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Lead and its compounds are used in paints not only to impart colour but also to make it durable,
corrosion resistant and to improve drying. Adverse health impacts of lead especially on children
have led countries to restrict or ban its use in paints. While U.S. and other developed countries
instituted measures to limit the use of lead in paints, some developing countries including India
have failed to regulate their lead content. The present study was undertaken to determine the
levels of lead in new latex (water-based) and enamel paints (oil-based) intended for residential use
in India. A total of 69 paint samples (38 latex and 31 enamel samples) from six of the most popular
brands were analysed for lead concentrations. While all latex paint samples contained low levels of
lead, (ie., well below 600 ppm as regulated by United States’ Consumer Products Safety
Commission) the enamel paint samples of all but one brand contained significant
concentrations of lead, ranging up to 140,000 ppm. In fact 84% of the enamel paints tested
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Standards exceeded 600 ppm whereas only 38 % of all samples (including latex and enamel types) exceeded
Lead this regulatory level.

© 2008 Elsevier B.V. All rights reserved.
1. Introduction also occur when disturbing lead paint during sanding, scrapping

and remodeling. Lead in paints at even relatively low levels can

Lead is added to paint not only to impart colour but also to
make it durable, corrosion resistant, and to improve drying. A
number of lead compounds are used as pigments in paints
such as lead oxide, lead carbonate (also known as white lead)
and lead chromate (ILZSG, 2004). There are, however, readily
available substitutes for all lead compounds in paint including
titanium dioxide, barium sulfate, and silicon or aluminum
oxides used to increase durability (Tanquerel des Planches
and Dana, 1848; Rabin, 1989; Adebamowo et al., 2007).
Although children are known to eat paint chips, more com-
monly lead paint in and around homes contribute to dust and
soil contamination that is often the most significant source of
exposure for children (Adebamowo et al., 2007). Exposures may

become a hazard followingremodeling or construction activities
that cause significant amounts of paint to be disturbed. Use of
lead containing paints in various products has caused world-
wide concerns (Nriagu et al., 1997; Kumar and Pastore, 2007). The
U.S. Centers for Disease Control and Prevention (CDC) consider
blood lead levels in children greater than or equal to 10 pg/dl as
the beginning level of concern (CDC, 1991). In fact a growing
body of literature points out that children exposed to even lower
levels have shown intellectual impairment (Koller et. al., 2004;
Needleman, 1995; Needleman and Bellinger, 2001; Needleman
et al., 2002).

Evidence that the lead content of residential paints is sig-
nificant enough to result in lead poisoning among children
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Table 1 - Standards for lead (Pb) in new paints in select
countries

USA Australia China Singapore
600 ppm (0.06 %) (Legislation 1000 ppm 90 ppm 600 ppm
has passed mandating the (0.1 %) (0.009 %)  (0.06 %)
reduction in the allowable (soluble

lead paint level to 90 ppm) lead)

has been building since the 1890s when it was first linked to
symptoms in children in Australia. One of the first pediatric
deathslinked to lead paintin a child’s crib was reported in 1913
(Rosner et al., 2005; Warren, 2000). For more than a century the
hazards associated with lead paint were recognized and have
led many countries to enact bans or restrictions on the use of
lead for interior paint: France, Belgium, and Austria in 1909;
Tunisia and Greece in 1922; Czechoslovakia in 1924; Great
Britain, Sweden and Belgium in 1926, Poland in 1927; Spain and
Yugoslavia in 1931; and Cuba in 1934 (Markowitz and Rosner,
2000). In 1922 the third International Labour Conference of the
League of Nations recommended the banning of white lead for
interior use (AJPH, 1923).

The Unites States restricted the use of paints containing
more than 600 ppm of lead in 1978 (U.S. Consumer Product
Safety Commission, 1977), which has since become a de facto
reference standard for characterizing lead in paints globally.
Although the U.S. standard was not set on health-based
criteria, it serves as a practical way to differentiate paints that
have lead intentionally added from those products which
have very low levels of lead as a naturally occurring con-
taminant. China has an even more stringent standard for lead
in paint at 90 ppm (Barboza, 2007). In fact some have
suggested lowering the regulatory level in the U.S. to
40 ppm and recent action by the U.S. Congress in 2008
requires that the standard be lowered to 90 ppm in one year
(Best, 2007; U.S. Consumer Product Safety Improvement Act,
2008). India has no regulatory standard on lead in paint.
However, a voluntary component of the Ecomark Scheme
under the Bureau of Indian Standards (BIS) cites alimit of 0.1%
(1000 ppm) of lead in paint (Bureau of Indian Standards, 2004).
Table 1 summarizes the select national standards for lead in
new paints.

