5 50
1.875 75 3.25 65 4.5 45
1.75 70 3 60 4 40
1.625 65 2.75 55 3.5 35
1.5 60 2.5 50 3 30
1.375 55 2.25 45 2.5 25
1.25 50 2 40 2 20
1.125 45 1.75 35 1.5 15
1. 40 1.5 30 1 10
.875 35 1.25 25 0.9 9
.75 30 1 20 .8 8
.625 25 .75 15 .7 7
0.5 20 0.5 10 .6 6
0.25 10 .5 5
0.125 5
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TABLE 3. SUGGESTED MIXTURES FOR QUANTITATION OF COMMON
CHLORINATED COMPOUNDS IN TISSUES.

Standard concentration in pg/ul

SERTES 1 2 3
A. (6%) HCG 2.5 5 10
5 -BHC 5 10 20

g-BHC 7.5 15 30

Aldrin 5 10 20
Oxychlordane 7.5 15 30

Heptachlor epoxide 7.5 15 30
t-Nonachlor 7.5 15 30

p,p'-DDE 40 80 160

o,p'-DDT 15 30 30

p,p'-DDD 20 40 80

p,p'-DDT 25 50 100

Mirex (if suspected) 40 80 160

B. (15&) Aldrin 5 10 20
Dieldrin 10 20 40

Endrin (if suspected) 12.5 50 100

*C a-BHC 5 10 20
$-BHC 5 10 20

Heptachlor 5 10 20

Aldrin 5 10 20

o,p'-DDE 10 20 40

D. Aroclor 1254 125 250 500
Aroclor 1260 125 250 500

*This series contains only those compounds that are rarely found in tissues.
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MISCELLANEOUS INFORMATION
GENERAL PURITY TESTS FOR SOLVENTS AND REAGENTS

In general, the solvents used in pesticide residues by GLC must be of

very high purity. If the laboratory intends to use the purchased solvents
without redistilling, materials bearing the manufacturer's designation of
"pesticide quality, distilled in glass" should be purchased. Even with this
designation, each lot must be checked for assurance of freedom from any
impurity that may have escaped the manufacturer's quality control. If drum
lots of technical or commercial grade solvents are bought, distillation
through an all-glass still is practically mandatory.

I.

II.

TEST FOR SUBSTANCES CAUSING INTERFERENCE IN ELECTRON CAPTURE GLC:

Electron capture GLC requires solvent that is free of substances
causing detector response at the electrometer attenuation normally used
in analytical work. Place 300 m1 of the solvent in a specially cleaned
500 ml Kuderna-Danish concentrator fitted with a 3-ball Snyder column
and a 10 ml evaporative concentrator tube. Evaporate in a hot water
bath to 5 ml. Inject 5 ul of this concentrate into the gas chroma-
tograph and allow enough time for elution of any peak equaling the
retention time of the latest eluting compound of possible interest to
the laboratory. This would generally be the retention area of Guthion.
If no peaks elute at the retention sites of the compounds of interest,
and adjacently eluting peaks are not sufficiently large to create a
partial overlapping with pesticides, the indication is favorable for
the purity of the solvent. If any peak(s) of greater than 2% FSD elute
at the retention sites of one or more of the pesticides of interest,
the solvent would create problems in identification and quantitation
and would not be acceptable. The electrometer attenuation should be
that currently in use for sample analysis.

It may be possible to remove the contaminants by distillation
through an all-glass still. However, there is no certainty of this
because some organic materials may codistill with the solvent and
still be present in the distillate.

TEST FOR SUBSTANCES CAUSING PESTICIDE DEGRADATION:

Solvent impurities not detected by the above procedure may cause
degradation and loss of pesticides during analysis. Solvents should be
tested for suitability by carrying known amounts of both chlorinated
and organophosphate pesticides through the method in the absence of any
sample substrate. Solvents containing oxidants may cause noticeable
loss of organophosphate pesticides, especially carbonphenothion.
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REAGENTS:

Acetonitrile - Some lots of reagent grade acetonitrile are impure
and require redistillation. Vapors from impure CH;CN turn
1itmus paper blue when moistened paper is held over mouth of
storage container.

Ethyl Ether - Must be free of peroxides. The test is outlined
in Section 5, A, (1) under REAGENTS.

NOTE: The ether from one manufacturer is sold in a metal can.
A polyethylene cap is provided for resealing the can
during use. It has been determined that contaminants
from the polyethylene cap can prove most troublesome,
particularly when the 200 ml1 of 15% ether fraction is
concentrated down to 1.0 ml in Method 5, A, (1).

Sodium Sulfate, Sodium Chloride and Glass Wool - These materials

used in the cleanup procedure, even of reagent quality, frequent-
ly cause interfering peaks. This is so prevalent that it is good
practice to Soxhlet extract with the solvent(s) to be used in the
method and dry in 130°C oven before use. Fifty extraction cycles
are usually sufficient to remove the impurities.
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MISCELLANEQUS INFORMATION

EVALUATION OF QUALITY OF FLORISIL
INTRODUCTION:

Florisil, PR grade, is available from a number of distributors or
from the Floridin Division of the Pennsylvania Glass Sand Company. It
is packed in various size units up to 20 Kilos.

The "PR" grade used for pesticide residue analysis is checked at
the producer's laboratory for activity characteristics to ensure
uniformity. However, these characteristics may vary slightly from
batch to batch, and, therefore, each new lot purchased should be
evaluated by the user to determine the elution and recovery character-
istics for the pesticides of interest in the user's laboratory.

If the material is purchased in fiber drums lined with poly-
ethylene, the evaluation sample may be drawn from the drum(s) in
accordance with the following guidelines: Immediately following
the evaluation, the material should be transferred from the drum(s)
to glass containers with foil-Tined Tids to avoid the possibility
of contamination of the Florisil by trace quantities or organic
contaminants in the polyethylene drum liner.

SAMPLING:

A drum is sampled by taking six plugs from top to bottom with a
36 in. x 1 in. grain trier. The approximate plug pattern should be
as shown in the following sketch:
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The trier plugs from all drums are placed in a single container
and are mixed thoroughly. Three elution columns are prepared as
described in Section 5,A,(1), and the prepared columns are stored in
a 130°C oven at least overnight.

NOTE: If the normal procedure of the laboratory is to pack the
columns immediately before use, the prepacking of columns
for overnight activation may be avoided. In this case,
the flask of Florisil should be held in the 130°C oven at
least 16 hours before use.

ITI. STANDARD MIXTURES:

Prepare the following standard mixtures, using hexane or
isooctane as the solvent.

Standards pg/ul

Compound Florisil 6% 15% 50%
Hexachlorobenzene 20 20
Lindane 20 20
Heptachlor 20 20
Aldrin 40 40
Heptachlor epoxide 60 60
Dieldrin 40 40
Endrin 100 100
0,p'-DDT 80 80
p,p'-DDD 50 50
p.p'-DDT 80 80
Mirex 100 100
Diazinon 2500 2500
Methyl parathion 250 250
Malathion 400 400
Ethyl parathion 400 400
Carbophenothion 250 250

The "Florisil" standard is used to elute through the Florisil columns. The
6%, 15%, and 50% standards are used as quantitation standards during gas
chromatographic analysis.
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FLORISIL ELUTION:

ATl glassware used in this procedure should be meticulously

cleaned; chromic acid is recommended for thorough cleaning.

1.

Remove the prepacked columns from the oven so they may cool before
use.

Read and record the percentage relative humidity in the room.

Place a beaker or flask under each column and prewet the packing
with 50 ml of petroleum ether.

NOTE: From this point on throughout the following elution
process, the solvent level should not be allowed to go
below the top of the Na,S0, layer.

With 5 ml volumetric pipets, transfer 5 ml of the standard
mixture onto duplicate columns and 5 ml of hexane onto the third
column as a control.

Place 250 ml Kuderna-Danish assemblies with 10 ml graduated tubes
under each column and commence elution with 100 ml of diethyl
ether-petroleum ether (6:94 v/v) at a rate of 5 ml/minute.
Measure the 100 ml portion of elution solvent in a graduated
cylinder and apply to the column when the liquid level just
reaches the top of the Na,SO, layer. At the instant the liquid
level of the first 100 m1 of eluting solvent just reaches the

top of the Na,S0, layer, place a second 250 ml K-D assembly under
the column. Quickly add another 100 ml of eluting solvent and
let this solvent pass through the column.

Continue elution with 200 m1 of diethyl ether-petroleum ether
(15:85 v/v) in two separate 100 ml portions. Collect the eluate
in two separate K-D assemblies identified as 200-300 ml and
300-400 ml.

Continue the elution with diethyl ether-petroleum ether (50:50
v/v), following the same procedure of collecting the 100 m1
increments that are designated as 400-500 ml and 500-600 m1l.

Place the 18 K-D assemblies containing the 100 ml eluate incre-
ments on a 100°C steam bath and evaporate the contents to ca.
2-5 ml.

Evaporate remaining solvent under a nitrogen stream to 1 ml,
remove from the bath, and let cool. Dilute the samples contain-

ing pesticides with hexane to exactly 5 ml. Do not dilute the
control samples.
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10. Stopper the evaporative concentrator tubes and mix on a Vortex
mixer for 1 minute.

NOTE: Another way to evaluate the blank is to elute the column
with the full 200 m1 volumes of the 6 and 15% solvents.
Then concentrate the eluate to 1.0 ml before injection.

V. GAS CHROMATOGRAPHY:

1. With a column of 1.5% 0V-17/1.95% 0V-210 installed in the
instrument, prime the column as described in Section 4,A and
equilibrate the instrument.

NOTE: Use only the column designated, on which the compounds
in the respective mixtures will overlap only minimally.

2. Make 5 pl injections of the fractions collected from each of the
three columns and the 6%, 15%, and 50% standards.

NOTE: In case of off-scale peaks or peaks of less than 10% FSD,
make appropriate attenuation adjustment for both standards
and eluates. For valid comparisons, measure both the
standards and the samples at the same attenuation.

VI. CALCULATIONS AND TABULATION:

1. Measure all peak heights from original standards and eluate
increments.

2. Based on peak heights measurement for each compound, calculate
the percentage of the compound appearing in each 100 ml increment
and in the original standard.

Example: Lindane, 0-100 eluate, peak ht. 30 mm
100-200 eluate, peak ht. 60 mm
Original standard 98 mm

. _ 30 - 279
Percentages in the 0-100 eluate = 30+ 60 X 100 = 33%

3. Compute the elution recovery by dividing the sum of the combined
eluate peak heights by the peak height of the original standard.

Working from the same data given above:

Recovery = —Sﬂ%iglﬂl* x 100 = 92%
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With the possible exception of aldrin, the recoveries of the
chlorinated compounds should fall in the range of 90 to 105%.
Aldrin may not exceed 80%. Some of the compounds may not yield
high recoveries. For example, trithion may yield no higher
than 40% recovery under certain conditions, as outlined in
Subsection VIII, Note 1.

4, Tabulation of results may be made on a form comparable to Table 1.
The decision of acceptance or rejection of each lot is based on a
consideration of the elution pattern and recovery efficiency of the
pesticides of interest in the program.

5. Evaluation of the control columns should also be taken into account
before the Florisil is accepted. There should be no peaks in the
chromatograms that would influence pesticide quantitation.

STORAGE OF FLORISIL:

It is imperative that the Florisil be transferred from the shipping
drums into glass jars as soon as possible after the Tot is evaluated
and judged acceptable. The drums are Tines with polyethylene, which
may contribute unwanted contamination over a period of time.

Glass jars that have been found suitable for storage are available
from certain glass container distributors. A suitable jar bears
Owens-I1Tinois mold No. C-3122, with 100-400 finish, packed in cartons
of six jars. Metal screw caps with coated paper liners are used.

The jars may be washed by mechanical dishwashers, and then rinsed
with distilled water and acetone. After the jars are thoroughly dried,
the Florisil may be transferred with a 2 1b aluminum sugar scoop
previously washed and acetone rinsed. The net content of each jar,
when filled within 1/2 inch of the rim with Florisil, is ca. 2 1b.

A square of aluminum foil is crimped over the rim of the jar, and the
cap is screwed on tightly. Each jar is labeled with the lot number and
is now ready for storage.

VIII. NOTES:

1. Factors influencing the recovery efficiency, particularly of certain
organophosphorus compounds, include the presence of impurities in
the petroleum ether and the presence of peroxides in the diethyl
ether. This is discussed in more detail in the MISCELLANEOUS NOTES
of Section 5,A,(1).

2. The polarity of the elution solvents exerts a profound effect on
the selective elution of a number of compounds. The diethyl ether
must contain 2% v/v of ethanol to obtain compound elution patterns
comparable to those shown in Table 1. The following chart
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demonstrates the effects resulting from altering the amounts of
ethanol in the diethyl ether.

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

No  Fihanol
Elution Fraction® | 1 I oI
Hept. Epoxrde | 100 2% Ethanol
Dieldrin g7 13
Endrin 100 150 I I 3
Diazinon 100 100 4% Ethanol
Methyd Parothion 100 100 I { IL [TI | €lorson Froction”
Ethyl Porothion 16| 84 00 100 Hept Epoxide
Malathion 100 7] 93 Dieidrin
100 16 B4 Endrin
. i . ) 100 3| 87 Drwozinon
EM'?ro:';.l i EN,O in pet ether : 1] 98 tacthyl Porathion
Froct it 15% «~ « ~ =~ N 3! 97 Ethyl Porathion
Foctlll 0% « ~ =~ = 100 Malothon

3. If possible, the Florisil oven should be reserved only for
adsorbents and not used for general laboratory purposes. Any
spillage or introduction of organic materials inside the oven
may contaminate the Florisil (or other adsorbent materials)
and result in a profusion of contaminant peaks when the final
eluates are chromatographed.

4. In the assessment of extremely low concentrations of pesticides
in samples, it is not uncommon to concentrate the fraction
eluate(s) to as little as 1.0 ml rather than 5.0 m1. This may
pose a problem in background contamination not evident in the
5.0 m1 concentrate. Scrupulous care must be taken in the
cleaning, storage, and handling of the glassware. When signif-
icant contaminant peaks are obtained with EC detection, the
operator is often inclined to fault the Florisil, which is a
possibility; however, it is far more common to find that the
actual problem is contaminated glassware.
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TABLE 1. ELUTION PATTERNS AND RECOVERY DATA FOR FLORISIL, LOT # 2854 ,
BY METHOD SECTION 5,A,(1) (MANUAL OF ANALYTICAL METHODS)
FLORISIL COLUMN PREPACKED AND HELD IN 130°C OVEN AT LEAST 24 HOURS BEFORE USE
RELATIVE HUMIDITY IN LABORATORY 65 %

ELUTION INCREMENTS (ml)

6% Fraction 15% Fraction 50% Fraction
Compound 0- 100-  200- 300- 400 - 500 -

100 200 300 400 500 600 Recovery, %
a-BHC 100 97
8-BHC 100 95
Lindane 100 96
Heptachlor 100 91
Aldrin 100 100
Hept, Epox. 78 22 105
Dieldrin 85 [ER 96
Endrin 89 11 99.6
p,p'-DDE 100 97
o,p'-DDT 100 99.6
p,p'-DDT 100 90
Ronnel 100 93
Methyl
Parathion 47 53 103
Malathion 100 99
Ethyl
Parathion 78 22 96
Diazinon 100 83
Trithion 100 43

Numerical values represent the percentage of each compound eluting
in the given fraction.
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MISCELLANEOUS INFORMATION
LIMITS OF DETECTABILITY

The Analytical Chemistry Committee, comprised of representatives from
the Community Studies laboratories, the Perrine Chemistry Section and the
Division of Community Studies, Chamblee, Georgia, met in December 1969.
Among the topics discussed was that of the lower limits of detectability of
pesticidal compounds in human tissues.

The Committee recognized the necessity for the establishment of such
limits so that data from all Taboratories would be reported in a comparable
manner.

