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Decreased blood lead levels in residents of Stockholm
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ELINDER C-G, FRIBERG L, LIND B, NILSSON B, SVARTENGREN M, OVERMARK I. Decreased
blood lead levels in residents of Stockholm for the period 1980—1984. Scand J Work Environ Health
12 (1986) 114—120. A number of measures have been taken to decrease the spread of lead to ambient
air and food. In a study of the effect of these and other preventive measures, blood samples from
approximately 100 persons living in the inner city area of Stockholm were collected and analyzed for lead
content on three different occasions, in 1980, 1983, and 1984. The same subjects were examined on at
least two occasions and the analytical method, atomic absorption spectrophotometry, was carefully con-
trolled by means of reference samples on each occasion. The blood lead levels decreased during the obser-
vation period. The average blood lead concentrations for all the examined persons were 0.37, 0.26, and
0.25 pmol/1 for 1980, 1983, and 1984, respectively. The mean of the differences in individual blood lead
levels for 1980 and 1984 was 0.12 umol/1. This figure corresponds to an average decrease in blood lead
of 34 % for all the subjects examined in 1980. The decrease occurred mainly during the period 1980—1983
(mean 0.11 gmol/l) and, thereafter, was only slight for the period 1983—1984 (mean 0.01 pmol/l).
Factors such as age, sex, and change of residence during the observation period did not influence the
final results.
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Health risks resulting from pollution of the general
environment by lead have been extensively discussed
in the last decade (17). The debate has especially
focused on the health risks to young children and
fetuses (14, 18).

The principal source of exposure for the general pop-
ulation, ie, persons not occupationally exposed to lead,
is lead in foodstuffs. Inhalation of lead from ambient
air may, however, also be an important source of ex-
posure (10). Other sources are peroral exposure from
fingers contaminated by dust and dirt containing lead
and lead-contaminated canned food, drinking water,
and beverages (7, 14).

In 1980, we (7) determined the lead concentration
of blood samples from 423 residents of Stockholm.
The results showed that the average blood lead level
of the subjects examined was relatively low (0.38
umol/]l) compared to that in several other countries
(26). Men and smokers had somewhat higher levels
(approximately 20 % higher) in comparison to women
and nonsmokers, respectively. There was also a posi-
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tive correlation between alcohol consumption (espe-
cially wine), as stated by the subjects, and blood lead
levels.

In recent years a number of measures have been in-
troduced to decrease exposure to lead in the general
population of Sweden. The level of lead in foodstuffs
has decreased, partly due to the fact that the food in-
dustry has successively replaced soldered food cans by
welded or solid piece cans. The use of lead in gasoline
has also decreased as a result of legislative measures
taken in 1981, which lowered the highest permissible
level from 1.9 to 0.7 mmol (from 0.4 to 0.15 g) per
liter of gasoline.

The present study was carried out to follow up the
study from 1980 and to answer, if possible, the ques-
tion of whether the recent measures to decrease envi-
ronmental exposure to lead have had any effect.

Material and methods

Populations examined

Only subjects from whom blood samples were obtained
in 1980 (7) were included in the present study. These
subjects were requested to give new blood samples in
1983 and 1984. The lead concentrations of the indi-
vidual blood samples for 1983 and 1984 were compared
to those of 1980.

All of the 214 randomly selected subjects from the
inner city area of Stockholm who took part in the 1980
study were primarily considered as participants in the



1983 study. Of the 214 subjects, 47 % (N = 100) gave
another blood sample in 1983. The reasons for non-
participation can be found in figure 1. The group of
100 subjects who participated both in 1980 and 1983
were again asked to take part in 1984. Of these 100
subjects, 81 provided us with a third blood sample.
Once again the reasons for nonparticipation are given
in figure 1.

As it was planned in the study protocol to examine
100 subjects, another 41 subjects were selected from
the group which had submitted blood samples in 1980
and who resided either close to or at a short distance
from streets with heavy traffic in the inner city area
of Stockholm (7, 24). Of these 41 subjects primarily
considered, 18 (43 %) participated in the follow-up
study in 1984 (figure 1).

A third group comprising 13 comparable subjects
was obtained from the study on environmental expo-
sure to lead and blood lead levels carried out in col-
laboration with the World Health Organization in 1983
@) (figure 1).

