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Abstract
Background: Blood lead concentrations (B-Pb) were measured in 3 879 Swedish school children
during the period 1978–2007. The objective was to study the effect of the proximity to lead
sources based on the children's home and school location.

Methods: The children's home address and school location were geocoded and their proximity
to a lead smelter and major roads was calculated using geographical information system (GIS)
software. All the statistical analyses were carried out using means of generalized log-linear
modelling, with natural-logarithm-transformed B-Pb, adjusted for sex, school year, lead-exposing
hobby, country of birth and, in the periods 1988–1994 and 1995–2007, parents' smoking habits.

Results: The GIS analysis revealed that although the emission from the smelter and children's B-
Pb levels had decreased considerably since 1978, proximity to the lead smelter continued to affect
levels of B-Pb, even in recent years (geometric mean: near smelter: 22.90 g/l; far from smelter
19.75 g/l; p = 0.001). The analysis also revealed that proximity to major roads noticeably affected
the children's B-Pb levels during the period 1978–1987 (geometric mean near major roads: 44.26

g/l; far from roads: 38.32 g/l; p = 0.056), due to the considerable amount of lead in petrol. This
effect was, however, not visible after 1987 due to prohibition of lead in petrol.

Conclusion: The results show that proximity to the lead smelter still has an impact on the
children's B-Pb levels. This is alarming since it could imply that living or working in the vicinity of a
former lead source could pose a threat years after reduction of the emission. The analysis also
revealed that urban children exposed to lead from traffic were only affected during the early period,
when there were considerable amounts of lead in petrol, and that the prohibition of lead in petrol
in later years led to reduced levels of lead in the blood of urban children.

Background
Lead exposure is a major health problem, especially in
children [1]. Since 1978, annual measurements have been
made of the blood lead concentration (B-Pb) in children

living in the municipalities of Landskrona and Trelleborg,
both located on the coast in southern Sweden, separated
by a distance of 70–80 km (Figure 1). We have previously
reported results from this unique time series of B-Pb
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Study locationFigure 1
Study location. Map showing the location of the county of Scania, and the municipalities of Landskrona and Trelleborg. The 
major roads in the municipalities, the location of the lead smelter in Landskrona and the location of the participating children's 
residences, as well as the area defined as "near the smelter", and city areas from previous studies.
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measurements in children [2-4]. In 1978 the geometric
mean B-Pb level was 60 g/l, whereas in 2007 it was only
13 g/l, indicating a dramatic decrease in B-Pb during the
period 1978–1994 [4].

Lead exposure may arise from several sources. A major
source to lead exposure in many parts of the world is
leaded house paint. In Sweden the use of leaded house
paint was prohibited in 1926 hence, lead-paint is not an
exposure source here. An important exposure factor might
instead be caused by, in some areas, lead emissions from
industries. However, lead from petrol has been a major
source of exposure in most countries. Petrol sold in Swe-
den after 1994 has not contained lead (National Swedish
Environment Protection Agency; Swedish Petroleum
Institute), and the decrease in B-Pb levels in children in
Landskrona and Trelleborg reflects the gradual reduction
of the use of leaded petrol [2-4]. The rate of decrease of B-
Pb observed in children during the period 1978–1994,
when leaded petrol was phased out, was found to be sim-
ilar to that during the period 1995–2007, when only
unleaded petrol was available, viz. close to 5% per year
[3]. Hence, the B-Pb levels in children continued to
decline noticeably more than a decade after leaded petrol
had been phased out in Sweden.

A secondary lead smelter, located about 1 km from the
town centre, has been in operation in Landskrona since
1944, while there is no lead-emitting industry in Trelle-
borg. The children studied were previously crudely
grouped according to their residential area; in Landsk-
rona: those who lived near the smelter (i.e. the industrial
area), those living in urban areas, and those in rural areas,
and in Trelleborg: children living in urban and rural areas
(Figure 1). A "near-smelter" effect, reflecting the impact of
industrial emissions on children's B-Pb levels, has been
observed throughout the duration of the study [2-4].
However, there are several concerns about this crude geo-
graphical grouping of the children, namely: (i) the exact
residential location was not used, (ii) the location of the
children's school was not taken into consideration, and
(iii) the distinction between urban and rural areas does
not necessarily reflect the degree of exposure arising from
traffic, as major roads were not taken into consideration.
To resolve these problems we have applied spatial analysis
through the use of GIS in this study by linking each child's
home and school address to their geographical coordi-
nates and thus enabled us to analyse the geographical
interactions between the children's daily dwelling and
their proximity to the smelter and major roads in their
vicinity with high accuracy.

