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INTERNATIONAL
Standard Test Method for
Determination of Chloride, Nitrate, and Sulfate in
Atmospheric Wet Deposition by Chemiecally-Suppressed lon
Chromatography’
This standard is issued under the fixed designation D5085; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (&) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This test method is applicable to the determination of chloride, nitrate, and sulfate in atmospheric wet deposition samples (rain,

snow, sleet, and hail) by echemieally—suppressed ion chromatographychromatography. H-For additional apptteations
referapplications, see to Test Method D4327.

1.2 The concentration ranges for this test method are as listed below. The range tested was confirmed using the interlaboratory
collaborative test (see Fable—+Table 1 for statistical summary of the collaborative test).

Range-of Range

MBE Method Fested

trgh-2) gy {rgf)

Method Range of Range

Detection Method Tested

L (mg/L) (1) (mg/L) (mg/L)
Chloride 0.03 0.09-2.0 0.15-1.36
Nitrate 0.03 0.09-5.0 0.15-4.92
Sulfate 0.03 0.09-8.0 0.15-6.52

1.3 The method detection limit (MDL) is based on single operator precision (21)> and may be higher or lower for other operators
and laboratories. The precision and bias data presented are insufficient to justify use at this low tevel-however, many-workershave
feundlevel; however, it has been reported that this test method is reliable at lower levels than those that were tested. The MDLs
listed above were determined following the guidance in 40 CFR Part 136 Appendix B. Other approaches to the determination of
MDLs may vyield different MDLs.

1.4 Method Detection Limits will vary depending on the type and length of column(s) used, the composition and strength of eluent
used, the bore size of the instrumentation (that is, microbore or standard bore), eluent flow rate and other variables between
instruments. The method detection limits listed above are those used in determining the Precision and Bias of this method as given
in Table 1.

1.5 This standard does not purport to address all of the safety concerns, if any, associated with its use. It is the responsibility
of the user of this standard to establish appropriate safety-safety, health, and healthenvironmental practices and determine the
applicability of regulatory limitations prior to use. Specific precautionary statements are given in Section 9.

! This test method is under the jurisdiction of ASTM Committee D22 on Air Quality and is the direct responsibility of Subcommittee D22.03 on Ambient Atmospheres
and Source Emissions.

Current edition approved ©et—-2643Sept. 1, 2021. Published Oetober2643April 2022. Originally approved in 1990. Last previous edition approved in 26682013 as
D5085 — 02 ¢2668)(2013). DOI: +6-+526/D5685-62R+3:10.1520/D5085-21.

2 The boldface numbers in parentheses refer to references at the end of this test method.
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TABLE 1 Precision and Bias for Chloride, Nitrate, and Sulfate Determined from the Synthetic Atmospheric Wet Deposition Samples
Used in the Interlaboratory Comparison Study

Precision mg/L

Amount Mean Bi Significant
Analyte Added, Recovery, m . %% 5 %% oL Biase
mg/L mg/L S; Reproguglblllty S, Repe_atqblllty mg 1as
Limit Limit
Chloride 0.15 0.157 36 0.0535 0.150 0.0116 0.0325 0.007 no
0.30 0.293 35 0.0554 0.155 0.0291 0.0815 -0.007 no
0.68 0.652 36 0.0549 0.154 0.0237 0.0664 -0.028 biased low
1.36 1.368 36 0.1 0.28 0.0431 0.121 0.008 no
Nitrate 0.15 0.138 24 0.0362 0.101 0.0289 0.0809 -0.012 no
1.08 1.077 24 0.0495 0.139 0.0421 0.118 -0.003 no
2.44 2.486 22 0.0197 0.0552 0.0183 0.0512 0.046 biased high
4.92 4.999 24 0.126 0.353 0.075 0.21 0.079 biased high
Sulfate 0.15 0.172 36 0.055 0.154 0.0304 0.085 0.022 no
1.43 1.442 35 0.0683 0.191 0.0369 0.103 0.012 no
3.23 3.358 36 0.13 0.364 0.046 0.129 0.128 biased high
6.52 6.775 36 0.37 1.04 0.109 0.305 0.255 biased high

A Number of samples included in final statistical analysis after removal of outlier data.
B95 % confidence level.

