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ARTICLE INFO ABSTRACT
Keywords: Background: —A study to assess lead exposure of traveller children aged from 9 months to 18 years
Travellers old was conducted in Charente-France between 2017 and 2019.
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Childhood
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Methods: A face-to-face questionnaire was administered to each participating family (N = 78).
Blood samples were collected, and in case of lead poisoning, an environmental survey of soil, dust
and water samples was also performed.

Results: ~Among the 100 children, they were 39 girls and 61 boys. Among them, 40 suffered from
lead poisoning (Blood Lead Level >50 pg/L). Being a boy aged between 11 and 14 years old, and
participating in lead exposure at-risk activities were significantly associated with higher mean
blood lead level.

Conclusion: —-The high levels of lead detected advocate the reinforcement of lead poisoning
screening for all children in the traveller population.

1. Introduction

Childhood lead poisoning - recognised as a public health issue since the 1980s - is a notifiable disease in France. The notification
criterion is a first lifetime blood lead level measurement >50 pg/L in persons under 18 years old in France [1]. Screening for childhood
lead poisoning targets persons in high-risk exposure contexts [2,3]. There are various risk factors for exposure including the presence
of lead paint [4,5], degraded housing [6], living on a former industrial site [7], social precarity [8,9], renovation work in a child’s
home [8], fishing and hunting activities, and eating from dishes with lead varnish or using kohl [10,11]. Other factors such as recent
immigration or belonging to the travelling community are also risk factors for lead exposure [12].

In France, the number of Travellers in the country is estimated at between 280,000 and 350,000. The term ‘Travellers’ is an
administrative term for French citizens used in France since 1969 to designate both a socio-professional category, and a community of
people whose way of life is characterized by regular or occasional nomadism. Travellers come from several ethnic groups. However, in
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the specific context of France, we distinguish them from Roma mainly by having the French nationality [13]. Because of their origins
and their way of life, Travellers are victims of many prejudices and discrimination [14]. Living in caravans, poor hygienic conditions in
encampments, together with proximity to traffic routes and to garbage dumps, are all living and environmental conditions that lead
health indicators are less favourable than those of the general population [15]. Furthermore, certain scrap metal and metalworking
activities result in lead and other heavy metal poisoning in Travellers [16].

Ironworking is yet another at-risk activity for lead exposure, as it produces lead dust that can contaminate children [12,17]. Work
clothes and shoes brought back to the family home can be a source of lead exposure for them [18] and the presence of children in areas
where there is scrap metal is a potential factor for lead contamination [19]. Several studies and lead-poisoning prevention actions have
been conducted in traveller children [20,21]. Traveller, gypsy or roma children are considered at risk of lead poisoning in many
countries as Spain [22,23], Kosovo [24] and France [25] because of their high and specific exposure to lead. They are exposed to lead
through direct contact with contaminated soil and dust. Metal burning and scraping in the camps contaminate soil and spreads leaded
dust. Since the 2000s, the metal recycling economy has become more industrial, negatively affecting the traditional trade of scrap
metal often practised by the traveller population. This change has further marginalised this population, reinforcing their social
exclusion [26-28]. In 2015, a case of lead poisoning (blood lead levels >50 pg/L) in a traveller child in the county of Charente was
reported to the Regional Health Agency (ARS) of the Nouvelle Aquitaine region (south west of France) by local associations providing
support to this population. The ARS subsequently launched a screening campaign, in accordance with the regulatory provisions (L
1334-1 to 6 of the CSP, circular DGS/DGUHC n "2002-285 of April 30, 2002) and the regularly updated recommendations of France’s
High Council for Public Health (HCSP) and in partnership with the same associations and the National Federation of Associations in
Solidarity with Gypsies and Travellers (FNASAT), from March 01, 2017 to December 11, 2019, with a view to evaluating the number of
cases of lead poisoning in traveller children living in Charente county. Besides this campaign, the ARS requested Santé publique France
- the national public health agency - to conduct a statistical analysis to describe cases with diagnosed lead poisoning and to identify
associated risk factors.

