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Standard Test Methods for
Trace Anions in High Purity Water by lon Chromatography
This standard is issued under the fixed designation D 5542; 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 epsilonef indicates an editorial change since the last revision or reapproval.

€' Note—A footnote was editorially removed in June 1999.

1. Scope priate safety and health practices and determine the applica-

1.1 These test methods cover the determination of tracBility of regulatory limitations prior to use.
(ug/L) levels of fluoride, acetate, formate, chloride, phospha’[e2 Referenced Documents
and sulfate in high purity water using ion chromatography in
combination with sample preconcentration. Other anions, such 2-1 ASTM Standards: _
as bromide, nitrite, nitrate, sulfite, and iodide can be deter- D 1066 Practice for Sampling Steam
mined by this method. However, since they are rarely present D 1129 Terminology Relating to Water _
in significant concentrations in high purity water, they are not D 1192 Specification for Equipment for Sampling Water
included in this test method. Two test methods are presented _and Steam in Closed Condits

and their ranges of application, as determined by a collabora- D 1193 Specification for Reagent Water o _
tive study, are as follows: D 2777 Practice for Determination of Precision and Bias of

Applicable Methods of Committee D-19 on Weter

Limit of Detection®

Range Tested (Single Operator) D 3370 Practices for Sampling Water from Closed Con-
(Mg/L Added) (Mg/L) Sections duitst
Test Method A 024 08 1 D 4327 Test Method for Anions in Water by Chemically
Phosphate 0-39 3 Suppressed lon Chromatografhy
Sulfate 0-55 18 D 4453 Practice for Handling of Ultra-Pure Water Samples
Test Method B: 16-22
Fluoride 0-14 0.7 H
Acetate 0-414 6.8 3. Termlnology
Formate 0-346 5.6 3.1 Definitions:
1.2 It is the user's responsibility to ensure the validity of 3.1.1 For definitions of terms used in these test methods
these test methods for waters of untested matrices. refer to Terminology D 1129.

1.3 The common practical range of Test Method A is as 3-2 Definitions of Terms Specific to This Standard:
follows: chloride, 1 to 100 pg/L, phosphate, 3 to 100 pg/L, and 3-2.1 analytical columns-a combination of one or more
sulfate, 2 to 100 pg/L. guard columns followed by one or more separator columns
1.4 The common practical range of Test Method B is adised to separate the ions of interest. It should be remembered
follows: fluoride, 1 to 100 pg/L, acetate, 10 to 200 pg/L, andthat all of the columns in series contribute to the overall
formate, 5 to 200 pg/L. capacity of the analytical column set.

1.5 The values stated in Sl units are to be regarded as the 3-2.2 breakthrough volume-the maximum sample volume
standard. that can be passed through a concentrator column before the

1.6 This standard does not purport to address all of thel€ast tightly bound ion of interest is eluted.
safety concerns, if any, associated with its use. It is the 3.2.3 concentrator columa-an ion exchange column used
responsibility of the user of this standard to establish appro-0 concentrate the ions of interest and thereby increase method

sensitivity.
3.2.4 eluant—the ionic mobile phase used to transport the

1 These test methods are under the jurisdiction of ASTM Committee D19 onsampIe throth the eXChange column.
Water and are the direct responsibility of Subcommittee D19.03 on Sampling of 3.2.5 guard columpa—a column used before the separator
Water and Water-Formed Deposits, Surveillance of Water, and Flow Measuremeiglumn to protect it from contaminants, such as particulate

of Water. . . . .
Current edition approved April 15, 1994. Published September 1994. matter or IrreverSIbly retained materials.

