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A co-operative approach to risk management in 
an active lead/zinc smelter community 
Steven R. Hilts 

Trail Lead Program, 300 - 843 Rossland Avenue, Trail, British Columbia, Canada VIR 4S8 

Trail, Canada has been the site of a large lead/zinc smelting facility since 1916. In mid 1990, the Trail Community 
Lead Task Force was established and given responsibility for developing a strategy to reduce children's blood lead 
levels. With funding from the provincial government, the smelting company and the municipal government, the Task 
Force has carried out blood lead screening, case management, community education, exposure pathways model- 
ling and remediation trials. The decline in children's blood lead levels appeared to accelerate following the 
implementation of these programmes. The average blood lead in Trail children aged 6-72 months fell 14% from 
the autumn of 1991 to autumn of 1992, whereas for the previous 16 years, the average annual decline had been 
about 4%. In subsequent years, blood lead levels have appeared to plateau. Throughout the 5-year history of the 
Task Force, its members have demonstrated a strong sense of common purpose and have worked co-operatively 
to reach consensus on most issues. 
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Introduction 

Trail, British Columbia, Canada, has been the site 
of  a major lead and zinc smelting facility since 
1916. In 1975, Neri et  al. (1978) found that chil- 
dren's blood lead levels in Trail were significantly 
higher than those in the nearby comparison com- 
munity of Nelson, BC. The primary correlates of 
elevated blood lead at that time were neighbour- 
hood soil lead concentrations and proximity to the 
smelter site (Schmitt et  al. ,  1979). A 1989 study 
found that soil lead concentration and, seconda- 
rily, house dust lead concentration, were the prin- 
cipal environmental determinants of elevated 
blood lead levels in Trail children (Hertzman et  

al. ,  1991). Although the average blood lead level 
had declined from 22.4 lag dL -1 for 1-3-year-olds 
in 1975 to 13.8 ~tg d1-1 for 2-5-year-olds in 1989, 
39.4% of the children tested in 1989 were above the 
US Environmental Protection Agency's 'level of no 
concern' of 15 ~tg d1-1 at the time (US EPA, 1986). 

The 1989 study's recommendations prompted the 
formation of the Trail Community Lead Task 
Force. The study authors recommended that the 
Task Force should focus its environmental assess- 
ment efforts on tracking lead in soil to its origins, 
investigating bioavailability factors and intensively 
mapping the depth and consistency of soil leads. 
The Task Force was cautioned, however, that 
massive soil removal might not be rational until 
after smelter emissions had been controlled. The 
study also recommended that a comprehensive 
awareness and education campaign be implemen- 
ted. 
0269-4042 �9 1996 Chapman & Hall 

The Task Force is composed of representatives 
from the smelter company (Cominco, Limited), 
the government of British Columbia, local govern- 
ment and numerous community groups as shown 
in Figure 1. Cominco, the BC Ministry of Health 
and the BC Ministry of Environment each contri- 
bute 30% of the Task Force's annual budget, while 
10% is provided by the City of Trail. 

When the Task Force was formed in 1990, it was 
faced with developing a strategy for reducing Trail 
children's lead exposures. Communities with inac- 
tive smelters or mine sites have often implemented 
large clean-up programmes to permanently reduce 
lead exposures. By contrast, the strategy for Trail 
was expected to help the smelter and the commu- 
nity to continue to co-exist by focussing on actions 
that would be ongoing. 

The Task Force estimated the cost of residential 
soil replacement in Trail proper alone at over 
$55,000,000 and expressed concern that excavation 
and soil transport might result in a transient in- 
crease in lead exposure. In addition to the financial 
deterrent and questions of efficacy, soil removal 
appeared to be socially unacceptable in Trail. The 
lead smelter currently relies on outdated process 
technology and, despite efforts to control emis- 
sions, the amount of lead discharged to the envir- 
onment is about 300 kg d -1 (Cominco Ltd, 1993). 
Smelter emissions, and therefore soil contamina- 
tion rates, were expected to continue at close to 
present levels for a number of years. For all of  these 
reasons, the Task Force chose not to undertake any 
immediate soil replacement. Instead, the Task 
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Figure 1 Trail Community Lead Task Force structure 

Force embarked on ambitious programmes of 
community education and case management, as 
well as environmental assessment aimed at better 
understanding lead exposure pathways. The philo- 
sophy adopted by the Task Force was that envir- 
onmental remediation should not be conducted 
without evidence that it would be effective in 
reducing blood leads. Remediation options would 
be considered in light of new information on ex- 
posure pathways and then tested for effectiveness. 

