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Blood lead studies in different countries have shown
a downward trend in the population’s lead burden
parallelling the reduction of lead in petrol. Between
1976 and 1980 the National Health and Nutrition
Survey found an average blood lead reduction of
37% in the U.S. In the same time the total amount
of lead used in petrol production decreased from
approximately 53000 to 24000 tons per quarter . A
correlation between lead content of all petrol sold in
Massachusetts between April 1979 and April 1981
and the concentration of lead in umbilical cord
blood from births at a Boston hospital could be
demonstrated 2. In Sweden a follow-up study found
an average decrease in blood lead of 34 % between
1980 and 1984 for residents in the inner city area of
Stockholm 3.

The first general population survey on blood lead in
Switzerland, conducted in 1984, revealed average
blood concentrations comparable to those of other
European and North American populations at that
time*?>. Since then, lead emission has decreased
drastically in Switzerland. Emission from traffic,
accounting for 65 to 75% of total lead output (680
tons in 1984), decreased by about 40 % °. However,
lead in airborne particulate matter and in soil still
exceeds the legal limits in Basle, an urban in-
dustrialised agglomeration in northwestern Swit-
zerland (the Swiss legal ambient air quality stan-
dard for lead is 1 pg/m® (annual mean) in airborne
particulate matter and 100 pg/ (m? - day) (annual
mean) in dust precipitation). It was therefore of
interest to determine the population’s mean lead
exposure and the risk factors associated with lead
absorption.

A population’s basal lead level —as a result of lead in
atmosphere, food and beverages — can be lowered
by collective preventive actions. The first aim of this
study was to determine the effects of the achieved
reduction in petrol-related lead emissions on the
population’s exposure, and to compare the data
with previous national and international data. The
second aim was to identify environmental and
lifestyle factors which result at the individual level
in blood lead concentrations exceeding the basal
level 779,

Materials and methods
Population

Blood samples were available from participantsin a
study on cardiovascular risk factors and nutritional
behavior 1°.

In August 1989 a random sample of residents of
Basle aged 20 to 74 years was selected from the
register of inhabitants. Turkish-speaking persons
were excluded. A letter with an invitation to partici-
pate was followed by telephone contact. Only 3% of
all subjects could not be contacted. 471 persons
participated (59%); there was no difference be-
tween the sexes. Participation was lower for persons
aged 20 to 24 years (45%) and for foreign residents
(52%). The sample’s sex and nationality distri-
bution was representative of Basle’s population
aged 20 to 74, Turkish residents excluded. The age
distribution for males, however, was not represen-
tative of Basle’s male population, with a higher
proportion of older subjects in the sample.

Data collection

Between October 1989 and March 1990 participants
were examined in different medical practices.
Examination included: blood pressure, height and
weight, and venous blood sample for determina-
tion of cholesterol levels and lead. A question-
naire derived from previous Swiss studies'! 713 re-
questing information on demographic factors and
nutrition, as well as smoking and drinking habits,
was filled in by the participants. The participants
were subdivided into two different categories on the
basis of their job-descriptions: those working less
than half-time, or working in occupations where
lead exposure is unlikely, and those working at least
half-time in occupations where it is possible or
known from occupational medicine that lead expo-
sure may occur.

Questions on alcohol consumption were validated
by comparing the general statement with the
twenty-four hour recall. 124 out of 143 participants
(87 %) who had reported daily alcohol consumption
on the food frequency questionnaire also reported
having consumed an alcoholic beverage the day
before the examination. 44 of 45 self-reported
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abstinent subjects reported not drinking an alcoho-
lic beverage the previous day. The coefficient of
agreement (Kappa) was 73 % *.

Blood lead analysis

Venous blood samples were taken with a
vaccutainer® free of heavy metals, containing
sodium heparin. The samples were stored at a
maximum of 4° Celsius until they were mailed to an
analytical laboratory. Mailing was without cooling
(average mailing time 1-2 days), but never over a
weekend. Samples from the same day and/or the
same medical practice were distributed to different
analytical batches. The laboratory and the analyt-
ical method were identical to those used in the 1984
Western Switzerland blood lead study (and its
repetition in 1991). This allowed a comparison of
the two data sets. Methods, and quality control data
showing the data’s precision and accuracy, have
been described previously #5173,

Place of residence

Each subject’s data was matched with the hourly car
frequency on the street of his/her residence. This
information was provided by the noise emission
registry of Basle !°.

