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1.0 SCOPE AND APPLICATION 

 

This method is a modification of NIOSH Method 7300 for metals in air (Appendix B).  It is applicable to the 

analysis of indoor air samples collected on cellulose ester membrane filters.  The filter sample is digested and metal 

concentrations are determined by Graphite Furnace Atomic Absorption (GFAA) or inductively coupled argon 

plasma (ICAP) spectroscopy techniques.  The method is simple, rapid, and relatively free of matrix interferences. 

 

Detection limits, sensitivity, and optimum ranges for metals analysis will vary with the filter material, volume of air 

sampled, and models of GFAA or ICAP instruments used. 

 

These are standard (i.e., typically applicable) operating procedures, which may be varied or changed as required, 

depending upon site conditions, equipment limitations or limitations imposed by the procedure.  In all instances, the 

ultimate procedures employed will be documented and associated with the final report. 

 

Mention of trade names or commercial products does not constitute United States Environmental Protection 

Agency (U.S. EPA) endorsement or recommendation for use. 

 

2.0 METHOD SUMMARY 

 

Indoor air samples are collected on cellulose ester membrane filters contained in cassette filter holders according to 

NIOSH Method 7300.  The filter from the cassette holder is quantitatively transferred to a clean 50-milliliter (mL) 

beaker and digested in nitric acid.  After digestion is complete, the sample is transferred to a 25-mL volumetric 

flask and diluted to volume with dilution acid. 

 

The sample is analyzed by ICAP and/or GFAA methods. 

 

3.0 SAMPLE PRESERVATION, CONTAINERS, HANDLING, AND STORAGE 

 

All samples must have been collected according to NIOSH Method 7300.  After collection, samples must be stored 

and packed securely for shipment. 

 

4.0 INTERFERENCES AND POTENTIAL PROBLEMS 

 

Spectral interferences are the primary interferences encountered in ICAP analysis. These are minimized by 

judicious wavelength selection, inter-element correction factors, and background correction.  Cross-contamination 

and contamination of the sample can be major sources of error because of the sensitivities achieved with the GFAA 

spectroscopy technique.  The sample preparation work area should be kept scrupulously clean.  All glassware 

should be cleaned as directed in Section 5.4. 

 

5.0 EQUIPMENT/APPARATUS 

 

5.1 Graphite Furnace Atomic Absorption (GFAA) Spectrophotometer 

 

Single- or dual-channel, single- or double-beam instrument having a grating monochromator, 

photomultiplier detector, adjustable slits, a wavelength range of 190 to 800 nm, and provisions for 

interfacing with a strip chart recorder or computer, printer, and autosampler. 
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5.2 Strip-Chart Recorder, Integrator, or Printer 

 

A recorder is useful to provide a permanent record and for easy recognition of any problems with the 

analysis. 

 

5.3 Inductively Coupled Argon Plasma (ICAP) Spectrometer 

 

A computer-controlled simultaneous ICAP emission spectrometer with inter-element and background 

correction capabilities and provisions for interfacing to a printer and an autosampler should be used. 

 

5.4 Glassware and Containers 

 

All glassware, polypropylene, or Teflon
7
 containers, including sample bottles, should be washed in the 

following sequence:  detergent, tap water, 1:1 nitric acid, tap water, 1:1 hydrochloric acid, tap water, and 

Type I water.  If it can be documented through an active analytical quality control program, using spiked 

samples and reagent blanks, that certain steps in the cleaning procedure are not required for routine 

samples, those steps may be eliminated from the procedure. 

 

5.5 Hotplate 

 

Automatic temperature control, capable of reaching a surface temperature of 150
o
C  5

o
C. 

 

6.0 REAGENTS 

 

All standard solutions are prepared and documented in accordance with ERT/SERAS SOP #1012, Preparation of 

Standard Solutions. 

 

6.1 Type I Water (ASTM D1193) 

 

Use Type I water for the preparation of all reagents and calibration standards and as dilution water. 

 

6.2 Concentrated Nitric Acid (HNO3) 

 

Use commercially available high-purity, spectro grade acid certified for ICAP/GFAA use. 

 

6.3 Dilution Acid (4% HNO3) 

 

Add 40 mL concentrated HNO3 to 500 mL Type I water; dilute to 1-L. 

 

6.4 Calibration Stock Solutions 

 

Use commercially available standard solutions, typically 1000 micrograms per milliliter (μg/mL). 

 

6.5 Calibration Standards 

 

Appropriate concentrations for standards must be selected depending on the typical analytical range of the 
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instrumentation used.  A calibration blank and one or more calibration standards should be prepared 

containing all elements of interest by combining appropriate volumes of the stock standard solutions in 

volumetric flasks.  The calibration standards should be prepared using the same type or combination of 

acid(s) and in the same concentration range that will be present in the samples after they are processed. 

 

For GFAA instruments that do not read out directly in concentration, a calibration curve is prepared to 

cover the appropriate concentration range.  For best results, intermediate and working standards should 

be prepared fresh each time a batch of samples is analyzed.  Standards may also be preserved at 4
o
C and 

used until their expiration date (maximum 6 months).  A blank and a minimum of three working standards 

in the linear part of the calibration range should be used to calibrate the GFAA instrument. 

