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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.
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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.
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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



Revised 12/15/79 Section 3, D
Page 6

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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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.
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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.
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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.
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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
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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.

6L/51/21 PasiAdy
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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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Figure 3.

Gas chramatogram of N-dealkyl
metabolites of triazine herbi-
cides with same conditions as
in Fig. 2A.
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ANILINE 35 - 0ICHLOROANILINE
O=CHLOROANILINE
M= CHLORQANILINE
_1- 1 ! | 1 ] I ]
2 4 6 8 10 12 14
MINUTES
Figure 4.

Gas chramatogram of chlorinated anilines
on 2% OV-101 coated on 80-100 mesh
Chramosorb W support-bonded Carbowax 20M.
Col tempgratu:re rogrammed from
lOOgm;o 160°C at BOIC)/Im'_nute ; 4 minute
initial hold.
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Fig. 5. Chromatograms of monocrotophos on Carbowax 20M modified Chramosorb W
support before éA) and after (B) ocoating with 5% Ov-210. Column
temperature 175°C in (2) and 200°C in (B).

i ‘) h
2 L3 1] L] 10 12 me 2 4 1] § 19 12 min

Fig. 6. Chromatograms of disulfoton on (A) nontreated Chromosorb P coated
with 10% OV-210 and (B) Carbowax 20M modified Chgon‘osorb coated
with 10% OV-210. The colum temperature was 200 C in both cases.
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Preparation of Coated Packings
Use of the HI-EFF~ FLUIDIZER

This hulletin describes the procedures used 1n making coated
packings by means of the HI-EFF 2 Fludizer* Although the
procedures described in this bulletin may at first glance appear
complicated, with a little study and oractice packings of the
highest guality can be easily and guickly made {1)

CONTENTS
Section Page
I. Description 1
11. Cleaning 1
111, Fluidization Gases 2
1V. Precautions 2
V. General Operation 2
V1. Temperature Calibration 2
Vi, Filtration-Fluidization Procedure 2-3
V1li. Slurry-Fluidization Procedure 4
| X. Teflon Coating Prccedure 4
X. Other Drying Techniques 4

*J S. Patent 3, 513, 562
(1) Kruppa, R 7, RS Heniy, and D L Smeaq, Improved Gas Chroma-
tography Packings with Fluidized Orying, Apal_Chem 39, 851 11967}

|. DESCRIPTION OF THE FLUIDIZER

if a gas s passed upward through a porous plate covered
with a finely chvided solid, the particies are suspended and in-
umately mixed in the gas stream. The suspended partictes ex-
hibit fluid characterisucs and the process 1s called fluidization
This process provides an ideal method for drying pack.rgs in-
tended for gas chromatography Fluidization drying prevents
ctumping of the packing and insures uniform coating of the
support with stationary phase. The basic parts of the HI-EFF
Fluidizer are shown and labeted .n the exploded view Base
section, cap, and barrel are made of chrome-plated brass The
screen cap prevents the packing from btowing out of the barrel
if the gas rate 15 imitially toc mnigh The barrel screws inte the
base section and clamps the porous plate in position The base
15 designed with a spirai insert (silver soidered in place! which
provides good heat transfer characteristics for preheating the
gas when the Fluidizer 1s set on a hot plate The base also con-

tains 32 6 mm thermowet 0 permit measurement of gas temp-
erature An interchangeable hose bib and a compression fitting
are 'ncludea with the unit, permitting the use of either metal

‘-

Barrel

or rubber tubing to connect the Fiuidizer to a gas cyiinder

The umit s already assembied when received but can be
stripped down to its basic parts simpiy by unscrewing the bar-
rel from the base, exposing the porous bronze plate. The plate
rests on a flange and drops out when the base is inverted

1i. CLEANING

The Fluidizer can be cleaned simply by blowing out residual
packing with compressed gas, but for thorough cleaning the
umt should be disassembled and the barrel, cap, and porous
plate soaked in a suitabie solvent Clean the base section with
the solvent used for the phase if a solution of phase has
inadvertently been pourad nto the unit without gas flow
WARNING [f this happens when the base i1s heated, the base
can become piugged and the porous plate ruined
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11l. FLUIDIZATION GASES

Nitrogen 1s recommended for the fluidization gas because it
s inert and inexpensive, although comopressed air can be used
for phases which are not sensitive to oxidation A HYDRO-
PURGE® or simiiar molecular sieve trap can be inserted in the
gas hine between the cylinder and Fluidizer, f desired A cylin-
der reducer vaive for the 3-50 psig range s recommended, al-
though a 0-250 psig vaive may be used if great care s taken
when turning on the fluidizing gas.

V. PRECAUTIONS

This unit may e sed to prepare almost every type of pack-
inq used for gas chromatography columns except those contain-
ing highly corrosive mater:als such as silver mitrate, strong acids
1H;P0O,, H.S50,, etc), strong bases (NaOH, KOH, etc.) or
COrrosive Organics.

There is no need to operate this umit above 150°C (its tem-
perature lirmt) Oiscotaration of the chrome plating on the base
can be expected from proionged usage or excessive high temp-
erature exposure but this will in no way :nterfere with the op-
eration of the unit 7 he barrei shouid e replaced (f it hecames
baaly discolored, although this is unlikely to happen (f the
temperature hmit 1s observed

V. GENERAL OPERATION

A small amount (50 g} of GAS-CHROM S is supphied with
the HI-EFF Fluidizer To become familiar with the operation
of the umit it 15 suggested that the user practice with this sup-
port by carrying the grocedure through the filtration stage
{Section V11) with scivr .t alone (a stationary phase is not
necessary in this case) A maximum of 50 g of packing can be
made with one fiiling of the Fluidizer. Heat s supplied to the
packing by preheating the fluidizing gas This 1s easily accom-
plished by setuing the Fluidizer on a hot plate (any tvpe avail-
able in the laboratory s satisfactory) Heat from the hot plate
is transferred to the gas as it flows through a long spwral path
in the base of the Fluidizer and emerges below the porous
plate Gas temperature can be measured by inserting a labora-
tory thermometer in the well in the base. The heat supply
should be controiled by operating the hot plate through 3 lab-
oratory Vartac (See Section V1) In this way the gas tempera-
ture below the porous piate can be maintained within a 5°C
range.

In generai, good pdackings can be produced with gas temper-
atures i the range ot 40 to 100°C A good rule of thumb is to
operate with the gas temperature jusi below the boiling point
of the soivent being removed With sohid stationary phases oest
results appear to be obtained with gas temperatures below the
melting point of the phase The Fluidizer will operate correctly
with gas pressures of 1 to 2 psig.

VI. TEMPERATURE CALIBRATION

Although the gas temperature can be measured while drytng
1s in progress, we recommend that a simple temperature versus
Varnac voltage calibration plot be made initially with the user’s
hot plate. This allows the voitage to be preset when a packing
1s t0 be dried.

Section 4.4, (7)

Page 12

To carry out the calibration, place apout 25 grams of dry
support {as supplied) in the Fluidizer, place the Fluidizer on
the hot plate, and apply a low heat (about 20 voits Variac set-
ting). After 10 minutes graduatly start the gas flow and set a
rate which will resuit in gentie fluidization of the supporz (See
Notes 1 and 2 in section VIl) Take successive temperature
readings at 5 minute ntervals until two consecutive readings
agree within 5 degrees. Record this temperature and voltage
Raise the voltage 1n several increments until a gas temperature
of 100°C 1s reached, record the temperature for each voltage
setting, and make a plot of gas temperature versus Vanac voi-
tage

Use of this plot without measuring temperatures while dry-
ingshould be satisfactory However, if desired, the gas tempera-
ture can be rneasured during operauon and a finer control ot
remperature obtained by smal! adjustments of voltage. Remem
ber Do not exceed 150°C

VH. FILTRATION-FLUIDIZATION PROCEDURE

Do not start this procedure untii you have read the instruc-
tions all the way through. The notes are particularly important.

The following symbois will be used tn this description
a = number of grams of support to be coated
b = desired percent {w/v} of stationary phase, divided by 100

Step 1 Weigh a grams of support into a beaker or similar con-
tainer Weigh 5ab grams of stattonary phase in another
beaker {Note 3) Measure 5a mi of solvent in a grad-
uated cylinder and add to the stationary phase (Note
4} Completely dissolve the liguid phase i the sob-
vent by stirring with a glass rod or with a magnetrc
stirrer  Minimize evaporation of the solvent so that
stattonary phase concentration will not be changed
significantly.

Step 2. Place the H!-EFF Fluidizer on the hot plate, turn on
the Variac and allow the unit to warm up without gas
flow while performing Step 3. Step 3 and warm-up of
the Fluidizer both require about 10 minutes and
should proceed simultaneously

Step 3. Slowly add ‘he support to the sclution of statonary
phase whiie stirring constantty but gently with a glass
rod or other convenient device Let the support settle
for 5 minutes {Note 5i, then slurry again by gentfe
surring {Note 6). Immediately pour the cream-like
mixture 1nto a Buchner funnel mounted on a vacuum
filter flask, Apply vacuum to the flask with an aspira-
tor and filter off the excess soluton. Continue filtra-
tion untit solution ceases to drip from the funnel.
Step 4. Transfer the damp packing to the Fluidizer through a
wide mouth funnel by inverting the Buchner funnel
aver the Fluidizer and tapping gently with the heel of
of the hand. Slowly turn on the fluidizing gas and
closely observe the packing. 1t wiil rnise upward as a
solid plug and the proper gas setting can be made by
allowing oniy a 1/4 to 1/2 inch nise of the upper sur-
face of the plug of packing 1n the barrel (Note 1).
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Step 5.

Step 6.

Note !

Note 2.

Note 3.

Put the cap in place and leave the umit alone for 2
minutes. After 2 minutes the packing should begin to
fluidize. At this point st may occasionally be necessary
to give the Fluidizer a vigorous shake in order to start
fluidization f the fluidization 1s too violent, decrease
the gas flow rate {Note 2). The packing is dry when no
odor of solvent can be detected in the effiuent gas
stream at the top of the Fluidizer The total drying
time will be 5 to 15 munutes, depending on the
amount of packing and volatillity of the solvent used
in making the packing.

Pour the finished packing from the Fluidizer by grasp-
ing the barrei near its top (Note 7) Set the Fluidizer
aside to cool and clean 1t with compressed gas or sol-
vent as described under Section 1.

Notes and Sample Calcuiations for
Filtration- Fluidization Procedure

When gas flow 1s started, the gas pressure should be raised
siowly and carefully |f 100 much pressure 's suddenly apoied,
the siug of wet packing will blow out the top of the Fluidizer

if the gas rate 15 too high after flundization of the packing
starts the packing will impinge cn 3nd cling to the underside
of the screen cap This is readily observed f 1t occurs in rhis
case, decrease the gas rate and remove the cap temporariy to
observe rhe packing When fluiaization s correct, the packing
will ook like a gentiy boiling liquid The gas rate can be ad-
justed accordingly, out pressures in the range of 1 10 5 psig
wiil give the desired resutts

The Fiudizer 1s mited to 50 gram charges |n most cases a
0% {(wiv) sotution of stationary phase will resuit closely 1na
b% {w/w) coating on the packing {as \n Sampie 1 under Note
8) The most notable exceptions are the siicone gums such as
OV-1, JXR, SE-30, W-98, etc in general, a b% (w/v) solution
of these silicones will make a 2b% {w/w) coating Thusa 1 5%
(wivl solution of OV-1 wiil produce a 3% ‘w/w} coat (see
Sampie 2 under Note 8)

Polyester and organosilicone phases tend to coat shightly high
at high pnase loadings Thus a 3% {w/vl solution wil} produce
a 3% (w/w) coat, a 10% {w/v) solunion wiil produce an 11%
{wiw) packing, and a 16% (w/v) solution results in a packing
with about 19% (w/w) coat See Sample 3 under Note 8.

The best method for deterrining phase cancentranion
coated on thesupport is to perform a Soxhiet extraction on 3
portion of the packing. {f this is done over a range of concen-
trauons, a calibration curve can He produced See Parcher,
JF,and P Urone, J Gas Chromateg. 2, 134 (1964)

A simpier alternative, aithough not exact, s based on the
solution retained by the packing during fiitranon There 15 a
good indication that the amount of phase coated on the
packing 15 directly proportional to the volume of solution
remaining on the support after the filtration step

Let F = the filtrate volume 1n mi,
then 5a — F = § ml solution retained on support
and % coat = 100Sb/(a+Sb}

In this laboratary the above method has been found to be
quite accurate for iarge {1.e. SO0 g) batches of packings The
inaccuracies encountered with small scale batches depend on
the evaporative losses of the soivent Sample calcuiations are
shown in Note 8

Note 4.

Note 5.

Note 6.

Note 7.

Note 8.

100 sb

Section 4,A, (7)
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For support mesh sizes of 80/100 or higher, a ratio of solvent
to support (v/w) of 515 used. For mesh sizes berow 80/100,
such as 60/80, the ratio should be & Therefore 6a ml of soi-
vent and Bab grams of stationary phase shouid be used for
mesh sizes of 60/80 or below. See Sampie 3 under Note 8 for
the latter case.

At the end of 4 minutes 1t 1s advisable to remove ail particies
which float on the surface of the sotution. These particles are
not wet by the solution and therefore are not coated. They
can be skimmed off the surface with an eyedropper inserted
nto a pece of rubber vacuum tubing connected to the filter
flask 10 be used for filtration of the packing. By applying a
vacuum to the fiter flask the particles are arawn into the
flask Minimize the amount of solution removed and do not
empty the filter flask if you plan to estmate the percznt coat
ing by using the filtrate measurement technique described ‘n
Note 3.

When surring, do not rub or abrade the cacned-down support.
Stir the solution vigorously, starting at *he top of the support
and working down slowiy until all the support s siurried

The base 3nd lower part of the barret become warm during
normai operation However, the top of the barrel shouid re-
main cool enough ‘0 hold uniess the temperature timit s
exceeded

Sample caiculations for this procedure
Sampie 1. Packing desired = 10% OC 200 on 8G/100 GAS-
CHROM Q
a = 25 g GAS-CHROM Q
Ba = 125 mi CHCl,
b = 10/100 = 0 10 g¢/mi
5ab = 125 {0.10) = 12.5 g DC 200 to be used

After filtration
F =95 mi
S=56a—~F=1256-95=30mi

(30)(0.10)

a+Sb

Sab

100Sb
a+ Sb

6ab =

6a

=100 - =

35+ 30)(0.10) | 0% coaung

Sample 2. Packing desired = 3% OV-1 on 100/120 GAS-
CHROM Q

a = 50 g GAS-CHROM Q
Ba = 250 mi CHCl,

b = 1.5/100 = 0.015 g/mi
= 25040.015} = 3.75 g of OV-1 to be used

After filtration
F =150 mi
S =5~ F =250 - 150 = 100 mi

{100}(0.015)

"50 + (100)(0.015) - 2-9% coatng

Sample 3. Packing = 15% EGSS-X on 60/80 GAS-CHROM P
a =25 g GAS-CHROM P

150 mi CHCl,

13/100 = 013

150(0.13) = 195 g EGSS-X to be used

{caicuiation continued on page 4}

b
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After filtration

F=115mi
S=6a—F =150 - 115 =35 mi
100Sb i3%){0 13)
= = 15 49% coating
a+ Sb 25 + (35)(0 13)

VHI. SLURRY-FLUIDIZATICN PROCEDURE

The quality of packings prepared by this technigue can
equal that of packings prepared by the Fitration-Fiuidization
technique descriced 'n the previous section However, great
attention to derall during the oreliminary drying steo is essen-
p1al to achigve the best possidie packing

Step 1 Seiect the desired number of grams of packing to te
made, eg 500 g isee examoie at end of secrom

Viultiply this number v the percent nnase coat de-
sired, expressed as a dec w3 . e 003 tor 3% Care-
fully ‘veigh out in a beaker the amount of phase calcu-
lated Subtract this weight from the grams of packing
desired to get the weight of support ‘Neigh aut the
SUDpOrt (N a separate beaker Oissolve the phase in a
solume of ;olvent equai hin miy to 3 5 times the weight
of pack'ng desired, then aod the support siowly to the
solution wwith constant stirring) to form a slurry it
mav he necessary to add additional solvent to com-
plete the siurry The final siurry snould have the con-

sistency of thick cream Transfer the siurry to a fiat
dish and dry stowly under an infrared iamp or on a
warrm hot plate

Step 2. When the transfer of the sturry to the dish 1s com-
olete, excess solution can readily pe seen Solvent from
the excess solutton must be evaporated during this
step, but the packing must sull be wet when trans-
ferred to the Fluidizer While it 1s drying the packing
must be stirred constantly and gently to maintain uni-
formity The packing 1s ready for the Fluidizer when
it looks itke wet sand or cottage cheese No solution
should be evident, but the packing should still be quite
wet and sticky The wet packing s now transferred to
the preheated Fluidizer The transfer shouid be made
with some gas flowing through the Fluidizer If the
packing 1s too wet when 1t s ptaced in the Fluidizer
the porous disc may be piugged oy the excess solution
An inexperienced operator will tend to transfer the
packing etther 100 soon or 00 {ate during the prefim-
nary dryingstep. Step 2 1s the critical step in this pro-
cedure

Step 3. Fina! drying by flutdization 1s now accompiished as
described 1n Steps 4, 5, and 6 of the Filtration Fiuidi-
zation procedure {Section VI1) The Siurry Ftuidiza-
uon procedure 15 nat recommended for Teflon sup-
ports A sampie calculation for this procedure s given

beiow

Section 4,A, (7)

Packing desired = 53 grams CE&%S%H"’]’I%WF’ SE-30
Weight of SE30-010x500=5049g

Weight of support =50 ~5=450g

Dissalve the SE-30 in 50 Q times 3 S or approximately
175 mi ot chioroform For all slurry coatings the
axact amount of phase and support s calculated as
above

IX. TEFLONE COATING PROCEDURE

Excellent uniform coated packings may be prepared from
Teflon supports by the Filtration-Fluidization procedure The
method s the same 3s hat described in Secuion Vil but the
Fiuidizer s not neated Consequently Step 2 of Section VIl s
omitted The damp Teflon nacking is trarsferred from the fun-
nel (o the Fluidizer .n 3 manner denticat to that described
2ariier for reguiar CC packings Immediately after transferring
the damp Tafion packing o the Fruidizer the fluidizing jas 1s
turned on Solvent 2vaporation wili cool the Fluidizer, Teflon,
and phase to below the transition remperature of Tefion (19°C)
This cooling il permit fliidization of the material wvithout
undue aggregation of the parucles tlump formation After 5
minutes the Teflon packing should pe Huidizing if not, a vig-
crous shake of the Fluidizer will start the orocess When the
odor of solvent 's no longer svident (usually after 20 1o 25 min-
utes) the packing .s fimished and can be poured nto a piasuc
bottle for storage Do not attempt to scrape out the material
w~hich adheres to the walis or cap of the Fluidizer, necause it I1s
anevenly coated and aggregated Use caution when cleaning the
unit after working mth Terlon because of 1ts tendency to stick
to the unit at room temperature.

We suggest that you use highly volatile solvents for Teflon
coatung Such solvents as methylene chloride, acetone, ether,
and chioroform seem to work best

For more information about working with Teflon as a sup-
port see Kirkland JJ, Anar Chem 35, 2003 {1363} and Ap-
ptied Science’s GAS-CHROM Newsietter 8, No 3 (July 1967)
Reprints of both articles are available from Applied Science

Teflon@’ is a registered trademark of the E.1 Dupont Company

HI-EFF® 1s a reqistered trademark of Appliea Science Laboratonaes, inc.

X. OTHER DRYING TECHNIQUES

1f the Fluidizer 1s not to be used as the drying method,
the pasic procedures outiined in this bultetin can still be fol-
iowed The other drving methods are weil aescribed in these
references

Horming, E C, Moscateth, € A., Sweely, C.C , Chem. and Ind
(London), 751(1959)

Zuoyk, W J, Conner, A Z, Anal Chem 36, 912(1960)
Wouiz, H H , Chattoray, SC, Anal Chem 36, 1467(1964)
Purnelf, Howard, "'Gas Chromatography,” Wiley, New York,
1962. p 240
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GAS CHROMATOGRAPHY-FLAME PHOTOMETRIC
INSTRUMENT

INTRODUCTION:

Some of the instructions in this section apply specifically to
the Melpar flame photometric unit marketed by Tracor, Inc. Other
guidelines are broadly applicable, irrespective of the make of the
gas chromatograph.

It should be borne in mind that the selection of a proper combi-
nation of operating parameters is critical for operation at maximum
sensitivity and minimum noise; therefore, the following guidelines
should be carefully considered for the achievement of these
objectives.

FLOW SYSTEM:

The reader is referred to page 1 of Section 4,A,(1). Flow
systems should be tight but the F.P.D. is not as sensitive to leaks
as electron capture detection.

In addition to the carrier gas, the F.P.D. requires Hydrogen,
Oxygen and possibly, air to operate. Leaks in these systems can be
hazardous from the explosion standpoint.

DETECTOR:
This subject is covered in detail later in Section 4,B,(3).

ELECTROMETER:

See Section 4,A,(1), III. The electrometer for the F.P.D., must
deliver at least 750 VDC, and should be capable of delivering at
least 1 x 10™° amperes bucking current.

TEMPERATURE PROGRAMMER:

See Section 4,A,(1), IV.

PYROMETER:

See Section 4,A,(1), V.
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VII.  MISCELLANEQUS:

See Section 4,A,(1), VI.
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GAS CHROMATOGRAPHY-FLAME PHOTOMETRIC
COLUMNS
SPECIFICATIONS:

The specifications given in Section 4,A,(2), page 1 should be
reviewed.

COLUMN SELECTION:

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

B. 5% or 10% 0V-210 - coated on silanized support, 100/120 mesh.
See Section 4,A,(2), II.

PACKING THE COLUMN:

See Section 4,A,(2) for details.

COLUMN CONDITIONING:

1. Heat condition a 6-foot column of 4% SE-30/6% 0QV-210 (QF-1)
according to Section 4,A,(2), IV,1.

2. It has been determined that a Carbowax deposition treatment will
significantly enhance the F.P.D. response of GLC columns com-
prised of Chromosorb W, H.P. as the support. The treatment has
not appeared to produce any difference in columns of Gas-Chrom Q
support. The Carbowax treatment outlined differs slightly from
the method reported by Ives and Guiffrids® in that the 10%
Carbowax is packed directly into the front end of the column in
the published procedure. In the following procedure, the 10%
Carbowax is contained in a short piece of extension tube, and
attached to the front end of the column, thus leaving the front
end portion of the GLC column undisturbed.

a. Place a small wad (ca 1/2 in.) silanized glass wool in one
end of a 3 in. length of 1/4 in. o.d. glass tubing. Pack
loosely with 2 inches of 10% Carbowax and place another wad
of glass wool in the other end of the tube (Figure 1).

1/ Gas-Liquid Chromatographic Column Preparation for Adsorptive

Compounds, Ives and Guiffrida, JAOAC, 53, 5, 1970, 973-977.
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Place Swagelok nut, ferrule and "(Q" ring on each end of
the packed tube. Pass one end of the tube half way through

the male union and attach Swagelok nut to union as tight as
possible.

Attach other end of tube to the column inlet port in the
oven, tightening Swagelok nut as much as possible. Place
1/4 in. nut on inlet end of the 6-ft. GLC column (pre-
viously heat conditioned) and insert into the male union
until it touches bottom end of 3 in. tube, then slack off
very slightly to prevent glass ends from grinding together
when nut is tightened (Figure 2).

Thoroughly tighten Swagelok nut to attach GLC column to
male union and place some object on the floor of the oven
to function as a retainer in case GLC column should slip
out of the union during conditioning period. A Little

Jack works nicely. Bring oven heat up to 230° to 235°C and
apply a carrier gas flow of 20 ml/min. Hold for a 17-hour

period.
NOTES:

1. The combined parameters of temperature, time and
carrier flow are critical in the assurance of
uniformity of vapor phase deposition as affecting
ultimate retention characteristics.

2. Special materials needed include:

(a) A 3-in. length of borosilicate glass tubing,
1/4 in. o.d. x 5/32 in. i.d. (or 6 mm x 4 mm).

(b) Silanized glass wool.

(c) 10% Carbowax 20M on a silanized support,
10/100 mesh.

(d) Swagelok male union #400-6, 1/4 in. This
must be drilled out to accommodate the
1/4 in. o.d. tubing.

3. DO NOT USE A SILYLATED COLUMN WITH F.P.D. The
Sily1-8 will bleed into the F.P.D. and fog the
heat shield excessively.

4. See Section 4,A,(7) for a more permanent and
deactivating Carbowax treatment.
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V.  EVALUATION OF COLUMN:

See Section 4,A,(2), V for general evaluation guidelines.

After overnight equilibration, recheck the oven temperature
and carrier gas flow rate. For optimum performance, it is advisable
at this point to adjust all operating parameters.

A. See the F.P.D. operation manual for a schematic of the recom-
mended gas flow pattern to the detector. Typical approximate
gas flows are as follows:

Nitrogen carrier 70-80 ml/minute

Hydrogen flow 50-100 mi/minute

Oxygen content of air flow 0.2-0.4 of the hydrogen
flow

Total air flow 1.5 times the hydrogen
flow

Example:

"

Hydrogen flow = 60 ml/minute

1!

60 ml x 0.3 18 m1/minute oxygen needed

18 m1 ¢+ 0.20 (% 0, in air) = 90 ml/minute
air required

NOTES:

1. If the F.P.D. and F.I.D. are in operation
simultaneously, the oxygen-to-hydrogen ratio
should be closer to 0.4, which will result in
decreased sensitivity for the F.P.D. response.

2. Higher gas flows will increase background
noise.
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B.  Suggested approximate operating temperatures are as follows:

Column 200°C
Injection block 225°C
Detector 175-225°C
Transfer line 235°C

NOTES:

1. Do not heat the column until the detector has reached
operating temperature.

2. The F.P.D. will operate within the range of 120-250°C,
but do not heat above 250°C or damage to the plastic
photomultiplier tube housing may result.

C. When flow and temperature parameters have been adjusted to
produce optimum signal-to-noise ratio, baseline noise should
not exceed 2.5% FSD, and an injection of 2.5 nanograms of
parathion should result in a peak of at least 50% FSD.

The following mixture should produce approximately equal peak
heights of at least 10% FSD.

Compound ng
Ethyl Parathion 0.50
Methyl Parathion 0.38
Diazinon 0.17
Ronnel 0.25
Malathion 0.51
Trithion 1.22
Ethion 0.58
NOTES:
1. A drastic reduction in the peak height of malathion can

be an indication of a poor column, provided that the
rest of the system is known to be operating properly.

2. With some organophosphorus compounds, it will be
necessary to make several consecutive injections with
fairly high concentrations of the compound to achieve
adequate and reproducible response. This is an
important consideration if quantitation is to be
conducted.
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VI.  MAINTENANCE AND USE OF COLUMN:

See Section 4,A,(2), VI.

The effects of the vapor phase deposition from Carbowax appear
to persist at least three months with a slow decrease in response
becoming evident, depending on the particular column and the amount
and type of use.

Each operator should monitor the response characteristics in
relationship to the column just after treatment.

NOTES:
1. Response will sometimes decrease rapidiy for several days
after treatment, then stabilize.

2. Retreatment of columns appears to rejuvenate the response
but may result in shifts of some of the RRT-P values.
See Table 1, Section 4,B,(5). Retreatment is not advised,
therefore, because the data contained in Tables 2, 3, and
4 would become unusable.
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GAS CHROMATOGRAPHY-FLAME PHOTOMETRIC
DETECTOR
OPERATING PARAMETERS:

DC voltage should be supplied to the detector from either an
outboard power supply or from a strip on the back of the electro-
meter. Provided the column and all electronic circuits in the
various modules of the instrument are functioning properly, the
degree of sensitivity in the flame photometric mode relates to
four factors: (1) condition of the photomultiplier (P.M.) tube;
(2) voltage applied to P.M. tube; (3) flow rates of hydrogen,
oxygen and air; and (4) condition of interior of detector.

OPTIMUM RESPONSE VOLTAGE:

In order to determine the optimum response voltage for the
P.M. tube, a varijable power supply is necessary which allows the
voltage to be increased with 1ittle increase in electronic noise.
Increasing the voltage from the electrometer will increase the
electronic noise inordinately.

1. Optimize all temperature and flow parameters as
described in Section 4,B,(2).

2. With flows at optimum, set power supply at 750 V DC.
Inject enough ethyl parathion to give 35 to 60 FSD.

3. Reset voltage to 850 V. Inject the same amount of
ethyl parathion as before.

4. Repeat in 100 V increments until the signal-to-noise
ratio reaches maximum and starts to decrease (Figure 4).

NOTES:

1. It should be necessary to attenuate to keep on
scale. It is therefore mandatory to check the
Tinearity of the electrometer at different
attenuations.

2. Comparison with a P.M. tube of known sensitivity
will give indication of condition of P.M. tube.
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DETECTOR LINEARITY:

The FPD has a broad range of linearity for phosphorus.
Excluding any effect from the instrument electronics, the effective
range is from 1 to 50 times the minimum acceptable level of ethyl
parathion (0.5 ng to 25 ng). The appropriate attenuation will depend
on the sensitivity of the particular system used. It is best to

operate at the minimum detection level and dilute the sample when
necessary, however.

In the sulfur mode, the response is proportional to the square
of the sulfur concentration. The detector is offered with a square
root function circuit that linearizes the detector output, a neces-

sity when electronic integration and automation in the sulfur mode
are desired {(Figure 1).

PHOSPHORUS MODE:

When the detector is fitted with a 526 nm optical filter between
the flame and the photomultiplier, it is highly selective for

phosphorus, but large amounts of sulfur will give a response in
this mode.

SULFUR MODE:

When the detector is fitted with a 394 nm filter, it becomes
selective for sulfur. Sensitivity for sulfur is usually an order
of magnitude less than for phosphorus.

g 500F ETHION 500
x
E 400} TRITHION £ 400} / PARATHION
£ E METHYL
= = ETHION PARATHION
g 300 5 300
I e s
% 3
@ Q
a. 200 a 200}
TRITHION
100 + 100
10 30 50 10 30 50 70
FPD Response vs. Concentration FPD Responsa vs Concentration

{Suitur mode without square root tunction ) (Suifur mode with square root tunction )

Comparison of concentration vs response plots for FPD with and

without sulfur-mode linearizer. Conditions: colum, 183 cm x 4 mm
glags,containing 3% OV-1 on high performance Chramosorb W; temperature,
2007C; carrier, nitrogen at 60 ml/minute.
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GAS CHROMATOGRAPHY-FLAME PHOTOMETRIC
SAMPLE QUANTITATION AND INTERPRETATION

I. See Section 4,A,(4).

The priming mixture below is given in nanograms per microliter.

Ethyl Parathion 1.0 Malathion 1.0
Methyl Parathion 1.0 Ethion 1.0
Ronnel 0.5 Trithion 2.0
Diazinon 0.5

Forty microliters of this mixture is injected. Do not inject
with the same syringe used for routine sample injections.

II. Peak Height:
See Section 4,A,(5), I.
ITI. Peak Height x Width at Half Height:

See Section 4,A,(5), II.

NOTE: Both I and II presuppose that the absolute retention
of standard and sample are the same.

IV. Triangulation or Integration:

See Section 4,A,(5), III.

V. Interpretation:

Because of the selectivity of the filters, interpretation is
greatly simplified.

Identification of a thiophosphate can be accomplished in the
following manner:

1. Retentions, relative to parathion (RRT_.), on a given column
matched with a standard or matched aga?nst the RRTp values
given in Tables 2, 3 or 4,
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2. Suspect compound in the correct Florisil elution.
3. Response on a selective detector.

4,  Sulfur to phosphorus ratio matched against a standard.
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TABLE I. RETENTION AND RESPONSE RATIOS, RELATIVE TO ETHYL PARATHION
ON COLUMN OF 4% SE-30/6% QF-1

COMPOUND RRT-P+/ RPH-P2/
TEPP 0.08 5.0
Dichlorvos .10 5.0
Demeton-Thiono .22 2.0
Naled .28 0.02
Phorate .28 4.0
Sulfotepp .28 5.2
Diazinon .35 2.5
Demeton-thiolo .37 2.0
Dioxathion .38 0.5
Disulfoton .40 3.8
Diazinon-oxygen analog .42 1.0
Dimethoate .49 0.50
Monocrotophos .54 0.08
Ronnel .57 1.42
Ronnel-oxygen analog .58 0.25
Chlorpyrifos .68 1.4
Fenthion .72 1.6
Methyl Parathion .75 0.71
Malathion .81 0.71
Methyl Parathion-oxygen analog .83 0.10
Malathion-oxygen analog .85 0.063
Fenitrothion .85 0.80
Ethyl Parathion (reference) 1.00 1.00
Phosphamidon 1.02 0.16
Ethyl Parathion-oxygen analog 1.10 0.50
Merphos 1.23 0.35
DEF 1.25 0.80
Carbophenothion-oxygen analog 1.78 0.12
Ethion 1.83 0.71
Carbophenothion 1.90 0.36
Phenkapton 3.04 0.20
Fensulfothion 3.16 0.03
Imidan 3.91 0.02
EPN 3.95 0.134
Azinphos methy1 6.03 0.044
Coumaphos 11.84 0.20

i/ Retention ratio, relative to ethyl parathion. Retention measurements
from injection point.
o/ Peak height ratio, relative to ethyl parathion.
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4°/° SE'30/6°/° OV - 2]0
Column Temperature, °C.

