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creating vacancies. The electron vacancies are filled by electrons cascading in from outer electron 
shells. Electrons in outer shells have higher energy states than inner shell electrons, and the outer 
shell electrons give off energy as they cascade down into the inner shell vacancies. This 
rearrangement of electrons results in emission of x-rays characteristic of the given atom. The 
fluorescent radiation is analyzed by sorting the energies of the photons (EDXRF). Once sorted, 
the intensity of each characteristic radiation is directly related to the amount of each element in 
the material. 

4. SAFETY 
This SOP does not address all safety issues associated with its use. The user is responsible for 
maintaining a safe work environment and a current awareness file of OSHA regulations regarding 
the safe handling of the chemicals listed in this method. A reference file of MSDSs should be 
available to all personnel involved in these analyses. 

Note: No MSDS applies directly to the radiation-producing instrument because that is covered 
under the Nuclear Regulatory Commission (NRC) or applicable state regulations. 

Proper training for the safe operation of the instrument and radiation training should be completed 
by the analyst prior to analysis. Radiation safety for each specific instrument can be found in the 
operator’s manual. Protective shielding should never be removed by the analyst or any personnel 
other than the manufacturer. The analyst should be aware of the local state and national 
regulations that pertain to the use of radiation-producing equipment and radioactive materials 
with which compliance is required. There should be a person appointed within the organization 
that is solely responsible for properly instructing all personnel, maintaining inspection records, 
and monitoring x-ray equipment at regular intervals. Licenses for radioactive materials are of two 
types, specifically: (1) a general license which is usually initiated by the manufacturer for 
receiving, acquiring, owning, possessing, using, and transferring radioactive material 
incorporated in a device or equipment, and (2) a specific license which is issued to named persons 
for the operation of radioactive instruments as required by local, state, or federal agencies. A copy 
of the radioactive material license (for specific licenses only) and leak tests should be present 
with the instrument at all times and available to local and national authorities upon request. 

X-ray tubes do not require radioactive material licenses or leak tests, but do require approvals and 
licenses which vary from state to state. In addition, fail-safe x-ray warning lights should be 
illuminated whenever an x-ray tube is energized. Provisions listed above concerning radiation 
safety regulations, shielding, training, and responsible personnel apply to x-ray tubes just as to 
radioactive sources. In addition, a log of the times and operating conditions should be kept 
whenever an x-ray tube is energized. An additional hazard present with x-ray tubes is the danger 
of electric shock from the high voltage supply; however, if the tube is properly positioned within 
the instrument, this is only a negligible risk. Any instrument (x-ray tube or radioisotope based) is 
capable of delivering an electric shock from the basic circuitry when the system is inappropriately 
opened. 

Radiation monitoring equipment should be used with the handling and operation of the 
instrument. The operator and the surrounding environment should be monitored continually for 
analyst exposure to radiation. Thermal luminescent detectors (TLD) in the form of badges and 
rings are used to monitor operator radiation exposure. The TLDs or badges should be worn in the 
area of maximum exposure. The maximum permissible whole-body dose from occupational 
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exposure is 5 Roentgen Equivalent Man (REM) per year. Possible exposure pathways for 
radiation to enter the body are ingestion, inhaling, and absorption. The best precaution to prevent 
radiation exposure is distance and shielding. 

5. INTERFERENCES 
The total method error for XRF analysis is defined as the square root of the sum of squares of 
both instrument precision and user- or application-related error. Generally, instrument precision is 
the least significant source of error in XRF analysis. User- or application-related error is generally 
more significant and varies with each site and method used. Some sources of interference can be 
minimized or controlled by the instrument operator, but others cannot. Common sources of user- 
or application-related error are discussed below. 

• Physical matrix effects result from variations in the physical character of the sample. 
These variations may include such parameters as particle size, uniformity, homogeneity, 
and surface condition. For example, if any analyte exists in the form of very fine particles 
in a coarser-grained matrix, the analyte’s concentration measured by the XRF will vary 
depending on how fine particles are distributed within the coarser-grained matrix. If the 
fine particles "settle" to the bottom of the sample cup (closer to detector), the analyte 
concentration measurement will be higher than if the fine particles are not mixed in well 
and stay on top of the coarser-grained particles in the sample cup. Homogeneity is always 
a concern when dealing with furnishing materials. Every effort should be made to 
thoroughly mix and homogenize samples before analysis. Another approach is including 
multiple scans of the several spots on material’s surface (like a large piece of foam or 
hardened plastic filler) and averaging results after. 

