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8 Abstract

9 Inexpensive highly leaded jewelry, much of it imported from China, remains widely available in the United States. The source mate-
10 rials for these items are unknown. Due to the low cost of much of this trinket jewelry, it seems likely that scrap materials may be used in
11 their manufacture. Thirty-nine jewelry items previously determined to contain 90% or more lead by weight were analyzed for antimony
12 content. The average antimony content of these thirty-nine items was 3.0%. The range of antimony content in the samples was from 0.3%
13 to 6.2% antimony by weight, with twenty-seven of the samples in the range of 2–4% antimony by weight. By comparison, battery lead
14 standard reference material obtained from the US National Institute of Standards and Technology contains 2.95% antimony by weight.
15 While the evidence is circumstantial, the similarity in composition of these samples to battery lead is striking and supports the hypothesis
16 that some battery lead is being recycled into highly leaded jewelry items. These results suggest that the recycling of this waste in China
17 needs to be investigated, as the use of lead battery waste as a source material for children’s jewelry poses a clear threat to children’s
18 health.
19 � 2007 Published by Elsevier Ltd.

20 Keywords: Lead; Jewelry; Neurotoxicity; Children’s health; Lead-acid battery waste
21

22 1. Introduction

23 The US Consumer Product Safety Commission (CPSC)
24 is currently considering a ban on children’s jewelry contain-
25 ing more than 0.06% lead by weight (US CPSC, 2007). This
26 ban would replace the agency’s current interim enforce-
27 ment standard (2005) which is defined both in terms of lead
28 content (lead must be less than or equal to 0.06%, or
29 600 ppm) and accessibility of lead to dilute acid leaching
30 designed to simulate dissolution in the digestive tract (total
31 accessible lead must be less than or equal to 175 lg). This
32 proposed ban follows the death from lead poisoning of a
33 four-year-old child who swallowed a heart-shaped charm
34 on a Reebok charm bracelet that contained 99% lead by
35 weight (Associated Press, 2006; CDC, 2006). Inexpensive
36 highly leaded jewelry, often imported from China, remains

37widely available in the United States despite the current
38interim enforcement policy (Maas et al., 2005; Weidenh-
39amer and Clement, 2007a).
40The source materials for these jewelry items are
41unknown. Due to the low cost of this jewelry, it seems
42likely that scrap materials may be used in their manufac-
43ture. In the case of the Reebok bracelet, analyses of multi-
44ple bracelet samples found lead content of the charms
45ranging from 0.07% to 99.1% by weight, a result which sug-
46gests opportunistic use of scrap source materials (CDC,
472006). One potential source of scrap lead is the large quan-
48tity of e-waste that is exported from the United States to a
49number of poorer nations, including China. We recently
50analyzed sixteen jewelry items previously determined to
51contain 20–80% lead by weight for lead, tin and copper,
52and found evidence that several of these items had compo-
53sitions suggestive of a solder-based source material
54(Weidenhamer and Clement, 2007b).
55However, it is unlikely that electronic solders with origi-
56nal concentrations of approximately 40% lead by weight
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57 would be the source materials for the significant number of
58 very heavily leaded samples from our original dataset
59 (Weidenhamer and Clement, 2007) which contained more
60 than 80% lead by weight. The biggest use of lead is in the
61 manufacture of lead-acid automobile batteries (Ahmed,
62 1996). In China, growth in the transportation sector is
63 creating a growing demand for lead-acid batteries and
64 presumably, the recycling of used batteries. However, the
65 several kg of lead in one used battery could be used to
66 produce many highly leaded jewelry items, and the diver-
67 sion of a small fraction of recycled lead-acid batteries to
68 the production of jewelry could thus provide a large quan-
69 tity of fairly inexpensive, highly leaded scrap lead for jew-
70 elry production. Automotive battery lead alloys typically
71 contain 1.5–4.5% antimony by weight (Prengaman, 2006).
72 The objective of this study was to determine whether recy-
73 cled battery lead is a possible source material for highly
74 lead jewelry items, by analyzing thirty-nine jewelry items
75 previously determined to contain 90% or more lead by
76 weight (Weidenhamer and Clement, 2007a) for antimony
77 content.

78 2. Materials and methods

79 2.1. Samples

80 Information on purchase and handling of the jewelry
81 samples has been previously described (Weidenhamer and
82 Clement, 2007a). The samples identified as containing
83 90% or more lead by weight were selected for analysis of
84 antimony content. Except for one item, a hair pin manufac-
85 tured in South Korea, all other items were marked as Chi-
86 nese imports.