70 174 78 182 186 190 194 198 * 202 204
ISR T T U S I SR AN R AN T AR T R

0.06 0.06 006 0.06 0.06 007 007 0.07 0.07 0.08 008 0,08 0.08 0.08 0.09 0.09 0.09 0,09 Dichlorvos
0.04 0.04 004 0.04 005 0.05 005 0.05 0.06 0.06 0.06 0,06 0.06 0.06 0,07 0.07 0.07 007 TEPP
0.14 0.4 0.14 014 015 0.15 015 0.15 0.16 0.16 0,16 0.17 0,17 0.17_0.17 0.18 0.18 0.18 Mevinphos

. 0.1§ ©0.15 0.15 0.16_0.16 0.16 0.7 0.17 0.17 0.8 0.18 0,39 0.19 0,19 0.20 0.20 0.20 0.21 Demeton Thiono
0.16 0.6 0.16_0.17 0.7 ©.18 ©0.18 0,18 0,19 0.19 0,19 ¢,20 0.20 0.21 0.21 0.21 0.22 Q.23 Thionazin
0.19 _0.20 0.20 0.20 0.2} 0.2} 0.21 0.2] 0.22 0.22 0.22 0.23 0.23 0.23 0.23 0.24 0.24 0.24 Ethoprop
9.20 0.2 ©0.21 ©0.21 0.22 0.22 0.23 0.23 0.23 0.24 0.24 0.24 0,24 0.25 0.25 0.25 0.26 0.26 Phorate
0.21 022 0.22 0.22 0.23 0.23 0.23 0.24 0.24 0.24 0.25 0.25 0.25 0.26 0.26 0.27 0.27 0.27 Sulfotepp
0.23 0.23 0.23 0.24 0.24 0.24 0.25 0.25 0.25 0.25 0.26 0.26 0.26 0.27 0.27 90.27 0.27 0.28 Naled
0.23 0.24 0.24 0.24 025 0.25 0.25 0.26 0.26 0.26 .27 027 027 0.28 0.26 028 0.28 0.29 Oxydemeton Methyl
0.27 027 0.27 0.28 0.28 0.28 0.28 0.29 0.29 0.29 0.30_0.30 Q.30 0.30 0.31 0.31 0.31 0.31 Diazinon
.30 0.30 0.30 0.31 031 0.3 032 0.3 0.32 0.33 0.33 0.33 0.34 0.34_0.34 0.35 0.35 035 Dioxathion
0.3 0.3 0.3 033 033 033 033 0.3 0.34 0.34 0.35 0.35 0.35 0.35 0.36 0.36 0.36_0 37 Demeton Thiolo
0.30 0.3t 031 0.32 032 033 0.33 0.33 0.34 0.33 0.35 0.35 0.35 0.36 0.36 0.37 0.37 0.37 Disulfoton
0.33 0.38 0.3 0.38 0.38_ 0.38 0.38 0.38 0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.40 0.40 0.40 Drazoxon
0.40 040 040 0.41 0.4 0.4 042 0.42 0.42 0.43 0.43 0.43 0.44 044 0.44 0.45 0.45 0.45 Dichlofenthion
0.46 0.46 046 0.46 ©0.47 0.47 0.47 0.47 0.47 0.48 0.48 0.48 0.48 0.49 0.49 0.49 0.49 0.49 Dimethoate
048 0.43 0.48 0.48 0.49 049 0.49 0.50 0.5¢ 0.50 0.50 0.5 0.51_ 0.51 0.51 0.52 0.5 0.52 Ronnel
9,51 05% 051 051 052 0.5 052 052 0.53 0.53 0.53 0.54 054 0.54 0.54 0.55 0.55 055 Cyancx
0.56 0.55 0.55 0.56 0.56 0.56 0.56 0.57 0.57 0.57 0.58 0.58 0.58 0.58 0.59 0.59 0.59 0 53 Ronnoxon
0.60 0.60 060 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.61 0.61 0.61 0.61 061 0.6 0.6) Monocrotophos
0.8 0.59 0.59 0.59 059 0.5 0.60 0.60 0.60 0.60 0.60 0.6} 0.61 0.61 0.62 062 062 062 Chlorpyrifos
0.57 0.58 0.58 0.58 0.59 0.59 0.5 0.5 0.60 0.60 0.60 061 061 0.61 0.61 0.62 0.62 0.62 ZIytron
0.62 0.62 0.62 062 0.63 0.63 0.63 0.63 0.64 0.64 0.64 0.64 0.64 0.64 0.64 0.65 0.65 0.65 Fenthion
0.67 067 067 0.68 0.68 0.68 0.68 0.68 0.68 0.69 0.69 0.6 0.69 0.69 0.76 0.76 0.7 0 70 Malaoxon
0.72 _0.72 0.72 0.73 0.73 0.73 0.73 0.74 0.74 0.74 0.75 0.75 0.75 075 0.76 0.76 0.76 0.76 Methyl Parathion
0.81 0.8 0.8 0.80 0.80 0.80 0.80 0.79 0.79 0.79 0.79 0.79 0.79 0.78 0.78 0.78 0.78 0.76 Malathion
0.86 0.86 0.85 0.85 0.85 0.85 0.84 0.84 0.84 0.84 0.85 0.85 0.85 0.85 0.86 0.86 0.86 0 86 Femitrothion
0,94 0.94 0.93 0.93 0.93 0.92 0.92 0.91 0.91 0.91 0.90 0.90 0.8 0.89 0.88 0.88 0.88 0 87 Bromophos
0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.9C 0.90 0.9 0.90 0.90 0.90 0.90° 0.90 0.90 Methyl Paraoxon
0.93 093 0.93 0.93 0.92 0.92 0.92 0.92 0.92 0.91 0.91 091 0.91 0.90 0.96 0.90 0.90 0.90 Phenthoate
0.9 0.91 091 ©0.91 0.91 0.90 0.90 0.90 0.30 0.90 0.96 0.90 0.91 0.91 0.91 0.91 091 091 Bromophos Ethyl
0.85 0.84 0.84 0.84 0.83 0.83 0.83 0.82 0.82 0.83 0.84 0.86 0.87 08 08 0.90 092 693 Schradan
0.96 0.9 0.96 0.96 0.96 0.97 0.97 0.97 0.97 0.97 0.97 0.97 098 0.98 0.98 0.98 0.98 0,98 Dicapthon
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 1.00 1.00 1.00 E. Parathion(Refersrce)
02 1.02 1.02 1.01 1.01 1.00 1.0 1.00 1.00 1.00 1.00 1.00 1.0} 1.01 1.01 1.01 101 1.01 Amdithion
Q.02 1.02 1.02 1.02 1.02 1.02 1.03 1.03 7.03 1.03 1.03 1.03 1.03 1.03 1.03 1.03 103 1.03 lodofenphos
1.1 1.0 1.0 1.10 1,10 _1.10 1.0 1.10 1,10 3.10_1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.08 Crufomate
1.8 1,38 V.17 1,17 13716 1.16 1.15 1.15 3.15 1.14 1.14 1.313 113 113 1.2 112 1.1 DEF
1,19 198 118 1.7 137 1.7 116 1.16 1.15 1.15 1.14 1.14 1,14 3113 113 1.12 1.12 1.12 Phosphamidon
138 117 )7 117 3.7 1.6 1.6 1,96 1,15 1.15 1.15 1.14 1.04 1.34 113 1.13 113 1.12 Folex
J.25 1.24 1.24 1.23 1.23 1.22 1.22 1.21 12} 1.20 1.20 1.9 1.19 1.18 1.18 1.17 1.17 1.16  Ethyl Paraoxon
1.23 1,22 1.22 1.22 1.22 1.22 1.2 1.21 1.21 1.21 1.20 1.20 1.20 1.20 1.19 1.19 1.1 1.19  Methidathion
1.37 1.3 1.36 1.35 31.35 1.34 1.33 1.33 1.32_1.32 1.31 1.31 1.30 1.30 1.29 1.29 1.28 1.28 Tetrachlorvinphos
1.87 1.85 1.84 1.83 1.82 1.81 1.80 1.78 1.77 1.76 1.75 1.74 1.73 1.72 1.70 1.69 168 1.67 Ethion
1.89 1.88 1.87 1.8 1.85 1.84 1.83 1.82 1.80 1.79 178 1.77 1.76_1.75 1.74 1.73 172 171 Carbophenoxon
189 1.88 1.87 1.8 1.85 1.84 1.83 1.82 1.80 1.79 1.78 1.77 1.76 1.75 1.74 1.73 1.72 1.71  Carbophenothion
3.8 3.5 3.12 3.09 3.06 3.03 3.00 2.98 2.95 2.92 2.89 2.86 2.83 2.80 2.77_2.74 2 72 2.69 Phenkapton
3.9 392 3.87 3.8 3.79 3.75 3.70 3.66 3.62 3.58 3.53 3.49 3.44 3.41 3.36 3.32 3.28 3.23 Fensulfothion
4.65 4.60 4.55 4.50 4.45 4.40 4.35 4.3 4.26 4.2} 4.16 4.11 4.06 4.01 3.96 3.91 3.87 3.82 Imidan
4,66 4.61 4,56 4.5 4.46 4.41 4.36 4.31 4.26 4.2) 4.16_4.11 4.06_4.00 3.95 3.90 3.85 3.80 EPN
567 563 5859 555 551 6547 S5.42 538 5.34 530 5.26 5.21 5.17 5.13 5.09 5.05 5.01 4.96 Famphur
2.48 7,38 2,27 7.7 7106 6.96 6.85 6.75 .64 6.54 6.43 6.33 6.22 6.12 6.0 5.91 5.80 5.70 Azinphos Ethyl
153 7.42 7.32 7.21 7.10 6.99 6.89 6.78 6.67 6.57 6.46 6.35 6.24 6.14 6.03 5.92 5.8 571 Azinphos Methyl

11.5 Coumaphos

1.4 ”TO 16,7 ]6].3 16.0 15].6 15.3 15i0 14.6 14i3 13,9 13].6 13.2 12[.9 12.6 12i2 1.9

8

170 174 7 L 186 190 194 L 202

Retention ratios, relative to parathion, of 54 organophosphorous pesticides on a column of
4% SE-30/6% 0V-210 at temperatures from 170 to 204°C; support of Gas Chrom-Q, 80/100 mesh;
flame photometric detector, 5260 A°filter; all absolute retentions measured from injection
point. Arrow indicates optimum operating temperature with carrfer flow set at 75 ml per minute.
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Table 3

10 . OV-210
Column Temperature , °C.

194 198 "
|

170 174 178 182 1 190 204
P, r T Y T T .
0.04_ 0.04  0.0¢ 0.04 0.04 .05 0.05_ 0.05 0.05 o.o 0.05 o.o 0.06 . 0.06_0.06 . .
1702 017 0.72 W13 0.3 0.13 0.13 0.13 0.13 0.Y3 0.13 0.4 0.4 0.8 0.4 0.14 0.14
T 0T 0 0. 0.7 0.15 0.6 0.6 0.6 0.6 0.17 0.7 0.177 0.177 0.8 0.Y8 0.8 U.1%
Y8 04 0.5 0.15 0.5 0.1 0.6 0.16 0.16 0.17 0.1/ 0.7 0.17 0.78 0.7§ ©0.18 0.19
575075 0.5 0.76 0.6 0.6 0.17 0.17 0.18 0.8 0.19 0.19 0.15 0.20 0.20 0.20 0.20 0.2
Y06 0.8 0,77 0.7 O0.177 0.18 .18 0.18 0.19 0.¥§ 0.19 0.20 0.20 0.21 0.27 0.27 0.2
I 077 0.08 0.8 0.8 0.18  0.13 0.19 0.19 0.19 0.20 0.20 0.20 0.20 0.2v 0.21 0.2 ©0.27
T 0 O 0.9 0,19 0.79  U0.20 0.20 0.20 0.20 0.21 0.21 0.21 0.22 0.2 0.22 0.2 0.23
TY 009 0.2 0.20 0.21 0.21 U0.21 0.2Z 0.22 0.23 0.23 0.28 0.28 0.24 0.25 0.25 0.25 0.26
T0F 004 004 004 0.05° 0.05 0.05 0.05 0.05 0.06 0.06 0.06 0.06 0.06 0.07 08.07 0.07 0.07
535027 0.2 0.73 0.27 0.284 0.28 0.28 0.25 0.25 0.26 0.26 0.26 0.27 0.27 0.27 0.28 0.28
G505 0.5 0.2 0.26 0.6 0.2 0.27 0.25 0.26 0.28 0.20 0.29 0.25 0.30 0.30 0.3 0.37
T2 029 009 U2 UN U U 0.3 U.30 U.30 0.39 0.37 0.37 0.37 U317 U0.37 0.3 0.37
Oy 0 0.3 0. 0.3 0.37 037 0.3Z 0.32 0.32 0.33 0.33 037 0.3 0.38 0.8 0.35
TITU3S 03 03T U.W 0. 0.3 0.3 0.3 0.35 0.35 0.35 0.35 0.35 0.3 0.3 0.3 0.3%
T 0.3 0.40

82 0.42  0.4Z 0.42 0.42 0.43 0.43 0.43 0.43 0.33 0.43

0. 0. 0 0.41 0
0.43 0.33 0.43 0.44 0.4 0.4 0.45 0.45 0.45 0 46 0.46 0.46 0.46 C.47 047 0.47 0.47 0 47
0.47 0.47 0.47 047 0.47 0.47 0.8 048 0. . .48 0. 0. 0. . . . .50
0.48 0.48 0.48 0.48 0.49 0.49 0.49 0.49 0.49 050 0.50 0.50 0.50 0.50 0.51 0.57 0.51 0.51
0.47 0.47 0.48  0.48 0.48 0.49 0.4 0.49 0.50 0.50 0.51 0.57 0.57 0.52 052 0.52 0.53 0.53
0.57 0.57 0.57 0.52 0.5¢ 0.%2 0.53 0.53 0.53 0.53 0.54 0.54 0.54 0.54 0.55 0.55 0.55 0.%5
0,53 0.53 0.5 0.54 0.5% 0755 §.F5 0.56 0.56 0.56 0.5/ 0.5 0.57 0.58 0.58 0.58 0.5%9 0.59
0.55 0.5 0.59 0.59 0.60 060 0.60 0.60 0.60 0.60 0.60 0.60 0.6T O 67 0.67 0.87 0.7 0.61
0.67 0.67 0,66 0.66 0.66 0.6€ 0.66 0.65 0.65 0.65 0.6% 0.65 0.64 0 64 0.8 0.67 D0.64 0.63
075 0.5 0.75 0.74 0.7% 0.73 §.73 0.73 0.7¢ 0.72 0.71 0.77 0.77 070 0.70 0.70 0.69 0.69
0.6 0.89 0.69 0.70 0.70 0.70 0.70 0.70 0.70 070 070 ¢.77 0.7T 077 B.77 O.77 07T 0.7V
077 o077 077 0.7 077077 0.76 0.76 0.76 0,76 0.76 075 0.75 075 0.75 075 0.75 072
0.75 0.75 075 0.75 074 D.7% 0.7% 074 0.7 0.7 074 075 0.75 0.75 0.75 T.75 0.75 C.7%
0.77 077 0.7 077077 0.7 .77 077 0.77  0.77 0.77 0.77 077 0.77 0.7 077 0.77°0.77
074 074 075 075 075 0.75 0.76 076 0.76 0.76 0.77 0.77 0.77 077 0.78 0.78 0.78 0.7%

0.8 0.8 0.8 0.8 0.50 0.80 0.80 0.80 0.80 U0.80 0.8C 0.80 0.87 0 8V 0.81 0.8 T.81 0.8
0.34 0.8% 0.8% 0.B% U0.85 0.8% 085 0.85 0.85 U.B5 0.85 0.86 0.86 0 86 0.86 0.86 0.86 0 86

T.02 T.07 T.0T 1700 0.9 0.%9 5385 0.97 0.96 0.96 0.95 0.94 094 0.93 0.92 0.92 0.91 0.90
0.95 0.95 095 0.95 0.95 0.9 .95 09 0.95 0.95 096 0.96 0.96 0.96 0.95 0.96 0.96 095
Y02 1.6z T1.02 T1.0f T1.0T 71.00 T80 71.00 0.99 0.99 0.99 0.96 0.98 0.98 0.97 0.57 0.97 0.3
T.00 T00  T1.00 T.00 T.00 1.00 T.00 1.00 .00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 71.00
T4 103 V.03 V.03 1.03 1.02 V.02 1.0 T1.02 Tor T1.07 1.01 1.0 T.00 T.00 T.00 T.00 0.%9
T.03 T.03 1.03 T.U3 1.03 T.07 Uz 102 T.02 T.02 1.GZ U7 T.07 T.0T 1,07 T.07 T.01T 1T.TC0
113 1.13 1.3 .13 113113 T3 1.03 1.3 V.03 703 1.12 132 1732 T2 T2 1.2 102
1227 7.22 T2V 1.2 T.20 T8 TI9 YT.78 T8 1. 77 137 17186 116 1.5 V15 T.T& 1.13 1.712
127 1.27 Y26 126 1258 1% T 28 V.28 T1.24 V.23 T.23 V22 V.22 V.21 V.21 1,20 7.20 1.19
T38 1.37 T3 136 1.35 134 133 1.3Z7 71.3¢v 71.37 1.30 1.29 1.28 V.27 1.26 1.26 1.25 1.2
T VAT T80 1.3 138 V.37 T1.37 1.3 T1.35 1.3% 1.33 .37 1.3Z 137 1.3 1.8 1.8 1.77
.37 1.43 27131 1.8 1.3 T. . . .3 ] . . 32T . . .

Y84 T1.63 V.62 V.62 T1.67 V.60 V.59 T1.58 1T1.57 1.56 1.55 1.54 T1.53 1.53 T1.5¢ 1.51 T1.50 1.2

; 37 .27 L2 T3 : : : : ; ; : : :
TE TS 5 0 147 137 & T% &2 435 410 400 T3 T.94 3.58 3.8 3.7 372
T35 588 677 6.66 €55 &4 633 6.2Z 6.1 6.00 5.89 5.78 5.6/ 5.56 545 534 G5.28 5.13
T8 876 .66 656 5.47 B.37 C.27 6.17 608 5.98 5.88 5.79 5.69 5.59 5.49 540 5.30 5.20
[T [T 1 N L

170 174 178 182 To8s 190 194 98 202 204

Retention ratios, relatfve to ethyl parathion, of 54 organophosphorous pesticides on a colum
of 103 OV-210 at temperatures from 170 to 204¢C; support of Gas Chrom Q, 100/120 mesh; flame
photometric detector, 5260 A* filter; all absolute retentions measured from injection point.
Arrow indicates optimum column operating temperature with carrier flow at 70 m1 per minute.

Section 4,B,(5)

TEPP
Dichlorvos

Demeton Thiono
Mevinphas
Thionazin
Phorate
Ethoprop
Diazinon
Sulfotepp

Naled
Oxydemeton Methy)
Disulfoton
Dioxathion
Demeton thriolo
Dichlofenthion
Diazoxon

Ronnel
Chlorpyrifos
Iytron
Bromophos
Fenthion
Dimethoate
Ronnoxon

Cyanox
Bromophos ethyl
Monocrutophes
Matathion
lodofenphos

DEF

Phenthoate
Folex

Methyl parathion
Schradan
Fenitrothion
Malaoxon
Dicapthon
Crufomate
Parathion (Reference)
Methy! paraoxon
Amidithion
Methidathion
Tetrachlorvinphos
Carbophenothion
Phosphamidon
Ethyl paraoxon
Ethion
Carbophenoxon
Phenkapton
Fensulfothion
EPN

Imidan

Azinphos methyl
Famphur
Azinphos ethyl
Coumaphos



Section 4,B,(5)

TEPP

Dichlorvos
Mevinphos
Demeton thiono
Thionazin
Ethoprop
Phorate
Sulfotepp
Oxydemeton methyl
Diazinon

Naled

Demeton thiclo
Disulfoton
Moxathion
Drazoxon
Dichlofenthion
Cyanox
Dimethoate
Ronnel

Ronnoxon
Monocrotophos
lytron
Chlorpyrifos
Methyl Parathion
Methyl Paraoxon
Mataoxon
Malathidn
Bromophos
Fenthion
Feritrothion
Phosphamidon
Schradon
Parathion{Reterence}
Ethyl Paraoxon
Dicapthon
Bromophos Ethy?
Amidithion
Crufomate
Phenthoate
Folex

OEF

lodofenphos
Tetrachlorvinphos
Methidathion
Carbophenoxon
Ethion
Carbophenothion
Fensulfothion
Phenkapton
Famphur

EPN

Imidan
Azinphos Methyl
Azinphos ethy)
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1.5% OV-17/1.95% QV-210
o
Column Temperature , ° C.
170 174 178 182 ¥ 190 %4 ] " 202 204 ,
r. . 7T T ¥ 1 N A
.04 004 005 0.05 005 0.05 0.06 0.06 0.06 0.06 0.07 0.07 0.07 0.07 0.08 0.08 0.08 0.09
0.06 0.06 0.07 007 0.07 0.08 0.08 ©0.08 0.09 0.09 0.09 0.10 0.0 0.10 0.11 0.1 0.11 _0.12
0.12 0.13 0.13 0.4 0.4 0.5 0.15 ©0.16 0.36 0.17 0.17 0.18 0.18 0.19 0.19 0.20 0.21 0 21
0.6 __0.16 0.17 0.7 0.i7 0.18 0.8 0.18 0.19 0.19 0.19 0.20 0.20 0.20 0.2} 0.21 0.21 0.22
0.19 0.1 0.19 0.20 0.20 0.2 0.2} 0.2} 0.22 0.22 0.23 0.23 0.23 0.24 0.24 0.25 0.25 0.25
0.20 0.20 0.20 0.2 0.21 0.22 0.22 0.22 0.23 0.23 0.24 0.24 0.24 0.25 0.25 0.26 0.26 0.26
0.23 0.23 0.24 0.24 0.25 0.25 0.25 0.26 0.26 0.27 0.27 0.27 0.28 0.28 0.29 0.29 0.29 0.30
024 0.25_ 0.25 0.28 0.25 0.26 0.26 0.27 0.27 0.27 0.28 0.28 0.28 0.29 (.29 0.29 0.29 0.30
0.26 027 0.27 028 0.28 0.28 0.29 0.29 0.30 0.30_0.30 0.31 0.31 0.32 0.32 0.32 0.33 0.33
¢.32 0.32 0.33 0.33_ ©0.33 0.33 0.34 0.34 0.34 0.34 0.35 0.35 0.35 0.35 0.36 0.36 0.3¢ 0.37
0.3t 031 0.32 0.32 0.33 0.33 0.34 0.34 0.35 0.35 0.36 0.36 0.36 0.37 0.37 0.38 0.38 0.39
034 0.34 0.3 0.35 0.35 035 0.36 0.36 0.36 0.37 0.37 0.37 0.37 0.38 0.38 0.38 0.39_0.39
03 03 ©0.37 037 0.38 0.33 0.38 0.39 0.39 0.40 0.40 0.40 0 41 0.4 0.42 0.42 0.42 0 43
0.37 638 038 0.39 0.39 0.39 0.40 0.40 0.41 0.4) 0.41 0.42 0.42 0.43 0.43 0.43 0.44 0.44
0.38 0.35 0.39 0.39 0.40 0.40 0.40 0.41 0.41 0.41 0.42 0.42 0.42 0.47 0.43 0.43 0.44 0.44
0.44 0.44 045 0.45 0.45 0.46 0.46 0.46 0.47 0.47 0.47 0.48 0.48 0.48 (.45 0.49 D.49 0.50
9.5} _0.5! ©0.51 0.52 0.52 0.53 0.53 0.53 0.54 0.54 0.55 0.55 0.55 0.56 (.56 0.57 0.57 0 57
.53 0.53 0.53 0.54 0.54 (©.54 0.55 0.55 055 0.56 0.56 0.56 0.57 0.57 0.57 058 0.58 0.58
0.5 0.55 0.56 05 0.57 0.57 0.57 0.58 0.58 0.59 0.59 0.59 0.60 0.60 0.6} 0.6) 0.6) 0.62
0.57 0.57 057 0.58 058 0.5 0.59 0.59 0.60 0.60 0.61 0.61 0.6) 0.62 0 62 0.63 0.63 0.63
0.78 0.77 076 0.76 075 ©0.74 0.73 0.73 0.72 0.72 0.7} 0.70 0.6 0.68 0.68 0.67 0 66 0 65
0.66 ©0.66 0.67 0.67 0.67 0.67 0.68 0.68 0.68 0.68 0.69 0.69 0.69 0.68 0.70 0.70 0.70 C 7}
0.74 074 074 074 0.75 0.75 0.75 0.75 0.75 075 0.75 0.75 .76 0.76 0.76 0.76 0.76 0 76
.74 0.74 ©0.74 0.75 0.75 0.75 0.76 0.76 .77 0.77 0.77 0.78 0.78 0.78 0.79 0.79 0.79 0 80
0.79 0.79 0.79 079 €79 0.79 0.79 0.80 0.80 0.80 0.80 0,8C 0.80 0.80 06.81 0.81 0.8] 0.8]
0.93 0.93 0.92 0.92 0.91 0.91 0.9 0.80 0.90 0.89 0.83 0.8¢ 0.88 0.88 0.87 0.87 0.87 0 8€
0.2 _0.92 0.92 0.92 0.9% 0.97 0.917 0.97 0.91 C.99 0.90 0.9C 0.90 0.90 0.89 0.8 0.8% 0.89
0.85 0.85 08 0.8 0.86 0.8 0.87 0.87 0.87 0.87 0.88 0.583 0.88 0.88 C.89 0.89 0.89 0.90
0.9 0.90 090 0.%30 0.9 09 0.91 0.9 0.91 0.91 0.91 ©.91 090 ©0.90 0.90 0.90 0.90 0.90
0.90 0.99 .30 0.9 0.9 0.9 0.91 ©0.91 0.91 09 0.91 0.91 0.92 0.92 0.92 0.92 0.92 0.92
1.02 1.01 1.01 1.00 1.00 1.06 099 0.99 0.98 0.98 0.98 0.97 097 06 9 0.96 0.96 0.95 0.95
1.25 1.23 121 1.9 1.18 1.6 1.14 1.3 1,11 1.09 1.07 1.06 1.04 1.02 1.00 9.99 0.97 0.85
1.00 1.00 1.00 _1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 31.00 1.00 1.00 1.00 1.00 1.07 100
1.06 1,06 _1.06 1.06 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.04 1.04 1.04 1.08 1.04 104
1.05 1.05 1.05 1.05 1.06 1.06 1.06 1.06 1.06 1.06 1,05 1.05 1.05 1.05 1.04 1.04 1.064 1) 03
1212 1z 11 1 b 3T LIl RN 110 3.10 1,10 1.10 1.10 1.09 1.09 1.09 1 0%
1.23 1.22 1.22 1.22 1.21 7.20 1.20 1.19 1.9 1,19 1.19 1.19 1.20 1.20 1.20 1.20 1.20 1.20
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FIGURE 1

Carbowax Tube Section
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FIGURE 2

Cutaway View of Column with Carbowax Assembly
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FIGURE 3

Chrotnategrams of a mixture of 7 organophosphorous pesticides

on an untreated column of 4% $E-3C/6% GF-1 (Fig.l},and on the
same column treated wiih Carbowax(Fig.2)

Column:4%, SE-30/6% QF-l1;amps,full scale 0.8 x10 -8 ;voltage 850 v.

OPERATING PARAMETERS
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FIGURE 4. Calculations of Signal/Noise Ratio
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GAS CHROMATOGRAPHY - HALL ELECTROLYTIC
CONDUCTIVITY DETECTOR

INSTRUMENT
I.  INTRODUCTION:

The Hall electrolytic conductivity detector (HECD) can be
operated in the reductive mode selective for nitrogen- or halogen-
containing compounds or in the oxidative mode selective for sulfur
detection. Most applications to date have been for organochlorine
and organonitrogen compounds. The selectivity of the detector allows
its use for obtaining confirmatory evidence for residues tentatively
identified by electron capture GC, while the sensitivity is adequate
for quantitations at sub-ppm Tevels.

Effluent from the gas chromatograph is pyrolyzed in a quartz
combustion tube in the presence of specified gases and sometimes
catalysts. During pyrolysis, specific elements present in the
organic pesticides form soluble electrolytes that are then combined
with deionized Tiquid in a gas-liquid contactor. The electrical
conductivity of the liquid is continuously measured. Only those
combustion products that are readily soluble and ionized in the
liquid change its electrical conductivity and produce a response
on the recorder.

Most of the material in this section applies specifically
to the Tracor Model 700 Hall detector connected to a conventional
gas chromatograph such as the Tracor MT 222, or equivalent. The
Model 700 monitors the electrical conductivity of the liquid
utilizing an AC bridge circuit and auxiliary recorder. The newer
Model 700A detector is similar in principle but is engineered
exclusively for use with the Tracor Model 560 digital processor
controlled gas chromatograph. The 700A features more precise
flow regulation, a microreactor furnace, lower dead volume, improved
scrubbers, automatic solvent venting, and a new differential con-
ductivity cell design combined with a pulse cell excitation system
for improved detection specificity and sensitivity and baseline
stability.
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FLOW SYSTEM:

See page 1 of Section 4,A,(1). Hydrogen is the combustion gas
for both chlorine and nitrogen detection in the reductive mode. Air
is the reactor gas for sulfur compounds in the oxidative mode.
Helium only (preferably ultra pure) is the recommended carrier
gas for operation in the nitrogen mode. Nitrogen carrier in this
mode is unsatisfactory because a small percentage of nitrogen is
converted to ammonia causing a high background and low sensitivity.
Helium may also be used in the chloride (reductive) mode, but best
results are obtained only with the ultra pure grade. Nitrogen or
helium may be used as carrier gas in the sulfur mode. In all cases,
metal diaphragm pressure regulators should be used with helium to
prevent contamination of the carrier gas with air. A Go-Getter
gas purifier (General Electric, Schenectady, NY, distributed by
Alltech Associates, Inc., Arlington Heights, IL) can be used to
ensure removal of impurities from helium. Hydrogen must be free
of oxygen to be suitable. Electrolytic generators constructed with
a palladium diffusion membrane have been successfully used with
the HECD.

The HECD is extremely sensitive to carrier gas leaks, with
generally are manifested as wandering baseline and noise.

DETECTOR:

See Section 4,C,(3). For connection of the detector to the
chromatograph and operation of the system, see Sections II and III
of the Model 700 Operation and Service Manual 115008A.

ELECTROMETER:

See Section 4,A,(1), III.

The HECD does not require as high a voltage as the electron
capture and FPD detectors. The power supply for the HECD shares
a printed circuit board with the AC bridge. The function of the
power supply is to provide + 15 V regulated.

TEMPERATURE PROGRAMMER:

See Section 4,A,(1), IV.

PYROMETER:

See Section 4,A,(1), V.
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VIT.  MISCELLANEQUS:

See Section 4,A,(1), VI.

A heated transfer line carries the GC column effluent to the
combustion tube, and this line plays a critical role in successful
operation of the detector. Care must be taken to ensure that all
transfer line areas are sufficiently hot to prevent analyte loss
and/or tailing.

Use of septa coated with polyimide (Pursep-P, L. C. Co., Inc.,
Schaumburg, IL) has been reported to reduce background noise during
HECD operation (FDA PAM, Section 315.42, 6).
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GAS CHROMATOGRAPHY - HALL ELECTROLYTIC
CONDUCTIVITY DETECTOR

COLUMNS

SPECIFICATIONS:

See Section 4,A,(2), page 1.
COLUMN SELECTION:

Although normal pesticide column packings (Section 4,A,(2))
have most often been used with the HECD, it is best to select very
stable columns because acid products resulting from the bleed of
halogenated 1iquid phases, such as 0V-210, XE-60, or QF-1, can
produce inordinately high noise levels in the Cl1-mode and scrubber
depletion in the N-mode. For this reason, surface-bonded Carbowax
20M columns (Section 4,A,(7)), uncoated or coated with a Tow loading
of a stable Tliquid phase, are especially recommended for analyses
with the HECD (Section 12,A). Columns containing 3% OV-1, 3% and
5% 0V-101, 3% STAP, 5% Carbowax 20M, and wall-coated QV-101
(capillary column) have also been successfully used.

The use of 1.8 m (6 ft.) x 2 mm i.d. GC columns rather than
4 mm i.d. has been recommended in the FDA PAM (Section 315.41 (3)).
The smaller column requires only 30-40 ml/minute carrier gas flow
to produce the same chromatogram from the larger column with
100-120 ml/minute flow, leading to increased detector sensitivity
and reduced system back pressure. The smaller column may not,
however, tolerate a large number of relatively "dirty" samples.

PACKING THE COLUMN:

See Section 4,A,(2), III.
COLUMN CONDITIONING:

See Sections 4,A,(2), IV and 4,A,(7), II.
COLUMN EVALUATION:

See Section 4,A,(2), V for general evaluation guidelines.

Figures 1 and 2 show typical sensitivities attainable for
pesticides with the nitrogen and chloride modes of the Model 700
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HECD using the following operating conditions:
Column 1.8m (6 ft.) x 4 mm (% in.), 3% 0V-1
Column oven 200°C
Inlet 200°C
Transfer line 275°C
Helium carrier 50 ml/minute
Hydrogen reaction gas 50 m1/minute
Electrolyte n-propanol-deionized water (1:1 v/v)
or 100% methanol for the chlorine mode
Electrolyte flow 0.8 mi/minute
Furnace temperature 850°C
Background Tevel <1% FSD at 8 x 10
Noise 5% peak to peak at 1 x 10
Chart speed 0.5 in./minute

Figure 3 shows the sensitivity for simazine with a 5% 0OV-101
column with the nitrogen mode Model 700 HECD. The operating
conditions are listed on the figures.

The chromatograms shown in the figures in Section 4,A,(7)
indicate sensitivities and retention times to be expected with the
Model 700 HECD and Carbowax 20M columns.

Figures 4, 5, and 6 present chromatograms for pesticides in
the halide, nitrogen, and sulfur modes, respectively, with the
Model 700 HECD detector. The columns were 3% OV-101 for chlorinated
and phosphorus pesticides and 3% STAP for triazines. In general,
1-2 orders of magnitude better sensitivity can be expected for the
Model 700 A HECD compared to the Model 700.

If columns are properly prepared and conditioned and operating
conditions are optimized, the analyst should be able to reproduce
or improve the sensitivities and chromatograms iliustrated in these
sections for pesticide standards.
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Relative retention times and responses for numerous pesticides
on 5% or 10% DC-200 columns with the nitrogen-mode HECD are listed
in the FDA PAM, Table 335-A. A chromatogram of 2.5-5 ng of seven
0C1 insecticides on a 5% OV-101 column with the HECD in the halogen
mode is given in the FDA PAM, Figure 335-B.

MAINTENANCE AND USE OF COLUMNS:

See Sections 4,A,(2), VI and 4,A,(7), II.
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1

1 Solvent

2 Simazine
(50pg)
10
2
0 M”J \A\W

Conditions

Detector: Model 700 Halt Detector

Mede: Nitrogen with Ni Catalyst

Reaction Gas. H,, 40 cc/min

Furnace Temp. 800°C

Solvent: 1-4 {PA/water

Column: &' Glass; 5% OV-101 on Gas
ChromQ

Sensitivity: 10x t

Col. Temp: 200°C

Fig. 3. Chromatography of simazine.
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Fig. 4. Chramatogram of chlorinated pesticides.
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CONDITIONS

GC: TRACOR MODEL 580

Column: 3% STAP on 80-100 CWHP,
6' x 2mm ID Glass

Column temp.. 195°C

Carrier: 30 mi/min, He

Injector temp.. 210°C

Detector: 700A HECD

Detector temp.. 225°C

Reactor temp.: 800°C

Reaction gas: 80 ml/min, H;

COMPOUNDS

1 Propazine

2 Atrazine 4

3 Simazine ng each.,
4 Prometryne

Pig. 5.

CONDITIONS

GC: TRACOR MCDEL 560

Column. 3% OV-101 on 80-100 CWHP
6" x 2mm 1D Glass

Column temp.: 190°C

Carrier. 25 mi/min, He

Injector temp.: 210°C

Detector: 700A HECD

Detector temp.. 225°C

Reactor temp.” 850°C

Reaction gas: 100 mi/mun, air

Compounds

1 Thimet =18 ng
2 Malathion
3 Parathion
4 Captan

5 Ethion

6 Tuthion

3.6 ng each

Fig. 6.
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Chromatogram of nitrogen herbicides.
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Chromatogram of sulfur pesticides.
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GAS CHROMATOGRAPHY - HALL ELECTROLYTIC
CONDUCTIVITY DETECTOR

DETECTOR
OPERATING PARAMETERS:

See Section 4, C, (2), V for a list of typical but not critical
operating conditions for the HECD. The column oven temperature will,
of course, affect elution time in the usual way. The inlet and trans-
fer line temperatures may be decreased by as much as 50°C with little
effect. The helium carrier flow rate can be increased or decreased
5-10% without major effect (except for the expected change in elution
time). The hydrogen reaction gas flow rate can be set anywhere in the
range of 40-50 ml/minute; above this rate, response may decrease. The
concentration of n-propanol will not drastically affect results within
the range of 40-60%. The peak height is inversely related (but probably
not linearly) to the electrolyte flow into the gas Tiquid contactor.
However, at flow rates less than 0.3-0.4 ml/minute, background noise
becomes appreciable. The conversions in the furnace proceed well at
temperatures of 820-850°C. Above this temperature, response increases
for some compounds and decreases for others. Certain classes of
compounds may be selectively screened for at a given temperature.

For example, at 600°C, reduced response is noted for chlorinated pesti-
cides, but PCBs elicit no response at all. Therefore, theoretically
the pesticides could be quantitated at this temperature, and the PCBs
could be determined by difference after determining total chlorine
response at 830°C.

MODES OF DETECTION AND SELECTIVITY:

The basic components of the electrolytic conductivity detector are
displayed in Figure 1. The chromatographed sample is converted to the
monitored species by oxidative or reductive pyrolysis in the high
temperature furnace. The reaction products are swept into a gas-

Tiquid contactor where they are mixed with a conductivity solvent. The
1iquid phase is separated from insoluable gases in a gas-liquid separator
and then passed through a conductivity cell (Figure 2).

The Hall detector, which is a miniaturized version of the original
Coulson electrolytic conductivity detector, possesses significantly
higher sensitivity. This is the result of modifications in cell design
and geometry leading to decreased detector dead volume, and improved
electronic measuring of electrolytic conductivity. The selectivity
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of the HECD in the N-, C1-, and S-modes vs hydrocarbons is equal to 10°
or greater in all cases.

Nitrogen Detection - Organic nitrogen-containing pesticides are
converted to ammonia at 800-%00°C with a nickel wire catalyst and
hydrogen reaction gas according to the following equation:

Ni, H2

R-CN > NH3+ Lower Alkanes

The increase in conductivity due to the formation of ammonium hydroxide
is the basis of response.

NHy + H0 —> NH,* + OH™

Selectivity to nitrogen compounds is based on the conversion of po-
tentially interfering substances to reaction products that either
produce Tittle electrolytic conductivity or can be easily removed

with a post-pyrolysis scrubber prior to the cell. Specifically,
pesticides containing halogens and sulfur are converted to HX and

H.,S (and/or H2S03, H2S04), respectively, all of which are removed

by inserting a nitrogen mode scrubber tube containing, e.g., strontium
hydroxide on Fiberfrax or quartz wool, inside the exit end of the
combustion tube. Compounds containing oxygen are converted to water
(no response). Lower alkanes (primarily CHy) are also produced in

all cases, but these have low solubilities in the conductivity solvent
and are not jonized when dissolved (no response). Thus, ammonia is
the only product from common organic compounds that gives a response,
thereby explaining the high specificity to nitrogen compounds.

The selectivity due to the scrubber is illustrated by Figure 3.
Chromatogram A shows the separation of two representative nitrogen-
containing compounds, atrazine and caffeine, at the 10 ng level, along
with four chlorinated insecticides at the 100 ng level. Note that the
atrazine and caffeine peaks (numbered 1 and 3) are nearly obscured by
the chlorinated compounds. Chromatogram B shows the same mixture run
under identical conditions except that the strontium hydroxide scrubber
was inserted in the furnace tube to remove the interfacing halogen
peaks. For the maximum selectivity, the scrubber tube must be main-
tained in efficient condition.

In practice, sample extracts with microgram quantities of sulfon-
ated compounds will cause significant detector response. Sample im-
purities containing nitrogen can also be present in sample extracts
and will cause unwanted response.

Chlorine Detection - In the reductive mode, ammonia will not form
from nitrogen-containing compounds unless the nickel catalyst is present.
Therefore, chlorinated pesticides can be selectively detected as HCI




Revised 12/15/79 Section 4, C, (3)

I1I.

Page 3

using an empty pyrolysis tube and hydrogen reactor gas. As in the
nitrogen mode, the products H,S and CH, will cause 1ittle or no response.

Any oxygen in the system, introduced either as a carrier or com-
bustion gas impurity or from the sample itslef (e.g., a sulfoxide or
sulfone group), will form acid complexes that cause considerable
response. Small amounts of solvents containing oxygen, such as ethyl
acetate, can render the detector inoperable. Selectivity to chlorine,
therefore, depends on the high purity of the carrier and combustion
gases and solvents, efficiency of oxygen traps in the gas lines, and
cleanup of sample matrices to remove impurities containing groups such
as S-0. Bleed of GC 1liquid phases containing halogenated compounds
can also cause interferences.

