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Objective: To evaluate the new measures adopted to control the risks from soybean unloading operations
in the Port of Barcelona, after an episode of epidemic asthma in June 1996.
Methods: After an initial cautionary suspension of all soybean unloading operations, they were
subsequently resumed under restrictive criteria for time, flux, simultaneity, and meteorological conditions.
Emission filtration systems based on either micro pore size filters or polytetrafluoroethylene membranes on
tetratex filters showed promising results.
Results: Allergen emission underwent a very important decrease to levels 95% to 98% lower. Emissions
from the two plants with unloading operations are in the same order of magnitude as the processing plant
that does not unload soybean. Allergen concentration levels presented fluctuations initially, but the new
filters decreased mean values; despite increased unloading, allergen levels did not increase—mean
allergen levels on unloading days (67 U/m3) and on days without unloading operations (63 U/m3) are
similar. A panel of patients detected a cluster of increased symptoms during unloading operations on a
day with suboptimal meteorological conditions and comparatively low allergen levels (225–415 U/m3).
Since the June 1996 episode, no further asthma outbreak has been detected.
Conclusions: The evaluation shows the effectiveness of the new filters in the control of soybean dust
emission. With a systematic control programme, industrial soybean operations may function near urban
centres without public health risks. These data may be useful in the development of future standards for
allergenic agents.

A
nalysis of the circumstances giving rise to repeated
outbreaks of asphytic asthma episodes in the city of
Barcelona led in 1987,1 to the identification of soybean

dust generated during the unloading of ships in the port as
their aetiological agent.2 3 Subsequent corrective measures
adopted in the unloading facilities involved sleeve filters,
periodic follow up of dust levels during soybean unloading
operations, and the timely notification by port authorities of
the arrival of soybean carrying ships. Despite their initial
effectiveness in achieving the suppression of asthma out-
breaks and reducing allergen levels for several years,4 in the
mid-term these measure did not control risks comprehen-
sively: although no asthma epidemic outbreaks were
detected, specific IgE persisted in affected patients, along
with a certain level of symptoms.5 In 1996 a new outbreak of
cases of soybean asthma was detected in hospital emergency
services,6 some being ‘‘repeaters’’ who had been affected by
the outbreaks in the 1980s.7 This episode has been reported
elsewhere: its magnitude and clinical and epidemiological
characteristics were reminiscent of those that had occurred
before the adoption of corrective measures, and they were
related with important, although temporary, increases of
airborne levels of the allergen.6

Efforts were made to improve control of the problem,
including an improved understanding of the emission and
dispersion of the allergen, the identification of allergen
concentration levels compatible with health, the reduction of
allergen emission levels, and the definition of complementary
safety measures. This made compatible an economic activity
in the port, with social implications, with the strict
requirements the city maintains for public health. This paper
reports the indicators used to monitor the problem, and their
evolution over time, as well as the risk reduction measures

adopted. The history of the problem and the steps that led to
its control, summarised chronologically in table 1, have been
published elsewhere.8 Our aim here is to present an
evaluation of the measures adopted and their implications.
We expect to provide useful information for those profes-
sionals who may be involved in their application in other
contexts, and for clinicians involved in the treatment of the
resulting problems.

METHODS
There were different phases during this process. The plants
operated without restrictions until the June 1996 outbreak,
when unloading operations were suspended as a cautionary
measure, a review was carried out of the structural aspects of
the plants, their maintenance, and the routine of unloading
operations. Subsequently, unloading was authorised on a
boat to boat basis and under special restrictions covering the
unloading flux and its timetable; simultaneous unloading in
the two docks was not permitted, and there were restrictions
linked to weather conditions. These restrictions were
reviewed as data on allergen concentrations suggested
variations linked to their operation. The identification of
dry filtration technology as a promising option for reducing
emissions led to its adoption in the unloading installations in
November 1997, replacing the previous standard polyester
sleeves by new micro pore size (MPS) filter sleeves, or by
tetratex filters in series with polytetrafluroethylene (PTFE)
membrane filter cartridges. These modifications were imple-
mented while under the special regimen of boat to boat

Abbreviations: MPS, micro pore size; PTFE, polytetrafluoethylene;
RAST, radioallergoabsorbence test
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unloading authorisation, as the firms tested it and subse-
quently requested new licences for plant operation. These
licences were approved in the summer of 1998 by the city
government, which maintained as a cautionary measure
some operation restrictions under adverse weather condi-
tions, and required the monitorisation of soybean allergen
emission and inmision levels by the firms in a pilot phase.