The objective of the present study is to measure the con-
centration of lead in commercially available decorative paints
intended for residential use in India. Paints and coatings are
categorized as decorative or industrial. Decorative paints are
primarily used on the interior or exterior of homes and buildings
and include other coatings such as emulsions, enamels, var-
nishes, wood finishes and distempers. Decorative paints are also
classified as water-based or oil-based paints. In India, latex paints
are water-based, while enamel paints are oil-based.

2. Methodology

A total of 69 paint samples were purchased from retail shops in
Delhi and Mumbai in November and December 2006 and brought
to the Toxics Link office in Delhi. The selected paints were from
six common brands readily available in the Indian market and

one sample came from a locally distributed brand. One of the
brands purchased came with a label indicating, “no added lead,
mercury, chromium compounds”. According to shopkeepers, all
selected paints were intended largely for residential uses for
painting the interior and exterior surfaces of houses. Thirty-eight
water-based latex paint samples were purchased in 1L containers
and 31 oil-based enamel paints were purchased in a mixture of 50/
100/200 ml cans. Sample descriptions are given in Table 2.
Paints were first applied on to individual clean glass surfaces
(approximately 900 cm?) with different brushes for each sample
to avoid any cross contamination. The paints were left to dry for
aminimum of 72 h. After drying, samples were scraped off from
glass surfaces using clean razor blades that were not reused to
avoid cross contamination. Samples were labeled and the
information from the container labels was recorded. The dried
paint samples were placed in sealed polyethylene bags and sent
via courier to the Galson Laboratories (East Syracuse, New York),
for analysis. Samples were analysed for total lead by Inductively
Coupled Plasma Emission Spectroscopy, after digesting the

Table 2 - Sample description

Sample Brand Nature Colours Place of
No. types of paints manufacturing
1,2, 3,4, A Latex Red, yellow, Delhi
18, 65 green, ink blue,

white
5,6,7,8, B Latex Red, Blue, Black, Delhi
9,10,11, Orange, green,
12, 64 yellow, base,

white
13, 14, G Latex Yellow, blue, red, Delhi
15, 16, green, white
17
19, 20, D Latex Red, white, blue, Delhi
21, 22, green, yellow,
23, 24, white, base
62
57, 59, E Latex White, red, Delhi
60, 66, yellow, black,
67, 68, black, blue, deep
69, 70 orange
58, 61, F Latex White and base Delhi
63
25, 52, A Enamel White, red, Delhi, Mumbai
53, 54, yellow, black,
55, 56 black, blue, deep

orange
26, 27, D Enamel Black, white, red Delhi
28,
29, 30, B Enamel Orange, yellow, Delhi
47, 48, green, white,
49, 50, red, black, blue
51
31, 32, E Enamel Red, white, Delhi
33, 34, orange, green,
45, 46 blue
35, 36, G Enamel Red, yellow, Delhi
37, 38 green, blue
39, 40, H Enamel Blue, green, Delhi
41, 42, black, white, red
43,44
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Table 3 - Statistical summary of lead concentration in enamel paint samples of different brand types

Brand Maximum Concentration Minimum concentration Arithmetic mean Standard Median
Type (ppm) (ppm) (ppm) Deviation (ppm)
A 140,000 25 33,254.20 54,088.90 7350
B 110,000 2600 36,300 43,871.50 17,250
D 62 31 49.7 16.44 56
E 86,000 72 33,345.30 38,955.70 17,850
G 64,000 8000 23,750 26,887.10 11,500
H 59,000 2200 16,250 21,786.90 8650
All 140,000 25 26,130.52 36,636.86 7800

samples with EPA method PB92-114172, Sept. 1991; SW846-740
(U.S. EPA, 2001).

3. Results

All water-based latex paints contained less than 25 ppm of
total lead concentration. These paints therefore comply with
the voluntary guidelines under the Indian Ecomark Scheme,
which suggests that total lead concentration in paints should not
exceed 1000 ppm (0.1 percent). Table 3 provides the mean, median
and standard deviation for the levels of lead in the enamel paints
tested by brand. In cases where the data are skewed (as noted
for some of the paint brands), the median is a better measure of
central tendency. However, for purposes of estimating cumu-
lative lead exposure from these products, the arithmetic
mean is more useful.

It is observed that most oil-based enamel paints contain
high concentrations of lead (Pb), ranging up to 140,000 ppm
(0.0025 to 14 percent). Only one paint brand tested (i.e. brand
D) had results consistently less than 600 ppm. The average
concentration of lead ranged from 49.7 ppm to 33,345.3 ppm
among the brands tested. As per Fig. 1, the white enamel
paints had the lowest concentration of lead among all colors

tested. The average concentration for white enamel paint was
991.8 ppm while the maximum average concentration of lead
was found in yellow colour enamel paints followed by orange,
green, red, blue and then black.