Adequate cleanup of many samples for determination with the HECD
in the nitrogen and chloride modes can be obtained by use of the modi-
fied MOG procedure described in Section 5,A,(1). Additional cleanup
of fatty samples, if required, can be achieved by gel permeation
chromatography (Sections 12,A and 5,B).

Sulfur Detection - When used in the oxidative mode, the eluting
compounds are combined with air in an empty pyrolysis tube, forming
different reaction products. Chlorine-containing compounds again
produce HX, which is removed by a silver nitrate scrubber. Nitrogen-
containing compounds form N, or NO, in very low yield (no response).
Hydrocarbons produce CO, CO,, and H,0 (no response). Sulfur groups
produce SO, and SOz, which dissolve in the electrolyte to yield ionized
compounds providing the selective response of the detector.

Almost no use has been made of the sulfur mode of the HECD for
practical residue analyses. The reportedly Tower selectivity and
sensitivity compared to the chloride and nitrogen modes will apparently
limit the potential of the sulfur mode for pesticide determinations.

BACKGROUND SIGNAL CHECK:

1. Set attenuator to infinity (INF) position and zero recorder.

2. Set the attenuator to 8, the conductivity range to 10, and the
zero suppression switch to off.

3. Normally, with a well stabilized system, the background should be
less than 10% of full scale. A background significantly higher
than this may result in negative peaks. High background levels
are normally caused by column bleed, contamination of the reaction
or carrier gas, leaks or contamination elsewhere in the system, or
incompletely conditioned furnace tubes. In the Tatter event, the
background level will gradually decrease over a period of time and
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will normally reach acceptable to excellent levels in a day or

so (background less than 5% and noise less than %% at 10 x 8).
When the instrument is first set up, typical background and noise
levels may be as high as 60% and 3%, respectively, at an
attenuation of 10 x 8.

4. Activate zero suppression switch and adjust coarse zero and fine
zero controls to suppress background signal to zero.

IV. SENSITIVITY:

See the chromatograms in Section 4,C,(2) for typical sensitivities
obtained for the HECD in various modes with different GC columns. In
general, the HECD is less sensitive than electron capture or N-P
detectors, due, in part, to the relatively large dead volume of the
detector.

Chlorine Detection - the 2 mm i.d. furnace tube is recommeneded
over the 4 mm tube for chlorine detection since better chromatography
with less peak broadening results from its use. Best sensitivity is
obtained when the conductivity solvent is neutral or slightly acid.
Under ideal conditions, a response of % FSD to 1 ng of heptachlor
epoxide can be obtained. For reliable, noise-free operation, % FSD
for 5-10 ng heptachlor epoxide should readily be obtainable (FDA
PAM, Section 315.32 (1)).

Nitrogen Detection - The 4 mm i.d. furnace tube is preferable
because contact time between the sample and the Ni catalyst is in-
creased and conversion to ammonia is enhanced. A larger amount of
scrubber can also be placed in the larger tube. Conductivity solvent
should be neutral or slightly basic for optimum sensitivity. Negative
peaks can occur if pH is less than 7. As little as 0.1-0.5 ng of
nitrogen (corresponding to ca. 1.5-7.5 ng carbaryl or ca. 0.3-1.5 ng
atrazine) can produce % FSD response during optimized operation,
although 5-10 times more nitrogen may be required for the same re-
sponse during routine operation (FDA PAM, Section 315.32 (2)).

The Tracor company reports the following sensitivity specifi-
cations for the HECD:

Model 700 Model 700A
below 0.01 ng N, CL, or S halogen - 5 x 10 -3 g C1/second
with noise <1% at 1 x 10 nitrogen - 2-4 x 10'12 g N/second

attenuation sulfur - 1-2 x 10‘12 g S/second
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A rapid decrease in response can result from injection of lipid
extracts that have not been subject to rigorous cleanup.

LINEARITY:

Linearity of response is reported by the manufacturer to be 108
for C1 (Fig. 3), 10" for N, and >10* for S. The FPD is not linear
for sulfur unless electronically compensated. Linearity at low con-
centrations depends on the cleanliness of the system and the correct
pH of the conductivity solvent as determined by the condition of the
jon exchange resin. The upper end of the Tinear range for nitrogen
is determined by the amount and condition of the nickel catalyst as
well as its position in the furnace (FDA PAM, Section 315.33).

EQUIPMENT AND REAGENTS:

1. A potential source of interference is unsuspected reactions in
the furnace caused by contamination. For this reason, it is
recommended that Vespel (DuPont), graphite, or glass filled
Teflon ferrules be used throughout the system, together with
the most stable column materials available. Silicone 0-rings
may be used in place of ferrules for lower temperature work,
but a certain amount of bleed will be encountered until they
become well conditioned.

NOTE: Vespel ferrules sometimes stick in the fitting after
high temperature operation and cannot be removed
easily by pulling or twisting the quartz furance
tube. The best procedure is to back off the Swagelok
nut completely and grasp the exposed portion of the
ferrule with tweezers as close to the metal fitting
as possible and twist slightly until it is dislodged.
To avoid this problem, glass filled Teflon ferrules
(Tracor Part No. 76458-0012) can be used with no
sacrifice in performance up to 275 C.

2. For convenience, the type "T" solvent vent of the Model 700 can
be replaced with a four port high temperature valve (e.g., Model
CV-4-HTA, Valco Instruments Co., Houston, TX). This valve vents
solvent while still maintaining gas flow through the detector
from the column in use. In addition, effluent from either of
two different GC columns can be readily delivered to the pyrolysis
furnace.

To operate, the valve should be opened immediately before
a sample injection, left open for a time period sufficient to
vent all the solvent, and closed before the first sample peak
begins to elute. For best results, it is important that the
venting time be repeated, as closely as possible, for each

Section 4, C, (3)
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successive injection. Under normal operating conditions, 30
seconds vent time is usually adequate for most solvents. If
10 microliters or more is injected, more time may be required.

3. The needle valve solvent flow controller to the gas-liquid con-
tactor can be replaced with a more exact 10-turn calibrated
control (e.g., stainless steel Nupro fine metering valve with
vernier, catalog No. M-ZMA) for more stability and reproducibility.

4. Chlorine and nitrogen are both detected in neutral electrolyte
solution. Neutrality (pH 7) is maintained by the mixed bed resin
supplied by Tracor for removing ions from the circulating
electrolyte. Detection of chlorine is optimum in slightly
acidic solution, achieved by using a 1:4 mixture of anion
(Duolite APA-366) and mixed bed (Duolite ARM-381) resins
(FDA PAM, Section 315.42 (2)). Ions exchange resin should
be extracted in a Soxhlet apparatus with water and the alcohol
to be used with it prior to use.

5. A 50% (v/v) mixture of n-propanol in deionized water is
recommended as the conductivity solvent. Methanol, isopropanol,
and ethanol have also been used as the alcohol. Reducing the
percentage of alcohol increases the sensitivity, especially in
the nitrogen mode. Cell wall wetting may also be impaired,
however, and flow irregularities may result in increased noise
and poorer reproducibility. Twenty to thirty percent alcohol
in water is usually the Towest practical choice for the best
signal to noise ratio in the nitrogen mode. Methanol (100%)
has been successfully used in the chlorine mode.

6. The quartz combustion tube is % in. (0.6 cm) o.d. (4 mm or 2 mm
i.d.) x approximately 7% in. (19 cm) long. Separate tubes should
be conditioned and maintained for nitrogen and chloride modes, re-
spectively. Do not interchange the tubes once they have been
used. A tube used in the chloride mode should be first heated
to a dull red over its entire surface with a propane/oxygen
torch to burn off surface impurities. This pretreatment, which
has to be done only once, shortens the time required to reach
maximum response and reduces peak tailing. In the nitrogen mode,
the tube should not be treated as above.

7. The nickel catalyst is approximately 100 in. (254 cm) of 8 mil
wire wrapped in a bundle 1-3/8 (3.5 cm) in. Tong. The catalyst
should be inserted in the tube after the tube is installed and
with reaction gas (Ho) turned on. The catalyst must be centered
in the hot zone of the furnace. Normally, some response for
10 ng of atrazine should be obtained in just a few minutes after
initial setup of standard operation conditions. However, the time
required to reach maximum sensitivity may vary from one hour to
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overnight depending on the condition of the catalyst. If the
system is not used for long periods of time, it is advisable to
have only reaction gas flowing over the catalyst. If the catalyst
should slip so that a portion of it is outside the hot zone
(expecially downstream), some of the converted sample could be
adsorbed by contact with the metal. For this reason, it is wise
to spread the ends of the wire bundle so it fits snugly in the
furnace tube and to avoid bumping the instrument. Conversion

of nitrogen to ammonia is increased by greater nickel surface
area, but the amount of nickel wire is limited by the size of
the combustion tube.

8. When changing modes of operation, also change or clean the
1/16 in. (0.16 cm) o.d. Teflon tubing between the combustion
tube and the cell to prevent salt formation and sample loss
in the line. In addition, install the proper ion exchange tube.

9. The Tracor Standard Sample contains atrazine (10 ng/ul) and
aldrin (5 ng/ul) in methanol. In the nitrogen mode with a
strontium hydroxide scrubber, only one peak for atrazine is
observed (Fig. 1, Section 4,C,(2)). In the chloride mode,
a peak representing the single chlorine in atrazine and a
1arg?r)peak for aldrin should be obtained (Fig. 2, Section
4,C,(2).

10. The strontium hydroxide scrubber must be used in the nitrogen
mode to eliminate any interference from acid gases. Insert a
plug of the scrubber approximately % in. (1.3 cm) long, such
that the outside edge of the plug is % in. (0.6 cm) inside the
furnace. To maintain stability, routinely replace the scrubber
after 50-100 analyses.

11. Choice of solvent for sample and reference materials can be
critical with the HECD, because several common solvents have
adverse effects on the detector. Hydrocarbon solvents are
considered preferable. When operated in the nitrogen mode,
the detector responds to acetonitrile, even at low levels and
even though the majority of the solvent is vented. The
injection should be vented for at least two minutes if there
is acetonitrile in the solution. Methylene chloride as the
injection solvent depletes the strontium hydroxide scrubber
needed for nitrogen mode operation and makes the detector
inoperative. A vent time of 3 minutes is needed when using
methylene chloride. Ethyl acetate often contains trace amounts
of acetic acid, which also depletes the scrubber if this solvent
is injected without venting. A minimum vent time of 2 minutes
is recommended. Chlorine mode operation precludes the use of
halogenated solvents in the HECD. See also Subsection II above



Revised 12/15/79 Section 4, C, (3)
Page 8

for a description of the problems encountered when using solvents
containing oxygen.

VII. MAINTENANCE AND TROUBLESHOOTING:

Consult the Tracor Operation and Service Manual, the FDA PAM
Section 315.6, and the EPA Pesticide AQC Manual, Section 5,G,b.
Some further operating characteristics and maintenance instructions
by Bayer are described in Section 5,G,b of the EPA Pesticide AQC
Manual. The greater time and attention required for maintenance
of the HECD compared to the EC and FPD is a disadvantage of the
detector.

Problems encountered in the use of the HECD can usually be
recognized prior to significant deterioration in performance and
can often be solved simply and immediately if the analyst is
familiar with the chemistry of the detector. Common problems
in nitrogen detection include poor linearity and peak shape. Poor
Tinearity is usually caused by neutralization of the NH4CH. This
is due to insufficient basicity of the conductivity solvent and/or
exhausted scrubber. Neutralization problems are readily recognized
by a sharp dip in the baseline just prior to the peak, followed by
a negative dip after the peak that gradually increases to the base-
line (Fig. 5). The peak may be totally negative if the solvent is
acidic or the quantity of nitrogen compound is very small. Peak
tailing is usually due to a contaminated scrubber, contaminated
transfer line from the furnace to the cell, deactivated catalyst,
or the presence of acidic reaction products that are not removed
by the scrubber. The presence of acidic reaction products is also
normally indicated by negative peaks. Negative peaks are prevented
by using a properly packed ion exchange tube, high purity gases, and
an efficient scrubber. Other solutions are obvious and include re-
placing the catalyst, ion exchange resin, scrubber, and transfer
line as required. A "dirty" combustion tube can cause peak tailing
and loss of sensitivity.
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Block diagram of the electrolytic conductivity detector.

Microelectrolytic conductivity detector cell assembly. A,
gas-liquid contactor; B, Teflon solvent delivery tube; C,
Teflon reaction products delivery tube; D, stainless steel
detector block; E, solvent vent; F, Teflon insulator sleeve;
G, gas-liquid exit tube and center electrode.
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Sample Peak ldentity r 41Its §6
S Solvent ~
Atrazine (10 ng) L
Lindane (100 ng) L
Caffeine (10 ng)
Heptachior (100 ng) L
Aldnn (100 ng)
Dieidnin (100 ng)

23

Db WA

Conditions L
Column: 6x %" Glass L
packed with 3% OV-1 on
Chromasorb WHP 1

i
80/100 mesh - =
B S
Carnier: H, at 50 cc/min i
Chromatograph: Model o J r
550 1 A
o}

Col Temp: 200°C

Detector: Hall Model 700 O 2 :1
Mode: Nitrogen

Catalyst. Nickel wire Minutes Minutes
Furnace Temp 850°C

Sensilivity: 10x 4 A. Scrubber OUT B. Scrubber IN

4 6 8

Fig. 3. Hall detector selectivity.
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RELATIVE RESPONSE

10 102 103 04 103 i0® 107
LINDANE, picograms

Fig. 4. HECD linearity-halogen mode.
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Fig. 5. Peak shapes obtained for nitrogen-containing campounds:
A, normal peak; B, peak obtained with an insufficiently
basic conductivity solvent; C, peak obtained with an
acidic conductivity solvent.
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GAS CHROMATOGRAPHY - HALL ELECTROLYTIC
CONDUCTIVITY DETECTOR

SAMPLE QUANTITATION AND INTERPRETATION

Methods of quantitation with the HECD are similar to those
used with the electron capture (Section 4,A,(4)) and flame photo-
metric (Section 4,B,(4)) detectors.

As with other element selective detectors such as the FPD
(Section 4,B,(4), V), interpretation is greatly simplified with
the HECD compared to the electron capture detector. Figures
1 and 2 compare this selectivity to the N-P detector (Section 4D)
and the sulfur mode of the FPD.

Figure T shows that the HECD does not respond to levels of
hydrocarbons (e.g., 100 ug of octadecane) that elicit significant
response with the N-P detector. The HECD is specific for nitrogen;
the response depends solely on the nitrogen content of the molecule
detected. It is even possible to tune the HECD to only certain
types of nitrogen compounds.

Figure 2 compares the response of the HECD in the sulfur
mode to that of the FPD. The detectors display similar selectivities
for the quantities of material shown, but the selectivity of the
FPD would be reduced by a factor of three if the response were
linearized. Linearization of the output of the FPD also enhances
peak tailing. The output of the HECD is linear and suffers none
of these disadvantages.
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RETENTION DATA AND CHROMATOGRAMS OF CARBAMATE PESTICIDES ON
CARBOWAX 20M-MODIFIED SUPPORTS WITH DETECTION
BY THE HALL ELECTROLYTIC CONDUCTIVITY DETECTOR

REFERENCE
Hall, R. C., and Harris, D. E., J. Chromatogr. 169, 245 (1979).

CONDITIONS:
Instrument Tracor Model 560 gas chromatograph
Detector Tracor Model 700 HECD
Electrolyte 15% isopropanol in water,

Transfer line temperature
Furnace temperature
Hydrogen reaction gas flow

Columns

Support

Liquid phase coating

Column packing

Column conditioning

Helium carrier gas flow

0.5 ml/minute
200°C
720°C
80 ml/minute

Glass, 6 ft. (1.8 m) x 2 mm i.d.,
silanized with Supelco Sylon-CT,
and ends plugged with silanized
glass wool

Commercial bonded Carbowax 20M,
designated Ultra-Bond
(RFR, Hope, RI)

By evaporation technique, using
rotary evaporator operated at
20 rpm for solvent removal

By use of slight vacuum and gentle
tapping with plastic rod

At 190°C for 24 hours with normal
carrier gas flow

25 ml/minute
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Retention Indices for Carbamate Pesticides
Relative to Carbofuran on Yltra-Bond and Coated Ultra-Bond

Column temperature is 170°

Compound* Purity***  Ultra % 1% 1% 1% 0.5% 0v-210 +
Bond Ov-101  0Qv-17 Carbowax 0OV-210 0.65% OV-17
20M

EPTC 99.5 -- 0.20 0.¢8 0.907 -~ -~
Butylate 99.5 -- 0.25 0.0 0.07 -~ --
Pebuiate 29,0 -- 0.25 6.12 0.09 -- --
Vernolate 89.0 -- 0.28 0.12 0.08 -~ .-
Propham 100.0 0.19*** 0,31 0.19 0.22 -- 0.22
Diallate 99.0 0.20%** 0,67 0.31 0.21 0.32 0.28
Meobal 39.0 0.33 0.59 0.42 0.52 0.56 2.50
CDEC 99.5 0.34 0.66 0.40 0.30 0.40 0.37
Pyramat 98.0 0.35 0.62 0.43 0.29 0.39 0.36
Trillate 99.5 0.53 1.01 0.48 0.26 0.39 0.38
Propoxur 98/99 0.55 0.55 0.48 0.53 0.63 0.52
2,3,5-Landrin  98.0 0.60 0.69 0.51 0.58 0.65 0.58
Chlororopham 99.5 0.61 0.66 0.45 3.59 0.56 0.55
Bux 98.0 0.78 1.04 0.72 0.7 0.75 0.71
Terbutol 98.0 0.82 1.47 0.9 0.66 0.82 0.78
3,4,5-Landrin  98.0 0.85 0.94 0.78 0.85 0.88 0.85
Benthiocarb 98.0 0.85 1.80 1.26 0.82 0.75 1.02
Aminocarb 98.0 0.93 1.07 0.89 0.95 1.02 0.94
Mexacarbate 99.0 0.98 1.32 0.98 0.94 1.02 0.96
Carbofuran 99.5 1.00 1.00 1.00 1.00 1.00 1.0C
SWEP 98.0 1.36 1.19 0.97 1.47 1.19 1.28
Dimetilan 98.0 1.37 1.79 1.93 1.38 1.86 1.64
Methiocarb 99.0 2.10 2.25 2.13 2.28 1.96 2.20
Carbaryl 99.5 2.75 2.43 2.47 3.10 2.81 2.82

*Compounds are listed by common names.
**Standards came from the EPA Protection Agency, Health Effects Research Laboratory,
Environmental Toxicology Division, Research Triangle Park, NC 27711, USA
***Column temperature is 150°C.

Retention Parameters for the More Highly Volatile Carbamate
Pesticides on Ultra-Bond
tR = retention time; t'R = reteniion relative to butylate

Compound Purity Temperature (°C)

90° 100° 120°

tR(min) t'R tR(min) t‘R tR(min) t‘R
EPTC 99.5 3.27 0.69 2.00 0.73 1.09 0.87
Butylate 99.5 4.72 1.00 2.75 1.00 1.25 1.00
Vernolate 99.0 5.29 1.12 3.06 1.1 1.42 1.14

Pebulate 99.0 6.00 1.27 3.44 1.25 1.55 1.24
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Fig. I Chromatograms of carbamate pesticides separated on a 3%, OV-10! on Ultra-Bond column
operated at 170 . Sensitivity: 1@ < 8 Compounds in order of elution are: (A) butylate, CDEC carbo-
furan, Dimetilan and methiocarb; (B) EPTC, chlorpropham, triallate, SWEP and terbutol. Sample

quantty; 10 ng each
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Fig. 2. Chromatogram of carbamate pesticides separated on a | % Carbowax 20M column operated
at 170", Sensitivity 10 < 8. Compounds in order of elution are EPTC, chlorpropham, triallate,
SWEP and terbutol. Sample quanuty: 10 ng each.
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Fig. 3. Chromatogram of carbamate pesticides separated on a 0.65°; OV-17 + 0.5%, OV-210 on
Ultra-Bond column operated at 170°. Sensitivity: 10 > 8. Compounds i order of elution are:
Propham. diallate, triallate, meobal, 3,4,5-Landrin, carbofuran, mexacarbate, SWEP, Dimetilan,
methiocarb and carbaryl. Sample quantity* 10 ng each with the exception of diallate at § ng.
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Fig. 4. Chromatogram of carbamate pesticides separated on a 065%, OV-17 | 059, OV-210 on
Ultra-Bond column. (A) Temperature-programmed from 115-175" at 10 /mun. Sensitvity 10 > 8.
Compounds 1n order of elution: propham, diallate, triallate, meobal, 3.4,5-Landnin, carbofuran,
mexacarbate, SWEP, Dimetilan, methiocarb and carbaryl. Sample quantity: 10 ng except for diallate
at 5 ng. (B) Temperature-programmed from | 10-185" at 10" /mun. Sensitivity: 10 ~ & Compounds in
order of elution are* EPTC, bultyvlate, vernolate, pebulate, propham, diallate, tnallate, meobal, 3,4,5-
Landrin, carbofuran, mexacarbate, SWEP, Dimetilan, methiocarb and carbaryl. Sample quantity
same as wn A. '
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SUMMARY OF RESULTS:

A wide variety of carbamate pesticides can be chromatographed as
the intact compounds, using Carbowax 20M-modified supports with or
without additional 1iquid phase coatings. It is important that moderate
column temperatures (<185°C) and relatively short analysis times be used.
Collection of chemical-ionization mass spectra (isobutane reaction gas)
of the parent carbamates of all compounds injected proved that among the
24 pesticides that could be readily chromatographed, carbaryl was the
only compound that exhibited significant degradation (% 50%). 1In all
other cases, the results of the CI-MS study indicated that the compounds
detected by the electrolytic conductivity detector were the intact carba-
mates. The retention time of carbaryl was considerably longer than that of
the other pesticides, which probably contributed to its degradation.
Eleven carbamate pesticides can be separated on an 0V-210/0V-17 mixed phase
column under isothermal conditions. A total of 15 carbamates can be
separated with baseline resolution on the same column with temperature

programming.






Revised 12/15/79 Section 4, D
Page 1

GAS CHROMATOGRAPHY - NITROGEN -
PHOSPHORUS (N-P) DETECTOR

I.  INTRODUCTION:

Alkali flame fonization detectors (AFID) for selective
analysis of phosphorus- and nitrogen-containing pesticides have
been described and discussed in Section 313 of the FDA PAM and
Section 5,E of the EPA Pesticide AQC Manual. The flame in the
AFID serves the dual purposes of volatilizing the alkali salt
source and ionizing the sample. Because the amount of hydrogen
determines the flame temperature and, therefore, the extent of
the above processes, small changes in hydrogen flow rate affect
the detector response considerably. The flame temperature is
also influenced by the flow rates of carrier gas and air. In
actual practice, it is difficult to maintain gas flows within
required tolerances for stable operation at high detector
sensitivities.

The difficulty of maintaining very accurate gas (especially
hydrogen) flow rates and the problems associated with the con-
tinually changing salt surface have resulted in decreased interest
by pesticide analysts in the AFID in favor of "flameless" alkali
sensitized detectors. These detectors, which have been recently
sold under the name "nitrogen-phosphorus (or N-P) detector"
because of their selective response to these elements, offer an
order of magnitude improvement in sensitivity and selectivity.
However, the low cost and ease of conversion of common flame
jonization detectors to AFID operation makes this detector still
attractive for analyses not requiring the higher stability of the
flameless detector.

For general information on the gas chromatograph, GC columns,
and sample quantitation and interpretation, consult Section 4,A.

REFERENCES:

1. Rapid Procedure for Preparation of Support Bonded Carbowax
20M Gas Chromatographic Column Packing, Moseman, R. F.,
J. Chromatogr., 166, 397-402 (1978).

2. lonization Detector for GC with Switchable Selectivity for
Carbon, Nitrogen, and Phosphorus, Kolb, B., Auer, M., and
Pospisil, P., J. Chromatogr., 134, 65 (1977).
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3. Analytical Performance of a Novel Nitrogen-Sensitive Detector
and its Applications with Glass Open Tubular Columns, Hartigan,
M. J., Purcell, J. E., Novotny, M., McConnell, M. L., and Lee,
M. L., J. Chromatogr., 99, 339 (1974).

4, Study of the Nitrogen Response Mode of the Thermionic Rubidium
Silicate Detector, Lubkowitz, J. A., Glajch, J. L., Semonian,
B. P., and Rogers, L. B., J. Chromatogr., 133, 37 (1977).

DESCRIPTION OF N-P DETECTORS:

Figure 1 shows a schematic diagram of the Perkin-Elmer N-P
detector used by R. F. Moseman of the EPA (reference 1 above)
with support bonded Carbowax 20M columns (Section 4,A,(7)).

This detector and those available from Varian, Hewlett-Packard,
and Tracor have similarities in the position of the alkali source
above the detector jet, use of cylindrical collector electrodes,
application of a negative potential to the source, and use of air
and hydrogen only in quantities necessary to produce a low temper-
ature plasma (rather than a flame) surrounding the source. The four
commercial detectors are, however, distinct in geometry, alkali
source, and electrical technique used for heating the source. The
Perkin-Elmer detector uses a rubidium glass (silicate) bead source,
the Hewlett-Packard uses an unspecified alkali salt contained in
a ceramic reservoir, the Varian uses a proprietary alkali-ceramic
bead, and the Tracor uses a mixture of alkali salts in a silica gel
matrix. The sources have a relatively short bead 1ife of about
three months.

The N-P detector is similar in basic design to the AFID and
can be considered as a modified AFID with an electrically heated
source that is operated with reduced hydrogen and air flows. The
plasma generated around the electrically heated beam is responsible
for ionizing the sample. Initial installation and positioning of
the bead is critical for optimum response. The bead temperature
is easily set by a control knob. Thus, the system becomes more
stable and has a wider linear range. Figure 1 shows a schematic
diagram of the Perkin Elmer nitrogen-phosphorus detector. When
this detector is used in the "phosphorus only" mode, the bead
heating circuit is switched off, and the flame is ignited.
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MECHANISM OF SELECTIVITY:

As in the case of the AFID, the mechanism of response of the
N-P detector is not fully understood. However, a brief probable
explanation of the mechanism of selective detection of the most
widely studied Perkin-Elmer detector follows:

N-P Mode - (Sensitivity to nitrogen and phosphorus,) The N-P
mode uses a negatively polarized jet and lTow hydrogen flow rate.
Because of the lack of a hot flame, organic compounds do not burn
completely. Rather, a partial pyrolysis takes place, producing
intermediate stable CN radicals from nitrogen-containing organic
compounds. The radicals take on an electron from the alkali,
resuiting in a symmetrical cyanide ion and a positive alkali ion.
The alkali ion is recaptured by the bead, while the cyanide jon
migrates to the collector electrode and liberates an electron.
Collection of the electrons creates the specific response. A
similar mechanism has been formulated for phosphorus, except that
PO and/or PO, are assumed to be the intermediate radicals. It
should be emphasized that there is no mode of the detector se-
lective for nitrogen only; there is strong response to phosphorus
plus nitrogen in the N-P mode.

P-Mode - (Sensitive to phosphorus only.) A hot flame exists
because of an increased hydrogen flow rate, and the jet of the
detector is gounded. The organic compounds are fully burned,
and the electrons produced by the normal combustion process are
conducted to ground. The combustion products of phosphorus react
with the alkali on the surface of the bead and produce ions that
are captured by the collector electrode, thus producing the
response. Nitrogen compounds give a reduced response in this mode.

RESPONSE CHARACTERISTICS:

Compared with the flame jonization detector, the N-P detector
is about 50 times more sensitive for nitrogen and 500 times more
sensitive for phosphorus. The sensitivity for three pesticides is
illustrated in Figure 2. All of the compounds contain phosphorus,
and diazinon also contains nitrogen. The sensitivity of detection
calculated from the chromatogram for malathion is 6 x 1071* g/second,
or, calculated for P, 6 x 10715 g/second. Nanogram to picogram
quantities of most nitrogen compounds can be routinely determined,
and selectivity is high if no phosphorus-containing compounds are
co-injected. Sensitivity of the detector depends on detector
background. The background is affected by bead heating current,
gas flow rates, and condition of the bead. Operation of the
detector at a fixed background current requires only occasional
adjustment of the detector and has resulted in very uniform response
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with time. The hydrogen, air, and carrier (nitrogen or helium) flow
rates should be optimized for maximum signal to noise ratio for
the pesticide(s) of interest.

Figure 3 shows the wide linear range for the pesticide
malathion. Selectivity of the N-P detector relative to organic
molecules containing N or P atoms depends somewhat on the analytical
conditions and the type of molecule. However, it has always been
found to be better than 1:5000. This is important not only for
positive identification of residues but also to eliminate the inter-
ference of the Targe solvent peak that might overlap early peaks
in trace analysis when a nonselective detector is used. Figure 1
in Section 4,C,(4) illustrates the selectivity of the N-P detector.

GLC COLUMNS:

The N-P detector is not usable with columns of liquid phases
containing halogen, phosphorus, or nitrogen (0V-210, XE-60,
stabilized DEGS). Columns that have been used successfully include
support bonded Carbowax 20M (Section 4,A,(7)), 3% OV-1, 8% Apiezon L,
5% Carbowax 20M, and 3% OV-17.

Figure 4 shows the separation and detection of pg levels of
three triazine herbicides. Figure 5 compares detector response
to nitrogen and hydrocarbon. The chromatogram demonstrates a
nitrogen:carbon selectivity of 3 x 10°.

INSTALLATION, OPERATION, MAINTENANCE:

Consult the operations manual of the particular detector to
be used. An advantage of the N-P detector is a relatively low
degree of required maintenance.
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Fig. 1. Left: schematic diagram of the Perkin-Elmer nitrogen-phosphorus detector.
Right: the two possible modes of operation. Parts with negative polarity
are indicated in a light shading, and parts with positive polarity in black
Hatched area represents insulation. The electrical heating of the rubidium
glass bead is not indicated.

Column: 6 ft. x 0.08 in. ID glass, contaming
3% SE-30 on Chromosorb W HP 804100 mesh.

Column temperature: 210°C.
Sample volume: 1 pl. o

DIAZINON (10.3% P; 9.2% N} 1 x 10-1og

MALATHION (9.4% P) 1 x10-10g :
ETHION (16.1%% P) 1.3x 10-10g
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Fig. 2. Chramatogram of pesticides.
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Fig. 3. Linearity plot of the
nitrogen-phosphorus
detector for malathion. ‘\
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Fig. 4. Chromatogram of 200 pag each of
atrazine, simazine, propazine,
and prometryne.
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Fig. 5. Selectivity of the N-P detector. A: 5 ng each of C37/
C18’ Cl9’ and C20 normal hydrocarbons; B: 200 pg of

atrazine and 100 pg of methyl parathion. Attenuation,
10 x 4.
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MODIFICATION OF MILLS, ONLEY, GAITHER METHOD FOR THE
DETERMINATION OF MULTIPLE ORGANOCHLORINE PESTICIDES
AND METABOLITES IN HUMAN OR ANIMAL ADIPOSE TISSUE

I. INTRODUCTION:

This procedure combines some of the extraction features of the
de Faubert Maunder et al method and the Florisil partitioning and
cleanup basics of the Mills et al procedure. The modified procedure
has been collaboratively studied over a period of years and has been
found to yield interlaboratory relative standard deviation values of
15 percent or better for the chlorinated pesticidal compounds most
commonly found in the fat of humans and animals.

REFERENCES:

1. de Faubert Maunder, M. J., Egan, H., Godly, E. W., Hammond,
E. W., Roburn J., and Thompson, J. The Analyst, 89: 168,
1964.

2. Mills, P. A., Onley, J. H., and Gaither, R. A., J.A.0.A.C.
46, 186-191, 1963.

IT.  PRINCIPLE:

A 5 g. sample is dry macerated with sand and Na,SO, and the fat
is isolated by repetitive extractions with pet. ether. Pesticide
residues are extracted from the fat with acetonitrile and then parti-
tioned back into pet. ether by aqueous dilution of the acetonitrile
extract. Pet. ether extract is concentrated to 5 ml by Kuderna-Danish
evaporation and transferred to a Florisil column for successive
elutions with 6% and 15% ethyl ether/pet. ether. The respective
eluates are both concentrated to suitable volumes in K-D evaporators
and the final extracts are examined by electron capture gas-liquid
chromatography.

ITI. EQUIPMENT:

1. Gas chromatograph equipped for electron capture detection.
Specific GLC columns and recommended operating parameters are
given in Section 4,A.

*This method, with appropriate modifications, may be used for the
analysis of other tissues if original sample size is adequate.
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2. Aluminum foil, household type.
3. Beakers, 250 ml, stainless steel or heavy duty glass.
4. Beakers, 250 ml, Griffin Tow form.
5. Stirring rods, glass 10 mm diameter.
6. MWater bath with temperature adjustment of 90-100°C.
7. Filter paper - Whatman No. 1, 15 cm diameter.
8.  Funnels, glass, ca 60 ml diameter.
9. Separatory funnels - 125 ml and 1 Titer, Kimble 29048-F, or equiv.

10.  Chromatographic columns - 25 mm o.d. x 300 mm long, with Teflon
stopcocks, without fritted glass plates, Kontes 420530, Size 241.

11. Filter tubes, 150 x 24 mm, such as Corning #9480.

12. Erlenmeyer flasks - 500 ml capacity.

13. Kuderna-Danish concentrator fitted with grad. evaporative con-
centrator tube. Available from the Kontes Glass Company, such
component bearing the following stock numbers:

a. Flask, 500 ml, stock #K-570001

b. Snyder Column, 3-ball, stock #K-503000

c. Steel springs, 1/2 in., stock #K-662750

d. Concentrator tubes, 10 ml, size 1025, stock #K-570050

14. Modified micro-Snyder columns, 19/22, Kontes K-569251.

15. Glass beads, 3 mm plain, Fisher #11-312 or equivalent.

16. Glass wool - Corning #3950 or equivalent.

REAGENTS:

1. Petroleum ether - Pesticide Quality, redistilled in glass,
b.p. 30° - 60°C. (See Note 7, p. 10)

2. Diethyl ether - AR grade, peroxide free, Mallinckrodt #0850 or

the equivalent. The ether must contain 2% (v/v) absolute ethanol.
Some of the AR grade ethers contain 2% ethanol, added as a
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stabilizer, and it is therefore unnecessary to add ethanol unless
peroxides are found and removed.

NOTE: To determine the absence of peroxides in the ether, add
1 ml of freshly prepared 10% K1 solution to 10 ml of ether
in a clean 25-ml cylinder previously rinsed with the
ether. Shake and let stand 1 minute. A yellow color in
the ether layer indicates the presence of peroxides which
must be removed before using. See Misc. Note 4 at end of
procedure. The peroxide test should be repeated at
weekly intervals on any single bottle or can as it is
possible for peroxides to form from repeated opening of
the container.

3. Eluting mixture, 6% (6+94) - purified diethyl ether 60 ml is
diluted to 1000 ml with redistilled petroleum either and
anhydrous sodium sulfate (10-25 g) is added to remove moisture.

4. Eluting mixture, 15% (15+85) - purified diethyl ether 150 ml is
diluted to 1000 m]l with redistilled petroleum ether and dried as
described above.

NOTE:  Neither of the eluting mixtures should be held longer
24 hours after mixing.

5. Florisil, 60/100 mesh, PR grade, to be stored at 130°C until
used.

NOTES: 1. In a high humidity room, the column may pick up
enough moisture during packing to influence the elution
pattern. To ensure uniformity of the Florisil fraction-
ation, it is recommended to those laboratories with
sufficiently large drying ovens that the columns be
packed ahead of time and held (at least overnight) at
130°C until used.

2. Florisil furnished to the contract laboratories by
the RTP, NC Taboratory on order, has been activated by
the manufacturer, and elution pattern data is included
with each shipment. However, each laboratory should
determine their own pesticide recovery and elution
pattern on each new lot received, as environmental
conditions in the various laboratories may differ some-
what from that in RTP, NC. Each new batch should be
tested by the procedure described in Section 3,D for
assurance that the operator can obtain recoveries and
compound elution patterns comparable to the data given
on the accompanying table.
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6. Acetonitrile, reagent grade, saturated with pet. ether.

NOTE: Occasional lots of CH3CN are impure and require redistil-
lation. Generally, vapors from impure acetonitrile will
turn Titmus paper blue when the moistened paper is held
over the mouth of the bottle.

7.  Mnhydrous sodium sulfate, reagent grade granular, Mallinkrodt
stock #8024 or the equivalent.

NOTE: When each new bottle is opened, it should be tested for
contaminants that will produce peaks by Electron Capture
Gas Liquid Chromatography. This may be done by trans-
ferring ca 10 grams to a 125 ml Erlenmeyer flask, adding
50 ml pet. ether, stoppering and shaking vigorously for
1 minute. Decant extract into a 100 ml beaker and evapor-
ate down to ca 5 ml. Inject 5 ul into the Gas Liquid
Chromatograph and observe chromatogram for contaminants.
When impurities are found, it is necessary to remove them
by extraction. This may be done by using hexane in a
continuously cycling Soxhlet extraction apparatus or by
several successive rinses with hexane in a beaker. The
material is then dried in an oven and kept in a glass-
stoppered container.

