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Standard Methods for the Examination of Water and Wastewater

5320 DISSOLVED ORGANIC HALOGEN*#(1)

5320 A. Introduction

Dissolved organic halogen (DOX) is a measurement used to estimate the total quantity of
dissolved halogenated organic material in awater sample. Thisis similar to literature
references to ‘‘total organic halogen’’ (TOX), **adsorbable organic halogen’” (AOX), and
carbon-adsorbable organic halogen (CAOX). The presence of halogenated organic molecules
isindicative of disinfection by-products and other synthetic chemical contamination.
Halogenated compounds that contribute to a DOX result include, but are not limited to: the
trihalomethanes (THMs); organic solvents such as trichloroethene, tetrachl oroethene, and
other halogenated alkanes and alkenes; chlorinated and brominated pesticides and herbicides;
polychlorinated biphenyls (PCBs); chlorinated aromatics such as hexachlorobenzene and
2,4-dichlorophenal; and high-molecul ar-weight, partially chlorinated aquatic humic
substances. Compound-specific methods such as gas chromatography typically are more
sensitive than DOX measurements.

The adsorption-pyrolysis-titrimetric method for DOX measures only the total molar
amount of dissolved organically bound halogen retained on the activated carbon adsorbent; it
yields no information about the structure or nature of the organic compounds to which the
halogens are bound or about the individual halogens present. It is sensitive to organic
chloride, bromide, and iodide, but does not detect fluorinated organics.

DOX measurement is an inexpensive and useful method for screening large numbers of
samples before specific (and often more complex) analyses; for extensive field surveying for
pollution by certain classes of synthetic organic compounds in natural waters; for mapping
the extent of organohalide contamination in groundwater; for monitoring the breakthrough of
some synthetic organic compounds in water treatment processes; and for estimating the level
of formation of chlorinated organic by-products after disinfection. When used as a screening
tool, alarge positive (i.e., above background measurements) DOX test result indicates the
need for identifying and quantifying specific substances. In saline or brackish waters the high
inorganic halogen concentrations interfere. The possibility of overestimating DOX
concentration because of inorganic halide interference always should be considered when
interpreting results.

5320 B. Adsorption-Pyrolysis-Titrimetric Method

1. General Discussion

a. Principle: The method consists of four processes. First, dissolved organic material is
separated from inorganic halides and concentrated from aqueous solution by adsorption onto
activated carbon. Second, inorganic halides present on the activated carbon are removed by
competitive displacement by nitrate ions. Third, the activated carbon with adsorbed organic
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material isintroduced into a furnace that pyrolyzes organic carbon to carbon dioxide (CO,)

and the bound hal ogens to hydrogen halide (HX). Fourth, the HX is transported in a carrier
gas stream to a microcoulometric titration cell where the amount of halide is quantified by
measuring the current produced by silver-ion precipitation of the halides. The
microcoulometric detector operates by maintaining a constant silver-ion concentration in a
titration cell. An electric potential is applied to a solid silver electrode to produce silver ions
in the cell solution. As hydrogen halide from the pyrolysis furnace enters the cell in the
carrier gas, it is partitioned into the acetic acid solution where it precipitates as silver halide.
The current that is produced is integrated over the period of the pyrolysis. The integrated area
under the curveis proportional to the number of moles of halogen recovered. The mass
concentration of organic halides is reported as an equivalent concentration of organically
bound chloride in micrograms per liter. Because this DOX procedure relies on activated
carbon to adsorb organic halides, it also has been referred to as carbon-adsorbabl e organic
halogen (CAOX). Because of the poor adsorption efficiency of some organic compounds
containing halogen and the desorption of some hal ogen-containing compounds during the
removal of adsorbed inorganic halogen, this method does not measure total organic halogen.