 

7.0 PROCEDURES 

 

7.1 Sample Preparation 

 

1. Open the cassette holder and quantitatively transfer the filter sample to a clean 50-mL beaker. 

 

2. Add 5 mL HNO3, cover with a watchglass, and let stand 30-minutes at room temperature. 

NOTE: All digestions must be performed under a working fume hood. 

 

3. Heat on the hotplate (120
o
C) until approximately 0.5 mL of sample remains. 

 

4. Add 2 mL HNO3 and repeat step 3.  Repeat this step until the solution is clear. 

 

5. Remove watch glass and rinse into the beaker with Type I water. 

 

6. Increase the temperature to 150
o
C and heat until approximately 0.5 mL of sample remains. 

 

7. Transfer the solution quantitatively to a 25-mL volumetric flask and dilute to volume with 

dilution acid. 

 

7.2 Media Blank 

 

Prepare the media blank (lot blank) using blank filter media from the same lot as the unknown samples.   

Prepare the media blank using the procedure outlined in Section 7.1 at the same time the samples are 

prepared.  A minimum of three media blanks per batch of samples (not to exceed 20 samples) must be 

prepared. 

 

7.3 Media Blank Spike/Blank Spike Duplicate 

 

Prepare the media blank spike (BS) and blank spike duplicate (BSD) samples by spiking blank filter 

media  with known amounts of metals (see Table 1, Appendix A) using the procedure outlined in Section 

7.1.  BS/BSD samples are prepared in the laboratory to monitor the precision and accuracy of the method. 

 Use the BS/BSD samples delivered to the laboratory with the unknown samples, or media blanks from 

the same lot, if none are provided with the samples. 

 

7.4 Calibration and Measurement 
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Differences between the various makes and models of satisfactory ICAP and GFAA instruments prevent 

the formulation of detailed instructions applicable to each system.  The analyst should follow the 

manufacturer's operating instructions for a particular instrument. 

 

Analyze the working standards together with the samples and blanks.  Analyze the full set of working 

standards at the beginning of the run to establish the calibration curve.  Analyze additional standards 

during sample analysis to confirm the initial calibration and continuing instrument response (see Section 

9.0). 

 

Samples with high concentrations of metals must be diluted into the linear calibration range (see Section 

9.6). 

 

8.0 CALCULATIONS 

 

Read the metal concentration (B) in μg/L from the calibration curve or directly from the read-out system of the 

instrument.  Calculate the metal concentration in the sample (A) as follows: 

 

D

CD
BsamplemetalL/gA  

 

where: 

 

B = Concentration of metal (μg/L) 

C = Amount of acid blank matrix used for dilution (mL) 

D = Sample aliquot used for dilution (mL) 

 

Note:  If a dilution was not required, C = 0, and A = B. 

 

Calculate the amount of metal (W) for each filter: 

 

025.0AmetalFilter/gW  

 

where: 

 

A = Concentration of metal in the sample (μg/L) 

0.025 = Final solution volume (L) 

 

Calculate the concentration (μg/m
3
) of metal in the air volume sampled: 

 

V

BLK-W
1000   = metalmg 3

 

where: 

 

W = Amount of metal in each filter (μg/filter) 
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V = Volume of air sampled (L) 

BLK = Concentration in the media blank (μg/filter) 

 

NOTE:   BLK is the average of the media blank results (minimum 3).  For blank values <MDL, substitute zero (0) 

for the raw data prior to calculating the average.  The calculated average is then subtracted from each sample even 

if the average is < MDL. 

 

NOTE:  Report μg/filter results for lot blank, trip blank, field blank(s), and BS/BSD samples because no air 

volume is collected for these samples. 

 

9.0 QUALITY ASSURANCE/QUALITY CONTROL 

 

All quality control (QC) data must be documented and available for reference or inspection. 

 

9.1 Initial Calibration Verification (ICV) 

 

The GFAA or ICAP instruments must be calibrated each day with a blank and the appropriate number of 

calibration standards (Section 7.4).  The initial calibration must be verified by analysis of an ICV 

standard, the calibration blank, QC standards, and media blanks (Section 7.2).  The ICV standard should 

be prepared (using an independent source) at or near the mid-range concentration for most elements, and 

must be within the calibration range for all elements.  The ICV results must be within the Performance 

Acceptance Limits (PALs) supplied by the vendor.  The QC standards should be prepared using an 

independent source and must have concentrations within the calibration range for all elements.  QC 

standard results must be within the PALs supplied by the vendor.  Calibration blank results must be less 

than the MDL. 

 

9.2 Continuing Calibration Verification (CCV) 

 

The working standard curve must be verified by analyzing the CCV standard and the calibration blank 

after every 10 samples and after the final sample.  CCV results must be within ±10 percent of the true 

value for ICAP analysis and ± 20 percent for GFAA analysis.  Calibration blank results must be less than 

the MDL. 