Statistical analysis

The data were analysed with the SPSS-X software
package. Blood lead concentrations were distributed
log-normally, and the analyses were therefore car-
ried out on logarithms of blood lead concentrations.
The results of statistical analysis are reported as
geometrical means (X;). We used multiple linear
regression analysis to control for important con-
founders. Discrete independent variables were
coded as dummy variables. For model building the
forced entry method was selected: gender and age
were introduced first, followed by other variables
according to their predictive value in univariate
regression analysis. No interaction terms were in-
troduced into the model, because analysis of the
data did not reveal any major interactions for the
determinants of interest. Results are reported as
cumulated R? and as partial regression coefficients
with associated t-statistics.

Results

The results of the crude analysis are presented in
table 1. The average geometrical mean blood lead
level in the sample was 0.33 + 0.19 umol/1 whole
blood, men having an age-adjusted average blood
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Tab. 1. Sex-specific geometric mean blood lead concentration
(umol/l) by different predictor variables .

Male Female

N SD, N gz, SD,
Occupation?
> 50% in painting-, 33 0.51 0.21 - - -
printing-, construc- 153 0.36 0.16 - - -
tion-, metal-pro- t=4.4; p<0.0001
cessing industry
else
alcohol intake
never 17 029 0.16 28 0.27 0.9
seldom 121 0.34 0.17 161 0.28 0.16
regularly 93 044 0.20 50 0.35 0.17

(nearly every
day or more)

F=12.8;p<0.0001 F=6.5p=0.0017

smoking

never 64 031 0.14 106 0.28 0.17
former 74 038 0.21 52 0.28 0.18
casual 13 041 0.23 § 026 017
regular 79 041 0.8 70 034 0.16

F=49;p=0.0025 F=4.08;p=0.0076

Pplace of residence

Basle 199 038 0.18 208 030 0.17
Riehen 33 032 020 31 025 0.13
t=21;p=0.02 t=1.44; p=0.08

! Age-adjustment did not influence comparisons and geometric
means.
% comparison only among males, since no females in exposed
groups.

level about 30% above women (men 0.37 pmol/l;
women 0.29 umol/l). Within each age/sex category
participants had an arithmetical average blood lead
level 30% lower than subjects in a study of blood
lead in Western Switzerland examined approxi-
mately 5 years earlier (figure 1)*>.

Multiple linear regression analysis

Gender, age, occupation, alcohol consumption and
smoking were identified as having an independent
predictive value in multiple linear regression analy-
sis (table 2). In the crude analysis participants living
in the area of Basle had an average blood lead level
20% higher than those living in Riehen, a suburban
community without much traffic (table 1). Place of
living and hourly car frequency were, however, not
significant independent predictors when they were
introduced last into the multiple linear regression
model.

Introducing occupation and alcohol consumption
into the model considerably reduced the estimated
regression coefficient for gender. Since gender dif-
ferences in smoking prevalence were less prominent,
and owing to its correlation with alcohol intake,
entering smoking into the model did not further
decrease the regression coefficient for gender. Part
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Tab. 2. Multiple linear regression model on log (Pb-B) as dependent variable:
log (Pb-B) = b, + b, (gender) + b, (age) + b; (occupation) + b, (alcohol intake) + b, (tobacco consumption) + e

N =471 b SEb t/p R? Fipange/P
cumulation

sex 0.056 0.016 3.4/0.0007 7.0 36.5/<0.0001
0 = female; 1 = male

age 0.002 0.001 3.9/0.0001 9.8 15.7/0.0001
(years)

occupational exposure 0.139 0.031 4.5/<0.0001 14.5 26.6/<0.0001
0=no; 1 =yes

alcohol intake
seldom 0.034 0.026 1.3/0.19 19.6 19.0/ < 0.0001
regularly 0.114 0.028 4.1/0.0001
(reference; never)

tobacco consumption
1-20 cigarettes/day 0.048 0.019 2.6/0.009 23.0 11.2/0.0009
> 20 cigarettes/day 0.095 0.028 3.4/0.0009
various tobacco 0.136 0.041 3.3/0.0009

products
(reference: never)

of the difference in blood lead levels between men
and women was therefore due to the fact that men
were occupationally more often exposed and drank
more alcohol than women. But even if four con-
founders were taken into account men still had an
average blood lead level 6% higher than that of
women.