When a sample is purged with inert gas before activated carbon adsorption, analysis of
that sample determines the nonpurgeabl e dissolved organic halogen (NPDOX) fraction of
DOX. The purgeable organic halogen concentration (POX) may be estimated by subtracting
the NPDOX value from the DOX value. Alternatively, the POX fraction may be determined
directly by purging the sample with carrier gas and introducing that gas stream and the
volatilized organics directly into the pyrolysis furnace. Thus, depending on approach, the
analysis of POX, DOX, and NPDOX may be determined directly or by difference. Finally,
because the POX often is dominated by the THMs, they may be determined as directed in
Section 6200 and used to estimate POX. However, this approach is not included here as a
standardized procedure.

b. Interferences: The method is applicable only to agueous samples free of visible
particulate matter. Different instruments vary in tolerance of small amounts of suspended
matter. Inorganic substances such as chloride, chlorite, chlorate, bromate, bromide, and
iodide will adsorb on activated carbon to an extent dependent on their original concentration

in the agueous solution and the volume of sample adsorbed.! Positive interference will result
if inorganic halides are not removed. Treating the activated carbon with a concentrated
agueous solution of nitrate ion causes competitive desorption from the activated carbon of
inorganic halide species and washes inorganic halides from other surfaces. However, if the
inorganic halide concentration is greater than 10 000 times2 the concentration of organic
halides, the DOX results may be affected significantly. In general, this procedure may not be

applicable to samples with inorganic halide concentrations above 500 mg Cl—/L, based on
activated carbon quality testing results. Therefore, consider both the results of mineral
analysis for inorganic halides and the results of the activated carbon quality test (see {5,
below) when interpreting results.

Halogenated organic compounds that are weakly adsorbed on activated carbon are
recovered only partially. These include certain alcohols and acids (e.g., chloroethanol), and

such compounds as chloroacetic acid, that can be removed from activated carbon by the
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nitrate ion wash. However, for most halogenated organic molecules, recovery is very good;
the activated carbon adsorbable organic halide (CAOX) therefore is a good estimate of true
DOX.

Failure to acidify samples with nitric acid or sulfuric acid may result in reduced
adsorption efficiency for some halogenated organic compounds and may intensify the
inorganic halide interference. However, acidification may result in precipitation loss of
humic acids and any DOX associated with that fraction. Further, if the water contains
residual chlorine, reduce it before adsorption to eliminate positive interference resulting from
continued chlorination reactions with organic compounds adsorbed on the activated carbon
surface or with the activated carbon surface itself. The sulfite dechlorinating agent may cause
decomposition of asmall fraction of the DOX if nitric acid is used; this decomposition is
avoided if sulfuric acid is used. Do not add acid in great excess.

Highly volatile components of the POX fraction may be lost during sampling, shipment,
sampl e storage, sample handling, and sample preparation, or during sample adsorption. A
laboratory quality-control program to ensure sample integrity from time of sampling until
analysisisvital. During sample filtration for the analysis of samples containing undissolved
solids, major losses of POX can be expected. Syringe-type filtration systems can minimize
losses. Analyze for POX before sample filtration and analyze for NPDOX after filtration; the
sum of POX and NPDOX isthe total DOX. In preparing samples for DOX analysis, process
a blank and a standard solution to determine effect of this procedure on DOX measurement.
If an insignificant loss of POX occurs during the removal of particul ate matter by filtration,
DOX may be measured directly.

Granular activated carbon used to concentrate organic material from the sample can be a
major source of variability in the analysis and has a dramatic effect on the minimum
detectable concentration. Ideally, activated carbon should have alow halide content, readily
release adsorbed inorganic halides on nitrate washing, be homogeneous, and readily adsorb
all organic halide compounds even in the presence of large excesses of other organic
material. An essential element of quality control for DOX requires testing and monitoring of
activated carbon (see 1 5 below). Nonhomogeneous activated carbon or activated carbon with
a high background value affects the method reliability at low concentrations of DOX. A high
and/or variable blank value raises the minimum detectable concentration. Random positive
bias, in part because of the ease of activated carbon contamination during use, may
necessitate analyzing duplicates of each sample. Because activated carbon from different
sources may vary widely in the ease of releasing inorganic halides, test for this quality before
using activated carbon. Proper quantification also may be affected by the adsorptive capacity
of the activated carbon. If excessive organic loading occurs, some DOX may break through
and not be recovered. For this reason, make serial adsorptions of each sample portion and
individual analyses.

