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4110 DETERMINATION OF ANIONS BY ION CHROMATOGRAPHY*

4110 A.

Determination of the common anions such as bromide, chlo-
ride, fluoride, nitrate, nitrite, phosphate, and sulfate often is
desirable to characterize a water and/or to assess the need for
specific treatment. Although conventional colorimetric, electro-
metric, or titrimetric methods are available for determining in-
dividual anions, only ion chromatography provides a single in-
strumental technique that may be used for their rapid, sequential

* Approved by Standard Mcthods Committec, 1990.

4110 B.

1. General Discussion

a. Principle: A water sample is injected into a stream of
carbonate-bicarbonate eluent and passed through a series of ion
exchangers. The anions of interest are separated on the basis of
their relative affinities for a low capacity, strongly basic anion
exchanger (guard and separator columns). The separated anions
are directed through a hollow fiber cation exchanger membrane
(fiber suppressor) or micromembrane suppressor bathed in con-
tinuously flowing strongly acid solution (regenerant solution). In

Introduction

measurement. lon chromatography eliminates the need to use
hazardous reagents and it effectively distinguishes among the
halides (Br~, Cl~, and F~) and the oxy-ions (SO;*~, SO,*~ or
NO, ", NO;7).

This method is applicable, after filtration to remove particles
larger than 0.2 wm, to surface, ground, and wastewaters as well
as drinking water. Some industrial process waters, such as boiler
water and cooling water, also may be analyzed by this method.

lon Chromatography with Chemical Suppression of Eluent Conductivity

the suppressor the separated anions are converted to their highly
conductive acid forms and the carbonate-bicarbonate eluent is
converted to weakly conductive carbonic acid. The separated
anions in their acid forms are measured by conductivity. They
are identified on the basis of retention time as compared to
standards. Quantitation is by measurement of peak area or peak
height.

b. Interferences: Any substance that has a retention time co-
inciding with that of any anion to be determined and produces
a detector response will interfere. For example, relatively high
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concentrations of low-molecular-weight organic acids interfere
with the determination of chloride and fluoride by isocratic anal-
yses. A high concentration of any one ion also interferes with
the resolution, and sometimes retention, of others. Sample di-
lution or gradient elution overcomes many interferences. To re-
solve uncertainties of identification or quantitation use the method
of known additions. Spurious peaks may result from contami-
nants in reagent water, glassware, or sample processing appa-
ratus. Because small sample volumes are used, scrupulously avoid
contamination. Modifications such as preconcentration of sam-
ples, gradient elution, or reinjection of portions of the eluted
sample may alleviate some interferences but require individual
validation for precision and bias.

¢. Minimum detectable concentration: The minimum detectable
concentration of an anion is a function of sample size and con-
ductivity scale used. Generally, minimum detectable concentra-
tions are near 0.1 mg/L for Br-, Cl-, NO;~, NO,~, PO/, and
SO,*~ with a 100-pnL sample loop and a 10-pS/cm full-scale set-
ting on the conductivity detector. Lower values may be achieved
by using a higher scale setting and an electronic integrator.

d. Limitations: This method is not recommended for the de-
termination of F~ in unknown matrices. Equivalency studies
have indicated positive or negative bias and poor precision in
some samples. Two effects are common: first, F~ is difficult to
quantitate at low concentrations because of the major negative
contribution of the “water dip” (corresponding to the elution of
water); second, the simple organic acids (formic, carbonic, etc.)
elute close to fluoride and will interfere. Determine precision
and bias before analyzing samples. F~ can be determined ac-
curately by ton chromatography using special techniques such as
dilute eluent or gradient elution using an NaOH eluent.

2. Apparatus

a. lon chromatograph, including an injection valve, a sample
loop, guard column, separator column, and fiber or membrane
suppressors, a temperature-compensated small-volume conduc-
tivity cell and detector (6 L or less), and a strip-chart recorder
capable of full-scale response of 2 s or less. An electronic peak
integrator is optional. Use an ion chromatograph capable of
delivering 2 to 5 mL eluent/min at a pressure of 1400 to 6900
kPa.

b. Anion separator column, with styrene divinylbenzene-based
low-capacity pellicular anion-exchange resin capable of resolving
Br-, CI7, NO;", NO,™, PO, and SO~ .*

¢. Guard column, identical to separator columnt to protect
separator column from fouling by particulates or organics.

d. Fiber suppressor or membrane suppressor:i Cation-
exchange membrane capable of continuously converting eluent
and separated anions to their acid forms.