A need for concrete action 

In mid 1991, after work had begun on community 
education and case management, it became appar- 
ent that it would take several more years before the 
exposure pathways assessment and other environ- 
mental groundwork could be completed. At the 
same time, members of the Task Force and Lead 
Program staff began to receive feedback that the 
community wanted something done to improve 
conditions. 

The Task Force felt that some actions which could 
be taken at relatively low cost should not be 
delayed. In particular, there was wide support for 
a programme to 'green' public areas by planting 
grass and shrubs. The premise was that covering 
areas of  bare, high-lead soil with vegetation would 
reduce children's direct contact with the soil and 

decrease movement of dust by wind. A host of 
similar projects was considered, including dust 
control on unpaved alleys, street cleaning and 
provision of seed and fertiliser to householders. It 
was recognised, however, that it would be virtually 
impossible to measure an impact on blood lead due 
to any one of these projects. The Task Force 
accepted that such projects would help to educate 
and involve the community and that they would be 
evaluated in terms of practicability in Trail, rather 
than in terms of impact on blood lead. 

Summary of projects to date 

Exposure pathways modelling 

In 1992, the Lead Program collected data on chil- 
dren's blood lead levels, their habits and their living 
environments (Trail Lead Program, 1995a). Using 
structural equations modelling, Pan (1993) con- 
structed an exposure pathways model which de- 
picts the most likely routes by which children are 
exposed to lead. The pathway model depicted in 
Figure 2 suggests that the main direct contributor 
to blood lead is house dust lead loading and that 
environmental lead passes from dust fall through 
street dust, soil and yard dust into the house dust. 
The relative importance of indoor versus outdoor 
exposure appears to vary with age. For children 
less than 18 months old, interior house dust is by 
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Figure 2 Lead exposure pathways model for Trail (based on stuctural equations modelling by Pan, 1993) 

far the strongest correlate of blood lead (r = 0.66). 
For children 18 months of age or older, current 
blood lead level is determined mostly by prior 
blood lead (r = 0.82). However, time spent out- 
doors daily and yard soil lead concentrations are 
also significant predictors of blood lead in children 
over 18 months, which suggests that continued 
exposure at this older age occurs mainly outdoors. 

Despite some concern that education and counsel- 
ling might have weakened the relationships be- 
tween blood and environmental lead in Trail, the 
exposure pathway model is extremely good at 
explaining the variance in blood leads. The model 
explains 71% of the variance in blood lead, 
whereas similar models for other sites have typi- 
cally explained about 30-45% of the variance in 
blood lead (Bornschein et al., 1986; 1988; Univer- 
sity of Cincinnati, 1990; Butte-Silver Bow Depart- 
ment of Health and University of Cincinnati, 
1992). 

The main purpose of the exposure pathway model 
is to assist in targeting remediation/intervention 
efforts. The model suggests that the most effective 
actions would be to reduce the amount of lead 
settling out of  the air and to reduce the amount of 
dust in homes. The former action is primarily a 
Cominco responsibility, which the company is ad- 
dressing through site management and housekeep- 
ing, process control and implementation of new- 
lead smelting technology. The reduction of house 
dust is being addressed by the Task Force and by 
individual families. 

The data analysis also confirmed the importance of 
the Task Force's education messages regarding 
family hygiene and habits. Children tended to have 
higher blood leads if they chewed their fingernails, 
put dirt in their mouths, had an indoor dog or cat, 
lived in a house where someone smoked or lived in 
a house that had recent renovations involving 
sanding painted surfaces. 

Community greening and dust control 

The Rotary Club of Trail, with funding from the 
Task Force and the federal Environmental Part- 

ners Fund, has completed a substantial amount of 
seeding and planting in public areas that were 
identified by the Lead Program as having high lead 
levels (Trail Lead Program, 1995c). Each summer 
since 1993, magnesium chloride dust suppressant 
has been sprayed on unpaved alleys and parking 
areas. This odourless, colourless salt brine is widely 
used to reduce dust on dirt roads. It physically 
binds the top layer of the road surface and attracts 
a film of moisture that keeps the surface wetted. 
The greening and dust control has so far been very 
successful and work is continuing on additional 
sites. Unfortunately, there is no way to evaluate the 
impact of these efforts on blood lead levels or 
environmental lead levels. 