The two tissues considered were blood and adipose tissue. The limit
recommendations were based upon data from quality control check samples,
recommendations from individual project chemists, and the experience of the
Committee members. The recommendations do not imply toxicological signifi-
cance, reflecting only the apparent analytical potential within the confines
of the currently prescribed methodology. It is entirely possible that
further studies may indicate the advisability of revising the limits. For
the present, the established 1limits are as follows:

Conc. in ppb
Compound Adipose Serum
a-BHC 10 1
Lindane 10 1
g-BHC 20 1
Aldrin 10 1
Heptachlor 10 1
Heptachlor Epoxide 10 1
o,p'-DDE 20 1
p.p'-DDE 10 1
Dieldrin 10 1
Endrin 20 2
o,p'-DDT 20 2
p,p'-DDD 20 2
p,p'-DDT 20 2
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GAS CHROMATOGRAPHY-ELECTRON CAPTURE
INSTRUMENT

In this section, operating instructions of a specific nature are intend-

ed to apply to the model Tracor 220 or 222 gas chromatograph manufactured by
Tracor, Inc., Austin, TX. This instrument may be equipped with a DC detector
containing 63Ni or 130 mc 3H. However, many of the following guidelines are
broadly applicable to a wide range of chromatographic instruments.

I.

II.

II1.

FLOW SYSTEM:

The flow system consists of the entire system through which
nitrogen gas will flow, from the common point of entry at the exit of
the filter drier branching to (1) the purge line running through the
purge rotameter and flow controller thence through the detector, and
(2) the carrier flow line running through the rotameters, the flow
controllers, and the column, thence through the transfer line into the
detector.

It is essential that no leaks exist anywhere in the flow system.
Even a minute leak will result in erratic baselines with the 3H
detector. The ©3Ni detector will be even more seriously affected.
Leaks can be detected by the application of "Snoop" at all connections
or by spraying the connection with Freon MS-180 with the instrument
operating and observing recorder response. Spray short squirts close
to the connection. Do not spray around the detector or injection port.

DETECTOR:

This subject is covered in detail later in Section 4, A, (3).

ELECTROMETER:

To ensure proper daily operation of the unit, set the attenuators
to the OFF position and zero the recorder. Set the output attenuator
at x1 and observe the baseline. A steady baseline with less than 1%
noise is considered good. A check should occasionally be made of the
electrometer electronic zero. Instructions for doing this may be
obtained from the Electronics Shop at Research Triangle Park, NC.

Zero and bucking controls should operate "smoothly" and should not
cause erratic recorder response.
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Check the "maximum" polarizing voltage available. If at least
-130 v DC is not available on the rear panel, it is quite possible that
the power printed circuit board (PCB) is not functioning properly and
damage or noisy operation will result from continued use.

TEMPERATURE PROGRAMMER:

The operator should be certain this unit is functioning properly.
When the unit is operating properly, the column over temperature should
not show appreciable deviation. If the temperature fluctuation is
excessive, baselines will cycle and, in all probability, retention
measurements will be erratic.

In an emergency situation, a 10 amp variable transformer (Variac
or Powerstat) may be used as a temporary measure. Constant use of this
device is not advised as it does not operate on temperature demand, but
simply supplies a fixed voltage to the heating elements. Therefore,
oven temperature will vary with any changes in line voltage and room
temperature.

PYROMETER:

The batteries of this unit should be checked monthly to be sure
they are delivering full voltage under Toad. This can be done easily
with a voltmeter set on the 3-volt range and shunting a 1 megohm
resister across the voltmeter Teads to constitute a load. If the
voltage under this test situation falls below the rated voltage for
the battery, replace battery. The battery contacts should also be
cleaned by spraying with Freon MS-180 and wiping with dry cloth. To
prevent shorts, it is recommended that electrical glass cloth tape be
wound around each end of the battery at positions where the clamps
hold the battery in place.

A hint of inaccurate pyrometer operation may be obtained by
switching to one of the unused sensors and observing the readout. If
the reading is more than 5°C from room temperature, faulty operation
is suggested. This is suggested as a daily check to prevent straying
gradually into grossly inaccurate temperature readings. Before final
readings are made, gently finger tap the pyrometer frame in the area
around the set screw.

MISCELLANEOQUS:

A. Septums - There are a number of different types available, ranging
from the inexpensive plan black (or gray) silicone rubber to the
sophisticated "sandwich" type selling at a significantly higher
price.
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Excellent results have been reported using the blue silicone
rubber material marketed by Applied Science Laboratories as their
"W' series.

The 13 mm precut septums are available in lots of 100 under
catalog number W-13. The same material listed as "Type W" is
available in sheets of 12 in. x 12 in., About 400 13-m] septums
can be cut from this sheet with a No. 9 cork borer making the
price per hundred syptums about half that of the precut septums.

B. Column "Q0" Rings:

The conventional column "0" rings are of heat-resistant silicone
rubber, and must be used with brass ferrules. The "0" rings are
available in varying sizes from all suppliers of gas chromatog-

raphy accessories. The chromatographer may prefer to use Teflon
ferrules instead of brass. If these are used, no "0" rings are

required.

C. Prepurified nitrogen gas shall be used for the DC mode of opera-
tion. Argon containing 5% methane (P-5 Mix) is recommended for
linearized 63Nj detectors. This is piped to the instrument
through a filter drier of molecular sieve, 1/16" pellets, Linde
type 13X. Before the filter drier is charged with fresh molecular
sieve, the interior of the drier should be rinsed with acetone,
and the drier unit should be placed in a 130°C oven for at least
1 hour. The bronze frit should be rinsed with acetone and flamed.
After filling, the unit should be heated at 350°C for 4 hours with
a nitrogen flow of ca.90 ml/minute passing through the unit. If
the activated unit is to be stored for a period of time before
use, the ends should be tightly capped.

NOTE: Argon-methane cannot be used for operation of the flame
photometric detector. Separate carrier gas systems must
be used on instruments equipped with linearized 63Ni
electron capture and flame photometric detectors.
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GAS CHROMATOGRAPHY-ELECTRON CAPTURE
COLUMNS

SPECIFICATIONS:

Column material shall be of borosilicate glass, 6 feet (1.8 m)
long, 1/4 in. (6 mm), o.d., 5/32 in. (4 mm) i.d. Because off-column
injection will be used, one side of the column shall be 1 in. longer
than the other. The Swagelok nut, ferrule and silicone "0" ring are
assembled as in Fig. 4. Complete column specifications for the
Tracor MT-220 gas chromatograph are given in Fig. 11.

COLUMN SELECTION:

There is a wide variety of column packing materials in the
marketplace, some of which are entirely suitable for use in pesticide
analysis, and otherswhich are of limited value. In general, the
columns selected as a "working pair" should be significantly different
in polarity and in their compound elution characteristics. One pair
that has proved very useful is given as A and C below. B provides
another alternative. The peak elution patterns for 13 chlorinated
pesticidal compounds on each of these columns are shown in Figures
1 through 3.

A. 1.5% 0V-17/1.95% 0OV-210 - 1iquid phases premixed and coated on
silanized support, 80/100 mesh.

B. 4% SE-30/6% 0V-210 - liquid phases premixed and coated on
silanized support, 80/100 mesh.

C. 5% 0V-210 - coated on silanized support, 100/120 mesh.
PACKING THE COLUMN:

Make certain the column is actually 6 feet long. A paper template
tacked to the wall is a convenient and quick means of checking this.
For off-column injection in the Tracor Model 220 or 222, one column leg
should be T in. shorter than the other.

With a china marking pencil, place a mark on the Tong column leg
2 in. from the end. Place a similar mark 1-1/8 in. from the end of the
short legq.

Add the packing to the column through a small funnel, ca.6 in. at
a time, and bounce the column repeatedly on a semihard surface.
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Rapid tapping up and down the column with a wooden pencil will promote
settling of the packing. The packing is added until it reaches the
mark on each leg and it is found that additional tapping will not
produce any further settling.

NOTE: This operation should be done with great care, tapping
the column a sufficient Tength of time to be certain
that no further settling is possible by manual vibration.
The use of mechanical vibrators is not advised because
the packing can be packed too densely, thus, introducing
the possibility of an excessive pressure drop when carrier
gas flow is started.

Pack silanized glass wool into both ends of the column just
tightly enough to prevent dislodging when carrier gas flow is started.

NOTE: If the glass wool is manipulated by hand, the hands should
be carefully prewashed with soap or detergent, rinsed and
dried. This minimizes the possibility of skin oil contam-
ination of the glass wool.

COLUMN CONDITIONING:

The column is conditioned, or made ready for use, in two opera-
tions: (1) by heat curing, and (2) by silylation treatment.

1. Heat Curing.

A Swagelok fitting is attached to the inlet port at the top
of the oven. This is comprised of a 1/4-in. Swagelok to AN
adapter, part number 400-A-4ANF, connected to a 1/4-in. male union,
part number 400-6.

Before assembling, the bore of the union must be drilled out
with a 1/4-in. drill and burnished with a rat-tailed file so that
it will accept the 1/4-in. o.d. column glass.

The short column leg is attached to the above fitting, with
the end of the Tong leg venting inside the oven. The nut,
ferrule, and "0" ring are assembled as shown in Fig. 4. Make sure
the nut is tight, because the "0" ring will shrink during the
curing period, thus allowing carrier gas to escape.

NOTE: The outlet ports leading to the transfer line should
be sealed off during the conditioning period to
prevent traces of column effluent from seeping through
to the detector. This is easily done by assembling
a 1/4-in. Swagelok nut on a short piece of 6-mm glass
rod with ferrule and "O" ring.
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2.  Silylating Treatment.

Treatment with a silylating compound such as Silyl 8 serves
to block active adsorption sites, particularly in a new column,
thereby somewhat improving efficiency and resolution character-
istics. The most drastic effect is in the improvement of endrin
response and the near elimination of on-column breakdown of
endrin. Silyl 8 is available in 1- and 25-ml1 septum capped
bottles from the Pierce Chemical Company, P.0. Box 117, Rockford,
IT1inois 61105.

At the end of the prescribed heat curing period, adjust the
oven tempset and carrier gas flow controllers to the appropriate
settings to give the approximate recommended operating parameters
for the given column. While the temperature is dropping, open the
oven door and, wearing heavy gloves, retighten the Swagelok nut
which will invariably loosen during heat curing. Close door and
allow oven temperature to equilibrate. Make four consecutive
injections of 25 ul each of Silyl 8, spacing the injections ca
1/2 hour apart. Allow at least three hours for the final injec-
tion to elute off the column before proceeding.

NOTES:

1. Syringe used for Silyl 8 injections should be used
for no other purpose, and should be flushed with
benzene immediately after use to avoid plugging of
the needle.

2. It is strongly advised that Silyl 8 be discarded
after one year and that fresh material be ordered;
observations in the Editors' laboratory have in-
dicated some troublesome side effects in electron
capture GLC arising from the use of old Silyl 8.

V. EVALUATION OF COLUMN:

Shut down oven and carrier gas flow, remove column from special
fitting, remove fitting from inlet port, and connect column to
detector, making sure that nuts are securely tightened. Replace Vykor
glass injection insert with a clean one and install a fresh septum.
Make certain that the stainless steel retainer for the insert is
reinstalled with the slotted end up. Upside down installation will
permit the escape of carrier gas. After septum nut is screwed down
by hand, a Tittle further tightening with pliers helps ensure gas-
tight septum installation. Raise oven temperature and carrier gas
flow to the exact values given in Table 1 for the appropriate column.
The oven temperature must be monitored by some means other than the
built-in pyrometer, either with a precalibrated dial face thermometer
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with the stem inserted through the oven door, or with a mercury ther-
mometer pushed down through an unused injection port. DO NOT RELY
WHOLLY ON THE INSTRUMENT PYROMETER.

Check the carrier gas flow rate using the sidearm buret device
sketched in Fig. 4 (a) attached to the purge exit of the detector.
DO NOT RELY ON THE INSTRUMENT ROTAMETER in adjusting the carrier flow.
AlTow an overnight period for complete equilibration of the column-
detector system at normal operating parameters of temperature and
carrier flow.

NOTE: If two columns are connected to the same detector,
the carrier flow to the column not in use should be
shut off while the flow rate through the column in
use is being measured. Likewise, the purge line flow
controller should be closed. The unused column flow
should also be kept at zero while determining the
background current.

After overnight equilibration, recheck the oven temperature and
carrier gas flow rate. You are now ready to assess the performance
characteristics of the column, and this should definitely be done
before attempting to use the column for routine work.

Run a background current profile at the normal operating param-
eters for the given column, with the purge 1ine flow controller set
at 4. Detailed instructions are given under Subsection 4,A,(3)
DETECTOR. The BGC profile is particularly important in providing an
assessment of detector behavior as affected by the column. It is
presumed that a BGC profile was run on the same detector within a few
days from the time of the present profile, so that the expected level
of background current may be compared to the Tevel obtained in the
present test. If the present level falls far short of that expected,
either the detector itself is faulty or the column is exerting an
adverse effect on the detector. The column influence may be roughly
determined by allowing several hours more for equilibration and
repeating the BGC profile. If an increase in BG current is obtained,
additional checks are made until no further increase is noted. A
typical BGC profile is shown in Fig. 5.

If the detector foil is new and the BG current is at a high level,
it is acceptable practice to set the polarizing voltage at 85% of the
full BGC profile. However, this practice is not reliable with an
older, partially fouled detector. A more reliable method is to run a
polarizing voltage/response curve as described in Subsection 4,A,(3)
OPTIMUM RESPONSE VOLTAGE. A polarizing voltage/response curve is
shown in Fig. 6.
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The operator should now be ready to chromatograph some standard
mixtures to evaluate the efficiency, resolution, compound stability
and response characteristics of the new column. A mixture that has
proved very useful in assessing performance is made up as follows,
the concentration of each compound stated in terms of picograms per
microliter:

a- BHC 10 Hept. Epoxide 30 o,p'-DDD 80
8- BHC 40 p,p'-DDE 40 p,p'-DDD 80
Lindane 10 Dieldrin 50 o,p'-DDT 90
Heptachlor 10 Endrin 80 p,p'-DDT 100
Aldrin 20

The mixture is made up in isooctane, and, if kept tightly
stoppered in the deep freeze, it should be usable for a year or more,
strictly for column evaluation purposes but not for quantitation.
Its value for column evaluation lies in the number of very closely
eluting peaks. The chromatograms in Figs. 1, 2, and 3 were obtained
from this mixture.

Several things about the new column can be learned from
chromatographing this mixture.

1. The column efficiency can be determined from computation based
on the p,p'-DDT peak. The equation is given on next page.

If the computed efficiency is less than 2,700 theoretical plates,
and if the resolution between peaks is not comparable to that
shown by Figs. 1, 2 or 3, the indication is clear that something
has gone wrong in the preparation, conditioning and/or use of the
column, provided of course that high quality column packing was
used in preparation of the column.

2. Compute the relative retention value for p,p'-DDT and compare this
value to the values given in Table 2, a, b, or ¢c. This should
enable the operator to determine his precise column temperature
and to relate this to the readout from pyrometer and outboard
thermometer.

3. Compute the absolute retention in minutes for p,p'-DDT from the
equation given below and compare with the value given on the
chromatogram furnished with the packing. If the value varies by
more than 2 minutes from the value stated in Table 2, it is
indicated that (1) one or both operating parameters are off,
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R §§§B (At 1/3-in./min chart speed)
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Rx3 = 12'7 (At 1/2-in./min chart speed)
RX4 = 75~z (At 2/3-in./min chart speed)
RX5 = 22.4 (At 1-in./min chart speed)
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Where N column efficiency in total theoretical plates.

Rx1,x2, etc. = absolute retention, in minutes, for peak B.

RRTA retention ratio, relative to aldrin, for peak B.

1l

XsYs2Z measurements in millimeters.
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or (2) column is not 6 feet long, or (3) the density of the
packing is not comparable.

a. If the absolute retention is less than the table value
by more than 2 minutes, the oven may be running too
hot or the carrier flow may be running too high, or
both; the column may be packed too loosely, offering
less surface area of coated support; the column may
not be a full 6 feet in length.

b. Conversely, if the absolute retention value is high,
the indications may be: a low column temperature,
a low carrier flow, a column packed too densely, or
some combination of two or more of these factors.

