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Objectives Blood lead concentrations in a Danish reference population were related to information from an 
extensive questionnaire on work, environment, and life-style. 
Methods Data were gathered for 209 persons by means of a questionnaire and blood lead analyses. 
Results The mean concentration of lead in blood was 0.167 ymolll (ie, significantly lower than in previous 
studies). This finding is in accordance with the fact that less than 10% of the gasoline used in Denmark contains 
lead additives (up to 0.15 gll). An important finding was that the well-documented predictors for lead in blood 
at higher concentration levels, such as age, gender, menopausal status, and intake of alcohol, are still valid in a 
low-level exposure situation. In addition, a strong and negative correlation was found between blood lead 
concentrations and dietary supplementation with vitamins and minerals. 
C O ~ C ~ U S ~ O ~ S  The present data indicate that lead exposure may still constitute a health risk in a small 
proportion of adult men and postmenopausal women. 
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Evidence of neurotoxicity has increased the awareness con- 
cerning low-level, nonoccupational lead exposure. The lead 
concentration in whole-blood has been used as a proxy for 
the biologically active body burden of this metal (1). Blood 
lead (B-Pb) concentrations as low as 0.48 pmolll have been 
associated with adverse effects on behavior and development 
in children (1). Furthermore, recent data suggest that B-Pb 
concentrations of about 0.38 pmolll may be associated with 
decreased cognitive function in postmenopausal women (2). 

Thus, despite the well-documented reductions in B-Pb 
levels in the general populations in many countries (3-5), 
lead remains a toxicologic issue, and the identification of vas- 
iables affecting B-Pb concentrations remain important. 

The objective of this study was to describe B-Pb concen- 
trations in a reference population and relate the findings to 
information from an extensive questionnaire covering topics 
related to occupational exposure, traffic exposure, overall 
health, food habits, intake of alcohol, smoking and sociode- 
mogsaphic parameters. Furthermore, the results were related 
to a previous study on an identical population in Funen 5 - 4  
years before (6). 

Study population 
A reference population was established in Funen, Denmark, 
consisting of 219 persons (1 10 men and 109 women) ran- 

domly selected from the Danish central register of residents 
according to the following criteria: 20 men and 20 women in 
each age decade between 20 and 89 years, half residing with- 
in the city and the other half within rural communities. No 
exclusion criteria were used, except the ability to fill out the 
questionnaire. As in a previous study (6), the participants 
were included consecutively, after they signed an informed 
consent form, until their respective subgroups were filled. 
The overall response rate was 70%, and among the respond- 
ents 44% accepted to participate. The participation rate was 
particularly low in the 2 oldest age decades (6% and 19%), 
and the anticipated number of subjects was not reached in 
these 2 age decades within the time limits of the study. Infor- 
mation regasding health, dietary habits (intake of meat, fruit, 
vegetables, coffee, tea, etc), use of dietary supplements (vita- 
mins, minerals), alcohol consumption, smoking (including 
passive smoking), use of prescribed dlugs, occupational ex- 
posures, hobbies, traffic, and housing situation were ob- 
tained by questionnaire and a subsequent interview. Approx- 
imately 60% of the sample group was currently employed. 
Other participants were students, retirees, or unemployed per- 
sons. Forty-three percent were current smokers, 23% were 
ex-smokers, and 32% had never smoked. According to these 
data, the sample group did not deviate from the general Dan- 
ish population during the sampling period in 1994 (7,8). The 
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reference population had previously been used to establish 
reference intervals for malondialdehyde (an indicator for lipid 
peroxidation) and antioxidative enzymes (9,lO). 

Methods 
Lead analysis. The B-Pb concentrations were read in du- 
plicate against a blood-based standard curve with standard 
reference material SRM 955 (National Institute of Standards 
and Technology, Gaitherburg, Maryland, United States) as 
the primary standard. SeronormO Trace Element batches 901 
and 902 (NycoMed, Oslo, Norway) were used as quality con- 
trol materials. The total analytical imprecision (N = 38) was 
estimated to be 3.0% and 2.0% at B-Pb concentrations of 
0.22 and 1.58 pmolA, respectively. In the earlier study (6), 
the same 2 control materials were 0.23 and 1.63 pmoVl (ie, 
almost identical to the values obtained in the present study). 
A comparison of the 2 sample groups must thus be justified. 
The assigned values were 0.3 and 1.6 pmolll for the 2 mate- 
rials. The detection limit was 0.05 pmoVl. 