c. Sampling and storage: Collect and store samples in amber glass bottles with
TFE-lined caps. If amber bottles are not available, store samplesin the dark. To prepare
sample bottles, acid wash, rinse with deionized water, seal with aluminum foil, and bake at
400°C for at least 1 h. If bottle blanks without baking show no detectable DOX, baking may
be omitted. Wash septa with detergent, rinse repeatedly in organic-free, deionized water,
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wrap in aluminum foil, and bake for 1 h at 100°C. Preferably use thick silicone
rubber-backed TFE septa and open ring caps to produce a positive seal that prevents loss of
POX and contamination. Store sealed sample bottles in a clean environment until use.
Completely fill sample bottles but take care not to volatilize any organic halogen compounds.
Preserve samples that cannot be analyzed promptly by acidifying with concentrated nitric
acid or sulfuric acid to pH 2. Refrigerate samples at 4°C with minimal exposure to light.
Reduce any residual chlorine by adding sodium sulfite crystals (minimum: 5 mg/L). Add 4
drops conc H,SO, plus sodium sulfite crystals to bottles shipped to the field. NOTE: Some

organic chloramines are not completely dechlorinated by sodium sulfite, particularly at pH >
7. This may affect reported concentrations.! Analyze all samples within 14 d.
d. Minimum detectable concentration: For nonsaline waters free of particulate matter, 5

to 10 ug organic CI7/L is considered atypical range for detection limits. The minimum
detectable concentration may be influenced by the analytical repeatability, equipment used,
activated carbon quality, and the analyst. Determine the detection limit for each procedure,
instrument, and analyst.

2. Apparatus

a. Adsorption assembly, including gas-tight sample reservoir, activated carbon-packed
adsorption columns, column housings, and nitrate solution reservoir. In particular, note the
following:

1) Noncombustible insulating material (microcolumn method only): Form into plugsto
hold activated carbon in columns. NOTE: Do not touch with fingers.

2) Activated carbon columns (microcolumn method only): Pack 40 + 5 mg activated
carbon (1 3k) into dry glass tubing approximately 2to 3 mm ID x 6 mm OD x 40 to 50 mm
long. NOTE: Protect these columns from all sources of halogenated organic vapors. Clean
glass tubes before use with a small-diameter pipe cleaner to remove residual carbon, then
soak in chromate cleaning solution for 15 min and dry at 400°C. Rinse between steps with
deionized water. NOTE: Use prepacked columns with caution, because of occasional reported
contamination.

b. Analyzer assembly, including carrier gas source, boat sampler, and pyrolysis furnace,
that can oxidatively pyrolyze halogenated organics at a temperature of 800 to 900°C to
produce hydrogen halides and deliver them to the titration cell with a minimum overall
efficiency of 90% for 2,4,6-trichlorophenol; including a microcoulometric titration system
with integrator, digital display, and data system or chart recorder connection; including
(optional) purging apparatus.

c. Chart recorder or microprocessor, controlled data system.

d. Batch adsorption equipment: Use instrument manufacturer’s purge vessel or similar
purging flask, erlenmeyer flasks (100 to 250 mL), and high-speed stirrers.

e. Filtering apparatus and filters: Use 0.45-um-pore diam filters, preferably HPLC
syringe filters or similar, with no detectable DOX blank. Rinsed glass-fiber filters are
satisfactory for sample filtration. Preferably use membrane filters for separating activated
carbon from agueous phase.
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3. Reagents and Materials

Use chemicals of ACS reagent grade or other gradesif it can be demonstrated that the
reagent is of sufficiently high purity to permit its use without |essening accuracy of the
determination.

a. Carbon dioxide, argon, or nitrogen, as recommended by the equipment manufacturer,
purity 99.99%.

b. Oxygen, purity 99.99%.

c. Aqueous acetic acid, 70 to 85%, as recommended by the equipment manufacturer.

d. Sodium chloride standard, NaCl: Dissolve 0.1648 g NaCl and dilute to 100 mL with
reagent water; 1 uL =1 ug CI-.

e. Ammonium chloride standard, NH,CI: Dissolve 0.1509 g NH,Cl and dilute to 100 mL
with reagent water; 1 uL =1 ug Cl—.

f. Trichlorophenol stock solution: Dissolve 1.856 g trichlorophenol and dilute to 100 mL
with methanol; 1 uL =10 ug Cl~.

g. Trichlorophenol standard solution: Make a 1:20 dilution of the trichlorophenol stock
solution with methanol; 1 uL = 0.5 ug CI-.

h. Trichloroacetic acid stock solution: Dilute 199.44 mg trichloroacetic acid in 1000 mL
reagent water; 1 mL = 130 ug CI—.

i. Trichloroacetic acid standard solution: Dilute 2.0 mL trichloroacetic acid stock
solution into 1000 mL with reagent water; 1 mL = 0.260 pg Cl~.