Based on the chromatograms of the evaluation mixture, a
decision generally can be made as to the potential quality of the
column. If, after making slight adjustments in the carrier gas
flow rate, characteristics of efficiency absolute retention and
peak resolution do not compare reasonably well with the chromato-
grams and data furnished by Table I and Figures 1, 2 or 3, it
is inadvisable to proceed further with the column. For example,
if an efficiency value of over 2,700 theor. plates cannot be
obtained on a new column, it is unlikely that the column would
ever improve to much over 3,000 T.P. On the other hand, if the
new column yielded 3,000 T.P., it is probable that it would
improve to 3,300 or 3,500 T.P. after becoming "seasoned".

Assuming that a favorable indication is obtained from the
mixture chromatograms, the next evaluation step is to determine
the compound breakdown characteristics of the column. This may
be done by injections to produce peak heights of 50 to 60% FSD.
The DDT breakdown should not exceed 3%. The endrin response and
breakdown characteristics may be determined similarly. This
breakdown should not exceed 10%.

NOTE: This breakdown percentage is calculated by adding
up the peak areas of main peak and breakdown peak(s).
This value divided into the peak area value for the
breakdown peak(s) x 100 is the breakdown percentage.
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MAINTENANCE AND USE OF COLUMN:

A column that is used and maintained properly should provide
service for many months., It is difficult to make precise time
estimates because of the variables present in different laboratories.
Data from a column performance survey showed one laboratory using
the two working columns 3-1/2 months for an estimated number of
1,300 injections of predominantly fat extract. Another laboratory
indicated their two columns to be at least a year old, and each had
been subjected to an estimated 3,000 injections of blood extract.
Neither laboratory's columns gave any indication of deterioration.
In fact, the laboratory injecting fat predominantly was included
in the group showing superior overall column performance.

The Vykor glass injection insert used in off-column injections
serves as a trap to prevent a high percentage of dirty material
from befouling the front end of the column. If this insert is not
changed frequently, however, column performance characteristics
can be significantly altered. When a sufficient amount of residue
collects in this insert, lTowered efficiency, compound breakdown,
peak tailing, and depressed peak height response become evident.
The changing of this insert should be on a daily basis if sample
extracts of any kind are being injected.

The effects of Silyl 8 conditioning do not persist indefinitely.
Any laboratory with an interest in endrin detection may find that
resilylation may be necessary at intervals to be determined by
weekly monitoring for breakdown.

A certain amount of extraneous matter is eluted through the
glass insert and lodges in the glass wool plug at the column inlet.
Indications from the survey mentioned above were that those lab-
oratories changing the glass insert daily could go for long periods
of time without changing the column plug. Daily compound conversion
monitoring provides a constant check on the need for changing the
glass wool plug.

When the column is idle overnight or over weekends, a Tow
carrier flow of ca 25 ml per minute through the column is advised.
Simultaneously, a purge flow of ca 25-30 ml through the detector
is also advised. If a column is out of the instrument longer than
2 or 3 days, reconditioning is advised wherein the column is not
connected to the detector, but is allowed to vent into the oven
under a carrier flow of ca 60 ml per minute at a temperature ca 25°
above the prescribed operating temperature.

An erratic and noisy baseline can indicate leaks in the column
connections or at some other point in the flow system, starting at
the injection septum and on to the detector inlet. If the baseline
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has been stable and first became erratic upon installation of a
new column, the probability of loose column connections is
indicated.

If any laboratory has trouble obtaining performance character-
jstics equal to those indicated by the chromatograms and data
furnished in Table I and Figure 1, 2 or 3, every effort should be
made to pinpoint the trouble and correct it. If the foregoing
instructions are followed with no deviations, trouble should not
be experienced.

SOURCES OF COLUMN PACKINGS

The question is often raised concerning the advisability of a
laboratory making its own column packing or buying it precoated
from a commercial producer. If a laboratory staff member has
developed the expertise to make consistently high quality column
packing, this is the less expensive route. However, it should be
noted that few individuals possess this "knack". Coupled with
the science, there is a degree of art in the formulation of small
batch lots of quality column packing. Lacking this expertise,
the Taboratory would be well advised to purchase precoated packing,
prescribing a set of quality specifications with the purchase
order. The specifications should include:

(1) A statement listing a group of pesticidal compounds
such as the list given on page 5 of this section along
with the required retention values, relative to aldrin,
at a given column temperature. This is of particular
importance for mixed liquid phase packing to ensure
the proper proportion of liquid phase components.

(2) A statement of minimum efficiency in terms of the total
theoretical plates in a 6-foot column as computed by
the method shown on page 6 of this section.

(3) A stated range of absolute retention, in minutes, for a
given compound such as p,p'-DDT when column is operated
at given parameters of temperature and carrier gas
velocity.

(4) A statement prescribing maximum decomposition limits
for such compounds as endrin and p,p'-DDT under pre-
scribed operating parameters.



Revised 12/2/74 Eectiqg a, A, (2)

age

VIIT. MISCELLANEOUS NOTES:

1.

The carrier flow through the unused column should not be
carried any higher than is required for positive pressure.
Detector response is seriously affected by running both
columns simultaneously at normal operating velocity. For
instance, in a series of observations with a pair of nearly
identical Tow-load columns in the oven, the peak height
response for aldrin is reduced ca 25% when the off-column

is carried at 70 m1/min, the same flow at which the on-column
is being operated.

An obvious, but sometimes overlooked, point arises when only
one column is installed in the oven. The transfer Tine
commonly used is the dual type that conveys column effluent
from the two-column outlet ports to the single detector.

When one column is removed, its outlet port must be plugaed
or else a massive leak will be created. One easy means of
doing this is to slip swagelok fittings and an "0" ring on

the end of a short piece of 1/4 in. o.d. glass rod and install
in the unused outlet port.

Columns shorter than 6-ft. are generally suitable for chroma-
tography of specific, late eluting compounds as retention
time can be shortened for greater work output. However, for
multiresidue analysis on samples of unknown composition, the
shorter columns are not advised. Shorter columns are less
efficient and therefore yield much poorer peak resolution.
This can be an important factor in peak identification.
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GAS CHROMATOGRAPHY-ELECTRON CAPTURE
DETECTOR

Straight DC polarizing voltage should be supplied to the detector from
either an outboard power supply unit or a strip on the back of the electrom-
eter. Provided the column and all electronic circuits in the various
modules of the instrument are functioning properly, the degree of sensitiv-
ity in the electron capture mode relates most probably to the condition of
the interior of the detector. As radioactivity in the foil decreases, so
does sensitivity of the system. Measurement of the background current gives
an indication of the condition of the detector and should be run on a new or
overhauled detector. Subsequent periodic measurements should be made to
provide up-to-date information on the performance of the detector as influ-
enced by the condition of the foil or by any other effects such as column
bleed or contaminated carrier gas.

I. BACKGROUND SIGNAL PROFILE:

1. Zero recorder and electrometer in the normal manner.

2. With a well-seasoned column such as OV-17/QF-1 in the instrument,
set input attenuator on 10 and output attenuator on 256.

NOTE: The given attenuation values apply to electrometer Model
E2. If the dual channel, solid state unit is used, an
equivalent setting would be 102 x 128.

3. Set column and detector temp, and carrier flow rate to the levels
prescribed for the column in use. Apply ca 70 ml/minute of purge
gas.

4. Set OUTPUT POLARITY switch to the polarity opposite of that used
in normal operation.

5. Reduce polarizing voltage to zero using control on power supply
unit or in front of electrometer, and adjust bucking control of
electrometer to permit zeroing of pen on chart paper.

6. Set chart speed on 1/4 inch per minute, start chart drive, and
allow about 1/2 inch horizontal trace.

7. Advance polarizing voltage control to 5 volts and allow sufficient
time for trace to level off; then repeat for 10, 15, 20, 25 volts
and so on, until a voltage value is reached which produces no
further recorder deflection.
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Generally, a new detector or one with a new tritium foil should be
expected to produce a response of 60 to 80% full scale deflection. With
aging, as the response level approaches about 30% FSD, a replacement of
the foil is indicated. Figure 5 shows a background signal profile on a
detector in constant use for 2 months. At the time of original installa-
tion, the background signal profile produced 68% FSD.

IT. OPTIMUM RESPONSE VOLTAGE:

It is important that a correct polarizing voltage be supplied to
the detector to achieve maximum peak response with minimal overshoot.
An incorrect voltage can result in (1) full potential sensitivity of
the detector not being utilized, or (2) a strong overshoot in the peak
downstroke which makes for difficult quantitation of peaks. The
optimum response voltage is determined as follows:

1. Upon completion of the background signal profile, reset OUTPUT
POLARITY switch back to normal operating position and set
polarizing voltage control to the voltage that produced ca 60%
of the total BGC profile.

NOTE: If you are fairly certain that the optimum polarizing
voltage will fall in some fairly high range, i.e.,
20 to 25 volts, time can be saved by starting about
7 volts under the expected optimum polarizing voltage.

2. Setovenand detector temperatures and carrier flow rate to the
prescribed operating levels for the column in use, and allow
system to equilibrate.

3. Set attenuators on the values appropriate for the condition of
the detector.

4. Adjust bucking control to zero recorder pen.

5. Inject an aldrin standard in quantity known from current operation
to produce a peak about 1/2 full scale at the attenuation being
used.

NOTE: The volume injected must be carefully measured and
should not be less than 5 ul.

6. Repeat injection to obtain peaks from increments of 2.5 volts,
i.e., 15, 17.5, 20, etc., until two peaks show less height than
that obtained on the highest peak.
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NOTE: Occasionally a new detector will require only around
7 volts, and it may be found that the 2.5-volt intervals
result in too much change in response. In this case, it
may be advisable to use 1-volt intervals to set up the
response curve.

7. Taking the exact peak height values, measured in millimeters,

plot a peak height vs voltage curve on linear graph paper

(Figure 6). Usually the optimum polarizing voltage is the next
voltage interval higher than the voltage producing the greatest
response, in other words, a point on the downslope of the curve.
However, if appreciable peak overshoot is evident at this voltage,
it may prove desirable to set polarizing voltage slightly higher
to minimize overshoot at some expense in response. The arrow in
Figure 6 indicates the voltage selected in this particular case.

DETECTOR LINEARITY:

In making chromatographic runs for quantitation, it is mandatory
that compound concentration be within the Tinearity range of the
detector. As this characteristic may change with the age and use of
the detector, standard curves for pesticides of interest should be
run periodically to provide up-to-date linearity information. In most
cases, operation at an output attenuation setting of 10 x 8 (or 16)
on the E2 electrometer or 102 x 8 (or 16) on the SS will preclude the
possibility of violating the linear range of the detector. If samples
are diluted so that quantifiable peaks are produced at these settings,
the large errors resulting from calculations based on nonlinear
response can be avoided.

The ©3Ni detector operated in the DC mode is far more restrictive
in Tinearity characteristics than the 3H detector. The Tinearity curves
in Fiqure 6 1illustrate the comparative linearity of 63Ni and 3H
detectors. Linearity curves should be run frequently and, most impor-
tant, on each new detector or on one subjected to overhaul.
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TRACOR LINEARIZED 63Ni ELECTRON CAPTURE DETECTOR:

The linearized EC detector is operated in the constant current
pulsed mode. As electron capturing compounds enter the detector, the
polarizing pulse frequency changes in order to keep the detector cell
current and standing current constant. The signal generated is
amplified and displayed on a strip chart.

Details of set-up, operation, theory of operation, GC parameters,
detector profiles, and circuit alignment can be found in the Operation
Manual 115314B supplied with the detector.

Advantages of the linearized EC detector include:

1. Wider linear range than the DC mode - a linear response of

+ 5% is obtainable with argon-methare (95:5 v/v) carrier gas

from 5 x 10712 to 5 x 1078 gram of Tindane. In some cases,

operation to 2 x 10°7 gram of lindane within the above

linearity has been achieved.

2. Can be operated in a somewhat "dirty" (contaminated) condition
with less loss of performance.

3. Can tolerate more contaminants in the carrier gas.

4. Gives a generally narrower solvent front.

5. Has sensitivity comparable to the DC mode.
Disadvantages of the Tinearized EC detector include:

1.  Argon-methane carrier gas is more expensive.

2. Nitrogen carrier gas can be substituted for argon-methane,
but the linear response range is reduced for higher

concentrations with the nitrogen carrier.

3. Linearity must be checked over each concentration range used
for actual samples.

4, Electronic alignments can be difficult.
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GAS CHROMATOGRAPHY-ELECTRON CAPTURE
CHROMATOGRAPHY OF SAMPLE

When the chromatographic system has been idle for a number of hours,
such as overnight or over the weekend, it is generally necessary to "prime"
the column before quantitation may be attempted. The first early morning
standard injection will frequently show relatively poor response. The
second and third injections will usually improve the response to a constant
level. This "priming" may be done by successive injections of a dilute
working standard mixture or it may be accomplished by one injection of a
highly concentrated mixture. One laboratory has reported excellent results
with the latter system and, if other laboratories obtain comparable results,
considerable daily "priming" time may be saved. The suggested priming
mixture is given below; the concentration values are in nanograms per
microliter.

Lindane-------- 0.5 Dieldrin-------- 1.0
B-BHC----~----- 1.5 0,p'-DDT-----=-- 1.5
Aldrin------—--- 0.5 p,p'-DDD-------- 1.5
Hept. Epox.----1.0 p,p'-DDT-------- 1.5
p,p'-DDE------- 1.0

Forty microliters of this mixture is injected. If this one-shot system is
used, a special syringe should be set aside and used solely for this purpose.
Under no circumstances should the same syringe be used for routine injec-
tions.

In the early morning the priming may be conducted while the other daily
instruments checks are being made. If more than one column in the instrument
is to be used, the priming may be done simultaneously. After the priming
mixture has eluted off the columns, the carrier flow should be carefully
adjusted for the working column using the bubble device shown in Figure 4(a).
The chromatograph should now be ready for the first working standard injec-
tion.

A sample extract concentration of 10 ml from a 5 gram sample contains
the tissue equivalent of 0.5 milligram per microliter. A 5 ul injection
of this extract (2.5 milligrams of sample) into an EC detector of average
sensitivity should easily produce guantifiable peaks at pesticide concentra-
tions of at least 0.1 ppm, provided that instrumental attenuation is
appropriately adjusted.

1. With the working column in the instrument, adjust column and
detector parameters as prescribed in Table 1. If another column
is in the oven, set a positive carrier gas pressure of not more
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than 20 m1/min on this alternative column or, if preferred,
leave carrier flow at zero on a column of high thermal stability.
Set attenuation at an estimated appropriate sensitivity.

NOTE: The specified GLC instrument has a high sensitivity
potential provided that all modules are functioning
properly. It is important to take full advantage of
this potential by avoiding low sensitivity attenuation.
With a new detector foil, Tow sensitivity attenuation
may be necessary, but as the BGC decreases, this practice,
while resulting in a stable looking baseline, requires
injections of relatively high sample concentration to
produce quantifiable peaks. This tends to promote faster
fouling of column and detector than would result from
injections containing Tess sample material. This is
particularly important when injecting eluate from the
15% ethyl ether/pet ether extract from fat. If all
instrumental modules are functioning properly it should
be possible to obtain a noise level not exceeding 1%
of full scale at an attenuator setting of 10 x 8. If
10 x 8 should not meet this specification, then 10 x 16
should definitely produce an acceptable noise Tevel.

In the event that the electrometer noise level at
10 x 16 should exceed 1% full scale, some electronic
trouble shooting may be indicated.

2. If a column is used for which an RRT/Temp. table is available
(Tables 2, a, b, or c), the procedure for tentative peak identif-
ication in an unknown is relatively simple and requires far less
time than traditional "cut and try" methods. First it is
necessary to establish the prevalent true column temperature.
This is determined by chromatographing a standard mixture con-
taining aldrin and p,p'-DDT. Other compounds eluting earlier
than p,p'-DDT may be included, but their presence may be irrel-
evant for this mission. Calculate from the chromatogram the
RRTp of p,p'-DDT, then by scanning horizontally across the column
opposite p,p'-DDT on the table, locate the RRTp value which most
closely matches the calculated value. The actual column tempera-
ture can now be obtained by reference to the top or bottom of
the table.

3. Inject 5 ul of the sample extract as a preliminary run to deter-
mine whether all peaks are on scale and are of quantifiable peak
height. If off-scale peaks are observed, make an estimated
dilution of a portion of the extract and reinject.

