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In the frame of the GEF project, Lead 
Paint Reformulation Technical 

Guidelines were developed

The primary target audience of the 
Guidelines is intended to be paint 
manufacturers

https://www.unep.org/resources/toolkits-manuals-and-
guides/lead-paint-reformulation-technical-guidelines

https://www.unep.org/resources/toolkits-manuals-and-guides/lead-paint-reformulation-technical-guidelines


The primary target audience of the 
Guidelines is intended to be paint 

manufacturers

• The Technical Guidelines are 
developed to help address both 
capacity constraints and technical 
barriers to the substitution of lead 
compounds in paints 

• Focus is on SMEs needs for the 
effective and efficient reformulation 
of paint.



The primary target audience of the Guidelines is 
intended to be paint manufacturers

• The Guidelines provide general 
information on paint 
reformulation processes, as there 
are many different initial lead-
containing formulations for color 
and other paint properties. 

• In-depth analyses and more 
specific data were provided 
through pilot demonstrations 
through the GEF Lead Paint 
Project to participating 
companies 



Technical Guidelines Content (1)

The Guidelines begins with a summary 

of the contents (Chapter 1)

Background on the efforts of the Global 

Alliance to Eliminate Lead Paint 

(Chapter 2)



Technical Guidelines Content (2)

They also provide terms and definitions 

according to ISO 4618 (Chapter 3) and

a short description of the hazardous 

properties of lead and the lead 

compounds used in paint formulations 

(Chapter 4). 



Pathways and Routs of Human Exposure to Lead 
from Paint

Source: WHO 2020



Paint Raw Materials that may Contain Lead 
Compounds (1)



Paint Raw Materials that may Contain Lead 
Compounds (2)

• Natural extenders or pigments (like ferro oxides) may contain lead 
compounds; 

• By using these extenders or pigments, lead compounds may be added 
unintentionally; 

• Paint may be also unintentionally contaminated if company produced 
lead free and lead paints (if there is       no equipment cleaning between 
batches) 



Hazardous Properties of the Most Commonly Used 
Paint Raw Materials Containing Lead are Presented 

Chemical/CAS number
Colour 

Index
Hazardous statements according to GHS



Technical Guidelines Content (3)

The guidelines provide the general 

approach and the steps of the 

substitution process (Chapter 5) to 

help SMEs choose alternatives to 

lead compounds



Substitution Process (1)

• Chemical substitution states that hazardous chemicals should be 
systematically substituted with less hazardous alternatives or, 
preferably, alternatives for which no hazards have been identified 

• In addition to lead compounds, there are many other very hazardous 
raw materials that are in use in the paint industry such as solvents 
(solvent naphtha, toluene), additives (plasticizer dibutyl phthalate, 
Formaldehyde, a preservative found in water borne paints), hexavalent 
chromium pigments (Zinc chromate), bromine compounds found in 
fire retardant paints, etc.

• Information given in this section may assist companies in terms of 
further activities related to hazardous chemicals substitution.



Substitution 
Process (2)

Substitution usually leads to 

more than just the 

replacement of one chemical 

for another. The difference 

in the properties of the two 

chemicals may create a need 

for other changes (technical, 

but possibly also 

organizational) as well.



An alternative is suitable when it: 

• Provides an equivalent function to that provided by the lead compound 
(when pigments for topcoats are in question, a single alternative is 
usually not suitable, thus the original pigment would need to be 
substituted by more than one suitable alternative); 

• results in reduced overall risks to human health and the environment, 
considering appropriateness and effectiveness of risk management 
measures for facilities; 

• is technically and economically feasible; and, 

• is available on the market.



Chapter “Substitution of lead 

pigments” provides information on:

• task and performance 

requirements for pigments and 

extenders, 

• relevant information on the basic 

elements of color theory, 

• the dispersion process,

• additives.

• Alternatives to lead pigments 

and their assessment

Technical Guidelines Content (4)



It is Necessary to Select the Right Raw Materials to 
Achieve Optimum Paint Performance

• Coating technology is complex and 

includes chemical, physical, process-

engineering, environmental, health and 

safety, and economic variables. 

• The main practical problem in 

(re)formulation is the large number of 

components present in a paint



It is Necessary to Select the Right Formulation

• The particle size and particle size distribution 
of pigments affect the color, tinting strength 
and hiding power of paint to a large degree.

• Paint properties depend on other factors 
related to pigments such as pigment volume 
concentration, choice of dispersing additives, 
interaction between pigment and polymer and 
the dispersion process. 

• The dispersion (grinding) process affects hue, 
hiding power, gloss, and film appearance (i.e., 
haze, flooding, floating), viscosity, stability 
and weather resistance. 