2. Methods
2.1. Population

The lead poisoning screening campaign implemented by the ARS targeted children aged from 9 months to 18 years old in the 750
traveller households residing in Charente county. According to an estimate made by the social centres (no census exists for this
population), 975 children were eligible for the campaign. The target population, were the 78 families with children who frequented
two traveller social centres in the two districts and accepted to fill in the questionnaire. The latter group (78 families) were living in 26
different sites: authorised halting sites, encampments on communal land or on family land, housing estates for travellers, individual
houses sometimes hosting other families’ caravans in their gardens, etc. All participating families were either directly engaged in an
activity that could increase their risk of lead contamination, or lived in a place where other families were engaged in such activities.

2.2. Inclusion of children

The families who answered the study questionnaire and also accepted the blood test were included. Only children who were
screened and whose family had completed the socio and life styles questionnaire were included in the analyses.

2.3. Collected data

2.3.1. Face-to-face questionnaire

The data were collected as part of the ARS screening campaign. Ethical approval was given by CNIL n°341194V42. Written
informed consent was obtained from all participants for statistical analysis by Santé publique France. A face-to-face questionnaire was
administered by trained social workers and collected information on the socio-demographic characteristics and living conditions of the
families. It also included questions to identify potential lead exposure among the occupational activities of families. These activities are
listed in France’s High Council for Public Health (HCSP) screening guide [1] as follows: dismantling cars, recovering batteries,
recovering car radiators, storing metals, cutting and handling scrap metal, burning materials to separate metals, stripping ironwork,
scraping or sanding old paint, thermal stripping of old paint, and installing or removing lead structures in buildings. In addition, the
questionnaire collected information on the proximity of these activities to the families’ living areas, the frequency of the activities, and
the measures taken by the families to limit lead contamination.

2.3.2. Blood lead measurements

Prescriptions for blood test were obtained from the screening campaign’s reference physician or the Maternal and Child Protection
(PMI) services network. Social workers accompanied families to a laboratory in the area. The blood sample could also be taken directly
by the “Permanence d’Acces aux Soins de Santé” team at the referring hospital. Blood lead measurements were performed by the
Eurofins-Biomnis and Cerba laboratories. The limits of quantification (LOQ) for blood lead analyses were equal to 10 pg/L for treated
blood lead levels by Eurofins-Biomnis and 0.2 pg/L for Cerba. All measurements were above the LOQ.



S. Vandentorren et al. Heliyon 9 (2023) e13056

2.3.3. Environmental measures

The environmental investigations around confirmed cases of lead poisoning, which were also implemented by the ARS, took place
between July 2017 and January 2020. The teams comprised pairs including a technician from the ARS health-environment department
and a social worker from the social centres participating. The environmental investigations concerned three halting sites, a camp on
communal land, a camp on family land, a travellers’ housing estate, and two individual houses with caravans in their gardens. All sites
had a scrap metal and or burning site. At each of the three halting sites and camp, three composite soil samples were taken [29]: one
from the scrap metal or burning area, a second from the children’s play area, and a third near the caravans.

Loose soil samples (500 g) were taken to a maximum depth of 5 cm. Only one sample was collected from the gardens of individual
houses or housing estates. A water sample was taken from the halting sites or camp and several dust samples were taken from inside
and sometimes outside the caravans. Lead analyses in water, dust and soil were performed by accredited laboratories.

2.4. Statistics

Santé publique France statistical analyses were performed on anonymous data transmitted to the agency by the ARS. The distri-
bution of blood lead levels was described in terms of percentiles and a geometric mean. The geometric means and their 95% confidence
intervals were estimated according to the socio-demographic characteristics of the children and their proximity to at-risk activities. A
generalised linear model was used to determine the risk factors associated with higher geometric mean blood lead levels. Variables
were selected from bivariate analyses and adjusted for child age and gender. Statistical analyses were performed using R software (R
Core Team, 2019).

2.5. Data protection

The analyses of ARS data by Santé publique France using anonymous data made available by the ARS were undertaken in a context
of controlling an epidemiological situation. Data treatment was therefore performed in accordance with the provisions set out in
French authorisation French National Confidentiality Committee no. 341194V42 regarding emergency investigations concerning
exposure to an environmental risk.