NOTE: Injections of volumes less than 5.0 ul should be avoided
in quantitation. The possibilities for error are greatly
enhanced by low volume injections.
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Calculate the RRTp values for all peaks appearing on the sample
chromatogram(s). By vertically scanning the appropriate temper-
ature column on the table, the calculated RRTp values may be
compared with table values to obtain tentative peak identifica-
tions.

The information derived from Step 4 above should provide the
operator with sufficient intelligence re tentative compound
identities and estimated concentration ranges to facilitate
the selection of an appropriate working standard mixture for
precise quantitation. Subsequent injections of standards will
then be carried out bearing in mind that (1) peak heights
between sample and standard should vary not more than 25%,

(2) the concentration of all compounds must fall well within
the Tinear range of the detector, and (3) no peak of less than
10% FSD should be quantitated.

At this point the task of compound identification is incomplete,
and confirmation must be conducted on an alternative column of
completely different polarity (see Section 4,A,(2).

The chromatographer must be constantly aware that artifact peaks
may be obtained with one column which may have identical RRTp
values with certain pesticidal compounds; also that a number of
pesticidal compounds may have identical or near identical RRTp
values on a given column. The last point must be carefully
considered in the selection of an alternative column that will
resolve such overlaps.

MISCELLANEQUS NOTES:

1.

It is desirable to use standard mixtures with the component

pesticides at three concentration Tevels. This will enable

the operator to select a mix whose concentrations will fall

within the Tinear range of the detector and have a peak size
comparable to the unknown peaks.

The height of sample and standard peaks should preferably vary

by not more than 25%. It is sometimes alleged that this point

is of no consequence provided both standard and sample are

within the Tinear range of the detector. In theory this is true,
but Tike many theoretical postulations, the fact does not
necessarily follow the theory. For example, the theory does not
take into consideration minor response variations arising from
injection error and/or instrumental sources. It -can be easily
demonstrated that a response variation of as 1ittle as 3 mm in
peak height can result in a final error of 20 to 25% when a 13 mm
sample peak is calculated against a 130 mm standard peak.



Revised 12/2/74 Section 4, A, (4)
Page 4

3. Electrometer attenuation should be adjusted to obtain a minimum
sensitivity level of a peak of 50% FSD resulting from the
injection of 100 picograms of aldrin.

4, Quantitation by referencing sample peaks against a standard curve
may be an acceptable practice provided that certain Timitations
are carefully considered. It must be recognized that repetitive
injections of certain sample extracts may gradually depress
response characteristics of the GLC system. When this occurs,

a curve established from a standard or mixture of standards at

9 AM on a given day may be worthless by 11 AM on the same day.
This possibility must be monitored by interspersing standard
injections continually throughout the work day. In view of this
requirement, the construction of a curve becomes a superfluous
and unnecessary task as quantitative referencing can be made
against the interspersed standards.

5. At this point, detailed evaluations are made of all chromatograms.
If there is reason to suspect any peak identification or quanti-
tation, instrumental controls should be switched over to alterna-
tive column for further scrutiny. The isomers of BHC, o,p'-DDE,
and o,p'-DDT frequently pose identification problems. If such
identification problems are present and cannot be confidently
resolved by any of the three prescribed columns, further confir-
matory work is required by electrolytic conductivity detection
and/or by TLC.
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GAS CHROMATOGRAPHY-ELECTRON CAPTURE
QUANTITATION AND INTERPRETATION

There are several methods for quantitating chromatographic peaks.
While we are not partial to any particular method, it is desirable in a
system of laboratories providing data to a central point that some degree
of uniformity be specified.

The preferred method of calculation is somewhat dependent on peak
shape. The major categories of peak shapes are: (1) Tall, narrow, and
symmetrical, generally illustrated by a p,p'-DDT peak from a clean extract,
(2) Overlapping peaks where the overlap is estimated not to obscure the
peak height, (3) Unsymmetrical peaks such as are commonly encountered in
an uncleaned extract.

Broadly speaking, quantitation methods recommended for the various
types of peaks are:

I. PEAK HEIGHT:
A. Early eluting peaks, tall and narrow.
B. A1l peaks on the trace where there are no obscuring overlaps
and where peaks are tall, symmetrical, and fairly narrow

(Figure 7).
II. PEAK HEIGHT X WIDTH AT HALF HEIGHT:

A.  Separated, symmetrical, and fairly wide peaks (Figure 8).

ITI. TRIANGULATION OR INTEGRATION:

A.  Separated unsymmetrical peaks, or peaks on sloping baseline
(Figure 9). Triangulation should not be attempted on very
narrow peaks. Extreme care must be taken in the construction
of the inflectional tangents and in measurements.

IV. INTERPRETATION:

Although this subject is listed Tast in this section devoted to
EC GLC, it is far from being the least important. An excellent
performance in all other areas may be nullified if the chromatograms
are not properly interpreted.
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The electron capture detector, being non-specific, responds to any
electron-capturing materials in addition to pesticides in the final
extract being chromatographed. For this reason, the task of inter-
pretation is one requiring careful study of the data and the applica-
tion of sound judgment. The presence of chromatographic peaks which
precisely match the absolute and relative retention values of those of
certain pesticides does not necessarily indicate the indisputable
presence of those pesticides. For example, it is not uncommon to
observe peaks from human tissue extract with retention characteristics
precisely the same as a-BHC and/or o,p'-DDE. Confirmation by ancillary
techniques has never supported the electron capture detector indica-
tions, however. In one instance methyl parathion was reported in a
blood sample. Had the individual conducting the interpretation
exercised sound judgment, it should have been immediately apparent that
the presence of the parent compound of parathion in body fluids other
than gastro-intestinal would be a near impossibility.

The chromatographer must recognize that quite often peaks are
obtained from a given sample substrate on one GLC column by electron
capture detection, the retentions of which strongly suggest certain
pesticidal compounds. If, based on experience, these particular
compounds are not likely to be present in the sample material, some
further confirmation is required. This may be done by (1) using an
alternative column and electron capture detection, (2) applying elec-
trolytic conductivity detection, (3) thin-layer chromatography, (4)
chemical derivatization, (5) gas chromatography-mass spectrometry, or
(6) high performance column 1iquid chromatography.
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TABLES AND FIGURES

Tables and figures in this section will assist the analyst in column
selection and operation by providing retention data on compounds for tenta-
tive identification of unknown peaks in a multiresidue analysis (see Sub-
section 4,A,(4).

Figures 1 through 3d are typical chromatograms of a 13-compound mixture,
each column operated at a temperature and carrier gas flowrate providing
maximum efficiency with reasonable retention times. Since the parameters may
differ widely, comparisons of retention parameters on different chromatograms
should not be made. For example, retention times in Figures 3a and 3d are
not directly comparable because chart speeds were 0.5 and 0.25 inch per
minute, respectively.

Because the elution pattern of compounds with DEGS differs from the
patterns from most other columns used in pesticide analysis, the DEGS column
(Figure 3a) often proves useful in resolving problems relating to peak
identification. Field reports, however, warn of bleed problems with DEGS and
suggest that the DEGS column not be used for a "working" column since it is
likely to foul the detector. For the brief periods the column is used for
confirmations, bleed effects are not apt to be troublesome.

Stationary phases that are chemically similar and give similar elution
patterns are listed in the following table. For example, the elution pattern
for a given pesticide mixture for 5% DC-200 will be very similar to that from
5% SE-30 or 0QV-101.



Revised 6/77 Section 4, A, (6)
Page 2

Stationary Phases Commonly Used in Pesticide Analysis

No.
Designation Chemical Name Similar Phases
1. DC-200 Methyl silicone ov-1, 0v-101, SE-30,
SP-2100, DC-11, SF-96
2. QF-1 Trifluoropropyl methyl silicone 0vV-210, SP-2401
3. SE-30 (See No. 1)
4. SE-52 Methyl silicone, 10% pheny]l ov-3
substituted
5. SF-96 (See No. 1)
6. XE-60 Cyanoethyl methyl silicone 0v-225
7. 0vV-17 Methyl silicone, 50% phenyl SP-2250
substituted
8. 0QV-7 Methyl silicone, 20% phenyl = —c—cee-
substituted
9. 0V-210 (See No. 2)

10. DEGS Diethyleneglycol succinate none
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TABLE 1. CONDITIONING, OPERATION PARAMETERS AND PERFORMANCE EXPECTATIONS FOR 6-FT. X 1/4-IN. 0.D. COLUMNS QF
PRECOATED PACKINGS, 3% DEGS INCLUDED SOLELY AS A CONFIRMATORY COLUMN, NOT FOR ROUTINE USE.

1.5% 0V-17 4% SE-30
Parameters 1.95% 0vV-210 6% ON-210 5% QV-210 3% DEGS
Liquid phase(s) Silicone QV-17 Silicone SE-30 ov-210 DEGS
Silicone DC QF-1 Silicone DC QF-1 Trifluoromethylpropyl  Stabilized
(FS1265) (Fs1265) Silicone Diethylene
Glycol
Succinate
(Analabs C4)
So1id Support Chromosorh W, H.P. Chromosorb W, H.P. Chromosorb W, H.P. Gas-Chrom P
or Gas-Chrom Q or Gas-Chrom Q or fias-Chrom Q
100/120 mesh 80/100 mesh 100/120 mesh 80/100 mesh
Heat Curing Temp °C 245 245 245 235
Time Hours 48 (minimum) 72 (minimum) 48 (minimum) 20 (exact)
Operating Temp °C 200 200 180 195
Detector Temp °C (tritium) 205 205 205 205
Carrier Flow ml/minute 50-70 70-90 45-60 70-90
Elution Time for p,p'-DDT
Apprux. (minute) 16-20 16-20 16-20 16-20

Expected Minimum
Efficiency (Total theor. 3000 3000 3000 2800
plates in 6-ft. column

basis p,p'-DDT)
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170 174 178 182 186 190 194 198 ’ 202 204

L | | | l 1 l | 1 | | 1 j 1 l ! i | Compound

0.25 0.25 0.26 0.26 0.26 0.27 0.27 0.27 0.28 0.28 0.28 0.29 0.29 0.29 0.30 0.30 0.30 0.31 Dimethy] Phthalate
0.32 0.3z 0.32 0.32 0.3 0.32 0.32 0.32 0.32 0.32 0.33 0.33 0.33 0.33 0.33 0.33 .33 0.33 Mevinphos

‘0.34 0.34 0.35 0,38 0.36 0.36 0.36 0.37 0.37 0.38 0.38 0.38 0.39 0.3%3 0.40 0.40 0.40 0.4 Tecnazene

0.33 0.3 038 0.38 039 0.39 0.39 0.39 0.39 0,40 0.40 0.40 0.40 0.41 0.41 0.47 0.41 0.41 Diethyl Phthalate
0.44 0.45 0.45 0.45 0.45 0.45 0.45 0.46 0.46 0,46 0.46 0.86 0.46 0.47 0.47 0.47 0.67 0.47 2,8-D(ME)

0.42 0.42 0.43 0.43 0.64 0.44 0.44 0.45 0.45 0.45 0.46 0.46 0.47 0.47 0.48 0.48 0.88 0.43 Hexachlorobenzene
0.48 0.4 0.49 0.49 0,50 0.50 0.50 0.51 0.51 €.52 0.52 0.52 0.53 0.53 0.54 0.54 0.54 0.55 o-BHC

0.54 0.54 0.5 0.5 0.55 0.55 0.55 0.55 0.5 0.55 0.55 0.55 0.56 0.56 0.55 0.56 0.56 0.56 CDEC

0.56 0.56 0.56 0.5 0.5 0.56 0.56 0.5 0.56 0.56 0.56 0.56 0.56 0.56 0.56 0.56 0.56 0.56 2,4-D(IPE)

0.54 0.4 0.5 0.55 0.5 0.5 0.56 0.57 0.57 0.58 0.58 0.58 0.59 0.59 0.60 0.60 0.60 0.61 Chiordene

0.67 0.67 0.66 0.66 0.66 0.66 0.66 0.65 0.65 0,65 0.65 0.65 0.65 0.54 0.64 0.64 0.64 0.64 Diazinon

0.65 0.65 0.65 0.65 0.66 0.66 0.66 0.66 0.66 0.67 0.67 0.67 0.67 0.67 0.68 0.68 0.68 0.68 PCNE

0.66 0.67 0.67 0.67 0.67 0.67 0.67 0.68 0.68 0.68 0.68 0.68 0.68 0.69 0.69 0.69 0.69 0.69 Lindane

0.76 0.76 0.76 0.76 0.75 6.75 0.75 0.75 0.75 0.74 0.74 0.74 0.74 0.73 0.73 0.73 0.73 0.73  2,4,5-T(ME)

0.82 0.82 0.8 0.82 0.8 0.81 0.8 0.81 0.81 0.81 0.8Y 0.80 0.80 0.9 0.80 (.80 0.80 0.80 p-BHC

0.82 0.82 0.82 0.82 0.82 0.8 0.8 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82 0.82 Heptachlor

0.94 0.%4 0,93 0,92 0.92 0.9 0.90 0.90 0.89 0.88 0.88 0.87 0.87 0.3 0.85 0.85 0.8¢ 0,83 2,4,5-T{IPE)
1.00 1.00 1,00 11,00 .00 1,00 1.00 1.00 1.00 1.¢0 71.00 1.00 1.00 1.C0O 1.00 1.00 1.00 1.00 Aldrin (REFERENCE)
1.7 16 1,1 114 113 W 1.0 1.09 1.08 1.07 1.06 1.0% 1.03 1,02 1,01 1.00 0.99 0.98 Dimethoate

.17 116 1.6 135 114 1.4 1.3 1.2 132 1.1 1.0 1.09 1.09 1.08 1.07 1.07 1.06 1.05 Ronnel

1.49 1.48 1.45 1.43 1.4 1.40 1.38 1.36 1.3¢ 1,32 1,31 1.23 1.27 1,25 1.23 1.22 1.20 1,18 Dibutyl Phthalate
1.4 1.40 1.39 1.38 1,36 1.35 1.34 1.33 1.32 1.31 1.30 1.29 1.28 1.27 1,26 1.25 1.24 1.23 1-Hydroxychlordene
1.49 1.49 1,47 1,47 1.46 1.45 1.44 1.44 1.43 1.42 1,42 1.41 1.40 1.39 1.39 1.38 1.37 1.38 C(xvchlordare

1.1 1.69 1.67 1.66 1.68 1,62 1.60 1.59 1.57 1,585 1,53 1.52 1.50 1.48 Y.47 1.45 1.43 1.4 M. Parathion

1.70 1.69 1.68 1.67 1.66 1.65 1.64 1.63 1.62 1.61 1.59 1.58 1.57 1.56 1.55 1.54 1.53 1.52 Heptachlor Epoxide
1.82 1.80 1.78 1.76 1.74 1,72 1.70 1.68 1.66 1,64 1,62 1.60 1.58 1.56 1,54 1,52 1.50 1.48 DCPA

2.07 2.04 2.0 1.¢8 1,95 1.92 1,89 1.87 1.84 1.8) 1.78 1.75 1.72 1.69 1.66 1.63 1.60 1.57 Malathion

1.92 1.9 1.89 1.8 1.8 1.85 1,83 1.81 1.80 '.78 1.77 1.75 1.74 1.72 1.77 1,69 1.68 1.66 Chlordane, Gamma
2,02 2.00 1.99 1.97 1.95 1,93 1.92 1.90 1.88 1.386 1.85 1.83 1.8 1.79 1.78 1.76 1.74 1.73 Tpans-Nonachlor
2.14 2,12 2,99 2,07 2.05 2.03 2.0 1.98 1.96 1.94 1.92 1.,%0 1.88 1.86 1.84 1.82 1.79 1.77 o,p'-DOE

2,32 2.28 2,25 2.22 2,19 2.'¢ 2,13 2,09 2.06 2,03 2.09 1.97 1.83 1,90 1.87 1.84 1.81 .78 E.-Parathion
2.1 2,13 211 2,09 2.07 2,05 2.03 2.01 1.99 1,87 1.96 1.9 1.92 1,90 1.88 1.86 1.82 1.82 Chlordane, Alpha
2.20 2.18 2,16 2,5 2,13 2.1 2.10 2,08 2.06 2.0% 2.03 2,01 2.00 3.98 1.37 1,95 1.93 1.91 Endosulfan !

