Pb In Toys Analyzer
_ A New Alternative
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A study was conducted to compare HD
Spectroscopy (HDS) to Inductively Coupled
Plasma Optical Emission Spectrometry (ICP-
OES), Flame Atomic Absorption Spectrometry
(AAS), and handheld X-ray Fluorescence for lead
analysis. Ten paint samples of varying lead
concentrations, paint layer thicknesses, and
substrate composition were measured by an HD
1000 HDS analyzer, two ICP-OES instruments, an
AAS instrument, and a handheld XRF analyzer.
Results were comparable between HDS, ICP-
OES, and AAS, making HDS a viable alternative
to current quantitative lead analysis methods.

Figure 1. HD 1000 Analyzer

Significance

With the enactment of the CPSC Consumer Product Safety Improvement Act, it is has become
increasingly important to find methods for rapid, non-destructive, quantitative, and cost-effective
testing of lead content in toys. Current rapid, non-destructive testing is not quantitative, especially for
coatings. Most quantitative chemical methods are destructive and time consuming. New technology
using HDS by XOS, Inc. allows the user to perform rapid, non-destructive qualitative screening and
guantitative testing of lead content in toys and other products. Separate results are provided for both
substrate and coating.

Methodology

Two laboratories participated in this study. Intertek Testing in Shenzhen, China used an HD 1000
HDS analyzer (see Figure 1) and an ICP-OES spectrometer. Each specimen was measured eight
times using the HD 1000, and two samples of each specimen were taken for ICP-OES analysis. A
major state public health laboratory in the U.S. (denoted SPHL in Figures 3-5 and Tables A1-A3)
participated with ICP-OES and Flame AAS. The specimens were measured five times each with both
instruments. In addition, XOS measured the specimens with a handheld XRF analyzer. Ten
measurements were taken of each sample, and the arithmetic mean was reported. See Annex 1 for
measurement results.

Sample Preparation
Lead dopant solutions were prepared by dissolving lead nitrate (Pb(NO3),) in water. The base paint

(Glidden Semi Gloss Latex white interior house paint, lot number 509187) was impregnated with
three different lead concentrations (denoted low, medium, and high respectively) by dissolving known

X-Ray Optical Systems, Inc. ® 15 Tech Valley Drive ® East Greenbush, New York 12061
Phone 5188801500 @ Fax 5188801510 B www.x0S.com



amounts of the prepared dopant solutions into the base paint material. The lead impregnated paints
were placed in clean, epoxy lined one quart paint cans and mixed for 45 minutes in a commercial
paint mixer.

Figure 2. Sample Test Specimen

The paint with low, medium, and high lead concentrations was then applied to 3 inch by 12 inch by %
inch thick rectangles of ABS plastic and glass substrates using a Gardco 8-path wet paint applicator.
Figure 2 shows a prepared test specimen. The paint with low and medium lead concentrations was
applied on two different substrates, glass and ABS plastic, in two different thicknesses, measuring 20
pm and 30 um thick when dry. The high lead paint concentration was applied as a 30 um (dried)
layer to both ABS plastic and glass. The varying lead concentrations, paint layer thicknesses, and
substrates tested are summarized in Table 1.

Table 1. Samples Tested By HDXRF, ICP-OES, AAS, and Handheld XRF

ABS Plastic Substrate Glass Substrate
Lead Paint Thickness (um) Lead Paint Thickness (um)
Concentration 20 30 Concentration 20 30
Low X X Low
Medium X X Medium
High X High

Results

See Annex 1 for individual measurement results, means, and %RSD for HDS. Mean values are
depicted in Figures 3-5. In addition, as also shown in the following figures, the handheld XRF
analyzer was not sufficiently quantitative for coatings at this or any other lead level tested in this
study.

Figure 3 depicts the mean results for the low-level lead-paint samples. This is the same paint
sample, applied in different thicknesses on different substrates. Results from the HD 1000 analyzer
were consistent with ICP-OES and AAS analytical methods. There was a slight bias between the
HDS glass and plastic results which is most likely related to the calibration substrate; this effect
diminishes with increasing lead concentration as shown in Figures 4 and 5, the medium and high
level lead paint samples. The substrate effect was corrected in a later software revision, but the
original settings were maintained throughout this study for consistency.
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Figure 3. Low Level Lead Content (mg/kg) of Paint Layers on ABS
Plastic or Glass as Measured By HDS, ICP-OES, AAS, and Handheld XRF
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Figure 4. Medium Level Lead Content (mg/kg) of Paint Layers on ABS WICP-OES (SPHLY) BAAS (SPHLY)

Plastic or Glass as Measured By HDS, ICP-OES, AAS, and Handheld XRF
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Figure 5. High Level Lead Content (mg/kg) of Paint Layers on ABS M ICP-OES (SPHL*) BAAS (SPHL¥)
Plastic or Glass as Measured By HDS, ICP-OES, AAS, and Handheld XRF OHandheld XRE
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Figure 6 is a comparison of HDS versus handheld XRF with changing coating thicknesses and lead
level concentrations. The HD 1000 did not exhibit measurement bias with changing coating thickness
as other XRF technologies are known to do.

