
U.S. FDA Import Alerts warn us of raisins containing lead, bottled water laced with 
arsenic, and toys painted with lead-based paint. Inorganic analysis of food and toys 
is important for safety. Food consumption is a major contributor to hazardous expo-
sure for adults and children. Toys also provide a contribution for children because of 
their hand–mouth activity. The analysis of a variety of food types and toys for inor-
ganic contaminants will be examined in the context of U.S. regulations.

The primary element of interest is lead, but a number of other toxic elements pose a con-
siderable threat, especially for children. This subset of elements, known as heavy metals, 
includes antimony, arsenic, barium, cadmium, chromium, selenium, mercury, and lead, 
since they are all known to accumulate in the body and cause detrimental effects over 
time. There are several regulations and associated methodology for the measurement of 
metals in toys and food. Safety standards for toys are described by the Consumer Product 
Safety Commission (CPSC) and listed in ASTM 936-07. Lead in paint applied to toys is 
regulated in the Code of Federal Regulations (16 CFR 1303), which bans paint contain-
ing more then 0.06% lead in the dried paint film. The testing for metals in toys is specified 
in the ASTM standard and follows the European standard EN 71, part 3, which is adopted 
into ISO 8124-3. In some cases, a total digestion and assessment of the lead in paint pro-
vides a more conservative and definitive answer than the 0.1 M HCl extraction described 
in ISO 8124-3, and discretion is recommended. The U.S. FDA regulates the amount 
of lead and cadmium that can be leached from ceramic and other hollow- and flatware, 
which might be a source of exposure through the food contained in them. They specify an 
acetic acid leach procedure, similar to ISO 8124-3. Regulations on the amount of metal 
content in food are less clear, and any of the heavy metals should only be present at low 
levels. This paper will show results for the analysis of a variety of toys and foods.
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Figure 1 Painted plastic cars.

Experimental
Three sample preparation procedures were used for the preparation of toy samples, 
including two different extractions and a total digestion of the paint scraped from 
the toy surface. The samples were prepared as follows:

•	 Extraction:	U.S.	Method	AOAC	973.32;	10	mL	of	4%	acetic	acid,	24	hr	in	darkness
•	 Extraction:	European	Method	EN-71	part	3	(ISO	8124-3);	5	mL	of	0.1	M HCL for 

2 hr at 37 °C in darkness
•	 Complete	paint	digestion:	Microwave	digestion	with	6	mL	nitric	acid	and	1	mL	

HCl, using a Multiwave™ 3000 system (PerkinElmer, Inc., Shelton, CT), diluted 
to	50	mL.

Toys and food were chosen after consideration of current import alerts listed on the 
FDA Web site (www.fda.gov/ora/fiars/ora_import_alerts.html), and toy recalls on the 
CPSC Web site (www.cpsc.gov). Matrices were chosen similar to alert-listed con-
taminated matrices to demonstrate that measurement of low concentrations in those 
matrices could be achieved, such as the toy cars shown in Figure 1.

Sample workload, throughput demanded by clients, and the concentration that must 
be measured contribute to choosing the inorganic measurement technique. The 

Table 1 ICP-OES conditions for analysis of toys and food
 Optima™ 5300 ICP-OES
Instrument (PerkinElmer, Inc.)
Radiofrequency	(RF)	power	 1450	W
Nebulizer	flow	 0.55	L/min
Auxiliary flow 0.2 L/min
Plasma	flow	 15.0	L/min
Sample pump flow 1.2 mL/min
Plasma viewing Axial
Processing mode Area
Auto	integration	 5	sec	min.–20	sec	max.
Read delay 30 sec
Rinse 30 sec
Replicates 3
Background correction One or two points
Spray chamber Cyclonic
Nebulizer SeaSpray (low-flow version)
Injector Alumina, 2.0 mm i.d.
Total analysis time per sample ~2 min



analysis was performed with inductively 
coupled plasma–optical emission spec-
troscopy (ICP-OES), although atomic 
absorption or ICP-MS would also provide 
suitable analytical capability. The ICP-
OES conditions are shown in Table 1.

The SeaSpray nebulizer (Glass  Expansion 
Co., Pocasset, MA) was chosen to accom-
modate higher dissolved solids. The lower 
argon flow enhances sensitivity. Axial 
viewing was chosen to measure lower con-
centrations effectively.