Ground cover subsidy programme 

The exposure pathway analysis described above 
also showed that children tend to have higher 
blood lead levels if they live in homes with higher 
percentages of bare soil. This effect has also been 
observed by Cook et al. (1993) in the former mining 
and smelting community of Leadville, Colorado. 
This information suggests that ground cover such 
as grass, concrete, or ground shrubs can provide an 
effective barrier between contaminated soil and 
children. This principle has been accepted and 
adapted for use at other sites (Farrell and Calder, 
1988; Lamb and Kiernan, 1988). 

The lead programme in Port Pirie, Australia, has 
found that home-based lead abatement is more 
successful when householders participate actively 
than when all the work is done for them (C.V. 
Phipps, personal communication). To test whether 
householders in Trail would respond similarly, a 
residential ground cover pilot project was com- 
menced in 1993 (Trail Lead Program, 1995d). 
The project provided a 50% rebate on material 
costs to householders who covered bare soil in their 
yards. Any type of ground cover was eligible, 
including turf, landscape fabric and mulch, shrubs, 
concrete or gravel. The aim of  the project was to 
see whether a significant percentage of eligible 
families would participate and whether their 
ground cover projects would be well maintained. 
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Figure 3 Inferred impact of  lead intervention programmes on geometric mean blood lead levels 

All families who had children 6-72 months tested 
in the 1992 fall blood clinic (292 families) were 
eligible to receive rebates, provided that they had 
bare areas of  soil in their yards. The participation 
rate among eligible families was only about 23%, 
with 44 families completing projects. Unfortu- 
nately, the participation rate was lowest in the 
lower income areas nearer the smelter, where 
ground cover improvement would actually be of 
greatest benefit. A follow-up assessment during the 
late summer of 1994 confirmed that the ground 
cover projects were being adequately maintained. 
However, it was noted that 12 of the 44 properties 
would require further ground cover work to 
achieve 100% coverage of bare soil. 

Education and case management 

Trail's Lead Education Program is regarded as one 
of the most comprehensive and effective of such 
programmes. The variety of individuals reached 
and number of contacts made in 1991-92 are 
summarised in Table I. This effort has appeared 
to pay dividends in terms of reduced blood leads. 
The average blood lead in Trail children aged 6-72 
months fell 14% from the autumn of 1991 to the 
autumn of 1992, whereas for the previous 16 years, 
the average annual decline had been about 4% (see 
Figure 3.) It is not possible to conclusively attribute 
all of this decline to the community education and 
case management programmes. However, environ- 

mental monitoring data indicate that community 
lead levels in soils, suspended particulate and dust- 
fall did not change appreciably during the 1991-92 
period (Trail Lead Program, 1995b). Nor can the 
weather take credit for the decline, as the spring 
and summer of 1992 were exceptionally dry. 

The average blood lead declined by a further 6% 
from 1992 to 1993. It appears that the impact of 
education programmes was greatest in the first year 
of their operation, as has been observed at other 
sites, such as Port Pirie, South Australia (Maynard 
et al., 1993). In 1994, the age range of children 
tested was narrowed to 6-60 months and the out- 
lying areas were eliminated from annual blood lead 
screening, making comparison with previous years 
difficult. Comparison with results for the same age 
and area group from 1991 to 1994 does show that 
1994 blood lead levels rebounded to approximately 
what they were in 1992. The rebound appears to be 
mostly attributable to protracted hot, dry weather 
from June through September in 1994. 

