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Soil analyses revealed an elevated lead content in the
surface soil of three British Columbia cities. The lead accu-
mulations were largely attributed to dustfall from a nearby
large lead-zinc smelter in Trail and to automotive traffic
in Nelson and Vancouver. Although the mean concentrations
of lead in the soil were relatively low at Nelson (192 parts
per million [ppm]), in selected areas of Vancouver with
heavy traffic they were similar to those found within 1.6 km
of the large smelter at Trail (1545 and 1662 ppm respec-
tively).

In a study conducted in 1975, children aged I to 6 years
in Trail and Nelson were found to have higher mean blood
lead levels than grade nine students. The findings of the
later study support the view that particulate lead in surface
soil and dust accounted for most of the greater lead ab-
sorption in the younger children.

Des analyses du sol ont revele un contenu eleve en plomb
dans Ia couche de surface de trois villes de Colombie-
Britannique. Les accumulations de plomb ont ete en grande
partie attribuees aux retombees d'une importante fonderie
de plomb et de zinc situee A Trail et A Ia circulation auto-
mobile des villes de Nelson et Vancouver. Bien que les
concentrations moyennes de plomb dans le sol fussent
relativement faibles a Nelson (192 parties par million
[ppm]), elles etaient, dans des endroits choisis de Van-
couver a forte circulation, comparables a celles qui ont
ete retrouvees a moms de 1.6 km de l'importante fonderie
de Trail (1545 et 1662 ppm respectivement).
Au cours d'une etude menee en 1975, des enfants de

Trail et de Nelson Ag6s de I A 6 ans ont pr6sent6 des
teneurs sanguines en plomb superieures A celles d'6tudiants
de neuviAme ann6e. Les r6sultats de cette derniAre 6tude
soutiennent l'hypothAse que le plomb particulaire A Ia sur-
face du sol et Ia poussiAre comptent pour Ia plus grande
partie de l'absorption superieure de plomb chez les plus
jeunes enfants.

The potentially harmful effect of environmental lead
exposure on the health of children has become a matter
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of general concern.1'2 Elevated blood lead levels have
been reported in children in the United States, not
only in the vicinity of smelters and lead processing
plants,3-7 but also in urban centres.8'9 Between 5 % and
10% of children tested recently in that country showed
an increase in lead absorption sufficient to cause meta-
bolic derangement of heme synthesis but insufficient,
with rare exceptions, to cause the classic symptoms of
lead poisoning.2'10 It has been suggested, however, that
subclinical increases in lead absorption in preschool-
aged children may be one of the factors causing min-
imal brain dysfunction that only becomes evident when
the children are of school age.2'1' Similar increases in
lead absorption in suckling (but not older) experi-
mental animals have been shown in some studies to be
followed by the delayed appearance of subtle deficits
in learning ability and aberrations in behaviour.2'12

Although no blood lead studies have been carried
out on a national scale in Canada, a 1973-74 survey
in Toronto showed that some of the people living near
three lead processing plants had an elevated blood lead
content.13

In 1975 a blood lead study of children in Trail,
BC, the site of one of the continent's largest lead-zinc
smelters, and the neighbouring (control) city of Nelson
was conducted jointly by the University of Ottawa,
the Laboratory Centre for Disease Control, Depart-
ment of National Health and Welfare, and the West
Kootenay and Selkirk health units of the British
Columbia Ministry of Health. The findings of the
study were reported elsewhere by Neri and col-
leagues.14'11 Data from that report will be related to
the findings of a soil survey, reported in this article,
that was conducted in Trail, Nelson and Vancouver
in 1977.

Soil survey

The Trail-Nelson-Vancouver soil survey, which was
carried out in the summer of 1977, was designed to
investigate the distribution and concentration of lead
in surface soil and to determine whether there is a
relation between soil lead concentrations and blood
lead levels in children.

Trail (population 12 000) is situated in the semidry
interior of British Columbia (average annual rainfall
630 mm) in the narrow Columbia River valley and
is surrounded by high mountains. The Trail smelter,
which is the only major industrial establishment in
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Table I-Lead concentration of surface soil in Trail, Nelson and
Vancouver, BC in 1977

Concentration (parts per million I ppmj)

No. of Standard 75th
City samples Median Mean error percentile value*
Trail 153 800 1320 109 1687 -
Nelson 55 83 192 39 253 9.74
Vancouver

(selected
areas) 37 1240 1545 174 2189 -1.09

Total 245 620 1101 80 1490 -
*Studentvs I statistic from a comparison of the Trail mean with the
means of Nelson and Vancouver.



of 1849 ppm, whereas area 3 had a mean of 1217
ppm. Areas 2, 5, 7 and 8 were between 1.6 and 3.2
km from the smelter; the combined mean soil lead
concentration in areas 7 and 8 was 1845 ppm and
in areas 2 and 5 only 537 ppm. Areas 1 and 9, which
were more than 3.2 km from the smelter, had relatively
low soil lead concentrations, 171 and 570 ppm respec-
tively. The lead values appeared to be higher in loca-
tions that were more exposed to smelter emissions
by virtue of topography and the prevailing winds.