2 Limit of detection is lowest measurable concentration not reportable as zero at
99 % level of confidence as per EPRI study as cited in Sections 15 and 22. -
2 Insufficient data to calculate limit of detection. 4 Annual Book of ASTM Standardgol 11.01.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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3.2.6 ion chromatography-a form of liquid chromatogra- 5.2 Purity of Water— Unless otherwise indicated, refer-
phy in which ionic constituents are separated by ion exchangences to water shall be understood to mean reagent water
followed by a suitable detection means. conforming to Specification D 1193, Type I. Column life may

3.2.7 resolution—the ability of an analytical column to be extended by passing Type | water through a 0.22 um filter
separate constituents under specific test conditions. prior to use. Freshly prepared water should be used for making

3.2.8 separator column-the ion exchange column used to the low level standards intended for calibration. The detection
separate the ions of interest according to their retentiofimits of this method will be limited by the purity of the water
characteristics prior to their detection. and reagents used to make the standards. The purity of the

3.2.9 suppressor devieea device that is placed between water may be checked by use of this method. Anion concen-
the analytical columns and the detector. Its purpose is to inhibirations of less than 0.2 ppb each, is typical of Type | water.
detector response to the ionic constituents in the eluant, so as .
to lower the detector background and at the same time enhane Sampling

detector response to the ions of interest. 6.1 Collect samples in accordance with Practice D 1066,
o Specification D 1192, Practice D 3370, and Practice D 4453, as
4. Significance and Use applicable.

4.1 The anions fluoride, chloride, and sulfate have been 6.2 Collect samples in polystyrene bottles that should be
identified as important contributors to corrosion of high presilled to overflow and capped, so as to exclude air. Glass
sure boilers, electric power turbines and their associated heaample bottles should not be used, as they can contribute ionic
exchangers. Many electric power utilities attempt to reducecontamination.
these contaminants in their boiler feed water to less than 1 6.3 Samples should be analyzed within 48 h of sampling.
Hg/L. When acetate, formate or phosphate data are required, refrig-

4.2 In the semiconductor manufacturing process these iongyate at 4° Celsius upon sampling.
among others, have been identified as a cause of low product6.4 To prevent added ionic contamination, no preservation
yield and, thus, must be monitored and controlled to levelor filtration of the sample shall be done.
similar to those required by the electric power industry.

4.3 Low molecular weight organic acids, such as acetate andlEST METHOD A—CHLORIDE, PHOSPHATE, AND
formate, have been found in many steam generator feed waters SULFATE
and condensates. They are believed to come from the hi Scope
temperature breakdown of organic matter found in boiler make P
up water. It is felt that these organic acids promote corrosion by 7-1 This test method is optimized for the quantitative

lowering the pH of boiler waters and may even be corrosivedetermination of trace levels of chloride, phosphate, and
themselves. sulfate. Anions such as fluoride, acetate, and formate can be

4.4 Such low molecular We|ght Organics may also bedetected by this methOd, but are not reliably resolved from

produced when ultraviolet light is used to produce bacteria-fre€ach other. See Fig. 1 for a typical chromatogram.
water for semiconductor processing. Such polar organic con- 7-2 Using a concentrated sample volume of 20 mL, the test
taminants are suspected of causing reduced semiconductdethod is applicable in the range outlined in Section 1. The
yields. range of this test method may be extended by concentrating a
4.5 Phosphates are commonly added to drum boilers in th&maller or a larger sample volume. Be sure not to exceed
low mg/L level to precipitate calcium and magnesium andconcentrator column breakthrough volume (see annex).
thereby prevent scale formation. lon chromatography can b
used tg r?]onitor the concentration of such chen?icaﬁs)i/n boileg‘ Summary of Test Method

water, as well as detect unwanted carry-over into the steam. 8.1 A flow diagram of an ion chromatograph is shown in
Fig. 2. With the sampling valve in the load position, the

5. Reagents desired volume of sample (for example, 20 mL) is pumped

5.1 Purity of Reagents-Reagent grade chemicals shall be through a concentrator column where the anions of interest are
used in all tests. Unless otherwise indicated, it is intended thdtapped. The sampling valve is then switched to the inject
all reagents shall conform to the specifications of the Commitposition and the pumped eluant, containing sodium carbonate

tee on Analytical Reagents of the American Chemical Societyand bicarbonate, sweeps these anions through the analytical
where such specifications are availaBle. columns where they are separated according to their retention

5.1.1 Other grades may be used, provided it is first asce€haracteristics relative to the anions in the eluant. The eluant

tained that the reagent is of sufficiently high purity to permit its Stream next passes through a suppressor where all cations are

use without lessening the accuracy of the determination. ~ €xchanged for hydrogen ions. This converts the carbonate and
bicarbonate in the eluant to the poorly ionized carbonic acid,
thus reducing the background conductivity.