8. Sodium Chloride solution, 2%, from reagent grade NaCl.
NOTE: See Note for sodium sulfate, Step 7, above.
9. Sand, quartz, which has been acid washed and extracted with
hexane to produce a zero background in the determinative step.
10. MgO-Celite mixture (1:1) weigh equal parts of reagent grade Mg0
and Celite 545 and mix thoroughly.
11. Hexane, redistilled, pesticide quality.
V.  SAMPLING:

The majority of human adipose tissue samples are taken during

autopsy and the chemist has little or no control over the sampling
process. Wherever possible, it should be recommended to the autopsy
physician that the sample be placed in a glass container with Teflon
or foil-1ined screw cap. Plastic bags should be avoided as traces

of impurities such as phthalates may contaminate the sample and result
in many spurious chromatographic peaks when the final sample is exam-
ined by electron capture GLC.



Revised 12/2/74 Section 5, A, (1), (a)

Page 5

VI.  SAMPLE PREPARATION & EXTRACTION:

1.

On a cupped sheet of lightweight aluminum foil, weigh 5 grams of
the previously minced fat. Transfer entire cup to a 250 ml
stainless steel or heavy duty glass beaker.

Add ca 10 grams of clean, sharp sand, ca 10 grams of anhydrous
Na,S0, and 1.0 ml of hexane solution containing 200 nanograms
of aldrin.

NOTE: The aldrin is added here for the dual purpose of (1) pro-
viding a built-in retention marker for direct peak
identification on all chromatograms of the first fraction
extract, and (2) as a quantitative recovery check for the
procedure. This inoculation should, of course, not be
made if aldrin is suspected to be in the substrate.

Grind the mixture with a heavy glass rod and continue adding
portions of Na,SO, to give a uniform, dry granular mass.

Add 50 ml of pet. ether and warm carefully on a water bath with
continuous stirring until solvent boils gently.

NOTE: Some laboratories have reported satisfactory recoveries
resulting from the use of hexane instead of pet. ether
as the extracting solvent. In all probability, hexane
would function as a satisfactory substitute but the
modification has not been subjected to collaborative
study, and therefore no supporting data is available
to validate this hypothesis.

Place Whatman No. 1 filter paper in glass funnel and rinse
several times with pet. ether. Place funnel over previously
tared 250-m1 beaker and transfer extract to funnel by decantation.

Extract the contents of the first beaker with two more 50-ml
portions of pet. ether as described in Steps 4 and 5.

Transfer insoluble material to the filter paper and ringe beaker
and paper with a final 10 ml of pet. ether.

Place beaker on a 40°C water bath and evaporate just to dryness
under a stream of nitrogen. Check odor to be sure all solvent
is removed and allow to cool to room temperature in a dessicator.

Weigh beaker and record for calculation of percent fat in the
sample.
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Accurately weigh between 2.8 and 3.0 grams of the fat obtained
in Step 9 into a 125-ml separator. Add 12 ml of pet. ether
previously saturated with acetonitrile.

NOTE: In the case of highly saturated animal fat, it will be
necessary to add 17 ml of pet. ether to the separator.
In such a case the amount of acetonitrile used in the
partitioning step should be increased to 40 ml.

LIQUID-LIQUID PARTITIONING:

1.

Add 30 ml of acetonitrile, previously saturated with pet. ether.
Stopper funnel and shake vigorously for 2 minutes.

Allow phases to separate and draw off the acetonitrile layer into
a 1-Titer separator containing 700 ml of a 2% solution of NaCl
and 100 ml of pet. ether.

Similarly extract the pet. ether Tayer in the 125-ml separator
three more times with 30-ml portions of acetonitrile, combining
all acetonitrile extracts in the 1-liter separator.

Stopper, invert 1-liter separator, vent off pressure and mix by
shaking for two minutes, releasing pressure as required.

Allow the layers to separate and drain aqueous layer into a
second 1-1liter separator.

Add 100 ml pet. ether to second separator, and after a 30-second
vigorous shaking, discard aqueous phase and transfer pet. ether
phase into first 1-1iter separator.

Wash pet. ether with two 100-ml portions 2% NaCl and discard the
aqueous washings.

Prepare a 2-inch column of anhydrous, granular Na,SO, in a 150 x
24 mm filter tube and position over a 500-m1 K-D evaporator
fitted with a 10-ml grad. concentrator tube containing one glass
bead. Dry the pet. ether by filtering through this column.

Rinse the separator twice with 10-ml portions of pet. ether and
finally rinse down sides of the filter tube with 10 ml pet. ether.

Attach a 3-ball Snyder column to the top of the K-D evaporator
and place in a 90-100°C water bath. Approximately 1-1/2 inches
of the concentrator tube should be below the surface of the water.
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Concentrate the extract to ca 5 ml, rinse down the sides of K-D
evaporator and the ground glass joint with a total of 3 ml pet.
ether. Reconcentrate extract to ca 5 ml under a gentle stream
of nitrogen at room temperature.

VIII. FLORISIL FRACTIONATION:

1.

Prepare a chromatographic column containing 4 inches (after
settling) of activated Florisil topped with 1/2 inch of anhydrous,
granular Na,SO,. A small wad of glass wool, preextracted with
pet. ether, is placed at the bottom of the column to retain the
Florisil.

NOTES: 1. If the oven is of sufficient size, the columns may
be prepacked and stored in the oven, withdrawing columns
a few minutes before use.

2. The amount of Florisil needed for proper elution
should be determined for each lot of Florisil.

Place a 500-m] Erlenmeyer flask under the column and prewet the
packing with pet. ether (40-50 ml, or a sufficient volume to
completely cover the Na,S0, Tayer).

NOTE: From this point and through the elution process, the
solvent level should never be allowed to go below the
top of the Na,SO, layer. If air is introduced, channeling
may occur, making for an inefficient column.

Using a 5-ml Mohr or a long disposable pipet, immediately trans-
fer the tissue extract (ca 5 ml) from the evaporator tube onto
the column and permit it to percolate through.

Rinse tube with two successive 5-ml portions of pet. ether,
carefully transferring each portion to the column with the pipet.

NOTE: Use of the Mohr or disposable pipet to deliver the extract
directly onto the column precludes the need to rinse down
the sides of the column.

Prepare two Kuderna-Danish evaporative assemblies complete with
10 ml graduated evaporative concentrator tubes. Place one glass
bead in each concentrator tube.

Replace the 500-ml Erlenmeyer flask under each column with a
500-m1 Kuderna-Danish assembly and commence elution with 200 ml
of 6% diethyl ether in pet. ether (Fraction I). The elution rate
should be 5 ml per minute. When the last of the eluting solvent
reaches the top of the Na,S0, Tayer, place a second 500-ml
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Kuderna-Danish assembly under the column and continue elution
with 200 ml of 15% diethyl ether in pet. ether (Fraction II).

7. To the second fraction only, add 1.0 m1 of hexane containing 200
nanograms of aldrin, place both Kuderna-Danish evaporator assem-
blies in a water bath and concentrate extract until ca 5 ml
remain in the tube.

8. Remove assemblies from bath and cool to ambient temperature.

9. Disconnect collection tube from Kuderna-Danish flask and care-
fully rinse joint with a little hexane.

10. Attach modified micro-Snyder column to collect tubes, place tubes
back in water bath and concentrate extracts to 1 ml. If prefer-
red, this may be done at room temperature under a stream of
nitrogen.

11. Remove from bath, and cool to ambient temperature. Disconnect
tubes and rinse joints with a 1ittle hexane.

NOTE: The extent of dilution or concentration of the extract
at this point is dependent on the pesticide concentration
in the substrate being analyzed and the sensitivity and
Tinear range of the Electron Capture Detector being used
in the analysis (See Section 4,A).

12. Should it prove necessary to conduct further cleanup on the 15%
fraction, transfer 10 grams Mg0-Celite mixture to a chromato-
graphic column using vacuum to pack. Prewash with ca 40 ml pet.
ether, discard prewash and place a Kuderna-Danish receiver under
column. Transfer concentrated Florisil eluate to column using
small portions of pet. ether. Force sample and washings into
the Mg0-Celite mixture by slight air pressure and elute column
with 100 ml pet. ether. Concentrate to a suitable volume and
proceed with Gas Liquid Chromatography.

NOTE: Standard Recoveries should be made through column to
ensure quantitative recoveries.

IX.  ASSESSMENT OF EXTRACT CONCENTRATION:

1. Inject 5 ul of each fraction into the gas chromatograph for the
purpose of determining the final dilution. If all peaks are
on-scale and quantifiable, it will not be necessary to proceed
with any further adjustment in concentration. With human fat,
however, it is probable that there will be several sizable
on-scale peaks and one or more off-scale peaks in the 6% fraction.
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If off-scale peaks are obtained in either fraction it will be
necessary to dilute volumetrically with hexane to obtain a
concentration that will permit quantitation of those peaks from
a 5 ul injection.

NOTE: A 5-ml dilution of a 3.0 gram sample containing .01 ppm
of a given pesticide will yield 30 picograms of the
pesticide per 5-microliter injection. Provided the
detector is operating at average sensitivity, it should
be possible to obtain quantifiable peaks of most compounds
1ikely to be present at this concentration.

X.  MISCELLANEOUS NOTES:

1.

The two fractions from the Florisil column should never be com-
bined for examination by Gas Liquid Chromatography. By so doing,
a valuable jdentification tool is voided.

Meticulous cleaning of glassware is absolutely essential for
success with this procedure. All reagents and solvents must be
pretested to ensure that they are free of contamination by
electron capturing materials at the highest extract concentration
levels. Reagent blanks should be run with each set of samples.

The method, as described, is known to be capable of producing
recoveries of most of the chlorinated pesticides of from 85 to
100%. Each laboratory should conduct its own recovery studies
to make certain of its capability to achieve this recovery range.
A clue may be obtained from the recovery of the aldrin spike.

The recovery of this compound should not be less than 70%.

For the removal of peroxides from the ethyl ether, place an
appropriate volume in a separatory funnel and wash it twice with
portions of water equal to about 1/2 the volume of ether. The
washed ether is shaken with 50 to 100 ml of saturated NaCl
solution and all of the aqueous layer is discarded. The ether
is then transferred to a § flask containing a large excess of
anhydrous sodium sulfate and shaken vigorously on a mechanical
shaker for 15 minutes. This treatment should not be attempted
on ether containing ethanol, as the amount of ethanol that would
remain is indeterminate.

If the presence of malathion is suspected, it is necessary to
pass 200 ml of 50% diethyl ether in pet. ether through the
Florisil column into a third K-D evaporator assembly, concen-
trating the eluate as described for the 6% and 15% eluates.
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6. Table 1 gives the elution pattern for a number of common pesti-
cides. On occasion it may be observed that a portion of a given
compound may elute into a different fraction than the one given.
For example, some operators have difficulty eluting all the
dieldrin in the 15% fraction. This is generally caused by either
moisture in the system or the use of solvents of different
polarity than those specified in the reagent 1ist. For example,
it is essential that the diethyl ether contain 2% (v/v) ethanol.
Ether without the ethanol or with too much would expectedly
result in an altered elution pattern.

7. If this method is used for the detection and quantitation of
organophosphorous compounds, some special factors must be con-
sidered. The presence of any peroxides in the ethyl ether and/or
impurities in the pet. ether can result in extremely Tow recov-
eries. Recovery efficiency should be predetermined on standard
mixtures containing the specific compounds of interest. If lTow
recoveries are obtained, it may be necessary to try an alternate
manufacturer's pet. ether.

8. If the presence of HCB is suspected in the sample, the analyst
would be well advised to apply the confirmatory procedure
described in Section %,A,(11),(b) since recoveries by the method
described in this section (5,A,(1),(a), are expectedly poor.

If HCB is detected in a significant number of routine samples,
a modification in the extraction stage (Subsection VI,10) would
prepare for the confirmation contingency and save some time.

In Step 10 weigh 3.4 grams of fat and transfer to a 13 ml grad.,
conical centrifuge tube. Add pet. ether to bring the volume to
the 10 ml mark. Stopper securely and mix on a rotary mixer 30
minutes at ca 50 rpm. Quantitatively transfer 2 ml of the
extract to a small vial, seal and set aside under refrigeration
for possible use in confirmation. Transfer the remaining 8 ml
of extract to a 125 ml separator, rinsing tube with two 2 ml
portions of hexane. Proceed with Subsection VII.
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TABLE 1. A COMPILATION OF FLORISIL ELUTION PATTERNS AND
RECOVERY DATA OF PESTICIDES

INTRODUCTION:

The data contained in the following table were copies from "Analytical
Behavior Data for Chemicals Determined Using AOAC Multiresidue Methodology
for Pesticide Residues in Foods," McMahon, B., and Burke, J. A., J. Assoc.
Off. Anal. Chem., 61, 640 (1978). Reproduction here is intended to provide
the reader with the elution characteristics and recovery potential of many
pesticides and industrial chemicals in addition to those that are normally
found in adipose tissue.

The elution behavior and recovery data for many of these compounds were
obtained from fatty foods (FDA PAM, Sections 211.1/231.1(6); Official Methods
of Analysis of the AOAC, 12th ed., (1975), Sections 29.001, 29.002, 29.005,
29.008-29.010, 29.012, 29.014, 29.015, 29.018; and Changes in Methods, J.
Assoc. Off. Anal. Chem., 59, 471 (1976), Sections 29.B01-29.B06), but because
of the similarity of the extraction and Florisil partitioning steps used in
analyzing adipose tissue, it would be expected that results would be very
similar or identical in the analysis of human or animal fat.

Circumstances under which the data were obtained varied widely.
Different data have been validated by many analysts or by only one, with
or without sample present, through complete methods or through individual
procedures of a method. Much of the data has been proven valid during a
number of years of routine use of the methodology in many laboratories.

When complete data on the behavior of a compound are unavailable, the
available data are given and the missing information is indicated.

Available information is presented on elution of compounds from the
Florisil column with additional eluants in cases where the 6% and 15% ethyl
ether-petroleum ether eluants were insufficient.

CODE:

C: Complete (>80%) recovery; may apply to the complete method or to only
the Florisil column elution by the specific eluant(s) shown.

P. Partial (>80%) recovery; may apply to the complete method or to only
the Florisil column elution by the specific eluant(s) shown. Approx-
imate percent recovery expected is given in parentheses, when known.

V. Variable recoveries or inconsistent elution patterns.
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Not recovered; may apply to the complete method or to only the Florisil
column elution by the specific eluant(s) shown.

No data; indicates compound has not been tested through complete
procedure.

FLORISIL ELUTION NOTATIONS:

1.

Percentages in this column refer to percent ethyl ether in petroleum
ether eluants in 200 ml portions in which the compounds eluted. Unless
otherwise indicated, percentages above 15% were used in addition to the
usual 6% and 15% eluants.

Appearance of C, P, or NR plus the appropriate eluant(s) indicates that
the information was obtained during testing of Florisil elution only.

Appearance of appropriate eluant alone indicates that the information
was obtained during testing of the entire method.

(continued)
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TABLE 1. (continued)
Method Florisii

Compound Recovery Elution
Acarol o C, 15 + 50%
Acetyl tributyl citrate P 50%
Acetyl triethyl citrate p 50%
Acetyl tris (2-ethyl hexyl)citrate ND 50%
Alachlor (Lasso) ND NR, 6, 15%
Aldrin C 6%
Allidochlor (Randox) \D NR, 6, 15%
Anilazine !{Dyrene) p 15%
Aramite \R P, 15%
Aroclor 1016 C %
Aroclor 1227 o %
Aroclor 1242 c 6%
Aroclor 1248 C 6%
Aroclor 1254 c 6%
Aroclor 1260 C 6%
Aroclor 1262 ¢ pA
Aroclor 4465 C 6%
Aspon ND 6%
Atrazine ND C, 50%
Azinphos-ethyl (Ethyl Guthion) ND P, 50%
Azinphos-methyl (Guthion) \D NR, 6, 15%
Benfluralin (benefin) C C, 6%
Bensulide {(Prefar) C C, 50%
Benzoylprop-ethyl (Suffix) ND NR, 6, 15, 50%
2-BHC C 6%
3-BHC C 6%
¥-BHC (1indane) C 6%
$-BHC C 6, 15% V
Binapacryl P(65) P(75-90), 15%
Bis(2-ethoxyethyl)phthalate ND ND
Bis(2-methoxyethyl)phthalate ND ND
Bis(trichloromethyl)disulfide ND 6%
Bis(3,3,5-trimethylcyclohexyl)

phthalate ND 15%
Bomy1 ND ND
Bromacil ND NR, 6, 15, 50%
Bromophos ND %
Bromophos-ethy!l ND 6%
Bulan P{75) 15%
Butoxy ethyl ester 2,4-D p 15%
Butoxy ethyl ester 2,4,5-T p 15%
Butyl benzyl phthalate P(70) C, 15 + 50%
n-Butyl ester 2,4-D P(10) 15%
n-Butyl ester 2,4,5-T P 15%
Butyl isodecyi phthalate C 15 + 50%
Butyl octyl phthalate ND 15 + 50%
Butyl phthalyl butyl glyocate p 50%
Captafol (Difolatan) ND P(64), 50%
Captan ND 50% V
Captan epoxide ND NR, 6, 15%

{continued)
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Method Florisil
Compound Recovery Elution
Carbophenothion (Trithion) P(60) 6% V
Carbophenothion oxygen analog ND ND
CDEC (Vegadex) C 6%
Cereclor S-45 (chlorinated
paraffin) " %
Cereclor S-52 (chlorinated
paraffin) C %
Chlorzenside C 6%
Chlordane (technical) C 6%
Chlordane (cis) c 6%
Chlordane (trans) o %
Chlordecone {Kepone) P P, 15, 50% V
Chlorfenvinphos ND ND
a-Chlorfenvinphos NR ND
Chlornidine {Torpedo) P(70) C, 15%
Chlorobenzilate P(75) C, 15 + 50%
Chloroneb ND 5%
Chloropropylate C C, 15 + 50%
Chiorowax 40 {chlorinated
naraffin) C 6 + 15%
Chlorowax 500C (chlorinated
paraffin) c 8%
Chlorowax 70 (chlorinated
paraffin) C 6%
Chlorothalonil (Daconil 2787) NR NR, 6, 15, 50%
Chlorpham {CIPS) C 15%
Chlorpyrifos (Dursban) €{74-83) 6%
Chlorpyrifos {Dursban) oxygen
analog ND ND
Chlorthion C 15%
Clorafin 40 {chlorinated paraffin) p 6 + 15%
Clorafin 50 (chlorinated paraffin) c 6 + 15%
Coumaphos (Co-Ral) ND NR, 6, 15, 20%
TP-40 {chlorinated paraffin) C 6 + 15%
Cresyl diphenyl phosphate c 50%
Crotoxyphos (Ciodrin) ND ND
Crufomate (Ruelene) ND ND
Cumylphenyl diphenyl phosphate c 50%
Cyanazine (Bladex) ND ND
Cypromid MD NR, 6, 15%
Dacthal P 15%
0,p'-DDE C 6%
p,p'-DDE c 6%
0,p'-00T o %
,p'-00T C %
%E% P(60) ¢, 15 + 50%
Demeton (Systox) ND ND
Diablo 700X (chlorinated paraffin) C 6%
Diatifor P(50) C, 15%

(continued)
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Compound

Dialiyl
Diazinon
Dibutoxyethyl phthalate
Di-n-butyl phthalate
Dicapthon
Dichlobenil (Casoron)
Dichijofenthion (MNemacide)
Dichlone
p-Dichlorobenzene
m-Dichlorobenzene
9,p'-Dichlorotenzophenone
p,p'-Dichlorobenzophenane
Dichlorvos {(DDVP)
Dicloran {Botran)
Dicofol (Kelthane)
Dicrotophos (Bidrin)
Dicyclohexyl phthalate
Di-n-decyl phthalate
Dieldrin
Diethyl phthalate
Di-2-ethylhexyl isophthalate
Di-2-ethylhexyl phthalate
Diisobutyl pnthalate
Diisodecy! phthalate
Diisohexyl phthalate
Diisononyl phthalate
Diisooctyl phthalate
Diiscpropyl phthalate
Dilan
Dimethoate
Dimethoate oxygen analog
Dimethy! isophtnalate
Dimethyl phthalate
Di(methylisobutylcarbinyl)
phthalate
Di{1-methylheptyl)adipate
Dinocap (Karathane)
Dinonyl phthalate
Di-n-octyl phthalate
Dioxathion {Delnav)
Dipenty! phthalate
Biphenamid
Diphenyl phthalate
Dipropyl phthalate
Disulfoton (Di-Syston)
Disulfoton oxygen analog
(demeton-S)
Disulfoton sulfone

phthalate

Method

Recovery

(o]

80)
>70)

0~

Lor] —
(4
[}
~—

o

Z2Z0Z0000Z0Z20VDUVZ20000Z2 900000002
oo o

=0
L}

P(65)
ND
ND
ND
ND

ND
C
P(60)
ND
C
ND
ND
ND
ND
ND
ND

ND
ND

{continued)
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Florisil

Elution

15 + 50%

15%

15 + 50%

C, 15 + 50%

C, 15 + 50% V
C, 15%

C, 6%

NR, 6, 15, 50%
6%

6%

15%

i5%

NR, 6, 15, 50%

P, 15%, C, 15 + 20%

6, 15% V

ND

15 + 50%

15 + 50%
15%

15 + 50%
15%

C, 15 + 50%

C(ca 80), 15 + 50%

15 + 50%

C, 15 + 50%
15%

C, 15 + 50%
15 + 50%

15%

ND

ND

NR

P, 6, 15, 50%

15%

6%

P(75), 15%
15 + 50%

C, 15 + 50%
ND

15%

ND

15 + 50%

15 + 50%
P(25-40), 6%

ND
ND
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TABLE 1. (continued)

Method Florisil
Compound Recovery Elution
Diuron ND NR, 6, 15, 50%
Endosulfan I (Thiocdan I) C 15%
Endosulfan II {Thiodan II) C 15 + 50%
Endosul fan suifate C 50%
Endrin C 15%
tndrin alcohol C C, 15 + 50%
Endrin aldehyde C C, 15 + 50%
Endrin ketone (Delta Keto 153) " 25% (following
EPN C 15%
Epoxyhexachloronorbornene ND 6%
EPTC /Eptam) ND P, 15%
g£thion C 6%
Ethoprop (MOCAP) P(45) 50%
2-Ethylhexyl diphenyl phosphate C 50%
Cthyl hexyl ester 2,4-D C 15%
Ethyl phthalyl ethyl glycolate MR NR, 6, 15, 50%
Famphur MO ND
Fenitrothion (Sumithion) o 15%
Fensulfothion (Dasanit) ND ND
Fensulfothion oxygen analog ND ND
Fensul fothion sulfone ND ND
Fenthion ND 6, 15%
Folpet (Phaltan) P(50) C, 15 + 50% V
Fonofos (Dyfonate) o 6%
Genite 923 C c, 15%

Halowax 1001 (chlorinated
naphthalene) C 6%
Halowax 1013 C 6%
Halowax 1014 C c, 6%
Halowax 1031 c &%
Halowax 1051 C 6, 15%
Halowax 1099 C C, 6%
Halowax 214] C
Hatcol 149 (mixed alky!l

phthalates) ND 15 + 50%
Hatcol 190 ND 15 + 50%
Heptachlor C 6%
Heptachlor epoxide C €%
Heptachlaronorbarnene C ND
Hexachlorobenzene P(60) 6%
Hexachloro-1,3-tutadiene p 6%
Hexachlorocyclopentadiene ND 6%
Hexachloroethane C ND
Hexachloronorbornadiene C ND
Hexachlorophene ND NR, 6, 15, 50%
Hydroxy chloroneb ND ND
Isobenzan (Telodrin) C 6%
[sobutyl ester 2,4-2 c 15%

(continued)
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TABLE 1. (continued)

Compound

Isodecyl isooctyl phthalate
Isodrin

Isooctyl ester 2,4-D
Isoocty! ester 2,4,5-T
Isopropyl biphenyl
Isopropy! ester 2,4-D
Isopropyl ester 2,4,5-T
Korax (Lanstan)

Leptophos {Phosvel)
Malathion

Malathion oxygen analog
Merphos

Methidathion (Supracide)
p.p'-Methoxychlcr
0,p'-Methoxychler

Methyl phthalyl ethyl glycolate
Methyl Trithion

Mevinphos (Phosdrin)

Mirex

Mirex, 2,8-dihydro-(photoproduct)
Mirex, 10,10-dihydro-(photoproduct)
Mirex, 8-monohydro-(photcproduct)
Mirex, 10-monohydro-(photoproduct)
MO

Monobutyl phthalate

Monocrotophos {(Azodrin)

Monuron

Naled

Neburon

Nitrofen (TOK)

Nonylphenyl diphenyl phosphate
Octachlor epoxide (oxychlordane)
Octachloro-dibenzo-p-dioxin
Octachlorostyrene

Ovex (chlorfenson)

Oxadiazon

Parathion

Parathion-methyl (methyl parathion)
Parathion-methyl oxygen analog
Parathion oxygen analog

Paroil 1400V (chlorinated paraffin)
Paroil 1500V

Pentachloraniline
Pentachlorobenzene
Pentachlorobenzoitrile
Pentachlorophenyl methyl sulfide

Method
Recovery
ND

C

P(75)

<~
(=53

(53]

~—

<

OVOZ00Z00TVO0O
—
wn
o
—

ND
NR

C(depends on

Florisil)
ND
P(70)
ND
ND
ND
ND
C
ND
ND
ND
ND
ND
C
o
C

(continued)
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Fiorisil

15 + 50%
o
15%
15%
5%
15%
15%
NR, 6, 15%
C, 6%
15, 50% V
ND
6, 15, 50% V
50%
6%
6%
NR, 6, 15, 50%
» v

ND

6%

6%

6%

6%

%
6+ 15% V

15%

ND

NR, 6, 15, 50%
ND

NR, 6, 15,
¢, 15%
50%
6%
NR, 6,
6%

15%
C, 15%
15%
15%
ND

ND

6%

6%

)
c, 6%
15%

C, 6%

30%

15%
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Method Florisil
Compound Recovery Elution
Perthane C %
Perthane olefin C 6%
Phenkapton ND 6%
Phorate (Thimet) P(80) 6%
Phorate oxygen analog sulfone ND ND
Phosalone C C, 50%
Phosmet (Imidan) ND ND
Phosphamidon ND ND
Phostex ND K
Photodieldrin A C 15%, final trace, 50%
Planavin P(70) P({50-80), 50%
Prolan P(25) 18%
Prometryn P(70) P(67}, 50%
Propachlor (Ramrod) ND NR, 8, 15%
Propanil (Stam F-34) ND NR, 6, 15%
Propazine AR C(80-94), 15 + 50% V
PX-316 {mixed alkyl phthalates) ND 15 +50%
Quinotozene {PCNB) c 6%
Ronnel (fenchlorphos) C 6%
Ronnel oxygen analog ND ND
Schradan (QMPA) ND ND
SD 7438 o C, 15%
Simazine ND C, 50%
Strobane C 6%
Sulfotepp P(65) 6+ 15 %V
Sulphenone ND 50%
T-146 {mixed n-alcohol phthalates) ND 15 + 50%
T-147 ND 15 + 50%
T7-148 ND 15 + 50%
0,p'-TDE o 6%
p,p'-TDE C 6%
p.p'-TDE olefin C 6%
Tecnazene (TCNB) c 6%
Terbacil ND NR, 6, 15%
Terbufos {Counter) ND 6%
Terbuthylazine ND 15 + 50%
2,3,4,5-Tetrachloroanisidine ND 6%
2,3,4,6-Tetrachloroanisidine ND 6%
2,3,5,6-Tetrachloroanisidine ND 6%
2,3,4,5-Tetrachloroanisole ND 6%
2,3,4,6-Tetrachloroanisole ND 6%
2,3,5,6-Tetrachloroanisole ND %
1,2,3,4-Tetrachlorobenzene C ND
1,2,3,5-Tetrachlorobenzene ¢ ND
2,3,4,5-Tetrachlorobenzene c ND
2,3,7,8-Tetrachlorodibenzo-p-dioxin P(70) p, 6, 15% V
2,3,4,5-Tetrachloronitroanisole ND 6%

(continued)
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TABLE 1. (continued)
Method Florisil

Compound Recovery Elution
2,3,4,6-Tetrachloronitroanisole ND 6%
2,3,5,6-Tetrachloronitroanisole ND 6%
Tetrachlorvinphos {Gardona) ND ND
Tetradifon (Tedion) C 15%
Tetraiodoethylene P(65) 6%
Tetrasu! C c, 6%
Thionazin (Zinaophos) NR C(80), 15 + 50% V
Toxaphene (camphechlor) C 6%
Tri(2-butoxyethyl)phosphate NR NR
Tributyl citrate NR ND
Trichlorobenzenes P(60) c, 6%
Tricresyl phosphate C 50%
Triethyl citrate NR ND
Tri(2-ethylhexyl)phosphate P 50%
Trifluralin C 6%
Triphenyl phosphate C 50%
Tris{1-bromo-3-chloroisopropyl)

phosphate p 50%
Tris{g-chioroethyl}phosphate NR NR
Tris(2,3-dibromopropyl)phosphate NR NR
Tris(1,3-dichloroisopropyl)

phosphate P 50%
Tris(dichloropropy!)phosphate P(V) 50%
Tris(isopropylphenyl)phosphate C 50%
Vernolate (Yernam) ND P, 15%

Zytron C %
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ANALYSIS OF ADIPOSE TISSUE
DETERMINATION OF HEXACHLOROBENZENE AND
l:;>MIREX WITH CONFIRMATION OF HEXACHLOROBENZENE

INTRODUCTION:

The detection and quantitation of hexachlorobenzene (HCB) 1in
adipose or other fatty tissues have posed problems to the analyst
for two basic reasons: (1) in chromatography with electron capture
detection, the retention characteristics of the HCB peak are quite
similar to the alpha isomer of BHC (hexochlorocyclohexane) on a
number of GC columns; (2) because of the unfavorable partition ratio
of HCG (and mirex) in the acetonitrile/petroleum ether partition
cleanup system, low recoveries are obtained using the multiresidue
method outlined in Section 5,A,(1),(a). The procedure below offers
improved recoveries and an HCB confirmatory derivative analysis.
The confirmation scheme is especially useful for HCB because HCB
elutes very early from the GC columns commonly used for pesticide
residue analysis. Although the procedure was developed specifically
for determination of HCB residues, it has proven useful for determina-
tion of mirex residues in adipose tissue.

REFERENCES:

1. Rapid Determination and Confirmation of Low Levels of Hexa-
chlorobenzene in Adipose Tissue, Crist, H. L., Moseman,
R. F., and Noneman, J. W., Bull. Environ. Contam. Toxicol.
14, 273-280 (1975).

2. Collaborative Study of an Improved Method for Hexachloroben-
zene and Mirex and Hexachlorobenzene Confirmation in
Adipose Tissue, Watts, R. R., Hodgson, D. W., Crist, H. L.,
and Moseman, R. F., J. Assoc. Off. Anal. Chem., submitted
for publication. (Official First Action status has been
granted by the AOAC.)

PRINCIPLE:

An adipose tissue sample is dissolved in hexane and applied
directly to a Florisil column. The HCB and mirex residues are eluted
with hexane and determined by direct EC-GC of the concentrated eluate.
HCG residues are then confirmed by EC-GC analysis of a disubstituted
ether derivative (bis-isopropoxytetrachlorobenzene; BITB) formed by
reaction with 2-propanol. Mirex residues do not survive this reaction.
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APPARATUS:

Gas chromatograph fitted with 3H or 83Ni electron capture
detector and 1.8 m x 4 mm i.d. columns of 1.5% 0OV-17/1.95%
0V-210 and 5% OV-210 on 80-100 mesh support. Operating param-
eters: column temperature, 200°C (0OV-17/0V-210), 180°C (0V-210);
detector (tritium) 210°C, (nickel) 300°C; inlet block 220°C;
transfer line 220°C; carrier gas flow 60 ml/min.

Columns, glass, Chromaflex, size 241, 300 x 25 mm o.d., Kontes
No. K-420530.

Kuderna-Danish concentrator assembly, Kontes No. K-570000,
fitted with 25 ml graduated evaporative concentrator tube
(K-570050), size 2525, 19/22).

Micro-Snyder column, Kontes No. K-569250.

Disposable pipets.

Compressed, gaseous nitrogen equipped with regulator valve for
pressure reduction to approximately 5 1b/in2.

Water bath, with temperature range of 50-100°C.
Glass wool, pre-extracted in a Soxhlet apparatus with hexane.

Vortex mini-mixer.

REAGENTS AND SOLVENTS:

1.

Hexachlorobenzene and mirex analytical reference standards,
available from the Quality Assurance Section, U.S. EPA, ETD,
HERL, MD-69, Reserach Triangle Park, NC 27711.

Pyridine, Burdick and Jackson, or equivalent, suitable for liquid
or gas chromatography. Test the reagent for intereferences by
using the derivatization procedure.

Potassium hydroxide, reagent grade; 10% solution in 2-propanol.

Sodium sulfate, anhydrous, granular. Soxhlet extract with hexane
and oven dry at 130°C.

Sodium sulfate, 2% aqueous solution, prepared from pre-extracted
reagent.

Florisil, PR grade, the Floridin Company, Berkeley Springs, WV.
Prepare Florisil column by packing Chromaflex column with 100 mm
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adsorbent and 12 mm Na SO on top [see Section 5,A,(1),(a), III,
IV, and VIII]. Hold in 130°C + 2°C oven for at least 16 hours
prior to use. Remove stopcocks before placing columns in oven.
Prewash with 50 ml hexane just before use.
Keeper solution, 1% paraffin oil in hexane.

Hexane, 2-propanol, pesticide quality, or equivalent.

V.  PROCEDURE:

1.

Accurately weigh 0.5 g of rendered or extracted fat in a 13 ml
centrifuge tube.

Dissolve the fat in ca 0.5 ml of hexane and quantitatively trans-
fer to a Florisil column prewashed with 50 ml of hexane. Rinse
the sample tube with tow 0.5 ml portions of hexane and add each
to the column.

Allow the column to drain until the solvent level is just at the
top of the Na,S0,.

Rinse the column insides above the adsorbent bed with 2-3 ml of
hexane.

Elute with 200 ml of hexane at a flow rate of 5 ml/minute.

NOTE: The elution characteristics of each lot of Florisil
should be tested for both compounds, and the elution
volume should be adjusted if necessary.

Collect the eluent in the Kuderna-Danish assembly containing a
3 mm glass bead or carborundum chip in the 25 ml concentrator
tube.

Immerse the concentrator tube in a boiling water or steam bath
to about 1/3 of its depth and concentrate the extract to ca
10 ml.

Remove the K-D assembly from the bath, cool, and carefully
remove the concentrator tube, rinsing the joint with ca 3 ml
of hexane.

Place the tube under a nitrogen stream and reduce the extract
volume to ca 3 ml. Do Not Allow to go to Dryness!!!
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10. Rinse the sidewalls of the tube with hexane and adjust the
volume to 5 ml. Stopper and Vortex mix one minute.

NOTES:

1. On the basis of the gas chromatographic analysis below,
it may prove necessary to further dilute or concentrate
the extract.

2. In addition to HCB and mirex, the 200 ml hexane fraction
may contain heptachlor, aldrin, p,p'-DDE, o,p'-DDT, and
PCBs. No attempt should be made to quantitate any com-
pounds other than HCB that may appear in this eluate,
as the elution may be incomplete and, therefore, give low
recoveries.

GAS CHROMATOGRAPHY :

Determine the amount of HCB and mirex in the sample by injecting
3-8 ul amounts of standards and samples into an OV-17/0V-210 GC
column with the parameters stated in Subsection III,1. Alternatively,
quantitate mirex on an 0V-210 column. The RRT, of HCB, the HCB
derivative, and mirex are in the following tab%e.:

RRTA of Compounds (Conditions in Subsection III,1)

5% 0V-210 1.5% 0V-17/1.95% 0V-210
HCB 0.46 0.48
HCB derivative N.D.! 0.86
Mirex 3.78 6.1

INot determined.

Adjust sample volumes as required to produce major peak
responses, so that no peak Tess than 20% f.s.d. is quantitated.
Peak heights of standards and samples should not vary by more than
25%, and concentrations must fall within the Tinear range of the
detector. It is best to work at the same attenuation setting for
samples and standards.
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VII.  CONFIRMATION OF HCB BY DERIVATIZATION:

1.

Add 5 drops of paraffin oil keeper solution to the sample
(step 10, Subsection V) and place under a gentie nitrogen
stream in a warm water bath. Continue evaporation until
0.1-0.2 ml of hexane remains.

NOTE: At least three concentrations of the HCB standard
should be derivatized along with samples. Choose
concentrations that bracket the concentration of
the HCB present in the sample as determined by the
initial GC analysis. The responses of the HCB
standard derivatives should be linear. Add 2-3
drops of paraffin o0il keeper solution before evap-
orating to 0.1-0.2 ml.

Add 0.2 m1 of pyridine and 0.5 ml of 10% KOH in 2-propanol,
attach a modified micro-Snyder column to the concentrator
tube, and place in a boiling water bath for exactly 45
minutes.

Remove the tube, cool under tap water, and add 10 ml of
2% Na,S0, solution and exactly 2 ml of hexane. Stopper
and mix vigorously for one minute.

NOTE: The 2 ml of hexane should be delivered with a
volumetric pipet, because this volume is used
in calculating the amount of HCB residue.

After the phases have completely separated, inject 3-8 ul of
the hexane extract (upper layer) into the gas chromatograph
fitted and adjusted as described in Subsection III,1. An
additional quantitative volume of hexane may be added, as
estimated, to bring the BITB peak on scale. After such a
dilution, the tube must be stoppered, again shaken, and

time allowed for layer separation before sampling for GC.

If the neight of the BITB peak is less than 10% f.s.d.,

some further concentration is required by evaporation under
a nitrogen stream. Quantitation is obtained by comparison
of results to the reference standards of HCB carried through
the derivatization procedure along with the unknown. Mirex
is not recovered in the derivatization procedure.

