
Designation: D 5281 – 98

Standard Test Method for
Collection and Analysis of Hexavalent Chromium in Ambient
Atmospheres 1

This standard is issued under the fixed designation D 5281; 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 (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This test method covers the collection and measurement
of hexavalent chromium [Cr(VI)] in the ambient atmosphere.

1.2 This test method collects and stabilizes atmospheric
hexavalent chromium using an alkaline impinger buffer solu-
tion in a wet impingement sampling technique. Lead chromate
[PbCrO4], generally considered poorly soluble in water, is
soluble in the impinger solution up to 940 µg/L as hexavalent
chromium.

1.3 This test method measures hexavalent chromium using
an ion chromatographic separation combined with a post
separation reaction with a colorimetric reagent and photometric
detection.

1.4 This test method is applicable in the range from 0.2 to
100 ng/m3 of hexavalent chromium in the atmosphere assum-
ing 20 m3 of air sample. The range can be extended upwards by
appropriate dilution.

1.5 The values stated in SI units are to be regarded as the
standard. The inch-pound units given in parentheses are for
information only.

1.6 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 appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
D 1193 Specification for Reagent Water2

D 1356 Terminology Relating to Sampling and Analysis of
Atmospheres3

D 1357 Practice for Planning the Sampling of the Ambient
Atmosphere3

D 2914 Test Methods for Sulfur Dioxide Content of the
Atmosphere (West-Gaeke Method)3

D 3195 Practice for Rotameter Calibration3

D 3586 Test Method for Chromium in Workplace Atmo-
spheres (Colorimetric Method)4

3. Terminology

3.1 Definitions:
3.1.1 For definitions of terms used in this test method, refer

to Terminology D 1356.
3.2 Definitions of Terms Specific to This Standard:
3.2.1 eluent—the ionic mobile phase used to transport the

sample through the ion exchange column.
3.2.2 resolution—the ability of a column to separate con-

stituents under specified test conditions.

4. Summary of Test Method

4.1 Sample Collection:
4.1.1 Air is drawn at a rate of 15 L/min over a continuous

24-h period through three 500-mL glass impingers (in-line)
filled with 0.02 N sodium bicarbonate [NaHCO3] “buffer”
solution. A target air volume of 20 m3 is sampled.

4.1.2 Impinger buffer solution has a pH of 8.2 and was
selected to prevent hexavalent chromium from being reduced
to trivalent chromium [Cr(III)] in an acidic medium during
sampling(4).

4.1.3 The impinger buffer solution from each impinger is
analyzed for hexavalent chromium.

4.2 Sample Analysis(1, 2, 3, 4)5 :
4.2.1 A volume of filtered sample, typically 1 mL, is

injected into the eluent flow path and separated by anion
exchange using an ammonium sulfate [(NH4)2SO4] based
eluent.

4.2.2 After separation, the sample is reacted with an acidic
solution of diphenylcarbohydrazide. Hexavalent chromium
reacts selectively with this reagent to form the characteristic
violet colored complex.

4.2.3 The eluent stream passes through a photometric de-
tector for detection of the chromium diphenylcarbohydrazide
complex by visible absorbance at 520 nm. Absorbance is
proportional to the hexavalent chromium concentration.

1 This test method is under the jurisdiction of ASTM Committee D22 on
Sampling and Analysis of Atmospheres and is the direct responsibility of Subcom-
mittee D22.03 on Ambient Atmospheres and Source Emissions.

Current edition approved October 10, 1998. Published December 1998. Origi-
nally published as D 5281 – 92. Last previous edition D 5281 – 92 (1997)e1.

2 Annual Book of ASTM Standards,Vol 11.01.
3 Annual Book of ASTM Standards,Vol 11.03.

4 Discontinued;See 1991 Annual Book of ASTM Standards,Vol 11.03.
5 The boldface numbers in parentheses refer to a list of references at the end of

the text.
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5. Significance and Use

5.1 Hexavalent chromium has been shown to be a human
respiratory carcinogen in epidemiological studies when hu-
mans are exposed to relatively high airborne concentrations.
Such high exposures may also induce dermal sensitization to
hexavalent chromium in humans(5).

5.2 Ambient atmospheric concentrations of hexavalent
chromium are well below detection limits of sampling methods
including Test Method D 3586 and NIOSH-7600(1).

5.3 Objective assessment of ambient atmospheric concen-
trations of hexavalent chromium provides a means of evaluat-
ing exposures to atmospheric hexavalent chromium in a
manner that can be related to health-based risk levels. Collect-
ing such actual monitoring data reduces or eliminates the need
for theoretical resuspension modeling and provides improved
basis for health assessments of potential exposures(5).