3. Results
3.1. Description of the study population

From March 2017 to December 2019, among the 78 families who frequented the two social centres targeted by the ARS screening
campaign and accepted to fill in the questionnaire, 43 agreed to participate in the screening campaign and 40 had at least one child
with a blood lead measurement and a questionnaire. A total of 100 children were included in the analysis. The families included were
composed of 1-5 children screened with a majority of siblings (75%) (Table 1).

Unlike included families, the non-included families (n = 35) were more likely to live in familial groups, (i.e., households located in
the same place all or a part of the year and with family connections) (71.4% compared to 59.5%), and have fewer children (31.4% had
three or more children compared to 53.5% for the included families). They were also more likely to live in urban areas (60.0%
compared to 37.2%) and in caravans or mixed housing (i.e., house and caravan) (77.1% compared to 53.5%). Our sample of 100
children among the 40 families comprised 39 girls (39%) and 61 boys (61%). Median age was 8.7 years (standard deviation: 4.6 years);
41% were under 7 years old and 59% were between 7 and 18 years old.

3.2. Families’ at-risk activities of lead exposure

At-risk activities were cited only by 20/43 families. The most frequently cited at-risk activities (Table 2) in the study questionnaire
were burning materials to separate metals (75%), dismantling cars (75%), cutting and handling scrap metal (75%), storing metals
(70%), collecting batteries (65%), and collecting car radiators (55%). Twenty percent (n = 9) of the families reported doing these

Table 1
Characteristics of the families included (n = 40) in the lead poisoning screening program in Charente, France
2017-2019.

Characteristics n %

Number of screened children

1 10 25
2 12 30
3 8 20
4 8 20
5 2 5
At least one child with a blood lead level > 25 pg/L 30 75
At least one child with a blood lead level > 50 pg/L 24 60
At least two children with a blood lead level > 50 pg/L 11 27.5
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Table 2
Characteristics of at-risk activities carried out by families (n = 20) included in the lead poisoning
screening program in Charente, France 2017-2019.

At-risk activity n %
Burning of materials to separate metals 15 75.0
Dismantling of cars 15 75.0
Cutting and handling of scrap metal 15 75.0
Metal storage 17 70.0
Battery recovery 13 65.0
Recovery of car radiators 10 50.0
Stripping of ironwork 8 40.0
Removal of old paint by scraping or sanding 4 20.0
Installation or removal of lead in buildings 2 10.0
Thermal stripping of old paint 1 5.0
Handling ammunition or fishing weights 18 41.9

activities several days a week. Among adults performing at-risk activities, 25% reported not changing their clothes after finishing the
activity, 20% reported taking a shower, 55% reported washing their hands, and 35% reported using specific equipment for these
activities. With regard to the location of these activities, all 20 families (100%) who declared at-risk activities stated that they practiced
them in places close to where they lived, and 18 (90%) stated that these places were accessible to their children. Of the 20 families, 13
stated that at least one of their children was directly involved in these activities.

Forty-two percent of the families in our study sample handled ammunition or fishing weights.

3.3. Description of children’s blood lead levels

The distribution of blood lead levels in the 100 children ranged from 5 to 332 pg/L (Fig. 1). Forty children had lead poisoning,
defined as >50 pg/L (i.e., intervention level), of whom 13 had a level above 100 pg/L. Twenty-three had a level between 25 and 50 pg/
L (i.e. above the vigilance level). The 50 and 95 percentiles were 37.5 pg/L and 140.4 ug/L, respectively. Out of the 40 children who
had lead poisoning, 67.5% had a sibling with a blood lead level >50 ug/L (90% had a sibling with a blood lead level >25 pg/L). In
children under 7 years old (n = 41), 36.6% had a blood lead level >50 pg/L and 34.1% between 25 and 50 pg/L. These proportions
were 42.4% and 15.3%, respectively, in children over 7 years old.

The geometric mean of the blood lead levels of the children in the study sample was 34.8 pug/L (95% CI [28.9-41.9]) (Table 3). It
was significantly higher in boys (45.4 pg/L 95% CI [36.0-57.2]) than in girls (23.0 pg/L 95% CI [17.4-30.3]) and higher in children

Vigilance level

: !