°Reagent Chemicals, American Chemical Society Specificatimerican 8.1.1 This also converts the anions to their acid form, thus

Chemical Society, Washington, DC. For suggestions on the testing of reagents nginhancing their conductivity. The eluant stream then passes

listed by the American Chemical Society, sAealar Standards for Laboratory R i

Chemicals BDH Ltd., Poole, Dorset, U.K., and thenited States Pharmacopeia thr.OUQh an electrical CondlflC“VIty detector, where the Separated

and National FormularyU.S. Pharmaceutical Convention, Inc. (USPC), Rockville, amon_s are deteCte_d- A strip chart recorder a_ndlor a chromato-

MD. graphic integrator is used for data presentation.
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Eluent: 0.75 mM Sodium bicarbonate
2.2 mM Sodium carbonate SAMPLE

Flow Rate: 2 mlL/min SAMPLE !
oM |
Columns: TAC -1 Concentrator CONCENTRATOR
TonPac AG4A Guard CorumMN
IonPac AS4A Analytical N
{
. . SAMPLING
Suppressor: AMMS Anion MicroMembrane VALVE N
25 mN Sulfuric acid
3 mL/min
GUARD WASTE
Detector: Conductivity L REGENERANT ‘ ‘ COLUMN l

Sample: Deionized water
10 ml. Concentrated COLUMN
Pcaks: 1. Chloride Sug/l. —_— SUPPRESSOR % -— WASTE
1

2. Nitrate 20 ug/L.
CONDUCTIVITY | ' DATA
DETECTOR SYSTEM

3. Phosphate 20 ug/L
2 4. Sulfate 20 ug/lL

WASTE
FIG. 2 Schematic of an lon Chromatograph

9.4 Samples containing high (mg/L) concentrations of am-
H monia, morpholine, or other additives which raise the hydrox-
R ide concentration (pH) of the sample may cause low break-
through volumes. This problem may be avoided by taking such
samples after the cation resin of a cation conductivity detector.

10. Apparatus
L pp

10.1 lon Chromatograph-The ion chromatograph should
have the following components assembled, as shown in Fig. 2.

10.1.1 Eluant and Regenerant Containers

10.1.2 Eluant Pumpcapable of delivering 2 to 5 mL/min of
eluant at a pressure of up to 2000 psig. Wetted parts of the

8.2 The anions are identified based on their retention timegump should be nonmetallic, so as not to contaminate the
when compared to known standards. Quantitation is acconf:oncentrator or analytical columns with metals, or both.
plished by measuring the peak height or area and comparing it 10.1.3 Sample Pumjpcapable of delivering up to 5 mL/min

o 2 4 6 8 10
MINUTES
FIG. 1 Anions by Test Method A

to a calibration curve generated from known standards. ~ Of sample at a pressure of at least 200 psig. Wetted parts of the
pump should be nonmetallic, so as not to contaminate the
9. Interferences concentrator and/or analytical columns with metals.

9.1 When working at microgram per litre concentrations 10.1.4 Concentrator Colum#-Anion exchange column
and lower, contamination can be a very serious problemwith sufficient capacity to concentrate at least 20 mL of sample
Extreme care must be exercised in all phases of the test methbefore reaching chloride breakthrough.

(sample collection, storage, and analysis) to eliminate contami- 10.1.5 Guard Columr— Anion exchange column, typically
nation. of the same anion exchange material used in the separator

9.2 As with other types of chromatography, if one of thecolumn. The purpose of this column is to protect the separator
sample components is present at very high concentratiocolumn from particulate matter and irreversibly retained ma-
levels, it may interfere by causing a very large peak on theerials.
chromatogram that could mask other peaks present. This type 10.1.6 Separator Columa- Anion exchange column ca-
of interference may normally be minimized by dilution of the pable of separating chloride from the injection void volume, as
sample, depending on the concentration of other anions.  well as resolving the anions chloride, phosphate, and sulfate.

