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Table4 Percentages and frequencies of reported symptoms in each question in questionnaire among exposed group (n = 49)
and referents (n = 27). Differences are tested with Chi-square or Fisher’s exact probability test

Questions Exposed Referents p
% f % f

Do you have a short memory? 59 (29) 52 §l4; 0-71
Have your relatives told you that you have a short memory? 51 (25) 33 9 0-21
Do you often have to make notes about what you must remember? 25 (12) 19 (5 076
Do you often have to go back and check things you have done,

such as turned off stove, locked door, etc? 53 (26) 30 (8 008
Do you generally find it hard to get the meaning from reading newspapers and books? 20 (10) 11 (3) 035
Do you often have problems with concentrating? 33 (16) 22 é 6; 0-49
Do you often feel irritated without any particular reason? 35 (17) 4 1 0-01
Do you often feel depressed without any particular reason? 20 (10) 4 ( lg 0-08
Are you abnormally tired? 35 17y 33 (9 0-95
Do you have palpitations of the heart when you don’t exert yourself? 18 (9 7 (2) 031
Do you sometimes feel an oppression in your chest? 25 (12) 11 (3) 027
Do you Eerspire without any particular reason? 20 (10) 15 5 4) 076
Do you have a headache at least once a week? 25 (12) 15 4) 050
Do you often have painful tingling in some part of your body? 27 (13) 22 £ 6) 085
Are you less interested in sex than what you think i1s normal? 20 (10) 4 1) 008
Do you have any problems with buttoning and unbuttoning? 0 (0) 7 (2) 012

indicated that the number of symptoms was
independent of age (p = 0-56), which is in accordance
with other studies using this questionnaire. '2

DOSE-EFFECT RELATIONS

The dose-effect relations were studied by product-
moment correlations. Neither the psychological
factors nor the number of symptoms showed
significant linear correlation with any of the exposure
measures. Nevertheless, when the exposed group was

Logical function
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Performances of exposed group in relation to referent group.
Z-score expresses difference among means in terms of
standard deviation in referent group. A Z-score <0 means
that average performance among exposed group is poorer
than the average among referents.

divided at the upper quartile of the time-weighted
average of blood lead concentration (TWA B-Pb) a
negative relation was shown in the test factors
perceptual speed, psychomotor function, memory,
and reaction time (table 3). In tests of memory and
learning ability also the moderately exposed (TWA
1:3 to 2-5 pmol/l) performed significantly less well
than the referents.

The maximum value in B-Pb as well as present
B-Pb concentration correlated with the TWA B-Pb
(r = 0-75 and 0-33 respectively) but B-ZPP did not
(r = 0-15). Thus acute toxic effects cannot be
separated from subchronic or chronic effects and the
importance of single top exposures cannot be
separated from the effects of long-time moderate
exposure.

The subgroup that worked shift-time performed
less well in every respect and reported more
symptoms than the day-time workers. Since the
number of shift workers was greater among the
controls than among the exposed, the differences in
performance might be underestimated. The
proportion of shift workers in the highest exposed
quartile, however, was equal to the proportion in the
rest of the exposed and did not explain the
demonstrated dose-effect relation.

Discussion

The exposed group performed worse than the control
group, particularly in the tests of memory, learning,
and visual reaction time, and reported more
subjective symptoms. This test profile is coherent
with other studies of lead-exposed workers.'-*
Within the exposed group the highest exposed
quartile (TWA B-Pb >2-5 umol/l) performed worst
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on tests of perceptual speed, psychomotor function,
memory, and reaction time. The data do not support
a linear relation between lead exposure and effects on
the central nervous system, but rather a non-linear
“terrace shaped” relation might be tentatively
suggested and would be in line with some recent
studies on animals.?>?? The possibility of partial
reversibility of lead-induced impairment might
further complicate the dose-effect relations.

It is of major importance for the interpretation of
the results in this study that the exposed group and
the referents were comparable in primary intellectual
ability. A restriction regarding school education has
been introduced, and an equally large ratio among
the exposed and among the referents reported
average school marks. The requirements of
professional skill seemed equivalent in the two
groups. Furthermore, the two groups performed
comparably in verbal tests, clinically used as
indicators of the primary ability. Army enrolment
tests could be compared only for the younger
subjects, but the exposed subgroup had results fairly
comparable with the referents at the age of 19. Thus it
seems justified to regard the groups as intellectually
comparable in their teens.

There were no indications of other neurotoxic
influences in excess among the lead-exposed workers
to confound the results. The employment times were
longer among the exposed, and there were no reasons
to believe that alcoholism would be overrepresented
in this group.

The concentration of blood lead is not only
affected by the air contamination but also by work
practices and personal hygiene. If there was a relation
between primary intelligence and personal hygiene
then low performances might have caused high blood
lead concentrations instead of the reverse
interpretation. Nevertheless, there were no
correlations between test-scores at the age of 19 and
the highest value in blood lead during the control
period among the 18 exposed subjects tested at army
enrolment.

Cross-sectional studies might underestimate
adverse health effects since people with greater
impairments and serious symptoms do not remain in
the working population. A lower motivation among
the referents than among the exposed is also common
in these types of studies, but in this study the same
introduction and information about the purpose of
the study were given to both groups. A larger number
of shift workers among the referents might also have
diminished the performance differences between the
groups.

These results support other studies of lead-exposed
workers and indicate central nervous impairment
from blood lead concentrations of 23 to 2-5 pmol/l.

Hogstedt, Hane, Agrell, and Bodin

Irrespective of whether the impaired performances
on psychological tests and the neuropsychiatric
symptoms shown in this study are permanent or
reversible, the average blood lead concentration
should be below 2-5 pmol/l to avoid these adverse
effects.

We are most grateful to Mrs Inger Fagerlund and
Kjell Lindkvist for technical help. The project was
partly financed by the Swedish Work Environment
Fund, contract number 78/299.
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