Similar studies have used GIS successfully to analyse the
importance of proximity to lead sources and elevated
blood lead levels [5-8] or to classify risk areas and groups

for further investigation and action plans [9-12]. Our
study differs from these due to the length of the study
(1978–2007) that covers both the period when lead was a
substantial substance in petrol, the phase out and the lead
free period. This analysis also applies spatial analyses to
evaluate the importance of children's daily proximity to
the lead smelter by analysing their home and school loca-
tion as well as closeness to a major road nearby their
home. This approach enables us to analyse both spatial
relationships between the children's dwelling and the
smelter/closest major road with high accuracy as well as
guesstimate the impact of both traffic and the emissions
from the lead smelter on the children's blood lead levels.

This article focuses on evaluating the geographical pat-
terns of lead exposure among children, with special refer-
ence to industrial emissions and traffic over time.

Methods
Study areas
The municipalities of Landskrona and Trelleborg are situ-
ated in the southernmost county of Sweden, Scania (Fig-
ure 1). In 2007, the population in each of the two
municipalities constituted approximately 3% (40 000) of
the total population in Scania (1 198 000). The geograph-
ical distribution of the populations of the two municipal-
ities are similar, with about 80–90% living in urban areas.
An area of specific interest in Landskrona is the industrial
area situated in the southernmost part of the city, where a
lead smelter is located (Figure 1). There have been no
industrial lead emissions in Trelleborg, and it is therefore
considered to be a suitable control area, due to the similar
constitution of the population to that in Landskrona.

Study population
Parents have been invited to allow their children to partic-
ipate in the study since 1978. In 1978, the participation of
children aged between 10 and 17 years was encouraged;
later, the age interval was changed to 8–10 years (in 1986
preschool children from 3 years of age also took part, n =
77). Generally, children who lived in Landskrona and
Trelleborg, respectively, were invited to participate every
second year). Children attending major schools in the two
municipalities were requested to participate in the study.
The schools were selected according to their location in
order that 1/3 of them would be situated close to the
smelter, 1/3 in the urban area/vicinity of the urban area
and 1/3 further away. The parents to the children (prima-
rily) attending 1st to 3rd grade in these schools received
an informative letter regarding the study and the children
who wished to participate and had informed consent by
their parents was then interviewed and had a blood sam-
pling conducted. The overall participation rate was about
60% (across all schools and school years during the whole
study period) which, regarding to the low age of the chil-
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dren and the fact that they had to leave a blood sample is
relatively high.

During the period 1978–2007, 4218 individual blood
samples were collected from 3713 children and analysed
with regard to B-Pb level (more than one sample was
obtained from 481 children in different years, and three
or more samples were obtained from 24 children). In
addition, all the participating children were questioned
regarding their hobbies (to ascertain whether they
involved potential lead exposure, e.g., shooting air guns,
making lead soldiers, etc.) During the period 1988–2007,
their parents' smoking habits were recorded. The pre-
school/school attended by each child was recorded,
together with their school year (based on their year of
birth), and country of birth (data taken from the Regional
Population Register).

Children entered the study only after informed consent
was obtained from their parents. The study was approved
by the Ethics Committee of the Medical Faculty, Lund
University, Sweden.

Blood lead analysis
The methods for blood lead analysis have been described
in our previous reports [2-4]. Accuracy, checked by con-
trol blood samples, has been satisfactory.

Geographical analysis
The children participating in the study from 1983 were
geocoded by linking their personal identification number
to the centre coordinates of their home (as listed in the
Regional Population Register). Since the Regional Popula-
tion Register lacked housing information for previous
years, the residential locations of the children participat-
ing in the study from 1978–1982 were obtained by coding
their home address taken from old school records, and
then matching these data with a geocoded address data-
base. In total, we obtained the relevant geographical coor-
dinates for 3571 children. The remaining 142 children
could not be geocoded due to incomplete information,
and were therefore not included in the analysis. As multi-
ple B-Pb measurements had been made on several chil-
dren, 3917 B-Pb measurements were included in this
study.

Geocoded data for major roads (i.e. motorways and main
routes) covering both municipalities, during the whole
study period (1978–2007) were obtained from the Swed-
ish Road Administration. The locations of the children's
schools, and the lead smelter in Landskrona, were geoco-
ded by matching their addresses with the geocoded
address database. The Euclidian distance between the
location of their home and the closest major road in the
municipality was calculated for each child. Two addi-

tional proximity calculations were performed for children
living in Landskrona, based on the distance between the
lead smelter, and their home and school.