Age was a robust, but very weak predictor. Loga-
rithmic transformation of the variable did not sub-
stantially improve its predictive value.

The high blood lead level of workers in painting or
printing, construction or metal-processing indus-
tries was also partially explained by their high
alcohol and tobacco consumption. But an un-
confounded average blood lead level 14 % above the
level of all other participants was estimated to be
associated with occupational exposure.

If smoking status (see table 1) was entered into the
model, the regularly smoking subjects had an
unconfounded average blood lead level 8% above
the level of those who never smoke. Smokers were
further subdivided into persons smoking 1-20
cigarettes/day, > 20 cigarettes/day, and several
tobacco products or something other than
cigarettes (table 2). The partial regression coeffi-
cients were significant for all three subgroups of
tobacco consumption, indicating a dose-effect
relationship. Five men who smoked pipes had a
high blood lead concentration (X, = 0.69 pmol/l,
95% CI = 0.381-1.240).

Subjects who drank alcohol regularly had blood
lead concentrations on average 12% higher than
those of abstinent subjects after controlling for
confounding.

Data on the average alcohol intake was further
stratified by the reported consumption of alcoholic
beverages the day before the examination (table 3).
Regularly-drinking participants who had con-

Tab. 3. Sex specific geometrical mean blood lead concentra-
tions (umol/T) by average alcohol intake and by previous day’s
alcohol consumption *.

alcohol intake Male Female

N x SD N x SD

4 g g 4
“never” and
“nothing yesterday” 17 029 016 27 027 0.19
“regularly” and
“something yesterday’:
— beer only yesterday 18 035 0.21 6 030 0.08
— wine only yesterday 30 048 020 26 037 0.17
— various alcoholic 32 050 0.18 g8 039 015

beverages yesterday

F=8.0;p<0.0001 F=3.4;p=0.02
“wine only” vs.
“never”’;
“different” vs.

“never”, and vs.
“beer only”

Scheffe multiple
comparison p < 0.05

not significant

! 4 participants with regular alcohol intake had consumed cider
or liqueurs the previous day; this limited number does not allow
any inference about the effect of these beverages.

sumed only wine the previous day had a higher
blood lead level than persons who had taken only
beer, although the difference was not significant
(probably owing to the small number of partici-
pants in both subgroups). The alcoholic beverage
consumed the previous day by regularly-drinking
subjects in most cases represents the preferred
alcoholic beverage, therefore giving an idea of the
effect depending on the kind of alcohol.

Lead in wine

The observed association between alcohol con-
sumption and blood lead levels led to the analysis of
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Tab. 4. Mean lead content (ug/l) by colour of wine on Basle
market.

Colour N mean SD range
red wine 81 53 16 21-102
rosé 5 44 12 1854
white wine 13 31 10 23-53
Total 99 50 17 18-102

red versus white wine: t = 6,86; p < 0.001.

lead in wine on sale in Basle. Wine was sampled
from five appropriate supermarkets in Basle. The
samples represented mainly the lowest price seg-
ment, which includes two thirds of the total amount
of wine sold in Basle. We determined the lead
concentration of 99 wines of different origin and
colour, and with different types of bottle cap. The
wines were mainly from Switzerland, Italy, France,
Spain, and Algeria. The analytical method and
quality control data have been described!’. The
average lead concentration was 50 + 17 pg/l. Red
wine contained significantly more lead than white
wine (table 4). The 31 Italian red wines contained
significantly more lead (62 + 15 pg/l) than the 50
red wines from other countries. When wine in
bottles with different types of closure was com-
pared, essentially no differences in the lead content
were found if the sample analysed was taken
directly from the bottles. However, high lead con-
centrations of up to more than 300 pg/l were found
for wine bottles with tin-lead closures if the wine
was poured into a glass before being analysed. Lead
corrosion products on the edge of the bottle, coming
from the closure, were obviously dissolved in the
wine.