Participation rates in the voluntary blood screening 
clinics have been high, with 75-80% of children par- 
ticipating in annual autumn testing and 85-90% of 
children participating in follow-up clinics for chil- 
dren with elevated blood leads. The Case Manage- 
ment Program includes increased blood lead mon- 
itoring and provision of in-home exposure reduc- 
tion counselling for parents of  children with blood 
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Table 1 Summary of educational contacts by Trail Lead Program 1 September 1991 to 31 August 1992 

Type of Contact Particulars of contact No. of No. of No. of No. of 
presenta- contacts contacts minutes 
tions of with with in contact 
issues children adults per group 

or family 

Contacts with 
educational groups 

Health promotion 
and case management 
contacts 

General 
community contacts 

Grand totals 

School bulletin boards 8 9600 480 

Artwork/circle time ideas 10 4080 268 
Meetings with or presentations to elementary 55 525 55 25 
school administrators, teachers and students 
Meetings with or presentations to day care 18 240 45 45 
directors, instructors and students 
Meetings with or presentations to Mom & Me 9 290 137 35 
leaders, mothers and children 

Subtotals 

Screening clinic anticipatory guidance 

Phone/letter family contacts 
Home/office counselling visits 
PHN contacts with families 
Meetings with health professionals 
Prenatal classes 

Subtotals 

General community newsletter 

School newsletters to parents 
Local newspaper educational ads 
Public meetings 
Miscellaneous functions (info booth etc.) 

Subtotals 

100 14 735 985 

300 100 400 10 

880 0 1075 4 
275 150 350 40 
240 30 300 10 

10 0 48 30 
11 0 154 30 

1716 280 2327 

1 0 7050 

10 0 16 800 
6 0 81 840 

12 0 10 60 
5 50 360 3 

34 4100 106 060 

1850 19 115 109 372 

lead levels of 15 ~tg d1-1 or higher. As of 1994, 
assistance in the form of ground cover materials 
or cleaning supplies, equipment and services is also 
being offered to eligible families. Parents of chil- 
dren under 1 year old are included in the pro- 
gramme if their child's blood lead level is above 
10 ~tg d1-1. The programme is being well received 
and the Task Force has found that many parents 
are willing to take their own actions with some 
minimal assistance. 

HEPA house cleaning pilot project 

The benefit of providing repeated house vacuum- 
ing using HEPA vacuum cleaners was studied in 
Trail in 1993 (Hilts et al., 1995). Fifty-five treat- 
ment homes received thorough vacuuming of fin- 
ished accessible floor areas once every 6 weeks for 
10 months, while 56 control homes did not. The 
study failed to show a clinically significant impact 
on either blood lead or floor lead. Therefore, 
regular HEPA vacuuming is not a primary compo- 

nent of the community-wide intervention strategy 
at this time. However, a survey of participants and 
an ancillary investigation of recontamination pro- 
vided insight into factors that influence indoor lead 
exposure and indicate that more frequent vacuum- 
ing might be beneficial in some cases. In particular, 
the vacuuming service achieved greater reductions 
in floor lead loadings in homes where the parents 
did not vacuum frequently and where the children 
had higher blood leads at the start of the study. 

A follow-up study was conducted in 17 homes 
located in high-risk neighbourhoods. Families in 
the follow-up study received HEPA vacuuming, 
wet-mopping and wet-wiping once every 2 weeks 
over the summer months. Participants also re- 
ceived advice on reducing exposure and financial 
assistance with ground-cover improvement. There 
was no random assignment to a control group in 
the follow-up study. The average blood lead level 
of children in the study group rose by 2.9 g dL -1 
from April to September, whereas the blood leads 
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of 10 children about the same age, living in the 
same neighbourhoods, but not enrolled in the 
study, rose by 4.2 gg d1-1 over the same period. 
The difference between groups was not statistically 
significant. The average amount of lead on carpet 
surfaces in the study group did not change from 
start to finish (0.47 to 0.42 mg m-Z; p value 0.60), 
whereas the lead on carpets in 14 homes in the same 
neighbourhoods nearly doubled over the same 
period (0.52 to 0.90 mg m-Z; p value 0.01). There- 
fore, the interventions appeared to prevent a sea- 
sonal rise in the amount of lead on the surfaces of 
carpets and may have lessened the rise in blood 
leads. The cleaning service is now being provided as 
part of the Case Management Program described 
above. The cleaning is offered every 2 weeks during 
summer months and monthly throughout the rest 
of the year in homes with children less than 2 years 
of age and blood lead 15 I-tg dL-1 or higher or with 
children less than 1 year old and blood lead greater 
than 10 tag dL -~. 