5.4 The buffered impinger sampling technique provides pH
control of the sampling medium, which stabilizes the oxidation
state of hexavalent chromium during sampling(6).

5.5 Ion chromatography provides a means of separating the
hexavalent chromium from other species present in the sample,
many of which interfere with other detection methods. The
combination of this separation with a sensitive colorimetric
detection method provides a selective and sensitive analytical
method for hexavalent chromium with minimal sample prepa-
ration (4).

6. Interferences

6.1 Reducing agents may reduce hexavalent chromium to
trivalent chromium in acidic matrices. Preservation of a pH 7.8
or greater will minimize the effect of these species. The
oxidation of trivalent chromium to hexavalent chromium
during this test method is unlikely to occur(6).

6.2 By virtue of the chromatographic separation, essentially
all interfering species are removed from the hexavalent chro-
mium before detection. The response of 1 mg/L of hexavalent
chromium is not affected by 1000 mg/L of chromic ion.

6.3 Interferences may result from overloading of the ana-
lytical separator column capacity with high concentrations of
anionic species in the sample. Concentrations of chloride ion or
sulfate ion up to the equivalent of 2 % NaCl and 5 % Na2SO4

do not affect the separation or detection when using a 100-µL
sample loop(2).

6.4 Hypochlorite [OCl−1] (100 mg/L) in the buffer solution
has been found to cause a positive interference with hexavalent
chromium analyses to the extent of 0.3 to 1 µg/L. Hypochlorite
(1 mg/L) has also been found, in the presence of 50 µg/L
trivalent chromium, to cause a 1.2-µg/L positive interference
with hexavalent chromium.

6.5 Permanganate [MnO4
−1] (0.5 µg/L) causes a positive

0.07-µg/L interference with hexavalent chromium.
6.6 No other interferences were observed from 10 µg/L

BrO3
−, MoO4

−2, ClO4
−, S2O8

−2, VO4
−3, Be+, Cu+2, Ni+2, Ag+,

Tl+3, V+3, As+3, Ba+2, Cd+2, Co+2, Cr+3, Mo+5, Sb+3, Zn+2,
Pb+2, F−, Cl−, Br−, NO3

−, NO2
−, P2O6

−4, SO4
−2, 100 mg/L Se,

or 1 mg/L Hg (6).

7. Apparatus

7.1 Sampling Apparatus:

7.1.1 Impinger Sampling Train—For a schematic drawing
of the major sampling train components see Fig. 1. The
sampling train for collecting particulate matter and hexavalent
chromium consists of the following elements:

7.1.1.1 Impingers—Three 500-mL impingers (in-line) are
used in the sampling train. The first two impingers in the series
(A and B) use nozzled impinger inlets with impaction plates.
These impingers impinge air at high velocity against the
impaction plate creating smaller air bubbles which provide
more surface area for air contact with buffer solution. The third
impinger (C) has a straight inlet nozzle and no impaction plate.

7.1.1.2 Impinger Buffer Solution—0.02N sodium bicarbon-
ate buffer solution (see 8.3.1) is added to the impingers such
that: Impinger A = 250 mL, B = 200 mL, and C = 150 mL.
These particular impinger sodium bicarbonate solution vol-
umes are recommended to minimize post sample volume
disparities between impingers.

7.1.2 The sampling train apparatus is interconnected by the
following elements:

7.1.2.1 Sample Line/Probe—Sample is drawn from ambient
air through a sample line/probe that consists of a 100 to
150-mm polytetrafluoroethylene (PTFE) tube (12-mm (1⁄2-in.)
outside diameter and 9-mm (3⁄8-in.) inside diameter). The
sample line/probe is inserted into the air inlet of the first
Impinger (A).

7.1.2.2 Impingers A, B, and C are interconnected using two
glass impinger U-joints. The last impinger in the series (C) is
connected to the sample pump by means of vinyl tubing using
a glass 0.5p radian (90°) angle impinger joint that adapts the

FIG. 1 Diagram of a Sampling Train and Sampling Apparatus
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impinger to wax film tubing (see 7.1.3). Impinger clips, wax,
and wax film wraps are used to secure all impinger connections
and prevent sampling train leaks.