Results and discussion
The U.S. method extraction using 
acetic acid and the European hydro-
chloric acid extraction were compared 

to see if the results were significantly different in the amount of lead and cad-
mium extracted and available for determination. Detection limits in solution 
(three times the standard deviation of the blank) are similar for the matrices 
and are listed in Table 2 for the acetic acid matrix. The results for a variety of 
toys are presented in Table 3. The amount in solution was back-calculated to 
the solid material to provide a more accurate comparison. The results are simi-
lar in that a large amount of lead clearly exceeding the criteria for lead paint 
was identified (>600 mg/kg) by both methods. The HCl extraction does seem 
more aggressive, as evidenced by generally larger lead values extracted from 
the samples.

The European method is referenced as the method of choice for toys in ASTM stan-
dard 936-07. It was further explored for a variety of toys using the variability factors 
and comparing the limits listed in the method. Table 4 shows the results for the eight 
elements listed in the method. The boldfaced numbers show values that exceed those 
specified in the standard (listed in the table footnote). The yellow car exceeds the 
limits for barium, chromium, and lead.

Table 2 Calculated axial 
 ICP-OES detection 
 limits in acetic acid 
 matrix
 Detection limit
 (mg/L)
Sb	217.582	 0.001
As 188.979 0.007
Ba	233.527	 0.003
Cd 228.802 0.0004
Cr 267.716 0.001
Pb	220.353	 0.003
Hg 194.168 0.001
Se 196.026 0.011

Table 3 Comparison of acetic acid and HCl leaching procedures (mg/kg)*
 Hydrochloric acid Acetic acid
 extraction extraction
 Lead Cadmium Lead Cadmium
Orange wooden <DL <DL <DL <DL 
 spoon
Purple wooden <DL 0.1 <DL 0.1 
 spoon
Red wooden <DL <DL <DL <DL 
 spoon
Pink charm <DL <DL <DL <DL
Blue charm 0.1 <DL <DL <DL
Purple charm 0.1 <DL <DL <DL
Red wooden car 0.3 <DL 0.4 <DL 
 puzzle piece
Yellow wooden 0.4 <DL <DL <DL 
 car puzzle piece
Yellow	plastic	car	 2490	 <DL	 1115	 <DL

*<DL = less than the calculated detection limit.

Table 4 HCl extract results for eight elements*
 Antimony Arsenic Barium Cadmium Chromium Lead Mercury Selenium
 (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
Orange	wooden	spoon	 <DL	 <DL	 51.2	 <DL	 <DL	 <DL	 <DL	 <DL
Purple	wooden	spoon	 <DL	 <DL	 69.5	 0.1	 0.1	 <DL	 <DL	 <DL
Red wooden spoon <DL <DL 71 <DL <DL <DL <DL 0.002
Pink	charm	 <DL	 <DL	 5.1	 <DL	 0.1	 <DL	 <DL	 <DL
Blue charm <DL <DL 4.8 <DL <DL 0.1 <DL <DL
Purple charm <DL <DL 4.9 <DL <DL <DL <DL <DL
Red	wooden	car	puzzle	piece	 <DL	 0.6	 568	 <DL	 1.1	 0.2	 <DL	 <DL
Yellow wooden car puzzle piece <DL 0.3 666 <DL 1.0 0.3 <DL <DL
Yellow plastic car 2.1 0.4 1020 <DL 383 1740 0.3 <DL

*Calculation	based	on	total	amount	extracted	and	factored	for	variability	as	described	in	the	method.	Limits:	Sb,	60;	As,	25;	Ba,	1000;	Cd,	75;	Cr,	60;	Pb,	90;	Hg,	60;	Se,	500.



Extractions present reproducibility problems (as seen in the variability factors for the 
HCl method) and do not often have reference materials certified for use in that manner. 
A complete digestion and analysis provides a more conservative result and can often be 
verified with a certified reference material. Two NIST paint reference materials were 
digested in duplicate and the eight elements of interest measured. Table 5 shows the ref-
erence materials’ duplicate analyses and the recovery of the certified value.

Paint scraped from a variety of toys was digested using the microwave procedure, and 
the eight elements measured. The results are shown in Table 6. Several elements are 
present, and lead is clearly above the limit for leaded paint for the yellow plastic car.