0 50 100 150 200 250 300 350 400
Blood lead (pg/L)

Intervention level

Frequency

Fig. 1. Distribution of blood lead levels in Travellers children under 19 years old (n = 100), Charente 2017-2019. *The distribution of blood lead
levels in the 100 children ranged from 5 to 332 pg/L. Forty children had lead poisoning, defined as >50 pg/L (i.e., intervention level), of whom 13
had a level above 100 pg/L. Twenty-three had a level between 25 (i.e. vigilance level) and 50 pg/L.
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Geometric blood lead levels in travellers children included in the lead poisoning screening program in Charente (n = 100), France 2017-2019.

Characteristics n Geometric mean (pg/L) 95% confidence interval
TOTAL 100 34.8 28.9-41.9
Gender

Girl 39 23.0 17.4-30.3
Boy 61 45.4 36.0-57.2
Age (years)

[0-5] 24 41.5 28.9-59.7
[6-10] 38 33.3 25.9-42.8
[11-14] 20 47.8 27.8-82.0
[15-17] 15 22.9 13.2-39.6
Familial group

No 43 25.6 18.6-35.1
Yes 55 44.7 36.5-54.9
Type of housing

Housing 42 24.6 17.8-34.0
Caravan or mixed (i.e., caravan + accommodation) 58 44.7 36.5-54.9
Place of residence

Tenant, owner, lodger ... 49 24.4 18.4-32.4
Halting site or parking area 51 49.0 39.6-60.5
Participate in at-risk activities

No 67 29.8 23.6-37.7
Yes 33 47.5 35.3-64.0
Siblings with a blood lead level > 50 pg/L

No 62 26.8 21.2-33.9
Yes 38 53.3 40.9-69.6
Table 4

Geometric blood lead levels according at risk activities of lead exposure in travellers children included in the lead poisoning screening program in

Charente (n = 100), France 2017-2019.

Geometric mean (pg/L)

95% confidence interval

Activity at risk n
Handling of ammunition and fishing weights
No 57
Yes 43
Burning of materials

No 61
Yes 39
Dismantling of cars

No 64
Yes 36
Scrap metal cutting

No 66
Yes 34
Metal storage

No 66
Yes 34
Recovery of batteries

No 68
Yes 32
Recovery of radiators

No 76
Yes 24
Iron pickling

No 81
Yes 19
Paint stripping

No 91
Yes 9
Installation of lead

No 93
Yes 7
Thermal stripping

No 98
Yes 2

30.2
41.2

30.6
42.5

28.8
48.8

32.4
39.8

32.7
39.2

31.4
43.2

32.8
41.9

33.8
39.3

33.7
47.9

35.8
23.9

35.3
<1.0

22.8-39.9
34.4-52.8

23.6-39.8
33.1-54.4

22.3-36.3
36.5-65.2

25.4-41.4
29.9-53.0

25.6-41.8
29.5-52.1

24.7-39.8
32.2-58.0

26.3-40.8
28.9-60.6

27.4-41.7
24.9-61.8

27.7-40.9
21.7-105.5

29.4-43.5
12.4-45.9

29.2-42.7
<1.0
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aged 9 months to 5 years and 11-14 years than in the other age groups; however, this difference was not significant. Furthermore, the
geometric mean of the blood lead levels was significantly higher in children living in caravans or mixed housing than in those living in
sedentary housing (44.8 pg/L 95% CI [36.5-54.9] versus 24.6 pg/L 95% CI [17.8-34.0]), and in children living in a halting site or
parking area than in those whose family rented or owned their housing, or who lived with a third party (48.7 pg/L 95% CI [39.1-60.7]
versus 24.4 nug/L 95% CI [20.1-34.7]). Children living in a familial group had a significantly higher geometric mean blood lead level
than those who did not (44.7 pg/L 95% CI [36.4-54.9] versus 25.6 pg/L 95% CI [18.6-35.1]).