The groups examined, the number of persons con-
sidered, the dropouts and participants, and the actual
number of blood samples analyzed are presented

new address 15
no reply 6
refused 2
other reasons 0
total n 23

schematically in figure 1. For a total of 113 individual
samples it was possible to compare data on blood lead
from 1980 and 1983. For 1980 to 1984, 99 blood sam-
ples could be compared, and, for 1983 to 1984, 81
blood samples could be compared.

The blood samples were collected at different times
of the year. In order to prevent interference due to
seasonal variation (3), the blood samples in 1984 were
collected at the same time of the year (% 14 d) as the
samples from 1980. Thus 209 weeks (4 x 52.2)
(£ 14 d) had elapsed between the time of sampling in
1980 and that in 1984. About six months (on the aver-
age 32 weeks) elapsed between the time of sampling
in 1983 and that in 1984.

Personal data for each subject were compiled con-
comitant to the taking of the blood samples collected
in 1980, 1983, and 1984. The data collected included
place of residence (address), occupation, possible oc-
cupational exposure, possible exposure to lead during
recreation, smoking habits, and alcohol consumption.

Sampling and analytical methods

Blood samples (approximately 10 ml) were taken from
a superficial elbow vein and collected in evacuated
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Figure 1. Schematic presentation of the groups examined, the number of
tion, and the submitted and analyzed blood samples. (WHO = World Heal

persons considered, the reasons for nonparticipa-
th Organization)
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Venoject blood collection tubes containing about 140
units of sodium heparin. Special precautions were
taken to avoid any contamination. The tubes were
inverted gently several times to mix the heparin and
blood and thus prevent coagulation. The samples were
subsequently subdivided into samples of 2—3 ml in
acid-washed polyethylene tubes. The tubes were stored
at —20°C until the analysis. To avoid the risk of sam-
ple contamination, random samples from each batch
of analytical materials used (tubes, needles, pipettes,
etc) were carefully examined before the blood sam-
pling. Essentially identical materials and methods of
sampling were_ utilized in 1980, 1983, and 1984 (7).

Duplicates of 0.3 ml of whole blood from the stored
sample were deproteinized by the addition of 0.5 ml
of 0.8M nitric acid. After being thoroughly mixed and
centrifuged, the supernatants were transferred to acid-
washed polyethylene cups in an automatic sample
injector (AS-1 or AS-40).

Lead was determined by atomic absorption spec-
trophotometry (AAS), Perkin-Elmer 373, via electro-
thermal atomization (ETA), HGA 500, and by the use
of a deuterium background correction system. Stan-
dards or test solutions (20 ul) were injected with the
automatic sampler into standard graphite tubes.

The areas under the atomization signal peaks were
integrated by the instrument, printed out on a Perkin-
Elmer PRS-10 printer, and used for evaluating the
results. A Perkin-Elmer 56 two-pen recorder was
utilized to check the electrothermal program. One pen
recorded the shape and peak height of the deuterium-
compensated lead signals. The other recorded the non-
specific absorption of the light emitted by the deute-
rium lamp.

Calibration solutions were prepared by the addition
of known amounts of lead to blood from cows. The
same sample treatment and instrumental analysis were
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Figure 2. Comparison between the determined levels of lead

in blood and reference values (EQC) for 1980 (regression line
y = —0.041 + 1.02x, r = 0.99, N = 54).
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used throughout the study, and further information
can be obtained from previous reports (7, 27).

Analytical accuracy was confirmed for each ana-
lytical occasion by means of internal quality control
and external quality control (EQC) samples. The lead
concentration in the samples of the internal quality
control was known to the analyst and to those who
processed the analytical data, whereas the samples of
the external quality control contained an unknown con-
centration of lead. A total of 18 samples from the
former and 120 samples from the latter were analyzed
parallel to the blood samples from the examined sub-
jects. Figures 2 and 3 illustrate the combined results
of the external quality control for the analyses carried
out in 1980 and 1984. The agreement between results
obtained in our laboratory and the reference values was
very good, and the results of all quality control runs
(20 runs, 6 samples in each run) fell within the accept-
ance intervals used within the framework of a global
program for the biological monitoring of metals (26).

