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1. Scope D 5542 Test Methods for Trace Anions in High Purity Water

1.1 This test method covers on-line analysis of high-purity ~ by lon Chromatograpky

water by the ion chromatography technique. This test methog Terminology

is applicable for measuring various anionic contaminants in . o
high-purity water, typically in the range of 0.02 to 100 pg/L. 3.1 For definitions of terms used in this test method, refer to

This test method is used to determine the concentration oférminology D 1129. B _

acetate, formate, chloride, fluoride, phosphate, nitrate, and 3-2 Definitions of Terms Specific to This Standard:

sulfate in a continuously flowing sample. The range of the test 3-2-1 analytical column,n—a column used to separate the
method is only as good as the reagent water available foRnions of interest. o

preparing standards. At extremely low concentrations, <1.0 3-2-2 analytical column sef,n—a combination of one or
ug/L, preparing standards is difficult, and extra care must b&ore guard columns followed by one or more analytical
taken in their preparation. The sample may have to b&olumns. _ _ _
conditioned from higher pressures and temperatures to condi- 3-2-3 anion suppressor devicen—a device that is placed
tions that are suitable for use by on-line instruments. The ranggétween the analytical columns and the detector. Its purpose is

of the test method is only as good as the reagent water availabi@ inhibit detector response to the ionic constituents in the
for standard preparation. eluant, so as to lower the detector background and at the same

1.2 This standard does not purport to address all of thetime enhance detector response to the iqns of interest.
safety concerns, if any, associated with its use. It is the 3-2-4 breakthrough volumen— the maximum sample vol-
responsibility of the user of this standard to establish appro-Ume that can be passed through a concentrator column before

priate safety and health practices and determine the applicath® 1€ast tightly bound ion of interest is eluted. All of the
bility of regulatory limitations prior to use. columns in series contribute to the overall capacity of the

analytical column set.

2. Referenced Documents 3.2.5 concentrator columnp,n—an ion exchange column
2.1 ASTM Standards: used to concentrate the ions of interest and thereby increase
D 1066 Practice for Sampling Stedm method sensitivity. _

D 1129 Terminology Relating to Wafer 3.2.6 eluant, n—the ionic mobile phase used to transport

D 1192 Specification for Equipment for Sampling Water the sample through the analytical column. _
and Steam in Closed Conddits 3.2.7 guard column,n—a column used before the analyti-

D 1193 Specification for Reagent Water cal column to protect it from contaminants, such as particulate

D 2777 Practice for the Determination of Precision and Biaghatter or ionic species that may chemically foul the resins and

of Applicable Test Methods of Committee D-19 on Water degrade their performance. o
D 3370 Practices for Sampling Water from Closed Con- 3-2.8 ion chromatography,n—a form of liquid chromatog-
duit raphy in which ionic constituents are separated by ion ex-

D 3864 Guide for Continual On-Line Monitoring Systems change followed by a suitable detection means.
for Water Analysi$ 3.2.9 resolution, n—the ability of an analytical column to

D 4453 Practice for Handling of Ultra-Pure Water Samples Separate constituents under specific test conditions.

4. Summary of Test Method

_ 4.1 A continuously flowing sample is injected into the
! This test method is under the jurisdiction of ASTM Committee D19 on Water instrument through a samp|e injection valve. The samp|e is

and is the direct responsibility of Subcommittee D19.03 on Sampling of Water andpumped through a concentrator column where the anions of

Water-Formed Deposits, Surveillance of Water, and Flow Measurement of Water.. . . .
Current edition approved July 10, 1996. Published October 1996. interest are collected on ion-exchange resin. After a suitable

2 Annual Book of ASTM Standardgol 11.01. volume of sample has been passed through the concentrator
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column, sample flow is diverted and an eluant is pumped 5.7 Additionally, on-line monitoring significantly reduces
through the concentrator column to remove the trapped anionghe potential for contamination of high-purity water samples, a
This eluant then flows through an analytical column set wheraignificant problem when sampling and testing high-purity
the anions are separated based on the retention characteristionter.

each anion relative to the eluant used. The eluant stream

containing the anions of interest passes through a suppress@r Interferences

device where the cations from the eluant are exchanged for

hvd . . h . hei it Af 6.1 When working with low concentration samples, blanks,
ydrogen ions, converting the anions to their acid form. After, 4 standards, contamination can be a serious problem. Ex-

the suppressor device, the eluant solution passes throthtféme care must be exercised in all phases of this test method.
conductivity detector where the separated anions are detected. . . .
6.2 Improper sample line material or sample lines that have

Detection limits for the anions are enhanced because the anions . .
; : not been properly conditioned can give results that may not be
are in the acid form rather than the salt.