87 2.2. Chemical analyses

88 Methods followed those of Maas et al. (2005), and are
89 detailed in Weidenhamer and Clement, 2007a. Following
90 digestion of small pieces of each item (0.1–0.2 g) in 50%
91 (v/v) trace metal grade nitric acid and subsequent dilution,
92 samples were analyzed by flame atomic absorption spectro-
93 photometry (SpectrAA 220 FS equipped with the sample
94 introduction pump system SIPS-20; Varian, Walnut Creek,
95 CA, USA). Analytical conditions for Pb have previously
96 been reported (Weidenhamer and Clement, 2007a), and
97 for Sb were 217.6 nm using an air-acetylene flame. Quality
98 assurance and quality control were tested by processing
99 blank samples, fortified laboratory blanks, and standard

100 reference material (SRM; battery lead SRM c2415;
101 National Institute of Standards and Technology (NIST),
102 Gaithersburg, MD, USA). In addition, a duplicate was
103 run for every tenth jewelry sample. It was not found neces-
104 sary to apply the method of standard additions to resolve
105 matrix effects. Concentrations obtained for the SRM were
106 (values for relative standard deviation in parentheses)
107 98.9% (±2.97) of the certificate value for lead, and
108 101.4% (±7.16) of the certificate value for antimony. The

109certified total of all non-lead components of the battery
110lead SRM is 3.64% by weight, leaving a balance of
11196.36% lead by weight in the SRM.

1123. Results and discussion

113Antimony and lead content of the thirty-nine items
114tested is shown in Table 1. Antimony content ranged from
1150.3% to 6.2% by weight in these samples, and averaged
1163.0%. Twenty-seven of the thirty-nine samples had an anti-
117mony content of 2.0–4.0% by weight. By comparison, the
118NIST battery lead SRM contains 2.95% antimony by
119weight. The similarity in composition of many of these
120items to the lead-antimony alloys used in automotive bat-
121teries is striking, and suggests that recycling of battery lead

Table 1
Antimony and lead content (% by weight) of highly leaded jewelry items

Sample no. Jewelry typea % Sb % Pb Total Sb + Pb

1 B 6.2 90.7 97.8
2 B 6.0 92.2 98.2
3 N 5.6 90.3 95.9
4 K 5.6 90.8 96.4
5 H 4.3 91.3 95.5
6 K 4.0 97.5 102.0
7 K 3.8 92.8 96.6
8 K 3.7 90.9 94.6
9 R 3.6 90.0 93.6

10 B 3.6 94.4 97.9
11 B 3.2 90.6 93.8
12 N 3.2 90.5 94.2
13 B 3.2 93.5 96.7
14 K 3.2 92.5 95.7
15 K 3.1 93.1 96.2
16 B 3.0 92.0 95.0
17 B 2.9 93.5 96.4
18 P 2.9 90.6 93.5
19 P 2.9 100.6 103.8
20 K 2.9 95.4 98.7
21 P 2.9 94.6 97.5
22 B 2.8 95.6 98.5
23 K 2.8 94.2 97.0
24 K 2.8 95.3 98.1
25 B 2.7 96.5 99.2
26 B 2.6 93.3 95.9
27 E 2.6 91.8 94.4
28 B 2.6 92.9 95.5
29 E 2.5 91.3 93.9
30 K 2.4 95.7 98.1
31 E 2.4 90.8 93.2
32 N 2.0 93.7 95.7
33 E 1.8 90.1 91.9
34 K 1.8 93.6 95.3
35 K 1.7 91.5 93.2
36 B 1.6 91.2 92.8
37 K 1.4 100.4 101.8
38 B 1.0 91.7 92.6
39 B 0.3 93.8 94.1

Mean 3.0 93.1 96.2

Samples are ranked on the basis of antimony content.
a B = bracelet; E = earring; H = hair pin; K = key chain; N = necklace;

P = pin.
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122 may account for a significant fraction of the highly leaded
123 jewelry items currently sold in the United States. In our ori-
124 ginal study (Weidenhamer and Clement, 2007a), almost
125 one quarter of the 163 jewelry components tested contained
126 90% lead or more by weight.
127 While the evidence presented here for the recycling of
128 battery lead is circumstantial, these results support the
129 novel hypothesis that some battery lead is being recycled
130 into highly leaded jewelry items. Other evidence (Weidenh-
131 amer and Clement, 2007b) suggests that leaded electronic
132 solders are also being used to manufacture jewelry samples.
133 If these leaded waste materials are being used in the man-
134 ufacture of new consumer products such as children’s jew-
135 elry, it suggests that policies designed to protect children’s
136 health by capping the lead content of jewelry and other
137 products must also address the responsible recycling of
138 leaded wastes.
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