9.3 When loading concentrator columns, high concentra- 10.1.7 Suppressor ColumaA membrane based cation ex-
tions of certain anions may cause low breakthrough volumes athanger which is continuously regenerated by a flow of dilute
other anions. These certain anions may act as eluants amsdlfuric acid.
displace other anions from the concentrator column. See annex10.1.8 Detector—A low-volume, flow-through,
to determine breakthrough volume. Do not attempt to concentemperature-compensated electrical conductivity cell equipped
trate a volume of sample greater than 80 % of the breakthroughith a meter capable of reading from 0 to 1000 uS/cm on a
volume. linear scale.
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10.1.9 Recordey compatible with the detector output with a levels expected in the samples. If desired, a standard may be
full-scale response timef @ s orless. prepared that contains all six anions. A typical range would be

10.1.10 Integrato—An electronic integrator, such as is 5, 10, and 25 pg/L of each anion per standard. This would be
used with gas and liquid chromatographs, may be used tprepared by taking 5, 10, and 25 mL of the standard stock
guantitate peak area, as well as peak height. The peak area datdution and diluting to 1 L with water for each standard. The
can be used in the same way peak height is used to quantitatéank standard is a portion of the same water used to prepare
results. the working standard solutions.

10.1.11 Sample Bottles- Polystyrene culture bottles witha  11.6 Some investigators prefer to work with standard solu-
total capacity of approximately 270 mL have been foundiions that are prepared by diluting microlitre qualities of stock

satisfactory. o standards (or low level standards) using push-button microlitre
10.1.12 The following is a summary of the columns andpipettes. These have been found to be adequate for many

suppressor components used in the collaborative study. purposes, but their precision may be limited.

Concentrator column:  AG-4A

Guard column: AG-4A H ;

Separator column: AS_—4A ) 12. Calibration

Suppressor device:  Anion MicroMembrane © Suppressor 12.1 Determine the retention time for each anion by analyz-
11. Reagents ing a standard solution containing only the anion of interest and

11.1 Eluant—Dissolve 0.25 g of sodium bicarbonate (0.75 noting the time required for a peak to appear on the chromato-

millimolar) and 0.93 g of sodium carbonate (2.2 millimolar) in gram. .
water and dilute to 4 L with water. Other eluants may also 12:2 Analyze the blank and each of the working standard

prove to be acceptable, provided they give the proper resolsolutions described in 11.5, according to the following:

tion between the component peaks. 12.2.1 Analyze the blank (known volume of water loaded
11.2 Suppressor RegenerarCautiously add 3 mL of con- onto the concentrator column).

centrated sulfuric acid to 4 L of water. 12.2.2 Analyze the standard solutions (known volume of
11.3 Stock Solutions standard solution loaded onto the concentrator column).
11.3.1 Fluoride Solution, Stock1.00 mL =1.00 mg F)— 12.2.3 If a measurable peak is noted on the blank chromato-

Dissolve 2.210 g of sodium fluoride (NaF) in water and dilutegram that coincides in retention time with a peak of interest,

to 1 L with water. determine the concentration of each of the ions in the blank by

11.3.2 Acetate Solution Stocil.00 mL =1 mg acetate)— plotting the standard concentration on the abcissa and the peak
Dissolve 1.389 g of sodium acetate in water and dilute to 1 Lheight or area on the ordinate of linear graph paper.

with water. 12.2.4 Extrapolate the line through the abscissa. The point

'11.3.3 Formate Solution Stood.00 mL =1 mg formate)— ¢ \which the line intercepts the abscissa represents the concen-
Dissolve 1.511 g sodium formate in water and dilute t0 1 Liation of the anion in the blank.

