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Introduction

Historically total lead content of  consumer products has been measured after digesting a material in heated nitric acid and 30% hydrogen peroxide (EPA SW-846 Method 3050) followed by analysis using graphite furnace atomic absorption spectroscopy (EPA SW-846 Method 7421, ASTM D3559 or their equivalent) or ICP/MS. Recent legislation has been adopted, both at the State and Federal levels, to limit the amount of lead in children’s products, many of which are made of, or contain, plastics. Application of test methods to plastic items known to contain lead-bearing pigments produce low recoveries (<1% of the actual amount lead present). Two relatively new approaches have been developed to eliminate interference from the plastic matrix: 1)x-ray fluorescence (XRF, EPA SW-846 Method 6020)) and 2) muffle furnace combustion (ASTM Method D3335) prior to analysis by traditional means. 

Methods

1) EPA SW-846 Method 6200 is used to test for lead content in solid materials by x-ray fluorescence (XRF). This is a non destructive was originally developed for testing packaging to address issues of conformance with landfill ordinances (USEPA, 2007). For these analyses a Niton XL3 XFR (Thermo Fischer Scientific) laboratory unit was used.
2) ASTM Method 3335 followed by EPA SW-846 Method 3050 reduces the plastic sample to an ash in a muffle furnace at 450º C for 60 minutes  and then utilizes a nitric acid/30% hydrogen peroxide digestion to recover the lead. Total lead is measured in the digestate using one of the analysis methods mentioned above. 

3) Detection limit for the methods was determined in plastics by analyzing 7 samples painted with 22 ppm lead-containing paint and then determining the method standard deviation. The detection limit was calculated as 3*sd. 

Results

Traditional Digestion vs. Preliminary Char Step

Methods used for measuring total lead in surface coatings have been applied by test laboratories to evaluate total lead in children’s products. Although this approach is reasonable for most materials, it is not effective for accurately measuring lead in plastics. The following table compares testing plastics for lead using a method suitable surface coatings (EPA Method 3050) with the results of testing for total lead after removing the plastic matrix by combustion in a muffle furnace (ASTM Method D3335 followed by EPA Method 3050): 

Table 1: Comparison of lead in plastics test results with analysis with or without charring in a muffle furnace 

	Sample  Description
	3050 Digestion
	
	3050 Digestion after

	
	No Char
	
	Preliminary Char

	
	(ug/g)
	
	(ug/g)

	Pink & Yellow Paint Tray Composite
	<2.0
	 
	5.1

	Marker Label Composite
	8
	 
	16

	Lid from Fingerpaint
	<2.0
	 
	7.9

	Orange Brush Handle
	<2.0
	 
	4.7

	Plastic Stencil 
	<2.0
	 
	4.8

	Foam Composite
	6.8
	 
	10.4

	Orange Glue Stick Cap 
	13.8
	 
	1,972

	Orange Glue Stick Cap 
	9.1 (Dup)
	 
	2,177

	Orange Glue Stick Cap 
	9.4 (Trip)
	 
	2177

	Plastic eyes 
	2
	 
	8.5

	Orange Cap
	9.1
	 
	1990

	Black Electrical Tape Composite
	1287
	 
	5896

	Black and Blue Vinyl Composite
	13.1
	 
	3171


When lead contamination is present in a plastic material, testing using classical total lead test methods for lead in surface coatings can under represent the actual level of lead present by a factor of 200 or more. 

XRF vs. Char/DigestionGFAA Analysis

Results of testing a series of 25 plastic samples by XRF and Char/Digestion/GFAA methods are compared in the following table:

Table 2: total lead content of plastics tested by x-ray fluorescence (XRF) and GFAA after charring and nitric acid digestion

	Description
	XRF result
	muffle furnace/nitric acid/GFAA

	
	(All readings in ppm)

	Vinyl notebook sleeve (various colors)
	25
	25

	Vinyl notebook sleeve (various colors)
	223
	238

	Vinyl notebook sleeve (various colors)
	239
	229

	Vinyl notebook sleeve (various colors)
	2845
	2989

	Vinyl notebook sleeve (various colors)
	25
	43.7

	Vinyl notebook sleeve (various colors)
	25
	13.9

	Vinyl notebook sleeve (various colors)
	406
	475

	Vinyl notebook sleeve (various colors)
	25
	13.1

	Vinyl notebook sleeve (various colors)
	1972
	1969

	Vinyl notebook sleeve (various colors)
	25
	6

	Vinyl notebook sleeve (various colors)
	25
	9.2

	Vinyl notebook sleeve (various colors)
	25
	4

	Marker plastics (various colors)
	731
	850

	Marker plastics (various colors)
	607
	870

	Marker plastics (various colors)
	310
	350

	Marker plastics (various colors)
	321
	210

	Marker plastics (various colors)
	298
	260

	Marker plastics (various colors)
	431
	490

	Marker plastics (various colors)
	954
	990

	Marker plastics (various colors)
	871
	870

	Marker plastics (various colors)
	437
	335

	Marker plastics (various colors)
	298
	265

	Marker plastics (various colors)
	623
	620


Table 3: comparison of results of testing by 2 methods

	Description
	XRF result
	muffle furnace/nitric acid/GFAA


	correlation coefficient
	
	0.994

	Method detection limit
	2.5 ppm
	0.7 ppm


The results from both methods gave quite similar results with a correlation coefficient of 0.994. Sensitivity was somewhat better for muffle furnace/nitric acid/GFAA testing than for XRF lead testing. 

Comment

Various plastics interfere with the determination of lead by traditional acid digestion methods used for testing total lead in surface coatings. This interference has been identified with polypropylene, vinyl and polyvinyl chloride plastics used for shrink wrap labels (Stopford and Cappellini, unpublished data). We identify two methods that can eliminate this interference. Muffle furnace pretreatment reduces the plastic to a char while testing by x-ray fluorescence leaves the original sample untouched.  Although the former method is more sensitive, both methods detect within permissible limits stated in published regulations for allowable lead in children’s products (Consumer Products Safety Improvement Act of 2008). Findings in our study for the method detection limit for lead in plastics using XRF is similar to that found by  PANalytical (2005) using a lead containing  TOXEL polyethylene XRF standard where a method detection limit of 0.9 ppm was found. 

Originally billed as a “screening” technique, these results suggest that in the range of concern, x-ray fluorescence can be used to determine accurately the presence of excessive levels of lead in plastic materials. 

Health Canada has also identified that methods for total lead testing of surface coatings may not be adequate for testing lead in plastics. They have developed a microwave digestion method for assaying lead in PVC plastics (Health Canada, 2005). A similar method has been developed by EPA (Method 3015A). Microwave/nitric acid digestion may also useful for measuring lead in non-PVC plastics (Stopford, unpublished data). 
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