
Designation: D2908 − 91 (Reapproved 2011)

Standard Practice for
Measuring Volatile Organic Matter in Water by Aqueous-
Injection Gas Chromatography1

This standard is issued under the fixed designation D2908; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (´) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This practice covers general guidance applicable to
certain test methods for the qualitative and quantitative deter-
mination of specific organic compounds, or classes of com-
pounds, in water by direct aqueous injection gas chromatogra-
phy (1, 2, 3, 4).2

1.2 Volatile organic compounds at aqueous concentrations
greater than about 1 mg/L can generally be determined by
direct aqueous injection gas chromatography.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:3

D1129 Terminology Relating to Water
D1192 Guide for Equipment for Sampling Water and Steam

in Closed Conduits (Withdrawn 2003)4

D1193 Specification for Reagent Water
D3370 Practices for Sampling Water from Closed Conduits
E260 Practice for Packed Column Gas Chromatography
E355 Practice for Gas Chromatography Terms and Relation-

ships

3. Terminology

3.1 Definitions:

3.1.1 The following terms in this practice are defined in
accordance with Terminology D1129.

3.1.2 “ghosting” or memory peaks—an interference, show-
ing as a peak, which appears at the same elution time as the
organic component of previous analysis.

3.1.3 internal standard—a material present in or added to
samples in known amount to serve as a reference measurement.

3.1.4 noise—an extraneous electronic signal which affects
baseline stability.

3.1.5 relative retention ratio—the retention time of the
unknown component divided by the retention time of the
internal standard.

3.1.6 retention time—the time that elapses from the intro-
duction of the sample until the peak maximum is reached.

3.2 For definitions of other chromatographic terms used in
this practice, refer to Practice E355.

4. Summary of Practice

4.1 This practice defines the applicability of various col-
umns and conditions for the separation of naturally occurring
or synthetic organics or both, in an aqueous medium for
subsequent detection with a flame ionization detector. After
vaporization, the aqueous sample is carried through the column
by an inert carrier gas. The sample components are partitioned
between the carrier gas and a stationary liquid phase on an inert
solid support. The column effluent is burned in an air-hydrogen
flame. The ions released from combustion of the organic
components induce an increase in standing current which is
measured. Although this method is written for hydrogen flame
detection, the basic technology is applicable to other detectors
if water does not interfere.

4.2 The elution times are characteristic of the various
organic components present in the sample, while the peak areas
are proportional to the quantities of the components. A discus-
sion of gas chromatography is presented in Practice E260.

5. Significance and Use

5.1 This practice is useful in identifying the major organic
constituents in wastewater for support of effective in-plant or
pollution control programs. Currently, the most practical means
for tentatively identifying and measuring a range of volatile

1 This practice is under the jurisdiction of ASTM Committee D19 on Water and
is the direct responsibility of Subcommittee D19.06 on Methods for Analysis for
Organic Substances in Water.
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organic compounds is gas-liquid chromatography. Positive
identification requires supplemental testing (for example, mul-
tiple columns, speciality detectors, spectroscopy, or a combi-
nation of these techniques).

6. Interferences

6.1 Particulate Matter—Particulate or suspended matter
should be removed by centrifugation or membrane filtration if
components of interest are not altered. This pretreatment will
prevent both plugging of syringes and formation of condensa-
tion nuclei. Acidification will often facilitate the dissolving of
particulate matter, but the operator must determine that pH
adjustment does not alter the components to be determined.

6.2 Identical Retention Times—With any given column and
operating conditions, one or more components may elute at
identical retention times. Thus a chromatographic peak is only
presumptive evidence of a single component. Confirmation
requires analyses with other columns with varying physical and
chemical properties, or spectrometric confirmation of the
isolated peak, or both.

6.3 Acidification—Detection of certain groups of compo-
nents will be enhanced if the sample is made neutral or slightly
acidic. This may minimize the formation of nonvolatile salts in
cases such as the analysis of volatile organic acids and bases
and certain chlorophenols.