3. Reagents

a. Deionized or distilled water free from interferences at the
minimum detection limit of each constituent, filtered through a

* Dionex P/N 37041 or cquivalent.

+ Dionex P/N 37042 or equivalent.

i Dionex P/N 037072 (micro membrane—high capacity/low volume —suppressor)
or equivalent.
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0.2-wm membrane filter to avoid plugging columns, and having
a conductance of < 0.1 wS/cm.

b. Eluent solution, sodium bicarbonate-sodium carbonate,
0.0017M NaHCO,;-0.0018M Na,CO;: Dissolve 0.5712 g NaHCO,
and 0.7632 g Na,CO, in water and dilute to 4 L.

¢. Regenerant solution, H,S0,, 0.025N: Dilute 2.8 mL conc
H,SO, to 4 L.

d. Standard anion solutions, 1000 mg/L: Prepare a series of
standard anion solutions by weighing the indicated amount of
salt, dried to a constant weight at 105°C, to 1000 mL. Store in
plastic bottles in a refrigerator; these solutions are stable for at
least 1 month. Verify stability.

Amount
Anion§ Satlt g/l
Cl- NaCl 1.6485
Br- NaBr 1.2876
NO;~ NaNO, 1.3707
NO,~ NaNO, 1.4998)|
PO~ KH,PO, 1.4330
SO, K.SO, 1.8141

§ Expressed as compound.
il Do not oven-dry, but dry to constant weight in a des-
iccator.

e. Combined working stundard solution, high range: Combine
12 mL of standard anion solutions, 1000 mg/L (4 d) of NO, ",
NO,~, HPO,*~, and Br~, 20 mL of Cl~, and 80 mL of SO2~.
Dilute to 1000 mL and store in a plastic bottle protected from
light. Solution contains 12 mg/L each of NO,~, NO,~, HPO*~,
and Br~, 20 mg/L of Cl-, and 80 mg/L of SO,>~. Prepare fresh
daily.

f. Combined working standard solution, low range: Dilute 25
mL of the high-range mixture (¥ ¢) to 100 mL and store in a
plastic bottle protected from light. Solution contains 3 mg/L each
of NO,”, NO;~, HPO,*~, and Br~, 5 mg/L Cl~, and 20 mg/L.
of SO,*~. Prepare fresh daily. ,

g. Alternative combined working standard solutions: Prepare
appropriate combinations according to anion concentration to
be determined. If NO,~ and PO, are not included, the com-
bined working standard is stable for 1 month. Dilute solutions
containing NO,~ and PO/~ must be made daily.

4. Procedure

a. System equilibration: Turn on ion chromatograph and adjust
eluent flow rate to approximate the separation achieved in Figure
4110:1 (about 2 mL/min). Adjust detector to desired setting
(usually 10 to 30 wS) and let system come to equilibrium (15 to
20 min). A stable base line indicates equilibrium conditions.
Adjust detector offset to zero out eluent conductivity; with the
fiber or membrane suppressor adjust the regeneration flow rate
to maintain stability, usually 2.5 to 3 mL/min.

b. Calibration: Inject standards containing a single anion or a
mixture and determine approximate retention times. Observed
times vary with conditions but if standard eluent and anion sep-
arator column are used, retention always is in the order Cl~,
NO,~, HPO,*~, Br~, NO,~, and SO,*~. Inject at least three
different concentrations for each anion to be measured and con-
struct a calibration curve by plotting peak height or area against
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Figure 4110:1. Typical inorganic anion separation. Eluent: 1.7 mM NaHCO;, 1.8 mM Na,COy; sample loop: 50 pL; flow: 2.0 mL/min; column:

Dionex AG4A plus AS4A.