© Between laboratory precision, reproducibility.

P within laboratory precision (pooled single operator precision), repeatability.

1.6 This international standard was developed in accordance with internationally recognized principles on standardization
established in the Decision on Principles for the Development of International Standards, Guides and Recommendations issued
by the World Trade Organization Technical Barriers to Trade (TBT) Committee.

2. Referenced Documents

2.1 ASTM Standards:’
D883 Terminology Relating to Plastics
D1129 Terminology Relating to Water
D1193 Specification for Reagent Water
D1356 Terminology Relating to Sampling and Analysis of Atmospheres
D2777 Practice for Determination of Precision and Bias of Applicable Test Methods of Committee D19 on Water
D3670 Guide for Determination of Precision and Bias of Methods of Committee D22
D4210 IZractice for Intralaboratory Quality Control Procedures and a Discussion on Reporting Low-Level Data (Withdrawn
2002)
D4327 Test Method for Anions in Water by Suppressed Ion Chromatography
D5012 Practice for Preparation of Materials Used for the Collection and Preservation of Atmospheric Wet Deposition
E694 Specification for Laboratory Glass Volumetric Apparatus
E1154 Specification for Piston or Plunger Operated Volumetric Apparatus
IEEE/ASTM SI-10 Standard for Use of the International System of Units (SI): The Modern Metric System
2.2 Other Documents:
40 CFR 136 Appendix B Definition and Procedure for the Determination of the Method Detection Limit®

3. Terminology

3.1 Definitions—For definitions of terms used in this test method, refer to Terminologies D883, D1129, and D1356 and Test
Method D4327 and Practice IEEE/ASTM SI-10.

4. Summary of Test Method

4.1 Ton chromatography combines eonduetometrieconductimetric detection with the separation capabilities of ion exchange
resins. DA filtered aliquot of the sample, ranging in size from 565 to 250 L, depending on instrumental system, is pumped

3 For referenced ASTM standards, visit the ASTM website, www.astm.org, or contact ASTM Customer Service at service @astm.org. For Annual Book of ASTM Standards
volume information, refer to the standard’s Document Summary page on the ASTM website.
+ The last approved version of IhlS historical standard is referenced on www.astm. org

s&&sfﬁetery-Avallable from U. S Govemment Pubhshmg Office (GPO), 732 N. Capltol St., NW, Washmcton DC 20401 http://www.gpo.gov.
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sa e ach-ion is 1dent1ﬁed by its retention time within the exchange column.
The sample ions are selectlvely eluted off the separator column and enteinto a suppressor—eolummn;—suppressor, where the
conductivity of the eluent ions is reduced and the sample ions are converted to therr correspondlng strong acids. The separated
anions are detected by a eon i h e
aeqmsrt—ton—elewe&conductrvrty detector. Data 1S Collected using acqursrtron software specrﬁc to the system in use. Measurement
of peak height-or-area is used for quantitation. The ion chromatograph is calibrated with standard solutions containing known
concentrations of the anion(s) of interest. Calibration curves are constructed from which the concentration of each analyte in the
unknown sample is determined. For additional information on ion chromatography refer to Test Method D4327.

5. Significance and Use

5.1 This test method is usefut-for the determination of the anions: chloride, nitrate, and sulfate in atmospheric wet deposition.

5.2 Fig. X1.1 in the appendix represents cumulative frequency percentile concentration plots of chloride, nitrate, and sulfate
obtained from analyses of over 5000 wet deposition samples. These data may be used as an aid in the selection of appropriate
calibration solutions (32).

6. Interferences

6.1 Unresolved peaks will result when the concentration of one of the sample components is 10 to 20 times higher than another
component that appears in the chromatogram as an adjacent peak. Decreasing the eluent concentration or flow rate, inereasing
columntength,-diluting the sample with reagent water, or decreasing sample size-injection volume may correct this problem.