6.4 Ghosting—Ghosting is evidenced by an interference
peak that occurs at the same time as that for a component from
a previous analysis but usually with less intensity. Ghosting
occurs because of organic holdup in the injection port. Re-
peated Type I water washing with 5-µL injections between
sample runs will usually eliminate ghosting problems. The
baseline is checked at maximum sensitivity to assure that the
interference has been eliminated. In addition to water injec-
tions, increasing the injection port temperature for a period of
time will often facilitate the elimination of ghosting problems.

6.4.1 Delayed Elution—Highly polar or high boiling com-
ponents may unpredictably elute several chromatograms later
and therefore act as an interference. This is particularly true
with complex industrial waste samples. A combination of
repeated water injections and elevated column temperature will
eliminate this problem. Back flush valves should be used if this
problem is encountered often.

7. Apparatus

7.1 Gas System:
7.1.1 Gas Regulators—High-quality pressure regulators

should be used to ensure a steady flow of gas to the instrument.
If temperature programming is used, differential flow control-
lers should be installed in the carrier gas line to prevent a
decrease in flow as the pressure drop across the column
increases due to the increasing temperature. An unsteady flow
will create an unstable baseline.

7.1.2 Gas Transport Tubing—New tubing should be washed
with a detergent solution, rinsed with Type I cold water, and
solvent rinsed to remove residual organic preservatives or
lubricants. Ethanol is an effective solvent. The tubing is then
dried by flushing with nitrogen. Drying can be accelerated by

installing the tubing in a gas chromatograph (GC) oven and
flowing nitrogen or other inert gas through it, while heating the
oven to 50°C.

7.1.3 Gas Leaks—The gas system should be pressure
checked daily for leaks. To check for leaks, shut off the detector
and pressurize the gas system to approximately 103 kPa (15
psi) above the normal operating pressure. Then shut off the
tank valve and observe the level of the pressure gauge. If the
preset pressure holds for 10 min, the system can be considered
leak-free. If the pressure drops, a leak is indicated and should
be located and eliminated before proceeding further. A soap
solution may be used for determining the source of leaks, but
care must be exercised to avoid getting the solution inside the
tubing or instrument since it will cause a long lasting, serious
source of interference. Leaks may also occur between the
instrument gas inlet valve and flame tip. This may be checked
by removing the flame tip, replacing it with a closed fitting and
rechecking for pressure stability as previously noted.

7.1.4 Gas Flow—The gas flow can be determined with a
bubble flow meter. A micro-rotameter in the gas inlet line is
also helpful. It should be recalibrated after each readjustment
of the gas operating pressure.

7.2 Injection Port—The injection port usually is insulated
from the chromatographic oven and equipped with a separate
heater that will maintain a constant temperature. The tempera-
ture of the injection port should be adjusted to approximately
50°C above the highest boiling sample component. This will
help minimize the elution time, as well as reduce peak tailing.
Should thermal decomposition of components be a problem,
the injection port temperature should be reduced appropriately.
Cleanliness of the injection port in some cases can be main-
tained at a tolerable level by periodically raising the tempera-
ture 25°C above the normal operating level. Use of disposable
glass inserts or periodic cleaning with chromic acid can be
practiced with some designs. When using samples larger than
5 µL, blowback into the carrier gas supply should be prevented
through use of a preheated capillary or other special design.
When using 3.175-mm (0.125-in.) columns, samples larger
than 5 µL may extinguish the flame depending on column
length, carrier gas flow, and injection temperature.

7.2.1 Septum—Organics eluting from the septum in the
injection port have been found to be a source of an unsteady
baseline when operating at high sensitivity. Septa should be
preconditioned. Insertion of a new septum in the injection port
at the end of the day for heating overnight will usually
eliminate these residuals. A separate oven operating at a
temperature similar to that of the injection port can also be used
to process the septa. The septa should be changed at least once
a day to minimize gas leaks and sample blowback. Septa with
TFE-fluorocarbon backings minimize organic bleeding and can
be used safely for longer periods.