2.75 2.72 2.68 2.64 2.61 2.58 2,54 2.51 2.47 2.43 2.40 2.37 2.33 2,30 2.27 2.23 2.20 2.37 p,p'-DDE

2.97 2.93 2.88 2.84 2.79 2.7% 2.7 2.66 2.62 2.57 2.53 2.49 2.44 2.40 2.35 2.31 2.27 2.22 TJDK(ME)

2.80 2.77 2.75 2,72 2.6%9 2.67 2.64 2.61 2.59 2.56 2,53 2.51 2.48 2.45 2.43 2,40 2.37 2.35 Dieldrin

3.3¢ 3,29 3.25 3.20 3.15 3.n 3.06 3.01 2.97 2.92 2.88 2.83 2,77 2.74 2.9 2.65 2.0 2.56 o,p'-0OD

3.26 3.23 3.19 3.16 3.13 3.09 3.06 3,03 3.00 2.96 2.93 2,90 2.87 :z.83 2.80 2.77 2.74 2.70 Eh-'l.ordecone

3.47 3.43 3,40 3.36 3.33 3.29 3,26 3,22 3.18 3.8 3.12 3.08 3.04 3.0 2,97 2.93 2.¢0 2.87 Endrin

3.98 3.94 3.88 3,83 3.77 3.1 3.66 3.60 3.54 3,48 3.43 3,38 3.32 3,27 3.21 3.i6 3.10 3.04 ¢,p'-DDT

4,65 4.57 4,49 4.41 4,33 4,26 4.18 4,10 4.02 3.94 3.87 3.7%9 3.71 3.64 2.61 3.48 3.40 3.32 ;,;'—DDD

4,45 4.39 4,34 4,28 4,23 4,17 4.1 4,05 3.99 3.94 3.88 3.82 3.76 3.71 3.65 3.59 3.54 3.48 En:ostﬂfan i1
5.57 5.48 5.39 5.29 5.20 5.1 §.01 4.92 4,83 4.74 4,64 4.55 4.46 4.36 4.27 4.18 4,05 4.00 o,p'-00T

6.1 5.97 5.85 573 5.61 5.40 5.36 5.24 5.12 5.00 4.88 4.76 4.64 4.52 4.40 4.28 4.16 4.04 Ethion

6.4 6.2 6.1 5.99 5.88 5.76 5.64 5,52 5.40 5.28 5.16 5.04 4,92 4,80 4.68 4.6 4.44 4,32 Carbophenothion
7.7 7.6 7.5 7.3 - 7.3 7.1 7.0 6.9 6.8 6.7 6.6 6.5 6.4 6.3 6.2 6.1 6.0 5.85 Mirex
9.7 10.5 10.3 101 9.9 9.7 9.5 9.3 9.1 89 87 85 g3 81. 7.9 7.0 7.5 7.3  Endrin Ketone "153
13.1 127 12.4 120 1.6 1.2 10.8 10.4 10.0 9.7 9.3 83 85 81 7.7 7.3 7.0 6.6 Dioctyl Phthalate
12.4 12.1 11.8 1.6 11.3 1.0 10.7 10.4 10.1 9.8 9.5 9.3 9.0 8.7 8.4 8.1 7.8 17.% Methoxychlor
16.9 16.5 16.1 157 153 14.9 14.5 14,0 13.7 13.3 12.9 12,5 12,0 11.7 11.3 10.9 16.5 10.2  Tetradifon
22.1 21,5 20,9 20.3 19.6 19.0 18.4 17.7 17.1 16.5 15.8 15,2 14.6 14,0 13.4 12.7 2.1 1.5 Diphenyl Phthalate
I ' T T T T L R B 117 T 71

170 74 178 182 186 190 194 198 202 204

Retention ratios, relative to aldrin, of 49 compounds at temperatures from
170 to 2€4°C; support of Gas Chrom Q, 100/120 mesh; electron capture detector;
#ritium source, parallel plate; all absolute retentions measured from injection

point.
at 60 ml per minute.

Arrow indicated optimum column cperating temperature with carrier flow
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Tabie 2(b)

Section 4,A,(6)

4%SE-30/6%0V-210 Page 5
Column Temperature, °C.

170 174 178 182 186 190 194 198 202 204

| I | I 1 S A N AN MR SR AU SN S Compound

0.25 0.25 0.26 0.26 0.26 0.27 0.27 0.27 0.28 0.28 0.28 0.29 0.29 0.29 0.29 0.30 0.30 0.30 Dimethyl Phthalate
0.27 0.28 0.28 028 0.29 029 0.29 0.30 0.30 0.30 0.30 0.31 0.31 0.31 0.32 0.32 0.32 0.33 Mevinphos

0.3 0.3 0.3 0.35 0.35 0.36 0.36 0.3 0.37 0.37 0.38 0.38 0.38 0.39 0.39 0.40 0.40 0.40 Tecnazene

0.39 0.39 0.39 0.39 0.40 0.40 0.40 0.40 0.40 0.41 0.41 0.41 0.41 0.41 0.42 0.42 0.42 0.42 Diethyl Phthalate
0.39 0.3 0.39 0.40 0.40 0.40 0.41 0.41 0.42 0.42 0.42 0.43 0.43 0.43 0.44 0.44 0.84 0.5 2,4-D(ME)

0.39 040 0.40 0.41 0.41 0.41 0.82 0.42 0.43 0.43 0.43 0.46 0.44 0.45 0.45 0.45 0.46 0.46 Hexachlorobenzene
0.42 0.43 0.43 0.44 0.44 0.4 0.45 0.45 0.46 0.46 0.47 0.47 0.48 0.48 0.48 0.49 0.49 0.50 o-BHC

0.44 0.44 0.45 0.45 046 0.46 0.46 0.47 0.47 0.48 0.8 0.48 0.43 0.49 0.50 0.50 0.50 0.51 COEC

0.54 0.54 0.54 0.54 054 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 2,4-D(iPE)

0.54 0.54 0.5 0.55 0.55 0.56 0.56 0.57 0.57 0.57 0.58 0.58 0.59 0.59 0.59 0.60 0.60 0.61 Lindane

0.54 0.54 0.55 0.55 0.56 0.56 0.56 0.57 0.57 0.58 0.58 0.58 0.59 0.59 0.60 0.60 0.60 0.61 Chlordene

0.57 0.57 0.57 0.58 0.58 0.58 0.5 0.5¢ 0.59 0.59 0.60 0.60 0.60 .60 0.61 0.61 0.61 0.61 8-BHC

0.60 0.60 0.60 0.60 0.59 0.5 0.59 0.5 0.59 0.59 0.59 0.58 0,58 0.58 0.58 0.58 0.58 0.58 Diazinon

0.59 0.59 0.60 0.60 0.60 0.6] 0.6 0.6) 0.62 0.62 0.62 0,63 0.63 0.63 0.64 0.64 0.64 0.65 PCNB

0.6 0.66 0.66 0.66 0.65 0.65 0.65 0.55 0.65 0.65 0.65 0.65 0.64 0.64 0.64 0.64 0.64 0.6% 2,4,5-T(ME)

0.80 0.80 0.81 0.81 0.81 0.8 0.81 0.82 0.82 0.82 0.82 0.82 0.83 0.83 0.53 0.83 0.83 0.83 Heptachlor

0.89 0.8 0.88 0.88 0.87 0.87 0.87 0.8 0.86 0.85 0.85 0.85 0.84 0.84 0.33 0.83 0.83 0.82 2,4,5-T(IPE)
0.96 0.95 0.94 0.94 0.93 0.53 0.92 0.91 0.91 0.90 0.89 0.89 0.88 0.87 0.87 0.86 0.85 0.85 Dimethoate

1.01 1.00 1.00 0.99 0.98 0.98 0.97 0.9 0.3 0.95 0.94 0.94 0.93 0.92 0.92 0.91 0.90 0.90 Ronnel

1.00 1.00 .00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1,00 1.00 1.00 1.00 1.00 1.00 Aldrin (REFERENCE)
1.04 1.04 1.04 1,03 1.03 1.03 1.03 1,03 1.03 1.03 1.03 1.03 1.02 1.02 1.02 1.02 1.02 1.02 I-Hydroxychlordene
.41 1,39 .37 136 134 1,33 131 1,30 128 1.27 1.25 1.24 1.22 1.21 1.19 1.18 1.16 1.4 Dibuty! Phthalate
.43 1.4z 1.42 141 1.40 1.0 1,39 1.39 1,38 1.37 1.37 1.26 1.36 1.35 1.34 1,34 1.33 1.37  Oxychiordane
.49 1.48 1.47 1.46 1.45 1.44 1.43 1,42 1.41 1.46 1,39 1.38 1.37 1.36 1.35 1.3 1.33 1.32 M. Parathion
1.3 1.53 1.52 1.51 1.50 1,50 1.49 1.48 1.48 1.47 1.46 1.46 1.45 1.44 1.44 1.43 1.42 1.42 Heptachlor Epoxide
1.64 1.63 1.61 1.60 1.59 1.57 1.5 1.5 1.53 1.52 1.51 1.49 1.48 1.47 1.45 1.44 1.43 1.41 o CPA

170 1.68 1.66 1.64 1.63 1.61 1.59 1.57 1.5 1.53 151 1.49 1.48 1.46 1.44 1.42 1.40 1.38  Maathion

1.67 1.66° 1.65 1,63 1,62 1.60 1.59 1.57 1.5 1.55 1.53 1.52 1.50 1.49 1.47 1.46 1.45 1.43 o,p'-00F

1.65 1.64 1.63 1.62 1.61 1.61 1.60 1.59 1.58 1.57 1.56 1.55 1.5¢ 1,54 1.53 1.52 1.52 1.50 Chiordane, Gamma
1.84 1.83 1.82 1.80 1.79 1.78 1.77 1.76 175 1.74 1.73 V.71 1.70 1.69 1.68 1.67 1.66 1.65 Chlordane, Alpha
1.85 1.85 1.33 1.82 1.81 1.80 1.78 1.77 1.76 1.78 1.73 1.72 1.71 1.69 1.68 1.67 1.66 1.64 Trans-Nomachlor
2,00 2.07 2.05 2.02 2.00 1.9 1.96 1.94 1.91 1.89 1.87 1.85 1.83 1.80 1.78 1.76 1.74 1.72 E. Parathion
1.99 1.98 1,97 1.95 1.94 1.93 1.91 1.90 1.89 1.87 1.86 1.85 1.82 1.82 1.80 1.79 1.73 1.76 Endosufan 1
216 2.4 2,11 2.09 2.07 2.05 2,02 2.06 1.98 1.95 1.93 1.91 1.89 1.86 1.84 1.82 1.80 1.7 p,p'-DOE

2.27 2.25 2.22 2.9 216 2.3 2.0 2.07 2.04 2.01 1.98 1.96 1.93 1.90 1.27 1.84 1.81 1.78 DOA(ME)

233 2.31 2,29 2.27 2.24 2.22 2.9 2.7 2.5 2,12 2,10 2.07 2.05 2,03 2.00 1.98 1.96 1.93 o0.p'-DOD

2,43 2.4 2.33 2.37 2.35 2.3 2.31 2.29 2.27 2.25 2.22 2.20 2.8 2.16 2.14 2.12 2.10 2.03 Dieldrin

3.02 2.97 2.93 2.88 2.88 2.80 2.7 2.73 2.68 2.64 2.60 2.55 2.52 2.47 2.43 2.39 2.35 2.31 o,p'-DDT

2.76 273 2.7) 2.69 2.67 2.64 2.62 2.60 2.58 2.55 2.53 2.51 2.49 2.46 2.44 2.52 2.40 2.37 Endrin

3.22 3.7 313 3.08 3.04 2.98 2.94 2.90 2.86 2.82 2.77 2.73 2.68 2.64 2.59 2.55 2.51 2.46 p.p'-DOD

2.97 2.94 2.91 2.89 2.86 2.83 2.80 2.73 2.75 2.72 2.69 2.67 2.64 2.61 2.59 2.56 2.53 2.50 Chlordecone

319 3.6 3.13 3.10 3.07 3.04 3.00 2.97 2.94 2.91 2.88 2.85 2.81 2.78 2.75 2.72 2.69 2.66 Endosulfan 11
4,08 4.0z 3.9 3.8 3.81 3.76 3.68 3.60 3.53 3.47 3.40 3.32 3.27 3.20 2.13 3.05 2.98 2.90 Ethion

4.04 3.98 3.92 3.8 3.80 3.73 3.67 3.61 3.54 3.48 3.43 3.3 3.30 3.24 3.18 3.12 3.05 2.98 p,p'-DOT

4,08 4.02 3.98 3.90 3.83 3.78 3.72 3.5 3.59 3.52 3.47 3.40 3.34 3.28 3.22 3.6 3.10 3.03 Carbophenothion
67 65 64 63 -6.1 598 58 570 5.5 5.42 529 516 5.01 4.88 4.73 4.60 8.46 4.32 Methoxychlor

6.1 6.0 5.96 5.87 6.78 5.68 5.60 5,52 5.3 5.33 5.24 5.15 5.06 4.97 4.88 4.79 4.70 4.62 Mirex

73 7.2 1.1 7.0 6.9 6.8 67 6.5 64 6.3 6.2 61 5.9 588 575 564 553 5.42 Endrin Ketone"153"
1.0 0.8 10.5 10.2 9.9 9.6 9.3 0.0 8.7 8.2 81 7.8 7.5 7.2 6.9 6.6 6.4 61 Dioctyl Phthalate
122 1.9 116 1.3 1.0 0.7 0.4 0.1 9.8 9.5 9.2 8.9 8.6 8.3 8.0 7.7 7.4 7.1  Dipheny] Phthalate
N6 1.3 1M 0.8 0.6 103 101 9.8 9.6 9.3 9.0 8.8 85 €3 8.0 7.8 7.5 7.3  Tetradifon

I T T ] ] T 7 T ] ¥ ] T T T T T T 1
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Retention ratios, relative to aldrin, of 42 compcunds at temperatures from
170 to 204°C; support of Gas Chrom Q, 80/100 mesh; electron capture detector;

tritium source, parallel plate; all absolute retsntions measured from injection

point. Arrow indicated cptimum column operating temperature with carrier flow

at 70 ml per minute.