Conc Conc
Anion Time mg/L Anion Time mg/L
Fluoride 1.15 2 Nitrate 3.20 10
Chiloride 1.72 20 Orthophosphate 5.10 10
Nitrite 2.03 10 Sulfate 6.82 20
Bromide 2.93 5

concentration on linear graph paper. Recalibrate whenever the
detector setting, eluent, or regenerant is changed. To minimize
the effect of the “water dip”# on F~ analysis, analyze standards
that bracket the expected result or eliminate the water dip by
diluting the sample with eluent or by adding concentrated eluent
to the sample to give the same HCO,; /CO;*~ concentration as
in the eluent. If sample adjustments are made, adjust standards
and blanks identically.

If linearity is established for a given detector setting, single
standard calibration is acceptable. Record peak height or area
and retention time for calculation of the calibration factor, F.
However, a calibration curve will result in better precision and
bias. HPO,*>~ is nonlinear below 1.0 mg/L.

c. Sample analysis: Remove sample particulates, if necessary,
by filtering through a prewashed 0.2-um-pore-diam membrane
filter. Using a prewashed syringe of 1 to 10 mL capacity equipped
with a male luer fitting inject sample or standard. Inject enough
sample to flush sample loop several times: for 0.1 mL sample
loop inject at least I mL. Switch ion chromatograph from load
to inject mode and record peak heights and retention times on
strip chart recorder. After the last peak (SO,>") has appeared
and the conductivity signal has returned to base line, another
sample can be injected.

# Water dip occurs because water conductivity in sample is less than eluent con-
ductivity (cluent is diluted by water).

5. Calculations

Calculate concentration of each anion, in milligrams per liter,
by referring to the appropriate calibration curve. Alternatively,
when the response is shown to be linear, use the following equa-

tion:
C=HXxFxD
where:
C = mg anion/L.
H = peak height or arca,
F = response factor = concentration of standard/height (or area)
of standard. and
D = dilution factor for those samples requiring dilution.

6. Quality Controi

See Section 4020 for minimum QC guidelines.

7. Precision and Bias

The data in Tables 4110:I through VII were produced in a
joint validation study with EPA and ASTM participation. Nine-
teen laboratories participated and used known additions of six
prepared concentrates in three waters (reagent, waste, and drink-
ing) of their choice.
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TABLE 4110:1. DETERMINATION OF BIAS FOR FLUORIDE TABLE 4]110:1II. DETERMINATION OF BI1AS FOR NITRITE NITROGEN
Amount Amount Amount Amount
Added Found Bias Added Found Bias
Water mg/L mg/L S, Sy % Water mg/L mg/L S, S, %
Reagent 0.26 0.25 0.08 0.11 -3.8 Reagent 0.36 0.37 0.04 0.04 +2.8
0.34 0.29 0.11 —14.7 0.48 0.48 0.06 0.0
2.12 2.12 0.07 0.12 0.0 3.00 3.18 0.12 0.06 +6.0
2.55 2.48 0.14 -2.7 3.60 3.83 0.12 +6.4
6.79 6.76 0.20 0.19 -0.4 9.60 9.84 0.36 0.26 +2.5
8.49 8.46 0.30 -0.4 12.0 12.1 0.27 +0.6
Drinking 0.26 0.24 0.08 0.05 =77 Drinking 0.36 0.30 0.13 0.03 —-16.7
0.34 0.34 0.11 0.0 0.48 0.40 0.14 -16.7
2,12 2.09 0.18 0.06 -1.4 3.00 3.02 0.23 0.12 +0.7
2.55 2.55 0.16 0.0 3.60 3.62 0.22 +0.0
6.79 6.84 0.54 0.25 +0.7 9.60 9.59 0.44 0.28 —0.]
8.49 8.37 0.75 —-1.4 12.0 11.6 0.39 -3.1
Waste 0.26 0.25 0.15 0.06 -3.8 Waste 0.36 0.34 0.06 0.04 -5.6
0.34 0.32 0.08 -5.9 0.48 0.46 0.07 ~4.2
2.12 2.13 0.22 0.15 +0.5 3.00 3.18 0.13 0.10 +6.0
2.55 2.48 0.16 ~2.7 3.60 3.76 0.18 +4.4
6.79 6.65 0.41 0.20 -2.1 9.60 9.74 0.49 0.26 +1.5
8.49 8.27 0.36 -2.6 12.0 12.0 0.56 +0.3

Source: American Society for Testing and Materials. 1992, Mcthod D4327. Annual
Book of ASTM Standards. Vol. 11.01 Water. American Soc. Testing & Materials.
Philadelphia. Pa.