7.2.2 On-Column Injection—While injection into the heated
chamber for flash vaporization is the most common injection
set-up, some analyses (for example, organic acids) are better
performed with on-column injection to reduce ghosting and
peak tailing and to prevent decomposition of thermally degrad-
able compounds. This capability should be built into the
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injection system. When using on-column injection a shorter
column life may occur due to solid build up in the injection end
of the column.

7.3 Column Oven—The column ovens usually are insulated
separately from the injection port and the detector. The oven
should be equipped with a proportional heater and a squirrel-
cage blower to assure maximum temperature reproducibility
and uniformity throughout the oven. Reproducibility of oven
temperature should be within 0.5°C.

7.3.1 Temperature Programming—Temperature program-
ming is desirable when the analysis involves the resolution of
organics with widely varying boiling points. The column oven
should be equipped with temperature programming be-
tween − 15 and 350°C (or range of the method) with select-
ability of several programming rates between 1 and 20°/min
provided. The actual column temperature will lag somewhat
behind the oven temperature at the faster programming rates.
Baseline drift will often occur because of increased higher
temperatures experienced during temperature programming.
This depends on the stability of the substrate and operating
temperature range. Temperatures that approach the maximum
limit of the liquid phase limit the operating range. Utilization
of dual matching columns and a differential electrometer can
minimize the effect of drift; however, the drift is reproducible
and does not interfere with the analysis in most cases.

7.4 Detector—The combination of high sensitivity and a
wide linear range makes the flame ionization detector (FID) the
usual choice in trace aqueous analysis. The flame ionization
detector is relatively insensitive to water vapor and to moderate
temperature changes if other operating parameters remain
unchanged. If temperature programming is used, the detector
should be isolated from the oven and heated separately to
ensure uniform detector temperature. The detector temperature
should be set near the upper limit of the programmed tempera-
ture to prevent condensation. The detector should also be
shielded from air currents which could affect the burning
characteristics of the flame. Sporadic spiking in the baseline
indicates detector contamination; cleaning, preferably with
diluted hydrochloric acid (HCl, 5 + 95), and an ultrasonic wash
with water is necessary. Chromic acid also can be used if
extreme care is taken to keep exposure times short and if
followed by thorough rinsing. Baseline noise may also be
caused by dirty or corroded electrical contacts at switches due
to high impedance feedback.

7.5 Recorder—A strip-chart recorder is recommended to
obtain a permanent chromatogram. Chart speeds should be
adjustable between 15 and 90 in./h.

7.6 Power Supply—A 105- to 125-V, a-c source of 60-Hz
frequency supplying 20-A service is required as a main power
supply for most gas chromatographic systems. If voltage
fluctuations affect baseline stability, a voltage regulating trans-
former may be required in addition to the one incorporated
within the chromatographic instrument.

8. Reagents and Materials

8.1 Purity of Reagents—Reagent grade chemicals shall be
used in all instances for gas purification, sample stabilization,
and other applications. Unless otherwise indicated, it is in-
tended that all reagents shall conform to the specifications of
the Committee on Analytical Reagents of the American Chemi-
cal Society, where such specifications are available. 5 Other
grades may be used, provided it is first ascertained that the
reagent is of sufficiently high purity to permit its use without
lessening the accuracy of the determination.

8.1.1 All chemicals used for internal standards shall be of
highest known purity.

8.2 Purity of Water—Unless otherwise indicated, references
to water shall be understood to mean reagent water conforming
to Type I of Specification D1193.