7.1.3 Sampling Box—A pre-assembled impinger sampling
box holds the impinger sampling train and is designed so that
the sample line/probe protrudes outside the box and bends
downward. The sample box is fitted with vinyl tubing (14-mm
(9⁄16-in.) outside diameter and 9-mm (3⁄8-in.) inside diameter)
that connects the impinger sampling train to a sample pump
(see 7.1.2.2). The vinyl tubing is fitted with an in-line rotameter
to facilitate sampling train operational checks.

7.1.3.1 An in-line rotameter fitted on the sample box facili-
tates operational checks of the sampling system. The rotameter
is a glass variable area flow meter capable of measuring
flowrates between 10 and 15 L/min, calibrated in accordance
with Practice D 3195.

7.1.3.2 Leakless Sample Pump—A vane-axial electrically
operated sampling pump capable of drawing 10 to 18 L/min of
air through the sampling train over 24 h is suitable.

7.1.3.3 Flow Control Device—Air flowrate control can be
enhanced using a critical orifice or dry gas meter in accordance
with Test Methods D 2914. Protect the orifice or gas meter
from particulate matter (see 11.2.6).

7.1.4 Bubble Meter—The bubble meter is used as a primary
method of sampling train air flowrate calibration (see 10.1) and
shall be capable of reading sampling air flowrates of 2 to 30
L/min. Connect the bubble meter to the sample line/probe with
a flexible rubber tube.

7.1.5 An elapsed time meter is placed in line with the
sample pump to assist in detection of electrical interruptions
that could have occurred over the 24 h interval.

7.1.6 Stop Watch or Timer.
7.1.7 pH Meter, to measure the pH of the impinger buffer

solution.
7.1.8 Refrigerator or Ice Cooler,for storage of samples

prior to shipment to the laboratory (see 11.4).
7.1.9 Ice Cooler,for transport of samples to the laboratory

(see 11.4).
7.1.10 Meteorological Weather Station or Weather Data

Service,to determine ambient temperature, pressure, relative
humidity, wind speed and direction, and precipitation (see
11.2.7). This information may be useful to interpret data, but is
not required to correct data for standard conditions.

7.2 Analytical Apparatus(4):
7.2.1 Ion Chromatograph—The ion chromatograph shall

have the following components as shown in Fig. 2.
7.2.1.1 Pump,capable of delivering a constant flow in the

range of 1 to 5 mL/min at a pressure of 15 to 150 MPa (200 to
2000 lb/in.2).

7.2.1.2 Injection Valve—A low dead-volume valve that will
allow the loading of a sample contents into the eluent stream.
Sample loops of up to 1 mL will provide enhanced detection
limits. Smaller sample loops will result in proportionally
higher detection limits.

7.2.1.3 Guard Column—A column placed before the sepa-
rator column to protect the separator column from fouling by
particles or strongly absorbed organic constituents.

7.2.1.4 Separator Column—A column packed with high
capacity pellicular anion exchange resin that is suitable for
resolving hexavalent chromium from a sample containing high
total dissolved solids (for example, 3 % Na2SO4).

7.2.1.5 Reagent Delivery Module—A device capable of
delivering 0 to 2 mL/min of reagent against a backpressure of
up to 40 kPa (6.0 lb/in.2).

7.2.1.6 Mixing Tee and Reaction Coil—A device capable of
mixing two flowing streams with minimal band spreading.

7.2.1.7 Detector—A low-volume, flow-through visible ab-
sorbance detector with a nonmetallic 1-cm flow path. The
detection wavelength for hexavalent chromium is 520 nm.

7.2.1.8 Recorder, Integrator, or Computer—A device com-
patible with detector output, capable of recording detector
response as a function of time for the purpose of measuring
peak height or area.

7.2.2 Eluent Reservoir—A container suitable for storing
eluent.

7.2.3 0.45 µm syringe filter,for sample filtration prior to
analysis (see 11.5.7).

7.2.4 Syringe—A syringe equipped with a male fitting and a
capacity of at least 1 mL or auto sampler module (see 11.5.8).

FIG. 2 Diagram of an Ion Chromatograph Using Post-Column
Reagent Addition and Photometric Detection
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8. Reagents and Materials

8.1 Purity of Reagents—Reagent grade chemicals shall be
used in all tests. All reagents shall conform to the specifications
of the Committee on Analytical Reagents of the American
Chemical Society where such specifications are available.6

8.2 Purity of Water—Water shall be Type II reagent water
conforming to Specification D 1193.

8.3 Sampling Reagents and Materials:
8.3.1 Impinger Buffer Solution—0.02 N sodium bicarbonate

buffer solution: dissolve 1.67 g of sodium bicarbonate
(NaHCO3) in 1 L of reagent water.