with water. . L

. . _ 12.2.5 Add the concentration of the anion in the blank to the
chllolr.ig.ed)ffhljl)cr);li?) dii?nluctécl)gri dsetc()ﬁz(éf)of%l rr?lét_léoc")g arggl nominal concentration of the prepared standard solution.
cool in a desiccator. Dissolve 1.648 g of the dry salt in water 12:2-5-1Example-A 10 pg/L prepared chloride standard
and dilute to 1 L with water. solution with a blank correction of 0.2 pg/L would be plotted

11.3.5 Phosphate Solution Stockl.00 mL=1.00 mg @S 10.2ug/L chloride. — _ _
PO,)—Dissolve 1.433 g of potassium dihydrogen phosphate 12.3 Reconstruct a calibration curve by plotting the adjusted
(KH PO ) in water and dilute to 1 L with water. concentration of the standards versus peak area or peak height

11.3.6 Sulfate Solution Stockl.00 mL =1.00 mg SQ— or adjust the concentration of the standard values entered into

Dry sodium sulfate fo1 h at105°C and cool in a desiccator. @ computer or computing integrator for direct read-out in

Dissolve 1.479 g of the dried salt in water and dilute to 1 L withconcentration units.

water. 12.3.1 The concentration of standard solutions prepared for
11.4 Intermediate Standard SolutiorsPrepare a 1000 pg/L instrument calibration should approximate or bracket the

standard of each anion by diluting 1.00 mL of each standardoncentration of the sample whenever possible.

stock solution to 1 L. These solutions should be prepared fresh 12 3.2 Each analytical curve should be established using
weekly and should be stored in polypropylene or polystyrengnly one scale setting. Changing the scale setting may result in

bottles. a slight change in the slope of the analytical curve.

11.5 Working Standard SolutiorsPrepare a blank and at 15 3 3 When working with concentrator columns, the vol-
least three different working standards containing the anions qf ..o of standard and sample must be kept constant.

interest. The combination anion solutions should be prepare .
in volumetric flasks and then transferred to polystyrene bottles. 12.3.4 The sca]e setting useq .(“S) ShOUId pe_ adequate to
bserve peaks of interest with minimal noise. This is especially

These standards must be prepared fresh daily. The concentfy

tion range for the three standards will be dependent on thgue at very lOW, sensitivity 5?‘“”93- ]
12.4 Alternatively, computing integrators or computerized

chromatographic data systems can be used to accomplish the
© Anion MicroMembrane Suppressor is a registered trademark of Dionex Corpessential features of the calibration procedure described above.
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TABLE 1 Summary of Test Results for Test Method A

Note 1—Where:
n =number of laboratories (one operator per laboratory),
S, =single operator standard deviation,
S, =overall standard deviation, and
NA = not applicable.

Chloride
Bias Statistically
Sample n Amount/,lkidded, Amount/Eound, Significant at So,H g/l S, Ha/L
Hg Hg Hg/L % the 5 % Level
1 9 0.00 0.27 +0.27 NA Yes 0.40
2 10 0.00 0.47 +0.47 NA Yes 0.27 0.57
3 10 0.71 0.68 -0.03 -4.4% No 0.39
4 10 0.94 0.90 +0.04 +4.4 % No 0.26 0.42
5 11 3.75 3.77 +0.02 +0.5% No 1.09
6 11 4.70 4.13 -0.40 -10% No 0.70 0.92
7 10 18.80 16.51 -2.29 -13.9% Yes 2.65
8 10 23.50 19.61 -3.89 -19.8 % Yes 1.78 3.80
Phosphate
1 10 0.00 1.44 +1.44 NA Yes 1.92
2 10 0.00 1.12 +1.12 NA Yes 0.73 1.31
3 10 1.17 1.30 +0.13 +11 % No 1.03
4 10 1.56 1.89 +0.33 +21 % No 1.03 1.71
5 9 6.19 4.41 -1.78 +29 % No 4.11
6 10 7.73 5.04 -2.69 -35% No 1.26 3.92
7 10 31.00 23.67 -7.33 -24 % No 11.46
8 10 38.80 32.28 -6.52 -17% No 5.93 14.66
Sulfate
1 10 0.00 1.68 +1.68 NA Yes 1.88
2 9 0.00 1.03 +1.03 NA Yes 0.77 0.70
3 9 1.65 1.95 +0.30 +18 % No 0.88
4 9 2.20 2.55 +0.35 +16 % No 0.52 0.68
5 10 8.75 8.99 +0.24 +3 % No 1.99
6 9 10.90 10.03 -0.87 -8% No 1.07 1.47
7 9 43.90 43.76 -0.14 -3% No 416
8 10 54.80 56.88 +2.08 +4 % No 1.31 8.56
13. Procedure 14.2 Anion Concentration
13.1 Set-up the lon Chromatograph according to the manu- ugL = AXF