8.3 Carrier Gas System—Only gases of the highest purity
obtainable should be used in a chromatographic system desig-
nated for trace-organic monitoring in water. The common
carrier gases used with a flame ionization detector (FID) are
helium and nitrogen. Trace contaminants in even the highest
purity gases can often affect baseline stability and introduce
noise. Absorption columns of molecular sieves (14 by 30-
mesh) and anhydrous calcium sulfate (CaSO4, 8 mesh) in
series between the gas supply tank and the instrument will
minimize the effect of trace impurities. These preconditioning
columns, to remain effective, must be cleaned by back flushing
them with a clean gas (nitrogen, helium) at approximately
200°C, or they must be replaced at regular intervals. Use of
catalytic purifiers is also effective (4).

8.4 Column:
8.4.1 Column Tubing—For most organic analyses in aque-

ous systems, stainless steel is the most desirable column tubing
material. However, when analyzing organics that are reactive
with stainless steel. Fused silica capillary columns have been
demonstrated as having equal, if not better, performance in all
cases. Columns of 0.25, 0.32, and 0.53 mm inside diameter are
readily available from most suppliers of fused silica. With a
flame ionization detector, maximum resolution with packed
columns is achieved with long, small-diameter (3.175-mm
(0.125-in.) and smaller) tubing. New tubing should be washed
as described in 7.1.2.

8.4.2 Solid Support—Maximum column efficiency is ob-
tained with an inert, small, uniform-size support. The lower
limit of particle size will be determined by the allowable
pressure drop across a column of given diameter and length.
Elimination of fines will reduce the pressure drop and allow the
use of smaller particles; the commonly used size is 80/100
mesh. Supports, which are not inert, may cause varying
degrees of peak tailing. Few supports can be classified as
totally inert; however, techniques are available to assist in the

5 Reagent Chemicals, American Chemical Society Specifications, American
Chemical Society, Washington, DC. For suggestions on the testing of reagents not
listed by the American Chemical Society, see Analar Standards for Laboratory
Chemicals, BDH Ltd., Poole, Dorset, U.K., and the United States Pharmacopeia
and National Formulary, U.S. Pharmaceutical Convention, Inc. (USPC), Rockville,
MD.
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deactivation of the support. Chromosorb “W”,6 the least active
type of diatomaceous-earth support, can be further deactivated
by acid or base washing. A combination of acid washing and
silanization (for example, dimethyldichlorosilane (DMCS),
hexamethyldisilane) treatment may reduce the surface activity
still further. However, silanization can decrease column life.
DMCS treatment is particularly useful when low liquid loads
are used. Treatment with specific chemicals that approximate
the properties of the sample being analyzed has also proven
successful. For example, terephthalic acid treatment of Carbo-
wax 20M6 reduces organic acid and phenolic tailing. Use of
fluorocarbon supports can significantly reduce tailing. For low
boiling materials, porous polymer beads formed by the polym-
erization of monomers such as styrene with divinyl benzene as
a crosslinker are finding more application in trace analysis.
Since there is no liquid phase, there is minimal column bleed
during temperature programming. In addition, elimination of
the conventional solid support removes the adsorptive sites
which normally cause tailing. Caution must also be taken not to
exceed the recommended maximum temperature limit of the
fluorocarbon supports or of the porous polymer beads being
used.

8.4.3 Liquid Phases—Maximum resolution and minimum
baseline noise and drift are achieved with a relatively lightly
loaded column (less than 5 %) containing a stable substrate of
low volatility. However, analysis of aqueous samples with light
column loading produces shorter column life and a greater
tendency for a shift in retention times and delayed elution as
the column ages. Accelerated aging will occur if the maximum
temperature limit of the liquid phase is exceeded or approached
repeatedly. Liquid phases should be selected to permit opera-
tion at a temperature below the maximum allowable if at all
possible. Selection of liquid phases should be based on the
properties of the sample to be analyzed. In general, polar
substrates will resolve polar compounds by order of relative
volatility and polarity. Polar liquid phases will resolve nonpo-
lar compounds by structural type. Nonpolar substrates will
separate nonpolar compounds by volatility and polar com-
pounds by structural type. For examples of applicable liquid
phases for a particular application, consult published methods
for specific organic classes.