8.3.2 Impinger Buffer Solution Spike—Prepared in 0.5, 1,
and 10-µg/L concentrations by diluting appropriate volumes of
the 1000 µg/L hexavalent chromium standard (see 8.2.2) in the
buffer solution (see 8.3.1).

8.3.3 1 % Nitric Acid Wash Solution—Dilute 10 mL of
concentrated reagent grade nitric (HNO3) acid, sp gr 1.42, to 1
L with water.

8.4 Ion Chromatography Eluents:
8.4.1 Eluent Concentrate(2.0 M (NH4)2SO4, 1.0 M

NH4OH)—Dissolve 264 g of ammonium sulfate (NH4)2SO4 in
about 500 mL of water. Add 65 mL of concentrated ammonium
hydroxide (NH4OH—sp gr 0.90). Mix well and dilute to 1 L in
a volumetric flask.

8.4.2 Eluent (0.20 M (NH4)2SO4, 0.1 M NH4OH)—Add
100 mL of eluent concentrate (see 8.4.1) to a 1-L flask and
dilute to volume with water.

8.4.3 Diphenylcarbohydrazide Reagent—Dissolve 0.5 g of
1,5-diphenylcarbohydrazide in 100 mL of reagent grade metha-
nol. Add to about 500 mL of water containing 28 mL of 96 %
sulfuric acid (sp gr 1.84). Dilute with water to 1 L in a
volumetric flask.

8.5 Calibration Standards:
8.5.1 Hexavalent Chromium Solution, Stock(1000 mg Cr/

L)—Dissolve 0.2828 g of potassium dichromate (K2Cr2O7)
that has been dried at 105°C for 1 h, in water. Dilute to 100 mL
in a volumetric flask.

8.5.2 Hexavalent Chromium Solution, Standard(1000 µg
Cr/L)—Pipet 1.00 mL of the chromium stock solution (see
8.5.1) into a 1-L volumetric flask and dilute to volume with
water.

8.5.3 Hexavalent Chromium Solution, Calibration
Standards—Standards are prepared in 5, 1, 0.5, 0.05, and
0.02-µg/L concentrations by diluting appropriate volumes of
the 1000-µg/L standard in the impinger buffer solution (see
8.3.1).

9. Sampling

9.1 Select a sampling location to provide information on the
possible impact of site activities, conditions, and possible
human exposures. Collect both upwind and downwind ambient
air samples.

9.2 To assess ambient environmental concentrations of
hexavalent chromium, collect samples with a target air volume
of 20 m3 over a continuous 24-h sampling interval.

9.3 Field Quality Assurance and Control Samples (QA/QC):
9.3.1 Field QA/QC samples collected include: one impinger

field blank for every sampling period (see 11.1.2.4 and 12.3.2).
9.4 Sampling collection and analytical procedures are de-

scribed in Section 11.
9.5 For general information on sampling refer to Practice

D 1357.

10. Calibration and Standardization

10.1 Sampling Calibration:
10.1.1 Calibrate sample air flowrate using a primary method

of calibration at the beginning (pre-calibration) and end (post-
calibration) of each sampling session as follows. The begin-
ning and end air flowrates shall not vary by more than630 %
(see 11.2.6). The final sample flowrate is an average of the pre-
and post-sample calibrations(7). Perform maintenance and
repairs to calibration equipment in accordance with the manu-
facturer’s instructions, and keep records for documentation.

10.1.2 Use a soap bubble meter (see 7.1.4), rotameter (see
7.1.3.1), or both, for sample calibration. Procedures for sample
calibration using a soap bubble meter are provided in 10.1.3 to
10.1.8.

10.1.3 Wear latex gloves during sample calibration proce-
dures to prevent sample contamination.

10.1.4 Activate the sample pump (see 7.1.3.2) and allow it
to stabilize. After the pump flowrate stabilizes, attach the
sampling train to the pump by means of the vinyl tubing (see
7.1.3).

10.1.5 Check the sample train for leaks by pressurizing the
sample impinger train. This can be accomplished by restricting
flow through the train at the air inlet, while being careful not to
draw buffer solution into the sample pump or from Impinger A
to B, or B to C. When the impinger train is pressurized, inspect
each impinger for signs of bubbling. If bubbling is observed,
inspect the connections (see 7.1.2.1 and 7.1.2.1) for leaks.
These connecting joints may require additional wax or wax
film wrapping, or both, (see 7.1.2.2). If bubbling does not
cease, replace the sampling train with clean decontaminated
apparatus.