) ) o L truly representative of the process stream. Absorption/
4.2 The anions are identified based on th_e retention time a&esorption of anions on sample line wall deposits can change
compared to known standards. By measuring peak height

d ing the detect o K tand nalytical results. Maintaining a minimum sample flow of 1.8
area and comparing the detector response to known standargiz,q (6 ft/s) will minimize deposit buildup on sample line walls,
the anions can be quantified.

reducing the potential for absorption/desorption of anions.
6.3 A single anion present at a concentration significantly
higher than other anions could mask closely adjacent peaks on
5.1 In the power-generation industry, high-purity water isthe chromatogram.
used to reduce corrosion from anions, such as sulfate, chloride, g 4 | ow breakthrough volumes may be experienced when
and fluoride. These anions are known to be detrimental t@ontinuously monitoring for anions in water that has had its pH
vessel internals and recirculation piping, heat exchangersnterference can be eliminated by taking the sample from the
connective piping, and turbines. Most electric generating plantg#yent of a cation resin column.
try to control these anions to <1.0 ug/L in the steam generator g 5 |gentification of the anion is based on retention time of

feed water. Some nuclear power plants have been able e anion of interest. An interfering anion having the same

control anion contaminants at less than 0.02 ug/L. retention time as one of the anions of interest will result in
5.2 These anions and others cause low product yields iBrroneously high values for that anion.

semiconductor manufacturing. They are also monitored and g 5 \vhen loading a concentrator column, high concentra-

controlled at similarly low levels as in the electric POWer jiong of interfering anions may cause low breakthrough vol-

industry. i _ i umes of other anions. These interfering anions may act as an
5.3 Low molecular weight organic acids (acetate, formateg|yant and displace other anions from the concentrator column.

propionate) have been detected in steam generator feed watgke Annex Al to determine breakthrough volume. Do not load

These low molecular weight organic materials are believed tg sample volume greater than 80 % of the breakthrough
be high-temperature degradation products of chemicals used {Q me.

control cycle water pH and organic contaminants in cycle
makeup water. . . . . 7. Apparatus

5.4 In the semiconductor industry, anion contaminants may . . )
come from the breakdown of low molecular weight organic /-1 lon chromatograph with the following components:
materials by ultraviolet light radiation, which is frequently ~7-1.1 Eluant Introduction SystemThe wetted portion of

used to produce bacteria-free water. These organic compoun¥ eluant pump should be nonmetallic or of a corrosion-
may also contribute to low product yield. resistant metal to prevent contamination of the chromatography

5.5 The production of high-purity water for process makeup®Clumns.

and use frequently employs the use of demineralizers to 7-1.2 Sample Injection SysteriThe wetted portion of the

remove unwanted anion contaminants. Also in the electrié@mple pump should be nonmetallic or of a corrosion-resistant

power industry, demineralizers are used in the process streaffietal to prevent metal contamination of the chromatography

to maintain low levels of these contaminants. As such, it iscolumns.

important to monitor this process to ensure that water quality 7-1.3 Anion Suppressor Device

standards are being met. These processes can be monitored for.1.4 Conductivity Celllow dead volume (1 pL). Tempera-

the above mentioned anions. ture compensated or corrected flow through conductivity
5.6 On-line measurements of these contaminants provide @etector should be capable of measuring conductivity from 0 to

greater degree of protection of the processes by allowing fot000 uS/cm. If temperature controlled conductivity detector is

frequent on-line measurement of these species. Early detecti¢t$ed, temperature control should beZd.5°C or better.

of contaminant ingress allows for quicker corrective action to 7.1.5 Suppressor Device Regenerant Systebome manu-

locate, reduce, or eliminate, or combination thereof, the sourcdacturers provide integrated regenerant systems that reduce the

Grab samples will not provide the same level of protectionconsumption of eluant. Electrochemical suppressor regenerant

because of their intermittent nature and the longer timesystems can be used, eliminating the need to prepare regener-

required to obtain and then analyze the sample. ant solutions.