The precision, expressed as the average (X) relative
standard deviation (SD) of the duplicates (SD;/X;),
was 4, 4, and 10 % for the 1980, 1983, and 1984 ana-
lytical runs, respectively.

The results are given as micromoles of lead per liter
of blood, and 0.1 and 0.3 gmol/] correspond to 20.7
and 62.2 ug/1 or 2.07 ug/dl and 6.22 pg/dl, respec-
tively.

Results

The average blood lead levels of all the subjects exam-
ined were 0.37 (SD 0.16), 0.26 (SD 0.16), and 0.25
(SD 0.15) pmol/1 for 1980, 1983, and 1984, respec-
tively. The average blood lead level of the 138 subjects
examined in 1980 only was somewhat higher [mean
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Figure 3. Comparison between the determined levels of lead
in blood and reference values (EQC) for 1984 (regression line
y = 0.001+1.02x, r = 0.99, N = 66).



Table 1. Average decrease in the blood lead concentration between 1980 and 1983, 1983 and 1984, and 1980 and 1984.
1980—1983 1983—1984 1980—1984
Blood lead Blood lead Blood lead
Group Number concentration Number concentration Number concentration
of subjects {pmoli)2 of subjects (pmolr)® of subjects {emolil)2

Mean SD Mean SD Mean SD
Men 59 0.12 0.10 39 0.01 0.01 43 0.13 0.10
Women 49 0.10 0.10 39 0.01 0.04 51 0.11 0.10
Subjects with
same address® 85 0.12 0.06 66 0.01 0.05 80 0.13 0.09
Random sample¢ 77 0.11 0.09 77 0.01 0.05 77 0.12 0.10
All subjects 108 0.11 0.08 78 0.01 0.05 94 0.12 0.10

2 0.1 pmal/l = 20.7 pgll or 2.07 ug/di.

b Persons that had changed address between the two dates were excluded.
¢ Only persons from a random sample (figure 1) who submitted blood samples on all three occasions (1980, 1983, and 1984).

0.40 (SD 0.15) pmol/1] compared to the average blood
lead level of persons who participated in the follow-
up study (0.37 umol/1).

According to the answers given on the last question-
naire (1983 and/or 1984) it appeared that five of the
subjects examined may have been additionally exposed
to lead during work or recreation. These five subjects
were excluded from the data processing. After the ex-
clusion of these five subjects, the average values of the
lead in blood were 0.36 (SD 0.15), 0.25 (SD 0.13), and
0.23 (SD 0.14) umol/1 for 1980, 1983, and 1984, re-
spectively. The data from 1980 and 1983 or 1984 were
statistically significant (p < 0.01), but not those from
1983 and 1984 (p = 0.5).

The mean differences in individual blood lead levels
between the years 1980—1983, 1983—1984, and
1980—1984 are presented in table 1. Figure 4 shows
the change which took place in the blood lead levels
between 1980 and 1984. As can be seen from the fig-
ure, the blood lead concentration had decreased in
almost all the subjects (96 %). The mean change in
the individual levels between 1980 and 1984 was 0.12
(SD 0.10) pmol/1, which corresponds to an average
individual decrease in blood lead of 34 % between 1980
and 1984.

The decrease occurred mainly during the period
1980—1983 (0.11 pmol/1) and was highly statistically
significant (p < 0.01) for this period, whereas the de-
crease for the period 1983—1984 was only slight (0.01
pmol/1) and did not attain two-sided statistical signifi-
cance (p = 0.08). For the period 1980—1983 (approx-
imately 176 weeks) the average individual decrease in
blood lead was 0.6 nmol/l a week, while the decrease
for the period 1983—1984 (approximately 32 weeks)
was 0.3 nmol/I a week. For the whole period 1980—
1984 (exactly four years) the average individual de-
crease in blood lead was 0.6 nmol/l a week.

The decreases in blood lead were similar for the men
and women over the whole observation period (ta-
ble 1). Fourteen subjects changed their place of resi-
dence during the period 1980—1984, but all the sub-
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Figure 4. Frequency distribution of different subjects’ change
in blood lead level between 1980 and 1984.

Jects still resided in Stockholm and, in most cases,
within the inner city area. Excluding data on subjects
who had changed address did not appreciably influence
the results. Furthermore, the results were not affected
even when the comparison between the years 1980,
1983, and 1984 was limited to only those subjects ex-
amined on all three occasions (table 1).