6.2 Interferences may be caused by ions wrth retentlon tlmes that are s1m11ar to the anion of interest. Theretentton-time-of sulfite

; i hate—Before analyzing precipitation
samples meastiredetermine the retent1on times of these possrble 1nterfer1ng ions. Interference is common in some types of wet
deposition samples. If this-interference is anticipated, decreasing the eluent concentration or flow rate, inereasing-cotammnlength;
or decreasing sample size will result in improved peak resolution.

6.3 Water fromin the sample tnjeetion-will cause a negative peak twater-dip)(“water dip”) in the chromatogram when it elutes
because its conductance is less than that of the suppressed eluent. Ehteride-Depending on the column used, chloride may elute near
the water dip and must be sufficiently resolved from the dip to be accurately quantified. This can be achieved by changing the
eluent concentration or decreasing the flow rate. The potential interference of the negative peak can be eliminated by adding an
equivalent of 100 ptuL of a prepared eluent concentrate (solution that is 100 times more concentrated than the eluent used for
analysis) per 10.0 mL of sample. Identical eluent additions must also be included in calibration and quality control solutions.

6.5 Contaminated valves and sample lines may atso-reduce system performance causing decreased retention times and resolutions.
Refer to the manufacturer’s guidelines for instructions on cleaning the valves and replacing the lines.

Note 1—Review operational details and refer to the trouble shooting guide in the Operator’s Manual to determine the cause of decreased retention times
and resolution prior to extensive cleaning or changing of all valves, columns, filters, sample lines, or all of the above.

6.6 The presence of air bubbles 1n the columns, tubrng, or conduct1v1ty detector cell may cause baseline fluctuations and peak
variability. Preve g4 e-system injeeting samptes-a andards—The use of degassed water for eluents
and regenerants may—he}p—te—m-mmze—mlnrmrzes the 1ntr0duct10n of air (See 8. 2)

6.7 For more information on interferences refer to Test Method D4327.
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7. Apparatus

7.1 Ion %ﬁmfogmph—Chromatogmph (IC) Select an mstrument equlpped w1th an 1nJect10n Valve a sample loop, separator

eem-pfessed—gas—a-guard column, separator column suppressor pump(s) conduct1v1ty detector and su1tab1e data acquisition deviece
stteh—as—a—Strip 3 6 6 d sampler-software. An autosampler is
recommended. Compressed gas typrcallv high purity hehum or nrtrogen may be requrred for some IC systems.

7.1.1 Tubing—Tubing that comes in contact with samples and standards must be manufactured from inert material such as

polyethylene plastiesor-TFE-fluorocarbon-polyethylethylketone (PEEK) or tetrafluoroethylene (TFE).
7.1.2 Anion Guard Column—A+se—eaHed—a—pfeee+tuﬂﬂ—rt—1s-p+aeed43efere-Located upstream from the separator column. The guard

column eonts m-and-is used to protect rt—the separator column from berng fouled by
particulates or organic constituents.~Yst i o—th

7.1. 3 Anion Separator Column—Thls column is a—eel-u-mn—generally packed W1th a pelhcular low- capacuy anion exchange resin

7.1.7 Pump—Hse—a—pump—ea-pa-bie—bet—h—Capable of dehverlng a constant ﬂow fate-ef—a-ppfemafebf—l—teéﬁﬁ/mm—and-ef—te}efaﬁﬂg

—rate. Flow
rates and back pressures are dependent on the spec1ﬁc manufacturer s IC system All interior pump surfaces that W111 be in contact
with samples and standards must be manufactured from inert, non-metallic materials.

7.1.8 Data Acquisition Systent—System—

7.1.9 Sample Loop—Select a sample loop with a capacity of 585 to 250 uL.

7.1.10 Sampte—tntroduction—System—Autosampler—Seleet-one—of-thefolowing:An autosampling system capable of precise
delivery.