10.1.6 Attach the bubble meter to the air line/probe of the
sampling train, and prime the bubble meter flow cell with
bubble solution by drawing repeated films through the cell until
a single film travels the distance.

10.1.7 Adjust the sample pump so that the sample flowrate
is 15 L/min (630 %). Record the average of at least three
calibration runs in a sample log book. Note the time and date,
and set the elapsed timer to zero.

10.2 Analytical Calibration:
10.2.1 Prepare hexavalent chromium solution standards as

described in 8.5.3.
10.2.2 Determine the analytical instrument chromium re-

sponse for each of the standards using the procedure defined in
11.5.

6 Reagent Chemicals, American Chemical Society Specifications,American
Chemical Society, Washington DC. For suggestions on the testing of reagents not
listed by the American Chemical Society, seeAnalar Standards for Laboratory
Chemicals,BDH Ltd., Poole, Dorset, U.K., and theUnited States Pharmacopeia
and National Formulary,U.S. Pharmacopeial Convention, Inc. (USPC), Rockville,
MD.
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10.2.3 Prepare a calibration curve by using a linear plot of
the peak height or area as a function of standard concentration
by the regression analysis of least squares. The coefficient of
determination (R2) shall be greater than 0.99.

10.2.4 Use the same procedure to determine sample results
as was used to prepare the calibration curve; for example, peak
height or peak area as a function of concentration (see 10.2.3).

10.2.5 Prepare a new calibration curve when new reagents
are made, hardware is altered, or continuing calibration varies
from the initial calibration by more than 10 %.

11. Procedure

11.1 Sampling Train Assembly:
11.1.1 Decontamination—Decontaminate the sampling

train impingers, impinger connecting U-joints, sample line/
probe, and the graduated cylinders used for measuring volumes
of buffer solution in a 1 % nitric acid wash (see 8.3.3) prior to
assembly. To ensure complete decontamination, the following
decontaminating procedure is recommended. Immerse all com-
ponents to be decontaminated in a 1 % nitric acid wash (see
8.3.3) for 10 min. The 1 % nitric acid immersion is followed by
two consecutive reagent water immersion washes for 10 min
each. Rinse three times with reagent water and air dry the
apparatus, then cover all openings securely with wax film to
prevent glassware contamination.

11.1.2 Sampling Train Pre-Assembly—Assemble the sam-
pling train as follows using latex gloves to prevent contami-
nation:

11.1.2.1 Measure pH of the impinger buffer solution (see
8.3.1) and record the reading and buffer solution lot number.
The pH shall be greater than 7.8. If the pH is less than 7.8,
discard the solution.

11.1.2.2 Remove wax film (that prevents glassware con-
tamination, see 11.1.1) from glassware openings. Rinse sam-
pling train apparatus (see 7.1.2): impinger, impinger connec-
tors, graduated cylinders, and polytetrafluoraethylene (PTFE)
tubing with impinger buffer solution (see 8.3.1).

11.1.2.3 Using a graduated cylinder, add 250, 200, and 150
mL of impinger buffer solution to Impingers A, B, and C,
respectively (see 7.1.2.2).

11.1.2.4 Wrap neck of impinger (where impinger barrel and
impinger are joined) with wax film to prevent sample train
leaks.

11.1.2.5 Prepare one impinger field blank (see 9.3.1) as
described in 11.1.1 through 11.1.2.4 with 200 mL of impinger
solution (see 8.3.1). Cover the openings with wax film to
prevent contamination with atmospheric hexavalent chromium,
and place the field blank into a sampling box with a sampling
train and allow it to remain there for the duration of sampling.
Recover the field blank impinger sample for analysis as
described in 11.3.

11.1.3 Sampling Train Assembly:
11.1.3.1 Place Impingers A, B, and C (see 7.1.2.2) in order

within the sampling box.
11.1.3.2 Insert the sample line/probe (see 7.1.2.1) into air

inlet of Impinger A and wrap connecting joint with wax film.
11.1.3.3 Using glass impinger U-joint connectors, connect

Impinger A air exhaust opening to air intake of Impinger B, and
connect Impinger B and C in the same manner. Seal the point

of contact between each U-joint and impinger with wax film
(see 8.3.3) and secure it with an impinger clip.

11.1.3.4 Fasten a 0.5p radian glass connector to the air
exhaust of Impinger C. Wrap this impinger joint with wax film
and secure with a clip. Connect this sample outlet to a sample
pump using vinyl tubing (see 7.1.3).