A time-weighted distance was constructed for each child
who lived in Landskrona, based on the assumption that
the children spent approximately 20% (4 hours per day)
of each working day at school, and the remaining 80% at
home, i.e., 0.8  + 0.2 , where  denotes the distance
between the child's home and the lead smelter, and 
denotes the distance between the location of the child's
school and the lead smelter. During the early period,
1978–1987, information on school attendance by chil-
dren participating in 1978 was not collected (in total 500
children). The geometric mean of the B-Pb levels of these
children was 59.7 g/l (range: 18.0–249.6 g/l; SD: 1.4

g/l). Of these, the homes of 228 children were 0.9–2 km
from the smelter, 146 were 2–3 km from the smelter, and
the remaining 126 children lived further than 3 km from
the smelter.

Statistical methods
The geographical patterns of lead exposure among the
children were analysed by means of generalized log-linear
modelling, with natural-logarithm-transformed B-Pb
level as the dependent variable (geometric mean of B-Pb),
and the following fixed-effect factors: sex, school year
(preschool, 1st, 2nd, 3rd, > 3rd), potentially lead-expos-
ing hobby (yes, no), country of birth (Nordic countries,
other countries), parents' smoking habits (at least one
smoking parent, no smoking parent), and a geographical
variable (see below). Separate analyses were carried out
for three different periods: 1978–1987 (high levels of lead
in petrol; no data on parents' smoking habits available),
1988–1994 (decreasing use of leaded petrol), 1995–2007
(unleaded petrol only). In order to study the geographical
patterns of B-Pb levels within each period, geometric
means of B-Pb levels, with 95% confidence intervals
(CIs), were estimated from the fitted models (yielding
average levels adjusted for possible confounding effects of
the covariates). All the statistical analyses were carried out
using geometric mean of B-Pb levels adjusted for sex,
school year, lead-exposing hobby, country of birth and, in
the periods 1988–1994 and 1995–2007, parents' smok-
ing habits. A few children contributed with multiple B-Pb
measurements across different school years (see above).
We also carried out repeated measure modelling, taking
into account reasonable correlation structures between
the residuals for the repeated measurements. The results
based on the repeated measurement models were not
notably different (geometrical mean did not differ more
than 7%; and the standard errors did not differ more than
5% except for Trelleborg during the period 1995–2007
when the standard error differed up to 18%) from the
results based on the corresponding models assuming
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uncorrelated residuals over all measurements (i.e., all data
treated as independent measurements); we present the
results based on the latter models.

The geographical patterns of B-Pb levels with reference to
traffic were described by grouping the children into cate-
gories based on the proximity of their homes to major
roads (0–50, 50–100, 100–200 and >200 m). The geo-
graphical patterns with reference to industrial emission
were described by grouping the Landskrona children into
categories based on the distances from the lead smelter
(0.9–2, 2–3 and >3 km), to their home and school,
including weighting for the time spent in school and at
home. In order to construct an informative map of B-Pb
levels in Landskrona, the children were also grouped into
five different categories based on their B-Pb level (0–25,
26–50, 51–75, 76–100 and >100 g/l). For each of these
B-Pb categories, the geographical mean was assessed by
calculating the average x and y coordinates based on the
home locations of the children.

SPSS for Windows, release 13 [13] was used for the statis-
tical analyses.

Results
Table 1 provides a summary of the data analysed.

In Landskrona, the geometric mean of the B-Pb levels
changed significantly according to the proximity to the
lead smelter (Figure 2, numbers and p-values are pre-
sented in the figures). This pattern was especially evident
during the earlier period, 1978–1987, but a statistically
significant effect of the proximity to the smelter was also
evident in the later periods.

The significant association between proximity to the lead
smelter and the children's B-Pb levels persisted when the
distance was adjusted for time spent in school, i.e. the
time-weighted distance (Figure 3).

When grouping the children into categories according to
their measured B-Pb levels (0–25 g/l, 26–50 g/l, 51–75

g/l, 76–100 g/l and >100 g/l) and calculating a geo-
graphical mean for each of these categories, a distinct geo-
graphical pattern appeared, with the highest B-Pb levels
closest to the smelter, thereafter decreasing with increas-
ing distance from the smelter (Figures 4, 5 and 6).