Statistics. Statistical analyses were performed using SPSS 
6.1 software (SPSS, Chicago, Illinois, United States). Good- 
ness-of-fit to nosmal distribution was assessed by probit plot 
and K-S-test. The logarithmic transformation of the B-Pb 
concentrations approached a Gaussian distribution. Pearson's 
correlation coefficient was used to assess associations be- 
tween B-Pb concentrations and age. The differences in the 
mean values were analyzed by the independent sample's 

Table 1. Mean values of blood lead in a reference population and 
the correlation with age. 

N Blood lead Correlation Significance 
concentration coefficient 

(~rn0 l I l )  (r) 

Mean SD 

Total population 219 0.167 0.1 01 0.263 < 0.001 
Women 109 0.143 0.099 0.372 <0.001 
Men 110 0.191 0.097 0.150 0.119 

Table 2. Geometric means of the blood lead (B-Pb) concentra- 
tion in the reference population. Comparison between men and 
women. 

Age (years) Men Women P (t-test, 
2-tailed) 

Geometric N Geometric N 
mean B-Pb mean 6-Pb 

concen- concen- 
tration tration 

(pnol/l) (~rn0 l I l )  

t-test, and multiple regression analysis was performed using 
the stepwise regression procedure with Pi, = 0.05 and 
Po,, = 0.10 (a modified forward regression that permits reex- 
amination, at every step, of the variables incorporated into 
the model in previous steps). 

Results 
Blood lead levels. The mean B-Pb concentration of the 
population was 0.167 ~mol l l ,  with a mean of 0.191 pmoV1 
for the men and 0.143 pmoH for the women (table 1). 

Age and gender. The B-Pb concentrations increased with 
age (table 1). They were generally higher for the men than 
for the women, and this difference was significant in the 
2 youngest age decades (table 2). The B-Pb correlated posi- 
tively with age among the women (table I), whereas the cor- 
relation was weaker and not statistically significant for the 
men (table 1). Further analysis of the female participants re- 
vealed that the mean B-Pb was significantly higher for wom- 
en who had reached menopause than for women who had 
not (table 3). 

Life-style exposures. Regular smokers had slightly elevat- 
ed B-Pb levels, as compared with nonsmokers (table 3), and 
inhalation did not affect the B-Pb levels of the smokers 
(P = 0.475). People with a weekly alcohol consumption be- 
low 5 drinks had significantly lower B-Pb concentrations 
than those with higher alcohol intake (table 3). Furthermore, 
people who daily took vitamins or vitamins with minerals had 
a significantly lower B-Pb level than people who never used 
this kind of supplementation (table 3). 

Residence and traffic. There were no significant associa- 
tions between B-Pb and residence in urban versus rural 
areas. Furthermore, neither traffic intensity at home nor the 
time used daily for commuting affected the B-Pb to any sig- 
nificant extent. 

Occupational exposures. Sixteen persons indicating that 
they were exposed to metal dust or metal fumes had elevated 
B-Pb concentrations as compared with unexposed workers, 
but the difference was not significant (table 3). The B-Pb 
concentrations of persons exposed to exhaust gases were 
higher than those of unexposed persons, and the difference 
was of borderline significance (table 3). 

Multiple regression. As the participation rates were low for 
people over 70 years of age, this group was excluded from 
the model, as was also 1 person with a reposted weekly alco- 
hol consumption of 70 drinks. From the predictors that were 
significant in the bivariate analysis, the following 4 variables 
were accepted by the model: gender, age, weekly alcohol con- 
sumption, and daily use of vitamins or vitamins with miner- 
als (table 4). Further analysis revealed no indication of col- 
linearity between the variables. Smoking did not add signifi- 
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cantly to the model (P > 0.05). The 4 variables explained a 
total of 34% of the variation. 

Discussion 
With the use of an identical analytical method for blood sam- 
ples from a random selection of the general population, a 
mean B-Pb concentration of 0.24 (SD 0.13) pmolll was ob- 
tained in 1988-1989, whereas the current mean B-Pb con- 
centration was 0.17 pmoV1. Thus the B-Pb has decreased sig- 
nificantly during the 5-6 years between samplings. The re- 
duced B-Pb concentrations can primarily be attributed to re- 
ductions in the amount of lead used in gasoline. During the 
latest sampling period, about 90% of cars used unleaded 
gasoline, and no more than 0.15 gll was added to the leaded 
qualities. Thus the reduced B-Pb concentration in the gener- 
al population can be seen as the remarkable success of a pre- 
ventive effort. Identical findings have been reported from 
other countries, including the United States, Canada, Italy, 
and Taiwan (3-5,ll). 