NOTE: Using the prescribed column temperature of 200°C, the
RRT, of the BITB peak on the 0V-17/0V-210 GC column
shoﬁ]d be 0.86 (see the Table in Section VI).
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RECOVERY RESULTS:

1. Studies by the authors of the original work (Reference 1)
over a concentration range of 0.01 to 1.0 ppm have indica-
ted recoveries from 86 to 107% when a 100 ml (rather than
200 m1) Florisil eluate is quantitated as specified in the
earlier version of this method (see Table 1).

2. Tables 2-4 present a summary of the collaborative results
(Watts et al., Reference 2) for the unknown standard solutions
(8 ng/ml of HCB and 96 ng/ml of mirex), fat blank, spiked
samples of HCB before and after derivatization, and spiked
samples of mirex. Each value reported for fortified fat
represents an average of the three repetitive determinations
with the standard deviation of the three values directly
underneath. Using these fiqures, the percent intralaboratory
coefficient of variation (CV) for each spiking level and
the average intralaboratory CV value are calculated and
reported on the same horizontal line of the table. The
interlaboratory results are given at the bottom of each
column. Results marked with a 1 superscript have been
determined to be "outlier" values as calculated by the Fit-
ness Test method described in the EPA Quality Control Manual,
Chapter 2, Section K,e.

The standard solution average result of 7.95 ng/ml for the
direct HCB standard analysis represents a relative accuracy
of 99.4%. The GCB interlaboratory average recoveries from
Table 2 of 89.6, 87.4, and 92.6% (after blank value subtraction)
for the 20.0, 33.3, and 50.0 ppb fortified samples represent
good efficiencies over the range tested. The respective inter-
laboratory CV values ranged from an excellent 6.8% to a good 9.96%.

The results in Table 3 for the HCB confirmatory analysis by
formation of the BITB derivative show three HCB interlaboratory
average percent recoveries of 79.8, 78.8, and 76.9, respectively,
for the 20.0, 33.3, and 50.0 ppb fortifications when corrected
for the fat blank of 2.25 ppb. The respective interlaboratory
CV values of 15.7, 18.6, and 19.0% demonstrate acceptable precision,
although understandably not nearly as good as direct HCB deter-
minations.

The Table 4 results for mirex indicate no difficulty with
the unknown standard solution or the three fortification levels.
The standard solution mean of 97.5 ng/ml represents an accuracy
of 101.6% relative to the 96 ng/ml actual value. The three mirex
average results, when corrected for the average blank of 27.5 ppb,
yielded interlaboratory percent recovery values of 89.0, 90.2, and
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92.3, respectively, for the 150, 300, and 500 ppb fortification

levels. The respective interlaboratory CV values of 7.6, 16.5,
and 18.1% represent excellent to acceptable precision values.

MISCELLANEOUS NOTES:

1. Collaborator comments on the HCB derivative scheme indicated
some unresolved problems with formation of only the disub-
stituted (BITB) derivative. Significant quantities of the
monosubstituted derivative were often formed that prevented
accurate quantitations. Collaborator No. 2 did not report
derivative results for this reason, and large intralaboratory
CV values in Table 3 also indicate the same problem. The
derivative scheme is, therefore, recommended as qualitative
and semi-quantitative confirmation of HCB.

2. The analyst may find that the hexane eluate will yield a
clearly delineated peak of the precise RRT, value for HCB.
In this case, there may be 1ittle need for the derivatization
step. However, for more reliable confirmation, the deriva-
tization step is recommended. Early eluting compounds such
as isomers of hexachlorocyclohexane (BHC) and heptachlor,
which could present interfering peaks, are altered and do not
interfere after derivatization. Aldrin, dieldrin, endrin,
p,p'-DDE, and PCBs are not altered, but their normal elution
characteristics pose no interference problems.

3. If the analyst has been alerted to the possible presence of
HCB in the sample during a routine analysis by method 5,A,(1),(a),
it is feasible to provide ahead of time for this contingency
during the extraction step. See Miscellaneous Notes,
Subsection 8, of Section 5,A,(1),(a).
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TABLE T. RECOVERY OF HCB FROM FORTIFIED CHICKEN FAT
BY DIRECT ELUTION WITH 100 ML OF HEXANE!

HCB HCB HCB Recovery
Fat, mg Added, ng Recovered, ng Conc. ug/g %
403 4 4.1 0.010 102
494 8 7.0 0.016 88
477 16 14.8 0.034 92
474 25 24.8 0.053 99
583 50 51.5 0.086 103
482 48 51.2 0.100 107
530 150 143 0.283 95
497 160 160 0.322 100
446 250 254 0.561 102
555 350 301 0.631 86
528 500 477 0.947 95
525 1000 1003 1.900 100
Mean 97.4%
Range 86-107%

Standard Deviation #6.3%

ICrist et al. (Reference 1)
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HCB COLLABORATIVE RESULTS (WATTS ET AL.. REFERENCE 2)
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Fat Fortification (ppb) 20.0 | 33.3| 50.0 20.0 | 33.3] 50.0
Unknown Fat Average Intralab
Lab Std. (8 pg/ul) | Blank Average (ppb) Intralab Coefficient Coefficient of
% (ppb) Standard Deviation of Variation (%) Variation (%)
1 8.0 2.80 22.0 31.3 50.3 4.5 9.8 15.4 9.9
100.0 1.00 3.06 7.77
2 7.44 2.95 21.2 35.9 51.9 1.4 24.3 19.7 15.1
93.0 0.29 8.72 10.22
3 7.75 2.05 20.7 32.3 49.6 9.7 6.7 2.9 6.4
96.9 2.01 2.17 1.42
4 12.51 2.00 22.7 32.3 50.0 25.8 12.5 45.4 27.9
156.3 5.85 4.04 22.72
5 8.0 2.20 19.60 31.0 51.5 2.0 8.5 6.4 5.6
100.0 0.40 2.65 3.32
6 7.5 1.45 18.6 30.3 38.9 11.3 3.8 2.1 5.7
93.8 2.1 1.15 0.81
7 7.28 5.58 17.3 29.7 42.4 26.7 3.5 5.4 11.9
91.0 4.62 1.03 2.31
8 7.7 2.70 21.7 3t.7 46.3 9.6 7.9 6.9 8.1
96.3 2.08 2.52 3.21
9 9.3 7.0! 28.8! 40.7" 55.5 37.6 12.6 23.7 24.6
116.3 10.83 5.14 13.18
10 7.91 3.02 17.8 27.9 34.8!1 25.2 6.5 14.9 15.5
98.9 4.48 1.82 5.20
11 9.0 3.70 22.1 34.0 47.7 11.1 9.2 1.2 7.2
112.5 2.46 3.14 0.55
1?2 7. 0 21.6 32.8 53.8 5.3 4.6 2.1 4.0
95.0 1.15 1.51 1.12
Mean 7.95 2.58 20.5 31.7 48.9
Mean (%) 99.4 89.67 87.47 92.62
Std. Dev. 0.64 1.86 2.14 4.87
Coef.Var.(%) 8.05 9.1 6.8 9.96

Wutlier
?Mean Gorrected for Blank
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TABLE 3. HCB DERIVATIVE COLLABORATIVE RESULTS (WATTS ET AL., REFERENCE 2)
Fat Fortification (ppb) 20.0 | 33.3 | s0.0 | 20.0 | 33.3] 0.0
Fat Average Intralab
Lab Blank Average (ppb Intralab Coefficient Coefficient of
(ppb) Standard Deviation of Variation (%) Variation (%)
[ E— _—— — -
1 3.0 19.3 26.3 37.0 6.0 21.0 25.8 17.6
1.15 5.51 9.54
2 - - -
3 2.0 15.8 20.0 38.7 43,7 81.0 40.3 55.0
6.9 16.2 15.6
4 - - . -
5 4.0 21.3 34.0 53.0 10.8 18.4 9.8 13.0
2.31 6.21 5.2
6 - 17.7 26.6 35.7 12.4 9.4 5.3 9.0
2.2 2.5 1.9
7 7.541 22.1 33.1 44.8 25.8 11.8 12.3 16.6
5.7 3.9 5.5
8 0 17.0 30.7 35.7 38.8 38.8 37.3 38.3
6.6 11.9 13.3
9 0 4.31 7.0t 9.3! 90.7 40.0 55.9 62.2
3.9 2.8 5.2
10 2.86 14.7 23.3 31.3 13.6 18.9 19.8 17.4
2.0 4.4 6.2
11 3.9 21.2 36.1 52.8 11.8 4.7 2.1 6.2
2.5 1.7 1.1
12 -- 14.9 26.7 37.7 8.1 4.9 12.7 8.6
R SR LR 1.3 4.8 - B N R
Mean 2.25 18.2 28.5 40.7"
Mean (%) 79.82 78.8? 76.97
Std. DNev. 2.86 5.30 7.74
Coeff.Var.(%) 15.7 18.6 19.0
loutliers

?Mean Corrected for Blank
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Fat fortification (ppb)

\ 150 | 300 l 500

150 l 300 ‘ 500

3

lguttier
’Mean Corrected for Blank

Unk. Fat Average Intralab
Lab | Std. (96 pg/ul}| Blank Average (ppb) Intralab Coefficient Coefficient of
% {ppb)  Standard Deviation of Variation (%) Variation (%)
1 89.8 10.0 | 148 287 490 3.6 3.3 1.2 6.0
93.5 5.29 9.54 54.8
2 96.2 32.3 | 166 317 523 3.1 19.2 12.6 11.6
100.2 5.10 61.0 66.0
3 92.0 15.7 {177 3 568 8.4 6.3 3.5 6.1
95.8 14.8 21.6 20.0
4 103.0 20.0 | 160 212 349 14.9 14.2 37.5 22.2
107.3 23.8 30.2 131
5 96.0 8.0 | 156 290 507 1.0 5.7 1.9 2.9
100.0 1.53 16.6 9.50
6 97.6 -- |1287 209 313 4.8 5.5 8.7 6.3
101.7 6.03 1.5 27.2
7 101 6.26 | 145 298 504 7.4 5.2 9.2 7.3
105.2 0.8 15.6 46.5
8 100.0 55.0 | 182 346 555 8.9 4.0 6.0 6.3
104.2 16.2 14.0 33.5
9 99.2 86.3 | 169 377 582 10.1 0.34 16.9 9.1
103.3 17 1.27 98.6
10 101 13.6 1151 286 409 30.1 5.5 19.0 18.2
105.2 15 .5 15.7 77.7
11 97.2 -~ 149 297 485 2.1 1.2 0.52 1.3
101.3 3.06 3.61 2.52
12 84.71 -~ | 164 315 578 6.2 1.5 4.5 4.1
88.2 10.1 4.6 26.0
Mean 97.5 27.5 161 298 489
Mean (%) 101.6 89.02  90.22  92.37
Std. Dev. 3.97 12.2 49.3 88.3
Coef. Var.(%) 4.1 7.6 16.5 18.1
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MICRO METHOD FOR THE DETERMINATION OF CHLORINATED
PESTICIDES IN HUMAN OR ANIMAL TISSUE AND HUMAN MILK

INTRODUCTION:

The size of many tissue samples is so minimal that the method
described in Section 5,A,(1) is unsuitable. This procedure,
requiring only 0.5 grams, is suitable for most biopsy samples and
for wildlife (small animal or bird) tissues.

REFERENCE:  Presentation at Fall meeting, ACS, Chicago, IL,
1967 MICROMODIFICATION OF THE MILLS PROCEDURE
FOR THE DETECTION OF PESTICIDES IN HUMAN TISSUES.
Enos, H. F., Biros, F. J., Gardner, D. T., Wood,
J. P.

PRINCIPLE:

A 0.5 gram sample of tissue is macerated in a micro tissue
grinder with acetonitrile. An aqueous solution of Na,SO, is added,
the pesticides are partitioned into hexane and the extract is
concentrated to 0.3 ml. Cleanup and partitioning are carried out
by successive elutions with 1% methanol in hexane through a micro
column of Florisil. Two fractions are collected, concentrated to
suitable volumes by evaporation in a modified micro Snyder assembly,
and subjected to GLC with electron capture detection.

MATERIALS AND REAGENTS:

1. MICROCOLUMN:

Place a small loose plug of glass wool in the tip of a size "B"
Chromaflex column. (Kontes Cat. No. 42100, Size 22-7 mm) Pack
the column with 1.6 gm of 60 to 100 mesh Florisil which has
been activated by the manufacturer at 1200°F. (Only PR grade
Florisil should be used for this method.) The column packing
is added in increments followed by a gentle tapping. Add

1.6 gm of sodium sulfate, granular, to the top of the column.
Wash the column with 50 m1 of Nanograde hexane followed by

50 m1 of Nanograde methanol. Dry and store columns in a 130°C
oven. The columns should be conditioned at 130°C at Teast over-
night before using. For routine work it is convenient to
prepare a large number of columns at one time.



Revised 12/2/74 Section 5, A, (2), (a) & (b)
Page 2

2. SODIUM SULFATE, ANHYDROUS, GRANULAR:

Store in glass stoppered bottles in an oven at 130°C. Extract a
portion of the sodium sulfate, equivalent to the amount used in
the Florisil column, with hexane. Concentrate the extract to

50 ul and inject 5 ul into the gas chromatograph. The results
will indicate whether it is necessary to extract the batch of
sodium sulfate with hexane and methanol prior to storing in

the oven.

3. PESTICIDE QUALITY SOLVENTS:

Hexane, acetonitrile, methanol.

4. DISTILLED WATER:

Extract 8.0 ml with hexane. Concentrate the extract to 300 nl,
and inject 5 ul into the gas chromatograph. If extraneous
peaks occur, then the distilled water must be extracted with
hexane prior to use.

5. TISSUE GRINDER:

Dual tissue grinder Size 22 or 23 (Kontes Cat. No. K-885450).
6. MIXER:

Vortex Junior or equivalent.
7. CENTRIFUGE:

Capable of a speed of 2,000 rpm
8.  EVAPORATIVE CONCENTRATOR:

Complete with modified micro Snyder column, § joint 19/22,
Kintes Cat. No. K-569250.

9.  CONCENTRATOR TUBE:

Sjze 1025, Kontes Cat. No. K-570050.
10. CONCENTRATOR TUBE:

Size 2525, Special Order, Kontes Cat. No. K-570050.
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11.  TEST TUBE:

25 ml with § 19/22, joint with hooks, Special Order, Kontes Cat.
No. K-897900.

IV.  SAMPLE PREPARATION - LIVER, KIDNEY, BONE MARROW, ADRENAL, GONADS:

1.  Extract a 500-mg sample of tissue in a size 22 or 23 dual
tissue grinder with 2.5 ml of acetonitrile. Add 20 nanograms
of aldrin, in 0.1 ml of hexane, to the tissue grinder. This
will serve as a recovery check as well as a marker for relative
retention time.

NOTE: Run a complete reagent blank with each set of samples.

2. Centrifuge and pour supernatant into a 50-ml round bottom
test tube. Repeat extraction twice more, collecting supernates
in the test tube.

3. Add 25 ml of 2% aqueous sodium sulfate to the test tube and
mix the contents with the aid of a Vortex mixer.

4, Extract the aqueous acetonitrile mixture with one 5-ml and
two 2-ml portions of hexane. Combine the extracts in a 10-ml
evaporative concentrator.

5. Concentrate the extract to 300 ul with the aid of a modified
micro Snyder column* and a 3-mm glass bead in the tube.

6. Proceed to Subsection V.

V.  FLORISIL FRACTIONATION:

1. Remove a Florisil column from the oven and allow it to cool
to room temperature.

2. Pre-wet the column with 10 m1 of hexane and discard the eluate.

3.  Transfer the 0.3 ml of extract remaining after step (5) in
Subsection IV, to the top of the Florisil column with the aid
of a disposable pipet fitted with a rubber bulb. Begin imme-
diate collection of eluate in a 25-ml capacity concentrator tube.

*J. Burke et al., J.A.0.A.C., 49 (5): 999-1033, 1966.
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4, Rinse the 10-m1 concentrator tube with 0.25 ml of hexane
transferring this to the top of the column. Repeat this
step a second time.

5. Proceed with the elution and collection using a total of 12 ml
of hexane followed by 12 m1 of 1% methanol in hexane. This
24 ml represents fraction one, and will contain heptachlor,
aldrin, p,p'-DDE, o,p'-DDT, and p,p'-DDT.

6. Collect a second fraction by eluting with a second 12 mi
portion of 1% methanol in hexane. This fraction will contain
dieldrin, heptachlor epoxide, endrin, 8-BHC, Lindane, and
p,p'-DDD. (See Table 1.)

NOTE: A small amount of g-BHC, Lindane, and/or p,p'-DDD may
appear in the first fraction.

7. Add 20 nanograms of aldrin in 0.1 ml of hexane to fraction two,
evaporate both fractions using a modified micro Snyder
column and a 3 mm glass bead in the tube.

8. Adjust the volumes in fractions (1) and (2) to 500 and 300 ul,
respectively, and proceed with the GLC portion as outlined in
Subsection VII.

ANALYSIS OF BRAIN:

Proceed with steps (1) through (4) as described under IV. SAMPLE

PREPARATION.

5. Concentrate the combined hexane extracts to 500 ul in a 25 ml
test tube fitted with a modified micro Snyder column and
using a 3 mm glass bead 1in the tube.

6. Add 0.3 ml Acetic Anhydride and 0.3 ml pyridine and incubate in
a water bath at 60 to 65°C for 1/2 hour.

7. Add 9 ml of 2% Na,SO, and extract with 2 to 3 ml portions of
hexane.

8. Concentrate the combined extracts to 300 ul in a 10 ml evap-
orative concentrator fitted with a modified micro Snyder column
using a glass bead for a boiling chip.

9, Proceed as described under V. FLORISIL FRACTIQNATION.




Revised 12/2/74 Section 5, A, (2), (a) & (b)

VII.

VIII.

Page 5

ANALYSIS OF HUMAN MILK:

The basics of this procedure have been determined by

experience in a laboratory conducting intensive surveillance to
be wholly applicable to the analysis of human mother's milk.

A few modifications have proved critical, however, and these are
given in the following:

1.

Follow Subsection IV, all steps as described but with one
precautionary comment. If the sample has been frozen, it
has been found advisable to use a supersonic disintegrator
to homogenize it after thawing.

Unlike cow's milk, no curd layer has been obseryed forming

on top; instead, there is sediment at the bottom of the
tissue grinder with generally a thin aqueous Tayer between

it and the solvent Tayer. The solvent layer is pipeted

after the first extraction, and the second extraction usually
gives a homogeneous Tiquid.

In countries where the use of DDT is permitted by law, the
chemist may find it advisable to dilute the final extract
to 1.0 ml or greater instead of a final volume of 300 ul as
specified in the final step.

GAS LIQUID CHROMATOGRAPHY:

Proceed with electron capture gas chromatography following

the general guidelines set forth in Section 4,A,(4) and making
sure that prevalent system sensitivity complies with the criteria
given in Misc. Note in Section 4,A,(4).
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TABLE 1. ELUTION PATTERN OF SOME COMMON CHLORINATED AND ORGANO-
PHOSPHORUS PESTICIDES ON MICRO FLORISIL COLUMN.

12 m1 hexane + Additional 12

12 m1 1% methanol ml 1% methanol

in hexane in hexane
Compound Fraction I Fraction II

Aldrin X
«=BHC X
g-BHC

v-BHC X
§-BHC

DDA, methyl ester
o,p'-DDD
p,p'-DDD

o,p'-DDE

p,p'-DDE

0,p'-DDT

p,p'-DDT

Diazinon

Dieldrin
Endosulfan I & I1I
Endrin

Ethion

Ethyl parathion
Heptachlor X
Hept. epoxide

1-Hydroxychlordene

Malathion

Methyl parathion

Methoxychlor

Nitrofen X
Paradichlorobenzophenone
Polychlorinated biphenyls
Ronnel

Toxaphene X

X X X X X X X
xX X X X X X X X X X X X X

XX X X X X X

>
> X
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);;_ANALYSIS OF HUMAN BLOOD OR SERUM
INTRODUCTION:

Because of its availability and probable diagnostic value with
regard to extent of both chronic and acute exposures to chlorinated
hydrocarbon and other classes of pesticides, blood specimens
present a convenient tissue for study, providing meaningful data
pertinent to the Community Study and Monitoring laboratory program.
O0f several methods available in the Titerature, the Dale et al.
(1966) method provided some desirable features in rapidity, simplicity
and sensitivity for the determination of chlorinated insecticides
and related materials in blood. The Dale et al. method, as published,
was found to yield poor precision between laboratories, and in fact,
between chemists within a laboratory. However, a method including
these features is essential in the monitoring situation involving
analyses of large numbers of samples. The following procedure
utilizes only the direct solvent extraction principle of the Dale et
al. method. It is to be considered a general survey method for the
determination of chlorinated hydrocarbon pesticide levels in blood,
particularly DDT and its metabolites. For an in-depth study of
total pesticide residue levels in this tissue, it is recommended that
a cleanup method for the determination of chlorinated pesticides in
human tissue, (i.e., Section 5,A,(1) in this manual) be applied,
together with confirmatory determination such as TLC and chemical
derivatization techniques.

REFERENCE: Dale, W. E., A. Curley, and C. Cueto, (1966),
Hexane Extractable Chlorinated Insecticides
in Human Blood, Life Sciences 5: 47.

PRINCIPLE:

A 2-m1 aliquot of serum is extracted with 6 ml of hexane in
a round-bottom tube. The extraction is conducted for 2 hours on a
slow-speed rotating mixer. The formation of emulsion is unlikely,
but if it should occur, centrifugation may be used to effect sep-
aration of the layers. A 5-ml aliquot of the hexane layer is
quantitatively transferred to an evaporative concentrator tube to
which is affixed a modified micro-Snyder column. The extract is
concentrated in a water or steam bath, and the final volume is
adjusted to correspond to the expected concentration of the pesti-
cide residue. A suitable aliquot is analyzed by electron capture
gas chromatography.
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ITI.  APPARATUS AND REAGENTS:

1. A rotary mixer so designed as to accommodate the 16 mm culture
tubes and which may be operated at a rotary speed of 50 rpm.
Fisher Scientific Company, Roto-Rack™, Cat. No. 14-456.

2. Gas chromatograph fitted with electron capture detector.
Recommended GLC columns and operating parameters are given
in Section 4,A.

3. Tubes, Culture, 16 x 125 mm, fitted with screw caps, size
15-415 with Teflon-faced rubber liners, Corning No. 9826.

4.  Micro-Snyder column modified, with 19/22 § joint, Kontes No.
K-569251.

5. Concentrator tube, 10 m1, grad. 0 to 1 x 0.1 and 2 to 10 x 1,
19/22 § joint, size 1025, Kontes No. K-570050.

6. Syringe, 100 ul, Hamilton No. 710 or equivalent.
7. Vortex Genie mixer.

8. Pipet, Mohr type, 1 ml grad. in 0.01 ml increments. Corning No.
7063 or equivalent.

9. Pipets, transfer, 2, 5, and 6 ml Corning No. 7100 or the
equivalent.

10.  Beads, solid, glass, 3 mm, Corning No. 7268 or the equivalent.

11. Six-place tube carrier, stnls. steel. May be fabricated at
local tin shop per attached sketch.

12.  Water bath capable of holding temp. of 95 to 100°C.

13. Centrifuge with head to accommodate the Corning No. 9826 tube,
capable of speed of 2,000 rpm.

14, Hexane, distilled in glass, pesticide grade.

IV.  SAMPLING:

After drawing sample from the donor (7 to 10 m1), it should be
transferred to a vial or tube fitted with a Teflon or foil lined
screw cap. DO NOT USE CAPS OF POLYETHYLENE OR RUBBER.
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Place whole blood sample in the refrigerator for about 30 min-
utes for a settling period and then centrifuge for a sufficient time
for the separation of at least 3 ml of clear serum - generally
10 minutes at 2,500 rpm. Whether or not the analysis is to be con-
ducted immediately, it is desirable at this point to transfer the
2 ml sample aliquot to the 16 x 125 mm culture tube used for extrac-
tion. If analysis cannot be run immediately, place in refrigerator
at 2-5°C for periods of up to 24 hours before analysis. If time
interval to analysis exceeds 24 hours, the tube should be stored in
a deep freeze at -15 to -25°C. Stored in this manner, analysis may
be delayed for periods up to a month without undue effects on the
chlorinated pesticides present.

V. PROCEDURE :

1. Mix blood serum sample thoroughly and, with a volumetric pipet,
transfer 2 m1 to a 15 ml round bottom culture tube.

NOTE: In case of the presence of a flocculent or sedimentary
material, it is strongly recommended that the sample
be centrifuged ca 5 minutes @ 2,000 rpm before pipetting
the 2 ml aliquot. Failure to observe this point may
result in poor reproducibility of replicated analyses
of the same sample.

2. Add 6 ml hexane from a volumetric pipet. Tightly stopper the
culture tube with a Teflon-Tined screw cap. Place tube on
rotator.

3. Set rotator speed at 50 rpm and rotate for 2 hours.

NOTES: (1) This speed may vary from 50 to 44 rpm
but should be confined to this range.

(2) Unless the sample is extremely old, emulsion
formation should present no problem. 1In case
it occurs, centrifuge at 2,000 rpm 4 to 5 minutes,
or Tonger if necessary, to effect sufficient sep-
aration to permit withdrawal of the 5 ml aliquot
of clear extract.

4., With a volumetric pipet, transfer 5 ml of the hexane extract
to a 10 ml grad. concentrator tube, add one 3 mm glass bead,
and attach a modified micro-Snyder column. Evaporate the
extract in a steam or hot water bath at 100°C to a volume
slightly less than that which is estimated as appropriate to
accommodate (1) the current level of electron capture detector
sensitivity, and (2) the expected residue range in the
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particular sample. When working with general population blood
of Tow pesticide levels, it may be necessary to evaporate to
ca 0.5 mi.

NOTES: (1) With some experience the operator can complete
the evaporation step in less than 5 minutes.
The tube must be withdrawn from the water when
boiling agitation becomes too vigorous. Immersion
and withdrawal are alternated based on observa-
tion of boil agitation.

(2) Up to six tubes of extract may be evaporated
simultaneously by using the special rack shown
in Figure 2. Time and motion studies have shown
that the time required for the evaporation period
is equal to that required for a single tube.

(3) When working with blood from high exposure
donors, the 5-ml aliquot may require dilution
rather than concentration. This can be deter-
mined by a preliminary analysis of the 5-ml
aliquot.

(4) With lower concentrations, use higher degree of
concentration samples.

5. Allow the tube to cool (3 to 5 minutes), remove the micro-Snyder
column, and rinse down the sides of the tube and the column
joint with hexane. The volume used will depend on the desired
dilution.

NOTES: (1) When a minimal dilution is required after evap-
oration, a 100-ul syringe is useful in performing
the hexane rinse.

(2) To obtain a suitable extract concentration for
p,p'-DDE, it is generally necessary to adjust
the extract volume to a level in excess of 1 ml.
In this case, add hexane until the meniscus is
exactly at the 1-m1 mark on the concentrator tube.
Then use a 1-m1 Mohr pipet for total volumes up
to 3 ml.

For larger volumes, use a 5-ml Mohr pipet,
carefully measuring the volume of hexane delivered.
Above the 1 ml graduation mark, the concentrator
tube calibrations are not sufficiently accurate
for use in this analysis.
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It is also good practice to check the graduation
marks up to 1 ml for all concentrator tubes used
in this analysis.

6. Stopper the concentrator tube and hold on the Vortex mixer,
set for high speed for ca 30 seconds for volumes of 6 ml or
less. It is safer practice to mix a full minute for larger
volumes.

7. Proceed with electron capture GLC observing the guidelines set
forth in Section 4,A,(4).

VI. CALCULATIONS:

The following equation is applicable when all volumes
specified in the method are followed precisely, with no exceptions:

_abx
ppb = <y X 0.6
Where a = nanograms of pesticide in standard peak
b = height of sample peak
¢ = height of standard peak
x = total volume of final extract in microliters
y = microliters of extract injected
Example: nanograms in standard peak = 0.3
height of sample peak = 80 mm
height of standard peak = 90 mm
total volume of final extract = 1,000 ul
volume of final extract injected = 5 ul
ppb = 0.3 3083 é 1000 _ 5 6 = 32 opb

SPECIAL NOTE:

A11 analytical research and subsequent collaborative study
of the method was conducted with each laboratory following the
procedure exactly as written. 1In all probability, a serum sample
of less than 2 ml can be analyzed with confidence, provided the
same serum to hexane ratio is followed. The precision resulting
from the use of reduced volumes is not known, however. If such
deviation must be made, the final calculation may be accomplished
by using the following basic equation:
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_abe
ppb = ~—

Where a, b, and c are the same as given for the simplified
equation
d = ml (or grams) in original sample
e = dilution factor obtained as follows:

ml of hexane added to serum X final extract volume (ul)
aliquot volume of extract (ml) X ul injected

Example: Assuming that the same serum used to illustrate
the simplified equation was available in a volume
less than 2 ml.

nanograms in standard peak = 0.3
height of sample peak =  61.5 mm
height of standard peak = 90 mm
ml of serum in original sample = 1.6

ml of hexane added to serum 5

final extract volume = 1,000 pl
volume of extract aliquot = 4 ml
injection volume = 5 ul
dilution factor (e) = E—%—%i%99-= 250

0.3 x 61.5 x 250 _
PPb = =555 16 32 ppb

REPORTING LIMITS - DETECTABILITY:

The Analytical Chemistry Committee has established the
following minimum reporting 1imits for chlorinated pesticides
in serum:

g-BHC, lindane, aldrin, heptachlor, heptachlor epoxide,
o,p'-DDE, p,p'-DDE, dieldrin----=-=a-- 1 part per billion,
Endrin, o,p'-DDT, p,p'-DDD, p,p'-DDT-2 parts per billion.

If chromatographic peaks indicate the presence of any compound in a
quantity Tess than the minimum reporting level, the compound shall
be reported as trace (TR).

APPLICATION OF MILLS, ONLEY, GAITHER CLEANUP TO SERUM:

Some laboratories may wish to pool sera for Florisil cleanup and
an in-depth appraisal of the pesticides present. When this is indi-
cated, the following steps are taken:
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1.  Measure 50 m1 of serum into a 1-L sep. funnel containing 190 ml
of CH3CN, 200 m1 of aqueous 2% Na,SO, and 50 ml of hexane.

2. Stopper, shake funnel vigorously 2 minutes, and allow the layers
to separate.

3. Draw off the aqueous (Tower) layer into a second 1-L sep. funnel
and percolate the hexane layer through a 2-in. column of
anhydrous Na,S0, into a 500-m1 Kuderna-Danish flask fitted with
a 10-m1 grad., evap. concentrator tube containing one 3-mm
glass bead.

4, Add another 50-ml portion of hexane to the aqueous solution in
the second 1-L separator; stopper and shake vigorously another
2 minutes. When layers have separated, draw aqueous layer
back into the first 1-L separator and percolate the hexane layer
through the Na,S0, into the K-D flask. Repeat the extraction
twice more resulting in a total hexane extract of 200 ml.

5. Assemble K-D evaporator and concentrate extract to ca 3 ml.
Disassemble evaporator, rinsing tube joint with a small volume
of hexane, and dilute extract to exactly 5 ml. Stopper and
shake on Vortex mixer 2 minutes.

6. From this point on, follow the procedure outlined in
Section 5,A,(1) starting with Subsection VIII, Step 1 and
following through precisely as outlined.



Revised 11/1/72 Section 5, A, (3), (a)
Page 8

FIGURE 1. ROTO-RACK® Mixer, variable speed

FIGURE 2. Evaporative concentrator tube holder, 6-place, stainless steel
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DETERMINATION OF PENTACHLOROPHENOL (RAPID METHOD)
IN BLOOD

I.  INTRODUCTION:

Pentachlorophenol (PCP) is an herbicide, defoliant, and antimi-
crobic chemical used throughout the United States as a preservative
agent for many products. Pentachlorophenol seems to be present
everywhere, appearing in municipal water supplies, wells, paints,
wood and paper products, and in blood and urine of every person now
being examined. The ubiquity of human exposure to this potentially
dangerous compound has prompted concern in the field of public health.
This interest has been stimulated by several recent industrial and
public intoxications which resulted in fatalities.

The method described herein incorporates portions of a method
currently in review by Rivers, and portions from a method by Cranmer
and Freal for PCP in urine.

REFERENCES :

1. Rivers, J. B., Gas Chromatographic Determination of
PCP in Human Blood and Urine, Bull. of Envir. Contam.
& Toxicology, Vol. 8, No. 5, 294-296, 1972.

2. Cranmer, M., and Freal, J., Gas Chromatographic Analysis
of Pentachlorophenol in Human Urine by Formation of
Alkyl Ethers, Life Sciences, Vol. 9., Part II,
pp 121-128, 1970.

IT.  PRINCIPLES:

A rapid method is described for the determination of PCP based
on its conversion to a methyl ether after a 2-hour extraction of the
acidified sample in benzene. EC GLC is utilized for quantitation,
comparing sample peak against peaks from known standards, similarly
methylated.

I1I.  APPARATUS:
1.  Gas chromatograph with EC detection, fitted with either or both

columns of 4% SE-30/6% QF-1 and 5% 0V-210. The 1.5% 0V-17/
1.95% QF-1 should not be used.
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Rotary mixing device, "Roto-Rack™", Fisher Scientific Company,
No. 14-057.

Tubes, culture, 16 x 125 mm, fitted with screw caps, Size 15-415
with Teflon-faced rubber liners, Corning No. 9826.

Pipets, transfer, 2, 3 and 6 ml, Corning No. 7100 or the
equivalent.

Pipets, Mohr type, 0.5 ml grad. in 0.01 ml, Corning No. 7063 or
the equivalent.

Flasks, vol., 10 ml.
Centrifuge, capable of spin velocity of 2000 rpm.

Vortex mixer.

REAGENTS AND SOLVENTS:

1.
2.

Benzene, pesticide quality.

Hexane, pesticide quality.

Methanol, pesticide quality.

2, 2, 4-Trimethylpentane, pesticide quality.
Acid, sulfuric, conc., reag. grade.

N-Methy1-N'-nitroso-N-nitrosoguanidine, Aldrich Chemical Co.,
Inc., Milwaukee, WI.

Diazomethane methylating reagent:

Add 5 ml1 of 20% aqueous sodium hydroxide to a 15 ml test tube.
Place a volume of hexane, in excess of that to be used and not
less than 3 ml, on the 20% sodium hydroxide solution. Slowly
add N-methyl-N'-nitro-N-nitrosoguanidine reagent to the hexane
in approximately 1 mg increments until a saturated hexane-
diazomethane solution, indicated by a constant yellow color, is
obtained. The reagent is ready for use only after diazoalkane
gas is no longer evolved.

NOTE: Use extreme caution when handling the skin irritant
diazoalkane reagent since both the reagent and the
diazoalkane gases are extremely toxic, carcinogenic
and potentially explosive. Diazoalkane generation
should be carried out in a high draft hood. Use of
safety goggles and disposable gloves is desirable and
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close adherence to manufacturers' recommendations for
storage and handling is strongly recommended. Diazoal-
kane solutions should not be pipetted by mouth. It is
suggested that diazoalkane solution be prepared fresh,
as materials resulting in interfering peaks appear
during storage. The volume prepared should not be
greatly in excess of that required. The original
hexane-diazoalkane generating solution should not be
stored in ground glass stoppered containers nor in
bottles with visible interrior etching; however, no
hazard is involved in the culture tubes containing the
PCP benzene extract plus diazoalkane. Extended
exposure to air destroys the diazoalkane reagents.

8. Pentachlorophenol, analytical standard. Available from
Reference Standards Repository at Research Triangle Park, NC.

9. Preparation of Standard Solutions.
Dissolve 10 mg of PCP in 100 ml of benzene. Dilute 1 ml of
this solution to 100 ml with hexane. The resulting stock
solution has a concentration of 1 ng/ul.

React a 1-ml aliquot of the diluted stock solution with 0.25 ml
of the diazomethane reagent as described under Methylation.

The solution resulting from the derivatization reaction contains
800 pg of PCP per ul. Larger volumes may be used but strict
adherence to this ratio of the 1 ng/ul solution to alkylating
reagent should be maintained. The working standards, in a

range of 10 to 30 pg/ul, are prepared by diluting the deriva-
tized stock with isooctane.

SAMPLING:

Extreme care and precautionary measures should be taken to
insure freedom of the sample of contamination. The reader is
advised to carefully review the comments offered in the SAMPLING
Subsection IV of Method 5,A,(4),(a) pertaining to urine analysis
for PCP.

PROCEDURE :

Extraction

1. Ina 16 x 125 culture tube, combine 2 m1 of blood serum and
6 m1 of benzene.
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NOTE: Because of the widespread prevalence of PCP, a
reagent blank consisting of 2 ml of pre-extracted
distilled water (Subsection VI,4.) should be carried
through the entire procedure along with the sample(s).

2. Add 2 drops of conc. H,S0,, seal tightly with Teflon-1lined
screw cap, and rotate for 2 hours at 50 rpm on the "Roto-Rack".

NOTE: If, after the extraction period, the Tayers do not
separate completely, centrifuge 5 minutes at 2,000 rpm.