The geometric mean of children aged 0-5 years in our study was more than 2.5 times higher than that of children aged 6 months to
6 years in the French population according to the Saturn-Inf study (14.9 pg/L (95% CI [14.5-15.4]) [30]. When compared to the
geometric mean of the ESTEBAN 2014-2016 study [31], in 6-17 year olds in the general population (9.9 pg/L (95% CI [9.9-10.4]),
this mean was more than 3.5 times higher. Also, unlike the ESTEBAN study, children aged 11-14 years in our study had higher lead
levels (47.8 pg/L compared to 33.3 pg/L for 6-10 year olds, and 22.9 pg/L for 15-17 year olds).

Geometric mean blood lead level of children who were in contact with someone who carried out at-risk activities were all higher
than those of children who were not (Table 4). The geometric mean was significantly higher only in children who were in contact with
a person engaged in car dismantling compared to children not in contact with such a person (48.8 pg/L 95% CI [22.3-36.3] versus
28.8 pug/L 95% CI [36.5-65.2].

3.4. Multivariate analysis of factors associated with blood lead levels

Among the socio-demographic factors, boys had significantly higher blood lead levels than girls (27.4% higher CI 95% [13.7-41.1]
with p < 0.001) (Table 5). Children whose families lived in a halting site or parking area had significantly higher blood lead levels than
those of families that owned or rented their housing (20.9% higher CI 95% [6.2-35.5] with p < 0.05). Similarly, children who had a
sibling with a blood lead 50 pg/L had higher blood lead levels (27.5% higher CI 95% [13.7-41.4] than others. Finally, children who
participated in at-risk activities had significantly higher mean blood lead levels (14.4% higher CI 95% [0.3-28.5] with p < 0.05).

3.5. Sources of lead poisoning in children

Scraping metal or burning was systematically found in the living areas of diagnosed cases of lead poisoning (n = 40). As part of the
environmental investigations, 14 soil samples were taken at eight different sites: five camps (collective living areas in the public
domain with caravans (halting sites and parking), family sites)) and three house gardens (individual housing). For children living in
houses, only one sample was taken from the garden. The concentrations in the garden soil samples were 42, 50 and 15,000 mg/kg. In
terms of the halting sites and family sites, samples were taken from the scrap metal/burning area for five sites, from the living area for
three sites and from the playground for two sites. Lead concentrations in soils ranged from 95 to 15,000 mg/kg. In the soils of family or
communal campsites (n = 5), the average lead concentration in soil from playgrounds was lower (105 mg/kg) than that measured in
the living areas (3422 mg/kg) and in the scrap metal areas (3244 mg/kg). The lead levels in the soil of the scrap metal or burning sites
were systematically higher than 300 mg/kg, the threshold indicated by France’s High Council for Public Health (HCSP) for possible
lead poisoning [1]. This value was also exceeded at one of the three living areas sampled. However, none of the playground samples
exceeded it. For dust samples taken from inside the home or caravans, results showed that only one in seven lead measurements in
caravans and one out of two measurements in individual housing exceeded 70 pg/m2, which is the threshold value for recommending
general screening [1]. Lead measurements in drinking water were all below the regulatory value of 10 pg/L. Environmental in-
vestigations also identified other possible sources of poisoning: handling or chewing of lead from hunting or fishing in two children,
handling and burning of batteries in two children, and use of powdered kohl in one adolescent. The parents of three lead poisoning

Table 5
Risk factors of high blood lead levels in travellers children included in the lead poisoning screening program in Charente (n = 100), France
2017-2019.

Characteristics Increase of geometric mean (%) 95% confidence interval p-value
Gender 0.0001
Girl Ref.

Boy 27.4 13.7-41.1

Age (per 2-year increase) 0.9 —2.1-3.9 0.5433
Familial group 0.1138
No Ref.

Yes 11.6 —2.8-26.1

Place of residence 0.0057
Tenant, owner, lodger ... Ref.

Halting site or parking area 20.9 6.2-35.5

Participate in at-risk activities 0.0447
No Ref.

Yes 14.4 0.3-28.5

Siblings with a blood lead level > 50 pg/L 0.0001
No Ref.