facturer’s instructions. _
13.1.1 The detector ranges are variable. Normal operating/nere: L read f _ ibrati q
ranges are from 1 to 30 uS/cm full scale. The range settind® — &%nc;er]?rat'rgrznf:cptg:op”ate calibration curve, an
required for analysis will depend on the concentration of 14_3 Th : trati .f tor should b 't ity if
anions in the sample and the volume loaded on the concentrator ™ € concentration factor should be equal to unity 1
column and should be chosen accordingly. equal volumes of standard and sample have been loaded on the
o ; concentrator column.
13.2 Equilibrate the system by pumping eluant through al
three columns until a stable baseline is obtained (approxiis. Precision and Bias (Test Method A)
mately 15 to 20 min). This equilibration can normally be

arcecog:glc;shed while the samples and standards are bempﬂ]osphate, and sulfate in demineralized water was determined
prep ’ by collaborative testing conducted under the auspices of the

13.3 Set up the instrument as directed by the manufacture : . .
; lectric Power Research Institutélable 1 is a summary of
The concentrator column should be installed where the norm e results

sample loop is located on the LOAD/INJECT valve.
Note 1—Caution: Do not handle the fittings where they may come in TEST METHOD B—FLUORIDE, ACETATE, AND
contact with the eluant stream. Chloride contamination may result. FORMATE
13.4 Inject the sample loaded on the concentrator columyg Scope

into the eluant stream as per manufacturer’s instructions.
Record the ion chromatogram.

15.1 Precision and bias of this test method for chloride,

16.1 This test method is optimized for the quantitative
determination of trace levels of fluoride, acetate, and formate in
14. Calculation

14.1 Refer the peak helght or area for the anlon(s) of interest " Electric Power Research Institute Project No. (2). RP 2712" Sub-Program Grab

to the app_ropr_iate analytical curve(s) to determine the anio@;ample Method Validation Report of Results,” J. K. Rice Consulting Engineer, Palo
concentration in pg/L. Alto, CA, Dec. 3, 1987.
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Eluent: 5 mM Sodium tetraborate ionized boric acid, thus reducing the background conductivity.
This also converts the anions to their acid form thus enhancing

Flow Rate: 2 mL/min . ..
their conductivity. The eluant stream then passes through an
Columns: TAC -1 Concentrator electrical conductivity detector, where the separated anions are
igzgzz QS:: fualrd. detected. A strip chart recorder or a chromatographic integra-
nalytical tor, or both, are used for data presentation.
Suppressor: AMMS Anion MicroMembrane 17.2 The anions are identified based on their retention
Regencrant: 17 N Sulfuric Acid tir_nes, compared to known standards. Quantitation is accom-
S mL/min plished by measuring the peak height or area and comparing it
to a calibration curve generated from known standards.
Sample: Deionized water
10/ mL Concentrated 18. Interferences
! 3 Peaks: 1. Borate (as Boron) 2000 mg/L 18.1 When working at micrograms per litre and lower
i: Q:;;‘ic 12:5% concentrations, contamination can be a very serious problem.
4. Formate 16 mg/L Extreme care must be exercised in all phases of the method
5. Chloride 16 mg/L (sample collection, storage, and analysis) to eliminate contami-
nation.

