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Method 1648
Organic Halides in Solid Matrices by Neutron Activation Analysis

1.0 Scope and Application

1.1 This method is designed to meet the survey requirements of the United States
Environmental Protection Agency (EPA).  It is used to determine organic halides
associated with the Clean Water Act; the resources Conservation and Recovery Act;
the Comprehensive Environmental Response, Compensation and Liability Act; and
other organic halides amenable to adsorption and Neutron Activation Analysis.

1.2 The method is applicable to the determination of organic halides in soils, sludges, and
pulp.  The method is a combination of existing methods and new technology for
organic halide measurement.

1.3 This method is for use by or under the supervision of analysts experienced in the use
of Neutron Activation.  Each laboratory that uses this method must demonstrate the
ability to generate acceptable results using the procedure in Section 8.2.

1.4 Any modification of this method beyond those expressly permitted is subject to the
application and approval of alternate test procedures under 40 CFR Parts 134 and 135.

2.0 Summary of Method

2.1 Sample Preparation—Organic halides are leached from the sample into water by
acidification and sonication.  The organic halides in the leachate are adsorbed onto
granular activated carbon (GAC).  The sample and GAC are collected on a
polycarbonate filter.

2.2 Sample Analysis—Neutron Activation Analysis (NAA) the sample, GAC, and filter
are placed in a vial and sealed.  The vial is exposed to radiation.  Unique
radioisotopes of Cl  are produced.  These are measured using a gamma-ray detector to-

determine the total Cl .-

2.3 The mass concentration of organic halides is reported as an equivalent concentration
of organically bound chloride (Cl ).-

3.0 Contamination and Interferences

3.1 Solvents, reagents, glassware, and other sample processing hardware may yield
elevated readings from the microcoulometer.  All materials used in the analysis shall
be demonstrated to be free from interferences under the conditions of analysis by
running method blanks initially and with each sample set (samples started through
the adsorption process in a given 8 hour shift, to a maximum of 20).  Specific selection
of reagents and purification of solvents may be required.

3.2 Glassware is cleaned by detergent washing in hot water, rinsing with tap water and
distilled water, capping with aluminum foil, and baking at 450°C for one hour
minimum.  For some glassware, immersion in chromate cleaning solution prior to
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detergent washing may be required.  If blanks from glassware without cleaning or
with fewer cleaning steps show no detectable organic halide, the cleaning steps that
do not eliminate organic halide may be omitted.

3.3 The most common contamination results from methylene chloride vapors in
laboratories that perform organic extractions.  Heating, ventilating, and air
conditioning systems that are shared between the extraction laboratory and the
laboratory in which organic halide measurements are performed transfer the
methylene chloride vapors to the air in the organic halide laboratory.  Exposure of the
activated carbon used in the analysis results in contamination.  Separate air handling
systems, charcoal filters, and glove boxes can be used to minimize this exposure.

3.4 Activated Carbon

3.4.1 Purity of each lot of activated carbon must be verified before each use
measuring the adsorption capacity and the background level of halogen
(Section 8.5).  The stock of activated carbon should be stored in its granular
form in a glass container that is capped tightly.  Protect carbon at all times
from all sources of halogen vapors.

3.4.2 Inorganic substances such as chloride, chlorite, bromide, and iodide will
adsorb on activated carbon to an extent dependent on their original
concentration in the aqueous solution and the volume of sample adsorbed. 
Treating the activated carbon with a solution of nitrate causes competitive
desorption of inorganic halide species.  However, if the inorganic halide
concentration is greater than 2,000 times the organic halide concentration,
artificially high results may be obtained.

3.4.3 Halogenated organic compounds that are weakly adsorbed on activated carbon
are only partially recovered from the sample.  These include certain alcohols
and acids such as chloroethanol and chloroacetic acid that can be removed
from activated carbon by nitrate wash.

3.5 Polyethylene gloves should be worn when handling equipment surfaces in contact
with the sample.

4.0 Safety

4.1 The toxicity or carcinogenicity of each reagent used in this method has not been
precisely determined; however, each chemical substance should be reduced to the
lowest possible level.  The laboratory is responsible for maintaining a current
awareness file of OSHA regulations regarding the safe handling of the chemicals
specified in this method.  A reference file of material safety data sheets should be
available to all personnel involved in the chemical analysis.  Additional information
on laboratory safety can be found in References 9-11.