Bioavailability 

The health risk posed by lead contaminated soil is 
not determined by lead concentration alone. Fac- 
tors such a s  the chemical form of lead, soil pH, 
texture and organic content all influence the bioa- 
vailability of  lead in soil (Chaney et al., 1988). 
Investigating the geochemistry of Trail soils might 
provide additional options for remediation. For 
example, studies have suggested that inducing lead 
in soil to alter to low solubility lead phosphate may 
be effective in reducing bioavailability (Ma et al., 
1993; Ruby et al., 1994)~ The Task Force has 
conducted a programme to characterise Trail area 
soils in preparation for conducting bench-scale 
amendment trials in 1995. The characterisation 
work showed that the six areas sampled had similar 
soil geochemistry. In particular, all had relatively 
low clay and organic matter content, low pH and 
low water-soluble phosphate. These low levels 
suggest that soil amendment using phosphate and 
lime may be quite beneficial. 

The Community Task Force process 

The Trail Community Lead Task Force meets 
monthly to receive reports from its staff, discuss 
issues and make decisions. All meetings are open to 
the public and the media. However, public atten- 
dance is minimal unless specific issues of public 
interest are on the agenda. Generally, reporters 
from the local newspaper and radio are in atten- 
dance and coverage of the meeting's highlights is 
provided the next day. 

In addition to financial contributions, the provin- 
cial government and Cominco provide technical 
resource people with health, environment and pub- 

lic relations backgrounds to participate in pro- 
gramme planning. Cominco has made independent 
contributions to educating workers and the public 
and finds itself in the somewhat unusual position of 
having to convince sceptical factions of the citi- 
zenry that lead contamination is a health concern 
which should be dealt with. 

The cost-sharing between government and industry 
has been accepted by the community and by all 
funding agencies. The original terms of reference 
for the Task Force specify that it has responsibility 
to recommend financing formulae for the imple- 
mentation of the remedial plan, as well. However, 
recently enacted provincial legislation will require 
that parties responsible for contaminating sites pay 
the full costs of remediation. To this point, the 
Task Force members have worked co-operatively 
to reach consensus on most issues and Cominco 
has been a willing participant in all Task Force 
programmes. Some community members fear that 
the constructive relationship that has existed be- 
tween the company and other Task Force members 
may be jeopardised if the company is required to 
pay for all remedial programmes. 

Future directions 

Clearly, if the Task Force had insisted on quantify- 
ing the effect each remedial action would have on 
blood lead before implementing it, several of the 
valuable programmes described above (e.g. com- 
munity education, greening of public areas) would 
not be underway today. The fact that childhood 
lead intake is derived from many sources and 
occurs via numerous pathways makes it extremely 
difficult to prove an impact on blood lead due to 
individual remedial actions such as soil abatement 
or house cleaning. 

The exposure-pathways modelling exercise has in- 
dicated which remedial measures are most likely to 
be effective in the current situation of high smelter 
emissions. That is, the remedial strategy for Trail 
should focus on education, case management and 
environmental remediation that will reduce chil- 
dren's exposure to mobile dusts. Education mes- 
sages aimed at hygiene and habits can be effective if 
personal contact is made with families at risk 
(Terragraphics Environmental Engineering, 1993; 
Kimbrough et al., 1994). Dust control measures 
such as house cleaning and ground-cover improve- 
ment have proved effective when used in combina- 
tion with family education (Charney et al., 1983; 
Mielke et al., 1992). The entire package of educa- 
tion, case management and interventions could be 
evaluated in terms of  annual declines in Trail blood 
leads, relative to global background declines and 
the historical rate of  decline. The Task Force is 
producing a series of reports on its work in Trail. 
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These reports will provide the basis for develop- 
ment of a remedial plan, which in turn will be 
submitted to the Ministry of Environment for 
approval. Cominco recently began construction 
of a new lead smelter using state-of-the-art tech- 
nology. Completion of the new smelter in late 1996 
is expected to reduce lead emissions by about 80%. 
It is anticipated that the remedial strategy devel- 
oped for Trail will include further actions to be 
taken during the interim (before completion of the 
new smelter) as well as additional measures that 
might be taken after smelter completion, depend- 
ing on the new plant's impact on environmental 
and blood lead levels. 

Although Task Force membership'includes six 
community representatives, plus two city council- 
lors, a broader community consultation process 
involving the use of focus groups, surveys and/or 
public meetings will be developed to ensure that the 
final remedial plan meets with public expectations 
and requirements. 
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