Discussion

Average blood lead levels in Basle (X, =0.33 +
0.19 pmol/l) were low compared to those found
in Western European and North American cities
some 5 to 10 years ago (0.5-1.0 umol/1)18.
The same low level was, however, already found
m inner city residents of Stockholm in 1980.
Daily nutritional lead intake in Switzerland and
Sweden is estimated to be 25-30 pg3?°, whereas
in Great Britain — with an average blood lead
level twice today’s Basle level — it is 75 pg %2,
In addition, lead in drinking water is neglectably
low in Basle (well below 25 pg/l), and lead in can
solder is legally limited (< 10% lead)*9:22724,

The most plausible reason for Basle’s low blood
lead level, though, seems to be the fact that the study
was conducted at least five years later than compar-
able investigations, namely after a period of drasti-
cally reduced airborne lead emission in Switzerland.
A comparison of the Basle results with data from
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the 1984 Western Switzerland blood lead study
supports this hypothesis* > (figure 1). In terms of
environmental and demographic determinants,
comparability of the populations in Basle and
Western Switzerland is a valid assumption. It is true
that a higher percentage of participants in the Basle
study did not consume alcohol, and this may have
accounted in part for the lower exposure. However,
a comparison of the Basle results with only the
urban subjects of the study in Western Switzerland
would have resulted in an even greater difference
since the latter included a rural population with
lower exposure. The comparability assumption is
further validated by the repetition of the survey in
Western Switzerland in 1988/89, which resulted in
blood lead concentrations comparable to the levels
found in our study?®. Furthermore, in 1984 the
Swiss results were not low in an international
comparison. In view of all these facts, the reduction
in lead emissions since 1984 is the most plausible
reason for today’s low lead levels in Switzerland.
The association between lead and gender, age,
occupation, smoking, and alcohol consumption con-
firmed the results of earlier studies *3:26=3° Men’s
higher blood lead levels may partly be due to their
higher hemoglobin concentration. The age depen-
dency — though small — correlated with comparable
data and is probably the result of accumulation and
the long half-life of lead in bone.

Sources of lead exposure in construction, painting,
printing, and metal-processing are lead in dust and
soil, old paint or lead containing alloys 2631, Since
lead type is no longer used in the printing industry,
printers’ high blood lead levels might be a sign of
high exposure in the past.

The finding that alcohol consumption and smoking
- despite their correlation — were both predictors of
blood lead supports the results of previous studies
that identified them as independent risk fac-
tors#3:18:20.29,32.33 T ead persistence in soil as a
result of the widespread use of lead arsenate as an
insecticide in tobacco fields in the past might still
give rise to lead dust contamination of tobacco
plants. But the average lead content of a cigarette is
estimated to be 1-2ug, which is too small to
account for the total difference observed between
the blood lead levels of smokers and non-
smokers 3334, The smokers’ higher hand-to-mouth-
activity, leading to a higher lead dust absorption is
therefore another possible source of exposure.
Occupationally exposed smokers have been shown
to have the highest blood lead levels if they smoke at
their working place 21,

Regular alcohol consumption (at least one glass of
wine a day) has been found in other studies to
increase the basal lead level by 30-50% 2935,
Grandjean and co-workers concluded on the basis
of their multivariate model that a daily intake of
1.35 ¢l of pure alcohol (one glass of wine) increases
the blood lead level by 0.025 to 0.050 pmol/l whole
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Fig. 1. Arithmetical means for blood lead levels (+ one standard error) by sex and age decade for Basel, sample (1989—-90)

compared to values for Western Switzerland collected in 1984.

blood ¢, With an average blood lead level of
0.36 umol/l in Basle, and assuming that regularly —
drinking subjects consume a daily average of 1-2
glasses of wine, the 12% increase in average lead
level as compared to abstinent persons is in good
agreement with the above-mentioned results.
Previous studies have also found a stronger effect of
wine than of beer37-3%. Wine is, furthermore, the
most frequently consumed alcoholic beverage in
Switzerland 3°. The analysis of 99 different wines on
Basle’s wine market showed an average lead con-
centration of 50 + 17 pg/l, which appeared to be
high compared to an estimated 25 pg daily nutri-
tional lead intake in Switzerland '°. Assuming that
lead from alcoholic beverages is absorbed to a
higher degree (20 %) than lead from food (10%)4°,
and that about 125000 Swiss consume at least 1 litre
of wine per day, lead in wine is likely to be a direct
cause of high lead levels in regularly-drinking
subjects.