J- Chloroform standard solution, CHCI5: Dilute 100 mg CHCI ; to 100 mL with
methanol; 1 uL =1 ug CHCl,.

k. Blank standard: Use reagent water. Reagent water preferably is carbon-filtered,
deionized water that has been heated and purged.

I Nitrate wash solution, 0.08M: Dilute 8.2 g KNO3 to 1000 mL with reagent water.

Adjust to pH 2 with HNO5. 1 L =5000 mg NO5™.

m. Activated carbon, 100 to 200 mesh: Ideally use activated carbon having a very low
apparent halide background that readily releases adsorbed inorganic halides on nitrate
washing, and reliably adsorbs organic halides in the presence of alarge excess of other
organic compounds.*#(2) See 15 below for preparation and evaluation of activated carbon.
CAUTION: Protect activated carbon from contact with halogenated organic vapors.

n. Sodium sulfite, Na,SO,, crystals.

0. Nitric acid, HNO;, conc, or sulfuric acid, H,SO,, conc.

4. Procedure
Use either the microcolumn (Y 4a) or batch adsorption ( 4b) method to determine DOX
(as CAOX). If present, determine POX separately (1 4c). The microcolumn method utilizes
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small glass columns packed with activated carbon through which the sample is passed under
positive pressure to adsorb the organic halogen compounds. The batch adsorption method
uses a small quantity of activated carbon that is added to the sample. After stirring, activated
carbon is removed by filtration, washed with nitrate, and analyzed. The batch adsorption
procedure typically is run on samples that have had POX analyzed directly [ 4c], yielding
NPDOX directly aswell.

a. Microcolumn procedure:

1) Apparatus setup—Adjust equipment in accordance with the manufacturer’
instructions. Make several injections of NaCl solution directly into the titration cell [ 5¢1)]
as amicrocoulometer/ titration cell check at the start of each day.

2) Sample pretreatment for DOX analysis—If the sample has not been acidified during
collection, adjust pH to 2 with HNO4 or H,SO,. If the samples contain undissolved solids,

filter through a glass-fiber filter (other means of removing particulate matter may be used, if
it can be demonstrated that they do not cause significant interferences). Also filter ablank
and standard. Analyze these to determine the contribution of filtration to the organic halogen
measurement. Vacuum filtration will cause some loss of volatile organic halogen. Analyze
for POX (1 4c) before filtration and NPDOX after filtration, unlessit is shown that POX
losses during filtration are insignificant for a specific water type.

3) Sample adsorption—Transfer a representative portion of sample to the cleaned sample
reservoir with two activated carbon adsorption columns in series attached by the column
housings to the reservoir outlet. Seal the reservoir. Adjust to produce aflow rate of about
3mL/min. When the desired volume has been processed, stop the flow, detach the activated
carbon housings and columns, and rinse the sample reservoir twice with reagent-grade water.
Vary volume processed to produce optimum quantities of adsorbed DOX on the columns.
Suggested volumes are as follows:

Conc of DOX
Volume _Instrument in Waters
Processed Optimum Range ng/L
mL ug ClI™
100 0.5-50 5-50
50 12.5-50 250-1000
25 12.5-50 500-2000

If possible, avoid using volumes greater than 100mL because the maximum adsorptive
capacity of the activated carbon may be exceeded, leading to adsorbate breakthrough and loss
of DOX. Larger sample volumes processed lead to an increased quantity of inorganic halide
accumulated on the activated carbon and may result in a positive interference. Do not use a
sample less than 25mL to minimize volumetric errors. For samples exceeding 2000ug
DOX/L dilute before adsorption. Protect columns from the atmosphere until DOX is
determined.
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4) Inorganic halide removal—Attach columns through which sample has been processed
in seriesto the nitrate wash reservoir and pass 2 to 5 mL NO3™ solution through the columns
at arate of approximately 1 mL/min.