Table IV shows the lead concentration of soil and
blood samples collected at increasing distances from
the Trail smelter. There was a positive correlation
between the mean soil lead concentrations for each
distance and the corresponding blood lead concentra-
tions in the 1- to 3-year-olds and the grade one chil-
dren. Both values increased with decreasing distance
from the smelter. However, there was no similar rela-

tion between the soil and blood lead concentrations
in the grade nine students, who had relatively low
and uniform blood lead levels throughout the city.
Table V compares the soil and blood lead concentra-
tions of the younger children by residential area; this
comparison also showed a positive correlation between
the soil and blood lead values.

Discussion
The importance of dirt and dust as a cause of

elevated blood lead levels in children has received
increasing attention in recent years.'6-22 It is thought
that young children are particularly likely to ingest
contaminated dust particles because they are more
inclined to play in the dirt and put things in their
mouths. Thus, they may substantially augment their
daily lead intake by the accidental ingestion of dirt
in the course of their play.23 The transfer of lead-

FIG. 1-Map of Trail, BC indicating soil sampling areas and soil lead concentrations in parts per million.
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Table IV-Lead concentration of surface soil and children's blood at increasing distances from the Trail smelter

Blood lead concentration (pg/dl),
mean . standard deviation (and

no. of children)*
Mean soil lead

Distance from concentration 1- to 3- Grade one Grade nine
smelter (kin) (ppm) in 1977 year-olds children children
<1.6 1662 28.8 :1 7.1 (9) 25.1 ± 7.2 (16) 10.4 0.8 (14)
1.6 - 3.2 1341 26.6 11.5 (33) 24.6 7.3 (42) 11.8 4.7 (52)
> 3.2 354 18.7 6.5 (50) 17.8 i 5.1 (42) 11.5 i 5.0 (62)

Total 1320 22.5 ± 9.5 (92) 22.0 . 7.3 (100) 11.5 4.4 (128)
*Unpublished data from L.C. Neri, H.L. Johansen, N. Schmitt, et al, 1975.

Table V-Lead concentration of surface soil and children's blood
by residential area of Trail

Blood lead concentration
Soil lead (p.g/dl), mean i standard

concentration error (and no. of children)8
(ppm), mean

Residential . standard error 1- to 3- Grade one
area(s) (and no. of samples) year-olds children

1 and 2 225 ± 39 (26) 17.2 i: 1.1 (27) 18.0 :1: 1.9 (18)
5 777 ± 239 (12) 19.7 1.5 (11) 18.7 . 2.3 (12)
9 570 143 (11) 20.7 ± 1.6 (19) 19.1 ± 1.0 (16)
3, 4 and 8 1674 ± 183 (53) 27.7 ± 1.8 (14) 23.8 ± 1.3 (31)
6 and 7 1800 ± 212 (51) 30.2 3.0 (16) 25.6 :1 1.5 (26)

Total 1320 ± 109 (153) 22.4 ± 1.0 (87) 21.9 ± 0.7 (103)
*Unpublished data from L.C. Neri, H.L. Johansen, N. Schmitt, et al,
1975.



192 ppm), yet in that city children aged 1 to 6 years
had slightly higher mean blood lead values (14 ,.g/dl)
than grade nine students (10 .g/dl).14'15

Soil lead concentrations at sites bordering on streets
with heavy traffic in Vancouver were markedly elev-
ated and very similar to those found within 1.6 km
of the Trail smelter. A blood lead study is being con-
sidered for Vancouver. Meanwhile, the findings of this
survey suggest that environmental exposure to lead
in Canada is not limited to the neighbourhood of lead
processing plants but may also be found in urban
centres, particularly those near streets with heavy
traffic.
None of the Trail or Nelson children tested in 1975

had excessive blood lead levels (70 .g/dl or higher).
Two percent of the Trail children tested had elevated
values (40 p.g/dl or higher);14'15 however, detailed clin-
ical examination of these children by their family phy-
sicians did not reveal any evidence of ill health.

Conclusion
While the findings of this study are reassuring in

that they do not reveal the existence of a serious health
hazard, the evidence of an accumulation of lead in
the surface soil of three British Columbia cities is
hardly cause for complacency. It would seem prudent
to carry out detailed epidemiologic studies to determine
the extent and degree of current urban lead exposure
and to assess the contribution of soil and dust to the
lead burden of children. Meanwhile, as a preventive
measure, unnecessary lead exposure from stationary
and automotive sources should be reduced to a
minimum.

We thank Mr. W. Koberstein, former public health in-
spector, West Kootenay Health Unit, for collecting the
soil samples, and Drs. R.T. Pagan, director, S'elkirk Health
Unit, and G.H. Bonham, former medical health officer,
Vancouver City Health Department, for their valuable
support and cooperation. We also thank the editorial re-
viewers for the Journal whose constructive criticism and
advice proved most valuable.
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