Lead Paint Reformulation

• Paint reformulation can include not only 
substitution of lead pigment by less 
hazardous alternatives but may also 
require changes in the mill base, wetting, 
dispersing additives and dispersion 
process.

• Highly specialized additives are needed to 
wet, disperse, and stabilize dry pigment 
powders in liquid formulations

Weekly stabilized pigment particles



Substitution of Lead Pigments– Red Lead

• Red lead pigment, (Pigment Red 105) is one of 

the oldest and most popular type of anticorrosive 

pigment with excellent anticorrosion properties

• The anti-corrosion performance of a primer is 

influenced by numerous factors, like resin type, 

relation of pigment volume concentration (PVC) 

to critical volume pigment concentration 

(CPVC), type of anti-corrosive pigment and 

other pigments and extenders, dispersing 

conditions and overall formulation of the paint. 



Substitution of Lead Pigments – Red Lead

• The choice of extenders is also important as 

the major ingredients present in base coats 

are extenders.

• Extenders can enhance mechanical 

properties and anticorrosion resistance. 

• Using extenders with platy shaped particles 

prevent water, oxygen, and other chemicals 

from reaching the substrate through 

particles overlapping in a film.

• All these factors should be taken into 

consideration during the paint reformulation 

process. 

Barrier effect of lamellar pigments and extenders



Assessment of Alternatives

There are many alternatives on the market –
zinc phosphate, calcium orthophosphate….

Assessment of alternatives (for all pigments 

and driers) considers:

• Technical feasibility (production process).

• Environmental and human health hazard.

• Economic feasibility and

• Availability 



Substitution of Lead Pigments – Lead White

• Despite its low refractive index (1.94), basic lead 
carbonate pigment (PW 1) was used in paint 
formulations for many years. 

• This pigment was successfully replaced by a more 
efficient titanium dioxide (PW 6) pigment with 
alm.ost ten times the hiding power.

• This formulation based on titanium dioxide 
pigment could contain less white pigment in the 
dry film. The difference could be covered by less 
expensive extenders achieving the same results.



Substitution of Lead Pigments – Lead Chromate (PY 
34)  and Lead Chromate Molybdate Sulphate (PR 104)

• PY 34 and PR 104 are used for properties that meet decorative 
performance, such as bright colors, clean color shades and high 
visibility (signal function of a paint), as well as demanding technical 
criteria such as excellent hiding power, light and weather fastness, heat 
stability, in combination with non-bleeding properties.

• the choice of pigment plays an important role because decorative 
effects and technical properties are directly linked to it. 



Substitution of Lead Pigments – Lead Chromate (PY 
34)  and Lead Chromate Molybdate Sulphate (PR 104)

• There is not a single lead-free pigment alternative that covers all 
technical properties of PY 34 or PR 104. These pigments combine 
chroma on the level of the organic pigments and the best properties of 
the inorganic pigments including good hiding power, weather and light 
resistance, heat stability and resistance to bleeding. 

• To achieve these properties, it is necessary to use a combination of 
inorganic and organic pigments in the paint reformulation. 



Substitution of Lead Pigments – Lead Chromate (PY 
34)  and Lead Chromate Molybdate Sulphate (PR 104)

• It is necessary to be aware of the different properties, performance and 
cost of lead-free pigments compared to lead pigments.

• The inorganic pigments provide hiding power, while the organic 
pigments provide color, chroma and tinting strength. Weather 
resistance depends on the organic pigments used and may be adapted 
to specific requirements. 

• Organic pigments are more expansive than inorganic.

• By combining these two pigment types, the required paint 
performance is achievable. 



Substitution of Lead Pigments – Lead Chromate (PY 
34)  and Lead Chromate Molybdate Sulphate (PR 104)

The first stage of the reformulation process should be to define precisely 
which performance properties (function) a paint should have, in addition 
to color: 

• Is it for external or internal use (weather and lightfastness). 

• Acceptable shade difference. 

• Is there a request for heat resistance? 

• Excellent hiding power at defined film thickness. 

• Shade and brightness of color.

• Is bleeding acceptable (is paint use in a different-layer color system, 
paint purpose).



Substitution of Lead Pigments – Lead Chromate (PY 
34)  and Lead Chromate Molybdate Sulphate (PR 104)

In this example of medium to high performance RAL 1021 pigmentation cost

is approximately two times higher: cost for lead-based formulation is 0.35
EUR per m2, while cost of lead-free formulation is 0.71 EUR per m2.