As per the current U.S. standard, new paint containing more
than 600 ppm (0.06 percent) of total lead is banned for residential
use and from products intended to be used by children. Of 31
enamel samples analysed for total lead concentration, 84 per-
cent of samples had more than 600 ppm of lead. The same
percentage of samples exceeded 1,000 ppm limit set by Ecomark
Scheme, while 61 percent of paint samples contained more than
5,000 ppm. In sum 38 percent of all samples, including latex,
enamel and exterior types, contained lead at levels above
600 ppm.

4, Discussion

There is considerable evidence that lead is a neurotoxin at
relatively low levels and causes a range of health effects de-
pending on the extent and duration of exposure in both
children and adults (Needleman et al., 1979, 1990; Sciarillo
et al., 1992; Pocock et al., 1994, Falk, 2003; AAP, 2005; ATSDR,
2005). The results clearly indicate that although water-based
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Fig. 1- Average concentration of lead in different colours of enamel paint samples.
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Table 4 - Comparison of present data with that of Clark
et al. 2006

Clark et. al., The Present
2006 Study
(enamel paints)

Yellow 159,200 ppm?® 90,000 ppm
Green 39,200 ppm 21,250 ppm
Brown 10,980 ppm -
All Samples Median value 16,720 ppm 7800 ppm 26,
131 ppm (average)
Percentage of paint samples 100 (n=17) 84 (n=31)
having lead concentration
more than or equal to
600 ppm
Maximum 187,200 ppm 140,000 ppm

of 2 samples
(187200 and
131300 ppm)

& Of 2 samples (187,200 and 131,300 ppm).

latex paints have low levels of lead concentration in all brands,
it is the high concentration of lead in enamel paints, which is
the most worrying part of the whole issue of “lead in paints”.
Except for one brand, all others had multiple samples that
contained high concentration of lead, exceeding the voluntary
Indian guideline of 1000 ppm (0.1%) and the U.S. standard of
600 ppm. Table 4 provides a comparison of results of the pre-
sent study with that of paint samples collected in India by
Clark et al. (2006). Although not mentioned, the data obtained
by Clark et al. (2006) relates to enamel paints (from personal
communication with the corresponding author). Their study
reported that 100% of new paint samples from India exceeded
600 ppm whereas the present study reports that 84% of enamel
paints sampled have lead concentrations greater than
600 ppm. In general terms, the range of lead concentrations
observed is consistent for enamel paints in this study. In
contrast, an unpublished study of lead levels in new paints
available in the U.S. in the early 1990s indicated that 90% of the
433 samples analyzed were below 0.01% by weight and the
overall average was 0.004%. (U.S. Consumer Product Safety
Commission, 1993) The study failed to explain the source of
these very low lead levels observed.

The results from the present survey in India indicate that
water-based latex paints have consistently lower levels of
lead than oil-based enamel paints across all brands. The
lead concentration in these latex paints suggest that lead is
not intentionally added to these mixtures, but is likely con-
tributed as a contaminant along with pigments or other com-
ponents. However, the high concentration of lead observed
in enamel paints suggests that most Indian manufacturers
generally add lead in concentrations that exceed the U.S.
standard of 600 ppm. Substitutes for lead-based pigments
have been available for over one hundred years and titanium
dioxide is commonly used for this purpose. At least one brand
that is available within the same price range as their com-
petitors appears to have eliminated the use of lead pigment
and other lead additives. Indian paint companies can shift to
lead-free alternatives and still remain competitive without
affecting quality.

Acknowledgement

Authors express their gratitude to Galson Laboratories, East
Syracuse, NY, USA for providing laboratory support to this
study. We also express our sincere thanks to all colleagues of
Toxics Link for their important support.

REFERENCES

Adebamowo EO, Clark CS, Roda S, Agbede OA, Sridhar MKC,
Adebamowo CA. Lead content of dried films of domestic paints
currently sold in Nigeria. Sci Total Environ 2007;388(1-3):116-20.

American Academy of Pediatrics, Policy Statement. Lead exposure
in children: prevention, detection, and management.
Pediatrics 2005;116(4):1036-46.

American Journal of Public Health. Prohibition of white lead in
Belgium. 1923; 13: 337.

ATSDR. U.S. Department of Health and Human Services. Toxicological
profile for lead (Draft for public comment). Atlanta, USA: Public
Health Service, Agency for Toxic Substances and Disease Registry;
2005.

Barboza D. Why Lead in Toy Paint? It’s Cheaper. New York Times;
2007. http://www.nytimes.com/2007/09/11/business/
worldbusiness/11lead.html?_r=1&th&emc=th&oref=slogin
(accessed on 11 September, 2007).

Best, Dana. Statement to the House, Energy and Commerce
Subcommittee on Commerce, Trade and Consumer Protection.
Protecting Children from Lead-Tainted Imports. Hearing,
September 20, 2007. www.healthytoys.org/documents/COEH%
20Ltr%202007%20Testimony.pdf. (accessed September 2007).