The place of residence had no independent predic-
tive value in this urban population. A difference
between rural and urban subjects’ blood lead levels
was shown in earlier studies* 292832 but no
difference existed between urban subjects living on

highways or inside streets 3. To identify the effect of
traffic density on blood lead, information about the
indoor-/outdoor ratio for lead and about the time
spent at home is needed.

Conclusions

The low basal blood lead level found in this study
population is expected to further decrease with
systematic lead reduction in petrol. Because there
are lead reservoirs in the skeleton, and owing to the
long half-life this decrease might pause at some
intermediate blood lead level. An individual can
reduce his/her blood lead level primarily by reduc-
ing alcohol and tobacco consumption. The neck of
a wine bottle should be cleaned before pouring out
wine. In Switzerland a provisional legal limit of
0.3 mg/kg wine has been set based on the described
results, and caps containing lead alloys must be
replaced by 1994*!, The issue of lead in wine has
been carefully investigated by the U.S. FDA. Major
efforts to reduce lead in wine and to inform the
public about safety aspects are currently being
undertaken.
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Despite today’s low lead levels there are several
reasons to strive for the lowest possible lead expo-
sure in the general population. The lead levels
observed today still exceed the lead content found in
human bones from pre-industrial cultures. Lead
serves no function in the human organism, Adverse
health effects have been identified at blood lead
concentrations observed in the general population;
for these effects no threshold has been found as
yet. Little is known about interactions with other
environmental pollutants*243, The successful re-
duction of blood lead levels in the general popu-
lation over the last decade is an excellent and
motivating example for the introduction of mea-
sures for environmental protection, like the intro-
duction of unleaded petrol. The results of this study
further highlight the importance of the prevention
of alcohol abuse and smoking. Pregnant women are
an important target group. Future research is
required to investigate whether alcohol, smoking,
and lead have synergistic effects on the fetus.

Summary

Lead concentration in whole blood of a representa-
tive sample of 471 subjects aged 20 to 74 years and
living in Basle was determined in 1989/90 by flame
atomic absorption spectrophotometry. The partici-
pants in the cross-sectional study filled in a ques-
tionnaire on demographic factors, nutrition and
drinking habits. The age-adjusted geometrical mean
blood lead level was 0.38 + 0.19 umol/litre of whole
blood for males, and 0.29 + 0.17 pmol/litre for
females. The average lead burden was about 30%
below the mean concentration found in a compar-
able population in Western Switzerland five years
earlier. Lead emissions in Switzerland decreased by
about 40 % from 1984 to 1990 through restriction of
lead in petrol. This offers the most plausible expla-
nation for the low blood lead levels found in Basle.
Sex, age, occupation (employment in painting or
printing, construction or the metal processing in-
dustry), smoking and alcohol intake (especially
wine consumption) were identified as independent
blood lead predictors in a multiple linear regression
analysis. Participants who consumed alcohol daily
had blood lead concentrations on average 12%
higher than those of abstinent subjects. Regular
smokers had an unconfounded average blood lead
level 8% above that of people who never smoked.
Place of residence and hourly frequency of cars in
that area were not identified as independent predic-
tors in the model. The analysis of 99 different wines
on the market in Basle showed an average lead
concentration of 50 1 17 pg/litre wine. Compared
to an estimated 25 pg daily nutritional intake of lead
in Switzerland the value appeared to be high. The
hypothesis is presented that there is a causal rel-
ationship between lead in wine and lead in blood.
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Résumé

Consommation d’alcool et autres facteurs liés au style
de vie: Sources évitables d’exposition au plomb