4.2 This method employs strong acids.  Appropriate clothing, gloves, and eye protection
should be worn when handling these substances.
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4.3 Field samples may contain high concentrations of toxic volatile compounds.  Sample
containers should be opened in a hood and handled with gloves that will prevent
exposure.

5.0 Apparatus and Materials

5.1 Sampling Equipment

5.1.1 Four ounce glass jar—Chromic acid rinse, detergent water wash, rinse with tap
and distilled water, cover with aluminum foil and heat to 450°C for one hour
minimum before use.

5.1.2 Teflon liner—Cleaned as above and baked at 100-200°C for one hour
minimum.

5.1.3 Jars and liners must be lot certified to be free of organic halides by running
blanks according to this method.

5.2 Scoop of Granular Activated Carbon (GAC)—capable of precisely measuring 0.13
±0.01 cc GAC (Dohrmann Measuring Cup 521-021, or equivalent).  This scoop size has
been shown to hold 35-60 mg of GAC, depending on the source.

5.3 Adsorption Apparatus

5.3.1 Finger type sonicator capable of developing 100-110 watts at 50% duty-Cycle. 
(Branon Model 450 or equivalent)

5.3.2 20 mL vials used for sample sonication.

5.3.3 Adsorption System—Rotary shaker, wrist action shaker, or other system for
assuring thorough contact of sample with activated carbon.  The system used
shall be demonstrated to meet the performance requirements in Section 8 of
this method.

5.3.3.1 Erlenmeyer flasks—250 mL with ground glass stopper, for use with
rotary shaker.

5.3.3.2 Shake table——Sybron Thermolyne Model LE "Big Bill" rotator/shaker,
or equivalent.

5.3.3.3 Rack attached to shake table to permit agitation of 16-25 samples
simultaneously.

5.3.4 Filtration system—Figure 1

5.3.4.1 Vacuum filter holder—Glass, with fritted glass support (Fisher Model
09-753E, or equivalent).

5.3.4.2 Polycarbonate filter—0.45 micron, 25 mm diameter, (Micro Separation
Inc, Model K04CP02500, or equivalent).



Method 1648

4 May 1991

5.3.4.3 Filter forceps—Fisher Model 09-753-50, or equivalent, for handling
filters.  Clean by washing with detergent and water, rinsing with tap
and deionized water, and air drying on aluminum foil.  Two forceps
may better aid in handling filters.  Clean by washing with detergent
and water, rinsing with tap and deionized water, and air drying on
aluminum foil.

5.3.4.4 Vacuum flask—500 mL (Fisher 10-1800, or equivalent).

5.3.4.5 Vacuum Source—A pressure/vacuum pump, rotary vacuum pump, or
other vacuum source capable of providing at least 610 mm (24 in) Hg
vacuum and 30 L/min free air displacement.

5.3.4.6 Stopper and tubing to mate the filter holder to the flask and the flask to
the pump.

5.3.4.7 Polyethylene gloves—for handling filters (Fisher 11-394-110-B, or
equivalent).

5.5 Neutron Activation System

5.5.1 Containers suitable for containment of samples and standards during
irradiation (e.g., 1/5-dram polyethylene snap-cap vial).

5.5.2 Sample introduction system and a reactor generating a thermal neutron flux
capable of achieving enough halogen activity for counting purposes (e.g.,
reactor having a neutron flux of 5 x 1012 neutrons/cm2/sec).

5.5.3 Lithium-drifted germanium [Ge(Li)] gamma-ray detector with an amplifier and
a 4096-channel memory unit for data storage system capable of resolving the
halogen peaks from potential interferences and background.
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5.6 Miscellaneous Glassware

5.6.1 Volumetric flasks—5, 10, 25, 50, 100, and 1000 mL.

5.6.2 Beakers—100, 500, and 1000 mL.

5.6.3 Volumetric pipets—1 and 10 mL with pipet bulbs.

5.6.4 Volumetric micro-pipets—10, 20, 50, 100, 200, and 500 µL with pipet control
(Hamilton 0010, or equivalent).

5.6.5 Graduated cylinders—10, 100, and 1000 mL.

5.7 Micro-Syringes—10, 50, and 100 µL.

5.8 Balances

5.8.1 Top loading—Capable of weighing 0.1 g.

5.8.2 Analytical—Capable of weighing 0.1 mg.

5.9 Wash Bottles—500-1000 mL, Teflon or polyethylene.

6.0 Reagents and Standards

6.1 Granular Activated Carbon (GAC)—75-150 µm (100-200 mesh), (Dorhmann 511-877, or
equivalent), with chlorine content less than 1 µg Cl  per scoop (<25 µg Cl  per gram),- -

adsorption capacity greater than 1000 µg Cl  (2,4,6-trichlorophenol) per scoop-

(>10,000 µg per gram), inorganic halide retention of less than 1 µg Cl  per scoop in the-

presence of 2500 mg of inorganic halide), and that meets the other test criteria in
Section 8.5 of this method.