 

9.3 BS/BSD Samples 

 

A minimum of one media BS and BSD sample must be analyzed with each batch of samples to verify 

precision and accuracy of the method. 

 

BS/BSD percent recovery (%R) should be within 75-125 percent (advisory only) and calculated as: 

 

100 x  
SA

BLK - SSR
 = %R  

where: 

 

SSR = spiked (BS or BSD) sample result (μg/filter) 

SA = Spike added  (μg/filter) 
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BLK = Concentration in the media blank (μg/filter) 

 

NOTE:   BLK is the average of the media blank results.  For blank values <MDL, substitute zero (0) for 

the raw data prior to calculating the average.  The calculated average is then subtracted from each sample 

even if the average is < MDL. 

 

The Relative Percent Difference (RPD) for duplicate samples (BS/BSD) should be within 80-120 percent 

(advisory only) and calculated as: 

 

100 x  
BSDR)/2 + (BSR

BSDR-BSR
    = RPD

 
 

where: 

 

BSR = %R for BS sample 

BSDR = %R for BSD sample 

 

9.4 Linear Analytical Range 

 

For ICAP analyses, one or more linear analytical range (LAR) standards must be analyzed to determine 

the maximum linear range of the calibration for each element.  Recovery must be within 90-110 %.  If the 

recovery is outside these limits, the maximum calibration standard concentration defines the linear range.  

LAR standards must be analyzed and reported on a quarterly basis. 

 

For GFAA analyses, the maximum calibration standard concentration defines the linear range. 

 

9.5 Serial dilution 

 

A five-fold dilution of a typical sample is prepared and analyzed.  The concentration in the undiluted 

sample must be greater than or equal to (>) 50x the Instrument Detection Limit (IDL) and the diluted 

sample must be > 10x the IDL in order to obtain a meaningful comparison.  Results are multiplied by the 

dilution factor and compared to the original determination (undiluted sample).  Agreement within 10% 

between the concentrations for the undiluted sample and the diluted sample indicates the absence of 

matrix interferences.  If recovery is outside these limits, a chemical or physical effect should be suspected. 

 

If the concentrations of all analytes in all samples are less than 50x the IDL, serial dilution will not be 

performed. 

 

9.6 Dilution Analysis 

 

If the concentration of any analyte in any sample exceeds the linear range, the sample must be diluted and 

reanalyzed.  An appropriate dilution or series of dilutions (for example, 5x, 10x, 20x) may be required 

depending on the concentration in the undiluted sample.  Results are reported from the lowest dilution that 

falls within the linear range. 
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For analytes that saturate the detector, a series of dilutions is required.  For a series of dilutions, 

comparisons are first made with respect to the undiluted sample and then, within the series.  Based on the 

analyst's professional judgement, results are reported from the diluted sample that has the smallest dilution 

factor and indicates the absence of interferences. 

 

10.0 DATA VALIDATION 

 

Data will be assessed by the Data Validation and Report Writing Group using the most current revision of the 

ERT/SERAS SOP #1017, Data Validation Procedure for Routine Inorganic Analysis.  However, data is 

considered satisfactory for submission purposes when all of the requirements listed in the method are met. 

 

11.0 HEALTH AND SAFETY 

 

The toxicity or carcinogenicity of each reagent used in this method has not been precisely defined.  However, each 

chemical compound should be treated as a potential health hazard.  The laboratory is responsible for following the 

chemical hygiene plan and laboratory safety program regarding the safe handling of the chemicals specified in this 

method. 

 

When working with potentially hazardous materials, refer to U.S. EPA, Occupational Safety and Health 

Administration (OSHA) and corporate health and safety practices.  More specifically, refer to ERT/SERAS SOP 

#3013, SERAS Laboratory Safety Program. 

 

The analyst should consult all appropriate MSDS information prior to running an analysis for the first time. 

 

12.0 REFERENCES 
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Table 1.  Typical Spike Ranges for 

 Blank Spike (BS) / Blank Spike Duplicate (BSD) 

Metal Spike Amount (μg/filter) 

Aluminum 50 – 200 

Antimony 0.50 - 2.00 

Arsenic 0.50 - 2.00 

Barium 2.50 - 10.0 

Beryllium 2.50 - 10.0 

Cadmium 2.50 - 10.0 

Calcium 50 – 200 

Chromium 2.50 - 10.0 

Cobalt 2.50 - 10.0 

Copper 2.50 - 10.0 

Iron 50 – 200 

Lead 0.50 - 2.00 

Magnesium 50 - 200 

Manganese 2.50 - 10.0 

Nickel 2.50 - 10.0 

Potassium 100 - 400 

Selenium 0.50 - 2.00 

Silver 2.50 - 10.0 

Sodium 50 - 200 

Thallium 0.50 - 2.00 

Vanadium 2.50 - 10.0 

Zinc 2.50 - 10.0 
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 APPENDIX B 

 NIOSH Method 7300 for Metals in Air 

 SOP #1813 

 March 2001 
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