18.2 Anions that elute after chloride, such as nitrate, phos-
phate, and sulfate, will have such long elution times that they
will only be noticed as minor drifts in the baseline when
present at concentrations similar to chloride. However, if some

5 of these are present at much greater concentrations they may
cause ghost peaks on later chromatograms which may interfere
3, with quantitation of the anions specified for this method.
Accordingly, chromatograms should be scrutinized for unex-
pected peaks with a significant tailing character. When this is
B encountered, the length of the chromatographic run should be
h'} lengthened, so that these interferences will be eluted before
0 s 10 is 20 injecting the next sample.
MINUTES 18.3 As with other types of chromatography, if one of the
FIG. 3 Anions by Test Method B sample components is present at very high levels, it may

interfere by causing a very large peak on the chromatogram

high purity water and in water containing up to 2000 mg/L which could mask other peaks present. This type of interfer-
boron from boric acid. The range of the method is summarize@nce may normally be minimized by dilution of the sample,

in Section 1. See Fig. 3 for a typical chromatogram. depending on the concentration of the other anions.
16.2 This test method does not respond to sulfate, since its 18.4 When loading concentrator columns, high concentra-
elution time is very long. tions of certain anions may cause low breakthrough volumes of

16.3 Using a concentrated sample volume of 20 mL, the testther anions, that will displace anions of interest from the
method is applicable in the range outlined in Section 1. Theoncentrator column. See Annex to determine breakthrough
range of this method may be extended upward by concentratingolume.

a smaller sample volume, or downward by concentrating a 18.5 Highly retained anions (for example, sulfate), if
larger sample volume. When analyzing samples containingresent, will eventually accumulate on the concentrator column
high amounts of boric acid (for example, 1 %), the volumeand the analytical columns and thus reduce capacity. Accord-
concentrated should not exceed 30 mL, so as not to exceed thegly, all columns should occasionally be flushed with a

breakthrough volume for fluoride. ten-times stronger eluant for 30 min, so as to restore capacity.
This may be needed as often as once a day or as little as once
17. Summary of Test Method a week depending on sulfate concentration.

17.1 A flow diagram of an ion chromatograph is shown in
Fig. 2. With the sampling valve in the load position, the desired19. Apparatus
volume of sample (for example, 20 mL) is pumped through a
concentrator column where the anions of interest are trapped
The sampling valve is then switched to the inject position an
the pumped eluant, containing sodium tetraborate, swee%O Reagents
these anions through the analytical columns where they are™ 9
separated according to their retention characteristics relative to 20.1 The reagents for this test method are identical to those
the anions in the eluant. The eluant stream next passes throuffit Test Method A, except as indicated below.
a suppressor where all cations are exchanged for hydrogen20.2 Eluant (5 mM tetraborate}-Dissolve 7.6 g of sodium
ions. This converts the tetraborate in the eluant to the poorlyetraborate decahydrate (borax) in water and dilute to 4 L with

19.1 The apparatus for this test method is identical to that
cquuwed for Test Method A (see Section 10).
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TABLE 2 Summary of Test Results for Test Method B

Note 1—Where:
n =number of laboratories (one operator per laboratory),
S, =single operator standard deviation,
S, =overall standard deviation, and
NA = not applicable.

Fluoride
Bias Statisticall
Sample n Amount Added,  Amount Found, Significant )z;t So,H g/l S, Hg/L
Ho/L Ho/L Hg/L % the 5 % Level

1 6 0.00 0.21 +0.21 NA Yes 0.15
2 6 0.00 0.31 +0.31 NA Yes 0.11 0.23
3 7 0.42 0.59 +0.17 +40 % No 0.29
4 7 0.56 0.54 -0.02 -4 % No 0.19 0.28
5 7 2.21 2.14 -0.07 -3% No 0.78
6 7 2.77 2.56 -0.21 -8 % No 0.72 0.61
7 7 11.10 11.05 -1.05 -9% No 1.34
8 7 13.80 12.55 -1.25 -9% No 0.92 1.88

Acetate
1 6 0.00 1.91 + 1.91 NA Yes 1.71
2 6 0.00 3.12 + 3.12 NA Yes 1.38 1.90
3 6 12.40 25.09 +12.69 +100 % Yes 7.29
4 6 16.60 30.84 +14.24 + 86 % Yes 2.24 8.05
5 6 66.10 76.47 +10.37 + 16 % No 17.39
6 6 82.70 89.76 + 7.06 + 8% No 12.26 23.34
7 6 331.00 324.13 - 6.87 -21% No 100.73
8 6 414.00 363.20 -50.80 -12% No 30.02 124.14