6.2 Reagent Water—Water in which organic halide is not detected by this method.

6.2.1 Preparation—Reagent water may be generated by:

6.2.1.1 Activated carbon—Pass tap water through a carbon bed (Calgon
Filtrasorb-300, or equivalent).

6.2.1.2 Water purifier—Pass tap water through a purifier (Millipore Super Q,
or equivalent).

6.2.2 pH adjustment—Adjust the pH of the reagent water to <2 with nitric acid for
all reagent water used in this method.

6.3 Nitric Acid (HNO )—Concentrated, analytical grade.3

6.4 Nitrate Stock Solution—In a 1000 mL volumetric flask, dissolve 17 g of NaNO  in3

approx 100 mL of water, add 1.4 mL nitric acid (Section 6.3) and dilute to the mark
with reagent water.
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6.5 Nitrate Wash Solution—Dilute 50 mL of nitrate stock solution (Section 6.4) to 1000 mL
with reagent water.

6.6 Sodium Thiosulfate (Na S O ) Solution (1 N)—Weigh 79 g Na S O  in a 1 L volumetric2 2 3 2 2 3

flask and dilute to the mark with reagent water.

6.7 Trichlorophenol Solutions

6.7.1 Trichlorophenol stock solutions (1.0 mg/mL of Cl )—Dissolve 0.186 g of-

2,4,6-trichlorophenol in 100 mL of halide-free methanol.

6.7.2 Trichlorophenol precision and recovery standard—Place 50 mg of quartz sand
in a 20 mL vial and add 100 µL of trichlorophenol stock solution
(Section 6.7.1).

6.8 Irradiation Standard

6.8.1 Sodium chloride (NaCl) solution (100 µg/mL of CL )—Dissolve 0.165 g NaCl in-

1000 mL of reagent water.

6.8.2 Place 250 µL of sodium chloride solution (Section 6.8.1) and 1 mL of reagent
water in an irradiation container.  Seal container according to Section 10.16.1.

7.0 Calibration

7.1 Calibration for the Gamma Ray Detector

7.1.1 The gamma ray detector must be calibrated.  At the beginning of each
eight hour shift prior to making any determinations for this method.

7.1.2 Using a radioactive standard such as cobalt-60 or radium-226, determine the
energy of the gamma-ray emitted.

7.1.3 Adjust the gamma-ray detector to fall within one channel (±0.5 KeV) of the
radioactive standard's true energy.

7.1.4 Count a 100 second blank to verify that no stray radioactive sources are within
sensing distance of the detector.

7.2 Calibration for Neutron Activation System—Calibration for entire OX system is
performed when the system is set up and when calibration cannot be verified
(Section 11).

7.2.1 Background level of Cl —Determine the average background level of Cl  for the- -

entire analytical system as follows:

7.2.1.1 Using the procedure in Section 10 that will be used for the analysis of
samples, determine the background level of Cl  in each of three 50 mg-

portions of quartz sand.
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7.2.1.2 Calculate the average (mean) concentration of Cl  and the standard-

deviation of the concentration.

7.2.1.3 The sum of the average concentration plus two times the standard
deviation of the concentration shall be less than 2 µg of Cl .  If not, the-

water or carbon shall be replaced, or the adsorption system moved to
an area free of organic halide vapors, and the test (Section 7.5) shall be
repeated.  Only after this is passed may calibration proceed.

7.2.2 Calibration by external standard—A calibration curve encompassing the
calibration range is performed using 2,4,6-trichlorophenol.

7.2.2.1 Place 50 mg of quartz sand in each of five 20 mL vials.

7.2.2.2 Pipet 20, 50, 100, 300, and 800 µL of trichlorophenol stock solution
(Section 6.7.1) into the vials from Section 7.2.2.1.