8.4.4 Column Conditioning—All new columns should be
pre-conditioned to drive off the residual contaminants which
would foul the detector and cause severe baseline noise. New
columns can be conditioned by attaching one end to the inlet
port of the oven and allowing 20 to 30 mL/min of carrier gas
to pass through the column either at 30°C above the expected
maximum operating temperature or at the maximum tempera-
ture limit of the liquid phase, whichever is lower. The effluent
end of the column should be vented. The column should not be
attached to the detector during conditioning since eluting
organics may foul the detector. Occasional 5-µL injections of

water during the conditioning period will facilitate elution of
the extraneous organics. The required conditioning period
depends on the type of liquid phases and extraneous organics,
but conditioning for about 12 h is adequate in most cases. A
longer conditioning period may be necessary if peak tailing
persists with polar compounds. The weight of column packing
should be noted to allow preparation of identical replacement
column, when needed.

8.5 Detector Gases—Hydrogen and air of the highest initial
purity which have been further purified as described in 8.3, are
fed to the detector. Hydrogen can also be used which is
produced from the electrolytic decomposition of water.

8.6 Glassware—All glassware that will come into direct
contact with the sample should be heated in an oven to 300°C
(overnight if possible) as a final cleanup step. This will serve to
remove any source of organic contamination from prior work.

9. Sampling

9.1 Sample Collection—Collect all samples in accordance
with Specification D1192 and Practices D3370, as applicable.
Additionally, sample containers and sample size and storage
shall be as specified in 9.2-9.4 to.

9.2 Sample Containers—Care should be taken to collect a
representative sample in a clean, completely full glass bottle.
The screw cap should be lined with aluminum foil or TFE-
fluorocarbon to reduce the sorption of insoluble organics.

9.3 Sample Size—The sample size must be small to prevent
overloading of the 3.175-mm (0.125-in.) columns generally
used. For most aqueous analyses, a sample size of 2 to 5 µL is
generally optimum. If the components of interest are of
relatively high concentration, a 1-µL sample is to be used. At
low concentrations, a sample approaching 10 µL can be used to
increase the detectable limit although the measurement accu-
racy is slightly decreased since a 10-µL syringe is used. For the
best accuracy, select a syringe with a capacity 50 % greater
then the size of the sample to be injected.

9.4 Sample Storage—Storage time of samples should be
kept to a minimum. If storage cannot be avoided, the bacterial
action should be minimized by refrigeration, by pH adjustment
to about 2.0 (if organics are not acid degradable), or by the
addition of 1 mL of saturated mercuric chloride (HgCl2)
solution to each liter of sample. Selection of a preservation
procedure is dependent on the analysis being made.

10. Preparation of Apparatus

10.1 Column—Select the appropriate column and install in
the chromatographic oven. If the column is new, it should be
preconditioned according to the directions in 8.4.4. The col-
umn should then be attached to the detector and the system
checked for leaks according to 7.1.3. The column temperature
requirements should be set according to the requirements
outlined in the specific method being used.

10.2 Gases—With a flame ionization detector the gases
require adjustment in the ratio of about 1 part carrier gas to 1
part hydrogen to 10 parts air. A typical flow for the carrier gas
when using 3.175-mm (0.125-in.) tubing is 25 mL/min. Refer
to the specific method being used for flow requirements.

6 The sole source of supply of the apparatus known to the committee at this time
is Supelco Inc., Supelco Park, Bellefonte, PA 16823, and Alltech Associates, Inc.,
2051 Waukegan Rd., Deerfield, IL 60015.. If you are aware of alternative suppliers,
please provide this information to ASTM International Headquarters. Your com-
ments will receive careful consideration at a meeting of the responsible technical
committee,1 which you may attend.
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10.3 Electrometer and Recorder—Adjust the electrometer
and recorder as specified on the instrument instructions so that
the pen is zeroed and the attenuation steps are linear. Based on
the organic content of the sample to be analyzed, adjust the
electrometer attenuation to give as near mid-scale deflections
of the recorder pen as is practical.