On the basis of this evolution, the study period may be
subdivided into four phases: phase 1 covers eight days
around the time of the June 1996 episode; phase 2 involves
crude control methods based on the restriction of activity
until the installation of new filters in November 1997; phase
3 covers the tentative use of the new filters until the pilot
phase in summer 1998; and finally phase 4 involves the pilot
phase evaluation until December 1998. During this period
four indicators were analysed: allergen levels in the city,
allergen emissions by the three firms involved, aggregated
numbers of asthma cases in city emergency services, and the
health status of a panel of patients. Not all the indicators
were active during the entire period: emissions data could not
be collected until 1997, and the panel of patients was set up
towards the end of 1997. Table 2 shows the four phases and
the indicators available in each phase, along with other
relevant variables.

Aggregation of asthma patients attending emergency
services
The emergency departments of the four university hospitals
in the city monitored the daily volume of patients. As defined

in the initial study of the epidemics, any day on which more
than 12 asthma patients were seen was considered an
abnormal or potential asthma outbreak day.2 The names of
asthma patients on such days were checked against a list
of people who had been repeatedly involved in episodes of
epidemic asthma. The simultaneous detection of three such
patients in emergency services was considered to be a marker
of an episode of epidemic asthma.7

Health status of a panel of patients
After a clinical epidemiological study of soybean asthmatic
patients, a sentinel surveillance system was set up based on
the continuous follow up of symptoms in a small group of
patients. Such a system ought to facilitate early detection of
episodes of allergy. A group of high risk patients was selected
for this purpose. It involved 10 asthmatic ‘‘repeaters’’
resident in the areas closest to the port, and four patients
not sensitised to soybean dust. To follow symptoms daily the
patients were trained to measure their peak flow (a measure
of respiratory function) in the morning and at night, and to
fill in daily a questionnaire on symptoms. This information
was complemented through periodic follow up telephone
interviews. In the case of any sudden increase in acuteness of
symptoms, they were required to immediately call a contact
telephone number set up for this purpose. Concurrently, a
plan was established to follow variations in the patients’
symptoms, with successive levels of assessment and decision,
including the alarm signal, investigation, notification, and

Table 2 Phases and indicators available during the study period. Barcelona, 1996–98

Phase 1 Phase 2 Phase 3 Phase 4

June 1996
Up to November
1997

Up to June
1998

Up to December
1998

Operational situation of the plants
Simultaneous unloading X X
Restrictions on timetable and flux X X
Meteorological restrictions X X X
Installation of new filters X X
Indicators available
Epidemic asthma outbreaks X X X X
Panel of patients X
Allergen concentration X X X X
Allergen emission levels X X

Table 1 Chronology of the control of risk of soybean asthma outbreaks in Barcelona,
1982–98

1982–83 Identification of epidemic asthma outbreaks in the ICU of the Hospital Clinic, Barcelona.
1983 Municipal public health services rule out the possibility that the outbreaks are an artefact, or

caused by common atmospheric pollution.
1987 Identification of soybean dust as the allergenic vehicle causing the outbreaks of asthma.

Adoption of control measures based on installation of sleeve filters.
1987–89 Absence of epidemic outbreaks and improvement in allergen inmision levels. Sensitisation in

patients persists, with decreases in the average IgE levels.
1994 Cluster of asthma cases. Plants are checked and a station installed in the port to permit monitoring

of allergen levels near their source.
1996 Asthma outbreak (11–12 June). Suspension of soybean unloading. Checks carried out of the

plants and diffuse emission control measures, as well as intensive monitoring of allergen
concentrations.
Post-outbreak phase: crude control of emissions, by restricting activity on each boat unloading.

1997 Study of emissions, identification of new filters to achieve greater reductions in allergen emission.
Tentative implementation of new filters to control channelled emissions (November 1997).

1998 New operating licences to the three firms (June 1998), specifying a pilot phase for evaluation,
eliminating all restrictions in unloading (except under extremely unfavourable meteorological
conditions).
Follow up of the pilot phase passed without incidents.
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verification. Follow up of this panel took place during the
period from February to May 1998.

Allergen concentration
This is measured by the radioallergoabsorbence test (RAST)
applied to filters installed in samplers.9 10 The measurements
from sampling filters yield a 24 hour average. In this article
the data presented centre on results obtained from the
municipal atmospheric contamination control station situ-
ated in the port authority customs building (city district of
Poble Sec) as this station was both closest to the plants and
to the neighbourhoods with the greatest number of affected
patients. Initally the filters were analysed in the Mayo Clinic
(Rochester, USA) but the technique used was implemented
in the laboratory of the Vall d’Hebron Hospital (Barcelona)
from the autumn of 1997, and after an excellent correlation
between the results obtained by the two laboratories had
been reached, analysis of the filters was performed only in
Barcleona.