Concerns over toxic elements in food can be evaluated through the same type of 
analytical procedure. Samples of food were digested and measured to detect any of six 

Table 5 NIST standard analysis
 Pb in solution  Pb in %
 (mg/L) SD solid  Recovery
NIST	1579a	High	 122.1	 3.2	 11.74%	 97.8 
 Lead Paint-1
NIST	1579a	High	 138.2	 3.6	 11.85%	 98.8 
 Lead Paint-2
NIST	2582	Low	 0.287	 0.002	 214	mg/kg	 103 
 Lead Paint-1
NIST	2582	Low	 0.222	 0.006	 197	mg/kg	 94.2 
 Lead Paint-2

Table 6 Total digestion results for paint
 Antimony Arsenic Barium Cadmium Chromium Lead Mercury Selenium
 (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
Red	train	engine	1	 <DL	 <DL	 <DL	 <DL	 <DL	 573	 <DL	 <DL
Red train engine 2 <DL <DL <DL <DL <DL <DL <DL <DL
Caboose <DL <DL 88 <DL <DL <DL <DL <DL
Yellow crossing sign <DL <DL 66 <DL <DL <DL <DL <DL
Red	wooden	car	puzzle	piece	 <DL	 8	 2350	 <DL	 5	 <DL	 5	 <DL
Yellow wooden car puzzle piece <DL <DL 3170 <DL 7 <DL <DL <DL
Yellow plastic car 600 14 104 <DL 3400 14800 6.0 <DL
NIST	1579a	High	Lead	Paint	 <DL	 45	 2.7%	 20	 200	 11.8%	 <DL	 <DL
NIST	2582	Low	Lead	Paint	 <DL	 11	 1860	 <DL	 30	 205	 6.0	 <DL

Table 7 Analysis of different foods for hazardous elements*
 Sb Spike As Spike Cd Spike Cr Spike Pb Spike Se Spike
 (mg/kg) %rec (mg/kg) %rec (mg/kg) %rec (mg/kg) %rec (mg/kg) %rec (mg/kg) %rec
Lollipop candy <DL 104 <DL 107 <DL 104 <DL 107 <DL 107 <DL 103
Candy wrapper <DL 104 <DL 106 <DL 102 <DL 107 <DL 108 <DL 103
Raisin	 <DL	 102	 <DL	 106	 <DL	 105	 <DL	 106	 <DL	 107	 <DL	 103
Dried	apricot	 <DL	 103	 <DL	 104	 <DL	 103	 <DL	 105	 <DL	 105	 <DL	 102
Grape juice <DL 98.6 <DL 102 <DL 101 <DL 104 <DL 104 <DL 99.3
Canned guanabara juice  <DL 98.0 <DL 104 <DL 102 <DL 106 <DL 104 <DL 101
Mandarin	orange	drink	 <DL	 95.0	 <DL	 104	 <DL	 101	 <DL	 104	 <DL	 105	 <DL	 102
Orange	drink	 <DL	 99.5	 <DL	 105	 <DL	 101	 <DL	 104	 <DL	 105	 <DL	 102

*0.5-mg/L	spike	added	prior	to	digestion.



elements	of	concern.	The	foods	purchased	were	all	below	the	detection	limits;	thus,	
the predigestion spikes provided some measure of the analytical capability. The spikes 
were all measured with good recovery, and the results are shown in Table 7.

Conclusion
Hazardous element content in toys and food is an ongoing concern. This paper has 
shown that modern dual-view ICP-OES can accurately and quickly measure a wide 
range of concentrations and elements. The suite of eight elements specified in the 
European method can be increased to cover additional elements in the same run if 
additional elements are regulated or for liability concerns. ICP-OES coupled with a 
digestion technique, such as microwave, can provide a fast turnaround so that wait-
ing shipments can be evaluated as soon as possible for release.

On a general basis, U.S. food regulations do not clearly define safe levels that may 
be contained in food, but some examples describing decisions on a specific basis are 

available. For example, for lead in candy likely to be consumed frequently by small 
children, www.cfsan.fda.gov/~dms/pbcandy2.html outlines guidance for lead levels 
based on consumption and safe daily exposure. The guidance suggests that less than 
0.1 ppm of lead is protective of health and achievable in candy using good manufac-
turing practices. Therefore, monitoring a wide range of elements may be desirable to 
ensure that toxic elements have not been inadvertently introduced from raw materi-
als or in processing, in the absence of specific guidance.
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