Formate
1 6 0.00 1.86 + 1.86 NA No 1.87
2 7 0.00 3.30 + 3.30 NA Yes 1.65 2.81
3 7 10.40 20.84 +10.44 +100 % Yes 2.82
4 7 13.90 24.25 +10.35 + 74% Yes 3.14 1.19
5 7 55.30 65.88 +10.58 + 19% Yes 2.67
6 7 69.20 79.21 +10.01 + 14 % Yes 5.34 6.04
7 7 277.00 276.40 - 0.60 -02% No 54.99
8 7 346.00 312.03 -33.97 - 10% No 23.44 62.37

water. Other eluant concentrations may also prove acceptablepllaborative testing conducted under the auspices of the
provided they give the proper resolution between the compoElectric Power Research Institiite Table 2 is a summary of
nent peaks. the results.

21. Calibration, Procedure, and Calculations 23. Keywords

21.1 These sections are identical to those cited in Test 23.1 anion; eluant; ion Chromatography; trace
Method A (see Sections 12, 13, and 14).

22. Precision and Bias (Test Method B) :
.. . . . Electric Power Research Institute Project No. (2). RP 2712 Sub-Program Grab
22.1 The precision and bias of this test method for ﬂuorldeSample Method Validation Report of Results,” J. K. Rice Consulting Engineer, Palo

acetate, and formate in demineralized water was determined Iayto, CA, Dec. 3, 1987.
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ANNEX
(Mandatory Information)

Al. DETERMINATION OF CONCENTRATOR COLUMN BREAKTHROUGH VOLUME

Al.1 The breakthrough volume is that volume of sample A1.3 The breakthrough volume is determined as follows:

that causes one or more ions of interest to be eluted from, 5q 3 1 Prepare 1 L of a solution that closely simulates the
rather than retained or concentrated on, the concentrathr,pe of sample to be analyzed. For example, if the sample
column. The breakthrough volume is dependent upon the,niains ammonia, the simulated sample should also contain

following: ammonia. Ammonia in solution exists as ammonium hydroxide
Al.1.1 The volume of sample loaded, and ammonium anion. The resulting hydroxide (OH) ion will
Al1.1.2 The rate at which the sample is loaded, act as an eluant.
Al1.1.3 The pH of the sample, Al1.3.2 Prepa a 1 mg/L standard solution of the first
Al.1.4 The ionic strength of the sample, eluting ion of interest (for example, chloride).
Al.1.5 The capacity of the resin in the column, and A1.3.3 Set up the ion chromatograph, as shown in Fig.
Al1.1.6 The amount of resin in the column. A1.1, and flush the concentrator column with eluant to a stable

A1.2 lon exchange resins have a finite capacity in that the@seline.
can retain only a fixed number of ions at any given time. The Al.3.4 Switch to the simulated sample as an eluant and
number of ions that can be retained is dependent upon th@anually inject a 50 pL portion of the 1 mg/L standard.
charge of the ion. An ion(s) may act as an eluant if its affinity A1.3.5 Record the resulting chromatogram and calculate the
for the ion exchange resin is greater than the affinity of the iondreakthrough volume, as shown in Fig. A1.1.
already associated with the resin. Early breakthrough is pos- A1.3.6 Do not attempt to concentrate a volume of sample
sible when one or more ions act as an eluant phase. greater than 80 % of the breakthrough volume.
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1 Flush concentrator column with eluent
2 Load 50 ul. loop with 1 mg/L standard of first eluting ion of interest
3 Switch from eluent to simulated sample and inject 50 ul. of standard

4 Determine breakthrough volume as follows:

I BREAKTHROUGH ———-- 9

I VOLUME ‘ ___FIRSTELUTING

| 50 mL : ION OF INTERES?
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M '
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FIG. Al.1 Determination of Breakthrough Volume
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