TABLE 4110:11. DETERMINATION OF BIAs FOR CHLORIDE

Source: American Socicty for Testing and Materials. 1992, Mcthod D4327. Annual
Book of ASTM Standards. Vol. 11.01 Water. American Soc. Testing & Materials.
Philadelphia, Pa.

TABLE 4110:1V. DETERMINATION OF B1as FOR BROMIDE

Amount Amount Amount Amount
Added Found Bias Added Found Bias

Water mg/L mg/L S, So % Water mg/L mg/L S, S, %
Reagent 0.78 0.79 0.17 0.29 +1.3 Water 0.63 0.69 0.11 0.05 +9.5
1.04 1.12 0.46 +7.7 0.84 0.85 0.12 +1.2
6.50 6.31 0.27 0.14 -29 5.24 21 0.22 0.21 -0.6
7.80 7.76 0.39 -0.5 6.29 6.17 0.35 -1.9
20.8 20.7 0.54 0.62 -05 16.8 17.1 0.70 0.36 +1.6
26.0 25.9 0.58 -0.4 21.0 213 0.93 +1.5
Drinking 0.78 0.54 0.35 0.20 -30.8 Drinking 0.63 0.63 0.13 0.04 0.0
1.04 0.51 0.38 -51.0 0.84 0.81 0.13 -3.6
6.50 5.24 1.35 1.48 -19.4 5.24 5.11 0.23 0.13 -2.5
7.80 6.02 1.90 -22.8 6.29 6.18 0.30 -1.7
20.8 20.0 2.26 1.14 -3.8 16.8 17.0 0.55 0.57 +0.9
26.0 24.0 2.65 -7.7 21.0 20.9 0.65 —-04
Waste 0.78 0.43 0.32 0.39 —44.9 Waste 0.63 0.63 0.15 0.09 0.0
1.04 0.65 0.48 -37.5 0.84 0.85 0.15 +1.2
6.50 4.59 1.82 0.83 —-294 5.24 5.23 0.36 0.11 ~0.2
7.80 5.45 2.02 -30.1 6.29 6.27 0.46 -0.3
20.8 18.3 2.41 1.57 —11.8 16.8 16.6 0.69 0,43 ~1.0
26.0 23.0 2.50 -11.5 21.0 21.1 0.63 +0.3

Source: American Society for Testing and Materials. 1992, Mcthod D4327. Annual
Book of ASTM Standards. Vol, 11.01 Water. American Soc. Testing & Materials.
Philadelphia. Pa.

Source: American Society for Testing and Materials. 1992, Mcthod D4327. Annual
Book of ASTM Standards. Vol. 11.01 Water. American Soc. Testing & Materials.
Philadelphia. Pa.
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TABLE 4110:V. DETERMINATION OF BI1AS FOR NITRATE NITROGEN TABLE 4110:VII. DETERMINATION OF BIAS FOR SULFATE
Amount Amount Amount Amount
Added Found Bias Added Found Bias
Water mg/L mglL S, Sa % Water mg/L mg/L S, So %
Reagent 0.42 0.42 0.04 0.02 0.0 Reagent 2.85 2.83 0.32 0.52 -0.7
0.56 0.56 0.06 0.0 3.80 3.83 0.92 +0.8
3.51 3.34 0.15 0.08 —-4.8 23.8 24.0 1.67 0.68 +0.8
4.21 4.05 0.28 -3.8 28.5 28.5 1.56 -0.1
11.2 11.1 0.47 0.34 —-1.1 76.0 76.8 3.42 2.33 +1.1
14.0 14.4 0.61 +2.6 95.0 95.7 3.59 +0.7
Drinking 0.42 0.46 0.08 0.03 +9.5 Drinking 2.85 .12 0.37 0.41 -60.7
0.56 0.58 0.09 +3.6 3.80 2.26 0.97 -40.3
3.51 3.45 0.27 0.10 -1.7 23.8 21.8 1.26 0.51 —-8.4
4.21 4.21 0.38 0.0 28.5 25.9 2.48 -9.1
11.2 IL.5 0.50 0.48 +2.3 76.0 74.5 4.63 2.70 -2.0
14.0 4.2 0.70 +1.6 95.0 92.3 5.19 -2.8
Waste 0.42 0.36 0.07 0.06 —-14.6 Waste 2.85 1.89 0.37 0.24 -33.7
0.56 0.40 0.16 -28.6 3.80 2.10 1.25 -44.7
3.51 3.19 0.31 0.07 -9.1 23.8 20.3 3.19 0.58 —14.7
4.21 3.84 0.28 - 8.8 28.5 24.5 3.24 —-14.0
11.2 10.9 0.35 0.51 -3.0 76.0 71.4 5.65 3.39 -6.1
14.0 14.1 0.74 +0.4 95.0 90.3 v 6.80 -5.0