»~



Revised 6/77 Table 2(c) Section 4,4,(6)
5% OV-210 rage ©
Column Temperature , °C.
170 173 178 * 182 186 190 194 198 202 204
! ! ] | | | | { | | ' | | | Compound
0.43 0.43 0.44 0.45 0.45 0.46 0.46 0.47 0.48 (.48 0.49 0.49 0.50 0.51 0.51 0.52 0.52 0.53 Hexachliarobenzene
0.51 39.51 0.51 0.51 0.52 0.52 0.52 0.53 0.53 0.53 0.53 0.54 0.54 0.54 0.54 0.55 0.55 0.55 Dimethyl Phthalate
0.52 0.53 0.53 0.54 0.5 0.55 0.55 0.55 0.56 0.56 0.57 0.57 0.58 0.58 0.59 0.59 0.60 0.60 Tecnazene
0.58 0.59 0.59 0.60 0.60 0.81 0.61 0,62 0.62 0.63 0.583 0.54 0.64 0.65 0.65 0.66 0.67 0.67 Chlordene
0.58 0.58 0.59 0.60 0.61 0.62 0.62 0.63 0.64 0.65 0.66 0.66 0.67 0.68 0.69 0.70 0.70 0.71 a-BHC
0.65 0.66 0.66 0.66 0.67 0.67 0.67 0.67 0.68 0.68 0.68 0.69 0.69 0.63 0.70 0.70 0.70 0.70 CDEC
0.69 0.69 0.69 0.69 0.69 0.65 0.69 0.69 0.69 0.68 0.68 0.68 0.68 0.68 0.58 0.68 0.68 0.68 Mevinphos
2.73 0.73 0.72 0.72 0.72 0.72 0.72 0.71 0.71 0.71 0.71 0.7 0.70 0.70 0.70 0.70 0.70 0.569 Diethyl Phthalate
0.75 0.75 0.75 0.74 0.74 0.74 0.74 0.73 0.73 0.73 0.72 0.72 0.72 0.71 0.71 0.71 0.71 0.70 Diazinon
0.78 0.7 0.79 0.79 0.79 0.79 0.80 0.30 0.80 0.80 0.8 0.81 0.81 0.81 0.81 0.81 0.82 0.82 Lindane
0.85 0.85 0.85 0.84 0.84 0.8 0.3¢ 0.8 0.83 0.83 0.83 0.83 0.83 0.82 0.82 0.82 0.82 0.82 2,4-0(IPE)
0.83 0.33 0.4 0.84 0.84 0.84 0.3% 0.3% 0.34 0.84 0.84 0.84 0.85 0.85 0.85 0.85 0.85 0.85 PCNB
0.8 0.86 0.87 0.87 0.87 0.87 0.87 (.87 0.87 0.87 0.87 0.87 0.88 0.88 0.88 0.83 0.88 0.83 Heptachlor
0.93 0.93 0.%2 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.91 0.91 0.9t 0.91 0.91 0.91 8-BHC
1.00 1.00 1.00 1.00 1.00 1.c0 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 71.00 1.00 1.00 1.00 Aldrin (REFERENCE)
1.1 1.3% 1.38 1.37 1,35 1.3¢ 1.33 1.32 1.30 1.29 1.28 1.26 1.25 1.24 1.22 1.21 1.20 1.19 Ronnel
1.44 1,43 1.42 1.41 1.40 1.39 1.38 1.37 1.36 1.36 1.35 1.34 1.33 1.32 1.31 1.30 1.29 1.28 1-Hydroxychlordenre
1.59 1.58 1.57 1.8 1.55 1.54 1.53 1.52 1.51 1.50 1.49 1.48 1.47 1.45 1.4¢ 1.43 1.42 1.41 Oxychliordane
1.66 1.64 1.63 1.61 1.60 1,58 1.5 1.55 1.53 1.52 1.50 1.48 1.47 1.45 1.44 1.42 1.40 1.39 o,p'-00E
1.88 1.87 1.85 1.83 1.81 1.80 1.78 1.76 1.784 1.73 1.71 1.69 1.68 1.66 1.64 1.62 1.61 1.59 E;;ns-Nonach1or
1.8 1.87 1.85 1.83 1.82 1.80 1.78 1.77 1.75 1.73 1.72 1.70 1.68 1.67 1.65 1.63 1.62 1.60 Chlordane, Gamma
1.96 1.%4 1.92 1.91 1.89 1.87 1.85 1.8 1.83 1.80 1.79 1.77 1.75 1.74 1.72 1.70 1.68 1.67 Heptachlor Epoxide
2.05 2.03 2.02 2,00 1.98 1.9 1.94 1.92 1.90 1.89 1.87 1.85 1.83 1.81 1.79 1.77 1.75 1.74 Chlordane, Alpha
2.25 2.2 2,17 213 2,10 2.06 2.02 1.99 1.95 1.9t 1.87 1.84 1.80 1.76 1.72 1.69 1.65 1.61 Dibutyi Phthalate
2,21 2.18 2.16 2,13 2,10 2.09 2.04 2,01 1.98 1.95 1.92 1.89 1.87 1.84 1.81 1.78 1.75 1.72 Dimethoate
2.21 2.19 2.16 2,33 2,11 2.09 2.05 2,02 2.00 1.97 1.94 1.92 1.8 1.8 1.84 1.81 1.78 1.75 p,p’-DCE
2.54 2,52 2.49 2,46 2,44 2.41 2.38 2.35 2.33 2.30 (£.27 2.25 2.22 2.19 2.17 2.14 2.11 2.08 Eﬁaosu1fan I
2.60 2.58 2.55 2.53 2.50 2.48 2.46 2.43 2.417 2.38 2.36 2.34 2.31 2.29 2.26 2.24 2,22 2.19 0,p'-0DD
2.69 2.65 2.61 2,57 2.55 2.49 2.45 2.41 2.37 2.33 2.29 2.25 2.2} 2.17 2.13 2.09 2.05 2.01 665A
2.83 2.79 2,76 2.72 2.69 2.66 2.62 2.59-255 2.52 2.49 2.45 2,42 2.38 2.35 2.32 2.28 2.25 Chlordecore
2.97 2.92 2.8 2.81 2,75 2.70 2.65 2.59 2.54 2.48 2.43 2.38 2.32 2.27 2.21 2.6 2.11 2.05 0,p'-00T
3.0 2.95 2.89 2.84 2.79 2.73 2.68 2.63 2.58 2.52 2.47 2.42 2.36 2.31 2.26 2.21 2.15 2.10 ﬁé?éthion
2.9 2.91 2.87 2.82 2.78 2.74 2.70 2.66 2.61 2.57 2.53 2.39 2.45 2.40 2,36 2.32 2.28 2.24 M. Parathion
3.08 3.05 3.0 2.98 2.94 2,91 2.87 2.84 2.80 2.77 2.73 2.70 2.66 2.83 2.59 2.56 2.52 2.49 Dieldrin
3.71 3.66 3.61 3.56 3.51 3.46 3.41 3.36 3.31 3.26 3.21 3,12 3.11 3.06 3.01 2.96 2.91 2.86 Endrin
4.0 3.94 3.88 3.81 3.74 3.67 3.60 3.53 3.46 3.39 3.32 3.25 3.19 3.12 3.05 2.98 2.91 2.84 o,p'-000
4,45 4.3] 4.17 4.04 3.90 3.76 3.62 3.49 3.35 3.21 3.08 2,94 2,80 2.67 2.53 2,39 2.25 2.12 E.-Parathion
4,15 409 4.03 3.98 3.92 3.8 3.80 3.74 3.69 3.63 3.57 3.51 3.45 3.40 3.34 3.28 3.22 3.16 Mirex
4.38 431 4.23 4.16 4.08 4.01 3.93 3.85 3.78 3.70 3.63 3.55 3.47 3.40 3.32 3.25 3.17 3.09 p,p'-00T
4.78 4.70 4.63 4,55 4.48 4,40 4.33 4,25 4,18 4,11 4.03 3.96 3.88 3.81 3.73 3.66 3.58 3.50 En&osulfan 11
5.28 5,17 5.06 3$.95 4.84 4.73 4,62 4.51 4.40 4.28 4.17 4.06 3.95 3.84 3.73 3.62 3.51 3.40 Carbophenathion
5.90 5.77 5.63 5.50 5.36 5.23 5.09 4.96 4.82 4.69 4.55 4,42 4.28 4,15 4.01 3.89 3.74 3.61 Ethicn
7.3 7. 6.9 6.7 6.55 6.4 6.2 6.0 5.84 5.66 5.43 5.31 '5.13 4,95 4.77 4.60 4.42 4.24 Methoxychlor
13.6 131 12,7 12,3 11,9 mM.4 11,0 0.6 16.2 9.7 9.3 89 8.5 80 7.6 7.2 6.8 6.4 Dioctyl Phthalate
12.9 128 12,3 12,0 1.3 W.s 11.2 10.9 l0.6 10.3 10.1 9.8 9.5 9.2 8.9 8.6 8.4 8. gndrin Ketone "153"
27.0 19.4 18.9 18.3 17.3 17.3 16.7 15.2 15.6 15.1 14.6 14,0 13.5 13.0 12.4 11.%9 11.3 10.8 Tetradifon
2.0 20.4 19,7 18,1 18,5 17.8 17.2 16.5 15.9 15.2 14,6 13.9 13.3 12.6 2.0 11.4 10.7 10.1 Dipheny! Phthalate
I | i | | | LI P A l !
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Retention ratics, relative to aldrin, of 47 compounds at temperatures from

BO to 204°C: supoort aof gas Chrom Q, 29/100 mesh; electron capture detector;
M1 source; all absolute retentions measured from injection point.
{ndicated optimum column operating temperature with carrier flow at 50 ml

per min,

Arrow
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Section 4,A,(6)

Page 7
Table 2(d)
10% DC-200
Q
oc
Column Temperature,
170 174 178 182 186 190 194 198 202 204
T AR S I ST AR TN N
0.16 0.16 0.16 0.16 0.17 017 0.17 017 0.18 0.18 0.18 018 0.18 0.19 0.19 0.19 0.19 0.20 Mevinphos
"0.27 028 0.28 0.28 029 029 029 030 0.30 030 030 031 037 031 032 032 032 033 24D(ME)
034 034 035 035 035 0.36 036 037 0.37 035 038 0.38 "0.40 0.40 040 0.41 Phorate
035 035 0.36 0.36 037 037 038 0.38 039 039 0.40 0.30 0.417 0.41 042 042 042 043 a-BHC
035 0.35 0.36 036 037 037 037 0.38 0.38 039 039 039 040 040 041 041 041 042 CDEC
038 038 038 039 039 040 040 040 041 041 0M 042 0.42 0.42 043 0.43 043 044 24.D(IPE)
0.39 0.30 039 039 040 040 040 040 041 041 041 041 041 042 042 042 0.42 042 Simazine
041 0.41 0.41 04t 042 042 042 0.42 0.43 043 043 0.43 043 0.44 0.44 0.44 044 044 Atrazine
052 052 052 052 052 052 052 052 052 052 052 052 052 0.52 052 052 052 052 Diszinon
0.43 043 044 044 045 045 046 0.46 047 047 048 048 0.49 0.49 0.50 050 050 051 Lindane
043 043 048 048 048 049 049 049 049 049 0.49 049 0.50 0.50 0.50 050 050 050 2,4,5T(ME)
0.38 038 039 039 040 040 041 047 0.42 042 043 043 044 044 045 045 046 0.46 ﬁBHC
060 060 080 060 060 0.61 061 0.61 061 6561 061 061 0.61 06t 061 061 061 06t 24-D(BEH
0.45 0.45 046 046 0.47 047 047 048 048 049 043 049 050 050 051 051 051 052 §-BHC
078 0.78 078 078 079 079 079 079 08B0 0BO 080 08B0 080 0.81 081 081 081 082 Heptachlor
087 0.67 067 067 067 066 066 066 066 066 066 066 066 065 065 065 065 065 245 T(IPE)
071 070 070 070 070 0.70 070 070 070 070 070 069 069 069 063 069 069 069 24D(BEIH
062 052 052 052 052 052 052 052 052 052 052 052 053 653 053 053 053 053 Dichione
045 045 045 045 045 045 045 045 045 046 046 046 046 046 046 0.46 046 0468 Dimethoate
1.00 1.00 100 1.00 100 100 100 100 100 100 100 100 100 1.00 100 100 '0C 100 Aldrin (REFERENCE)
0.82 081 08t 08t 0.81 080 0BO 080 080 080 079 079 079 079 078 078 078 078 Ronnel
1.0 1.01 101 10t 100 1.00 100 100 100 100 100 099 099 099 099 099 099 098 1-Hydroxychlordene
068 068 068 068 069 063 069 069 069 063 069 069 069 063 069 063 069 069 M. Parathion
129 129 128 128 1.27 1.272 126 126 125 124 124 123 123 122 122 121 1.20 120 Heptachlor Epoxide
077 078 078 078 078 079 079 079 079 080 080 080 080 08) 081 081 081 082 Malathion
110 109 1.09 108 108 107 106 106 105 3105 104 103 103 1.02 102 1.01 101 100 D CPA
120 1.28 127 127 1.26 125 1.24 1.24 123 122 122 121 120 120 1.19 118 117 117 Dyrene
165 164 162 161 159 156 157 155 154 153 151 150 148 147 146 144 143 141 o,p-DDE
143 142 141 140 140 139 138 137 136 136 135 138 133 133 132 131 130 1.30 Chlorbenside
103 102 102 107 100 100 099 099 098 098 097 096 096 095 095 094 093 093 E. Parathion
164 163 162 161 167 160 159 158 1.58 157 156 155 154 154 153 152 151 150 FEndosulfan I
200 207 205 202 200 198 196 194 192 1980 188 185 183 181 1.29 177 1.75 173 BRp-DDE
181 1.79 177 175 173 171 169 167 165 163 161 150 158 156 154 152 150 1.48 DDAIME)
1.29 121 $21 120 120 119 119 118 1.18 117 1.17 116 1.16 115 115 114 114 1.13 Captan
130 1.29 3.29 1.28 127 1.27 126 1.26 1.25 124 124 123 123 1.22 1.22 121 1.20 1.20 Folpet
199 1.98 196 1.95 1.93 192 1.90 189 1.87 1.86 184 183 181 180 1.79 1,77 1.76 1.74 Dieldrin
260 2.56 253 249 245 241 238 234 230 2.27 223 219 215 211 2038 204 2.00 197 Perthana
2,13 2.11 2.08 206 204 201 199 197 1894 192 190 1.87 185 183 1.80 1.78 176 1.73 2.3'-000
290 286 283 2.79 2.76 272 268 265 261 2.58 254 250 247 2.43 240 238 232 2.29 0,p-DDT
2.22 2.20 2.19 217 216 214 213 211 2.09 208 2.06 205 203 201 200 1.98 1.97 1.95 Endrin
3.07 3.03 3.00 2.96 2.93 290 286 283 279 276 2.72 269 266 262 259 255 252 2.49 Chlordecone
272 269 266 262 259 256 252 249 246 242 239 235 232 229 225 222 219 215 Pp-ODO
229 227 225 224 222 220 218 217 2.5 2.13 211 210 208 206 2.06 203 201 200 Endosvlfen I
3.04 3.00 295 291 286 2.81 2.77 2.72 268 263 258 254 249 244 240 235 231 22v Ethion ’
3.72 3.67 3.62 3.57 3.51 1.46 3.40 335 329 3.24 3.18 313 3.08 3.02 297 292 286 2.8 P,p-DOT
3.42 337 332 3.26 3.21 3.18 3.11 3.06 3.01 296 290 285 280 2.75 2.70 265 260 2.55 Carbophenothion
3.23 3.19 3.5 3.11 3.08 3.02 298 1.93 2.89 2.85 2.80 276 272 267 2.63 2.58 2.54 2.50 Dilan |
89 68 67 68 65 64 63 62 61 60 590 580 569 559 548 538 5.28 517 Mirex
6.3 6.0 589 577 568 554 542 530 5.18 5.06 4.93 4.82 4.69 4.58 445 433 422 410 Methoxychior
4.07 4.02 396 389 3.83 3.77 3.70 3.64 358 352 3.45 3.39 333 327 2.20 3.14 3.08 302 Dilan Il
64 63 62 6.1 6597 585 573 562 550 538 5.27 515 503 492 480 468 457 445 Tetradifon
64 63 62 60 592 581 569 558 546 534 523 512 5.00 488 4.77 4.66 454 442 Azinphosmethyi
I T ] I ! [ I ! T W 1 I I i 1
170 174 178 182 186 190 194 198 202 204

Retention ratios, relative to aldrin, of 48 pesticides on a column of 10% DC-200 at temperatures from
170 to 2049C; support of Chromosorb W,H.P., 80/100 mash; slectron capture detector,
te; ali absolute retentions measurad from injection point. Arrow indicates

tritium source, paraliel pla;

P

g teamperatura with carrier flow at 120 mi per minuta.
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5%DC-200/7.5%QF-1
Column Temperature, °C.

