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RATIONALE: 

 
Multiple Color Testing for Lead in Paint and Similar Surface Coating Materials

1. Introduction 

 (16 CFR 1303) 
 

This document describes a proposed approach for testing paints and similar surface coatings for lead.  
It differs fundamentally from procedures commonly referred to as “compositing” in the following 
ways: 

a. It is based on the existing CPSC Standard Operating Procedure for Determining Lead (Pb) in 
Paint ://www.cpsc.gov/BUSINFO/leadsop.pdf   and CPSC-CH-E1001-08, Standard Operating 
Procedure for Determining Total Lead (Pb) in Children’s Metal Products (Including Children’s 
Metal Jewelry) ://www.cpsc.gov/ABOUT/Cpsia/CPSC-CH-E1001-08.pdf  (the SOPs)  

b. It does not reduce sample requirements from those in the SOPs. 
c. It does not compromise accuracy or detection limit. 
d. It is mathematically based. 

 
This proposed method reduces testing costs and expedites testing by simultaneously processing 
multiple samples of known weight, thereby reducing the number of time-consuming digestion and 
elemental analysis procedures.  In the event of a passing result all colors comply. In the event of a 
failing result, the proposed approach becomes a screening procedure, wherein each color of the 
sample is subsequently tested individually. 
 

2. Sources of lead in paints, inks, and surface coatings   
Lead compounds have been traditionally used as pigments and to make paints dry more quickly1

3. Scope 

.  
Common lead pigments have included “white lead” (basic lead carbonate), “red lead”, (lead tetroxide), 
“blue lead” (lead sulfate generally mixed with other compounds), and lead chromate (which has been 
used to produce yellow, orange, red, and green paints).  So-called “lead soaps” such as lead oleate and 
lead octoate are still sold as paint dryers.  They can increase production rate and enhance the 
durability of the dried paint. 
 

Paints and surface coatings requiring testing can be divided into several categories according to type of 
coating and method of application.  Brief descriptions of two major categories are as follows: 
  

a. Painted products: These products generally utilize a relatively small number of chemically 
distinct coating materials.  These materials can in principal be separated and tested 
individually. 
   

b. Products colored with 4-color and similar processes (including 6-color, 8-color, and related 
processes):  4-color and related processes are used to produce numerous children’s products 
including stickers, books, packaging, t-shirts, labels, and adhesive bandages. These products  

 
 

                                                 
1 C.S. Tumosa and M.F. Mecklenburg, “The influence of lead ions on the drying of oils,” Reviews in 
Conservation  #6, 2005, pp. 39-47 
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are colored on machines similar to home inkjet printers that use only 4 different colors of ink: 
cyan, yellow, magenta, and black.  Regardless of the appearance of these products, it must be 
remembered that only 4 different inks are used in their production.  The surfaces of these 
products are covered by millions of distinct microscopic dots that are cyan, magenta, yellow, 
or black.  By changing the ratio of dots of each color in a given area it is possible to give the 
illusion of unlimited number of colors, shades, and gradations.   

 
This document focuses only on paints and similar surface coatings.  It does not apply to products 
coated using 4-color or similar printing processes.  It is recommended that a separate SOP be 
developed to address 4-color and similar printing processes. 

 
4. Why multiple color testing is reasonable for products coated with paint and similar surface coatings. 

Multiple color testing can be performed without the loss of accuracy compared to testing of individual 
colors.  It can expedite the testing process and greatly ease the financial burden on manufacturers and 
retailers faced with high testing costs and tight schedules.  Highly accurate multiple color testing is well 
within the capability of the analytical equipment used by all accredited testing laboratories.  As 
discussed in the SOP, multiple color testing quantifies the maximum possible concentration of lead in 
any one of the three combined paints and surface coatings.  It involves measuring an average lead 
concentration for the combined paint sample and then calculating a maximum concentration based on 
the assumption that the paint or surface coating present in the smallest weight quantity contains all of 
the measured lead.  

 
5. Detection limit considerations and action level 

The minimum weight of each paint tested must be high enough to insure that lead in a failing paint can 
be quantified.  Assuming a lead limit of 90 parts per million (ppm) (lead weight fraction of 9 X 10-5), the 
weight of the smallest paint sampled must meet the requirement: 
 

9 ∙ 10−5𝑥𝑥
𝑦𝑦

≫ 𝐷𝐷𝐷𝐷 

 
Where x is the weight of the smallest sample of paint, y is the volume in milliliter (ml) of the solution 
tested in the Inductively Coupled Plasma (ICP) after digestion of the combined paint sample and 
dilution, and DL is the detection limit of the instrument.  Following CPSC test method CPSC-CH-E1001-
08, we assume a detection limit of 0.01 ppm (1x10-8) and a volume of 50 ml.  The sample weight 
requirement then becomes: 
 