3. Transfer 3 ml of the benzene (upper) layer to a 10-ml vol.
flask and proceed with methylation.

Methylation

1. Add 0.3 ml of the methylating reagent (IV.,7.), stopper flask
and mix on Vortex for 2 minutes.

2. Allow to stand for 20 minutes and dilute to 10 m1 volume with
isooctane or hexane.

3. Make an initial injection into the gas chromatograph of 5 ul to
determine the degree of dilution that may be required to obtain
peaks within 25% of the peak height response from one of the
working standards.

VII.  MISCELLANEOUS NOTES:

1. Recovery studies by the author given in Table 1 indicated
recoveries over 90% for PCP concentrations of 190 ppb and
higher. The stated Tower Timit of detection is 10 ppb.

2. The method outlined here is relatively simple and rapid, and
utilizes equipment most of the laboratories have on hand. In
areas where the general population is continuously exposed to
PCP (for example, in Dade County (Miami), from framing of all
dwellings), blood serum levels in excess of 100 ppb are not
uncommon.

Little or no information is available concerning the levels
prevalent in the general population of the northern tier of
states in the U. S. where exposure to PCP should be far less
than that in the sub-tropical areas. Therefore, it cannot be
predicted at this time whether general population blood in
these northern areas might contain PCP residues approaching or
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less than the stated minimum detectability of this method.
Should this prove to be the case in any laboratory, a modifi-
cation of the method contained in this manual for PCP in urine
[5,A,(4),(a)] might prove more suitable than the method
described here. That method, using a larger initial sample,
also incorporates a partitioning for removal of a portion of the
contaminants. Furthermore, using hexane as the extracting sol-
vent, it seems probable that less extraneous materials would

be extracted.

3. Use of the 1.5% 0V-17/1.95% QF-1 column is not recommended in
this determination. On this column the relative retention
value for 2,4-D, methyl ester is identical to that of PCP
(methyl ester). Therefore, if the sample should contain 2,4-D
and/or PCP and 2,4-D, resolution by GLC would not be possible.

This shouid pose no problem on the other two columns used in
the program as the RR values at 200°C are:

SE-30/QF-1 Qv-210
2,4-D(ME) 0.44 0.09
PCP (ME) 0.63 0.56

4, A1l reagents including the distilled water used in the method
must be extracted with hexane before use as they may be contami-
nated with PCP or other materials which may cause interferences.
Glassware should be washed with dilute NaOH solution followed
by deionized water and acetone rinse. Care should be taken not
to permit contact between wooden or paper materials and glass-
ware, as peg boards and some brands of absorbent paper products
have been found to contain PCP.

5. If the recommended volumes are used, calculations are simplified
and are as follows:

PCP(in ppb) in serum = pg/ul injected times 10.
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TABLE 1. PERCENT RECOVERY OF PCP FROM SAMPLES
FORTIFIED BEFORE EXTRACTION

Sample PCP Found, ppma PCP Added, ppm PCP Recovered, ppm Recovery %

Blood Plasma 0.19 0.50 0.67 96
0.65 92

0.68 98

5.00 4.58 88

4.70 90

4.70 90

4.70 90

5.0 46.9 93

48.5 97

42.0 84
Mean 92"

3 imit of detectability 0.01 ppm

bStandard deviation +4.5%
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PENTACHLOROPHENOL (PCP) AND CHLORINATED
PHENOL METABOLITES OF PCP AND HCB

I.  INTRODUCTION:

Pentachlorophenol (PCP) and its sodium and copper salts are well
known wood dressings, aquatic and terrestrial herbicides, and anti-
microbials used extensively throughout the United States. PCP seems
to be present everywhere, appearing in numicipal water supplies, wells,
paints, wood, and paper products. Human exposure may occur through
several routes, including inhalation of dusts, dermal absorption of
powders and solutions, and ingestion of residues present in food and
water. Due to the ageous solubility of PCP salts, human elimination
occurs, at least in part, through the urinary system, providing a
convenient monitor for PCP exposure.

The following method for the determination of PCP in urine
includes a hydrolysis step that gives a much higher level for bio-
logically incorporated PCP than the previous method in this section
not specifying hydrolysis. The new procedure is highly selective and
more quantitative, and allows determination of PCP at low parts per
billion levels. Also described below is the multiresidue quantitation
and confirmation of several chlorinated phenol metabolites of PCP and
the chlorinated insecticide hexachlorobenzene (HCB).

The major metabolites from an HCB feeding study were identified
as PCP, tetrachlorohydroquinone, and pentachlorothiophenol. The
major metabolite of PCP was tetrachlorohydroguinone and a minor
metabolite was tetrachloropyrocatechol. Based on these results,
pentachlorothiophenol in urine can be used as an indicator of possible
exposure to HCB: PCP exposure would be indicated by a high level of
PCP and the presence of tetrachlorohydroquinone and tetrachloro-
pyrocatechol in urine.

The analytical methods have been tested on fortified urine
samples, rat urine, human general population urine, and urine from
a worker occupationally exposed to PCP.

REFERENCES:

1. Determination of Pentachlorophenol in Urine: The Importance of
Hydrolysis, Edgerton, T. R., and Moseman, R. F., J. Agr. Food
Chem. 27, 197 (1979).
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2. Multiresidue Method for the Determination of Chlorinated Phenol
Metabolites in Urine, Edgerton, T. R., Moseman, R. F., Linder,
R. E., and Wright, L. H., J. Chromatogr. 170, 331 (1979).

IT.  PRINCIPLE:

PCP and chlorinated phenol metabolites of PCP and HCB are ex-
tracted with benzene after acidification of urine and hydrolysis.
The phenols are methylated with diazomethane before electron capture
gas chromatography. Cleanup and separation of methylated phenols
into groups is carried out on an acid alumina column. This step is
essential for determination at low ppb levels.

Compounds are confirmed by GLC-MS.
ITI. APPARATUS AND REAGENTS:

1.  Tracor MT-220 gas chromatograph equipped with a ®3Ni pulsed
Tinearized mode electron capture detector, or equivalent, operated
with the parameters given in Section VIII.

2. Anhydrous, granular sodium sulfate and sodium bisulfite, Soxhlet
extracted for 4 hours with hexane and oven dried at 130°C.

3. Acid alumina, Brockmann Activity I, Fisher Scientific Co.,
dried for 24 hours at 130°C and stored in a desiccator.

4. Potassium hydroxide and hydrochloric acid, reagent grade.

5. Benzene, diethyl ether, acetone, and hexane, pesticide grade
or equivalent.

6. N-Methy1-N'-nitro-N-nitrosoguandine (diazomethane), Aldrich
Chemical Co. CAUTION! This compound is a known carcinogen.

7. Preparation of methylating reagent:

a. Dissolve 2.3 grams of potassium hydroxide in 2.3 ml of
distilled water in a 125 ml Erlenmeyer flask and cool to
room temperature.

b. Add 25 ml of diethyl ether and cool the flask in the
refrigerator.

c. In a glovebox or high draft hood, add 1.5 grams of
N-methy1-N'-nitro-N-nitrosoguanidine in small portions to
the flask with vigorous shaking.
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Decant the ether layer into a scintillation vial and store
in a freezer.

NOTE: Use EXTREME CAUTION when handling the skin irritant
diazoalkane reagent because both the reagent and
the diazolkane gases are extremely toxic, carcino-
genic, and potentially explosive. Diazoalkane
generation should be carried out in a high draft
hood. Use of safety goggles and disposable gloves
is desirable, and close adherence to manufacturer's
recommendations for storage and handling is strongly
recommended. Diazoalkane solutions should not be
pipetted by mouth. It is suggested that diazoalkane
solution be prepared fresh, as materials resulting
in interfering peaks appear after storage. Extended
exposure to air destroys the diazoalkane reagents.

8. Pentachlorophenol (99+%), 2,3,4,6-tetrachlorophenol; 2,3,5,6-
tetrachlorophenol; pentachlorothiophenol; 2,3,4,5-tetrachloro-
phenol, Aldrich Chemical Co. tetrachloropyrocatechol, Pfaltz
and Bauer. Tetrachlorohydroquinone, K and K Laboratories.
Recrystallize pentachlorothiophenol, tetrachlorohydroquinone,
and tetrachloropyrocatechol before use.

9. Preparation of PCP and other phenol standard solutions:

a.

Prepare an analytical standard of 200 ug/ml for each phenol
in hexane and store at -15°C in a brown glass bottle.

Pipet a volume containing 10 ug of each phenol into separate
15 m1 graduated centrifuge tubes.

Methylate the solutions of the phenols by adding, in a
high draft hood, 5 ml1 of diazomethane reagent (item 7 above)
to each tube.

Let the phenol standards stand for 1 hour.

Bubble nitrogen through the individual standard solutions
to remove any excess diazomethane.

Dilute the solution to the proper concentration for direct
EC GLC or subject to acid alumina column cleanup before
EC GLC.



Revised 12/15/79 Section 5, A, (4), (a)

IV.

Page 4
NOTES:

1. A known amount of each phenol can be methylated as
a mixture rather than reacting the individual compounds.
The mixture is also allowed to stand one hour before
EC GLC determination.

2. Make urine fortifications from acetone dilutions of
the seven mixed phenol standards.

10.  Glass wool.

11. Erlenmeyer flask, 125 ml.

12.  Scintillation vial.

13. Culture tube, Teflon-lined screw-cap, 20 x 125 mm.
14.  Centrifuge tubes, 15 ml.

15.  Mechanical rotator.

16.  Pipets, disposable Pasteur.

17. Pipets, volumetric.

18. Centrifuge.

19. Apparatus for concentration of solutions by nitrogen blow-down,
including water bath operated at 30°C.

20, Chromaflex column, size 22-9, Kontes 420530.
SAMPLING:

It is mandatory that extreme care be taken in the preparation of
the glass containers and caps used to hold the sample and the manner
in which the sample is taken. Pentachlorophenol is very prevalent
in the environment, to such an extent that many commonplace materials
may contain levels sufficiently high to grossly contaminate a sample.
Paper products and wood frequently contain the compound, most par-
ticularly in subtropical and tropical areas where pressure treated
lTumber is widely used in construction.

A11 sample containers must be scrupulously prepared by first
washing, then soaking in dilute NaOH followed by rinses with deionized
water and acetone. During drying, the interiors of bottles and caps
should be protected from air dust contamination, and must not be
allowed to contact wood or paper surfaces.
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A1l bottle caps should be Teflon- or aluminum foil-lined. Under
no circumstances should the paper liner of the bottle cap be allowed
to come in contact with the sample. Paper-lined caps may be used
only if a layer of foil or Teflon is inserted to isolate the sample
from the paper liner.

V.  EXTRACTION OF URINE:

NOTE: Before starting the analysis, the chemist should make
certain that all glassware used in the analysis has
been specially prepared as described in Section XIII,T.

1. Transfer 2 ml of urine to a Teflon-lined screw cap culture tube.
2. Add 100 mg of sodium bisulfite.
NOTE: Bisulfite is added to urine samples before hydrolysis
and to urine extracts after hydrolysis to act as a
reducing agent (see Subsection IX,2).

3. Acidify with 0.5 ml of concentrated hydrochloric acid.

4. Seal the tube and place in a boiling water bath for 1 hour with
periodic shaking to achieve hydrolysis.

NOTE: A hydrolysis time of 1 hour is necessary for the
maximum freeing of conjugated PCP in urine. Further
hydrolysis does not yield additional PCP.

5. Remove the tube and cool to room temperature.

6. Add an additional 100 mg of sodium bisulfite.

7. Extract the sample with 5 ml of benzene for 1 hour on a
mechanical rotator at 30-50 rpm.

8. Centrifuge the solution and transfer the benzene Tayer to an
aluminum foil-wrapped 15 ml1 centrifuge tube with a disposable
pipet.

NOTE:  Wrapping with aluminum foil minimizes the possible
effects of photodecomposition.

9. Repeat the benzene extraction and centrifugation (steps 7 and 8)
and add the second benzene extract to the wrapped centrifuge tube.
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NOTE:  The analysis of urine cannot be interrupted before the
methylation step or recoveries of pentachlorothiophenol,
tetrachloropyrocatechol, and tetrachlorohydroquinone will
be Tow and erratic. This is true even with the addition
of bisulfite.

METHYLATION OF PHENOLS:

1.

ACID

Concentrate the combined benzene extracts to a volume of
0.3-0.5 m1 under a gentle stream of nitrogen in a 30°C water bath.

NOTE: The extract is analyzed at this point, before derivati-
zation, on a 5% DEGS column, which separates the two
tetrachlorophenols (2,3,5,6 and 2,3,4,6) as the free
phenols. These two phenols, when methylated, were not
separated on any of the GC columns tested (Table 1).

Methylate the phenols with 5 ml of diazomethane reagent, prepared
as described above in Subsection III,7.

Let the methylated extract stand for 1 hour.

Concentrate the solution to ca 0.3 ml under a gentle nitrogen
stream.

Add 2 ml of hexane, and reconcentrate the solution to a volume
of 0.2-0.3 ml.

ALUMINA COLUMN CHROMATOGRAPHY :

Preparation of columns:

a. Loosely plug a size 22-9 Chromaflex column with a small
amount of glass wool.

b. Add 4.0 grams of acid alumina in small increments with
tapping.

c. Add 1.6 grams of anhydrous sodium sulfate on top of the
alumina.

d. Wash the adsorbents in the packed column free of interfer-
ences with 30 m1 of hexane-benzene (60:40 v/v).

e. Thoroughly air dry the column and place in an oven at 130°C
overnight before use.
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2. Cleanup and fractionation of methylated phenols:

a. Remove a prepared column from the oven and let cool to
room temperature.

b. Add 7 m1 of hexane to the column.

c. When the solvent layer reaches the top of the sodium sul-
fate adsorbent, apply an aliquot of methylated sample or
methylated standard phenol mixture in 0.2-0.3 ml to the
column with a disposable pipet. To accomplish quantitative
transfer of samples, rinse the centrifuge tube and pipet
with three 0.5 ml volumes of hexane.

d. Add an additional 3.5 ml of hexane, and collect and discard
the total 5.0 ml hexane fraction.

e. Elute the pentachlorophenol methyl ether with 20 m1 of
hexanebenzene (90:10 v/v). 2,3,4,6-Tetrachlorophenol,
2,3,5,6-tetrachlorophenol, and pentachlorothiophenol also
elute in this Fraction I, if present in the extract.

f. Elute 2,3,4,5-tetrachlorophenol, tetrachloropyrocatechol,
and tetrachlorohydroquinone, if present, with 20 ml of
hexane-benzene (60:40 v/v) (Fraction II).

g. Adjust the fractions to an appropriate volume for EC GLC.

VIII. GAS CHROMATOGRAPHY:

Inject a portion, preferably 3-5 ul, of methylated PCP solution
into the gas chromatograph operated with the following parameters:

Column borosilicate glass, 1.8 m x 4 mm i.d.

Liquid phase 5% 0V-210 coated on 80-100 mesh
Gas-Chrom Q

Column Temperature 160°C

Carrier gas argon-methane (95:5 v/v) flowing at

40 ml/minute

Detector temperature  300°C

Inlet 235°C
Transfer line 220°C
_11
Detector pulsed mode EC, 5 x 10 amp full

scale
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Under these conditions, 10 pg of PCP methyl ether gave a half-scale
deflection with a retention of 0.49 relative to aldrin. Retention
data for the seven phenol methyl ethers on 5% 0V-210 and four other
GLC columns useful for confirmation purposes are given below in
Table 1. (See the Note in Subsection VI under item 1.)

TABLE 1. RELATIVE RETENTION DATA FOR METHYLATED
METABOLITES OF HCB AND PCP

Retention time relative to Aldrin

Metabolite 4% Se-30- 1.5% OV-17- ,, o
67 0V-210 1 96% QF1 5% OV-210 3% OV-1 5% DEGS*

2,3,4,6-Tetrachlorophenol 0.23 0.33 0.24 0.22 1.21
2,3,5,6-Tetrachlorophenol 0.23 0.33 0.24 0.22 1.13
2,3,4,5-Tetrachlorophenol 0.38 0.51 0.46 0.34 1.66
Pentachlorophenol 0.46 0.55 0.49 0.44 2.58
Tetrachloropyrocatechol 0.45 0.55 0.52 0.42 --
Tetrachlorohydroquinone 0.48 0.56 0.59 0.42 --
Pentachlorothiophenol 0.95 1.06 1.00 0.91 --

* Undervitalized

Figures 1 and 2 illustrate the GLC separation on a 5% 0V-210
column of the methyl ethers of the seven phenols after separation on
the acid alumina column.

IX.  DETECTION AND RECOVERY DATA:

1. Recoveries of PCP from urine at fortification levels of 5 ppb

and greater averaged 90% when corrected for background PCP
(Table 2).

TABLE 2. RECOVERY OF PCP FROM URINE®

av.%
ppm added % range recov. % rel.SD

.8 96.
.0 95.
.0 94.
0.4 95.
.6-96.3 93.
5 88.0-104.0 93.

3

Mo

OO OoOoOo —
OO — WO
O N ——= WO
NN WO N
— 1~ 00 00—

0
1
0

b

qFour determinations. SD, standard deviation.
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2. Recoveries of phenol metabolites from urine fortified at
10 ppb-1 ppm are listed in Table 3. Recoveries below 80%
were obtained only for the two lowest concentrations of
tetrachloropyrocatechol, the Towest concentration of tetra-
chlorohydroquinone, and all Tlevels of pentachlorothiophenol.
Addition of bisulfite and prompt execution of isolation
procedures provide the maximum recoveries of these compounds.

TABLE 3. RECOVERIES OF METABOLITES FROM FORTIFIED URINE

Four determinations for each measurement.

ppm Average Relative Stand.
Metabolite Added Range (%) Recovery (%) Deviation (%)
2,3,5,6-Tetrachlorophenol 1.0 89,3-92.3 91.1 +1.3
0.3 85.7-92.3 88.8 +2.7
0.1 82.0-87.9 85.3 +2.5
0.03 78.0-85.6 82.3 +3.3
0.01 79.1-87.5 82.8 +3.6
2,3,4,6-Tetrachlorophenol 1.0 88.9-92.4 90.9 +1.5
0.3 86.1-91.8 88.9 +2.4
0.1 83.1-88.3 86.0 +2.5
0.03 80.8-84.2 82.5 +1.7
0.01 79.6-86.8 82.6 +3.2
2,3,4,5-Tetrachlorophenol 1.0 89.3-95.6 93.1 2.7
0.3 89.0-94.3 91.8 +2.3
0.1 86.0-91.0 88.2 +2.1
0.03 85.8-90.3 87.4 +2.0
0.01 82.8-90.5 85.6 +3.4
Pentachlorophenol 1.0 95.2-97.8 96.5 +1.1
0.3 91.5-95.2 93.4 1.8
0.1 86.0-9.50 92.0 +4 .1
0.03 93.8-1004 97.2 +2.8
0.01 90.6-96.3 93.2 +2.5
Tetrachloropyrocatechol 1.0 78.6-81.4 80.1 +1.2
0.3 78.7-85.7 81.6 +2.9
0.1 76.3-83.0 79.8 +3.2
0.03 59.1-71.4 65.6 5.4
0.01 60.1-69.7 63.7 +4.3
Tetrachlorohydroquinone 1.0 80.2-82.7 81.5 +1.0
0.3 77.0-84.5 81.4 +3.2
0.1 77.0-84.0 80.9 +2.9
0.03 75.6-86.0 80.4 +4.6
0.01 71.3-77.3 74.6 +2.5
Pentachlorothiophenol 1.0 69.9-73.6 71.9 +1.5
0.3 69.3-73.3 71.1 +1.7
0.1 61.0-73.0 66.4 +6.0
0.03 49.8-57.2 53.3 +3.3
0.01 41.5-51.3 47.3 +4.2
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3. Method sensitivity was estimated to be 1 ppb for PCP and the
other phenols in urine. Column cleanup was essential for
determinations of PCP at levels below 30 ppb. When methods
without cleanup were tested, recoveries of less than 80%
were noted at fortification levels of 30 ppb or less.

4. The major metabolites from an HCB rat feeding study were tetra-
chlorohydroquinone, pentachlorothiophenol, and PCP. Minor rat
urinary metabolites were 2,3,5,6-tetrachiorophenol, 2,3,4,5-
tetrachlorophenol, and tetrachloropyrocatechol. Underivatized
2,3,5,6-tetrachlorophenol was separated from 2,3,4,6-tetra-
chlorophenol on a 5% DEGS column. The major metabolite isolated
from a PCP rat feeding study was tetrachlorohydroquinone. Minor
metabolites identified were 2,3,4,6-tetrachlorophenol and
tetrachloropyrocatechol.

5. PCP was identified in ten of the eleven urine samples from the
human general population, using the described analytical method.
Levels ranged from 1 to 80 ppb (Table 4). The presence of
2,3,4,6-tetrachlorophenol in the urine can be attributed to
its presence as an impurity in preparations of PCP. The only
measurable metabolites from the general population samples were
tetrachlorohydroquinone and tetrachloropyrocatechol. The
occupationally exposed worker contained a high level of PCP and
measurable levels of tetrachlorohydroquinone and tetrachloro-
pyrocatechol. As can be seen from these results, pentachloro-
thiophenol in urine can be used as an indicator of possible
exposure to HCB. PCP exposure would be indicated by a high
level of PCP and the presence of tetrachlorohydroquinone and
tetrachloropyrocatechol in the urine.
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Sample  Penta-  Tetra-  Penta-  Tetra-  2,3.0.6-Telra-  2,3.5.6-Tetra.  2,3,4,5-Tetra-
No. chloro- chloro- chloro- chioropyro- chlorophenol chlorophenol chlorophenol
phenol hy(.Jm thiophenol catechol
quinone

1 0.006 <0.001 <0.001 <0.001 0.004 <0.001 <0.001

2 0.012 <0.001 <0.001 <0.001 0.002 <0.001 <0.001

3 0.004 <0.0M <0.0M 0.0n2 0.003 <0.001 <0.001

4 <0.001 <0.001 <0.001 <0.001 <0.00% <0.001 <0.001

5 0.080 0.002 <0.001 0.001 0.013 <0.001 <0.001

6 0.004 <0.0m <0.001 <0.001 0.002 <0.001 <0.001

7 0.015 0.003 <0.001 0.004 0.004 <0.001 <0.001

8 0.012 0.006 <0.0n1 0.005 0.002 <0.001 <0.001

9 0.009 <0.00% <0.001 <0.001 0.003 <0.001 <0.001

10 0.038 0.008 <0.001 0.007 0.009 <0.001 <0.001

11 0.018 <0.001 <0.001 <0.001 0.003 <0.001 <0.001
12* 3.60 0.024 <0.001 0.024 0.123 <0.001 0.005

* QOccupationally exposed to PCP.
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X.  CONFIRMATION BY CG-MS:

1. Confirm analytical results on a Finnigan Model 3200 quadrupole
mass spectrometer equipped with a Model 9500 gas chromatograph
and Model 6100 data system, or equivalent, with the following

parameters:
Reagent methane
Mode chemical ionization

Source temperature 120°C

Pressure 900 um

Electron energy 170 eV

Emission current 10 mA

GC column borosilicate glass, 1.2 m x 2 mm i.d.
Liquid phase 5% 0V-210 on 80-100 mesh Gas-Chrom Q

Column temperature 90°C isothermal for 1 minute, then
programmed at 4°C per minute to 160°C

Carrier gas 20 m1/minute (methane)

Inlet temperature 200°C

Transfer line 250°C
Ion source 120°C
2. Chemical ionization using methane reagent gas produced fairly

strong M + 1 quasi-molecular ion isotope clusters, beginning
at m/e 245 for the three isomers of tetrachlorophenol, m/e 279
for PCP, m/c 295 for pentachlorothiophenol, and m/e 275 for
tetrachloropyrocathechol and tetrachlorohydroguinone. In
addition, a fiarly strong M + 1 quasi-molecular ion isotope
cluster beginning at m/e 240 was tentatively identified as

as an isomer of trichlorodihyroxybenzene from the PCP feeding
study samples. The phenolic metabolites in the urine from the
occupationally exposed worker were confirmed by GC-MS as
tetrachloropyrocatechol and tetrachlorohydroquinone.
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XI.  CONFIRMATION OF PCP BY P-VALUE:

Equilibrate each of the following solvents, acetonitrile,
methanol, and dimethylformamide, at a 1:1 v/v ratio with hexane
at room temperature for 24 hours. Pipet 0.1 ml of a 0.5 ml hexane
solutijon containing the PCP-methyl ether into a 1 ml test tube.
Add, by means of a pipet, 0.1 ml of the hexane-equilibrated solvent
and thoroughly mix the two phases by means of a Vortex mixer for
approximately one minute. After the two phases separate, the
upper hexane layer is ready for GLC analysis. The p-value is
calculated as the concentration of PCP-methyl ether in the hexane
phase divided by the concentration that was determined to be in
the hexane before the partition. Determination of p-value from
standards in each laboratory must be carried out at the same time
as the unknown, because temperature and other variables affect
the partition coefficients.

The expected p-values for the three solvent systems are:

1. Acetonitrile:hexane 0.62
2. Methanol:hexane 0.61
3. Dimethylformamide:hexane 0.44

XIT.  MISCELLANEQUS NOTES:

1. Great difficulty was encountered in finding a control urine
low enough in PCP content to use for fortification purposes.
A general population human urine with an average 4 ppb PCP
background was chosen for fortification purposes.

2. A comparison of PCP levels found in human urine samples by
the method described in this section with two other procedures
(including the one in this section in the last revision of
this Methods Manual) indicated as much as a 17-fold higher
result after hydrolysis.

3. Recoveries of 0.1-5 ug PCP and six phenolic metabolites of
either HCB or PCP through the acid alumina column ranged from
88 to 97%.
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XIIT.  ANALYTICAL QUALITY CONTROL:

1.

A11 reagents, including water, must be extracted with hexane
before use as they may be contaminated with PCP or other
materials that may interfere with analysis. Glassware should
be washed with dilute sodium hydroxide solution, followed by
deionized water and acetone rinses. Care should be taken not
to allow contact between wooden or paper materials and glass-
ware because peg boards and several brands of absorbent paper
products have been found to contain PCP.

Fortified urine samples should be analyzed along with each
series of actual samples to verify adequate recovery of PCP
and the other phenols of interest. Because of the ubiquity
of PCP, the "blank" used for fortification must be analyzed
and a correction must be made for the amount of PCP found.

A reagent blank consisting of 5 ml of pre-extracted distilled
water should also be carried through the entire procedure
along with the sample(s).
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RECORDER RESPONSE
et

TIME, minutes

Fig. 1. Gas chromatogram of Fraction I fram acid alumina
column of standard phenol methyl ether mixture:
(a) 2,3,5,6- and 2,3,4,6-tetrachlorophenol (See
Note, Section VI, 1); (b) pentachlorophenol; (c)
pentachlorothiophenol. Column, 5% OV-210 on 80-100
mesh Gas—-Chrom Q. Oven temperature, 160°C. 5% Methane
in argon, flow rate 40 ml/minute.
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RECORDER RESPONSE

L

TIME, minutes

Fig. 2. Gas chromatograms of Fraction II from acid alumina
column of standard phenol methyl ether mixture:
(a) 2,3,4,5-tetrachlorophenol; (b) tetrachlorocatechol;
(c) tetrachlorohydroquinone. Column, 5% OV-210 on
80-100 mesh Gas-Chrom Q. Oven temperature, 160°C.
5% Methane in argon, flow rate 40 ml/minute.
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DETERMINATION OF BIS(p-CHLOROPHENYL) ACETIC ACID (DDA)
IN HUMAN URINE

INTRODUCTION:

The analysis of blood, urine, and feces is of extreme importance
when studying transport and elimination of p,p'-DDT and p,p'-DDT -
derived metabolites. The examination of urine is of particular
interest because of the ease of collection and the anticipation of
fewer analytical problems than might be encountered with blood and
feces. Furthermore, a predominant metabolite of p,p'-DDT, p,p'-DDA,
is excreted in the urine. Excretion levels of this metabolite
have been established as sensitive indicators of exposure to p,p'-DDT
(Durham et al., 1965). However, a rapid, sensitive gas chromatographic
procedure for the analysis of this metabolite is desirable, particu-
larly one which gives accurate and precise data for Tow levels of
p,p'-DDA excretion. The following method was developed as a dual
analytical procedure to determine DDT and its polar and non-polar
metabolites in human urine (Cranmer et al., 1969). Utilizing
electrolytic conductivity or microcoulometric detection, the
procedure can be readily adapted for the exclusive determination of
p,p'-DDA excretion levels.

REFERENCES:  Cranmer, M. F., J. J. Carrol, and M, F. Copeland
(1969) Determination of DDT and Metabolites
Including DDA in Human Urine by Gas Chromatography.
Bull. Environ. Contamin. & Toxicol. 4, 214.

Cueto, C., A. G. Barnes, and A. M. Mattson, (1956).
Determination of DDA in Urine Using an Ion
Exchange Resin. J. Agr. Food Chem. 4, 943.

Durham, W. F., J. F. Armstrong, and G. E. Quinby
(1965). DDA Excretion Levels, Arch. Environ.
Health 11, 76.

PRINCIPLES:

Each sample of urine is thoroughly mixed with an equal volume of
2% acetic acid in hexane. Three such extractions are performed and
the combined extracts evaporated to near dryness taking care that no
residual traces of water or acetic acid remain. The dry extract is
treated with boron trifluoride-methanol reagent to convert free
p,p'-DDA to the methyl ester. After heating at 50°C for 30 minutes,
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the reaction is quenched with water and the reaction mixture is then

extracted with three 5-m1 portions of hexane. The combined hexane

extracts are volume adjusted and the p,p'-DDA methyl ester is

determined by microcoulometric and/or EC detection. An osmolality

correction factor is employed in reporting p,p'-DDA excretion levels.
ITI.  EQUIPMENT:

1. Gas chromatograph equipped with EC detector and microcoulometer
if available, and with the columns prescribed for the program.

2. Vortex-Genie mixer, Model 55Q-G or the equivalent.
3. Precision Systems Osmette, Model 20Q7 or the equivalent.

4.  Culture tubes, screw caps with Teflon liners, 16 x 125 mm,
Corning No. 9826.

5. Culture tubes, screw caps with Teflon liners, 20 x 150 mm,
Corning No. 9826.

6. Separatory funnels, Teflon stopcocks, 60 ml, 125 m1 and 250 ml.

7. Concentrator tubes, 10 ml and 25 ml capacity, graduated with ¥
19/22 ground glass joint (Kontes Glass Co., Cat. No. K-570050,
size 1025 (10 m1) and size 2525 (25 ml).

8. Modified microSnyder column, § joint size 19/22, Kontes No.
K-569251.

9, Kuderna-Danish flasks, 125 ml and 250 ml, Kontes No. K-570001.
10. Glass beads, solid, 3 mm.

11.  Water bath(s), controllable at temperatures of 45°, 60°and 95°to
100°C.

12.  Mohr pipets, 5- and 10-ml.
13. Disposable pipets.
14.  Filter tubes, 150 x 24 mm, Corning No. 9480 or the equivalent.

15.  Micro Florisil column per specifications given in Section
5,A,(2),(a), page 1.

16.  Test tubes, 25 x 200, with § glass stoppers, Corning No. 9810
or the equivalent.
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IV.  REAGENTS:
1. Acetic acid, glacial, reag. grade.
2. Hexane

3. Acetonitrile
A1l four solvents of pesticide quality.
4., Toluene

5.  Methanol

6. Sodium sulfate granular, anhydrous, reag. grade.
7. A mixture of 2% acetic acid in hexane.

8. A solution of 1% methanol in hexane.

9. Boron trifluoride, reag. grade, lecture bottle size, The
Matheson Company, East Rutherford, N. J.

10. p,p'-DDA analyt. standard, available from EPA, Reference Standards
Repository, Research Triangie Park, N. C.

11.  Preparation of esterification reagent:

Bubble boron trifluoride rapidly into cool methanol for

1 hour, stirring continuously by mechanical stirrer and
passing a slow stream of dry nitrogen over the surface of

the methanol to continuously purge the reaction flask.

A weight increase of a ca 10% should be observed during

the course of preparation of the reagent. Consistent results
should be obtained with reagent which is stored in tightly
capped bottles in the refrigerator for periods up to 2 weeks.

NOTE: An alternative to the preparation of the
methylating reagent is to purchase the com-
mercially prepared reagent. Applied Science
Laboratories markets a "BFs METHANOL ESTER KIT"
consisting of 25 x 5 ml ampoules of 14% BF3/Methanol.
(Nanograde methanol will be substituted on request.)

12. Preparation of DDA-ME standard:
1.  Weigh out approximately 25 mg of Bis- (p-chlorophenyl)-

acetic acid (p,p'-DDA) into 25 x 200 mm glass-stoppered
round bottom test tube. (Item 16, Subsection III)
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2. Dissolve the p,p'-DDA, with the aid of a Vortex mixer, in
10.0 m1 of BClg-Methanol 10% w/v.

3. Place in steam bath for 30 minutes.

4, Remove from steam bath and quench reaction by addition
of 10 m1 ice-cold distilled water.

5. Extract three times with 10 m1 portions of hexane, filtering
each extract through sodium sulfate into previously tared
concentrator tubes.

6. Concentrate to small volume after each hexane extract.

7. After last hexane extract, rinse down sidewalls of the
concentrator tube with a small amount of hexane and then
evaporate just to dryness under gentle stream of nitrogen
at room temperature.

8. Place concentrator tube in desiccator and allow to equil-
ibrate.

9. Reweigh the concentrator tube to determine the amount of
DDA-methyl ester.

mg of DDA(ME) x 280
Mg of DDA x 294

10.  The DDA-methyl ester is then quantitatively transferred to
50 m1 volumetric flask with nanograde hexane to prepare
the DDA-methyl ester standard of approximately 1 mg/ml.

% Recovery = x 100

11. This DDA-methyl ester standard may then be further diluted
to give working standard of the desired concentration.

V.  SAMPLE COLLECTION AND PREPARATION:

Urine collections are made in scrupulously cleaned, screw-cap
(Teflon or foil-Tined) bottles to which 1 ml of toluene has been
added as a preservative. Donors may be requested to collect their
specimens immediately after arising in the morning. Pooled, 24 hour
urine specimens may be desirable in those cases where samples are
suspected or known to have p,p'-DDA concentrations approaching the
Tower limit of detectability. The volume of urine extracted will
vary depending on exposure classifications. For analysis of the
urine of individuals classified as "normal", 20-50 ml should be
available.
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In those cases where known or suspected exposure to p,p'-DDT has
occurred, 5-10 ml of urine may be sufficient. The osmolality of
each specimen is determined shortly after receipt using a Precision
Systems Osmette. Samples to be stored prior to analysis should be
kept in a refrigerator.

EXTRACTION:

A control sample of urine from an unexposed donor should be

carried through the entire procedure parallel with the sample(s) being
tested.

1.

Place the urine sample in the extraction vessel of appropriate
type and size for the volume of sample and add an equal volume
of 2% acetic acid in hexane.

NOTE: A 5 ml sample can be extracted in a 16 x 125 mm
culture tube with Teflon lined screw cap. A 10 ml
sample will require the 20 x 150 mm tube. Volumes
of 15 to 20 m1 and 25 to 50 ml may be extracted in
sep. funnels of 60 and 125 ml, respectively.

Shake vigorously for 2 minutes using hand agitation for
the sep. funnels or the Vortex mixer for culture tubes.

NOTE:  Some emulsion may result from the vigorous shaking.
The test tubes may be centrifuged to break the
emulsion. If emulsions persist in sep. funnel or
tubes, add a few drops of acetonitrile.

The extraction is repeated twice more to insure complete
extraction of pesticides into the solvent phase. The method of
conveniently handling the repetitive extractions will depend
upon the initial volume of sample and subsequent total volume
of the three combined extracts. The following options are
based on this volume factor:

a. For 5 ml urine samples the 15 ml1 of combined hexane
extract is collected in a 25 ml grad. evap. concentrator
tube containing one 3 mm glass bead. The extract transfer
is made with a 5 m1 Mohr pipet. The conc. tube is fitted
with a modified microSnyder column and the extract is
concentrated in a boiling water bath to ca 2 ml.

b. A urine sample of 10 ml will result in a total combined
extract volume of 30 ml. In this case, transfer each
10 m1 extract into a 50 ml grad. beaker by means of a
10 m1 Mohr pipet. On a 45°C bath, evaporate the solvent
under a nitrogen stream to ca 5 ml. Cool beaker, add a
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pinch of anhydrous Na,S0, and transfer concentrate to a

25 ml evap. concentrator tube, rinsing beaker with three
portions of 4 ml each of hexane. Proceed with concentration
as outlined in step a, above.

For initial urine samples of 15 to 25 ml which are

extracted in sep. funnels, evaporation in Kuderna-Danish
equipment is suggested. Draw off the aqueous (lower) layer
from the first extraction into a second sep. funnel and
filter the hexane extract through a filter tube containing

a 2-in. column of anhydrous Na,SO, into a 125 ml K-D flask
fitted with a 10 ml grad. evap. concentrator tube containing
one 3 mm glass bead. Add a like volume of the acetic
acid/hexane reagent to the urine phase in the second sep.
funnel, stopper, and shake vigorously 2 minutes. After
layer separation, draw off the aqueous Tayer into sep.
funnel No. 1 and the hexane extract through the Na,S0, filter
into the K-D flask. Similarly, repeat the extraction a
third time, conducting the extraction in sep. funnel No. 2.
Attach a Snyder column to the K-D flask, place lower conc.
tube in a boiling water bath and reduce extract to ca 2 ml.

For initial urine samples of 30 to 60 ml, the extraction is
conducted identically to that outlined in step c above except
that a 250 m1 K-D flask is used to accommodate the larger
volume of combined extract.