\

170 174 178 182 186 190 194 198 202 204
N RN N N NN N Y AN N NN (N (AN NN NN SN DA

029 029 029 029 030 030 030 030 030 030 030 030 031 031 031 031 031 031 Mevinphos
) 040 040 040 040 040 040 041 041 041 0.41 041 041 042 042 042 042 042 042 2,4 D{ME)

043 044 044 044 044 044 044 045 045 045 045 045 046 046 046 046 046 046 Phorate

043 043 044 044 044 045 045 045 046 046 046 04/ 047 047 043 048 048 049 Qa-HMC

045 045 045 045 046 046 046 047 047 047 048 048 048 048 049 049 049 050 CDEC

054 054 054 054 054 054 055 055 055 055 055 0S5 055 055 055 055 055 055 2,4D(IPE)

054 054 054 054 054 054 054 054 054 054 054 05 054 054 054 054 054 054 Simazine

055 055 055 055 056 056 056 056 056 056 0S6 056 057 057 0687 057 057 057 Atrazine

059 059 058 059 058 058 058 058 058 058 058 057 0S7 057 057 057 057 057 Diazinon

055 055 056 056 056 057 057 057 058 058 058 059 053 059 060 060 060 061 Lindane

067 067 067 067 066 066 066 066 066 066 066 066 065 065 065 065 065 065 2.45T(ME)

057 058 0S8 058 0S8 058 058 0S50 059 059 059 050 060 060 060 060 060 060 [3BHC

083 083 083 082 082 082 08t 08! 081 080 080 080 079 079 078 078 078 077 24D(BEH
065 065 066 066 066 066 067 067 067 067 068 068 068 063 0 69 069 069 070 O-BHC

080 080 080 o080 08t O0B1 081 081 08! 08 08! 081 082 082 082 082 082 082 Heptachlor

090 089 08 089 083 088 067 087 086 086 085 085 084 084 083 083 082 082 245 T{IPE)

098 097 09 095 095 094 093 092 09) 091 090 089 089 088 087 086 085 o085 2,4D(BENI

084 084 084 084 084 084 034 084 085 O0B5 085 085 0B85 085 085 085 085 085 Dichione

095 094 094 093 093 093 092 092 091 091 091 090 090 089 089 089 088 088 Oimethoats

100 100 100 00 100 100 100 3100 100 100 100 100 100 100 100 100 1G0 100 Aldnn (REFERENCE)

102 101 101 101 100 100 100 09 092 €99 098 098 093 096 096 096 096 094 Ronnel

127 127 125 124 123 122 121 120 119 118 117 116 115 114 113 112 111 110 1 Hydroxychlordene

154 153 151 151 143 143 147 146 145 144 143 142 141 140 13y 138 137 136 M. Parathion

184 153 153 152 151 151 150 143 149 148 147 147 140 145 145 144 143 143 Hepachior Epoxide

173 171 169 167 165 163 161 159 157 155 153 151 149 147 145 143 141 139 Malathion

170 168 167 165 163 162 160 159 157 155 154 152 15t 149 148 146 144 143 D CPA

154 153 151 150 149 148 147 146 145 144 143 141 140 139 138 137 136 135 Dyrene

166 165 163 162 161 159 158 157 155 154 153 151 150 143 147 148 145 143 Op"-DDE

162 161 160 159 158 157 156 155 154 153 152 151 150 149 148 147 146 145 Chlorbenside

214 217 208 207 205 203 201 199 197 195 183 191 188 18 184 182 180 178 E. Parathion

200 199 197 19 195 194 193 191 190 189 18 187 186 185 183 182 181 180 Endosvifon I

218 213 211 209 207 205 203 201 199 197 195 193 190 188 186 184 182 180 Pp-DDE

228 225 222 219 216 213 210 207 204 201 199 196 193 190 187 184 1817 178 [DIDA(ME)

235 233 231 228 226 223 221 239 217 214 212 209 207 205 202 200 198 195 Captan

224 223 227 219 217 215 213 212 210 208 206 204 203 201 129 197 195 193 Folpet

240 238 237 236 233 232 230 229 227 225 224 222 221 219 218 216 215 213 Dieldrin

242 239 236 233 230 227 224 221 218 215 212 208 205 202 199 1896 193 190 Perthane

237 235 233 230 228 225 223 221 218 216 213 211 208 206 203 201 199 196 Op-DDD

291 287 284 281 278 275 272 269 265 262 258 256 253 249 246 243 240 237 0,p-DDT

281 279 276 274 272 269 267 265 262 260 258 255 253 251 248 246 244 241 Endrin

296 293 291 289 288 284 281 279 276 274 271 269 266 264 261 259 257 254 Chlordecone

322 318 3.4 310 306 302 298 294 290 286 282 278 274 270 266 262 258 254 P.p-DDD

322 319 346 313 311 307 306 3.02 299 296 293 290 287 284 281 278 275 272 Endosuifan I

410 404 398 391 385 379 3373 366 360 354 347 341 335 329 322 316 310 3.03 Ethon

407 400 393 386 379 372 365 358 351 344 337 330 323 316 309 302 298 288 Pp-DOT

412 406 400 354 388 382 376 370 363 357 350 344 338 332 326 320 314 3.08 Carbophenothion

63 62 61 598 587 576 565 553 542 531 520 510 500 488 478 468 456 446 Dilan |

898 591 583 576 568 561 553 546 538 530 522 515 508 500 492 485 478 470 Mirex

66 &5 64 62 631 597 8583 571 558 543 530 518 503 488 478 464 450 438 Methoxychlor

75 73 72 70 &9 68 66 65 64 62 6.1 594 580 567 552 540 526 511 Dilan 1] -
116 114 112 109 107 104 W02 100 97 95 92 90 88 85 83 80 78 78 Tetradifon
125 122 120 117 114 1.2 108 106 104 101 99 96 93 91 88 85 B3 80 Azinphosmethyl

1 ‘ T ‘ T ] I i T I T ] T T I T
170 174 178 182 186 190 194 188 202 204

Retention ratios, relative to aldrin, of 43 pesticides on a column of 5% DC-200/7.5%QF-1 at temperatures
from 170 to 2049C; support of Chromescrb W,H.P., 80/100 mesh; slectron capture datector, tritium source,
peratiel plate; all absolute retantions measured from injection point. Arrow indicates optimum column
operating temperature with carrier flow at 120 mi per minuta.

4,A,(6)
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Table 2(f)
1.6%0V-17/6.4%0V-210

Column Temperature, °C.

170 174 178 182 186 190 194 199 202
f:lllJ_,llllllrlll

0.36 0.37 ©0.37 0.37 0.37 .37 0.3, 0.33 0.38_0.38 0.38 0.38 0.39 0,39 0.33 0,39 9.39 0.39 Mevinphos
0.48 0.48 0.48 0.48 0.49 0.49 0.49 0.49 0.50 0.50 0.50 0.50 0,50 0.51 0.S1 0.51 0.51 0.51 2,h-D(ME)

0.51 0.51 0.51 0.51 0.52 0.52 0.52 p.52 0.52 0.53 D.53 0.53 0.53 0.54 0.54 0.54 0.54 0.54 Phorate

0.49 0.50 0.50 0.51 0.52 0.52 0.52 0.33 0.53 0.4 0.54 0.55 0.55 0.56 0.57 0.57 0.53 0.58 a-BHC

0.56 0.56 0.56 0.56 0.57 0.57 0.57 0.57 0.58 0.58 0,58 0,58 0.59 0.59 0.59 0.59 0.59 (.60 CDEC

0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.2 0.62 0.62 0.62 0.62 0.62 0.62 2,4=D(IPE)
0.72 0.72 0.71 ©0.71 0.7l 0.71 0.71 0.71 ©0.71 0.71 0.70 0.70 0.70 9.70 0.70 0.70 0.70 0.70 Simazine

0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.79 0.70 0.70 0.70 0.70 Atrazine

0.71 0.70 0.70 0.69 0.63 0.63 0.68 0.68 0.67 0.07 0.66 0.6 0,65 0.65 0.64 0.64 0.64 0.63 Diazincn

0.69 0.69 0.69 0.69 0.70 0.70 0.70 0.70_ 0.70 0.70 0.70 0.70 0.71 0.71 0.71 0.71 0.71 0.71 Lindane

0.84 0.84 0.83 0.83 0.82 0.82 0.82 0.81 0.81 0.00 0,80 0.80 0.79 0.79 0.78 0.78 0,78 0.77 2,k,5-T(ME)
0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.34 0.84 0.64 0.84 0.84 0.84 0.64 .84 0.84 0.84 8-3HC

0.96 0.96 0,95 0.95 0.94 0.93 0.93 0.92 0.91 0.91 0.90 0.90 0.89 0.88 0.58 0.37 0,86 0,86 2,k-D(BE)I *
0.97 0.97 ©.97 0.97 0.97 0.97 0.97 0.97 0.97_ 0.97 0.97 0.97 0.97 0.97 0.27 0.97 0,97 0,97 6-aHC

0.83 0.83 ©0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.53 0.83 0,83 0.83 ©.83 0.83 Heptachlor
1,02 1.02 1.0l 1,04 1.00 1.00 0.99 0.39 0.98_0.98 0.98 0.97 0.96 0.96 0,96 0.95 0.95 0.94 2,4,5-T(IPE)
1.13 1,12 1.12 1.1l 1.10 1.09 1,08 1.¢7 1.06 1.5 1,04 1.04 1.03 1.02 1.9l 1.¢0 0.)9 0..8 2,4-D(BE)II
1.14 1,14 1.14 1.14 1.14 1.13 1.13 1,13 1.13 1,13 1.13 1,13 1,12 1,12 1.12 1.12 1.12 1.12 Dichlone

1.30 1.29 1.29 1.28 1.28 1,27 1.26 1.26 1.25 1.25 1.24 1,23 1,23 1.22 1.22 1,21 1,21 1.20 Dimethoate
1.00 Aldrin (REFERENCE)
1,24 1,23 1.22 1.22 1,21 1.20 1.20 1,19 1.18 1.17 1.17 1.16 1.25 1.15 1,14 1,13 1.13 1.12 Ponnel

1.43 1,42 1.41 1.4 1.40 1.40 1.39 1.38 1.38 1.37 1,36 1.36 1.35 1.34 1.34 1.33 1.33 1.32 l-Hydroxychlordene
2.02 2.01 1.99 1.98 i.96 1.95 1.93 1.92 1.90 1.88 1.87 1.85 1.84 1.82 1.81 1.79 1.78 1.76 M. Parathion
1.81 1.79 1.78 1.77 1.76 1.75 1.73 1.72 1,71 1.30 1.69 1.68 1,66 _1.65 1.64 1.63 1.62 1.60 Heptachlor Epoxide
2.37 2.33 4.30 2.26 2.22 2.18 2.15 2.11 2,07 2,04 2.00 1.6 1,53 1,69 1.86 1.52 1,78 1.74 Malathion

2.06 2.04 2.02 1.99 1.97 1.95 1.93 1.91 1.88 1.86 1.84 1.82 1.80 1.77 1.75 1,73 1.71 1.69 DCPA

2.14 2.12 2.09 2.07 2.04 _2.02 2.00 1.97 1.95 1.92 1.90 1.87 1.85 1.83 1.80 1.78 1,76 1./3 Dyrene

2.04 2.02 2.00 1.9 1.95 1.93 1.91 1.89 1.87 1.85 1.83 1.80 1.78 1.76 1.74 1.72 1.70 1.€8 o,p'=DDE

2.18 2,16 2.14 2.11 2.09 2.07_2.04 2.02_2.00 1.97 1.95 1.93 1.90 1.88 1.86 1.84 1.81 1.79 Chlorbenside
2.80 2.76 2.73 2.69 2.66 2.62 2.59 2.55 2.52 2.48 2.44 2.41 2.37 2.34 2.30 2.27 2.23 2.20 E. Parathion
2.33 2.31 2.29 2.27 2.25 2.23 2.21 2,19 2,18 2.16 2.14 2.12 2.10 2.08 2.07 2,05 2.93 2,ul Endosulfan I
2.67 2.64 2.60 2.57 2.53 2.49 2.46 2.42 2,39 2.35 2.32 2.28 2.24 2.21 2.17 2.i4 2,10 2.06 p,p'-DDE

3.07 3.02 2,97 2.92 2.87 2.82 2.78 2.73 2,68 2.63 2.58 2,54 2.48 2,44 2.39 2.24 2.29 2.24 DDA(ME)

3,58 3.54 3,49 3.44 3,40 3.35 3.30 3,26 3.21 3,17 3.12 3.07 3.03 2.98 2,94 2.89 2.84 2.80 Captan

3.51 3.46 3.42 3.37 3.33 3.28 3.24 3.20 3.15 3.10 3,06 3.02 2.97 2.93 2.88 2.84 2.79 2.75 Folpet

2.94 2.92 2.89 2.86 2.83 2.80 2.77 2.74 2.71 2.68 2.65 2.62 2.60 2.57 2.54 2.51 2.48 2.45 Pieldrin

3.24 3.18 3.12 3.07 3,01 2.95 2.90 2.84 2.78 .72 2.66 2.6l 2,55 2 49 2.44 2.38 2.32 2.26 Perthene

3.26 3.20 3,16 3.10 3,05 3.00 2.96 2.90 2.86 2.80 2.76 2,71 2,66 2.6l 2.56 2,51 2.46 2.40 0,p'-DDD

3,81 3,75 3.70 3.64 3.58 3.52 3.46 3.40 3.35 3,28 3.23 3,17 3.11 3,05 3,00 2,94 2.88 2.82 0,p'-0DT

3.68 3.64 3.59 3.54 3.50 3.45 3.40 3.36 3.32 3.27 3.22 3.18 3.13 3.09 3.04 2.99 2.95 2.30 Endrin

3.18 3,15 3.12 3.09 3.06 3.03 3.00 2,97 2.94 2.9l 2.88 2.85 2.82 2.80 2.77 2.74 2,71 2.68 Chlordecone
4.63_ 4.55 4.46_ 4.38 4.30 4.21 4.i) 4.05 3.96 3.88 3.80 3.72 3.63 3.55 3,46 3.38 3.30 3.22 p,p'-DOD

4,60 4.54 4.48 4.42 4.35 4.30 4.24 4.17 4.12 4.u5 4.00 3.34 3.88 3.82 3.75 3.69 3.63 3.57 Erdosulfan II
6.2 6.0 5.92 5.79 5.67 5.54_5.42 5.29 5.16 5.04 4.92 4.79 4.67 4.54 4.42 4.29 4.17 4.04 Ethion

5.46  5.36 5.26 5.16 5.06 4.96 4.86 4.76 4.66 4.56 8.46 4.36 4.26 4.16 4.06 3.96 3.86 3.76 p,p'-DDT

6.35 6.2 6.1 5.96 5,83 5.69 5.56 5.43 5.30 5,16 5.03 4,90 4.77 4.63 4.50 4.37 4.24 4.10 Cartophenothion
2.1 .9 8.7 8.5 8.3 8.2 8.0 7.8 7.6 7.4 7.2 7.0 6.8 6.7 6.5 6.3 6.1 5.90 Dilan I

7.0 6.9 6.8 6.7 6.6 6.5 6.4 6.3 6.2 6.1 5,97 5.87 5.77 5.67 5.57 5.48 5.38 5.28 Mirex
10.9 10.6 10.4 10.2 10,0 9.7 9.4 9.2 9.0 8.8 8.5 6.3 8.0 7.8 7.6 7.3 7.1 6.8 Methoxychlor
10.5_10.3 10.0 9.8 9.6 9.4 9.1 8.9 8.7 8.4 8.2 8,0 7.8 7.5 7.3 7.1 6.8 6.6 Dilan II
17,5 17.2 16.8 16.4 16.0 15.7 15.3 14.9 14.5 14.1 13.8 13.4 13.0 12.6 12.3 11.9 11.5 11.1 Tetradifon
24.5 23.8 23.2 22.5 21.9 21.3 20.7 20.0 19.4 18.8 18.2 17.6 17.0 16.3 15.7 15.1 14.5 13.8 Azinphosmethyl

170 [ 114 ! ll; l ll? ! I!é [ ‘10 f 114 [ 118 | 2l7 |

Retention ratios, raiative to aldrin, of 49 pesticides on a column
of 1.6%0V-i7/6.4%0V-210 at- temperatures from 170 to 204°C; support
of Chromosorb W,H.P., 80/100 mesh; electron capture detector,
tritium source, parallel plate; all absolute retentions measured
from injection point. Arrow indicates optimur column operating
temperature with carrier flow at 70 m) per minute.
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Fig. 4 — Columnto Port Assembly - Explocled View

Silicone O -Ring

Back Ferrule

Nut

0- Ring Retainer

Glass Column

Fig. 4 (a)— Bubble Flowmeter 1

-/

Buret, 50 mi

Polyeth. Tubing,1/8"0.d.

Tygon Tubing,1/8"i.d. —

Rubber Buylb , 30 m| —

' Snoop”
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Figure 5. Standing current profile from 3H detector in constant
use 60 days. Instrument Tracor MI'-220; electrometer
attenuation 10 x 256, detector temp. 200°C., colum
3% OV-1, column temp. 180°C., carrier gas nitrogen,
flow rate 45 ml/min, purge flow 30 ml/min

25V. pd

4 20v. \ 4
Optimum polarizing
voltage (see Fig. 6)

15v.