𝑥𝑥 ≫ 5.6 𝑚𝑚𝑚𝑚 
 
Given the dilution factor and volume in CPSC-CH-E1001-08 and a lead limit of 90 ppm, the weight of 
each individual single color paint in the multiple color sample should be at least several times larger 
than 5.6 milligrams (mg).  The actual minimum value will depend on the limit of quantitation of the ICP 
and is given as 30 mg in CPSC-CH-E1001-08.  In this testing procedure we suggest a somewhat higher 
minimum weight of 35 mg and the establishment of an “action level” equal to 80% of the legal lead 
limit.  The action level is suggested to account for potential errors in sample weight measurement and 
analytical error. 
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Intertek Proposed Operating Procedure: 

Multiple Color Testing for Lead in Paint and Similar Surface Coating Materials

This document presents a proposed test method for multiple-color testing of lead in paint and similar 
surface coating materials.  It is based on, and copies most of its text from, the CPSC Standard 
Operating Procedure for Determining Lead (Pb) in Paint.

 (16 CFR 1303) 
 

2

1. For products coated with paint or a similar surface coating, remove and digest the coating, 
separately from the substrate material, for lead content. Care should be taken to remove as 
little of the substrate as possible. It may be necessary to add a few drops of solvent, such as 
methylene chloride, to soften the paint and aid in its removal from the substrate. If used, such 
solvent must be evaporated away prior to analysis. The scraped paint should be finely divided 
to help in sample digestion. 

   
 

Materials and Reagents: The materials used for sampling and analysis are as follows: 
 
1. Nitric acid, trace metal grade 
2. Disposable plastic digestion vessels, 50 milliliter (ml), or glass test tubes 
3. Hot block digester, or hot plate with test tube block, or microwave digestion equipment 
4. Disposable razor blade or scalpel 
5. Methylene chloride (optional) 
6. Distilled water 

 
Method: The digestion method is based on the Association of Official Analytical Chemists 
(AOAC) standard AOAC 974.02 (Lead in Paint). Alternate microwave digestion based on ASTM E1645  

may be used as well. Analysis by Inductively Coupled Plasma (ICP) spectroscopy is based on ASTM 
E1613. 
 

 
2. Scrape a minimum of 35 milligram (mg) (or greater if required to achieve reliable 

quantification with intended instrumentation) of a single color of paint/surface coating from 
the product. If it is not possible to collect this much sample, it may be necessary to combine 
more than one unit of such product to collect sufficient paint/coating.  Weigh the 
paint/surface coating sample to the nearest 0.1 mg.  For purposes of calculation, use the 
symbol “x” to designate the weight of this sample. 
 

3. Repeat step 2 above for each additional color up to a maximum of 2 additional colors.  For 
purposes of calculation assume 2 additional colors and designate the weights of these 
samples “y” and “z”.  Record individual sample weights. 
 
 

                                                 
2 http://www.cpsc.gov/BUSINFO/leadsop.pdf  
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4. Combine samples collected in steps 2 and 3.  Weigh combined sample to nearest 0.1 mg and 

record combined sample weight. 
 

5. Prepare a reagent blank sample and digest and test a standard reference paint material, such 
as National Institute of Standards and Technology (NIST) SRM 2581 with each batch of 
samples tested. 
 

6. Digest the mixed sample appropriately according to AOAC 974.02 or ASTM E1645 in either a 
disposable glass test tube with a heating block; a disposable plastic digestion vessel in a hot 
block digester; or in a suitable digestion vessel and digestion microwave oven system. 
 

7. Dilute samples so that lead results are within calibration range of instrument.   
 

8. Analyze diluted samples for lead concentration using an ICP spectrometer. The analysis 
procedure is based on methodology found in ASTM E1613. Further details on the parameters 
for the ICP analysis are available in the CPSC publication, “Test Method: CPSC-CH-E1001-08 
Standard Operating Procedure for Determining Total Lead (Pb) in Children’s Metal Products 
(Including Children’s Metal Jewelry) December 4, 2008”.   
 

9. Designate and record the measured concentration of lead in the mixed-color sample as “Cavg”. 
 

10. Determine the maximum possible concentration of lead in a single paint color as follows: 
 

a. Determine which sample of paint is present in the smallest amount (weight) in the 
multiple-color sample.  For purposes of demonstration assume less of the first color 
was collected than of the subsequent colors (x is less than y and x is less than z). 
 

b.  Calculate and record the maximum possible concentration of lead in the paint present 
in the smallest quantity (Cmax)  according to:  
 

𝐶𝐶𝑚𝑚𝑚𝑚𝑥𝑥 =
𝐶𝐶𝑚𝑚𝑎𝑎𝑚𝑚 ∙ (𝑥𝑥 + 𝑦𝑦 + 𝑧𝑧)

𝑥𝑥
 

 
c. Compare Cmax to an action level equal to 80% of the legal limit for lead in paint and 

surface coatings.  Assuming a legal limit of 90 ppm, the action level is 72 ppm. 
 

d. If Cmax is less than the action level, then each of the tested paints/surface coatings are 
deemed compliant and no further testing is required.  If Cmax is greater than the action 
level, then all paints/surface coatings must be tested individually. 

 