Source: American Society for Testing and Materials. 1992, Method D4327. Annual
Book of ASTM Standards. Vol. 11.01 Water. American Soc. Testing & Materials.
Philadelphia. Pa.

TABLE 4110:VI. DETERMINATION OF B1AS FOR ORTHOPHOSPHATE

Amount Amount
Added Found Bias

Water mg/L mg/L S, So %
Reagent 0.69 0.69 0.06 0.06 0.0
0.92 0.98 0.15 +6.5
5.77 5.72 0.36 0.18 -0.9
6.92 6.78 0.42 -2.0
18.4 18.8 1.04 0.63 +2.1
23.1 23.2 0.35 +0.4
Drinking 0.69 0.70 0.17 0.17 +1.4
0.92 0.96 0.20 +4.3
5.7 5.43 0.52 0.40 -59
6.92 6.29 0.72 -9.1
18.4 18.0 0.68 0.59 -2.2
23.1 22.6 1.07 -2.0
Waste 0.68 0.64 0.26 0.09 -7.2
0.92 0.82 0.28 -10.9
5.77 5.18 0.66 0.34 -10.2
6.92 6.24 0.74 -9.8
18.4 17.6 2.08 1.27 —-4.1
23.1 22.4 0.87 -3.0

Source: American Society for Testing and Materials. 1992, Method D4327. Annual
Book of ASTM Standards. Vol. 1101 Water. American Soc. Testing & Materials,
Philadelphia, Pa.

Source: American Society for Testing and Materials. 1992. Method D4327. Annual
Book of ASTM Standards. Vol. 11.01 Water. American Soc. Testing & Materials.
Philadclphia. Pa.

8. Bibliography

SMALL, H., T. STEVENS & W. BAUMAN. 1975. Novel ion exchange chro-
matographic method using conductimetric detection. Anal. Chem.
47:1801.

JENKE, D. 1981. Anion peak migration in ion chromatography. Anal.
Chem. 53:1536.

Bynum, M.I.. S. TYyREE & W. WEISER. 1981. Effect of major ions on
the determination of trace jons by ion chromatography. Anal. Chem.
53:1935.

WEIss. J. 1986. Handbook of Ton Chromatography. E.L. Johnson. ed.
Dionex Corp.. Sunnyvale, Calif.

Prarr, J.D., C.A. BROCKHOFF & J.W. O'DELL. 1991. The Determi-
nation of Inorganic Anions in Water by Ton Chromatography. Method
300.0. U.S. Environmental Protection Agency, Environmental
Monitoring Systems Lab.. Cincinnati, Ohio.



4-6

INORGANIC NONMETALS (4000)

4110 C. Single-Column lon Chromatography with Electronic Suppression of Eluent Conductivity
and Conductimetric Detection* (PROPOSED)

1. General Discussion

a. Principle: A small portion of a filtered, homogeneous, aqueous
sample or a sample containing no particles larger than 0.45 pm
is injected into an ion chromatograph. The sample merges with
the eluent stream and is pumped through the ion chromato-
graphic system. Anions are separated on the basis of their affinity
for the active sites of the column packing material. Conductivity
detector readings (either peak area or peak height) are used to
compute concentrations.

b. Interferences: Any two species that have similar retention
times can be considered to interfere with each other. This method
has potential coelution interference between short-chain acids
and fluoride and chloride. Solid-phase extraction cartridges can
be used to retain organic acids and pass inorganic anions. The
interference-free solution then can be introduced into the ion
chromatograph for separation.