In order to quantify the effect of lead exposure resulting
from traffic, we first analysed the effects of rural children's
proximity to major roads. By excluding the urban children
in Landskrona, we avoided including the near-smelter
effect. We found no statistically significant association
between the B-Pb levels of the rural children in Landsk-
rona and their proximity to major roads during any of the

time periods; 1978–1987: p = 0.9 (Figure 7), 1988–1994:
p = 0.4 and 1995–2007: p = 0.12. For the rural children in
Trelleborg, on the other hand, a weak effect was detected
during the earliest time period, i.e., 1978–1987 (p =
0.056; Figure 7). However, a significant difference in B-Pb
levels was found between urban and rural children in Trel-
leborg (urban geometric mean: 49.5 g/l; rural geometric
mean: 46.1 g/l) during the earliest period (p = 0.014).
The same significant difference between urban and rural
children was also found in Landskrona during the same
period. To ensure that there was no interaction with the
near-smelter effect, children living within 2, 2.5 and 3 km,
respectively, from the smelter were excluded from the
urban category in succession (p < 0.001; p < 0.001 and p
= 0.009).

Discussion
We have studied the geographical patterns of children's B-
Pb levels within different periods (1978–1987, 1988–
1994 and 1995–2007). The geographical pattern in Land-
skrona, with respect to proximity to the lead smelter per-
sisted throughout all periods. In fact, an analogous
geographical gradient was seen when geocoding the chil-
dren according to their school location only, without con-
sidering their home location (data not shown). One
reason for the persistence near-smelter effect over the
years could be that the lead emissions from the smelter in
Landskrona have been, and still are, significant enough to
cause elevated B-Pb levels in children living in its vicinity.
The local authorities in Landskrona have made regular
measurements of the heavy metals contents in the air in
and around the industrial area close to the smelter since
1988 by measuring the dry deposition (fall-out) from the
air. According to these measurements, dust deposition is
characterized by a high amount of lead, especially in the
industrial area around the lead smelter (in 2007: 200 mg/
m2 per year, Jonsson, 2008). During the past twenty years,
this deposition of lead from the smelter has not decreased
but has remained between 200 and 300 mg/m2 per year,
with a small tendency towards an increase during recent
years [14]. The deposition of lead in Landskrona in 2006
has been found to be more than 50 times higher than in
some other Scandinavian cities: Malmo and Stockholm,
in Sweden, and Mo, in Norway [14], and measurements
of lead in mosses show that the levels in Landskrona
(especially in the city) were three times higher than the
average in Scania in 2005 [15].

Although lead emissions from the smelter have been rea-
sonably stable during the past twenty years, they are
noticeably lower than during the early 1970s, when the
lead deposition levels from the air in the vicinity of the
smelter averaged roughly 600 mg/m2 per year [16]. For
this reason, another possible explanation of the exposure
pattern seen in Figures 4, 5 and 6 may be that the lead
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accumulated in soil in the surroundings of the smelter is
still high enough to influence the observed near-smelter
gradient of B-Pb levels. It is possible that the effect of
industrial exposure decreases slowly in people living in
the vicinity of a lead source, despite the fact that the emis-
sion decreased many years ago. The implications of such
long-lasting effects of industrial emission should be taken
seriously, especially since several other exposure studies
on children living in the vicinity of lead sources have

shown higher B-Pb levels than those of the children in our
study [5-8,17-19].

The results obtained from the analysis of the proximity of
children's homes to the closest major road in rural areas
of Trelleborg indicate that proximity to major roads, and
thus exposure to traffic-generated lead, might have had a
slight effect on B-Pb levels during the early period, 1978–
1987. This is in accordance with other studies of lead
exposure in areas where leaded petrol was in use [1].

Table 1: Background information

Landskrona Trelleborg
1978–1987 1988–1994 1995–2007 1978–1987 1988–1994 1995–2007

N 979 657 890 652 238 501

Geometric mean B-Pb ( g/l) 49.7 30.9 18.4 46.5 28.2 18.2
Range 14.0 – 249.6 11.0 – 122.7 5.7 – 79.8 14.0 – 162.4 10.0 – 68.0 6.1 – 62.0

>50 g/l, N (%) 488 (49.8) 57 (8.7) 15 (1.7) 271 (41.6) 11 (4.6) 2 (0.4)

Sex, N (%)

Girl 467 (47.7) 355 (54.0) 431 (48.4) 344 (52.8) 115 (48.3) 259 (51.7)
Boy 512 (52.3) 302 (46.0) 459 (51.6) 308 (47.2) 123 (51.7) 242 (48.3)

School year, N (%)
B-Pb range ( g/l)