7.2.2.3 Proceed with the analysis of each sample as per Section 10.

7.2.2.4 Using the calculations in Section 12.1 determine the halide present in
standard vial.

7.2.2.5 Subtract the average value of the background (Section 7.5.2) from each
of the five determinations.

7.2.2.6 Calibration factor (ratio of response to concentration)—Using the blank
subtracted results, compute the calibration factor at each calibration
point, and compute the average calibration factor and the relative
standard deviation (coefficient of variation; Cv) of the calibration factor
over the calibration range.

7.2.2.7 Linearity—The Cv of the calibration factor shall be less than 20%;
otherwise, the calibration shall be repeated after system corrections
have been made.

8.0 Quality Assurance/Quality Control

8.1 Each laboratory that uses this method is required to operate a formal quality
assurance program.  The minimum requirements of this program consist of an initial
demonstration of laboratory capability, an ongoing analysis of standards and blanks
as tests of continued performance, and analysis of matrix spike and matrix spike
duplicate (MS/MSD) samples to assess accuracy and precision.  Laboratory
performance is compared to establish performance criteria to determine if the results
of analyses meet the performance characteristics of the method.

8.1.1 The analyst shall make an initial demonstration of the ability to generate
acceptable accuracy and precision with this method.  This ability is established
as described in Section 8.2.
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8.1.2 The analyst is permitted to modify this method to improve performance or
lower the costs of measurements provided all performance specifications are
met.  Each time a modification is made to the method, the analyst is required
to repeat the procedures in Sections 7.2 through 7.5 and Section 8.2 to
demonstrate method performance.

8.1.3 The laboratory shall spike 10% of samples with known concentrations of
2,4,6-trichlorophenol to monitor method performance and matrix interferences
(interferences caused by the sample matrix).  This test is described in
Section 8.3.  When results of these spikes indicate atypical method performance
for samples, the samples are diluted to bring method performance within
acceptable limits.

8.1.4 Analyses of blanks are required to demonstrate freedom from contamination. 
The procedures and criteria for analysis of a blank are described in Section 8.4.

8.1.5 The laboratory shall, on an on-going basis, demonstrate through the analysis of
the precision and recovery standard that the analysis system is in control. 
These procedures are described in Section 11.

8.1.6 The laboratory shall perform quality control tests on the granular activated
carbon.  These procedures are described in Section 8.5

8.2 Initial Precision and Recovery (IPR)—To establish the ability to generate acceptable
precision and recovery, the analyst shall perform the following operations.

8.2.1 Analyze four PAR standards (Section 6.7.2) according to the procedure in
Section 10.

8.2.2 Using the results of the set of four analyses, compute the average percent
recovery (X) and the standard deviation of the percent recovery (s) for the
results.

8.2.3 The average percent recovery shall be in the range of 7.7-10.8 µg and the
standard deviation shall be less than 0.7 µg.  If X and s meet these acceptance
criteria, system performance is acceptable and analysis of blanks and samples
may begin.  If, however, s exceeds the precision limit or X falls outside the
range for recovery, system performance is unacceptable.  In this case, correct
the problem and repeat the test.

8.3 Matrix Spikes—The laboratory shall spike a minimum of 10% of samples from a given
matrix type (e.g., soil, sludges, and pulps) in duplicate (MS/MSD).  If only one
sample from a given matrix type is analyzed, an additional two aliquots of that
sample shall be spiked.

8.3.1 The concentration of the analytes spiked into the MS/MSD shall be determined
as follows:

8.3.1.1 If, as in compliance monitoring, the concentration of OX is being
checked against a regulatory concentration limit, the spiking level shall
be at that limit or at one to five times higher than the background
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concentration determined in Section 8.3.2, whichever concentration is
higher.

8.3.1.2 If the concentration of OX is not being checked against a regulatory
limit, the spike shall be at the concentration of the PAR standard 
(Section 6.7.2) or at one to five times higher than the background
concentration determined in Section 8.3.2, whichever concentration is
higher.

8.3.2 Analyze one sample out of each set of 10 samples from each matrix to
determine the background concentration (B) of OX.  Spike two additional
sample aliquots with spiking solution and analyze them to determine the
concentration after spiking (A).

8.3.2.1 Compute the percent recovery (P) of each analyte in each aliquot:

P = 100 (A - B)/T

where,
T = The true value of the spike.