11.2 Sampling Operation:
11.2.1 Select a sampling area as described in 9.1.
11.2.2 Calibrate the sampling air flowrate as described in

10.1.1 through 10.1.7.
11.2.3 Record the readings on the elapsed time meter and

the dry meter, if used. Record the precise time and date that the
sampling is started. Record the starting reading of the rotame-
ter. Sample air through sample apparatus for 20 to 24 h.

11.2.4 Perform sampling equipment checks to verify buffer
solution volumes and air flow rotameter readings, and note
evidence of sample disruption.

11.2.5 Before stopping the sampling, record the measure-
ments listed in 11.2.3. Post-calibrate the sample air flow as
described in 10.1.1 through 10.1.7, and perform a leak test as
described in 10.1.5.

11.2.6 If the final flowrate varies more than630 % from the
initial reading, label the flow data for the sample as “suspect.”
Inspect the sample pump and sample train to determine the
cause of the flowrate deviation (see 7.1.3.3).

11.2.7 Record ambient weather conditions during sampling,
for example, temperature, pressure, relative humidity, precipi-
tation, and wind speed and direction, if taken (see 7.1.10 and
12.3.3.1).

11.3 Sample Recovery:
11.3.1 Use a separate clean (decontaminated) graduated

cylinder for each impinger sample buffer solution collected.
11.3.2 Wear latex gloves during sample recovery to prevent

contamination. Change gloves frequently to avoid cross-
contamination between samples.

11.3.3 Remove sample line/probe (see 7.1.2.1) from Im-
pinger A, rinse inside line/probe into the graduated cylinder for
Impinger A. Rinse inside each Impinger A opening, and
remove and rinse the impinger from the impinger barrel. Pour
the impinger sample buffer solution from Impinger A into the
graduated cylinder for Sample A.

11.3.4 Remove and rinse inside the U-joint connecting
Impinger A and B into the graduated cylinder for B. Rinse
inside each Impinger B opening, and remove and rinse the
impinger from the impinger barrel. Pour the impinger sample
buffer solution from Impinger B into the graduated cylinder for
Sample B.

11.3.5 Remove and rinse inside the U-joint connecting
Impinger B and C into the graduated cylinder for Impinger C.
Rinse inside each impinger opening, and remove and rinse the
impinger from the impinger barrel. Pour the sample impinger
buffer solution from the impinger barrel into the graduated
cylinder for Sample C.

11.3.6 Record volume (mL) of impinger buffer solution and
rinsate collected from each impinger.

11.3.7 Place each impinger sample solution in a “lab-clean”
sample bottle.
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11.3.8 Measure pH of each impinger sample solution and
record reading. (Rinse the pH probe thoroughly with reagent
water after each use.)

11.3.9 The sample pH shall be greater than 7.8. If the pH is
less than 7.8, discard the sample.

11.3.10 Label the sample jar with the following informa-
tion: sample identification number, date of sample collection,
laboratory analysis requested, impinger buffer solution volume,
and final sample pH.

11.4 Sample Handling—To retard chemical reactivity of
hexavalent chromium, refrigerate the samples until shipment to
the laboratory (see 7.1.8). Place the samples in iced coolers for
laboratory shipment (see 7.1.9). Upon receipt in the laboratory,
store the samples at 4°C until analyzed. For information on
hexavalent chromium stability during sample storage, refer to
13.3.

11.5 Hexavalent Chromium Analysis(3, 4):
11.5.1 Verify the sample buffer solution volumes and pH

upon receipt of samples from the field (see 11.3.9).
11.5.2 Set-up the ion chromatograph (see 7.2.1) in accor-

dance with the manufacturer’s instruction.
11.5.3 Install organic guard column (see 7.2.1.3) and sepa-

rator columns (see 7.2.1.4) in the ion chromatograph.
11.5.4 Install a 1 mLsample loop on the injection valve (see

7.2.1.2) of the ion chromatograph.
11.5.5 Adjust the eluent (see 8.4.2) flowrate to 1.5 mL/min.

Increase the flow of the diphenylcarbohydrazide reagent (see
8.4.3) until the flowrate is 2.0 mL/min. Measure the pH of the
detector effluent to confirm it is two or lower.

11.5.6 After the flowrates are adjusted, allow the system to
equilibrate for about 15 min.

11.5.7 Stir the samples, remove a portion, and filter it
through a 0.45 µm syringe filter (see 7.2.3).

11.5.8 Inject 1 mL of filtered sample through the sample
port using an appropriate syringe or auto sampler (see 7.2.4),
into the eluent stream and mark the injection time on the
chromatogram recorder (see Fig. 3).