Note: Wipe sample chamber thoroughly if XRF sample cells are not used for analysis and 
samples positioned directly on XRF window in order to void cross contamination. 

• Inconsistent positioning of samples in front of the probe window is a potential source of 
error because the x-ray signal decreases as the distance from the radioactive source 
increases. This error is minimized by maintaining the same distance between the window 
and each sample. For the best results, the window of the probe should be in direct contact 
with the sample, which means that the sample should be flat and smooth to provide a 
good contact surface. 

• Chemical matrix effects result from differences in the concentrations of interfering 
elements. These effects occur as either spectral interferences (peak overlaps) or as x-ray 
absorption and enhancement phenomena. Both effects are common for samples with high 
heavy metals contents. As examples of absorption and enhancement effects; iron (Fe) 
tends to absorb copper (Cu) x-rays, reducing the intensity of the Cu measured by the 
detector, while chromium (Cr) will be enhanced at the expense of Fe because the 
absorption edge of Cr is slightly lower in energy than the fluorescent peak of iron. This 
type of matrix effect is most unlikely to affect phosphorus, chlorine, bromine, and 
antimony detection in furnishing materials. 

• When present in a sample, certain x-ray lines from different elements can be very close in 
energy and, therefore, can cause interference by producing a severely overlapped 
spectrum. The degree to which a detector can resolve the two different peaks depends on 
the energy resolution of the detector. If the energy difference between the two peaks in 
electron volts is less than the resolution of the detector in electron volts, then the detector 
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will not be able to fully resolve the peaks. The most common spectrum overlaps involve 
the Kβ line of element Z-1 with the Kα line of element Z. This is called the Kα/Kβ 
interference. Because the Kα/Kβ intensity ratio for a given element usually is about 7:1, 
the interfering element, Z-1, must be present at large concentrations to cause a problem. 
The effects can be completely or partially corrected mathematically (through the use of 
deconvolution techniques) in UniQuant EDXRF Software. Other interferences can arise 
from K/L, K/M, and L/M line overlaps, although these overlaps are less common. As 
example chlorine detection can be compromised by sulfur (S Kα) and argon (Ar Lα) 
peaks, especially if analyzed sample has high sulfur contents and measurements done 
without vacuuming or nitrogen/helium purging of the analyzer chamber in order to 
prevent argon’s detection from air (See Fig. 1). 

6. PRESERVATION AND HOLDING TIMES 
6.1. Sample Containers 

• All sample containers shall be free of contaminants. Containers shall be 
prewashed with detergents, acids and reagent water to minimize possibility of 
contamination. 

• Glass, plastic, and polytetrafluoroethylene (PTFE) containers shall be used. Some 
furnishing samples are stored wrapped in aluminum foil in closed plastic zip-
bags at ambient lab conditions. 

6.2. Holding Times 
• Door sticky mats shall be used and changed every day to avoid possible 

contamination of the samples, which can be divided into aliquots for LC-MS and 
TOF analysis. 

• Analysis shall in no case exceed a 28-day maximum holding time.  

7. EQUIPMENT AND SETUP 
7.1. Hardware 

• ARL QUANT’X EDXRF Analyzer (Thermo Scientific) 

• Chamber Vacuum Pump (Edwards 8) 

• Analytical balance, capable of weighing to 0.001g 

7.2. Glassware and Consumables 
• Plastic XRF sample cells with closure rings  

• XRF film 

• Scissors 

• Spatulas 

• Weighing paper 
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8. STANDARDS AND REAGENTS USED 

• Copper check standard (metallic Cu plate) for energy adjustments 

• Calibration standards (See Table 1) 

 
9. BATCH QC REQUIREMENTS 

There are no certain batch requirements for this pre-screening technique of phosphorus, chlorine, 
bromine and antimony detection at levels of ~ 0.1 wt.% or higher. XRF results are to be verified 
by independent methods such as ICP-AES, ICP-MS, GC-MS or TOF. 

10. INSTRUMENT QC REQUIREMENTS  
EDXRF instrument should undergo energy adjustment every day before analysis or calibration 
starts (see Sec. 12.1. for the details). 