5) DOX determination—After concentrating sample on activated carbon and removing
inorganic halogens by nitrate washing, pyrolyze contents of each microcolumn and determine
organic halogen content. Remove top glass microcolumn from the column housing, taking
care not to contaminate the sample with inorganic halides. Using a clean g ector rod, gect the
activated carbon and noncombustible insulating material plugs into the sample boat. Prepare
sample boat during the preceding 4 h by heating at 400 to 800°C for at least 4 minin an
oxygen-rich atmosphere (i.e., in the pyrolysis furnace). Remove residual ash. Place g ector
rod on the plug of the effluent end of the carbon microcolumn and place the influent end of
the carbon microcolumn in the quartz boat first. Seal sample inlet tube and let instrument

stabilize. After NO;~ wash avoid contact with inorganic halides. Wear latex gloves while
carrying out this procedure. Preferably clean work area frequently with deionized water.

Pyrolyze the activated carbon and determine halide content. Repeat for each
microcolumn. Check for excess breakthrough (1 5b) and repeat analysis as necessary.

6) Replicates—When DOX determination is used strictly as a screening tool, total
replication is not necessary. Single-operator precision (% CV) is expected to be less than
15% for tap water and wastewater (Table 5320:1). If system performance is consistently
worse as demonstrated by routine QA duplicates, or if quality objectives dictate, run
replicates of each sample by repeating steps 3, 4, and 5.

7) Blanks—Analyze one method blank [ 5e2)] with each set of ten samples. Preferably
analyze the method blank before starting the sample set and run a blank after the last set of
the day.

8) Preparation and analysis of calibration standard—Run daily calibration standards in
accordance with 5¢3) for POX analysis or § 5¢5) for microcolumn-adsorption DOX
analysis. Accompany by a suitable blank [ 5e3) or  5e]. Be certain that analytical
conditions and procedures (e.g., purging temperature) are the same for the analysis of
calibration standards as for the analysis of samples.

b. Batch adsorption procedure:

1) Apparatus setup—Adjust equipment in accordance with the manufacturer’ s
instructions.

2) Sample pretreatment—Adjust sample pH to 2 with conc HNO5 or H,SO, [see 1 4a2)].

3) Sample adsorption—Prepare carbon suspension by adding high-quality activated
carbon to high-purity, deionized, granular activated carbon (GAC)-treated water to produce a
uniform suspension of 10 mg carbon/mL. To an erlenmeyer flask, transfer prepurged sample
of optimum size from a purging flask standardized in the same manner as the instrument’ s
purging vessel. Add 20 mg activated carbon (2 mL carbon suspension). Using a high-speed
mixer (20 000 rpm), stir for 45 min in an organohalide vapor-free environment. Filter through
amembrane filter under vacuum or pressure, and collect filtrate. Remove flask containing
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filtrate. Wash carbon cake and filter with 10 mL NO4~ wash solution. Add portions of wash

solution serially to keep activated carbon and NO5™ solution in contact for 15 min. Using

clean instruments, transfer carbon cake and membrane filter to pyrolysis unit sample boat.
Let instrument stabilize, pyrolyze, and determine the halide content of the first serial filter.

Add 20 mg more activated carbon to filtrate in erlenmeyer flask. Repeat carbon mixing,
filtering, and washing procedures. Pyrolyze and determine halide content of second serial
filter. If the second value is greater than 10% of the total value (first plus second), perform
the NPDOX determination on an additional sample portion.

c. POX procedure (optional) (direct purge): Adjust apparatus [ 4al)]. Select sample
volume by comparing expected POX value (if known) with optimum instrument range. Using
agastight syringe, inject sample through septum into purge vessel, and purge as
recommended by equipment manufacturer. Carefully control gas flow rate, sample
temperature, and purging time. The maximum POX that can be determined is:

0.5 x 1000

PDXI‘I'IH.K.! n-'I'IIIIL = =
" mL sample X 35.5

If replicates are analyzed, sampling from replicate sample bottles may minimize
variability due to volatilization losses.