8.3.2.2 Compute the relative percent difference (RPD) between the two results
(not between the two recoveries):

8.3.2.3 If the RPD is less than 20%, and the recoveries for the MS and MSD are
within the range of 75-125%, the results are acceptable.

8.3.2.4 If the RPD is greater than 20%, analyze two aliquots of the PAR
standard (PAR).

8.3.2.4.1 If the RPD for the two aliquots of the PAR is greater than
20%, the analytical system is out of control.  In this case,
repair the problem and repeat the analysis of the sample
set, including the MS/MSD.

8.3.2.4.2 If, however, the RPD for the two aliquots of the PAR is
less than 20%, the sample chosen for the MS/MSD is
diluted by a factor of 10 and the MS/MSD test is
repeated.  If the RPD is still greater than 20%, the result
may not be reported for regulatory compliance purposes. 
In this case, choose another sample for the MS/MSD and
repeat analysis of the sample set.
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8.3.2.5 If the percent recovery for both the MS and MSD are less than 71% or
greater than 116%, analyze the precision and recovery (PAR) standard.

8.3.2.5.1 If the recovery of the PAR is outside the 71-116% range,
the analytical system is out of control.  In this case, repair
the problem and repeat the analysis of the sample set,
including the MS/MSD.

8.3.2.5.2 If the recovery of the PAR is within the range of
71-116%, the sample, MS, and MSD are diluted by a
factor of 10 and re-analyzed.  If the results of the dilute
analyses remain outside of the acceptable range, these
results may not be reported for regulatory compliance
purposes.  In this case, choose another sample for the
MS/MSD and repeat the analysis of the sample set.

8.4 Blanks—Quartz sand blanks are analyzed to demonstrate freedom from
contamination.

8.4.1 Analyze a quartz sand blank with each set of samples.  The blank must be
analyzed immediately following calibration verification to demonstrate
freedom from contamination and memory effects and must include all details
of the procedure to be followed when analyzing samples.

8.4.2 If greater than 2 µg of Cl   is found in the blank, analysis of samples is halted-

until the source of contamination is eliminated and a blank shows no evidence
of contamination at this level.

8.5 Granular Activated Carbon (GAC) Testing—Each batch of activated carbon is tested
before use to ensure adequate quality.  Use only GAC meeting the test criteria below.

8.5.1 Contamination test—Analyze a scoop of GAC.  Reject carbon if the amount of
OX exceeds 1 µg (25 µg Cl /g).-

8.5.2 Inorganic chloride adsorption test—Attempt to adsorb NaCl from 10 mg in
reagent water.  Wash with nitrate solution and analyze.  The amount of halide
should be less than 1 µg Cl  larger than the blank.  A larger amount indicates-

significant uptake of inorganic chloride by the carbon.  Reject carbon if the
1 µg level is exceeded.

8.5.3 Carbon capacity test—Prepare an adsorption test standard solution in reagent
water to contain 10 mg/L organic carbon (as humic acids of equivalent) and
an organic halide concentration of 100 µg/L organo-chloride (from
2,4,6-trichlorophenol).  Prepare a blank solution containing only the 10 mg
organic carbon.  Analyze 100 mL portions of these solutions.  Subtract the
result of the blank from the result of the halide spike, compare the blank
subtracted result to the true value of the spike.  Recovery of the halide should
be greater than 85%.

8.6 The specifications contained in this method can be met if the apparatus used is
calibrated properly and maintained in a calibrated state.  The standards used for
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calibration (Section 7), calibration verification (Section 11), and for the initial
(Section 8.2) and ongoing (Section 11) precision and recovery should be identical, so
that the most precise results will be obtained.

8.7 Depending on specific program requirements, field duplicates may be collected to
determine the precision of the sampling technique.

9.0 Sample Collection and Preservation

9.1 Collect sample in a 4 oz. jar.  This will provide a sufficient amount of all quality
control testing.

9.2 Cool and maintain sample temperature at 0-4°C from the time of collection until
analysis.

9.3 No holding times have been established for this method.

10.0 Sample Preparation

10.1 Composite small amounts of sample by mixing small amounts of sample in a clean
beaker.  The composited sample should total about 1 g and should be taken from
three to five points within the sample container.  Mix the sub sample well with a
stainless steel spatula or glass rod to insure homogeneity.