Figure 6. Low and Medium Level Lead Content (mg/kg) of Paint Layers of Varying EHDS (Intertek)
Thicknesses on ABS Plastic as Measured By HDS and Handheld XRF OHandheld XRF
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Conclusion

The HD 1000 HD Spectrometer manufactured by XOS, Inc. is a viable alternative to Inductively
Coupled Plasma Optical Emission and Flame Atomic Absorption spectrometers for measuring lead in
paint layers and other products. Unlike ICP-OES and AAS, HDS is fast, non-destructive, easy-to-use,
and may be used for qualitative screening analysis as well as quantitative analysis. In addition, unlike
traditional handheld XRF analyzers, the HD 1000 does not exhibit measurement bias with changing
coating thickness.

Annex 1. Data Tables

The mean lead concentration for each specimen in the following tables is denoted by a colored box,
orange for HDS, blue for ICP-OES, green for AAS, and yellow for handheld XRF, which correspond to
the colors in the preceding figures. In addition, %RSD for HDS is noted for each specimen. HDS
precision improves with both increased lead content and increased paint layer thickness as
evidenced by a decreasing %RSD.

Table Al. Low Level Lead (mg/kg) in Paint Layers (20 or 30 um) Measured By HDS, ICP-OES, AAS,

and Handheld XRF

Paint
Substrate | i ecs | intertek HDS | HDS srsD | MEMEKICP- | SPHLYICP- | op o As | Handheld XRF
Type OES OES
(pm)
78 0.1
61 0.5
65 86 98 0.1
ABS 29 57 56 90 0.1
Plastic 20 99 30.1 50 66 75 0.1
65 Avg 54 65 81 0.1
64 69 91 0.1
59 Avg 68 Avg 87 0.1
Avg 65 Avg 0.1
82 0.1
94 0.1
97 64 73 0.1
100 56 68 103 0.1
Glass 20 115 14.5 51 67 64 0.1
124 Avg 54 67 61 0.1
117 66 81 0.1
89 Avg 66 Avg 76 0.1
Avg 102 Avg 0.1
51 0.1
64 15
62 66 77 0.1
ABS 68 55 62 81 0.7
Plastic 30 60 11.8 50 68 89 0.7
72 Avg 53 62 74 0.1
60 67 80 0.1
52 Avg 65 Avg 80 0.1
Avg 61 Avg 0.4
75 0.1
88 0.1
105 67 78 0.1
82 53 68 80 0.1
Glass 30 98 12.8 49 66 80 0.1
79 Avg 51 67 80 0.1
101 67 76 0.1
102 Avg 67 Avg 79 0.1
Avg 91 Avg 0.1

* State Public Health Lab
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Table A2. Medium Level Lead (mg/kg) in Paint Layers (20 or 30 um) Measured By HDS, ICP-OES, AAS,
and Handheld XRF

Paint
Substrate | .o ecs | intertek HDS | HDS %srsp | MEMEK ICP- | SPHLYICP- | oy« aas | Handheld XRF
Type OES OES
(um)
110 1.0
129 0.4
115 124 135 0.1
ABS 135 108 128 165 0.2
Plastic 20 123 11.1 109 121 131 0.1
101 Avg 109 138 153 0.5
122 135 143 0.1
143 Avg 129 Avg 145 0.1
Avg 122 Avqg 0.3
96 0.8
126 0.1
145 145 148 0.1
167 117 146 184 0.1
Glass 20 153 16.7 110 145 138 0.1
171 Avg 114 149 150 0.1
155 145 153 0.1
151 Avg 146 Avg 155 0.1
Avg 146 Avqg 0.2
119 1.6
141 0.3
124 156 157 1.7
ABS 136 125 145 161 0.8
Plastic 30 126 5.8 108 143 165 1.4
134 Avg 117 137 143 1.0
124 139 144 0.2
126 Avg 144 Avg 154 0.3
Avg 129 Avg 0.9
151 1.6
149 3.7
146 154 152 1.0
166 114 139 150 0.1
Glass 30 163 5.6 110 148 159 25
159 Avg 112 144 153 3.0
163 145 157 1.9
144 Avg 146 Avg 154 57
Avg 155 Avg 2.4

* State Public Health Lab

Table A3. High Level Lead (mg/kg) in 30 um Paint Layers Measured By HDS, ICP-OES, AAS, and
Handheld XRF

Paint *
Substrate | i cecs | intertek HDS | HDS ssrsp | MEMEKICP- | SPHLYICP- | ooy« Aas | Handheld XRF
Type OES OES
(um)

744 9.4
719 6.9
740 832 766 10.0

ABS 735 650 822 773 6.0

Plastic 30 723 1.7 646 814 757 7.5
724 Avg 648 819 737 9.5
715 790 758 7.4
708 Avg 815 Avg 758 8.3

Avg 726 Avg 8.1

727
804
749 742 745
802 732 747 740

Glass 30 800 5.0 654 740 741
851 Avg 693 687 734
808 726 735
822 728 739

Avg 795 Avg --------

* State Public Health Lab
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