4. The 25 ml evap. concentrator tubes will require two successive

rinses

of ca 3 ml each with hexane to insure removal of any residue-

containing material adhering to the sides of the tube or around the

joint.

After each 3 ml rinse, applied by disposable pipet, the

extract is further concentrated down to ca 2 ml. The self flushing

action

of the K-D assemblies should take care of this problem except

for a wash of the joint between K-D flask and evap. concentrator

tube.

The final concentrated extract should be ca 2 ml.

5. The final concentrated extract of ca 2 ml will be in a 10 or 25 ml
evap. concentrator tube. This is placed in a 45° water bath and
reduced just to dryness under a dry nitrogen stream.
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VII.  ESTERIFICATION:

1. Add 2.5 ml of the methylation reagent to the dry extract in
the evap. concentrator tube. Place tube in a 50°C bath and
hold for 30 minutes.

NOTE: If the 14% commercial methylating reagent is used,
the volume of reagent may be reduced to 2.0 ml.

2. Quench reaction by adding 5 ml of dist. H,0.

3. Add 5 ml hexane, stopper tube, and mix on Vortex 1 minute.
Allow layers to separate.

4. With a 5 ml Mohr pipet, transfer the hexane layer to a clean
25 ml evap. concentrator tube containing one 3 mm glass bead.

5. Repeat the extraction twice more with 1ike volumes of hexane,
combining the three 5 ml extracts in the 25 ml evap. concen-
trator tube.

6. Attach a modified micro-Snyder column and reduce the volume of
the extract to ca 3 ml in a boiling water bath.

7. Remove tube from bath, cool, rinse joint with a small volume of
hexane applied with a disposable pipet, place tube under a dry
nitrogen stream and reduce extract volume to 0.3 mi.

VIII. FLORISIL FRACTIONATION:

1. Micro Florisil columns are prepared ahead of time and held in a
130°C oven until ready for use. Detailed instructions for
preparing the column are given in Section 5,A,(2),(a), page 1.

2. Remove micro column from oven and allow to cool to room temper-
ature, then prewet column with 10 m1 of hexane, discarding
eluate.

3. Proceed with the elution as described in Section 5,A,(2),(a),
Subsection V, Steps 3 through 8.

NOTES:

1. After it has been established by trial that all of
the DDA is eluted in the second fraction and none in
the first fraction, the eluate from the first fraction can
be discarded if DDA is the sole compound of interest.
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2. If a Taboratory is running routine determinations as
for surveillance of a special group of donors, and is
conducting gas chromatography by microcoulometric detec-
tion only, the Florisil cleanup step may be eliminated.
However, the cleanup is necessary when the detection
technique is electron capture.

IX.  GAS CHROMATOGRAPHY:

1.

Urine from general population donors may be expected to yield
as little as 8 ppb of DDA. A 50 ml initial sample concentrated
to a final extract volume of 300 u1 would yield an approximate
DDA concentration of 1.3 nanograms per microliter. A 10 ul
injection should produce a quantifiable peak via EC under
normal conditions. An exploratory injection of 25 u1 for MC
detection will provide the operator with information suggesting
a lesser or greater injection volume to obtain a peak height
response of 10% or more FSD.

Compare the peak heights of the sample p,p'-DDA methyl ester
with the peak heights produced by injection of a standard
solution of p,p'-DDA methyl ester of known concentration.
Correct the observed concentration levels of p,p'-DDA in the
urine samples to an osmolality of 1000 milliosmols by
multiplying the calculated value by a correction factor, K,
given by the following expression:

1000

K= Observed Osmolality

The only potential pesticide interference to the DDA, methyl
ester, peak in the second fraction eluate would be from
dieldrin on the O0V-17/QF-1 column operated at the prescribed
200 C. The SE-30/QF-1 and the 0V-210 columns, when operated
at their prescribed parameters, should offer no overlap
problems. The 0V-210 column is particularly recommended
because of its greater responsiveness.

The urine from high exposure donors would be expected to con-
tain a small amount of p,p'-DDE as compared to the DDA levels.
When the 0V-17/QF-1 and SE-30/QF-1 columns are operated at

the prescribed 200 C temperature, the peaks would overlap.
Complete separation can be obtained however, by operating at

170 ' C. The 0V-210, operated at its prescribed temp. of 175-180°
should provide complete separation of the compounds.
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DETERMINATION OF 2,4-D AND 2,4,5-T IN URINE
INTRODUCTION:

A number of derivatives of 2,4-dichlorophenoxyacetic acid (2,4-D)
and 2,4,5-trichlorophenoxyacetic acid (2,4,5-T) are applied exten-
sively as selective herbicides in the control of terrestrial and
aquatic broadleaf plants. Because of their widespread use and
relatively lengthy persistence, particularly in treated lakes and
streams, potential human exposure to these materials may occur
via several routes. These include consumption of contaminated edible
plants, livestock, and water, as well as direct exposure by agricul-
tural spraymen and herbicide formulators. Thus, rapid, sensitive
procedures for the detection of the free acids and chlorinated phenol
degradation products in human and animal urine assumes an important
role in the toxicological and environmental monitoring of these
herbicidal compounds.

REFERENCE: A Method for Determination of Low Levels of
Exposure to 2,4-D and 2,4,5-T, Shafik, M. T.,
Sullivan, H. C. and Enos, H. F., Journal of
Environmental Analytical Chemistry, 1971,
Vol. 1 pp 23-33.

PRINCIPLE:

The phenolic conjugates are subjected to acid hydrolysis, the
free phenols and acids are extracted and ethylated with diazoethane.
Cleanup of the derivatized products is carried out on a silica gel
column, the resulting eluate is concentrated to an appropriate extent
and subjected to analysis by electron capture GLC, chromatographing
on a column of 4% SE-30/6% QV-210.

EQUIPMENT:

1. Gas chromatograph with EC detector fitted with a glass column
6 ft. x 1/4 in. o.d. packed with 4% SE-30/6% 0V-210. Column
and instrumental parameters are those prescribed in Section 4A.
Injection port, transfer line and detector as maintained in
normal operation.

2. Chromatographic columns, Size 22, Kontes No. 420100.

3. Boiling water or steam bath.
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Distilling column (condenser), 200 mm jacket, fitted with
tight glass stopper at top, Kontes No. 286810.

Circulating water pump.
Vortex mini-mixer,

Evaporative concentrator tubes, grad., 25 ml § 19/22, Kontes
No. 570050.

Conical centrifuge tubes, conical, grad., 15 ml with § stoppers,
Corning No. 8084 or the equivalent.

Disposable pipets, Pasteur, 9-in.

Dry nitrogen. Tank fitted with 2-stage pressure regulator.
Volumetric flasks, 50 and 100 ml.

Mohr pipets, 0.2, 0.5 and 5 ml.

Transfer (vol) pipets, 1 through 5 ml.

An exhaust hood with a minimum draft of 150 linear feet per
minute.

Centrifuge capable of 2,000 rpm.

IV.  REAGENTS:

1.

Benzene, pesticide quality.
Hexane, pesticide quality.
Hydrochloric Acid, conc., A.R. grade.
Silica gel, Woelm, activity grade I.

NOTE:  Dry adsorbent for 48 hours at 170°C and store in a
desiccator. On day of use, deactivate the silica gel
by adding 15 ul of water and 1 gram of silica gel to
a 125 ml Erlenmeyer flask. Stopper and rotate until
the water is evenly distributed throughout the adsorbent.
Allow to equilibrate for 2 to 3 hours with periodic
shaking. Prepare the chromatographic columns just
prior to use.

N-ethy1-N'-nitro-N-nitrosoquandine, Aldrich Chemical Co.
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6. Distilled water. All distilled water used throughout
procedure must be benzene extracted.

7. Ethylating Reagent, Preparation:

a. In a 125 m1 Erlenmeyer flask, dissolve 2.3 grams of KOH,
A.R. grade in 2.3 ml of distilled water. When solution
is complete, allow to cool to room temperature.

b. Add 25 ml hexane and cool flask in a -18°C freezer for
15 min.

c. In a VERY HIGH DRAFT hood, add 1.6 grams of N-ethyl-N'-
nitro-N-nitrosoguanidine in small portions at a time,
mixing contents of flask after each addition.

d. Decant the hexane layer into a bottle with a Teflon-lined
screw cap. This may be stored for periods up to a week

at -18°C.
NOTES:
1. Because of demonstrated carcinogenicity and toxicity,

do not allow the nitrosoguanidine of the diazoethane
to come in contact with the skin. Disposable gloves
and safety goggles should always be worn when handling.

2. Do not use ground glass stoppered bottles or bottles
with visible interior etching.

8. Analytical grade standards for 2,4-D and 2,4,5-T. Available
from the EPA Reference standards Repository at Research
Triangle Park, NC.

9. Preparation of ethylated standard mixtures;

a. Weigh 20 mg of each of the two analytical standards into
separate 100 ml vol. flasks, dissolve, and make to volume
with benzene. These concentrated stock solutions will
contain 200 ng/ul each of the two compounds.

b. Transfer aliquots from each of the concentrated stock
solutions into a single 50 ml vol. flask in the following
volumes:

2,4-D ——mmmmm- 1.0 ml 2,4,5-T ==mmeee- 0.5 ml
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Add diazoethane dropwise with a disposable pipet until a
definite yellow color persists.

Allow solution to stand 15 minutes, then bubble nitrogen
through the solution until yellow color disappears

(ca 5-10 minutes). THIS OPERATION MUST BE DONE IN A HIGH
DRAFT HOOD. Diltute to volume with benzene. This is the
aTkyTated stock standard mixture of the following concen-
trations:

2,4-D---~--- 4 ng/ul 2,4,5-Temmmemm- 2 ng/ul

Prepare an ethylated working standard mixture of highest
usable concentration by pipetting 5 ml of the alkylated
stock mixture (d. above) into a 50 ml vol. flask and make
to volume with benzene. This will yield a dilute mixture
of the following concentrations:

Alkylated 2,4-D-----cmmommmmceeeea 400 pg/ul
Alkylated 2,4,5-T-~~mmcmmammcmeeee oo 200 pg/ul

Injection of 5 ul of this mix into the gas chromatograph
will provide information on the final concentration range
needed for further diluted standards.

NOTE:  These alkylated standards should be stored at

-18°C when not in use and discarded after one month.

V.  EXTRACTION AND ALKYLATION:

A control sample of urine from an unexposed donor should be
carried through the entire procedure parallel with the sample(s)
being tested.

1. Pipet 1 to 5 ml of urine into a 25 ml evap. conc. tube.

NOTE:

The precise volume is predicated on the expected
residue Tlevel.

2. Add dropwise a volume of conc. HC1 equal to 1/5 the volume
of urine, and mix well.

3. Fit a stoppered reflux condenser to the tube and heat in
boiling water bath for 1 hour, cooling the condenser with
circulating ice water.

4, Remove from bath, cool, and rinse inside walls and condenser
tip with 3 ml benzene.
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5. Mix contents of tube for 2 minutes on a Vortex set at high
speed and then centrifuge at 2,000 rpm.

6. By means of a disposable pipet, carefully transfer the benzene
(upper) Tlayer to a 15 ml centrifuge tube taking special care
not to transfer any water.

7. Repeat the extraction with another 3 ml portion of benzene,
adding the second benzene to the centrifuge tube.

8. Add diazoethane reagent dropwise with a disposable pipet until
the yellow color persists (ca 2 ml).

9. Allow tube to stand 15 minutes, then bubble nitrogen through
the solution to remove excess reagent.

10. Concentrate the ethylated extract to ca 0.3 ml at room
temperature or on a 40°C water bath under a gentle stream of
nitrogen.

VI. SILICA GEL FRACTIONATION:

Determination of Elution Pattern

The elution pattern of the ethylated compounds must be deter-
mined before using the silica gel column for cleanup of the ethylated
urine extracts. The column preparation and elution pattern evaluation
is outlined in the following steps:

a. Place a small wad of glass wool at the bottom of a Chromaflex
column and add 1 gram of the particularly deactivated silica
gel. Top this with 1/2 in. of anhydrous, granular Na,SO,.

b. Prewash the column with 10 ml of hexane and discard the eluate.

c. When the surface level of the hexane reaches a point on the
column ca 2 cm from the top of the Na,SO,, add 0.3 m1 of the
alkylated stock standard mixture (Subsection IV,9,c) to the
column. Elute successively with 10 m1 of each of the solvent
systems listed in the following table, collecting each fraction
separately. Inject from 5 to 10 ul from each fraction into
the gas chromatograph and calculate the percent of each com-
pound present in the fraction.
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A typical elution pattern is shown in the table:

Eluting Solvents 2,4-D 2,4,5-T
5 ug 2 ng
20% Benzene-Hexane 0 0
40% Benzene-Hexane 0 0
60% Benzene-Hexane 0-2% 20-25%
80% Benzene-Hexane 98-100% 75-80%
100% Benzene 0 0

Sample Fractionation

a. Prepare a chromatographic column of silica gel as described on
the previous page and prewash column with 10 ml of hexane,
exactly as described, discarding the elute.

b.  Transfer the concentrated extract to the column, rinsing
centrifuge tube with two successive portions of 5 ml each
of 20% benzene/hexane, collecting the elute.

NOTE: If chlorinated phenols are present they should
elute in this fraction.

c. Finally, add 10 m1 of 60% benzene/hexane followed by 10 ml
of 80% benzene/hexane, collecting both these fractions in a
single tube. The ethylated 2,4-D and 2,4,5-T are contained
in these fractions.

NOTE: If the individual analyst has determined that his
elution pattern differs from that given in the
author's table and he is able to obtain a consistent
altered pattern, some appropriate revision in the
eluate collection instructions may be indicated.

VII.  GAS GHROMATOGRAPHY:

Inject into the gas chromatograph 5 to 10 ul of the 20% fraction
for the determination of the phenols and 5 to 10 ul of the combined
60-80% fraction for the determination of the chlorophenoxyacetic
acids. Injections of 5 to 10 ul can also be made from fractions
which have been concentrated to 5 ml, if necessary, in case of lower
levels of exposure. The elution pattern of the 2 compounds extracted
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from a fortified urine sample must be established as described below.
The 1imits of detectability for 2,4-D and 2,4,5-T are 0.05 and

0.01 ppm, respectively. Quantification is conducted by mathematical
comparison of sample peaks against peaks resulting from the injection
of working standard (Subsection IV,9,e).

The retention values, relative to aldrin, of the two ethylated
compounds on the SE-30/QF-1 column at 200°C are:

2,4-Dmmmmmm= 0.51 2,4,5-Temmmmm 0.78
MISCELLANEOUS NOTES:

1. Recovery runs are essential for the operator to determine the
efficiency of alkylation and cleanup. From the concentrated
stock standard of IV,9,a, transfer the aliquots specified
in Step 9,b to a single 50 ml vol. flask. Dilute to volume with
benzene without ethylating. Transfer a 2 ml aliquot to a 15 ml
grad. centrifuge tube and add an equal volume of 1 N NaOH.

Mix well and allow to stand for 10 minutes, agitating from time
to time. Centrifuge 5 minutes at 2,000 rpm and discard benzene
(upper) layer. Fortify 5 ml of control urine with aliquots of

0.1 to 1 ml of the aqueous extract and proceed as described in

Subsection V starting at Step 2.

2. Because of differences in ambient temperature and relative
humidity from one laboratory to another, it is imperative that
each laboratory establishes silica gel elution patterns under
local conditions. Should the compounds of interest elute in a
later fraction (i.e., in 100% benzene instead of 60% or 80%
benzene-hexane) the percent water added to the silica gel must
be increased by 1% increments until desired elution pattern is
established, If the compounds of interest elute in an earlier
fraction (i.e., in 20% B-H instead of 60% or 80% B-H), the amount
of water initially added to silica gel must be decreased (use
spiked control urine, not standard compounds to determine
pattern).
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DETERMINATION OF KEPONE IN HUMAN BLOOD
AND ENVIRONMENTAL SAMPLES

INTRODUCTION:

Kepone (chlodecone) is a pesticide added to bait or other inert
material to control banana and potato pests and to serve as a
potent ant and roach killer. It is an ingredient in about 55 commer-
cial pesticide formulations used in the United States and other
countries. The following methods describe the analysis of Kepone in
human blood, air, river water, bottom sediments, and fish as carried
out by the EPA Health Effects Research Laboratory, Research Triangle
Park, NC.

REFERENCES:

1. Electron Capture Gas Chromatographic Determination of
Kepone in Environmental Samples, Moseman, R. F., Crist,
H. L., Edgerton, T. R., and Ward, M. K., Arch. Environ.
Contam. Toxicol. 6, 221 (1977).

2. A Micro Technique for Confirmation of Trace Quantities
of Kepone, Moseman, R. F., Ward, M. K., Crist, H. L.,
and Zehr, R. D., J. Agr. Food Chem. 26, 965 (1978).

3. Analytical Methodology for the Determination of Kepone
Residues in Fish, Shellfish, and Hi-Vol Air Filters,
Hodgson, D. W., Kantor, E. J., and Mann, J. B., Arch.
Environ. Contam. Toxicol. 7, 99 (1978).

4. Mass Spectrometric Analyses and Characterization of Kepone
in Environmental and Human Samples, Harless, R. L., Harris,
D. E., Sovocool, G. W., Zehr, R. D., Wilson, N. K, and
Oswald, E. 0., Biomed. Mass Spectrom. 5(3), 232 (1978).

5. Preliminary Report on Kepone Levels in Human Blool from
the General Population of Hopewell, VA, U.S. EPA, HERL,
Research Triangle Park, NC, March 3, 1976.

PRINCIPLE:

Samples are extracted, and extracts are cleaned up by chroma-
tography on a micro Florisil column, base partitioning, or gel
permeation chromatography. The Kepone is determined by electron
capture gas chromatography with multiple columns. Confirmation of
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Kepone in samples is possible by several procedures: (1) chemical
derivatization that converts Kepone to mirex followed by further
cleanup and analysis by EC GLC; (2) use of the halogen selective
Hall conductivity GLC detector; or (3) chemical-ionization mass
spectrometry (methane reagent gas) coupled with gas chromatography.

SAMPLE COLLECTION:

Samples of water, sediment, soil, ice, and sludge are collected
in 1-quart (0.946 L) Mason jars previously washed and solvent treated
according to procedure given in Section 3,A of this Manual. Jar 1lids
should be Tined with Teflon or aluminum foil. Fish samples are
wrapped in foil and frozen along with other solid samples.

A11 samples should be refrigerated as soon as possible after
collection and the refrigeration maintained until the start of the
analysis.

The following methods are intended for the analysis of Kepone
residues in human blood, air (sampled with Hi-Vol filters), water
(and ice), sediment, soil, sludge, fish, and shellfish.

APPARATUS AND REAGENTS:

See Section 5,A,(2),(a), III for materials and reagents for the
micro Florisil cleanup method. Additional requirements follow:

1. Gas chromatograph fitted with a DC or pulsed linearized mode
electron capture detector. GLC columns, boroscilicate glass,
1.8m x 4 mm i.d., packed with 3% 0OV-1 or 1.5% OV-17/1.95%.
0V-210 on 80-100 mesh silanized support, operated with specific
parameters given under Gas Chromatography, Section XII.
Criteria for high sensitivity in the GLC system, as set forth
in Section 4,A,(4), page 4 for EC detection should be carefully
noted. Alternative columns for confirmation are 4% SE-30/6%
ov-210, 5% 0V-210, and 5% QV-1.

NOTE: It should be noted that on the 4% SE-30/6% 0V-210
column, Kepone and p,p'-DDD co-elute. This may prove
troublesome if the column promotes conversion of
p,p'-DDT to p,p'-DDD.

z. Cuiture tubes, 125 x 15 mm and 77 x 15 mm, with Teflon-lined
screw caps.

3. Chromatographic columns, Chromaflex 22-7, Kontes Glass Co.

4, Pipets, Pasteur disposable.
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Mechanical rotator producing a tumbling action at ca 50 rpm.
Centrifuge tubes, conical, 15 ml, graduated.

Apparatus for evaporation of solutions held in a 60°C water
bath under a gentle stream of purified nitrogen gas.

Pipet, Mohr, 10 ml, graduated in 0.1 ml increments.

Centrifuge tube, 50 ml, graduated, with screw cap.

Tube, round bottom, 50 ml, with screw cap.

Separatory  funnels, 125 ml and 1000 ml, with Teflon stopcock.
Soxhlet extraction apparatus, size 50 x 250 mm.

Erlenmeyer flask, 125 ml, glass-stoppered.

Food chopper, Hobard, Model 84142,

Duall tissue grinder, number K-885450, Kontes Glass Co.
Polytron homogenizer, Brinkmann Instruments.

Volumetric flask, 100 ml capacity.

Waring Blender.

Sorvall Omni-Mixer, Type OM.

Vacutainer tube, holder, and needle blood collection system.
3-Ball Snyder column.

Analytical pesticide standards, prepared from analytical grade
Kepone, available for qualified laboratories from the Reference
Standards Repository, ETD, HERL, EPA, Research Triangle Park,
NC. Prepare stock solutions in pesticide quality benzene,

and prepare the final working solution from an intermediate
diTution with 1% methanol in benzene. The use of 1-2% methanol
in benzene is mandatory for all standards and samples in order

to obtain maximum electron capture GLC response.

Solvents, all of pesticide quality.
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Sodium sulfate, reagent grade, Soxhlet extracted for 6 hours
with pesticide quality benzene or methylene chloride and oven
dried at 130°C before use.

V.  ANALYSIS OF HUMAN BLOOD:

1.

Collect blood samples in Vacutainer. Samples should contain
no anti-clotting agent. Prepare a homogeneous sample by
breaking up the clots with a flat-end glass rod of a diameter
nearly as great as the inside diameter of the collection tube.

Using an open tipped Pasteur pipet, weigh 2.0 g of blood into
a culture tube with a Teflon-lined screw cap.

NOTES:

1. Small blood clots tend to clog the tip of a normal dispos-
able pipet. For this reason, break off the tip to provide
a greater inside diameter.

2. From this point on, run spiked blood and reagent blanks
through the entire procedure in exactly the same manner
as the samples.

Add 6 ml of hexane-diethyl ether (1:1 v/v) to the tube and
cap securely.

Shake the tube on a mechanical rotator at 30-50 rpm for 30
minutes.

Centrifuge the extraction mixture at 3000 rpm for ca. 5 minutes
to eliminate emulsions.

Remove the solvent layer with a disposable pipet and transfer
to a clean 15 ml graduated centrifuge tube.

Repeat the extraction with an additional 6 ml of the hexane-
diethyl ether (1:1 v/v), combining the extracts in the 15 ml
centrifuge tube.

Evaporate the solution in the centrifuge tube to 0.20 ml under
a gentle stream of nitrogen.

Carry out Florisil column cleanup as follows:

a. Prepare and activate a micro column containing 1.6 grams
of 60-100 mesh Florisil (activated by the manufacturer at
1200 C) topped by 1.6 grams of anhydrous sodium sulfate as
described in Section 5,A,(2),(a),III, 1 and 2.
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NOTE: Prewash the column with 30 ml benzene-methanol
(1:1 v/v) rather than with hexane followed by
methanol as specified in Section 5,A,(2),(a).

Let the column air dry thoroughiy before overnight
oven activation at 130 C.

Remove the prepared column from the oven and cool. Prewet
the column with 10 m1 of methanol-benzene-hexane (2:4:94
v/v) and discard the eluate.

When the solvent level reaches the top of the Na,SO,, trans-
fer the total sample extract to the column with a disposable
pipet, rinsing the tube with three 0.5 ml portions of the
same methanol-benzene-hexane solvent and adding these to

the column with the same pipet. Begin to collect the column
effluent in a clean 15 ml centrifuge tube as soon as the
addition of the sample is begun.

NOTE: The sampie aliquot should not exceed 500 mg
contained in a 0.2-0.3 ml volume.

Elute the column with an additional 5.5 ml of this solvent,
added to the column using a 10 ml pipet. The first 7.0 ml
collected to this point (Fraction I) is discarded. This
fraction should contain the PCBs, mirex and several
additional chlorinated pesticides, if present.

Add 30 ml of methanol-acetonitrile-benzene-hexane

(1:2:4:93 v/v) and collect the effluent in a clean 50 ml
centrifuge tube. This is Fraction II, which contains the
Kepone. Dieldrin and endrin, if present in the sample, will
be partially recovered in this fraction.

NOTE:  Recovery of Kepone at very low levels (5-30 ng)
through a Florisil column is only semiquantitative.
At higher amounts, recovery is at least 90%.

Concentrate the solution under a stream of nitrogen to an
appropriate volume for injection of a 5 ul sample into
the EC GLC.

NOTES:

1. At a screening level of 1 ppb, a 2.0 g sample would
contain 2.0 ng (assuming 100% recovery), so the in-
jected aliquot must contain a fraction of this final
solution consistent with the sensitivity of the EC GLC
system for Kepone.
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2. Care must be taken to ensure that the final solution
contains ca. 1-2% methanol.

ANALYSIS OF WATER:

1.

Using a 50 ml graduated cylinder, transfer 50 ml of vigorously
shaken water sample into a 125 ml separatory funnel and add 5 ml
of pesticide grade benzene.

Stopper and shake the flask for 2 minutes, let the layers separate,
and drain the water (Tower) layer back into the 50 ml cylinder.

Percolate the benzene portion through a small amount of granular
sodium sulfate into a 15 ml centrifuge tube.

Transfer the water in the cylinder back into the separatory funnel,
rinsing the cylinder with two portions of 2.5 ml each of benzene
and collecting these rinses in the separatory funnel.

Repeat Steps 2 and 3 once more and then discard the water layer.

Concentrate the combined benzene extract in the centrifuge tube
under a gentle stream of nitrogen at ambient temperature to a
volume appropriate for EC GLC, adjusting the final solution to
contain a concentration of 1-2% methanol.

If injection of the sample indicates need for cleanup of the
extract, proceed with micro Florisil column chromatography

as described above for the analysis of blood. Base partitioning
was found unnecessary in our laboratory for the water samples
analyzed. If it should be considered necessary as an adjunct

to the micro Florisil chromatography, it would be carried out

at this point as follows:

a. Evaporate the sample extract just to dryness under a
gentle stream of nitrogen.

b. Add 10 m1 of hexane and 10 m1 of 5% aqueous sodium hydroxide
solution to the tube containing the sample.

C. Vortex mix the sample for about 30 seconds and let the phases
separate.

d. Discard the hexane layer, and extract the aqueous alkali
solution with at least two 10 ml portions of diethyl ether or
until the aqueous phase remains clear.

e. Transfer each ether extract with a disposable pipet and com-
bine in a 50 ml centrifuge tube.
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f. Evaporate the ether just to dryness under a stream of
nitrogen, and dissolve the residue in an appropriate
amount of benzene containing 1-2% methanol.

g. Determine Kepone by injection of 5 ul of solution into the
EC GLC.

NOTES:

1. Tests with spiked samples indicate that recoveries of
Kepone by the sodium hydroxide partitioning method
approximate 90%.

2. Potassium hydroxide cannot be substituted for sodium
hydroxide.

3. Standards and samples stored in solutions containing
methanol require hydrolysis of the extract with 2 ml
of 2 N hydrochloric acid at 80°C for 1 hour before base
partitioning in order to minimize losses of Kepone par-
titioned into hexane.

VII. ANALYSIS OF SEDIMENT, SOIL, AND SLUDGE:

1.

After thawing, mix the sample well and air dry on a Tlarge
watch glass.

Soxhlet extract 20 grams of air dried (24-48 hours) sample for
16-18 hours with 300 m1 of methanol-benzene (1:1 v/v) solvent.

Attach a 3-ball Snyder column to the boiling flask and reduce
the volume of extract to ca 75 ml.

Quantitatively transfer the extract to a 100 ml volumetric flask
and dilute to volume with benzene.

NOTE: Samples with Kepone levels below 0.5 ppm usually
require cleanup by Florisil column chromatography
(Subsection V,9) and/or by base partitioning (Sub-
section VI,7).

VIII. ANALYSIS OF AIR:

1.

Remove a portion (ca. 60 mm x 60 mm) of the Hi-Vol sample paper,
representing ca. 1/12 of the total collected sample.

Extract by shaking in a 125 ml Erlenmeyer flask for 5 minutes
with 100 m1 of methanol-benzene (1:1 v/v). A 50 ml screw cap
centrifuge tube with 50 ml of solvent may be used as an alterna-
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tive for the extraction.

Filter the sample extract through Whatman No. 1 filter paper in
a Buchner funnel to remove the glass fiber.

Concentrate the extract to an appropriate volume for EC GLC.

If the GLC scan indicates a high Tevel of background interference,
it will be necessary to conduct a micro Florisil cleanup
(Subsection V,9), particularly if the Kepone level is below

1 ng per cubic meter of air.

ANALYSIS OF FINFISH:

1.

Remove the entrails of fish and handle as a separate sample by
the technique given below. Prepare a homogeneous fish tissue
sample with a Hobart food chopper. If necessary, store the
fish tissue in a freezer at -10°C until the time of analysis.

Grind a 25 gram subsample in a 500 ml mortar with sufficient
anhydrous sodium sulfate (ca. 100 grams) to dry the sample.

Transfer the sample to a pre-extracted thimble and Soxhlet
extract with 300 ml of diethyl ether-petroleum ether (1:1 v/v)
for 12-16 hours.

Replace the extractor tube with a Snyder column, and concentrate
the extract to approximately 50 m1 using the same heating mantle
as during the extraction.

Transfer the concentrated extract to a 100 ml volumetric flask
using benzene-methanol (99:1 v/v).

Make a screening injection into the gas chromatograph to determine
if micro Florisil column cleanup is necessary. If so, proceed
as follows:

a. Prepare Florisil columns as described in Subsection V,9,
a and b.
b. Substitute 10 ml of petroleum ether for methanol-benzene-

hexane (2:4:94 v/v) as the wash solvent.

c. Apply 0.5 ml of sample solution to the column, equivalent
to 500 mg of original sample.

d. Rinse the sample tube with two 0.5 ml portions of Solvent I
(25 m1 of petroleum ether).
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e. Add these two rinsings and the rest of Solvent I to the
column and collect as Fraction I in a 50 ml centrifuge tube.

f. Elute the column with 40 ml of Solvent II (methanolacetoni-
trile-benzene-hexane, 1:2:4:93 v/v) and collect in a 100 m]
centrifuge tube. This fraction should contain ca. 80% or
more of the Kepone.

g. Adjust Fraction II to an appropriate volume by nitrogen
blowdown or steam temperature solvent evaporation, being
sure that the final injection solvent consists of at least
1% methanol in benzene.

NOTES:

1. An alternate extraction procedure consists of extrac-
tion of a homogenate with 25 ml of toluene-ethy]l
acetate (1:3 v/v) using a Polytron tissue homogenizer.

2. Additional or alternative cleanup procedures for fish
extracts can include base partitioning and/or gel
permeation chromatography.

X.  ANALYSIS OF FINFISH LIVERS AND ENTRAILS:

1.

Homogenize large samples in a Sorvall Omni-Mixer at high speed
with acetonitrile for ca 2 minutes. When only a small amount

of sample is available, macerate the sample (ca 500 mg) in a
motor driven Duall tissue grinder with 2.5 ml of acetonitrile.
Separate the macerated tissue from the solvent by centrifugation.
Remove the solvent by pipet and place in a 50 ml centrifuge tube.

Repeat the maceration/extraction twice, combining the extracts in
the same centrifuge tube.

Mix the combined extract with 25 ml of 2% aqueous Na,SOy
and partition against 5 ml of benzene.

Repeat the extraction twice more with 2 ml portions of benzene.

Combine the three benzene extracts in a 10 ml concentrator tube
and evaporate to 0.1 ml with a gentle stream of nitrogen.

Wash the walls of the tube with an additional 0.5 ml of benzene
and concentrate by the same procedure to 0.1 ml.
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9. If a screening injection into the gas chromatograph indicates
the need for micro Florisil column cleanup, follow Subsection IX,
6, a-g, exactly.

XI.  ANALYSIS OF SHELLFISH:

1. Approximately six clams or oysters are thawed, shucked, and
drained. Homogenize the composited meat sample in a blender at
high speed for 2 or 3 minutes. If the sample is to be stored
before analysis, transfer to a glass container and place in a
freezer at -10°C.

2. Blend a 10-30 gram subsample of the homogenate with 50 ml of
acetonitrile at high speed in a blender.

3. Vacuum filter the extract through sharkskin paper, without
making any attempts to remove the solid particulate matter on
the sides of the blender.

4, Scrape the sides of the blender jar with a spatula, allowing
the solid material to fall to the bottom of the jar.

5. Perform a second extraction with an additional 25 ml of
acetonitrile and pass the extract through the same filter.

6. Transfer the combined extracts to a 1 L separatory funnel
containing 300 ml of distilled water, 5 ml of aqueous
saturated Na,SO,, and 50 ml of benzene, and shake for 2 minutes.

7. Discard the aqueous layer and wash the benzene layer twice with
50 m1 of distilled water.

8. Pass the extract through a funnel containing ca 5 grams of
anhydrous Na,S0O,, concentrate by nitrogen blowdown, and make
an exploratory injection into the gas chromatograph.

9. If micro Florisil column cleanup is indicated, follow Subsection
IX,6 with 25 ml of petroleum ether as Solvent I, 12 ml1 of ben-
zene followed by 12 m1 of methanol-benzene (1:9 v/v) as
Solvent II, and 24 ml of methanol-benzene (9:9 v/v) as Solvent
ITI. Fractions II and III contain the eluted Kepone from the
column.

10. Fractions II and III are analyzed separately. If Fraction III
contains more Kepone than Fraction II, it is possible that more
Kepone can be recovered from the column by another elution with
Solvent III. If time is crucial, Fractions II and III can be
combined and analyzed as one fraction. Figure 1 illustrates
chromatograms of the various micro Florisil column fractions
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hel1fish sample. A sample co-extractive having the same

retention time as Kepone can be seen in the Fraction I
chromatogram (A).

XIT. GAS CHROMATOG

RAPHY :

1. The para
depend o
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2. Determin
screenin

and elec
contain

NOTE :

meters of carrier gas flow rate and column temperature
n the column selected. If one assumes that a column
0vV-17/1.95% 0V-210 is used, typical parameters would

1Tows:

n temperature 200°C - 210°C

gen flow rate 60-80 ml/minute

um EC detector 210-215°C, DC mode at 80-85%
standing current, Tinear range up to
100 pg of Kepone injected

detector 250°C, DC mode at 90% standing
current, linear range up to 100 pg
of Kepone injected

linearized 1 na, argon containing 5% methane

tor carrier gas flow rate 80 ml/minute,
purge gas 10-20 ml/minute, linear
response up to 500 pg of Kepone
injected
235°C

fer Tine 220°C

e the Kepone concentration at an appropriate quantitative

g level (e.g., 5 ppb for blood) with a suitable column
tron capture detection. Al1 samples and standards should
1-2% methanol to obtain maximum EC response.

Methanol has been found to enhance and stabilize the
electron capture gas chromatographic response of Kepone
dissolved in nonpolar solvents. The response reached a
maximum at approximately 1-2% methanol content; an
increased percentage of methanol did not elevate the
response. This was apparently due to the formation of
the corresponding hemiketal, which is less likely to
adhere to surfaces in a microliter syringe. It was
found that Kepone could not be removed from a syringe
when injected in hexane or benzene containing no methanol.
Solvents which allowed maximum response without the
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presence of methanol were: acetone, ethyl acetate,
and toluene-ethyl acetate (1:3 v/v).

3.  Confirm the presence of Kepone in all samples above this level
on both 0V-17/0V-210 and the 0OV-1 GLC columns or other alterna-
tive, equivalent columns. The relative retention times of
Kepone on several 1iquid phases are listed in the following
table:

Oven temp. Carrier flow

Liquid phase RRT* (C) rate (minimum)

3% 0V-1 2.91 180 70

2.81 200 70

5% QF-1 2.65 180 45

5% 0V-210 2.61 180 60

4% SE-30/6% QV-210 2.58 200 70

1.5% 0V-17/1.95% OV-210 2.85 200 60

*refative to aldrin

Samples containing 5-~50 ppb levels of Kepone may be further
confirmed by chemical derivatization and are treated as
described in Subsection XII.

Additional confirmation can be obtained by use of the more
specific Hall conductivity GLC detector system and GLC-MS in the
chemical ionization mode with continuous monitoring of four

jons in the quasi molecular region (Miscellaneous Notes 1

and 2).

XIII. RECOVERY AND RESPONSE:

1.

The choice of solvents is critical in the extraction, cleanup,
and analysis for Kepone. Also, unless great care is taken to
exclude water from solvents, the compound exists in solution
as the hydrate. Aliphatic hydrocarbon solvents such as hexane
are poor solvents for this pesticide; methanol, acetone, and
benzene are better solvents. At ambient temperature methanol
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apparently reacts with Kepone to form the hemiketal. Combined

gas chromatography-mass spectrometry (GLC-MS) indicates that

the hydrate and hemiketal forms revert to Kepone in the

injection port of a gas chromatograph at temperatures above 200°C.
Due to the polar nature of Kepone, it was difficult to remove

it from substrate using nonpolar extraction solvents such as
petroleum ether or hexane. In general, the most effective
extraction solvent systems were methanol-benzene (1:1 v/v)

and toluene-ethyl acetate (1:3 v/v).