No correlation was found between age and blood
lead level, and the level decreased at the same rate for
all age groups (figure 5). Similarly there were no sys-
tematic variations in the blood lead levels in relation
to time of year when the samples were collected.

According to the questionnaires smoking habits and
alcohol consumption were practically unaltered during
the whole observation period; therefore, no division

into categories according to smoking or alcohol habits
was made.
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Figure 5. Differences in individual subjects’ blood lead levels
in 1980 [B-Pb (80)] and 1984 [B-Pb (84)] as a function of age (in
years).

Discussion

This study began in 1980 and was terminated in 1984.
Several international studies on lead have been pub-
lished in the interim. These studies verify the finding
that the mean level of lead in blood in the general
population has decreased (1, 8, 13, 16, 20). The mean
values for lead in almost 28 000 blood samples from
64 different areas in the United States showed a sig-
nificant downward trend over the period 1976—1980.
On the average, lead in blood decreased by about
37 % from February 1976 to February 1980 (1). It was
considered that the most important reason for this de-
crease was the decrease in the use of lead in gasoline
(1). In the United States lead levels in gasoline de-
creased by more than 50 % over the period 1976—
1980.

The conclusions drawn from the American studies
have, however, been disputed (9, 12, 15). Among other
things, critics have pointed to the fact that personal
characteristics, eg, race, sex, and age, as well as fac-
tors such as living conditions and degree of urbaniza-
tion, all of which may be of influence, were not con-
sidered when the results were interpreted (15). Another
problem in the American studies lies in the fact that
the same subjects were not examined on the different
occasions (2, 12). In addition the conclusion drawn,
ie, that a decrease in the use of lead in gasoline was
responsible for the decrease in the blood lead levels
in the United States, has been questioned on the
grounds that blood lead levels in England decreased
during the period 1972—1982, in spite of the fact that
very little change in the use of lead in gasoline had
taken place during that period (8).
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The present study is unusual in that the same sub-
jects were examined on several occasions. Only per-
sons residing in the inner city area of Stockholm in
1980 were included. Analyses were carefully controlled
and evaluated on each occasion with both internal and
external quality control. In our opinion there is, there-
fore, no doubt that the blood lead levels of the sub-
jects examined did in fact decrease by approximately

30 % during the period 1980—1984. One remaining

problem is, however, the question of the extent to
which these findings can be applied to the total popu-

lation of the inner city area of Stockholm, or the

general population of Sweden. Even though our aim
was to study a random sample of the population in
the inner city of Stockholm, it is obvious that the sub-
jects examined did in fact comprise a selected group,
ie, they agreed to come to the Karolinska Institute and
to give blood samples on at least two occasions (fig-
ure 1). However, we have no reason to believe that
there are any systematic differences in regard to lead
exposure between our subjects and other residents of
Stockholm. The subjects examined in 1980 did not
have exceptionally high blood lead levels and could
therefore be expected to approach the mean of the
whole group on repeated sampling. In fact, the 138
persons from the 1980 study who did not participate
in the follow-up study, had slightly higher blood lead
levels than did those who participated in 1983 and
1984. The subjects received no information on how to
avoid exposure to lead. Environmental exposure to
lead should, therefore, have been the same as that of
other residents of Stockholm. We are not however able
to rule out the possibility that the subjects examined
in 1980 became aware of environmental pollution in
general, as a direct result of the tests, and, conse-
quently, altered their ways of life. The subjects were,
however, not informed that there would be a follow-
up study, and the answers to the questionnaires did
not give the impression that the subjects had modified
their life-styles during the observation period.