5. Quality Control

a. Activated carbon quality: Purchase activated carbon ready for use or prepare activated
carbon by milling and sieving high-quality activated carbon. Use only 100- to 200-mesh
carbon in the microcolumn method. During preparation, take care not to expose the activated
carbon to organic vapors. Use of aclean room is helpful. Prepare only small quantities (a
month’s supply or less) at one time. Discard the activated carbon if its DOX background
concentration has increased significantly from the time of preparation or if the background is
greater than 1 ug apparent organic Cl~/40 mg activated carbon. Uniformity of activated
carbon isimportant; therefore, after sieving small portions, combine and mix thoroughly.
Transfer representative portions to clean glass bottles with ground-glass stoppers or with
rubber-backed TFE septa and open ring caps. Store bottles in a gas-purged, evacuated, sealed
desiccator.

Test each newly prepared batch of activated carbon to ensure adequate quality before
use. Use only activated carbon meeting the guidelines outlined below.
1) Check activated carbon particle size by applying deionized water to two 40-mg

activated carbon microcolumns. If flow rate is significantly less than 3 mL/min, resieve
activated carbon to remove excess fines.

2) Analyze apair of method blanks, 1 5e2). Reject carbon if the apparent organic
halogen exceeds 1.2 ug/40 mg activated carbon.

If the activated carbon originated from a previously untested batch from a commercial
supplier, test it for adsorption efficiency and inorganic halide rejection.
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3) Adsorb replicate 100-mL portions of solutions containing 100, 500, and 1000 mg
inorganic CI=/L deionized water. Wash with nitrate solution and analyze. The apparent
organic halogen yield should not increase by more than 0.50 ug over the value determined in
2) above. A greater increase indicates significant interference at that concentration.

b. Serial adsorption: Each aqueous standard and sampleis serially adsorbed on activated
carbon in both procedures given above. Of the net organic halide, 90% or more should be
adsorbed on the first activated carbon portion and the remaining 10% or less on the second.
If, upon separate analysis of the two serial activated carbon portions, the second shows more
than 10% of the net (after subtracting the method blank), reanalyze sample. Inorganic
halogen interference or organic breakthrough are the most common reasons for a high second
activated carbon value. Sample dilution before adsorption may improve recovery on the first
activated carbon in series, but the minimum detectable concentration will be affected.

c. Standards: The standards used in routine analysis, quality control testing, and isolating
specific causes during corrective maintenance include:

1) Sodium chloride standard (] 3d)—Use to check functioning of the titration cell and
microcoulometer by injecting directly into the acetic acid solution of the titration cell. By
examining the height and shape of the peak produced on the chart recorder and from the
integrated value, problems associated with the cell and coulometer may be isolated. Use this
standard at startup each day and after cell cleaning throughout the day. At daily startup
consecutive duplicates should be within 3% of the historical mean. Depending on sample
loading and number of analyses performed, it may be necessary to clean the titration cell
several times per day. After cleaning, cell performance may be very unstable; therefore,
inject asingle NaCl standard before analyzing an instrument calibration standard [see 1 4)
below]. Do not introduce NaCl standards into the pyrolysis furnace by application to the
sample boat.

2) Ammonium chloride standard (1 3e )—Apply this standard to the sample boat to
check for loss of halide in the pyrolysis furnace and entrance of the titration cell. Typically,
this may be necessary when injection of a NaCl standard indicates proper titration cell and
microcoulometer function but the recovery of the calibration standard is poor: suspect either
poor conversion of organic chloride to hydrogen chloride or loss of hydrogen halide after
conversion but before partitioning into the cell solution. To isolate the possible loss of
hydrogen halides inject NH,Cl standard directly onto the quartz sample boat. Recovery

should be better than 95%, with a single peak of uniform shape produced. Use only a new
quartz sample boat free of any residue; an encrusted boat dramatically reduces recovery. Use
this standard for corrective maintenance problem isolation but not for routine analyses.

3) Purgeable organic halide calibration standards—For the POX analysis use agqueous
chloroform solutions for instrument calibration. Also for POX analysis an agqueous
bromoform standard can be used initially to insure acceptable purging conditions. Develop a
standard curve over the dynamic range of the microcoulometer and check daily asin § 5c5).
Recovery of chloroform and bromoform should exceed 90% and 80%, respectively.