10.4 Baseline Stability—Before proceeding with the analy-
sis, check the stability of the recorder baseline with the pen at
zero and the attenuation at the level to be used for the analysis.
If sporadic peaks occur, further column conditioning may be
necessary. The recorder, electrometer, flow controllers, and
flame detectors should also be checked as a possible source of
the sporadic peaks.

10.5 Column Storage—When columns are not in use, their
ends should be capped. The need for reconditioning prior to
their reuse at a later time will be indicated by making
calibration runs with a known concentration of standards.
Reconditioning is generally minimal if the column was ad-
equately purged prior to storage.

11. Calibration and Standardization

11.1 Qualitative:
11.1.1 The basic method of tentative compound identifica-

tion is by matching the retention times of known standards
suspected to be present with retention times of unknown
compounds under identical operating conditions. The absolute
retention time is measured in minutes from the time of
injection to the peak maximum. Since retention time may vary
significantly with concentration of the particular organic com-
pounds, identification is done more positively by spiking the
sample with the suspected constituent and noting an increase in
peak height. In some instances more than one compound may
elute at the same time and therefore have identical retention
times. This condition can often be recognized by a poorly
shaped peak (that is, double apex or shoulder). When this
occurs, additional column(s) with different physical and chemi-
cal properties will be required to separate the combined peaks.
An alternative, which is frequently preferable, is to trap the
peaks and identify them spectrometrically (see 12.7).

11.1.2 Relative retention times are developed by the inser-
tion of a common noninterfering organic into each standard as
well as into the unknown. The absolute retention time of the
common organic is then divided into the absolute retention
time of each organic being analyzed. Utilization of relative
retention times improves qualitative accuracy by balancing out
numerous chromatographic variations from run to run, for
example, slight variations in column temperature, program-
ming rate, carrier gas flow, and sample size as well as column
aging.

11.1.3 Based on the type and concentration of compounds
expected in the sample to be tested, prepare similar standards
in reagent water.

11.1.4 At least three relative retention times with a single
column should be determined for each organic standard and the
average used for qualitative analysis of the unknown sample.
Relative retention times should be verified periodically.

11.1.5 One- and two-column identifications are not usually
sufficient for positive identification. A third column or spectro-

metric analysis of the trapped peak will be required for an
unequivocal identification.

11.2 Quantitative:
11.2.1 The quantitative measurement of each component is

determined from the area under the individual chromatographic
peaks. Peak areas can be determined more efficiently by
mechanical or electronic integrators. If the peaks are symmetri-
cal and sharp with minimum tailing, peak height can be used
for estimating quantitative response for expediency in routine
monitoring type analysis. The height is measured from the
peak maximum to the baseline. If the peak occurs in an area of
baseline drift, approximate the actual base of the peak for
measuring purposes. Measuring the peak width at one half the
peak height and multiplying it by the peak height will
approximate the peak area. The error increases as the peak
width becomes smaller or as peak tailing increases.

11.2.2 Insertion of an internal standard is useful for quanti-
tative analysis. When response is calculated relative to an
internal standard, compensation is provided for the inadvertent
changes in chromatographic conditions. Selection of the inter-
nal standard should be based on its separation from other
peaks, stability, and if possible on mid-chromatogram elution
and structural similarity to the components being analyzed.
The internal standard should be applied at approximately the
expected average concentration of the organic constituents.
When temperature programming is used, two internal stan-
dards may be needed, one for low-boiling and one for
high-boiling constituents.

11.2.3 Mass response ratios are determined by the injection
of standards containing the same concentration of both the
internal standard and the individual components suspected to
be in the samples to be tested. For accurate quantitative work
triplicate injections should be made on a conditioned column
with the average being used for further calculations. All
chemicals used should be of the highest known purity, so that
the appropriate correction may be made when calculating the
final response factors. Response factors should be rechecked
periodically.