10.2 Weigh out three 50 mg aliquots of the composited sample into 20 mL vials.

10.3 Add 5 mL of reagent water to each vial.

10.4 Place sonication horn inside the vial and sonicate for five minutes.

10.5 Quantitatively transfer the contents of each vial into a 250 mL erlenmeyer flask with
95 mL of reagent water.

10.6 Add 100 µL of 1 M Na S O  to convert all active Cl to inorganic Cl.2 2 3

10.7 Acidify the samples to a pH of <2 with concentrated HNO , approximately 200 µL.3

10.8 Add 5 mL of the nitrate stock solution.

10.9 Add one level scoop of activated carbon.

10.10 Shake the suspension for one hour minimum in a mechanical shaker.

10.11 Filter the suspension through a polycarbonate membrane filter.  Filter by suction until
the liquid level reaches the top of the carbon.

10.12 Wash the inside surface of the filter funnel with approximately 25 mL of nitrate wash
solution in several portions.  After the level of the final wash reaches the top of the
charcoal, filter by suction until the cake is barely dry.  The time required for drying
should be minimized to prevent exposure of the GAC to halogen vapors in the air,
but should be sufficent to permit drying of the cake so that excess water is not
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introduced into the combustion apparatus.  A drying time of approximately
10 seconds under vacuum has been shown to be effective for this operation.

10.13 Carefully remove the top of the filter holder, making sure that no carbon is lost.  This
operation is most successfully performed by removing the clamp, tilting the top of the
filter holder (the funnel portion) to one side, and lifting upward.

10.14 Using a squeeze bottle or micro syringe, rapidly rinse the carbon from the inside of
the filter holder onto the filter cake using small portions of wash solution.  Allow the
cake to dry under vacuum for no more than 10 seconds after the final rinse. 
Immediately turn the vacuum off.

10.15 Using the tweezers, carefully fold the polycarbonate filter in half, then in fourths,
making sure that no carbon is lost.

10.16 Halide Determination by NAA

10.16.1 Place filter from Section 10.15 in a prewashed plastic container (e.g.,
1/5-dram polyethylene snap-cap vial).  The vial has been prewashed to
remove inorganic and organic chlorine by a soak in distilled water,
followed by storage in a glass jar containing 50% v/v acetone and
hexane.  After cleaning, the vial is removed by forceps and air-dried to
remove residual water, acetone, and hexane.  After the carbon is placed
in the vial, the vial is snapped shut, the hinge removed with a scalpel
blade, the cap heat-sealed to the vial with an electric soldering gun
reserved for that purpose, and an indentifing number placed on the vial
with a marker pen.

10.16.2 All samples, QC aliquots, and one similar vial containing 25 µg of Cl-

(irradiation standard) are then introduced into the reactor, generally by
placing them together in a 5-dram polyethylene vial and inserting them
into a pneumatic-tube transfer "rabbit" for neutron irradiation. 
Irradiation is typically for a 15 minute period at a thermal neutron
irradiation flux of 5 x 10(12) neutrons/cm(2)/sec.  After returning from
the reactor, the rabbit is allowed to "cool" for 20 minutes to allow short-
lived interfering radioisotopes (primarily Al) present in the sample to
decay.

10.16.3 Analyze each "cooled" vial beginning with the 25 µg standard
(Section 10.16.2) by counting the 1642-KeV gamma ray produced by

Cl.  Cl has a half-life of 37.1 minutes.  The analyses can be38 38

performed either manually, with the operator changing samples and
transferring the data to magnetic tape, or automatically, with both
functions performed by an automatic sample changer.

10.16.4 Count the standard and samples for a suitable time period (e.g.,
200 second "live " time for the standard and samples).  The operator
records the time intervals between samples and the "dead" time of each
sample in a logbook for later use in calculating halogen concentrations
in each sample.
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10.16.5 Sample results are calculated per Section 12.

11.0 System and Laboratory Performance

11.1 At the beginning and end of each analytical sequence (each irradiation batch), system
performance and calibration are verified.  System performance and calibration
verification may be performed more frequently, if desired.

11.1.1 If performance and calibration are verified at the beginning and end of each
analytical sequence (or more frequently), samples analyzed during that period
are considered valid.

11.1.2 If performance and calibration are not verified at the beginning and end of
each analytical sequence (or more frequently), samples analyzed during that
period must be re-analyzed.

11.1.3 If calibration is verified at the beginning of the analytical sequence,
re-calibration is not necessary; otherwise, the instrument must be calibrated
prior to analyzing samples.