4) Instrument calibration standard—Direct injection of trichlorophenol working standard
onto the nitrate-washed method blank in concentrations over the working range of the

© Copyright 1999 by American Public Health Association, American Water Works Association, Water Environment
Federation



WWW.KPATCO.COM

Standard Methods for the Examination of Water and Wastewater

instrument determines linearity and calibration of the analyzer module. After checking for
proper microcoulometer function by injecting NaCl standard, pyrolyze duplicate instrument
calibration standards and then duplicate method blanks. The net response to the calibration
standards should be within 3% of the calibration curve value. If not, check for loss of halide
in the pyrolysis furnace using the ammonium chloride standard [{ 5¢2)].

5) Nonvolatile organic halide calibration standards—Develop an initial standard curve
by analyzing aqueous solutions of 2,4,6-trichlorophenoal, trichloroacetic acid (commonly
formed during chlorination), or another appropriate halogenated organic compound over the
dynamic range of the microcoulometer. This dynamic range typically isfrom 0.5 to 50 ug
chloride, but will vary betwen microcoulometers and titration cells. Construct an initial
calibration curve using five calibration standards in range of 0.5 to 50 pg organic chloride;
recheck calibration curve after changes in an instrument’ s configuration, such as replacement
of atitration cell or major instrument maintenance. Daily, analyze a calibration standard to
check proper function of the instrumentation and procedures. Select check standard in the
concentration range of samplesto be analyzed that day. When samplefiltration is used to
remove particulate matter, also use this pretreatment with the calibration standard. If DOX
recovery isless than 90%, analyze a set of instrument calibration standards [ 5¢c4)].

d. Standard addition recovery: During routine analyses, ideally make standard additions
to every tenth sample. Where the compounds constituting the DOX are known, use standards
of these compounds. Where the compounds constituting the DOX are wholly or partially
unknown, use standards reflecting the relative abundance of the halogens, the molecular size,
and the volatility of the halogenated compounds presumed to be present. Recovery of 90% or
more of the added amount indicates that the analyses are in control. Do not base acceptance
of data on standard addition recoveries.

e. Blanks: High precision and accuracy of the background or blank value isimportant to
the accurate measurement of DOX. Make blank measurements daily. Blanks that may be
required are:

1) Reagent water blank—Analyze each batch of organic-free reagent water. The blank
should have less than the minimum detectable concentration. Use this blank to insure that the
standards, equipment, and procedures are not contributing to the DOX. Once reagent water
blank is demonstrated, it can be used to determine method blank and POX blank as described
below.

2) Method blank—Analyze activated carbon that has been nitrate-washed. Analyze
method blanks daily before sample analysis and after at least each 10 to 14 sample pyrolyses.

3) Purgeable organic halogen blank—Analyze organic-free, pre-purged, reagent water to
determine the POX blank.

6. Calculation
Calculate the net organic halide content as chloride (C,) of each replicate of each sample

and standard:
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C|_C3+C2_C3

C, = organic haide as Cl~ on the first activated carbon column or activated carbon
cake, ug,

C, = organic halide as Cl~ on the second activated carbon column or activated
carbon cake, ug,

C5 = mean of method blanks on the same day and same instrument, ug X as Cl-,

C,4 = uncorrected net organic halide as CI~ of absorbed sample, pug organic halide as

Cl-/L, and
V = volume of sample absorbed, L.
If C, < Cj, then use:

¢, - C
C = =——

If applicable, calculate net purgeable organic halide as CI~ content (P5):

where:
P, = sample purgeable organic halide as CI~, nug,
P, = blank purgeable organic haide as Cl~, ug,
P5 = uncorrected net purgeable organic halide as Cl~, ug X as CI/L, and
V = volume of sample or standard purged, L.

Report sample results and percent recovery of the corresponding calibration standards [
5¢3) or 15¢5)]. Also report the calibration standard curveif it is significantly nonlinear.

7. Precision and Bias

Precision and bias depend on specific procedures, equipment, and analyst. Develop and
routinely update precision and bias data for each procedure, each instrument configuration,
and each analyst. Table 5320:1 shows sample calculations of precision expressed as the
standard deviation among replicates and bias in the recovery of 2,4,6-trichlorophenol.
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Endnotes

1 (Popup - Footnote)
* APPROVED BY STANDARD METHODS COMMITTEE, 1997.

2 (Popup - Footnote)
* Westvaco or Calgon Filtrasorb 400 or equivalent.
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