Initial Calibration: 3-5 point calibration curves are required for P, Cl, Br, Sb using a linear fit (see 
Calibration Table and Calibration Curves below). 

11. SAMPLE PREPARATION 
(1) Most of the furnishing materials can be analyzed by placing the sample directly on 

the sample tray. Other samples will need to be placed in a sample cell sealed with a 
membrane film (see Sec. 18 for details). Try to use as much material as possible 
while packing it in a cell, this helps to prevent very high void content on analyzed 
surface and to obtain more accurate results 

(2) Large samples of dense foams (sometimes being inhomogeneous) should be analyzed 
directly and averaged through several points, see Sec. 5.1. 

(3) Standards can be analyzed as compressed pellets, metal disks or as powders (in a cup 
with 2 membranes) depending on measurement conditions and/or attempts to match 
sample matrix 

 
12. SAMPLE ANALYSIS 

12.1. Energy Adjustment of EDXRF 
(1) Open sample chamber door and place copper plate on top of XRF detector 

window 

(2) Start the computer and let it boot fully to the desktop use user ID “Thermo 
Scientific” and pass “analyst” 

(3) Open “Acquisition Manager” either from Desktop or START panel 

(4) Navigate to File - New - Qualitative Tray List or use shortcut “Ctrl+Q” 

(5) Go to tab “Analyze” - Energy Adjustment 

(6) Press “OK” on appeared window with conditions and settings, press “OK” if 
another window “Ensure sample placed on detector window appears” 
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(7) Wait till another message “Energy Adjustment Complete” appears, press 
“OK” then go to tab “File” – “Save Report…” Reports located at 
C:\Quant’x\Reports\ folder. Please use “Energy Adj Month Day Year” file 
name format e.g. “Energy Adj Aug 17 2015”. 

12.2. Sample Set-up and Analysis 
(1) Before the analysis of each sample wipe the sample tray with a wet paper 

towel to pick up any dust or loose material. Dry the area with a second, dry 
paper towel. 

(2) Open sample chamber door and place sample (in a cup or directly in case of 
foams) on top of XRF detector window 

(3) Open “Acquisition Manager” either from Desktop or START panel 

(4) Navigate to File - New - Quantitative Tray List or use shortcut “Ctrl+M” 

(5)  Enter sample name (“AY00777” for example), chose method “Furnishings P 
Cl Br Sb” located at C:\Quant’x\Methods\  in method field 

(6) Highlight the whole row with the sample and press green “GO” button 

(7) Print Analysis Report Page after all 4 scans are complete, it should be opened 
automatically (if not open the “Method Explorer” and find it by sample 
name/date) 

(8) Open “Method Explorer” either from task bar and expand spectra field on the 
left side  

(9) Find analyzed samples by their name and open XRF scans one by one. Press 
red “fingerprint” icon before printing in order to highlight peaks by element 
symbol 

Note: Use sample names like “AY00777a”, “AY00777b” etc. if reruns are 
necessary. It will be easier to find corresponding spectra.  

12.3. Method Creation and Calibration 
(1) Open “Method Explorer” either from Desktop or START panel and expand 

spectra field on the left side 

(1) Navigate to “Elemental Peak Profiles” in the tree on the left side of the 
screen 

(2) Open tab “Spectum” and choose “Import” 

(3) Select the file for an element being added to the calibration for the correct 
filter, voltage, and count rate conditions e.g. “Cl K Series 8 kV Cellulose 
Reference low rate”  

(4) Repeat steps 12.3.3 and 12.3.4 for all elements and all conditions being 
added (see Sec. 13.2.) 

(5) Navigate to “Analytes and Conditions” on a left side of the screen. Remove 
Mid Zb row from the bottom with the left click and “Delete” 

(6) Open tab “Conditions” and choose “Add” 
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(7) Choose the following conditions: Low Za, Low Zb, Mid Zc and High Zb (see 
Sec. 13.2.) 