Preschool (4–7 years) 77 (7.9)
21 – 84

0 (0.0)
---

0 (0.0)
---

0 (0.0)
---

0 (0.0)
---

0 (0.0)
---

1st (8 years) 42 (4.3)
24 – 88

140 (21.3)
12 – 73

111 (12.5)
6 – 55

146 (22.4)
14 – 162

29 (12.2)
16 – 68

80 (16.0)
7 – 40

2nd (9 years) 164 (16.8)
14 – 129

303 (46.1)
11 – 122

352 (39.6)
6 – 72

151 (23.2)
16 – 115

93 (39.1)
10 – 67

175 (34.9)
6 – 49

3rd (10 years) 150 (15.3)
15 – 102

214 (32.6)
13 – 68

410 (46.1)
6 – 80

137 (21.0)
15 – 124

116 (48.7)
12 – 64

246 (49.1)
8 – 62

Intermediate stage and senior levels (>10 years of age) 546 (55.8)
16 – 250

0 (0.0)
---

17 (1.9)
12 – 68

218 (33.4)
19 – 134

0 (0.0)
---

0 (0.0)
---

Smoking parents, N (%)

Yes
(mother/father or both)

6 (0.6) 367 (55.9) 334 (37.5) 66 (10.1) 140 (58.8) 240 (47.9)

No 2 (0.2) 280 (42.6) 376 (42.2) 49 (7.5) 98 (41.2) 261 (52.1)
Missing 971 (99.2) 10 (1.5) 180 (20.2) 537 (82.4) 0 (0.0) 0 (0.0)

Potentially Pb-exposing hobby, N (%)

Yes 92 (9.4) 126 (19.2) 128 (14.4) 81 (12.4) 57 (23.9) 66 (13.2)
No 887 (90.6) 531 (80.8) 762 (85.6) 571 (87.6) 181 (76.1) 435 (86.8)

Birth country, N (%)

Nordic countries 936 (95.6) 622 (94.7) 809 (90.9) 623 (95.6) 231 (97.1) 461 (92.0)
All other countries 31 (3.2) 35 (5.3) 79 (8.9) 21 (3.2) 7 (2.9) 40 (8.0)

Missing 12 (1.2) 0 (0.0) 2 (0.2) 8 (1.2) 0 (0.0) 0 (0.0)

Background information for the 3 917 measurements on blood-lead concentrations (B-Pb) in Swedish children, carried out during the period 1978–
2007
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However, this association was weak, and we found no
such evidence for the rural children living in Landskrona.
We did not include data from urban children in the over-
all analyses of proximity to major roads, as it would have
been difficult to compensate for emissions from the urban
traffic network and multiple major roads in their vicinity,
as already mentioned, we wanted to avoid any possible
effects of the smelter in Landskrona. Due to the fact that
we analysed the distance to the closest major road in the
children's vicinity we might have underestimated the
effect from exposure through traffic since the road influ-
ence for children living on the same distance to several
major roads was not measured. Nevertheless, during the
early period with high levels of lead in petrol (1978–
1987), we observed that urban children in both Landsk-
rona and Trelleborg had significantly higher B-Pb levels
than the rural children, and that this difference persisted
in Landskrona when children living within 2, 2.5 and 3

km of the smelter were successively removed from the
analysis. Although the reason for this could be caused by
distinction in food habits among urban and rural children
the most probable explanation is that it is due to different
exposure to traffic exhaust.

Although the total Swedish emission of lead has
decreased, children may still be exposed to lead in air
from other regions or countries in the vicinity [20]. How-
ever, it seems unlikely that such lead exposure would
influence geographical patterns locally.

In exposure studies it is always hard to account for all the
possible ways of exposure. Younger children (preschool)
might for example be exposed to vast quantities of lead
from contaminated soil by hand-to-mouth activity due to
their tendency to put things in their mouth. However, in
our study the children were predominantly aged between

Geometric mean of blood lead based on the distance between the home and the lead smelterFigure 2
Geometric mean of blood lead based on the distance between the home and the lead smelter. Geometric mean 
of blood lead levels of children in Landskrona as a function of the distance between their home and the lead smelter. Whisker 
represents the 95% confidence interval.
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8 and 10 years of age (only 77 children in the study were
younger than 8 years and this age span was only a part of
the study during 1986). We therefore consider the chil-
dren to be beyond the "hand-to-mouth" age and thus this
exposure factor should be of no major concern for our
study. Another important exposure factor is parental occu-
pation, i.e. if the parents are exposed to lead in their occu-
pation and thereby might bring home contaminated
clothes and pollute the child's home environment. Infor-
mation about parental work exposure to lead and their
children's B-Pb have been analysed in previous studies
[3,21]. In short; only a few children had parents that
worked within lead related industry and the results from
the analyses showed no evidence for parental work expo-
sure to be influential in neither study which is probably
due to the restrictive work policies that were introduced in
the beginning of the 1970. Consequently we consider the
impact of parental work exposure of minor concern. Also

no children that were part of our study worked part-time
at the smelter.