11.2 Calibration Verification and Ongoing Precision and Recovery—Calibration and system
performance are verified by the analysis of the 10 µg PAR standard.

11.2.1 Analyze the PAR standard (Section 6.12.3) and analyze a blank (Section 8.4)
immediately thereafter at the beginning and end of each analytical sequence. 
Compute the concentration of organic halide in the PAR standard and in the
blank.  The blank shall be less than 2 µg Cl .-

11.2.2 Subtract the result for the blank from the result of the PAR standard, and
compute the percent recovery of the blank-subtracted PAR standard.  The
percent recovery shall be in the range of 71-116%.

11.2.3 If the recovery is within this range, the analytical process is in control and
analysis of blanks and samples may proceed.  If, however, the recovery is not
within the acceptable range, the analytical process is not in control.  In this
event, correct the problem and repeat the on-going precision and recovery test
(Section 11.2), or recalibrate (Sections 7.5 through 7.6).

11.2.4 If the recovery is not within the acceptable range for the PAR standard
analyzed at the end of the analytical sequence, correct the problem, repeat the
ongoing precision and recovery test (Section 11.2), or re-calibrate (Sections 7.5
through 7.6), and re-analyze the sample set that was analyzed during the
analytical sequence.

11.3 Add results that pass the specification in Section 11.2.2 to initial and previous ongoing
data.  Update QC charts to form a graphic representation of continued laboratory
performance.  Develop a statement of laboratory data quality for each analyte by
calculating the average percent recovery (R) and the standard deviation of percent
recovery (s ).  Express the accuracy as a recovery interval from R-2s  to R+2s .  Forr r r

example, if R = 95% and s  = 5%, the accuracy is 85-105%.r
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12.0 Calculations

12.1 Calculate the concentration of chloride in each vial as per the following:

µg Chloride = (cts unk/cts std)(counting time std/counting time unk)(µg in std)(e )ht

where,
cts unk = The integrated area of the appropriate gamma-ray peak in the

    sample with background subtracted and the total multiplied by
    1 + [(% dead time unknown - % dead time std.)/200].  The latter
    correction is usually less than 4% and corrects for pile-up errors.

cts std = The integrated area of the appropriate gamma-ray peak in the
   standard with background subtracted.

counting time std = The "live" counting time in seconds of the standard.
counting time unk. = The "live" counting time in seconds of the unknown.
µg in std = The number of micrograms of the stable element in the irradiation

      standard.
e  = The decay correction to bring all statistics back to t = 0; h = 0.693/t ,ht

1/2

       where t  is the half-life in minutes.1/2

t = The time interval in minutes from the end of the count of the irradiation
     standard until the end of the count of the sample.

12.1.1 All samples within an irradiation batch must be counted within two hours of
irradiation.

12.1.2 If more than two hours pass after irradiation, the sample must be allowed to
"cool" for 24 hours and then re-irradiated and re-analyzed with another batch
of samples.

12.2 Calculate the concentration of chloride (in micrograms) detected in each sample per
the following:

OX (Cl ) (µg ) = (C - B)-

where,
C = Cl  from gamma-ray detector in a sample vial (Section 12.1), µg.-

B = Cl  from gramma-ray detector in the beginning blank (Section 12.1), µg.-

12.3 High Concentrations of OX—If the amount of chloride exceeds the calibration range,
dilute the sample by a factor of 10 and re-analyze.

12.4 Low Concentrations of OX—The final result should be significantly (defined below)
above the level of a blank.

12.4.1 If the instrument response of a sample exceeds the instrument response of the
blank by a factor of at least 3, the result is acceptable.

12.4.2 If the instrument response of a sample is less than three times the instrument
response of the blank, and the sample has been diluted, analyze a less dilute
aliquot of sample.
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12.4.3 If the instrument response of an undiluted sample is less than three times the
instrument response of the blank, the result is suspect and may not be used for
regulatory compliance purposes.  In this case, find the cause of contamination,
correct the problem, and re-analyze the sample under the corrected conditions.

12.5 Report final results that meet all of the specifications in this method as the blank-
subtracted value, in µg/L Cl  (not as 2,4,6-trichlorophenol), to three significant figures. -

This value is determined by subtracting the blank value determined in Section 8.4
from the value in Section 12.1.

13.0 Method Performance—The specifications contained in this method are based on
single laboratory data (Reference 13).  These specification will be updated as further
data become available.
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