Bureau of Indian Standards. Indian Standard Paint, Plastic
Emulsion-Specification. IS 15489:2004 Superceding IS 5411
(part 1): 1974 and IS 5411 (part 2): 1972.

Centre for Disease Control and Prevention. Preventing lead
poisoning in young children: a statement by the Centers for
Disease Control and Prevention; 1991. Atlanta, GA Centers for
Disease Control and Prevention.

Clark CS, Rampal KG, Thuppil V, Chen CK, Clark R, Roda S. The lead
content of currently available new residential paint in several
Asian countries. Environ Res 2006;102:9-12.

Falk H. International environmental health for the pediatrician:
case study of lead poisoning. Pediatrics 2003;112:259-64.

ILZSG. World lead chemicals productions and usage. Lisbon,
Portugal: International Lead and Zinc Study Group; 2004.

Koller K, Brown T, Spurgeon A, Levy L. Recent developments in
low-level lead exposure and intellectual impairment in
children. Environ Health Perspect 2004;112(9):987-94.

Kumar A, Pastore P. Lead and cadmium in soft plastic toys. Curr Sci
2007;93(6):818-22.

Markowitz G, Rosner D. “Cater to the children”: the role of the lead
industry in a public health tragedy, 1900-1955. Am ] Publ Health
2000;90(1):36-46.

Needleman HL. Environmental lead and children’s intelligence.
Studies included in the meta-analysis are not representative
[Letter]. Br Med ] 1995;310:1408.

Needleman HL. Bellinger D. Studies of lead exposure and the
developing central nervous system: a reply to Kaufman. Arch
Clin Neuropsychol 2001;16:359-74.

Needleman HL, Gunnoe C, Leviton A. Deficits in psychologic and
classroom performance of children with elevated dentine lead
levels [published correction appears in N Engl ] Med 1994;
331:616-617]. N Engl ] Med 1979;300:689-95.

Needleman HL, Schell A, Bellinger D, Leviton A, Allred EN. The
long-term effects of exposure to low doses of lead in childhood:
an 11-year follow-up report. N Engl ] Med 1990;322:83-8.



SCIENCE OF THE TOTAL ENVIRONMENT 407 (2008) 333-337 337

Needleman HL, McFarland C, Ness RB, Fienberg SE, Tobin MJ. Bone
lead levels in adjudicated delinquents. A case control study.
Neurotoxicol Teratol 2002;24:711-7.

Nriagu J, Oleru NT, Cudjoe C, Chine A. Lead poisoning of children
in Africa, III. Kaduna, Nigeria. Sci Total Environ 1997;197:13-9.

Pocock SJ, Smith M, Baghurst P. Environmental lead and children’s
intelligence: a systematic review of the epidemiological
evidence. BMJ 1994;309:1189-97.

Rabin R. Warnings unheeded: a history of child lead poisoning. Am
J Public Health 1989;79(12):1668-74.

Rosner D, Markowitz G, Lanphear BJ]. Lockhart Gibson and the
discovery of the impact of lead pigments on children’s health: a
review of a century of knowledge. Public Health Rep
2005;120:296-300.

Sciarillo WG, Alexander G, Farrell KP. Lead exposure and child
behavior. Am ] Public Health 1992;82:1356-60.

Tanquerel des Planches L, Dana SL. Lead Diseases: a Treatise from
the French of L. Tanquerel Des Planches: With Notes and
Additions on the Use of Lead Pipe and Its Substitutes. Lowell,
MA: D. Bixby and Company; 1848. 441 pp. http://books.google.
com/books?id=730aAAAAMAA] (accessed August 2008).

U.S. Consumer Product Safety Commission (US CPSC), 1977.
Notice reducing allowable levels of Pb. Final rule, fed
register. 42 (1 September 1977). 44199 pp.

U.S. Consumer Product Safety Commission, “Regulatory
InvestigationConcerning Limits for Lead in Paint” Briefing
Package OS#5190, 1993.

U.S. Consumer Product Safety Improvement Act, 2008. One hundred
and tenth congress of the united States of America at the second
session begun and held at the city of Washington on Thursday,
the third day of January, two thousand eight. page number 5
(<http://frwebgate.access.gpo.gov/cgi-bin/getdoc.cgi?dbname=
110_cong_bills&docid=f:h4040enr.txt.pdf>) (accessed in
September 2008).

United States Environmental Protection Agency (U.S. EPA).
Standard Operating Procedures for Lead in Paint by Hotplate or
Microwave-based Acid Digestions and Atomic Absorption or
Inductively Coupled Plasma Emission Spectroscopy, EPA,
PB92-114172, September, 1991. 2001.

Warren C. Brush With Death: A Social History of Lead Poisoning.
Baltimore MD: Johns Hopkins University Press; 2000.