La plombémie d’un échantillon représentatif de la
population (n = 471) dgée de 20 & 74 ans et vivant a
Bale a été déterminée par spectrophotométrie a
flamme en 1989-1990. Les participants & cette
¢tude transversale ont rempli un questionnaire
relevant des données démographiques, les habi-
tudes en matiére de nutrition, de consommation
alcoolique et tabagique. La moyenne géométrique
de la plombémie, ajustée pour ldge, était de
0,38 + 0,19 pmol/l pour les hommes et de
0,29 4 0,17 pmol/l pour les femmes. Ces valeurs
moyennes étaient d’environ 30 % inférieures a celles
mesurées dans une population comparable de
Suisse orientale cing ans auparavant. Les émissions
de plomb en Suisse ont diminué d’environ 40%
entre 1984 et 1990, suite 4 la diffusion de plus en plus
large des carburants sans plomb, ce qui représente
I’explication la plus plausible aux valeurs de plom-
bémie basses mesurées 4 Bale. Le sexe, 1'dge, la
profession (peintres en batiment, imprimeurs, em-
ployés de la construction ou de la métallurgie), les
habitudes tabagiques et la consommation d’alcool
(de vin en particulier) ont été identifiés comme des
prédicteurs indépendants de la plombémie dans une
analyse de régression linéaire multiple. Les consom-
mateurs quotidiens d’alcool avaient en moyenne
une plombémie de 12 % supérieure aux abstinents et
les fumeurs habituels, une valeur de 8 % plus élevée
que les sujets n’ayant jamais fumé. Le lieu de
résidence et la densit¢ du trafic automobile a
proximité du domicile n’ont pas été identifiés
comme des prédicteurs indépendants. L’analyse de
99 vins disponibles sur le marché balois a révélé
une concentration de plomb moyenne de
50 + 17 pmol/l de vin. Comparée a un apport par
les aliments estimé a 25 pg/j en Suisse, cette valeur
est élevée. L’hypothése d’une relation causale entre
plombémie et consommation de vin est émise.

Zusammenfassung

Vermeidbare Quellen der Bleizufuhr: Alkoholkonsum
und individuelle Einflussfaktoren

Im Rahmen einer Querschnittstudie wurde 1989/90
die Bleibelastung der 20—74jdhrigen Bevolkerung
von Basel-Stadt bestimmt. Fiir die Gehaltsana-
lyse mittels Atomabsorptions-Spektrophotometrie
wurde einer reprisentativen Stichprobe (n=471)
vendses Blut entnommen. Mittels Fragebogen
wurden  soziodemographischer  Hintergrund,
Erndhrungsgewohnheiten, Rauchen und Alko-
holkonsum erfasst. Die alterskorrigierte mittlere
(geometrische) Bleibelastung des Kollektivs be-
trug 0.38 +0.19 ug/l Vollblut fiir Ménner und
0.29 4+ 0.17 pmol/l fiir Frauen. Die mittlere Bleibe-
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lastung betrug rund 30 % weniger als 1984 in einem
vergleichbaren Westschweizer Kollektiv. Seit 1984
gingen die Bleiemissionen durch den Verkehr in der
Schweiz um 40% zuriick. Somit ist der erfolg-
reich gesenkte Bleiausstoss die wahrscheinlich-
ste Ursache fiir die heute vergleichsweise niedrige
Belastung in Basel. In einer multiplen linearen
Regressionsanalyse wurden Geschlecht, Alter,
Beruf (Tétigkeit in Metallverarbeitung, Maler-,
Druckerei- und Baugewerbe), Rauchen und Alko-
holkonsum (insbesondere Wein) als unabhingige
Determinanten identifiziert, die beim Einzelnen zu
einer Blutbleibelastung iiber das durch die Umwelt
gegebene Grundmass hinaus fithren kénnen. Teil-
nehmer, die tdglich Alkohol konsumierten, hatten
durchschnittlich 12% hd&here Blutbleiwerte als ab-
stinente Personen. RegelmiBige Raucher hatten
8% hohere mittlere Blutbleiwerte als Personen, die
nie geraucht hatten. Das Verkehrsautkommen an
der Wohnadresse konnte nicht mit dem Blutbleige-
halt assoziiert werden. Die Analyse von 99 Weinen
des Basler Marktes zeigte in der Tat, dass der
mittlere Bleigehalt mit 50 4+ 17 pg/l hoch ist, vergli-
chen mit der fiir die Schweiz geschitzten téiglichen
Nahrungs-Bleizufuhr von 25ug. Dies deutet auf
einen Kausalzusammenhang zwischen Blei im Wein
und — bei regelméssigem Weinkonsum — im Blut hin.
Ein individueller Ansatzpunkt fiir die Prdvention
einer unnétig hohen Bleibelastung scheint damit
identifiziert.
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