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Abstract:

Lead used in paint pigments for its ability to improve drying, increase durability, retain fresh appearance and resist

moisture that causes paint corrosion is also associated with lower 1Q in children and other health issues. As a
result, lead in paints is now being legislated. The aim of this study was to determine the concentration of lead in
paint flakes from homes situated in urban and sub urban environments and the implication of exposure to humans.
Paint flakes have were been collected from homes in both urban and sub urban areas of Lagos, Nigeria and
concentration of lead was determined using an atomic absorption spectrometer (AAS) (Buck scientific Model 210
VGP, serial number: 1619) after acid digestion. Concentration of lead in paint flakes from homes were highly
variable and spanned several order of magnitude (7.8 to 2330 mg/kg) with median concentrations of 29, 3.6 and 69
mg/kg for the three areas where homes were sampled. This result, indicate that pealed or weathered paint flakes is
still an important exposure route to lead for humans especially for children and people with pica behavior.
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Introduction

Continuous exposure to lead may cause kidney damage,
infertility, nerve and brain damage to humans in general
(BCF, 2014). Other negative effects such as reduced
intelligence and neurodevelopment, aggression, poor memory,
poor academic performance and interaction have been
associated with lead in children (Schnur and John, 2014).
Children under the age of six are particularly vulnerable to the
adverse health effects of lead because of their hand to mouth
behavior and they absorb higher amounts than adults when
ingested (Rebelo et al., 2015). No level lead in blood is
regarded as safe since low level of lead in blood has been
found to cause negative effects (Gottesfeld, 2015; Schnur and
John, 2014).

Though the use of lead in paints for residential purposes have
been legislated in many countries (UN, 2017). Aarchitectural/
decorative paints still contain significant concentration of
lead. Lead in industrial paints has not been legislated
(Gottesfeld, 2015). Some lead limits in new paints for
residential purposes include the United States and the China
standard of 90 ppm (dry weight) (Kumar and Gottesfeld,
2008). There is also a voluntary lead limit (the NIS 269: 2017)
of 90 ppm (dry weight) in place for residential purpose paints
in Nigeria set by Standard Organisation of Nigeria (SON)
(Adegboye, 2017). Many other countries have also adopted
values in the range of 90 to 600 ppm for lead in new paints
(dry weight) (UNEP and IPEN, 2013). The non-legislation of
lead in industrial paints pose as a major route for lead
exposure since cars, roads, steels, and many other consumer
products are painted with industrial paints. Some residences
may be painted with industrial paints (Gottesfeld, 2015). US
EPA standards CFR 745.103 and 745.223, defines “lead-
based paint (referring to dried paints on walls) as paint with
lead levels equal to or greater than 5000 mg/kg or 0.5% by
weight” but legislation to change the value from 5000 to 600
mg/kg has commenced and should be in place by the end of
the year 2018 (Duvall et al., 2018).

Lead-based residential paints (which are paints with lead
greater than 5000 mg/kg) made up 20% of 80 paint
flakes/peelings from homes, in both new and old suburbs of
Johannesburg, South Africa (Montgomery and Mathee, 2005).
Nduka et al. (2008) also found lead in paint flakes from
buildings in Eastern Nigeria. Paints chips (flakes) from
playing equipment installed in some Tokyo playgrounds
contained also contained lead (30 to 89000 mg/kg) (Takaoka
et al., 2006). Various surfaces of public playground structures,
railings, gates, marking on road, playground facilities,
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England also had lead- based paint at median and mean
concentrations of 4180 and 29,300 mg/kg, respectively
(Turner and Solman, 2016). New enamel paints for domestic
and residential uses have also been found with lead
concentrations above 90ppm in Nepal, Cameroun, Nigeria,
Taiwan, Lebanon, Paraguay and Russia (Clark et al., 2015;
Gottesfeld et al., 2014; Ahamefuna et al., 2014; Gottesfeld et
al., 2013; Ewers et al., 2011). However, new emulsion paints
were found to generally contain low lead levels (22.5 — 80.5
mg/kg) (Ahamefuna et al., 2014).