Allergen emission
The facilities for unloading, manipulation, storage, and
grinding of soybean in the port of Barcelona use pneumatic
transportation circuits. In 1996, all foci of channelled
emissions were identified. In these foci air is expelled to
maintain the low pressure in the pipes; as this air is filtered
before reaching the atmosphere, the emissions thus produced
are channelled emissions. The steps undertaken to measure
allergen emission led to the identification of almost 40 foci of
channelled emissions in the three plants. The level of
emission at each point and the global value for each plant
were measured.11 The RAST inhibition analytical technique
provided a measurement of emissions in terms of allergen
units per volume of air; thus, with the known air volume flow
rate at each point, emissions can be estimated in allergen
units per unit of time. Sampling was carried out in
accordance with the German VDI methods, which are
reference methods in several European Union countries
(isokinetic procedure VDI 2066 adapted to the analytical
technique using PTFE coated filters).

RESULTS
Epidemic outbreaks
After the June 1996 episode, no further epidemic asthma
outbreaks have been detected in the city. The epidemiological
surveillance system continues to monitor emergency services
and has actively checked the situation on several occasions
when events, or evolution of indicators, seemed to suggest
that it was necessary, but without detecting either an
epidemic asthma outbreak or clustering of ‘‘repeater’’
patients.

Panel of patients
Symptoms referred by the panel may be characterised by
their instability over the study period, and by an intensity
from low to moderate. There were several false alarms,
caused by worsening of symptoms in a single panel member.
However, a single cluster of symptoms was detected: five
patients presented a sudden worsening in their symptoms
(out of eight sensitised patients contacted) on a given day.
During this episode, none of the controls manifested the
slightest modification in their symptoms, no changes were
detected in the number of asthma cases seen in emergency
departments, but an increase in symptoms was confirmed in
other known asthma patients not members of the panel who
were contacted by telephone. On this day there was soybean
unloading under ‘‘non-optimal’’ weather conditions. Levels
of soybean allergen measured were comparatively low (225–
415 U/m3), although they were the highest recorded during
the panel follow up period.

Allergen concentrations
Table 3 presents allergen levels data in RAST units per m3 for
the four phases analysed. Even though the measurements
were in general low, some important fluctuations are visible
towards the end of November 1996, when values are higher
for some days. These results led necessarily to a review of
unloading conditions. After the installation of the new filters
there is a fall in both the measured values and their variation.
In the final pilot phase for normalisation, as unloading
activities increased, allergen concentrations do not rise: they
are only above 300 U/m3 on two days, and there was no
unloading on either of them. In this final phase, mean
allergen levels in unloading days (67 U/m3) and in days
without unloading (63 U/m3) are similar; they are even lower
on days with simultaneous unloading (45 U/m3).

Table 3 Soybean allergen concentrations (RAST units per m3) measured in the sampler
situated in the port authority customs building by study period phase. Barcelona, 1996–98

Phase 1 Phase 2 Phase 3 Phase 4

June 1996
Up to November
1997

Up to June
1998

Up to December
1998

Days studied 8 278 174 182
Measures of central tendency

Mean 1089 184 74 59
Median 731 91 36 35

Measures of dispersion
Range 143–3000 3–2095 8–415 8–636
Standard deviation 955 216 81 76

Key points

N Allergenic dust generated in the unloading of ships
containing soybeans in harbours located near urban
settings poses a significant public health risk, for which
there are no criteria for risk management.

N Filtration systems based on either micro pore size
(MPS) filters or polytetrafluoroethylene membranes on
tetratex filters are effective for the reduction of soybean
asthma allergen emission.

N Before this was established, risk reduction was initially
possible by limiting the volume and timetable of
operations, coupled with meteorological criteria.
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Allergen emission
Table 4 shows emission data for the three plants. Very
significant decreases were achieved in channelled emissions
of allergen, between 95% and 99% lower than two years
before. The emissions by plants A and B (those involved in
unloading operations) are now of the same order of
magnitude as those of plant C (which does no unloading).

DISCUSSION
A controlled trial is the most solid design for research in the
fields of human health, but it would not be possible for this
particular problem. We believe that these data show the
effectiveness of the new filters in controlling allergen
emissions: after November 1997 emissions are reduced, and
allergen levels in the city also fall. They also show that during
the period of restricted unloading (before normalisation) it
was possible to obtain reductions in risk by limiting the flux
and timetable of unloading operations, complemented by
weather conditions. The Barcelona experience shows that
industrial soybean plants may be located near urban settings
if strict control criteria are applied. The identification of
similar problems in port cities with soybean harbour facilities
in Spain,12214 and in other countries,15 16 points to the external
relevance of this process. To date, no country has developed
legislation to regulate this environmental risk.