5. Significance and Use
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8. Reagents 8.12 Anion Intermediate SolutiorsPrepare a 1000 ug/L

8.1 Purity of Reagents-Reagent grade chemicals shall be Standard of each anion by diluting 1.00 mL of each stock
used in all tests. Unless otherwise indicated, it is intended thatolution to 1 L. If acetate, formate, or phosphate are included
all reagents conform to the specifications of the Committee off? the standard, the solution must be prepared daily. It is
Analytical Reagents of the American Chemical Society wherd€commended that these standards be prepared separately from
such specifications are availabteOther grades may be used, the rest of the anions. .
provided it is first ascertained that the reagent is of sufficiently 8-13 Anion Working Solutions-Prepare a blank and at least
high purity to permit its use without lessening the accuracy ofhree different working solutions from the anion intermediate
the determination. solution, containing the anions of interest. Prepare in dedicated

8.2 Purity of Water— Unless otherwise indicated, reference volumetrlic flasks. and transfer to sample cont_ainers in accor-
to water shall be understood to mean reagent water as definé@nce with Practice D 4453. Prepare fresh daily. The range of
by Specification D 1193 Type 1 and shall contain less than 0.3he working solutions prepared should bracket the analytical
Hg/L of the anions of interest. Freshly prepared water should bEange of interest. A typical range would be 5, 10, and 25 pg/L
used for making the low-level standards used for calibrationfor €ach anion or consistent with analytical range of interest.
Detection limits will be limited by the purity of the water and SYStems equipped with sample preparation modules are ca-
reagents used to make standards. The purity of the water us@able of automatic standard preparation at significantly lower
shall be checked by the use of Test Methods D 5542. concentrations.

8.3 Prepare eluant for the specific columns used and for the Nore 2—when working with very low concentration standards, it is
anions of interest in accordance with manufacturer’'s direcadvisable to use volumetric glassware that has been restricted for use only
tions. for preparing the low-level standards of choice. Contamination from

8.4 Prepare regenerant for the specific suppressor used Yalumetric pipettes can be reduced by preparing the standards gravimetri-
accordance with the manufacturer’s directions if required. cally.

Note 1—There are numerous combinations of analytical columns9. Sampling

suppressors, eluants, and regenerants that may be used with this methodg 1 Collect the sample in accordance with Practice D 1066,
It is not_ practicab]e tp list all the pombinations. Users should use th%pecification D 1192. and Practices D 3370.
appropriate comb_lnatlon of analytlcal co_Iumn, suppressor, eluant, an 0.2 When volatile ,amines are used to control process pH
regenerant to achieve the desired resolution and detection. : ! ’
. : samples should be taken from the effluent of a rinsed strong
8.5 Fluoride Solution, Stock1.00 mL =1.00 mg F)—Dry  5:iq resin exchange column. Typically on-line ion chromatog-
sodium fluoride at 110°C for 2 0.5 h and cool in a desiccator. raphy samples are taken from the effluent of cation resin
Dissolve 2.210 g of dried saltin water and dilute to 1 L. jymns used to continuously monitor cation conductivity.
8.6 Acetate Solution, Stodk.00 mL =1.00 mg acetate)— gamples taken from this source will have cation contaminants
Dissolve 1.389 g of sodium acetate in water and dilute to 1 Lo 5 qgitives such as ammonia removed by the cation resin. This
with water. Store in a brown glass bottle with a TFE- i eliminate high pH conditions that can cause low break-
fluorocarbon lined cap in a refrigerator. through volumes. Process water such as boiling water reactor
8.7 Formate Solution, Stockl.00 mL =1 mg formate)— feeqwater and water used in the semiconductor industry
D!ssolve 1511 ¢ sqd|um formate in water and qnute tol Lgenerally do not have pH additives, and sampling from the
with water. Store in a brown glass bottle with a TFE- gfyent of a cation resin column is not required.
fluorocarbon lined cap in a refrigerator. 9.3 Provide samples to the instrument that meet the manu-

8.8 Chloride Solution, Stockl.00 mL =1.00 mg C)—Dry  ¢5cqyrer's required sample conditions, such as pressure, tem-
sodium chloride (NaCl) for 2= 0.5 h at 110°C and cool in a perature, and minimum sample flow.

desiccator. Dissolve 1.648 g of the dry salt in water and dilute
tolL. 10. Calibration
8.9 Phosphate Solution, Sto¢k.00 mL =1.00 mg PQ)— 10.1 Determine the retention time for the anions being
Dissolve 1.433 g of potassium dihydrogen phosphateM®  getermined by running an intermediate concentration solution
4) In water and d'IUt.e to 1 L with water. containing only that anion and noting the retention time. The
8.10 Sulfate Solution, Stod?.00 mL =1.00mg SQ—Dry  concentration of the anion in the solution used to determine the
sodium sulfate for 2= 0.5 h at 110°C and cool in & desiccator. yetention time should be in the mid range of the standards used
Dissolve 1.479 g of the dried salt in water and dilute t0 1 L. 1 cajiprate the instrument. Inject the working solutions in

8.11 Nitrate Solution, StocK1.00 mL =1.00 mg '\59— accordance with the manufacturer’s recommendations.
Dry approximate} 2 g of sodium nitrate (NaNg) at 105°C for 10.2 Analyze a blank and the working solutions prepared in

48 h. Dissolve exactly 1.371 g of the dried salt in water andg 15 prepare a calibration curve in accordance with the
dilute to 1 L with water. manufacturer's directions.