Since paints sold in the past were not regulated for lead in
Nigeria, many existing houses may still contain dangerously
high levels of lead (Adebamowo et al., 2007). Wall paints in
good condition is not a hazard itself. Dried paints chippings
present a major route for lead exposure especially where
leaded paints were used for wall decorations. They pose as a
hazard to humans in that environment especially to children
(BCF, 2014). Walls with paint chippings/flakes are common
features in many environments and buildings especially in
Nigeria. There is dearth of information on lead in paints from
walls of homes. Available studies only assessed lead in new
unused paints (Apanpa-Qasim et al., 2016; Ahamefuna et al.,
2014; Adebamowo et al., 2007; Adebamowo et al., 2006;
Wright et al., 2005). Montgomery and Mathee (2005) and
Nduka et al. (2008) studied lead in paint flakes from buildings
but Montgomery and Mathee (2005) was a study in South
Africa while Nduka et al. (2008) which was a study in Nigeria
only looked at urban buildings at the Eastern part of Nigeria
and it done out ten years ago. This study aims to assess the
current situation of lead in flakes of decorative Paints from
homes in Urban and Sub Urban Environments.

Materials and Methods

32 set of paint flake samples were collected from walls of
residences with flaking paints in urban (Yaba) and sub-urban
(Agbado ljaiye and Alapere) areas of Lagos, Nigeria. Samples
were collected using the procedure in Montgomery and
Mathee (2005). These samples were emulsion (water based)
and enamel (latex) paints from houses. Information on the
colour of paint were also noted. Paint flake samples were
crushed in a mortar and pestle to make samples homogenous.
0.5 g of a sample was weighed into acid- washed 100 ml
beakers. Samples were digested a mixture of nitric acid and
perchloric acid (3:1 Vol/Vol) prior to analysis. All acids used
were of analytical grade and analysis were by a certified
laboratory using atomic absorption spectrometer (AAS) (Buck
Scientific Model 210 VGP, serial number: 1619).
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Results and Discussion

Paint flake samples collected from walls of residences in
urban and sub-urban areas of Lagos, were analyzed and the
results are shown in Tables 1 to 3. Concentration of lead were
in the range of 9.75+0.35 and 677.50+3.547 mg/kg, 6.75+2.47
and 1442.50+915.70 mg/kg, 11.00 + 0.70 and 2329.50 +
12.02 mg/kg for Agbado ljaiye, Alapere (Sub urban areas)
and Yaba (urban area) respectively. Kumar and Gottesfeld
(2008) and Johnson et al. (2009) conducted experiments to
determine lead in new paints for residential purposes and
found lead concentration up to 140,000 mg/kg and 184733,
respectively. There were no distinct differences in lead levels
found in paint flakes from sub urban and urban homes of
Lagos. Similar observations were made in the study by
Montgomery and Mathee (2005). They studied paint flakes
from homes in Johannesburg, South Africa (100 to 290000
mg/kg). Lead in paint flakes from both new and old suburbs
occupied by people of different socioeconomic class did not
show any difference. Nduka et al. (2008) also studied 53
enamel and 6 emulsion paint flakes from walls of buildings in
the eastern part of Nigeria had a range of 39.385 + 1.111 to
74.352 + 0.571 mg/kg.

Table 1: Lead concentration for twelve paint samples from
Agbado ljaiye

Sample Concentration of Type of  Color of
code lead in paint (mg/kg) Paint Paint
Al 17.8+0.4 Emulsion Green
A2 19.5+0.7 Emulsion Green
A3 15.8+£0.4 Emulsion  Yellow
Ad 21.5+0.7 Emulsion  Yellow
A5 9.8+0.4 Emulsion Blue
A6 30.0+0.7 Emulsion Pink
A7 678+3.5 Enamel Brown
A8 264+65.1 Emulsion Brown
A9 23.5+14 Emulsion Brown
A10 78+0.4 Emulsion Brown
All 212 +257 Enamel Grey

Table 2: Lead concentration for twelve paint samples from

Alapere
Sample Concentration of Type of  Color of
code lead in paint (mg/kg) paint paint
K1 400+88.4 Enamel green
K2 14.5+2.1 Emulsion Green
K3 17.0£5.7 Emulsion  Yellow
K4 20.545.7 Emulsion Pink
K5 1333+0.4 Emulsion Pink
K6 1455+28.1 Emulsion Peach
K7 1442.5+£915.7 Emulsion Brown
K8 22.8+24.4 Emulsion Brown
K9 19.0+2.1 Emulsion Ash
K10 29.0+1.4 Emulsion Cream