2. Kepone does not quantitatively elute from some of the Florisil
columns used in the standard multiresidue methods. For example,
the Mills, Onley, Gaither macro Florisil system (Subsection
5,A,1) only partially elutes Kepone (< 8% recovery). A further
problem with this system is that the Kepone elutes in both the
15 and 50% fractions. The recovery of Kepone through the micro
Florisil column system listed for chlorinated pesticides in
human or animal tissue and human milk (Subsection 5,A,2) is
not quantitative. Minor modification of the solvent system
(replacement of hexane by benzene) allows for good separation
with good quantitative recovery. The solvent systems presented
in these methods allow the best possible removal of co-extractives
from extracts, while permitting acceptable recoveries of Kepone.

3. The limit of quantification of the method for Kepone was ca 5 ppb
in blood, 40 ppt in water, 0.1 ng/m3® in air, and 10 ppb in
sediment, soil, sludge, fish, and shellfish.

4.  The completeness of extraction of Kepone from all sample types
was validated by exhaustive extraction of the sample with
additional solvent systems and by comparison with spiked standard
reference samples for the specific substrate. Recovery of Kepone
from blood at 5-10 ppb was generally greater than 85%. At
Kepone Tevels below 5 ppb, it is very difficult to assign a
quantitative value with any degree of confidence. This uncertain-
ty is caused by interferences from co-extractives and a greater
variability in recovery at Tower levels. For these reasons, the
lower practical limit of reporting for blood is 5 ppb, and
samples below this level are reported as nondetectable.

5. Recovery of Kepone from spiked water samples was generally 90%
or greater.

6. The recovery of Kepone from sediments and soil exceeded 90%.
Additional extraction of soil and sediment samples after acidifi-
cation yielded no significant (< 1%) increase in Kepone.
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Typical extraction efficiency of Hi-Vol air filters spiked with
a total of 1 ug of Kepone was greater than 90%.

Extraction and cleanup efficiencies for Kepone in fish were in
the range of 85-95%, depending on the specific method variation.
Recoveries of Kepone standards and spiked fish samples, using
the gel permeation cleanup method, were greater than 90%.

Typical overall recovery after extraction and cleanup of shell-
fish spiked at 0.6-0.8 ppm was approximately 80%.

XIV. CONFIRMATION DERIVATIZATION:

The procedure for qualitative confirmation of Kepone by chemical

derivatization is as follows:

1.

Transfer the cleaned up sample extract (Florisil column
Fraction II) to a 16 mm x 77 mm screw-cap culture tube.

Evaporate the solvent just to dryness under a gentle nitrogen
stream.

Add ca 200 mg of anhydrous, reagent grade phosphorus pentachloride,
50 mg of anhydrous, reagent grade aluminum chloride, and 3.0 ml

of carbon tetrachloride to the tube, close with a Teflon-lined
screw cap, and place in a heating block at 145°C for 3 hours.

NOTES:

1. At this point, reagent blanks and Kepone standards in
approximately the same amount as is expected in the
sample extracts should be derivatized in parallel with
samples.

2. The presence of aluminum chloride in the reaction mixture
improves the completeness and reproducibility of the
derivative formation. The mode of action of aluminum
chloride is not yet known.

3. Remove the tube, cool to room temperature, and open.

4, Add 3 ml of distilled water, reclose the tube, and
shake for 2 minutes.

5. After phase separation, transfer 2.0 ml of the Tower
carbon tetrachloride Tayer to a clean 5 ml graduated
centrifuge tube, using a disposable pipet.
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6. Evaporate the solvent in the 5 ml tube just to dryness under
a stream of nitrogen.

7. Using a disposable pipet, transfer the residue to a micro
Florisil column (Subsection V,9) with the aid of three 0.5 ml
portions of hexane.

NOTE:  Florisil cleanup is necessary when the total amount of
Kepone is Tess than 25 ng. When more than 200 ng is
present, the derivatized extract can be analyzed without
Florisil cleanup. In this case, take special care to
evaporate all the carbon tetrachloride before dissolving
the residue in hexane for injection into the electron
capture gas chromatograph.

8. Elute the mirex from the column with an additional 8.5 mil
of hexane, collecting the total effluent in a 15 ml centrifuge
tube.

NOTE: Any mirex present in the original sample would have been
eluted in the first (discarded) Florisil fraction of
the earlier cleanup (Subsection V,9). This ensures
that mirex recovered in this step was formed from
conversion of Kepone,

9. Concentrate or dilute the eluate so that a 5 ul injection
into the EC GLC, operated under the conditions in Section
XII, gives a mirex peak within the predetermined linear
range of the electron capture detector. Note that only 2/3
of the derivatized sample extract was taken in Step 5 to be
carried through the micro Florisil column cleanup.

NOTES:

1. The overall average percent conversion of 10-1000 ng
amounts of Kepone derivatized in quadruplicate was 104%,
with a relative standard deviation of 8.2%.

2. Derivatization of other common chlorinated hydrocarbon
pesticides produced no interfering GLC peaks at the
retention time of mirex.

XV. MISCELLANEOUS NOTES:

1.  The Hall micro electrolytic conductivity detector (Section 4,C)
is operated in the oxidative chlorine mode with a furnace
temperature of 830°C (nickel reaction tube), reaction gas (air)
flow rate of 100 ml/minute, helium flow rate of 65 ml/minute,
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and methanol conductivity solvent flowing at 0.4-0.6 ml/minute.
The GLC column is 1.8 mm x 2 mm glass, containing 3% 0V-101
and operated at 200°C.

2. For coupled GLC-MS, a Finnigan model 3200 GLC/MS EI-CI system
with model 6000 data control system was employed in the multiple
jon detection mode (MID), monitoring ions with m/e - 488.7,
490.7, 492.7, and 494.7. The operating conditions were:
methane reagent carrier gas, 1000 p ion source pressure, 80°C
ionizer temperature, and 70-100 eV. A 1.8 m x 2 mm glass
GLC column containing 3% OV-1 was operated at 210°C with an
injection temperature of 240°C. Simultaneous monitoring of
the four ions and the charactaristic GLC retention time of
Kepone adds substantial confidence to the identification of
residues.

3. The derivatization procedure converts Kepone to mirex. The
analyst should, therefore, be certain that no mirex was carried
through the cleanup steps before derivatization. The micro
Florisil column should elute any mirex present in the first
(discarded) fraction. The absence of mirex in the Fraction II
eluate can be easily established by permitting sufficient
development of chromatograms to elute mirex.

4.  The Autoprep 1001 GPC system (Section 5,B) was used for the
additional removal of 1lipids from fish tissue extracts with
the following parameters before Florisil column chromatography.

CoTumn 230 mm x 25 mm i.d., packed with
200-400 mesh Bio-Beads SX-3

Solvent toluene-ethyl acetate (1:3 v/v)

Pumping rate 3.5 ml/minute

Discard volume 0-72 ml

Collect volume 73-113 ml

Wash volume 114-154 mi

Recovery of Kepone standards through GPC averaged about 95%.
Recovery of Kepone from actual fish samples at 0.1 ppm levels
ranged from 80-86% after GPC plus Florisil column cleanup.
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XVI. ANALYTICAL QUALITY CONTROL:

1.

Sufficient control and spiked standard reference materials should
be used to assure the validity of analytical results.

Elution patterns for Florisil columns should be carefully
established by each analyst. These can vary appreciably in
different areas and even to some extent between analysts in
the same laboratory.

Analytical standards should be validated by cross-reference
analysis of additional preparations of analytical grade Kepone
with agreement within 5% of the established purity.
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Figure 1. Chromatogram of shellfish micro Florisil fractions: A.
Fraction I (no Kepone elution in this fraction); B. Fraction
IT; and C. Fraction III. Injection of 100 ug equivalent of
shellfish. Colum: 3% OV-1, nitrogen flow rate: 60 ml/minute.
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CLEANUP BY GEL PERMEATION CHROMATOGRAPHY (GPC)
I.  INTRODUCTION:

Gel permeation chromatography is useful for the cleanup of
biological extracts for residue analyses of low molecular weight
organic compounds and pesticides. Large molecules are excluded
from the pores of the gel and elute first. Later fractions con-
taining low molecular weight organic compounds of interest can be
collected and analyzed by analytical chromatography, such as GLC or
HPLC. The self-regeneration characteristics of GPC allows sequential
sample analyses on the same column and consequently automation.

GPC adds another dimension to cleanup by using molecular size instead
of partition and adsorption coefficients, which in some cases may
not be favorable.

The original gel permeation chromatography (GPC) system using
BioBeads SX-2 crosslinked polystyrene gel (EPA Pesticide AQC Manual,
Section 7,M) has undergone extensive revision by the authors and other
investigators. The automated system has been commercially available
from Analytical BioChemistry Laboratories, Inc., Columbia, MO,
since 1974 (Figure 1).

The first GPC applications involved the separation of fish 1lipid
and nonionic chlorinated hydrocarbons from fish tissue desiccated
with anhydrous sodium sulfate and extracted with 6% diethyl ether
and petroleum ether. Mobile phases composed of toluene-ethyl acetate
(1:3 v/v), ethyl acetate, methylene chloride, and mixtures of methyl-
ene chloride-cyclohexane containing from 5 to 50% methylene chloride
have been found useful for cleanup of pesticides and other organic
poliutants from plant and animal tissue extracts. Recently,

Biobeads SX-3 has been used by some workers in place of SX-2.

Biobeads SX-3 eluted with toluene-ethyl acetate (1:3 v/v) has
been successful in removing lipid interferences from fish extracts
for subsequent electron capture GLC analysis of Kepone. If PCB,
dieldrin, or endrin interferences were observed by EC GLC, the
extract was sufficiently 1ipid free to allow reproducible liquid
adsorption column chromatography to isolate Kepone (Section 5,A,(5),
(a)). A similar system was described by Fehringer for the analysis
of polybrominated biphenyl residues in dairy products.

Hopper and Hughes found that methylene chloride-cyclohexane
(10:90 v/v) resulted in increased resolution of Tipids and pesticides
observed in a total diet survey composed of fatty products such as
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butter, mayonnaise, shortening, and margarine. Pesticides
monitored included nonionic chlorinated hydrocarbons, organo-
phosphates, and carbamates. Kuehl and Leonard, from the U. S.

EPA, Duluth, Minnesota Environmental Research Laboratory, investi-
gated various solvent mixtures of methylene chloride and cyclo-
hexane ranging from 100% methylene chloride to 10% methylene
chloride-cyclohexane. The 50:50 v/v mixture of methylene chloride-
cyclohexane gave the best resolution of Tlipids and polar-nonpolar
Tow molecular weight organics for gas-Tiquid chromatographic-mass
spectroscopic analyses. Recoveries were demonstrated on 27 compounds,
including Aroclors, HCB, DDT, and PCP. Fifty-seven compounds

were identified in fish tissue by fractionation and GLC MS analysis.

Crist and Moseman (Sections 4,C,(3) and 12,A) used gel
permeation chromatography for additional cleanup of certain human
biological extracts having an adverse effect on the performance of
the Hall detector due to excessive lipid material.

Investigation by Shofield et al. revealed the cleanup capability
of GPC used 1in conjunction with crop, vegetable, and fruit extracts
for organophosphates. Satisfactory recoveries were observed for
parent compounds as well as their oxidized analogs. The retention
volumes of alkyl and aryl organophosphates could be decreased by
increasing the percentage of methylene chloride in cyclohexane,
Leight et al. reported the applicability of GPC to cleanup or
organophosphate, triazine, and carbamate pesticide residues.
Pflugmacher and Ebing have done extensive elution profile character-
ization on various gels and elution solvents and have typified
106 pesticides including organophosphates, carbamates, thioureas,
triazines, phenoxy acids, and phenoxy acid esters. Fujie and
Fullmer determined 0.05 ppm residues of a new synthetic pyrethroid
insecticide in samples containing oil and 1ipid by EC GLC after
GPC and Florisil column cleanup.

REFERENCES:

1. Procedure for the Analysis of Nonionic Chrlorinated Pesticides
in the Lipid of Poultry, Swine, Beef, Soybeans and Corn Prepared
for Gas Chromatographic Analysis by Gel Permeation Chromatog-
raphy, Brookhart, G., Johnson, L. D., and Waltz, R. H., Abstracts
of FACSS, 3rd Annual Meeting, p. 207 (November 15-19, 1976).

2. Effects of Graded Levels of Toxaphene on Poultry Residue
Accumulation, Egg Production, Shell Quality and Hatchability
in White Leghorns, Bush, P. B., Kiher, J. T., Page, R. K.,
Booth, N. H., and Fletcher, 0. J., J. Agr. Food Chem., 25,
928-932 (1977).
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Determination of Polybrominated Biphenyl Residues in Dairy
Products, Fehringer, N. V., J. Assoc. Off. Anal. Chem., 58,
978-982 (1975).

Determination of FMC 33297 Residues in Plant, Animal, and
Soil Matrices by Gas Chromatography, Fujie, G. H., and
Fullmer, 0. H., J. Agr. Food Chem., 26, 295-398 (1978).

Gel Permeation Chromatographic System; An Evaluation,
Griffitt, K., and Craun, J., J. Assoc. Off. Anal. Chem., 57,
168 (1974).

An Improved GPC System for Pesticides in Fats, Hopper, M. L.,
and Hughes, D. D., FDA Kansas City Field Office, Total Diet
Laboratory, Information Bulletin No. 1958, pp. 1-6 (May, 1976).

Kepone Analysis and Other Applications Using Automated Gel
Permeation Chromatography Cleanup, Johnson, L. D., Shofield,

C. M., and Waltz, R. H., presented at Third Annual Symposium

of the Analytical Instrumentation Discussion Group and the
Amer;can Chemical Society, Central Arkansas Section (April 29-30,
1976).

Automated Gel Permeation Chromatographic Cleanup of Animal and
Plant Extracts for Pesticide Residue Determination, Johnson,

L. D., Waltz, R. H., Ussary, J. P., and Kaiser, F. E., J. Assoc.
Off. Anal. Chem. 59, 174-187 (1976).

Evaluation of Gel Permeation Chromatography for the Separation
of Carbamate Pesticide Residues from Vegetable Extractives,
Krause, R., presented at the 89th Annual Meeting of the
Association of Official Analytical Chemists, Washington, DC
(October 13-16, 1975).

Isolation of Xenobiotic Chemicals from Tissue Samples by Gel
Permeation Chromatography, Kuehl, D. W., and Leonard, E. N.,
Anal. Chem., 50, 182 (1978).

Isolation and Identification of Polychlorinated Styrenes in
Great Lakes Fish, Kuehl, D., Hopperman, H., Vieth, G., and
Glass, G., Bull. Environ. Contam. Toxicol., 16, 127-132 (1976).

Methylene Chloride/Chclohexane Solvent System Applied to
Automated Gel Permeation Cleanup of Residue Samples for
Organophosphate, Triazine, and Carbamate Pesticides, Leicht, R.,
Schofield, C. M., Johnson, L. D., and Waltz, R. H., Analytical
BioChemistry Laboratories, Inc., Applications Report.
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Evaluation of the Elution Behavior of Some Classes of Pesti-
cides in Gel Chromatography, Pflugmacher, J., and Ebing, W. J.,
Chromatogr., 151, 171-197 (1978).

Cleanup of Vegetable, Straw, and Forage Plant Samples for
Organophosphate Residue Analysis Utilizing Methylene Chloride/
Cyclohexane Solvent System with Automated Gel Permeation
Chromatography, Shofield, C. M., Johnson, L. D., Ault, J. A.,
and Waltz, R. H., presented at the 29th Pittsburgh Conference,
Cleveland, OH (February 27-March 3, 1979).

Automated Gel Permeation - Carbon Chromatographic Cleanup of
Dioxins, PCPs, Pesticides and Industrial Chemicals, Stalling,
D., Johnson, J., and Huckens, J., Environmental Quality and
Safety, Supplement Volume III, lectures held at the IUPAC
Third International Congress of Pesticide Chemistry, Helsinki
(July 1-9, 1974).

Approaches to Comprehensive Analysis of Persistent Halogenated
Environmental Contaminants, Stalling, D., Smith, L., and
Petty, J., presented at ASTM Committee D-19 Symposium on
Measurement of Organic Pollutants in Water and Wastewater,
Denver, CO (June 19-20, 1978).

Cleanup of Pesticide and Polychlorinated Biphenyl Residues 1in
Fish Extracts by Gel Permeation Chromatography, Stalling, D.,
Tindle, R., and Johnson, J., J. assoc. Off. Anal. Chem., 55,
32-38 (1972).

Apparatus for Automated Gel Permeation Cleanup for Pesticide
Residue Analysis, Tindle, R., and Stalling, D., Anal. Chem.,
44, 1768-1773 (1972).

ELUTION PATTERNS AND RECOVERY DATA FOR PESTICIDES:

The data in the following table consists of elution profiles

for some common pesticides from the AutoPrep 1001 gel permeation
chromatograph. A1l data are from a 50 gram, 30 x 2.5 cm column of
BioBeads SX-3 gel, with a flow rate of approximately 5.0 ml/minute
unless otherwise noted.

The elution profiles were compiled by personnel at Analytical

BioChemistry Laboratories, Inc. To be certain of maximum recovery
and accurate quantitation of samples, analysts should calibrate
their particular columns under local conditions with standards of
the pesticides of interest.
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The following symbols are used throughout the Table:
()

Method of detection:

1. GLC/Electron Capture

2. GLC/Sulfur-Phosphorus Emission Detector

3. High Pressure Liquid Chromatography/UV Detector
4. GLC/ATkali Flame Ionization Detector

* - Not fractionated but recovered quantitatively within
these parameters

** - GPC column - 30 grams, 2.5 x 17.5 cm column of
BioBeads SX-3

N.T.- Not Tested



Revised 12/15/79

Nonionic Chlorinated Compounds

Elution Volume (m1)
with Methylene Chloride-
Cyclohexane (15:85)

Section 5, B
Page 6

Elution Volume (m1)
with Toluene-
Ethyl Acetate (1:3)

——d e ) ) el et —
NONPRWND —~0OWOO~NOY P WN) —

Aldrin [1]

a-BHC [1]

a-Chlordane (1]
v-Chlordane [1]
psp'-DDD [1]

p,p'-DDE [1]

0,p'-DDT [1]

p’p|°DDT [1]

Dieldrin [1]

Endrin [1]

Heptachlor [1]
Heptachlor Epoxide [1]
Hexachloro Benzene (HCB) [1]
Lindane [1]
Methoxychlor [1]

Mirex [1]

Toxaphene [1]

PCBs and PBBs

1. Arochlor 1016 [1]
2. Arochlor 1242 [1]
3. Arochlor 1254 [1]
4, Arochlor 1260 [1]
5. PBB (hexa) [1]
Organophosphates

1. Acephate [2]

2. Azodrin [4]

3. Dasanit (PSSO) [2]
4, Dasanit (P0SO) [2]
5. Dasanit (P0SO2) [2]
6. Dasanit (PSS02) [2]
7. DDVP (Vapona) [2]
8. Diazinon [2]

9. Dimethoate [2]
10. Dioxathion [2]
11. DiSyston (Parent-PSS) [2]
12. DiSyston (P0OS) [2]
13. DiSyston (PSSO) [2]
14. DiSyston (PSSU2) [2]
15. Dursban [2]
16. Dyfonate [2]

17. Ethion [2]

EPN [2]

110-150
150-190
120-170
120170
160210
110160
110~+1580
120~170
140-180
130170
110~150
120170
120160
160~210
140200
90~140
120~>240*

120>240*
120+240*
120~240*
120~240*
N.T.

200320
150240
140230
140220
160250
160250
100200

80160
140240
140~190
110~160
110~160
100~160
160210
120~210
130210
110~160
150~220

110-130

90-130
100-120
100120

90120
1107160
110-130
110~130
110+130
110-130
100130
110-130
120~150
100~130
100-120
110~130
100~140

N.T.
110~140
100~150
110~140
140~180

N.T.
N.T.
80~110
N.T.
N.T.
N.T.
90~120
90~120
N.T.
N.T.
100~130
N.T.

zZ2==2=2=22=
— -
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Elution Volume (m1) Elution Volume (m1)
with Methylene Chloride- with Toluene-
Cyclohexane (15:85) Ethyl Acetate (1:3)
19. Fenthion [4] 130-200 N.T.
20. Gardona [2] 120180 N.T.
21. Malathion [2] 120200 90110
22. Methamidophos [4] 140-260** N.T.
23. Methidathion [2] 120240 N.T.
24. Naled [2] 120190 N.T.
25. Paraoxon [2] 155235 N.T.
26. Parathion (Ethyl) [2] 120230 90120
27. Parathion (Methyl) [2] 190250 90120
28. Phosdrin [2] 140210 N.T.
29. Pirmiphos (Methyl) [2] 100160 N.T.
30. Ronnel [2] 130210 N.T.
31. Ruelene [2] 120210 N.T.
32. Thimet [2] 110170 N.T.
33. Trithion [2] 140180 N.T.
Carbamates
1. Aminocarb [3] 140210 N.T.
2. Carbaryl [3] 210280 N.T.
3. Carbofuran [3] 1605220 N.T.
4. Carbofuran, 3-keto [3] 120230 N.T.
5. Carbofuran 3-0H [1] 240310 N.T.
6. Captafol [3] 160-260 N.T.
7. Mesurol [3] 170220 N.T.
8. o-Napthol [3] 290-350 N.T.
9. Zectran [3] 130200 N.T.
Thioureas
1. Cotoran ([3] 160230 N.T.
2. Diuron [3] 210280 N.T.
3. Fenuron [3] 160240 N.T.
4. Monuron [3] 200-»280 N.T.
Synthetic Pyrethriods
1. Permetrin (Both Isomers) [1] 130-+190 N.T.
2. Pydrin [1] 110170 N.T.
Triazines
1. Atrazine [1] 140200 N.T.
2. Bladex [11] 150300 N.T.
3. Simazine [1] 160210 N.T.
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Elution Volume (ml) Elution Volume (m1)
with Methylene Chloride- with Toluene-
Cyclohexane (15:85) Ethyl Acetate (1:3)
Other Chlorinated Compounds
1. Kepone [1] N.T. 100~190
2. 2,4-D Esters:
Isopropyl [1] N.T. 90~120
Butyl [1] N.T. 90-120
PGB [1] N.T. 80-110
Butoxyethanol [1] N.T. 80120
Iso Octyl (1] N.T. 80~120
Ethyl Hexyl [1] N.T. 80-+120
Methyl [11] N.T. 90130
3. Silvex Esters:
Propylene Glycol [1] N.T. N.T.
Methyl (1] N.T. N.T.
4. 2,4,5-T Esters:
Isopropyl [1] N.T. 90-130
Butyl [1] N.T. 90-130
Ethyl Hexyl [1] N.T. 90-130
Iso Octyl [1] N.T. 90-120
Methyl [1] N.T. 90130
Miscel laneous Compounds
1. Metribuzin (parent) 110-160%** N.T.
2. Metribuzin (DA) 100-170%* N.T.
3. Metribuzin (DADK) 140-200** N.T.
4, Metribuzin (DK) 140-180%* N.T.
5. Treflan 100140 90~110
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CLEANUP OF ADIPOSE TISSUE:

See Section 8,M,j of the EPA Pesticide AQC Manual for a
description of the theory, equipment, column preparation and
operation, and procedure for the GPC cleanup of adipose tissue
using toluene-ethyl acetate (1:3 v/v) as the mobile phase.

This procedure has, for example, been used in the EPA HERL
laboratory for cleanup in the identification of polychlorinated
terphenyls in human adipose tissue at trace levels by GLC MS
(Wright, L. H., Lewis, R. G., Crist, H. L. Sovocool, G. W.,

and Simpson, J. M., J. Anal. Toxicol., 2, 76 (1978)).

J. A. Ault of Analytical BioChemistry Laboratories has
described the use of cyclohexane-methylene chloride (85:15 v/v)/
BioBeads SX-3 GPC cleanup coupled with a deactivated mini-alumina
column for blended feed-grade fat samples containing low molecular
weight fatty acids and glycerides. In this improved procedure, the
GPC eluate as it emerges from the column is directed through a
1.5 gram column of alumina (deactivated with 5% water) in the neck
of a powder funnel.

The preparation of the powder funnel/alumina column (Figure 2)
is as follows:

1. Place a plug of glass wool in the end of the powder
funnel neck and rinse with 5 ml cyclohexane-methylene
chloride (85:15 v/v).

2. Pour approximately 1.5 grams of 5% water-deactivated
alumina (v/w) into the funnel.

The reservoir of the powder funnel must be large enough to
hold approximately 100 ml of solvent because the alumina restricts
solvent flow. After all solvent has passed through the funnel,
the alumina should be rinsed with 15 ml of cyclohexane-methylene
chloride (85:15 v/v) to wash any remaining residues into the
collection vessel. The samples are rotary vacuum evaporated,
transferred to culture tubes with 5 ml of petroleum ether, air-
stream evaporated to 1 ml, and analyzed by EC GLC.

Figures 3 and 4 compare gas chromatograms of a pesticide-
containing fat sample prepared by GPC alone with that treated by
GPC plus alumina. Figure 3 shows interferences from 1lipids and
phthalates, while the modified procedure chromatogram (Figure 4)
indicates adequate cleanup to quantitate chlorinated pesticides.
The allows mark peaks that correspond to 0.08 ppm dieldrin and
0.12 ppm endrin, respectively, which match the values obtained
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from a previous independent analysis of this same sample. Average
recovery of 16 compounds was 89% using this new technique, with
percent coefficient of variation of lindane, p,p'-DDE, and
dieldrin of 8%, 10%, and 7%, respectively.
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Fig. 1. Schematic diagram of the automated GPC AutoPrep 1001.
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Fig. 2. Alumina adsorption cleanup column.
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ORGANOPHOSPHORUS PESTICIDES AND METABOLITES IN
HUMAN TISSUES AND EXCRETA - GENERAL COMMENTS
AND ANALYSIS OF INTACT PESTICIDES

The pesticide residue chemist is sometimes called on to consult
and perform analyses pertaining to poisoning by organophosphorus
pesticides. Such cases may come about through accidental exposure,
attempted homicide or suicide, or by small children ingesting the
material, thinking it to be a confection.

In a suspected OP poisoning case, time is of the essence if the
chemist is to obtain any of the original or parent compound that was
ingested or cutaneously absorbed. The OP compounds are relatively
unstable as contrasted to the organochlorine pesticides. Therefore,
the chemist will find it most advantageous to work closely with the
pathologist to expedite the delivery to the laboratory of tissues,
gastrointestinal contents, blood, and urine so that analytical
work can be started at once. In a matter of hours the parent com-
pound, per se, may no longer be detectable in the sample substrates.
The analysis of intact OP pesticides in tissue or blood from sus-
pected poisoning victims is described at the end of this section.

The information so obtained may be sufficient to advise the
medical team of the identity of the intoxicant, but the chemist
may be provided with the rather rare opportunity to conduct in-
depth studies of the metabolic pathways of the pesticide degradation
in the patient, and to document all findings for supplementation to
existing knowledge.

In cases resulting from lTow exposure or in high exposure cases
many hours after exposure, the probability is greatly reduced of
detecting the parent compound in the body fluids or tissue. The
chemist is then faced with the problem of selecting appropriate body
fluids for analysis, and very importantly, selecting an analytical
method appropriate for the potential breakdown metabolite. A
knowledge of the metabolism of these pesticides will assist the
analyst in making these decisions.

The several analytical methods included in this section provide
some selections for assessing exposure to the OP compounds. For
example, a phenolic metabolite of methyl and ethyl parathion is
para-nitrophenol. The analytical method for detection and quan-
titation in the urine is described in Section 6,A,(2),(b) of this
section. The formation of salts of dimethyl or diethyl phosphate,
thiophosphate, and dithiophosphate results from hydrolysis of
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various OP compounds. These metabolites appear in the urine and
may be assayed by the procedure described in Section 6,A,(2),(a).
The OP compounds exert an inhibiting effect on blood cholinesterase.
A sensitive procedure for measuring cholinesterase activity in the
blood is provided in Section 6,A,(3),(a).

The block diagram given in Appendix VI provides some guidelines
for selection of methodology, not only for the OP compounds, but
for other suspected exposure to pesticidal compounds.

Determination of Intact OP Pesticides in Tissue or Blood

1. Homogenize 1 gram of liver, brain, or fat with 1 ml of water.
Mix the homogenate with 10 volumes of acetone and centrifuge.

2. Mix serum or whole blood with 10 volumes of acetone and
centrifuge.

3. Inject either centrifugate directly into a gas chromatograph
equipped with an FPD and operated as described in Section
6,A,(2),(a). If there has been significant exposure, the
sensitivity will be more than adequate for detection,
identification, and quantitation.

4. For the analysis of samples with low levels (< 0.1 ppm), the
acetone supernatant is evaporated to 1/10 of the original
volume of acetone, and column cleanup is carried out as follows:

a. Saturate the concentrated sample with sodium chloride
and extract with 15 ml of hexane.

b.  Evaporate the organic layer to 0.3-0.5 ml under nitrogen
gas.

c. Prepare a size 22 Kontes Chromaflex column packed with
2.5 cm of anhydrous Na,SO, on top of 1 gram of silica
gel that has been deactivated by adding 1 ml of water
to each 10 grams of activated silica gel.

d. Rinse the column of hexane and transfer the evaporated
sample quantitatively.

e. Elute the column with 10 m1 of hexane (Fraction I).

f.  Elute next with 10 ml of an appropriate solvent (e.g.
hexane-benzene (80:20 v/v) that will completely recover
the pesticide(s) of interest (Fraction II)). The elution
pattern of the column must be established with pesticide
standards.
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g. Evaporate Fraction II to 0.2-0.4 ml and inject a 5 ul
aliquot into the FPD equipped gas chromatograph.
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METHOD FOR DETERMINATION OF METABOLITES OR HYDROLYSIS PRODUCTS
OF ORGANOPHOSPHORUS PESTICIDES IN HUMAN URINE, BLOOD,
AND OTHER TISSUES

I.  INTRODUCTION:

The metabolism and urinary hydrolysis of organophosphorus (OP)
pesticides in mammals results in the excretion of a variety of alkyl
phospates. These include the salts of dimethyl or diethyl phosphate
and phosphorothioate, and phenylphosphonates. The gas chromatographic
separation and quantification of such products in urine may be of
value in estimating the extent of exposure to the parent organo-
phosphorus pesticide. The procedure (1) permits the determination
of four alkyl phosphates derived from most of the common OP pesti-
cides and three phosphonate metabolites of the insecticide leptophos
(Phosvel). Recovery data and limits of detectability for all 10
derivatives formed by these metabolites and analysis of urine samples
from individuals exposed to OP pesticides are reported.

The new analytical procedure (1) is based on a previous method
described in the 12/2/74 revision of this Manual (2-6). Though a
small fraction of phosphonate metabolites are recovered by the
acetonitrile-diethyl ether extraction step in the previous method,
these compounds are recovered with ion-exchange resins from urine.
The new method will, therefore, monitor phosphonate metabolites of
leptophos in addition to alkyl phosphates, and additionally provide
higher recoveries, decreased gas chromatographic interferences,
and faster analyses than the former procedure. It has been applied
with success to analysis of whole blood, serum, and other tissue
samples as well as to urine.

REFERENCES:

1. Extraction and Recovery or Organophosphorus Metabolites
from Urine Using an Anion Exchange Resin, Lores, E. M.,
and Bradway, D. E., J. Agr. Food Chem., 25, 75 (1977).

2. Determination of Metabolic and Hydrolytic Products of
Organophosphorus Pesticide Chemicals in Human Blood and
Urine, Shafik, T. M., and Enos, H. F., J. Agr. Food
Chem. 17, 1186 (1969).

3. Characterization of Alkylation Products of Diethyl Phos-
phorothioate, Shafic, T. M., Bradway, D. E., Biros, F. J.,
and Enos, H. F., J. Agr. Food Chem. 18, 1174 (1970).
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4. A Cleanup Procedure for Determination of Low Levels of
Alkyl Phosphates, Thiophosphates, and Dithiophosphates in
Rat and Human Urine, Shafik, T. M., Bradway, D. E., and
Enos, H. F., J. Agr. Food Chem. 19, 885 (1971).

5. A Method for Confirmation of Organophosphorus Compounds
at the Residue Level, Shafik, T. M., Bradway, D. E., and
Enos, H. F., Bull. Environ. Contam. Toxicol. 6, 55 (1971).

6. Human Exposure to Organophosphorus Pesticides. A Modiefied
Procedure for the Gas-Liquid Chromatographic Analysis of
Alkyl Phosphate Metabolites in Urine, Shafik, T. M.,
Bradway, D. E., Enos, H. F., and Yobs, A. R., J. Agr.

Food Chem. 21, 625 (1973).

7. Gas Chromatographic Detector for Simultaneous Sensing of
Phosphorus and Sulfur containing Compounds for Flame
Photometry, Bowman, M. C., and Beroza, M., Anal. Chem. 18,
1174 (1968).

8.  Comparison of Cholinesterase Activity, Residue Levels, and
Urinary Metabolite Excretion of Rats Exposed to Organo-
phosphorus Pesticides, Bradway, D. E., Shafik, T. M., and
Lores, E. M., J. Agr. Food Chem., 25, 1353-1358 (1977).

9. Malathion Exposure Studies. Determination of Mono- and
Dicarboxylic Acids and Alkyl Phosphates in Urine, Bradway,
E. E., and Shafik, T. M., J. Agr. Food Chem., 25,
1345-1344 (1977). o

PRINCIPLE:

Organophosphate metabolites or hydrolysis products in urine are
extracted quantitatively with an ion exchange resin. The metabolites
are subsequently derivatized with diazopentane reagent on the resin.
This reagent is used rather than the more common diazoethane because
the derivatives of metabolites and interfering inorganic phosphate
are more easily resolved. The derivatives are determined by gas
chromatography with flame photometric detection. If very low levels
of alkyl phosphate metabolites are present, further cleanup by silica
gel fractionation is required to remove interfering substances such
as the triamyl phosphate derivative of inorganic phosphate.
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ITI.  APPARATUS:

1. Tracor model 222 gas chromatograph with flame photometric
detector operated in the phosphorus mode. The detector was
equipped with a Spectrum 1020 noise filter and a variable
power supply (Power Designs, Inc.). A Valco switching valve
#CV 4 HT was interfaced between the GLC column and FPD
detector to allow interchange of the column effluent and
nitrogen purge gas (the flow rates of which should be equal
to maintain a steady recorder baseline).

NOTE: The principal purpose of the switching valve with
the original FPD is to vent solvent and prevent flame
blowout when injections are made. The new configuration
of the FPD permits injections of >10 ul without
extinguishing the flame. However, the switching valve
is still used to permit operation of two different col-
umns or to vent large peaks or column bleed. Also,
the column can be silylated or Carbowax treated without
running the effluent through the detector.

2. Gas chromatographic column-borosilicate glass, 1.8 m x 4 mm i.d.,
packed with 5% 0V-210 on 80-100 mesh Gas-Chrom Q support.
Prepare and condition the column by Carbowax deposition treat-
ment as described in Section 4,B.

NOTE: An alternative column, which may be used for confirma-
tion of identity of peaks, is a 1.8 m x 4 mm i.d.
borosilicate glass column packed with 4% SE-30/6%
0V-210 on 80-100 mesh Gas-Chrom Q. Condition in a
similar manner.

3. Centrifuge tubes, 13 ml capacity, conical, graduated, with §
ground glass stoppers.

4, Pipets, disposable glass, Pasteur type, 9 in. length, fitted
with rubber bulbs.

5. Pipets, disposable glass, 5 ml capacity, for use as ion
exchange columns.

6. Vortex-Genie mixer.

7. IEC centrifuge, Model EXD, explosion proof, operated at
2000 rpm.

8. Culture tubes, glass, 16 x 150 mm.
9. Pipet, 0.1 ml capacity, graduated in 0.01 ml units.
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10. Pipets, assorted capacities, to be used in combination with

appropriate volumetric flasks for preparation of standard
solutions.

11. Bottles, reagent, narrow mouth, 1 oz. capacity, with polyseal
screw caps (A. H. Thomas 2203-C bottles and 2849-E caps).

12.  Column, chromatographic, size 23 (Kontes 420100).

13.  Nitrogen evaporator with water bath maintained at 40°C
(organomation Associates).

14. Exhaust hood with minimum draft of 150 linear feet per
minute.

IV, REAGENTS:

1. Diethyl ether, AR grade, containing 2% ethanol (Mallinckrodt
0850 or equivalent).

2. A1l other solvents are pesticide quality, distilled from
all-glass apparatus.

3. Silica gel, Woelm, activity grade I (ICN Pharmaceuticals, Inc.),
activated at 130°C for 48 hours and stored in a desiccator.

4, Potassium hydroxide, pellets, AR grade.
5.  N-amyl-N'-nitro-N-nitrosoguanidine (Aldrich Chemical Co.).

6. Anion exchange resin, Amberlite CG-400 AR, 100-200 mesh
(Mallinckrodt 3345), in the chloride form or BioRad AG1x8,
100-200 mesh (BioRad Laboratories, Richmond, CA), in the
chloride form.

7. Hydrochloric acid, reagent grade, approximately 37%.

8. Glass wool, pre-extracted with pesticide grade methylene
chloride.

9, Diazopentane reagent - Preparation:

a. Dissolve 2.3 g of KOH in 2.3 ml of distilled water in
a 125 m1 Erlenmeyer flask. When solution is complete,
cool in a freezer for 30 minutes.

b. Add 25 ml of cold diethyl ether, cover flask mouth with
foil, and cool in a -18°C freezer for 15 minutes.
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In a very high draft hood, add 2.1 g of N-amyl-N'-nitro-
N-nitrosoguanidine to the flask in small portions over a
period of a few minutes, swirling the flask vigorously
after each addition.

Decant the ether layer into a 1 oz.