7.2 Eluent and Regenerant Reservoirs—Select containers with a 4 to 20 L capacity that are designed to minimize introduction of
air into the flow system for storing eluents and regenerants. Reservoirs may be blanketed with helium or nitrogen per

manufacturer’s guidelines.
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7.3 G—lasm'e—Labware—G-}asswaf&Glassware or plastlcware mcludmg volumetrlc plpettes and flasks, must be dedlcated y
for use eﬁw1th atmospherlc wet deposmon safn e 6

Note 2—More sensitive instruments may have issues with contamination from borosilicate glassware. High density polyethylene (HDPE), low density
polyethylene (LDPE), or polystyrene is a suitable alternative to glass volumetrics.

7.4 I:a-bﬁfafeﬁ—Facrl-mes—Pzgettes—I:a-bemfom_used—Fully ad/ustable azr-dzsplacement plpets f0r t-ht_&ﬂa-l-ysts—ef—wet

pafﬂeu-}a-te—}ﬁadmg—‘mfhm—the—rﬁem-for piston operated volumetnc dev1ces

8. Reagents and Materials

8.1 Purity of Reagents—Use reagent grade or higher grade chemicals for all solutions. All reagents shall conform to the
specifications of the Committee on Analytical Reagents of the American Chemical Society (ACS) where such specifications are
available.®

8.2 Purity of Water—Use water conforming to Specification D1193, Type II. Point of use 0.2 um filters are recommended for all
faucets supplying water to prevent the introduction of bacteria, ion exchange resins, or both, into reagents, standard solutions, and
internally formulated quality control check solutions. If degassing is neeessaryperformed (see 6.6), de-gas the water prior to use
by placing in a polyolefin or glass container, stirring vigorously, and aspirating off the liberated gasses.

used. Refer to column manufacturer’s 1nstruct10ns for eluent preparatlon Automated eluent generators may be used.

8.4 Regeneration-Sotution—Regenerant—

. . o cionMicro) ) o 44 ; Orto
Q—Iref—wafer—n‘nﬂrweﬁ—&nd—d-r}tﬁehte—%Regenerant solutlons are spemﬁc to the suppressor belng used. Refer to manufacturer S
instructions for regenerant preparation and use. Self-regenerating suppressors do not require a separate regenerant solution.

Reagﬁﬁ—@hﬁmeﬁs—tﬁﬂcﬂewr@heﬂﬂeah%ﬁefyﬁgpeaﬁe&&omﬂCS Reagent Chemicals, Specifications and Procedures for Reagents and Standard-Grade Reference

Materials, American Chemical Society, Washington, DC. For suggestions on the testing of reagents not listed by the American Chemical Society, see Analar Standards for
Laboratory Chemicals, BDH Ltd., Poole, Dorset, U.K., and the United States Pharmacopeia and National Formulary, U.S. PharmaeeutieatPharmacopeial Convention, Inc.
(USPC), Rockville, MD.
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grade—ma-terra-}s—as—hsted—rn—N IST-traceable commerc1ally prepared 1000 mg/L solutlons of chlorlde nitrate 8-5+—-8-53and dried

8.6 Sample Containers—Use potyole slass—sa ctps-thatha insed g i ate se-analyte-free
glass, high density polyethylene (HDPE) or 10W dens1ty polyethylene (LDPE) containers. Contamers 1nclude both autosampler
vials and any bottles that may be used in the transportation of the sample.

9. Hazards

9.1 The calibration standards, sample types, and most reagents used in this test method pose limited hazard to the analyst providing
fe&t-rnfrwhen followmg typ1cal 1ab0rat0ry safety pfeea-u-t-teﬂs—afe—praeﬁeed—practlces (see 9:39.2).Use—a-fume-hood;proteetive

9.2 Follow American Chemical Society guidelines regarding the safe handling of chemicals used in this test methoe-method (43)).

10. Sampling, Test-SamplesSample Preservation and Test Units

10.1 Some chemical constituents found in atmospheric wet deposition are not stable and must be preserved before analysis. Proper
selection and cleaning of sampling containers are required to reduce the possibility of eentamination-contamination (32)).