This method is usable but not recommended for fluoride. Ace-
tate, formate, and carbonate interfere in determining fluoride
under the conditions listed in Table 4110: VIII. Filtering devices
may be used to remove organic materials for fluoride measure-
ments; simultaneously, use a lower eluent flow rate.

Chlorate and bromide coelute under the specified conditions.
Determine whether other anions in the sample coelute with the
anions of interest.

Additional interference occurs when anions of high concen-
trations overlap neighboring anionic species. Minimize this by
sample dilution with reagent water.

Best separation is achieved with sample pH between 5 and 9.
When samples are injected the eluent pH will seldom change
unless the sample pH is very low. Raise sample pH by adding a
small amount of a hydroxide salt to enable the eluent to control
pH.

Because method sensitivity is high, avoid contamination by
reagent water and equipment. Determine any background or
interference due to the matrix when adding the QC sample into
any matrix other than reagent water.

¢. Minimum detectable concentration: The minimum detectable
concentration of an anion is a function of sample volume and
the signal-to-noise ratio of the detector-recorder combination.
Generally, minimum detectable concentrations are about 0.1 mg/
L for the anions with an injection volume of 100 pL. Precon-
centrators or using larger injection volumes can reduce detection
limits to nanogram-per-liter levels for the common anions. How-
ever, coelution is a possible problem with large injection vol-
umes. Determine method detection limit for each anion of in-
terest.

d. Prefiltration: If particularly contaminated samples are run,
prefilter before or during injection. If the guard column becomes
contaminated, follow manufacturer’s suggestions for cleanup.

2. Apparatus
a. lon chromatograph, complete with all required accessories
including syringes, analytical columns, gases, detector, and a data

system. Required accessories are listed below.

* Approved by Standard Methods Committee. 1991,

TaBLE 4110:VIIL. DETECTION LIMITS FOR ANIONS IN REAGENT

WATER™

Retention Time MDL!
Anion min mg/L
Cl~ 2.3 0.035
NO,~ 3.1 0.022
Br- 4.2 0.110
NO;~ 5.3 0.035
PO, 5.7 0.110
SO~ 8.3 0.350

* Standard conditions as defined in text.
+# MDL calculated from the peak height in mm taken from chart recorder.

b. Filter device, .45 pm, placed before separator column to
protect it from fouling by particulates or organic constituents. ¥

¢. Anion separator column, packed with low-capacity anion-
exchange resin capable of resolving fluoride, chloride, nitrite,
bromide, nitrate, orthophosphate, and sulfate.#

d. Conductivity detector, flow-through, with integral heat-
exchange unit allowing automatic temperature control and with
separate working and reference electrodes.

e. Pump, constant flow rate controlled, high-pressure liquid
chromatographic type, to deliver 1.5 mL/min.

f. Data system, including one or more computer, integrator,
or strip chart recorder compatible with detector output voltage.

g. Sample injector: Either an automatic sample processor or a
manual injector. If manual injector is used, provide several glass
syringes of > 200 pL capacity. The automatic device must be
compatible and able to inject a minimum sample volume of 100
L.

3. Reagents

a. Reagent water: Distilled or deionized water of 18 megohm-
cm resistivity containing no particles larger than 0.20 pm.

b. Boratelgluconate concentrate: Combine 16.00 g sodium glu-
conate, 18.00 g boric acid, 25.00 g sodium tetraborate decahy-
drate, and 125 mL glycerin in 600 mL reagent water. Mix and
dilute to 1 L with reagent water.

¢. Eluent solution, 0.0110M borate, 0.0015M gluconate, 2%
(v/v) acetonitrile: Combine 20 mL borate/gluconate concentrate,
120 mL HPLC-grade acetonitrile, and 20 mL HPLC-grade n-
butanol, and dilute to 1 L with reagent water. Use an in-line
filter before the separator column to assure freedom from par-
ticulates. If the base line drifts, degas eluent with an inert gas
such as helium or argon.

d. Stock standard solutions: See 4110B.3e.

e. Combined working standard solutions, high-range: See
4110B.3e.

f. Combined working standard solutions, low-range: See
4110B.3f.

+ Waters P/N 84560 or equivalent.
¥ Waters P/N 07355 or equivalent.