Yes 27.5 13.7-41.4
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cases reported that their children were involved in scrap metal activities.
4. Discussion

Among the 750 families of the traveller population (including 975 children) residing in the two districts targeted by the study, 40
families participated in the screening campaign over the period 2017-2019. Of the 100 children who comprised out study sample, 40
had blood lead levels above the lead poisoning threshold of 50 pg/L, including 13 with levels above 100 pg/L. The prevalence of lead
poisoning in 0-6 year olds was more than 26 times higher than that estimated in French population in the Saturn-Inf 2008-2009 survey
(1.5%) [30]. This result was consistent with another study conducted in France between 2011 and 2013 in 65 children living in a scrap
metal environment, 36 of whom had blood lead levels above the 100 pg/L threshold [32]. Being a boy, having siblings with blood lead
level >50 pg/L and living in a halting site or parking area was associated with significantly higher blood lead levels (by 27.4%, 27.5%
and 20.9% respectively). Furthermore, participating in high-risk activities, such as dismantling cars and burning materials to separate
metals, was associated with a 14.4% higher blood lead level.

The environmental analyses indicated a high level of contamination (>300 mg/kg threshold) in the soil samples taken from the one
ironworking site involved, living areas in halting sites, and family or local council grounds. Measurements of indoor dust revealed quite
low contamination of living areas (caravans and houses), probably due to the implementation of effective preventive actions such as
health mediation work with promotion of hygiene measures (i.e remove shoes when entering the caravan, frequent wet cleaning of the
accommodation to limit accumulation of lead dust, frequent hand washing ...), provided by local associations to stop lead particles
from passing from the ironwork site to the living area.

The practice of scrap metal working by traveller families is part of normal professional practice and generates an economy that is
sometimes essential. Due to its nature, scrap recovery is often carried out on the fringes of the law, which makes the subject difficult to
address. Children are particularly vulnerable to lead poisoning because of their immature and still developing nervous systems [33],
high digestive absorption rates, their hand-to-mouth behaviors, and their proximity to the ground. Travelers are often victims of lead
poisoning: they practice usually scrap metal activities and the vast majority of dwellings are located on the along roads with very heavy
automobile traffic. The close proximity of ironwork sites to residential areas, such as halting sites and parking areas is an additional risk
factor, as lead particles are carried by the wind, the dust and the fluidity of the soil [34]. Children can have access to ironworks site,
often located on the camps and the teenagers can participate to scrap metal activities. The soil of the camps are contaminated by scrap
metal. Leaded dust can be transferred into the caravans through work parents clothes or shoes. As a result children are chronically
exposed to polluted soil. Moreover, Travelers’s families residing in a caravan or mobile home do not have generally hot water, toilets or
showers. Under these conditions, rigorous and systematic hygiene such as would make it necessary metal recovery activity could be an
issue. The precariousness of housing, as well as that the small size of the caravans means that families are probably more exposed to all
these lead pollution factors.

The limitations of our study include a lack of a sample design and a relatively small number of blood lead measurements (100/975
children). Furthermore, despite the fact that social workers conducted the study interviewees, it is possible that not all the participants
provided complete details on their activities, for fear of being stigmatised or being subsequently forbidden to carry out scrap metal
activities.

To conclude, our results suggest that all children of traveller families should be targeted for lead poisoning screening. Raising
awareness among general practitioners and early child specialists (maternity and infant protection services (PMI in France), paedi-
atricians, midwives, obstetricians, and even school doctors) can help target this population [35,36]. Moreover, it is important to limit
the risks of contamination of living areas and playgrounds because of professional activities. Long-running health mediation work
carried out on a daily basis by traveller associations could facilitate the implementation - in collaboration with travellers themselves -
of preventive measures, awareness-raising activities on hygiene measures, and the wearing of appropriate equipment during scrap
metal work, based on the solutions the families could find. Among these, the use by some travellers of geotextiles in scrap metal areas
helps to protect the soil and contain dust, the manufacture of a small granular machine could be advantageously studied. Finally, a
larger reflection on the recycling sector as a whole is needed, whereby public authorities together with the traveller community could
envisage the substitution of the resale economy of materials for the monetization of a “zero kilometre” scrap collection service. In any
case, involving travellers in all policymaking would be essential to ensure the effectiveness of such measures.
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