In our study design it was impossible to account for indi-
vidual exposure that might originate from individual
behaviour and sources such as food intake, consumption
of homeopathic substances or the use of leaded house-
hold utensils. It is also possible that children recently
immigrated to Sweden could have elevated B-Pb levels
that were caused by lead exposure in their previous coun-
try rather than that of their present. Unfortunately we
lacked information about the date of immigration and
were therefore unable to adjust for this. There is also a risk
that the children could differ in terms of susceptibility to
lead exposure (however, no such data are available).

We have no reason to believe that the selection bias for the
children participating in this study should be substantial

Geometric mean of blood lead based on the time-weighted measure of the home/school and the lead smelterFigure 3
Geometric mean of blood lead based on the time-weighted measure of the home/school and the lead smelter. 
Geometric mean of blood lead levels of children in Landskrona as a function of the distance between the time-weighted meas-
ure of their home and school and the location of the smelter. Whisker represents the 95% confidence interval.
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           p= 0.001
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The participating children's homes in Landskrona and the data categorised according to B-Pb level 1978–1987Figure 4
The participating children's homes in Landskrona and the data categorised according to B-Pb level 1978–1987. 
The location of the participating children's homes in Landskrona and the location of the geographical mean for the children in 
different B-Pb categories during 1978–1987.
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The participating children's homes in Landskrona and the data categorised according to B-Pb level 1988–1994Figure 5
The participating children's homes in Landskrona and the data categorised according to B-Pb level 1988–1994. 
The location of the participating children's homes in Landskrona and the location of the geographical mean for the children in 
different B-Pb categories during 1988–1994 (one child had a B-Pb level above >100 g/l (120 g/l), and this child and category 
were therefore excluded from the analysis).
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The participating children's homes in Landskrona and the data categorised according to B-Pb level 1995–2007Figure 6
The participating children's homes in Landskrona and the data categorised according to B-Pb level 1995–2007. 
The location of the participating children's homes in Landskrona and the location of the geographical mean for the children in 
different B-Pb categories during 1995–2007 (one child had a B-Pb level above >75 g/l (80 g/l), and this child and category 
were therefore excluded from the analysis).
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due to the homogenous participation rate in all the
schools during the whole study period. Although we miss
information about the children that did not participate in
the study there is no reason to believe that these should be
geographically clustered or spatially distributed, along
with differences in individual susceptibility, to an extent
that would affect our results.

The geometrical means of the different periods can not be
expected to be directly comparable because: (i) parents'
smoking habits could not be adjusted for in the early
period, 1978–1987, and (ii) the covariate effects and data
distributions differ somewhat across the periods. How-
ever, the results remained when the periods were analysed
separately with and without smoking as a fixed-effect fac-
tor and analyses based on combined periods: 1988–1994
and 1995–2007 (meaning that the estimated geometric
means are directly comparable across these two periods,
with adjustment for parental smoking) and 1978–1987,
1988–1994 and 1995–2007 (meaning that the estimated
geometric means are directly comparable across the three
periods, without adjustment for parental smoking)

showed that the incomparability between periods is not
large (GMs did not differ more than 7%)", except fort the
period 1988–1994 in Trelleborg (GMs differed between
13–17%, i.e. corresponding to an increase in B-Pb levels
with 3.3–4.4 g/l) which is due to mentioned differences
in data distribution and covariates. Importantly, we found
no evidence for a geographical pattern, regardless of data
analysis.

Another limitation was that we obtained the location of
the children's homes (i.e. the coordinates) from the
Regional Population Register, which is based on the loca-
tion of each citizen at the end of each year. If the children
had changed address late in the year, the exposure esti-
mate for that year would have been based on the new
address rather than the old one. The coordinates were also
obtained for the centre of their residence which, for large
estates, e.g. farms, could lead to an erroneous location.
However, we do not believe these approximations would
have had any significant effects on the results.

Geometric mean blood lead levels of rural children in Trelleborg and LandskronaFigure 7
Geometric mean blood lead levels of rural children in Trelleborg and Landskrona. Geometric mean blood lead lev-
els of rural children in Trelleborg and Landskrona from 1978–1987, as a function of the distance between their homes and 
major roads. Whisker represents the 95% confidence interval.
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           Landskrona     N:  59 (18%)                            N: 78 (24%)                            N: 107 (33%)                             N: 82 (25%)
           p= 0.86

           Trelleborg        N: 107 (37%)                           N: 81 (28%)                            N: 54 (19%)                              N: 46 (16%)
           p=0.056
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As reported in detail in earlier studies on the same chil-
dren, the quality of the B-Pb determinations was good [2-
4]. The present B-Pb levels are low in comparison to those
encountered in many other countries. However, the con-
centrations at the beginning of the study period were in
the range now strongly suspected to induce effects on the
central nervous system in infants.