10.2 For additional information on sample collection and preservation of atmospheric wet deposition refer to Guide D5012.

10.3 Data are reported in mg/L as CL~, NO,~, or SO,>".

11. Calibration and Standardization

11.1 Determination of Retention Times:

11.1.1 The retention time for each anion is determined by injecting a standard solution containing only the anionanions of interest
and noting the time required for the center of a peak to appear on the chromatogram. Retention times vary with operating
conditions and are influenced by the concentration of ion(s) present—present, the columns used, the flow rate of eluent, and the
eluent comp0s1t10n Prepare separate standard solut1ons of each anion for at least two concentratlons by—ptpett—mg—t-heas described
in S SN metrie-ftasksan ater—. Analyze each standard
of interest as deﬁned in Seet-ren—HlZ 8. Note the time in hundredths of minutes for each peak to appear on the chromatogram.

11 12 A }eeafeﬁnﬂ-)emultr -anion mixed standard must be used to determlne the retentlon time of each standard ion in solutlon

t-he—expeeted—eeﬂeent-rat-reﬂs—ef—the—ﬁnﬁp}es—"Phe— The retentlon times are determlned by injecting the }ereatef—nﬂxmlxed standard

and noting the time required for the center of each peak to appear on the chromatogram.

11.2 Calibration Solutions:

11.2.1 A minimum of five uniformly distributed calibration solutions and one zero standard (blank) are needed to generate a
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suitable calibration curve. The lowest calibration solution concentratron must contam the analyte(s) of 1nterest at a concentration
approaching or equal to the MBPE-detection limit. The highest se ; S : : he-expee
of the-sotutionsbeing-anatyzed-—calibration solut1on concentratron is per the column manufacturer s gurdehnes Samples above the
hrghest cahbratlon standard must be dlluted : :

ptpeﬁes—Btspesa-bleCahbrann solutlons are prepared by d1lut1ng the stock standard solutlons Use ded1cated Volumetrrc labware
(7.3-tipped-pipettes-may-be-tised-for-) and calibrated volumetric pipettes with disposable tips (7.4direet-ditationof stoeksotutions:).

11.22.1 When

solutron calculated from Eq 1 toa volumetrrc flask partially filled with water. Dilute to volume and mix well.

- " 1
amountof stock-sotution \llu_A} (1)

(desrred end volume (mL)) (desired concentration (mL))

1 1 /1
\au}ur\ sotttrof-concentratiof \111511.4}/

mL stock solution = (1)

(desired concentration in mg/L) X (final dilution volume in mL)
(concentration stock solution in mg/L)

11.2.3 Standards-Calibration standards are stable for one week when stored at room temperature in high density polyethylene or

polypropylene containers. If there is evidence of a change in the eoncentratton—ofthe—standards;—concentration, prepare the
standards more frequently. Refrigeration at or below 4 °C can prolong the shelf life of the standards.

11.2.4 Chloride, nitrate, and sulfate can be combined into a single solution at each of the five standard concentration levels.

11.2.5 For additional information on calibration refer to Test Method D4327.

12. Procedure

12.1 Laboratory temperature must be maintained within +=3°€=3 °C while conducting analyses or a temperature controlled
conductivity cell should be used.

12.2 Use the eluent strength-inconcentration recommended 83-for-wet-deposition-analyses—by the column manufacturer. If peak

resolution is not adequate, it may be necessary to decrease the-ehientstrength-or increase the ionic strength of the eluent.

12.3 Adjust the instrument flow rate for optimal peak resetation-separation. Decreasing the flow rate may provide improved peak
resotuttonseparation but lengthens retention times. Increasing the flow rate decreases peak resotuttonseparation and shortens
retention times. Refer to the manufacturer’s recommendations for guidelines on optimizing flow rate.


https://standards.iteh.ai/catalog/standards/sist/d367df99-baad-40e2-a570-42ddef158bc1/astm-d5085-21