Table 3: Lead concentrations for twelve paint samples
from Yaba
Concentration of

Sigzjile lead in paint Type Cg?i;to f
(mg/kg)
L1 11.0+£0.7 Emulsion peach
L2 2330+ 12.0 Emulsion blue
L3 120.8+1.8 Emulsion grey
L4 47.0+1.4 Emulsion grey
L5 276.3+ 1.8 Emulsion grey
L6 205+35 Emulsion grey
L7 66.8+1.8 Emulsion cream
L8 206+ 0.7 Emulsion cream
L9 24.0+0.7 Emulsion cream
L10 226 +1.1 Emulsion white
L11 248 +0.4 Emulsion white

Lead was identified in all the paints flakes sampled from both
urban and suburban homes from Lagos. However there were
variations in lead concentration from house to house.
Minimum value of lead concentration in Agbado ljaiye,
Alapere and Yaba homes were 7.78, 14.5 and 11 mg/kg. Other
statistics for the three location varied (Table 4 and Fig. 1). In
this study the concentration range was between 7.8 and 2330
mg/kg. The frequency of samples with lead concentration
between 0 and 499 mg/kg was the highest (87.5%).

40% (13) homes in this study had lead concentration above
90 mg/kg (the proposed limit for lead in new paints for
residential purposes in Nigeria and also the currently used
limit for lead in paint by USA and other countries)
(Adegboye, 2017; UNEP and IPEN, 2013) (Fig. 2). The
thirteen samples with lead higher than 90 mg/kg were seven
emulsion paints and the three enamel paints samples. In this
study, only three homes had enamel paints on their walls.
Enamel paints are more expensive in Nigeria thus are rarely
used in homes for residential purposes. Adebamowo et al.
(2006) in their study of lead in new paints for sale found
enamel paints had higher lead levels than emulsion paint.
Kumar and Gottesfeld (2008) also observed that enamel paint
samples have higher lead concentrations than latex (also
called emulsion) paint samples. In this study, lead
concentration of in enamel paint flake samples (677.50+3.54,
211.504+256.68 and 400.00+88.40 mg/kg) were all higher than
their median values (210 and 123 mg/kg).

Table 4: Minimum and maximum value, first, second and third quartile values and of lead value in paint chippings from

houses in Agbado, Alapere, Yaba (mg/kg)

Percentile Agbado ljaiye Homes Alapere Homes Yaba Homes All the Homes
Sampled

Minimum 7.78 145 11.0 7.8
Q1 16.8 19.375 13.4 19.4
Median 215 259 69.4 26.9
Q3 166.5 336.375 112.1 219
Maximum 678 14425 2123 2330
Number of samples 11 10 11 32
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Fig. 1: Distribution of all residential paint samples by lead concentration
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Fig. 2: Distribution of all residential paint samples in relation to lead limits in paints

Base on the 5000 mg/kg used to define lead-based paint, in
US EPA Standards CFR 745.103 and 745.223 (Duvall et al.,
2018; Mielke and Gonzales, 2008) no paint sample in this
study can be classified as a lead-based paint but base the new
definition lead —based paint (600 mg/kg) which is to take
effect at the end of the year 2018 four samples (A7, K2, K5
and L2) (13%) with concentrations of  677.50+3.54,
1442.504915.70, 1333.25+0.36 and 2329.50 + 12.02 can be
classified as lead—based paint (Fig. 2). Samples A7, K2, K5
and L2 were collected from old homes whose architecture
shows they were built over 30 years ago when there was no
awareness of leaded paints in Nigeria. Age of housing is
often used as a surrogate for the amount of Pb in paint
(Mielke and Gonzales, 2008). This study reveals that lead in
paint especially from weathered, peeled or chipped paints in
wall of homes is still an exposure route to lead in Nigeria with
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serious health implication for children or people with pica
behaviors in those homes.

Paint flakes/chips into dust like particles and disperses into
dust. The presence of lead in paint flakes exacerbates the
problem of dust. Indoor dust is known to contain many
chemicals (such as flame-retardants and other chemicals used
in the house), microbes and dead skin cells with all their
attendant health issues even at low concentration. Lead has
affinity for sulfur containing protein amino acids. Series of
low molecular weight proteins, analogous to metallothione in
which are lead-binding. These proteins segregates lead in a
nontoxic form in several organs (kidney, brain, lung, liver,
erythrocyte) which leads to a reduction in normal metabolic
functions such as molecular dysfunctions associated with
neurodegenerative diseases (Gonick, 2011).
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This study show that pealed or weathered paint flakes is still
an important exposure route to lead for humans especially for
children and people with pica behavior.
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