Spatial analysis was a valuable tool in this study, making
it possible to analyse the influence of sources of lead expo-
sure with high accuracy. The inclusion of geographical
analyses together with high-resolution census data made
it possible to analyse different exposure pathways. The
possibility of linking each child with the actual coordi-
nates of their home and school in each year of interest
allowed us to determine their proximity to lead sources
and thus more accurately model their possible exposure.

The overall decrease in B-Pb levels that has been observed
in Southern Sweden during the past thirty years is sub-
stantial [2-4,21] although this is not definite proof it is
highly likely that this is due to the reduction and later pro-
hibition of lead in petrol [2-4], and is in accordance with
the results of studies in other countries [18,22-24]. How-
ever, dust deposition measurements shows that the lead
emissions from the smelter in Landskrona have not
decreased, but remained rather stable since 1988, and
there is a tendency towards an increase in the emission
levels in the industrial area. Present emissions and the
likelihood that previous years emissions might have
caused an accumulation of lead in the soil nearby the
smelter could be the reason to why there still is a connec-
tion between the children's proximity to the smelter and
their B-Pb levels.

Conclusion
The geographical analysis revealed that, although the lev-
els of lead in children's blood have decreased considera-
bly since 1978, proximity to the lead smelter has
continued to affect their B-Pb level. This is alarming since
it might imply that, living or working in the vicinity of a
former lead source could pose a threat year after reduction
of the emission. The implications of such long-lasting
effects must be taken seriously. Also, our analysis has
revealed that urban children exposed to lead from traffic
were only affected during the early period, when there
were considerable amounts of lead in petrol, and that the
prohibition of lead in petrol in later years led to reduced
levels of lead in the blood of urban children.

Competing interests
The authors declare that they have no competing interests.

Authors' contributions
ES carried out the geographical analysis, participated in
the design of the study and drafted the manuscript. TL car-
ried out the data mining and participated in the design of
the study. AO performed the statistical analysis. SS con-
ceived of the study, and participated in the design of the
study. US conceived of the study, and participated in its
design and coordination and helped to draft the manu-
script. All authors read and approved the final manu-
script.

Acknowledgements
Anita Ohlsson, Jacob Lundh Rafstedt, Kristina Jakobsson and Jonas Ardö 
are thanked for their valuable assistance. The study was funded by the Euro-
pean Union through its Sixth Framework Programme for Research & Tech-
nical Development (the PHIME project, contract FOOD-CT-2006-
016253). The European Community is not liable for any use that may be 
made of the information contained herein. The Swedish Environmental Pro-
tection Agency, the Swedish Council for Working Life and Social Research 
(FAS), the Medical Faculty at Lund University and the county councils of 
Southern Sweden also supported this study.

References
1. Skerfving S, Bergdahl I: Lead.  In Handbook on the Toxicology of Metals

Third edition. Edited by: Nordberg G, Fowler B, Nordberg M, Friberg
L. Academic Press (an imprint of Elsevier); London; 2007. 

2. Stromberg U, Lundh T, Schütz A, Skerfving S: Yearly measure-
ments of blood lead in Swedish children since 1978: an
update focusing on the petrol lead free period 1995–2001.
Occup Environ Med 2003, 60(5):370-372.

3. Stromberg U, Lundh T, Skerfving S: Yearly measurements of
blood lead in Swedish children since 1978: the declining
trend continues in the petrol-lead-free period 1995–2007.
Environ Res 2008, 107(3):332-335.

4. Stromberg U, Schütz A, Skerfving S: Substaintal decrease of blood
lead in Swedish children, 1978–94, associated with petrol
lead.  Occupational and Environmental Medicine 1995, 52:764-769.

5. Leroyer A, Nisse C, Hemon D, Gruchociak A, Salomez JL, Haguenoer
JM: Environmental lead exposure in a population of children
in northern France: factors affecting lead burden.  Am J Ind
Med 2000, 38(3):281-289.

6. Willmore U, Sladden T, Bates L, Daltron CB: Use of a geographical
information system to track smelter-related lead exposure
in children: North Lake Macquarie, Australia, 1991–2002.
International Journal of Health Geographics 2006, 5(30):14.

7. Hilts SR: Effect of smelter emission reductions on children's
blood lead levels.  Sci Total Environ 2003, 303(1–2):51-58.