12. Calculation

12.1 Sampling(7):
12.1.1 Calculate the sample air volume (VS), in m3 using the

sample time and average flowrate as follows:

VS5@~FS1Fe!/2#/@TS31000#

where:
FS = starting flowrate (L/min),
Fe = ending flowrate (L/min), and
TS = total sampling time, min.

12.1.2 The final sample air flowrate is determined by
averaging the pre- and post-sample air flowrates in m3(see
7.1.10 and 10.1.1).

12.1.3 Record the final sample air volume of air sampled in
m3.

12.2 Analytical (4):
12.2.1 Determine the hexavalent chromium concentration in

µg/L, using the same method that was used in the calibration
step, that is, peak height or area from the calibrated curve (see
10.2.3).

12.2.2 For samples that have been diluted, calculate the
original hexavalent chromium concentration in µg/L by the
following:

Cr~VI! µg/L5~C3F!/V

where:
C = Cr(VI) µg/L, read from the calibration curve (see

10.2.3),
F = volume of diluted sample, in mL, and
V = volume of undiluted sample in mL.

12.3 Sampling Results Reporting:
12.3.1 After analytical determination of the hexavalent

chromium concentration from each impinger in the sampling
train, determine the net hexavalent chromium quantity by
subtracting the field blank (see 9.3.1) value from all impinger
samples with detectable amounts of hexavalent chromium. If

FIG. 3 Ion Chromatographic Determination of Hexavalent
Chromium
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the field blank is below the analytical method limit of detec-
tion, then no corrections are made to sample values. Note the
field blank values on the sampling report.

12.3.2 Determine the hexavalent chromium sample concen-
tration by totaling the reported quantities from each impinger
(A, B, C) in a given sample train according to the following:

12.3.2.1 If an impinger sample contains hexavalent chro-
mium below the analytical method limit of detection, then its
value is not included in the total.

12.3.2.2 If all three impingers are below the analytical
method limit of detection, the value for Impinger A (the first
impinger in the sampling train series) is reported.

12.3.3 Report the hexavalent chromium concentration in
terms of µg/m3 or ng/m3 of air sampled.

12.3.3.1 Report the meteorological data if collected. If this
information was not recorded, state this fact to complete the
report.

13. Precision and Bias (8)

13.1 Precision—The precision of this test method has been
tested using replicate sample tests. In these sampling tests, the
replicate sampling apparatus as described in 7.1 having sam-
pling lines (see 7.1.2.1) arranged a minimum of 3 ft from each
other were operated. The pooled coefficient of variation (CV)
between three groups of three replicate sample tests ranged
from 3.1 to 20 %. The CV of 20 % was for sample concentra-
tions within a factor of five of the method limit of detection.
Four additional replicate sample tests were conducted on other
sites. The pooled coefficient of variation for these replicate
tests was 10.8 %. These results are within the range specified
by the USEPA-Contract Laboratory Program (CLP) for quan-
tification of trace metals(8).

13.2 Bias—There is no hexavalent chromium particulate
reference standard; therefore, generation of a known atmo-
spheric concentration in a test chamber is not a feasible method
to determine method bias. Test method accuracy was assessed
as a function of spike recovery by substituting 1 µg/L hexava-
lent chromium buffer solution spike (see 8.3.2) for the buffer
solution (see 8.3.1) in the test procedure as described in Section
11. In these tests, two co-located groups of three replicate 1
µg/L spike tests were operated. After the spiked sample tests
were corrected for background concentrations of hexavalent
chromium, spike recovery ranged from 87 to 101 %, and the
mean recovery was 94 %. In addition, there was no statistical
significance between the two groups of three replicate spike
tests at the 95 % confidence limit. Other site independent
evaluations of replicate 10 µg/L spike tests showed a corrected
spike recovery range of 90 to 118 %. These results showed that
method accuracy is within the USEPA-CLP for recovery
criteria (8).

13.3 The bias of this test method cannot be checked against
other methods since the unit in which it reports is defined by
the test method. As an indication of test method hexavalent
chromium collection and stabilization, test method results were

compared with co-located total chromium air sampling results.
Ambient air studies have shown hexavalent chromium to be 10
to 40 % of the total chromium in the vicinity of hexavalent
chromium sources(6). In 77 co-located tests, results showed
that the average percentage of hexavalent chromium in the
atmospheric concentration of total chromium was 25 %(8).