5v.

Ov.o-—‘ o)
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Figure 6. Voltage/Response curve for 50 pg of aldrin from 34
detector in continual use 60 days. Instrument Tracor MI-220;
electrometer attenuation 10 x 32; column 3% OV-1, colum temp.
180°C., detector temp. 200°C., nitrogen carrier flow 60 ml/min
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Fig. 10. Copied from Pesticide Analytical Manual, Vol. l,gU.S. Food §
Drug Administration.

L meceatin Sdmncaned

Fig, 2--Baseline construction for some typical gas chromatographic peaks,
a, symmetrical separated flat baseline; b and c, overlapping flar baseline;
d, separated (pen does not return to baseline between peaks); e, separated
sloping baseline; f, separated (pen goes below baseline between peaks);
g, «- and Y -BHC sloping baseline; h, -, # -, and Y-BHC sloping baseline;
i, chlordane flat baseline; j, heptachlor and heptachlor epoxide super-
imposed on chlordane; k, chair-shaped peaks, unsymmertrical peak; 1,
p,p'~-DDT superimposed on toxaphene,
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Figure 11. Six-foot gas chromatographic column. Borosilicate glass, 1/4" o.d.,
5/32" i.d. - Corning No. 237300 or equivalent. Tubing o.d. to be
tested for assurance it will accomodate 1/4" Swagelok nut.

(If butt-jointed, the butt to be on one side, not at U-bend.)
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SUPPORT-BONDED CARBOWAX 20M COLUMNS

I.  INTRODUCTION:

Highly inert column packings have been prepared by chemically
bonding Carbowax 20M to different GC supports. The Carbowax is coated
on acid washed support, and, after heat conditioning, the nonbonded
phase is removed by solvent extraction. A thin layer of liquid phase
remains bonded to the support surface. Packings prepared in this way
have been used for the GC of chlorinated pesticides without further
treatment, and for heat-labile nitrogen-containing and other polar
pesticides after being coated with liquid phases such as OV-101 or
0V-210. The columns have been used with electron capture (Section 12,
A), Hall electrolytic conductivity (Section 4,C), and nitrogen-
phosphorus thermionic (Section 4,D) GC detectors for the separation and
analysis of pesticides.

The preparation of columns described in this section differs from
vapor phase deposition of Carbowax 20M (Section 4,B,(2), IV,2) used to
make columns more suitable for the GC of organophosphorus pesticides.
This earlier form of support bonding produces only temporary and less
complete deactivation and had to be repeated periodically.

REFERENCES:
1. Synthesis and Chromatographic Applications of Bonded, Monomolecular

Polymer Films on Silicic Supports, Aue, W. A., Hastings, C. R.,
and Kapila, S., Anal. Chem., 45, 725 (1973) and J. Chromatogr.,
77, 299 (1973).

2. Laboratory Preparation and Applications of Modified Carbowax 20M
Bonded Supports to the Gas Chromatography of Pesticides,
?integlin, W. L., and Moseman, R. F., J. Chromatogr., 153, 409

1978).

3. Rapid Procedure for Preparation of Support Bonded Carbowax 20M
Gas Chromatographic Column Packing, Moseman, R. F., J. Chromatogr.,
166, 397 (1978).
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PREPARATION OF SUPPORTS:

1.

Commercial support-bonded Carbowax 20M column packings are costly
and have proved to be variable among batches and suppliers. The
following laboratory procedure for preparing the packing is much more
rapid than earlier methods and produces a highly deactivated, low-bleed
material.
coated column packings for use in Tess than four days.

Wash
with

It is possible for one person to prepare support-bonded and

the commercial support (e.g., Chromosorb W or G) by slurrying
hot 6 N HC1 in a 350 ml coarse-frit Buchner funnel. Draw

off the acid with vacuum produced by a water aspirator. Repeat
the washing until all traces of yellow color are removed; no more

than
NOTE:

Wash

3 or 4 washings are usually required.

Acid treatment of supports, whether acid washed by the
manufacturer or not, greatly improves their chromatographic
performance, particularly for many pesticides that are
difficult to chromatograph.

the support in the funnel with several portions of distilled

water to remove excess acid.

Oven

dry the support at 100°C overnight and then coat with 3-5%

Carbowax 20M, using rotary vacuum (EPA Pesticide Analytical QC
Manual, Section 4G) or vacuum filtration (Technical Bulletin
No. 2A, 1967, Applied Science Laboratories, Inc.; see Section
4,A,(4).

Carry

out the heat treatment (support bonding) process in a 100 ml

volumetric pipet as follows:

a.

Pack the portion of the pipet below the bulb with uncoated
support held in place with glass wool plugs. Fill the
remainder of the pipet with coated support.

NOTE: The lower bed of support prevents back diffusion

of oxygen into the coated support.

Connect the pipet to the inlet of a Tracor MT-222 or
equivalent conventional gas chromatograph, using Swagelok
fittings drilled to the proper size and a ferrule fabricated
with PTFE to obtain a gas-tight seal between the pipet and
fitting (Figure 1).

Sweep nitrogen through the column packing at a flow rate
of 60 ml/minute for at least 2 hours at room temperature.
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d. Program the temperature of the GC oven to 270°C at
1°C/minute and hold for 16 hours.

e. Cool the oven to room temperature while maintaining the
nitrogen flow.

f. Remove the pipet and empty the contents into a 350 ml
coarse-frit Buchner funnel.

5. To remove nonbonded Carbowax 20M, slurry the support with the
solvent used for coating in Step 3 and draw off the solvent with
vacuum into a filter flask.

6. Repeat this process four or five times until two successive
washes yield no yellow color.

7. Transfer the packing material to a sheet of aluminum foil and
air dry in a fume hood.

8. If the support is to be used without coating, pack into a GC
column (Section 4,A,(2),I1I) and condition for at least 16
hours at 230°C (Section 4,A,(2),IV).

NOTES: 1. Be sure to purge oxygen from the column during
the conditioning process before increasing the
oven temperature.

2. An occasional reconditioning of columns at 230°-
240°C for overnight periods can be beneficial in
restoring performance of columns used for analysis
of 1ipid extracts.

3. A new Carbowax 20M column can exhibit a sharp
increase in response after injection of a number
of Tipid-containing extracts. It is probably that
the improved column performance is due to coverage
of residual active sites on the support.

9. If the support is to be coated with a Tiquid phase, use any
standard coating method, e.g., vacuum filtration (Step 3 above).
If fines appear to be a problem, pass the packing through the
proper mesh-size screen.

10. If properly prepared and used, columns can be stable for at least
several months. Exclusion of oxygen during operation at elevated
temperatures is an important factor.
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APPLICATIONS, CHROMATOGRAMS, AND DATA:

Coating the support-bonded material with OV-101 provides a column
packing that allows chromatography of many polar or heat labile
compounds such as intact carbamate pesticides, chlorinated anilines,
and metabolites of triazine herbicides, usually without derivatization.
Figure 2 shows the gas chromatogram for a nine-component mixture of
pesticides of different classes on a 3% 0V-101 column coated on
Chromosorb W support-bonded Carbowax 20M (A) and unbonded Gas-Chrom Q
support (B). A1l nine compounds chromatographed well on the support-
bonded packing, while the carbamate pesticides propoxur and carbaryl
did not chromatograph on the conventional column. The elution order
of eicosane (C,4), atrazine, and pentachloronitrobenzene (PCNB) can be
seen to vary on the two columns, presumably due to the presence of the
small amount of Carbowax. The carbamate pesticides carbofuran,
aminocarb, and mexacarbate also chromatographed well on the support-
bonded Carbowax 20M packing.

Figure 3 illustrates the separation of two N-dealkyl metabolites
of triazine herbicides that could not be chromatographed on convention-
al column packings. Figure 4 demonstrates the GC of several chlorin-
ated anilines that ordinarily require derivatization prior to
chromatography on a methyl silicone 1liquid phase. The chromatograms
shown in Figures 1-4 were all obtained using a packed 1.8 m x 4 mm i.d.
glass column and a flameless nitrogen-phosphorus detector.

Twenty-one pesticides varying greatly in polarity and chromato-

graphic behavior on conventional silicone-coated columns were evaluated
on modified Carbowax 20M supports with and without OV-210 coating.
Many of the chosen compounds are thermally unstable, yield unfavorable
separations, and/or give peaks characterized by tailing or broadening.
Supports were packed in 1.8 m x 2 mm i.d. U-shaped glass columns, and
compounds were detected with a 3H or ©3Ni electron capture detector.

Tables 1 and 2 compare relative retention values and chromato-
graphic efficiency as indicated by peak shape for the 21 pesticides
on each of five Carbowax 20M modified supports both with and without
O0V-210 coating. It was found that Gas-Chrom P and Q bonded with
Carbowax 20M gave, in general, the most desirable chromatographic
behavior. In addition, coating the modified supports with 0V-210
generally altered the relative retention values and improved the
chromatographic behavior and separations of the pesticides. Figure 5
depicts a typical improvement in peak shape due to coating a modified
support with 0V-210.

As expected, considerable improvement in chromatographic behavior
was also obtained for Carbowax 20M deactivated supports coated with
0V-210, compared to nontreated supports coated with 0V-210 (Figure 6).
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Carbowax 20M modified supports were also found to offer significant

advantages over columns treated with traditional silylating reagents
(Section 4,A,(2),1IV,2).

A1l of the data and figures in this section emphasize the
importance of a highly deactivated support when attempting the gas

chromatography of many polar and labile pesticides of current
importance to the analyst.



TABLE 1. PEAK SHAPE AND RELATIVE RETENTION ON CARBOWAX 20M MODIFIED SUPPORTS COATED WITH OV-210

Peak shape is defined by numbers: 1 = sharp peak with 1ittle or no tailing; 3 = broad but symmetrical
with 1ittle or no tailing; 4 = moderate tailing; 5
retention time (Parathion = 1.00). A1l column temperatures were held constant at 200.

severe tailing; N.P. = no peak.

RRT = relative

Pesticide 10% 0V-210 on 10% 0V-210 on 5% 0V-210 on % 0V-210 on % 0V-210 on
Chromosorb P Chromosorb G Chromosorb W Gas-Chrom P Gas-Chrom (
Peak  RRT Peak RRT Peak  RRT Peak  RRT Peak ~ RRT
) e shape ) _shape shape shape shape
Phosphamidon 3 0.10 1 0.10,0.712 1 0.08,0.10 1 0.12,0.14 4 0.12,0.15
Mevinphos 3 0.15 1 0.15 1 0.17 1 0.17 1 0.17
Methamidophos - - 3 0.15 5 0.17 3 0.15 4 0.15,0.26
Diazinon 3 0.20 1 0.23 1 0.20 1 0.21 1 0.15
Lindane 3 0.23 1 0.24 1 0.23 1 0.25 1 0.26
Disulfoton 3 0.24 1 0.25 1 0.25 1 0.26 1 0.27
Atrazine 3 0.29 1 0.30 1 0.26 1 0.28 1 0.30
Simazine 3 0.33 1 0.34 1 0.28 1 0.29 1 0.32
Benefin ~ - 1 0.25 1 0.28 1 0.29 1 0.28
Trifluralin - - 1 0.25 1 0.29 1 0.29 1 0.28
Adrin 3 0.27 1 0.28 1 0.28 1 0.29 1 0.29
Dioxathion 3 0.28 3 0.30 1 0.29 1 0.3 1 0.32
Chlorpyrifos 3 0.43 1 0.45 ] 0.44 1 0.46 1 0.46
Monocrotophos - - 3 0.25,0.84 4 0.76 3 0.7 4 0.26,0.74
Methyl Parathion 3 0.79 1 0.80 1 0.78 1 0.80 1 0.80
Parathion 3 1.00 1 1.00 1 1.00 1 1.00 1 1.00
Chlorpyrifos oxygen
analogue - - 3 0.86 . 1 0.23,1.00
p.p'-bDT 3 1.18 3 1.26 1 1.06 1 1.15 1 0.62,1.17
Paraoxon N.P N.P. 1 1.30 1 1.35 1 1.34 i 1.33
TEPP - - 3 1.47 1 1.40 1 1.41 1 1.39
Azinphos-methy! - - 1 7.36 1 5.74 1 6.06 3 7.10

“Very poor response with many small peaks and a large hump.
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TABLE 2. PEAK SHAPE AND RELATIVE RETENTION ON UNCOATED CARBOWAX 20M MODIFIED SUPPORTS

Peak shape is defined by numbers: 1 = sharp peak with 1ittle or no tailing; 2 = sharp but tailing;
3 = broad but symmetrical with little or no tailing; 4 = moderate tailing; 5 = severe tatling;

6 = peak poorly distinguished; N.P. = no peak. RRT = relative retention time (Parathion = 1.00).
ATl column temperatures were held constant at 175° with the exception of Chromosorb P which had a
column temperature of 220°.

Pesticide Chromosorb P Chromosorb G Chromosorb W Gas-Chrom P Gas-Chrom Q
Peak RRT Peak RRT Peak RRT Peak  RRT Peak  RRT
shape shape shape shape shape

Phosphamidon 4 0.13 : 0.05,0.07 1 0.08 1 0.52,0.78 1 0.11,0.85

Mevinphos 1 0.21% 1 0.12 1 0.16 1 0.14 1 0.14

Methamidophos 4 0.17 4 0.32 4 0.62 3 0.28 4 0.18

Diazinon 3 0.24 3 0.31 1 0.37 1 0.29 1 0.35

Lindane 1 0.27 3 0.26 1 0.24 1 0.31 1 0.3

Disulfoton 1 0.28 3 0.28 1 0.31 1 0.29 1 0.30

Atrazine 4 0.32 3 0.61 4 0.62 1 0.65 1 0.65

Simazine 4 0.33 3 0.72 4 0.70 1 0.82 1 0.86

Benefin 1 0.29 1 0.15 1 0.18 1 0.17 1 0.18

Trifluralin 1 0.29 1 0.14 1 0.18 1 0.17 1 0.18

Aldrin 1 0.32 3 0.25 1 0.26 1 0.26 1 0.28

Dioxathion 1 0.32 3 0.35 4 0.36 3 0.37 1 0.38

Chlorpyrifos 1 0.46 3 0.59 1 0.60 1 0.55 1 0.56

Monocrotophos 4 0.78 4 0.16,1.48 5 2.22 2 1.49 2 1.46

Methyi Parathion 1 0.82 3 0.84 1 0.72 1 0.90 1 0.90

Parathion 1 1.00 3 1.00 1 1.00 1 1.00 1 1.00

Chlorpyrifos oxygen

analogue 6 - 6 - 6 - 1 0.78 1 0.72,1.84

p,p'-DDT 3 1.1 3 2.32 3 0.82,1.99 1 2.39 2.34

Paraoxon N.P - 3 1.06 4 1.35 1 1.04 1 1.06

TEPP 1 2.36 3 2.90 1 3.17 1 2.51 1 2.58

Azinphos-methyl N.P. - 3 12.06 3 10.17 1 13.00 1 11.75

|
|

“Peaks on a solvent front; could not distinguish peak shape.
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PREPARATION OF SUPPORT-BONDED CARBOWAX 20M GC PACKING

(507} GC INLET
% wch SWAGELOK NUT
AND FERRULES

FEMALE ADAPTEN
1/4 inch THBE TO 178 «nch PIPE
SWAGGELOK NQ 501 A 2F

MALE CONNECTOR
5/16 inch TUGE TO 1 8:~~h PIPE
SWAGELOK NO 50012

100 mi VOLUMETRIC PIPET

FIGURE 1. Swagelok adapter for heat treating in a GC oven.
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FIGURE 2. (A) Gas chromatogram of nine-component mixture on 3% 0V«101 coated
on 80-100 mesh Chromosorb W support-bonded Carbowax 20M. (B) Same mixture on
3% 0V-1 coated on 80-100 mesh Gas-Chrom Q. Column temperature, 185°; helium
flow-rate, 57 ml/min. Perkin-Elmer N-P detector, nitrogen mode.
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Gas chramatogram of N-dealkyl
metabolites of triazine herbi-
cides with same conditions as
in Fig. 2A.
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Gas ch