What then are the reasons for the observed decrease
in the blood lead levels? Several factors may have con-
tributed. A decrease in the use of lead in gasoline and,
consequently, the spread of lead to the atmosphere is,
probably, one important contributory factor. Over the
period 1979—1982 the mean of all measurements of
ambient air in Stockholm decreased from 0.06 to 0.02
pmol/m? (from 1.2 to 0.5 pg/m®) (25). For two spe-
cific streets measurements were carried out with exactly
the same measurement techniques, and it was seen that
the lead levels in the air decreased by 50 % (25). Cal-
culating from experimental and epidemiologic data,
Chamberlain (5) found a statistical correlation between
lead in air and lead in blood. On the basis of this cor-
relation it can be calculated that a reduction in indi-
vidual air lead exposure from 0.06 to 0.02 pmol/m’
would result in a decrease in blood lead of 0.05—0.10
umol/1 (10—20 pg/1). There are some data that sug-
gest a curvilinear relationship between lead in air and



lead in blood (11), although it has been disputed by
others (23). If the relationship between lead in air and
lead in blood is curvilinear, the effect of a decrease
of lead in air on the blood lead level would be more
pronounced at low levels of exposure.

A Norwegian study (6) suggested that the decrease
found in blood lead could be as great as 0.15 pmol/1
(30 pg/1). These estimates of the effect of a decrease
of lead in air on blood lead level agree relatively well
with what was found in the present study. We would
like to point out though that our study did not have
access to individual measures of exposure, eg, in the
form of personal air sampling equipment. The only
measures of exposure were the results of measurements
carried out by the Stockholm Municipal Environment
and Health Administration in a number of locations
in the inner city area of Stockholm (25).

Levels of lead in air are not necessarily directly
related to individual exposure. In our earlier study (7)
subjects living close to streets carrying heavy traffic
and subjects living outside the inner city area, and thus

"probably less exposed to lead in air, were examined.
No relationship between place of residence and blood
lead level was found in that study (7). The parallel phe-
nomena, decreasing air lead level and blood lead level,
therefore, do not constitute evidence of causality.

A decrease in the intake of lead via food may also
have been of major importance. Food can be con-
taminated by lead in several ways. The general spread
of lead from car exhaust and from industry may con-
tribute to lead levels normally found in foodstuffs. It
is likely that a decrease in the emission of lead from
car exhaust and from industry will result in decreasing
levels of lead in the normal diet.

The concentration of lead in feces of 27 residents
of Stockholm has recently been studied by Bruaux &
Svartengren (4). Feces contain ingested lead (approx-
imately 90 %) which has not been absorbed by the
gastrointestinal tract. On the assumption of a 10 %
gastrointestinal absorption, the mean value of lead in
feces was 0.11 pmol/d (22 pg/d), which is equivalent
to a daily lead intake of about 0.12 ymol (24 pg). In
Sweden earlier estimations of daily lead intake via
foodstuffs showed average intakes of 0.15 and 0.13
pmol/d (30 and 27 ug/d) (19, 21).

Lead in food can also originate from direct con-
tamination in production and canning processes. In
a study carried out by the National Swedish Food Ad-
ministration (22) it was found that certain types of
canned food could contain relatively high concentra-
tions of lead, up to 20 pmol (4.1 mg) per kilogram of
fresh weight. Samples of 350 canned foods were ex-
amined over the period 1979—1981. The mean lead
level in these samples was 0.87 pmol/kg (0.18 mg/kg).
It can be assumed, from these findings, that in 1980
the inhabitants of Stockholm consumed, on the aver-
age, 0.04 gmol/d (9 pg/d) from lead-containing canned
food. This figure is equivalent to 30 % of the estimated
total intake via food. In the 1980s the food industry

has begun to use lead-free cans instead of lead-soldered
cans to a much greater extent than previously. This
change is especially true for domestic production, but
even for imported canned food the use of lead-con-
taining solders has decreased. In view of the fact that
lead in canned food constitutes, at the most, 30 %
(0.04 pmol/d) of the “‘normal’ lead intake (approx-
imately 0.15 pmol/d), it seems unlikely that the de-
crease in the use of lead in canned food is the sole cause
of decreasing blood lead levels. Unfortunately, there
are no data on whether or not daily intake of lead via
food, including or excluding, canned food, has
changed over the last five years.

In conclusion, there has been a decrease in the use
and emission of lead in Sweden and abroad over the
period 1980—1984. This change has led to a decrease
in exposure via food and other sources. As a con-
sequence blood lead levels in the general population
have decreased. The decreased use of lead in gasoline
has probably been a major contributory factor, but
other sources may also have contributed.

Although we cannot with certainty state the exact
reasons for the approximately 30 % decrease in blood
lead levels over the period 1980—1984, the results are
in themselves satisfactory from the point of view of
health.
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