8. Maravelias C, Athanaselis S, Poulos L, Alevisopoulos G, Ewers U,
Koutselinis A: Lead exposure of the child population in
Greece.  Sci Total Environ 1994, 158(1–3):79-83.

9. Gonzalez EJ, Pham PG, Ericson JE, Baker DB: Tijuana childhood
lead risk assessment revisited: validating a GIS model with
environmental data.  Environ Manage 2002, 29(4):559-565.

10. Miranda ML, Dolinoy DC, Overstreet MA: Mapping for preven-
tion: GIS models for directing childhood lead poisoning pre-
vention programs.  Environ Health Perspect 2002, 110(9):947-953.

11. Vaidyanathan A, Staley F, Shire J, Muthukumar S, Kennedy C, Meyer
PA, Brown MJ: Screening for Lead Poisoning: A Geospatial
Approach to Determine Testing of Children in At-Risk
Neighborhoods.  J Pediatr 2009, 154(3):409-414.

12. O'Dwyer LA: Using GIS to identify risk of elevated blood lead
levels in children in Adelaide.  Australian Geographical Studies 2001,
39(1):75-90.

13. SPSS: SPSS 13.0 for Windows.  Chicago, USA; 2008. 
14. Jonsson E: Mätningar av tungmetaller i fallande stoft i Landsk-

rona 2007.  Landskrona kommun: Miljöförvaltningen, Landskrona;
2008. 



Publish with BioMed Central   and  every 
scientist can read your work free of charge

"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."

Sir Paul Nurse, Cancer Research UK

Your research papers will be:

available free of charge to the entire biomedical community

peer reviewed and published immediately upon acceptance

cited in PubMed and archived on PubMed Central 

yours — you keep the copyright

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

BioMedcentral

BMC Public Health 2009, 9:225 http://www.biomedcentral.com/1471-2458/9/225

Page 14 of 14
(page number not for citation purposes)

15. Nordell O: Tungemtaller i mossor i Landskrona kommun
1983, 1995 och 2006.  Landskrona kommun: Miljöförvaltningen,
Landskrona; 2007. 

16. Bergstrom R, Martensson M: Luftundersökningar 1973–1974,
Landskrona kommun.  Stockholm: VIAK; 1975. 

17. Carrizales L, Razo I, Tellez-Hernandez JI, Torres-Nerio R, Torres A,
Batres LE, Cubillas AC, Diaz-Barriga F: Exposure to arsenic and
lead of children living near a copper-smelter in San Luis
Potosi, Mexico: Importance of soil contamination for expo-
sure of children.  Environ Res 2006, 101(1):1-10.

18. Meyer PA, Brown MJ, Falk H: Global approach to reducing lead
exposure and poisoning.  Mutat Res 2008, 659(1–2):166-175.

19. Olivero-Verbel J, Duarte D, Echenique M, Guette J, Johnson-Restrepo
B, Parsons PJ: Blood lead levels in children aged 5–9 years living
in Cartagena, Colombia.  Sci Total Environ 2007, 372(2–
3):707-716.

20. WHO: Health risks of heavy metals from long-range trans-
boundary air pollution.  In Joint WHO/Convention Task Force on the
Health Aspects of Air Pollution WHO. Copenhagen: WHOE – Europe;
2007:130. 

21. Schutz A, Ranstam J, Skerfving S, Tejning S: Blood-lead levels in
school children in relation to industrial emission and auto-
mobile exhausts.  Ambio 1984, 13(2):115-117.

22. Mathee A, Rollin H, von Schirnding Y, Levin J, Naik I: Reductions in
blood lead levels among school children following the intro-
duction of unleaded petrol in South Africa.  Environ Res 2006,
100(3):319-322.

23. Nichani V, Li WI, Smith MA, Noonan G, Kulkarni M, Kodavor M, Nae-
her LP: Blood lead levels in children after phase-out of leaded
gasoline in Bombay, India.  Sci Total Environ 2006, 363(1–
3):95-106.

24. Roma-Torres J, Silva S, Costa C, Coelho P, Henriques MA, Teixeira
JP, Mayan O: Lead exposure of children and newborns in
Porto, Portugal.  Int J Hyg Environ Health 2007, 210(3–4):411-414.

Pre-publication history
The pre-publication history for this paper can be accessed
here:

http://www.biomedcentral.com/1471-2458/9/225/pre
pub


	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Study areas
	Study population
	Blood lead analysis
	Geographical analysis
	Statistical methods

	Results
	Discussion
	Conclusion
	Competing interests
	Authors' contributions
	Acknowledgements
	References
	Pre-publication history