Pigment
Lead containing 

formulation (%w/w)

Lead free formulation 

(%w/w)

PY 151 (organic) 81.5

PY 34 (inorganic) 85.8

PBr 24 (inorganic) 11.0 17.7

PY 139 (organic) 0.8 0.8

Source: ECHA 2014



Substitution of Lead Pigments – Lead Chromate (PY 
34)  and Lead Chromate Molybdate Sulphate (PR 104)

Pigment

Lead containing 

formulation 

(%w/w)

Lead free 

formulation (%w/w)

PY 53 (inorganic) 21.5 61.1

PR 104 (inorganic) 63.3

PR 254 (organic) 27.3

PR 122 (organic) 8.0

PR 101 (inorganic) 7.2 11.6

In this example of medium to high performance RAL 3000 cost is

approximately 30% lower due to use of 70% of inorganic pigments in the

formulation, cost for lead-based formulation is 0.31 EUR per m2, while cost

of lead-free formulation is 0.20 EUR per m2.

Source: ECHA 2014



Substitution of Lead Pigments – Lead Chromate (PY 
34)  and Lead Chromate Molybdate Sulphate (PR 104)

• The pigment industry has developed a solution to replace PY 34 and 
PR 104 through customized dry pigment preparations. These pigments 
are a direct 1:1 substitution for PY 34 and PR 104. Pigments in 
preparation are selected to provide a good balance between the 
colorimetric properties and hiding power in the near-full-shade color 
range.

• Hybrid pigments are a combination of a specially micronized complex 
inorganic color pigmentary core particle and a pre-dispersed organic 
colorant attached to the surface of the core particle. Hybrid pigments 
are the best optimization of organic and inorganic pigment properties. 



Substitution of Lead Pigments – Lead Chromate (PY 
34)  and Lead Chromate Molybdate Sulphate (PR 104)

• Pigment pastes are mono-pigmented 
concentrates with as high as possible 
content of a pigment and as little as 
possible grinding resin which is 
compatible with a broad range of vehicles

• They can be used for tinting or for paints 
manufacturing.



Substitution of Lead Pigments – Lead Chromate (PY 
34)  and Lead Chromate Molybdate Sulphate (PR 104)

Assessments of possible 
inorganic and organic 
pigment alternatives are 
presented and summarized 
in the table

*Compared to PY 34, PR 104



Color Theory and Color Index

Brief information on color theory is 

presented.

• Understanding these terms (value, hue 

and chroma) is necessary for 

successful color adjustment. Colors 

can be different in one, two or all three 

dimensions. 

Brief information on Color Index is 

presented



Technical Guidelines Content (5)

Chapter “Substitution of driers” 

provides information on:

• The most common driers.

• The general principles of the 

role of driers.

• Individual characteristics.

• Principles of dosage. 

• Paint testing.



Substitution of driers

• Lead has been widely used as a secondary drier. Secondary driers are 
active in the cross-linking steps of drying, they are responsible for 
overall drying throughout the entire paint layer.

• Driers may contain components (organic solvents or drying 
accelerators) with undesirable health and/or environmental effects. In a 
substitution, it is, therefore, necessary to look upon the entire product 
and not just the active metallic compound. 

• Zirconium and strontium driers are substitution for lead driers

• In most of the SMEs working in the project, lead driers are not in use 
and all case studies are related to lead pigment substitution.



Technical Guidelines Content (6)

In addition, the Appendices of Guidelines provide information, such 
as

• Examples of lead-free formulations

• SME case studies from pilot demonstrations of reformulation, 

• List of selected ISO standards for general test methods for paints 
and varnishes, and 

• Non-exhaustive list of suppliers.



Conclusion

• The Guidelines demonstrates that the 

reformulation of lead paint is entirely possible. 

.

• There are many raw materials on the market 

that could substitute lead compounds in paints.

• Through various policy actions and 

information-sharing, government and industry 

decision makers can promote the production of 

paint without added lead compounds. 



Who can Use the Guidelines?

• Governments can help promote compliance while developing, 
enacting, and implementing lead paint laws by using this information 
to raise awareness about the feasibility of and need for reformulation 
by paint manufacturers.  

• It can also be helpful to civil society organizations and industry 
stakeholders engaged in eliminating lead paint. Civil society can use 
this information to increase public awareness about reformulation and 
to inform the customers and paint retailers of the human health 
benefits of lead-free paint. 



Who can use the Guidelines?

The Guidelines can also be used in conjunction with other 
materials developed by the Global Alliance to Eliminate Lead 
Paint, such as the UNEP Model Law and Guidance for 
Regulating Lead Paint, the Technical Brief on Global 
Elimination of Lead Paint, and the Toolkit for establishing laws 
to eliminate lead paint



THANK YOU!

شكًرا لك
شكًرا لك

شكًرا لك