Meteorologically, epidemic days were anticyclonic with
atmospheric stability, a low altitude mixing layer, and light
winds, with long calm spells. Soybean allergen levels in the
city depend closely on weather conditions facilitating dust
dispersion: wind speed and direction, altitude, and vertical
turbulence of the air mixing layer. Thus, allergen concentra-
tion in the city may be seen as a problem of gas dispersion:
with stable emission, they will be a function of weather
conditions, in accordance with a probabilistic model. This
model was used to define a preventive tool, which was
important in the initial stage of restricted unloading, as it
defined the weather associated with higher levels of allergen,
and under certain weather conditions unloading was
suspended. The solution to the problem is in the reduction
of the allergenic particles emitted by the plants, but weather
related controls play an additional safety part.

Allergen concentrations during the pilot phase showed a
small increase on two days during which no unloading took
place; on one of these days grain was unloaded from a train
in a railway yard adjacent to one of the plants, while on the
other day the conveyor belt linking the two plants was in
operation. This shows that operations other than ship
unloading may give rise to a certain amount of allergen
emission. Railway and conveyor belt operations in the plants
are now subject to the same meteorological restrictions
described for the unloading of soybean carrying ships.

The process described indicates the feasibility of using a
panel of asthmatic patients allergic to soybean as part of the
surveillance system. It is worth noting, however, that the
delay in symptom reporting by patients requires a very active
follow up. This follow up provided useful elements for the
evaluation of the effectiveness of risk control. Although the
control measures drastically reduced both emissions and
the concentration of soybean allergen in the city air, active
surveillance through the panel showed that in given
circumstances small increases in comparatively low allergen
concentrations may be sufficient to produce symptoms
(although not severe) in a subgroup of the population
allergic to soybean.

A general principle in our public health law is that
industrial activities must be compatible with the health of
the population. This legislation provided the grounds for the
involvement of municipal authorities in dealing with this
problem and controlling it. However, the only specific
legislation applicable to this type of industry refers to general
dust, clearly inappropriate for soybean dust, which may cause
allergy. In fact, there is no environmental regulation in any
country for soybean dust or any other type of allergenic
products, beyond occupational standards. Our contacts with
the World Health Organisation and the European Union
confirm that there is no legislation based on the applicable
scientific knowledge, nor any group of experts working in
this area. The international nature of the problem and its
economic implications may justify the involvement of the
International Chemical Safety Program promoted by the
International Labor Office, the WHO, and the United Nations
Environment Program, to provide a global frame of reference.

The process followed in Barcelona combines research and
action. It provides an example of public health applied to risk
control under incomplete knowledge conditions. In such a
process many uncertainties arise, which require a pragmatic
response. The key to progress was intersectoral work, in
interaction with applied epidemiology, clinical practice,
laboratory and environmental sciences, industrial engineer-
ing, and physics of meteorology, but also with the legal,

Table 4 Allergen emission levels (allergen units 6109/24 h) for the three plants manipulating soybean before and after new
flters were fitted in November 1997

Plant Operations

During phase 2, with
traditional filter system
(end of 1997)

During phase 3,
with new filters (first
observations in 1998)

Phase 4, with new filters
(average of various
observations, summer 1998)

% Change
(summer 1998/1997)

A Total for plant A 18987 87* 18 299.9
B Soybean unloading 1663 25 41 297.5

Silos 26 13 27 3.8
Total for plant B 1689 38 68 296.0

C Transport and manufacture 53807 50 61 299.9
Flour drying NA NA 29 NA
Total for plant C NA NA 90 NA

Total Total emission measured 76172 175 * 176 299.8

*The actual value was lower, as it was below the threshold of detection established previously in trials (this threshold is the value shown in the table). NA: not
applicable.

Policy implications

N This experience shows that industrial soybean opera-
tions may function near urban centres without public
health risks under a systematic control programme.

N This experience provides data that may be useful to
develop future standards for environmental agents of
an allergenic nature.
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management, and public administration fields, and a
prudential use of trial and error.

There is need for further research. Key questions to be
answered are the evolution of soybean sensitisation in
patients after the reduction achieved in the allergen levels
to which they are currently exposed. There is also a need for
the development of analytical techniques for improved
monitoring of emissions, where promising advances are
underway.17 18
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