13.4 Spike recovery tests as described in 13.2 and 13.3 also
indicate that hexavalent chromium is stable in this test method
and is not reduced to trivalent chromium. Additional laboratory
and test method spike studies have shown the stability of
hexavalent chromium in the buffer solution as a function of
storage time. In a laboratory study, a 10 µg/L spike buffer
solution sample was analyzed on days 2, 6, 8, 10, 13, 15, and
20 days after spiking. The relative percent difference (RPD) in
hexavalent chromium concentration over time ranged from
−4.9 to 8.3 %, with a mean RPD of −0.4 %. These results show
that hexavalent chromium is stable for up to 20 days when
stored at 4°C. In a field test method study, five 10 µg/L spike
samples were analyzed over a period of 104 days. The initial
date of analysis was assigned a time of zero and subsequent
analyses were performed at days 24, 53, 75, 87, and 104. Only
small reductions (<8 %) were noted when these samples were
stored for up to 104 days at 4°C. Method tests have also been
performed to evaluate the conversion of trivalent chromium to
hexavalent chromium. Results indicated that a small fraction of
trivalent chromium may be converted to hexavalent chromium,
but the conversion is too small to have a measurable effect on
hexavalent chromium concentrations of total airborne chro-
mium typically found in the urban air(8).

13.5 The sample train air flowrate has been evaluated by
co-located samples collected at flowrates at 5, 10, and 15 L/min
of air. No statistical difference was found between first im-
pinger results using theF-Test (} = 0.05). Comparisons made
between samples collected at 30 L/min (1 ft3/min) and 15
L/min (0.5 ft3/min) indicated no increased collection efficiency
at the higher flowrate, however, solution agitation and carry
over between impingers were greater at the 30 L/min flowrate.

13.6 The analytical method limit of detection (LOD) was
assessed using the guidelines published by the Environmental
Protection Agency, in Test Methods for Evaluating Solid Waste
(9) for assessing method detection limit. Using SW846 proce-
dures, the LOD of this test method was calculated to be 0.018
µg/L. The practical limit of quantification (PQL) was evaluated
at ten times the standard deviation of replicate results, as is
consistent with the definition published by the American
Chemical Society. The PQL was calculated to be 0.065 µg/L.
Analytical response was linear from the range of 0.02 to 5.0
ng/mL (see 10.2.2) with a correlation coefficient greater than
0.999.

14. Keywords

14.1 ambient atmospheres; atmospheres; chromium;
hexavalent chromium; sampling

D 5281 – 98

7



REFERENCES

(1) Molina, D., and Abell, M. T.,NIOSH Manual of Analytical Methods,
3rd. ed., Method No. 7600, National Institute of Occupational Safety
and Health (NIOSH), Pub. No. 84-100, Cincinnati, OH, 1984.

(2) U.S. Environmental Protection Agency (USEPA), “Method 218.6
Determination of Dissolved Hexavalent Chromium in Drinking Water,
Groundwater, and in Industrial Waste Water Effects by Ion Chroma-
tography,” Environmental Monitoring Systems Laboratory, Office of
Research and Development, Cincinnati, OH, 1990.

(3) U.S. Environmental Protection Agency (USEPA), “Method 7196
Hexavalent Chromium: Colorimetric Method,” Environmental Moni-
toring and Support Laboratory, Cincinnati, OH, 1984.

(4) Dionex Technical Note,Determination of CrVI in Water, Wastewater,
and Solid Waste Extracts,TN26, May 1990.

(5) Paustenbach, D. J., W. E. Rinehart, and P. J. Sheehan, “The Health
Hazards Posed by Chromium-Contaminated Soils in Residential and

Industrial Areas: Conclusions of an Expert Panel,”Reg Toxicol.
Pharmacol. 13:195–222, 1991.

(6) Research Triangle Institute (RTI),The Fate of Hexavalent Chromium
in the Atmosphere,RTI/3789/00-01F, Air Resources Board, 1988.

(7) American Conference of Governmental Hygienists,Air Sampling
Instruments for Evaluation of Atmospheric Contaminants,5th Edition,
Section I, “Calibration of Air Sampling Instruments,” Cincinnati, OH,
1978.

(8) Sheehan, P. J., Ricks, Ripple, and Paustinbach, D. J., “Field Evaluation
of Sampling and Analytical Method for Airborn Hexavalent Chro-
mium,” American Industrial Hygiens Association Journal,January,
1992.

(9) U.S. Environmental Protection Agency (USEPA),USEPA Test Meth-
ods for Evaluating Solid Waste, (SW 846),Revision 1987, 1983.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

D 5281 – 98

8