(8) Elements which can be analyzed in certain conditions are shown in green and 
yellow on periodic table 

(9) Select P and Cl for Low Za, Cl and P for Low Zb, Br for Mid Zc and Sb for 
High Zb respectfully 

(10) Then navigate to “Calibration” field on the left and enter standards 
information like provided in Table 1. Also files from C:\Quant’x\Standards\ 
can be opened by choosing “Calibration” – “Add Standard” 

(11) Save the method by clicking “File” – “Save as” 

(12) Then “Calibration” tab on top and choose “Calibrate”, replace one standard 
after another when requested by “Method Explorer” app 

(13) Save method again once all of the scans complete 

 
13. DATA ANALYSIS 

• The calculated phosphorus, chlorine, bromine and antimony concentrations are obtained 
from the printout of the instrument (Analysis Report Page). 

• Printout all 4 ROIs of XRF spectra: 

• Low Za (No Filter, 4 kV, vacuum, low count rate, 100 sec) for P and Cl 

• Low Zb (Cellulose, 8 kV, vacuum, low count rate, 100 sec) for Cl and P 

• Mid Zc (Pd Thick, 28 kV, air, medium count rate, 100 sec) for Br 

• High Zb (Cu Thick, 50 kV, air, high count rate, 100 sec) for Sb 

 
14. DATA REPORTING 

A complete report packet shall include: 

(1) Printouts of analysis report page and 4 ROIs of XRF spectra (see Sec. 13.2.) 

(2) A copy of the authorization request form (ARF) 

(3) A copy of the sample analysis request (SAR) 

(4) A copy of all related sample receipt and chain-of-custody documentation, including 
any photographs taken upon receipt 

(5) A copy of the certification for all standards used in the analysis and copy of standard 
prep log 

(6) Any other notes collected during sample preparation or analysis 
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15. METHOD PERFORMANCE 

Current method performance reports can be found on file with the Quality Assurance/Quality 
Control Officer. 

16. MAINTENANCE AND TROUBLE SHOOTING 
Maintenance required on an as-needed basis, such as checking/changing pump oil, 
cleaning/replacing air filters, testing the interlock circuit, etc.  

See Chapter 8 “Periodic Maintenance” of Quantx Technical Manual (Ref. 17.4). 

17. REFERENCES 
17.1. United States Environmental Protection Agency, “Method 6200 – Field Portable 

X-Ray Fluorescence Spectrometry for the Determination of Elemental 
Concentrations in Soil and Sediment”, SW-846, Revision 0, February 2007.  

http://www.epa.gov/osw/hazard/testmethods/sw846/pdfs/6200.pdf (Accessed on 
June 8th, 2015) 

17.2. United States Environmental Protection Agency, “Inorganic Analysis, Chapter 
One”, SW-846, Revision 4, February 2007. 

http://www.epa.gov/osw/hazard/testmethods/sw846/pdfs/chap1.pdf  (Accessed on 
June 8th, 2015) 

17.3. United States Environmental Protection Agency, “Inorganic Analysis, Chapter 
Three”, SW-846, Revision 4, February 2007. 

http://www.epa.gov/osw/hazard/testmethods/sw846/pdfs/chap3.pdf  (Accessed on 
June 8th, 2015) 

17.4. Quantx Technical Manual. Thermo Scientific 

17.5. WinTrace User’s Guide version 4.0. Thermo Scientific 
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18. APPENDIX I 

Standards: P, NIST 2709, NIST 2711, BR ROHS 1-3/2-3/3-3 

Supplies: XRF sample cell (32 mm) SC-4331 by Premier Lab Supply, SpectroMembrane Prolene 
Thin-Film (4 µm) by Chemplex Industries Inc. 

19. TABLES 
Table 1. Calibration standards 

Standard P %, Low Za Cl %, Low Zb Br %, Mid Zc Sb2O3 ppm, High Zb 
P (elemental) 26.93 - - - 
NIST 2709 0.062 - - 9.457 
NIST 2711 0.086 - - 23.22 
BR ROHS 1-3 - 0 0 10000 
BR ROHS 2-3 - 0.5 0.1 10000 
BR ROHS 3-3 - 1 0.5 15000 

 

 
20. FIGURES 
Figure 1 

 

An example of possible XRF peaks overlapping for samples of mineral oil. 
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Figure 2 

 

3-point calibration curve for phosphorus 

Figure 3 

 

3-point calibration curve for chlorine 
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Figure 4 

 

3-point calibration curve for bromine 
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Figure 5 

 

5-point calibration curve for antimony 
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