3Reagent Chemicals, American Chemical Society Specificatidmerican 11. Procedure
Chemical Society, Washington, DC. For suggestions on the testing of reagents not 11.1 Set up the on-line ion chromatograph in accordance
listed by the American Chemical Society, sAealar Standards for Laboratory i e ;
Chemicals BDH Ltd., Poole, Dorset, U.K., and thenited States Pharmacopeia with the rlTanUfﬁCturer S mStrUCtIO.?.S' ith el .
and National FormularyU.S. Pharmacopeial Convention, Inc. (USPC), Rockville, 11.2 Allow the system to equi ibrate with eluant passing

MD. through all chromatography columns. Equilibrate with eluant
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until a stable baseline is achieved. It is recommended that if thes an on-line determination. This inability of Practice D 2777
system is to be shut down for an extended time period thabrocedures to obtain precision and bias data for on-line
eluant flow be constantly maintained. This will reduce equili-determination is recognized and stated in the scope of Practice

bration time when the system is returned to service. D 2777.
11.3 Start sample flow in accordance with the manufactur- 12.2 If it is desirable to validate the monitoring system
er's instructions. results relative to the laboratory method, directions for per-
. ) forming this validation are given in of Guide D 3864. Use Test
12. Precision and Bias Methods D 5542 to validate the on-line instrument.

12.1 Neither precision nor bias data can be obtained for this
test method from a collaborative study designed in accordanck3: Keywords
with the requirements of Practice D 2777 since this test method 13.1 anions; high purity; ion chromatography; on-line

ANNEX
(Mandatory Information)

Al. DETERMINATION OF CONCENTRATOR COLUMN BREAKTHROUGH VOLUME

STAALDRRD

SAMPLE

Al.1 The breakthrough volume is that volume of sample
that causes one or more ions of interest to be eluted from,
rather than retained or concentrated on, the concentrator

ELupyT
SIMULATED SAME

column. The breakthrough volume is dependent upon the pornr
following: SOl
Loor
Al.1.1 The volume of sample loaded, m

Al.1.2 The rate at which the sample is loaded,

Al1l.1.3 The pH of the sample, @
Al.1.4 The ionic strength of the sample, and

Al1.1.5 The ion exchange capacity of the resin in the

roR
column. ]A’musu,ur J l couceuTEs J

charge of the ion. An ion(s) may act as an eluant if its affinity

DE&ETECTOR
for the ion exchange resin is greater than the affinity of the ions

AT
associated with the resin. Early breakthrough is possible when wasTE
one or more ions act as an eluant phase.

Al.2 lon exchange resins have a finite capacity in that they
can retain only a fixed number of ions at any given time. The
number of ions that can be retained is dependent upon the

WASTE

Note 1—Flush concentrator column with eluant.

Al1.3 The breakthrough volume is determined as follows: im’:g:t_z_l‘oad 50 uL loop with 1 mg/L- standard of first eluting ion of

Al1.3.1 Prepare 1 L of a solution that closely simulates the Nore 3—Switch from eluant to simulated sample and inject 50 pL of
type of sample to be analyzed. For example, if the sampletandard. . o
contains ammonia, the simulated sample should also containNoTe 4—Determine breakthrough volume as in Fig. A1.2.
ammonia. Ammonia in solution exists as ammonium hydroxide G- AL Typical Instrument Configuration for Determining
T . . . . . Breakthrough Volume
and ammonium anion. The resulting hydroxide (QHon will 9

act as an eluant. _ . A1.3.6 Do not attempt to concentrate a volume of sample
Al.3.2 Prepa a 1 mg/L standard solution of the first greater than 80 % of the breakthrough volume.
eluting ion of interest (for example, chloride). A1.3.7 Calculate the breakthrough volume (BTV) as fol-

Al1.3.3 Setup the ion chromatograph in accordance with thg,ys:
manufacturer's recommendations to flush the system with

eluant and flush the concentrator column with eluant to a stable BIV=EFXRT (A1)
baseline. See Fig. A1.1. where:

Al1.3.4 Switch to the simulated sample as an eluant andBTV = breakthrough volume,
inject a 50 L portion of the 1 mg/L standard. EF = eluant flow in mL/min, and

A1.3.5 Record the resulting chromatogram and calculate theRT retention time that first anion of interest elutes, min.

breakthrough volume as shown in Fig. A1.2.
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FIG. Al1.2 Determination of Breakthrough Volume
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