11.2.4 The linearity of the response factors should be
verified by varying the concentration of the individual compo-
nents over the concentration range of interest while holding the
internal standard concentration constant. These ratios when
plotted against concentration should yield a straight line that
passes through zero. Chromatographic operating conditions
should always be recorded on the graph. The final peak areas
of heights are adjusted according to the electrometer attenua-
tion setting used for calibration.

12. Procedure

12.1 Injection Practice—Use a firm, relatively fast injection
technique so that the sample can be injected either into the
middle of the injection port for flash vaporization, or approxi-
mately 2 in. (51 mm) down the column for on-column injection
in a slug-like condition. Slow injections may cause poor
resolution and spreading. Use the same rhythm each time.
Wash the syringe several times between injections with ac-
etone, then rinse with water, and air dry by attaching to a
vacuum line. Flush the syringe at least two times with the
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sample to be analyzed. Remove the bubbles by pumping the
syringe plunger followed by a slow drawup of the sample.
When injecting large samples at high inlet pressure (for
example, 50 psi (345 kPa)), hold the plunger so as to prevent
its blowout caused by the pressure buildup in the injection port;
special syringes are needed for high-pressure work.

12.1.1 Sample Injection—Use direct aqueous injection
whenever possible to prevent both the loss of some compo-
nents and the introduction of extraneous peaks that may result
from concentration techniques. However, when analyses are in
the part per billion range, concentration techniques will be
required. Carbon adsorption, gas stripping, solvent extraction,
and freezeout have been shown to increase component concen-
tration to detectable levels (1, 5, 6).

12.2 Establish operating conditions identical to those used
for calibration and standardization. If changes are required
because of sample peculiarities, repeat calibration and stan-
dardization using the new conditions. If an internal standard is
used, minor changes in operating conditions are tolerable.

12.3 Inject sample prior to insertion of internal standard to
assist in either the selection of the internal standard, or to
assure that the internal standard selection is well resolved from
component peaks in the sample. An open position in the
chromatogram is selected for this purpose.

12.4 Add the internal standard(s) into the sample at a
concentration approximating the components to be analyzed
and repeat the analysis.

12.5 Refer to the specific method for suggested sample size;
3 to 5µ L are often used.

12.6 Determine the absolute retention times of the indi-
vidual components in the sample. Calculate relative retention
times using the retention time of the internal standard in the
denominator. Refer to the previously developed listing for
relative retention times of known compounds on specific
columns; if absolute retention times are used, run standards

several times during the test series. Repeat on additional
columns as necessary to increase qualitative accuracy.

12.7 Trap individual peaks for confirmatory analysis. Mass
spectrometric analysis of trapped components is often most
informative; however, infrared spectrographic analysis, thin-
layer chromatography, and microcoulometry or other special-
ized detectors (for example, flame photometric detector, modi-
fied flame halogen detector) are also useful.

12.8 Adjust attenuation to keep all peaks on scale and
preferably near 50 % of full scale. After component identifi-
cations have been completed, triplicate determinations should
be made at identical instrument conditions for quantitative
analysis. Water washes are usually injected between samples to
eliminate ghosting.

12.9 Measure peak areas or height (symmetrical, non-tailing
peaks required) and average the results.

13. Calculation

13.1 Tentative identification of individual components is
based primarily on relative retention times. Report confirma-
tive identifications based on additional columns and on spec-
trometric analysis of trapped fractions.

13.2 Use the following formula to convert peak area to
concentration, measured in milligrams per litre:

Concentration of EC, mg/L

5
peak area EC
peak area IS

3
concentration IS ~mg/L!

mass response ratio

where:
EC = eluted component, mg/L, and
IS = internal standard, mg/L.

To determine mass response ratio, divide the response of the
eluted component by the response of the internal standard at
the same concentration.

14. Keywords

14.1 aqueous; gas chromatography; organic; volatile
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