Age and gender significantly affect B-Pb (3,6, 11, 12). 
These observations are confirmed in the present study under 
low-level exposure circumstances, where the B-Pb of the men 
was, on the average, about 0.05 pmolll higher than that of 
the women and age seemed to be significantly conelated with 
the B-Pb concentration. However, the correlation with age 
was only significant for the women. Thus B-Pb levels seem 
to increase only up to an age of about 50 years among men, 
whereas they tend to continue increasing in women also after 
50 years of age. Some of the age-related increase may be 
due to accumulated lead from previous exposures o~iginat- 
ing from gasoline with high lead contents. The increased 
B-Pb level in women over 50 years of age has previously 
been linked to menopause (6,13), and the present study con- 
firms the results of these previous studies as postmenopau- 
sal women had significantly higher B-Pb levels than premen- 
opausal women. The increased B-Pb level in postmenopau- 
sal women may be of relevance, as mild cognitive deficits 
have been reported in older women with B-Pb levels as low 
as 0.38 pmolll(2). In our Danish population, about 4% of 
the women had B-Pb concentrations above 0.38 pmolll, as 
did 7% of the men. Although the number of participants with 
an increased B-Pb was too low to reach a firm conclusion, 
the data indicate that a small proportion of the general popu- 
lation may still have an increased lead exposure, despite the 
fact that mean levels of B-Pb have decreased to indeed very 
low levels. 

Previously, lead levels could be related to well-known ex- 
posure sources from work or traffic exhaust. The present 
study demonstrates that differences related to residence, traf- 
fic, and work are of only marginal importance in relation to 
B-Pb. With decreasing occupational exposures and more ho- 
mogeneous exposures from the general environment, it can 
be expected that life-style factors to a larger degree would 
affect B-Pb in the population. 

Table 3. Geometric mean blood lead (B-Pb) concentration in 
selected groups of the reference population. 

N Geometric Different from 
mean B-Pb previous 

concentration group (P) 
(pnolll) 

Alcohol intake 
< 5 drinks per week 
> 4 drinks per week 

Daily supplement with vitamin 
and minerals 

Yes 
No 

Smoking 
Regular smokers 
Nonsmokers 

Exposure to metal dust 
or fumes 

Yes 
No 

Exposure to exhaust gases 
Yes 
No 

Women 
Premenopausal 
Postmenopausal 

Table 4. Multiple regression using a stepwise regression proce- 
dure and In(lead) as a dependent variable. The population was 
restricted to people below 70 years of age with a weekly alcohol 
consumption below 60 drinks. 

Regression Standard P-value 
coefficienta error 

Gender 0.308 0.091 0.0010 

Age 0.009 0.003 0.0058 
Vitamin and mineral 
supplementation -0.163 0.050 0.0014 
Weeklv alcohol consumption 0.016 0.004 0.0004 

a R = 0 602, adjusted r2 = 0.342. 

Smoking and alcohol consumption have been previously 
demonstrated to be positively associated with B-Pb concen- 
trations (3,5,6). Our data confirm these observations. Thus 
people having more than 4 drinks per week had 80% higher 
B-Pb concentrations on average than people with lower alco- 
hol consumption, and regular smokers had higher average 
B-Pb levels than nonsmokers. An interesting observation was 
the very strong negative association between the daily use of 
vitamins and minerals and the observed B-Pb. A partial cor- 
relation analysis and an analysis for collinearity did not 
show any relation to other life-style factors. Complex rela- 
tions between B-Pb concentrations and nutritional status have 
been previously described for human populations, for which 
individual factors such as zinc, iron, selenium, calcium, and 
vitamins B and D have been demonstrated to affect B-Pb (1). 
However, at present, no definite biological explanation for the 
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association can be suggested, and the association may be 
spurious or due to confounding. 

The regression model for the population included only 
the variables gender, age, alcohol consumption, and daily in- 
take of vitamins as significant independent variables. With a 
cowelation coefficient of 0.6, about 34% of the variance in 
B-Pb was explained by these 4 variables. The limited number 
of predictors is probably due to the improved control of lead 
released to the environment. This preventive effo1-t is also the 
reason for the reduced standard deviation and the small range 
of B-Pb concentrations within our cursent population Leg, in 
comparison with the population investigated in Denmark 8 
years ago (6)l. 
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