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Abstract

Background: Asthma attacks and mortality due to inhala-
tion of soybean antigens in Barcelona have been well
documented. Strict protective measures in the unloading
process were established in 1998 to avoid the release of
soybean dust into the atmosphere. The present study
was undertaken to assess the effectiveness of these
latest environmental measures, and, if effective, to rec-
ommend their implementation in the many harbours
where soybean is unloaded. Methods: Levels of soybean
aeroallergen were analysed daily during a period of 5
years and 2 months in a total of 1,854 samples, 125 from
the pre-intervention period and 1,729 from the postinter-
vention period. Additionally, the number of asthma ad-
missions to the emergency rooms of the city’s three larg-
est hospitals was recorded. Asthma patients attended at
home by the public home emergency service and judicial
autopsies registering asthma deaths were also investi-

gated. Results: The mean concentration of soybean
aeroallergen was 159 U/m3 in the pre-intervention period
and 39 U/m3 in the postintervention period (p < 0.0001).
Significant differences in postintervention aeroallergen
concentrations were found between days of soybean
unloading (42 U/m?3) and days of no unloading (33 U/m3),
with p < 0.0001. No significant relationship was found
between concentrations of environmental soybean aero-
allergens and the number of emergency room admis-
sions for asthma. Conclusions: Implementation of strict-
er protective measures in silos for the soybean unload-
ing process has reduced the concentration of soybean
dust in the atmosphere and evidences the effectiveness
of the measures adopted.
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Introduction

From 1981 to 1987, 26 asthma outbreaks occurred in
Barcelona. During that time, acute asthma accounted for
958 emergency hospital admissions, mostly due to unusu-
ally severe asthma exacerbation, as well as a high rate of
admissions to the intensive-care unit and 20 deaths.
Investigation into these epidemics revealed that the asth-
ma outbreaks were caused by soybean dust generated by
soybean unloading in the harbour when certain wind con-
ditions carried the soybean dust over the city [1-3].

In 1987, measures were taken to avoid emission of
large amounts of soybean dust into the atmosphere during
unloading. These measures, based on emission channel-
ling and the use of bag filters for unloading, drastically
reduced the spread of dust into the atmosphere and, for
many years, prevented new outbreaks [4]. In 1994 and
1996, however, new asthma outbreaks were recorded,
even though no changes had been made in port or indus-
trial facilities. Furthermore, evidence of occasional in-
creases in environmental allergen levels, documented per-
sistence of soybean sensitivity in affected patients and
sporadic admissions of sensitised patients with acute asth-
ma supported the hypothesis that significant leakage of
soybean dust into the atmosphere still occurred during
unloading [35, 6].

Consequently, in 1998, new environmental measures
were adopted based on the recommendations of the Cata-
lan health authorities. These involved fitting the silos with
greater particle-retention capacity bag filters in order to
avoid the release of soybean dust into the atmosphere and
daily soybean monitoring in a district close to the harbour
using a large-volume automated air sample, as a means of
determining exposure risk in the asthmatic population.

Soybean is loaded and unloaded in many harbours
around the world, and epidemic asthma has also been
documented in the ports of Saint-Nazaire (France) [7],
New Orleans (USA) [8], Naples (Italy) [9] and other cities
in Spain [10-12], but there are no published studies on
the use of daily soybean allergen monitoring as a means of
prevention in these or other cities. As a result of this daily
monitoring in Barcelona, an ample registry of acroaller-
gen concentration data has been compiled for the first
time and has formed the basis of an environmental model
that may serve as a reference for atmospheric studies else-
where. Taking into account these considerations, the aims
of the present study were: (1) to analyse the effect of the
latest protective measures on the atmospheric soybean
aeroallergen concentration and (2) to study the conse-
quences of current concentrations of soy aeroallergens on
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the number of asthma admissions in the city’s hospitals.
The results of this study could encourage other cities to
control their atmospheric levels of soybean allergen and,
if these levels are elevated, to initiate preventive measures
to avoid exposure of the soybean-sensitised population to
allergen levels that might provoke asthma symptoms and
even induce severe asthma attacks.

Material and Methods

Intervention Measures

The protective measures adopted in the port of Barcelona con-
sisted of the installation of micropore size bag filters (polyester with
inox fibres, BHA Purifilter, SL) in the silos for the unloading process
and sleeve rupture detectors on all filters, in order to minimise chan-
nelled emissions.

Air Sampling

As described in previous studies [13], a large-volume automated
air sampler (CAV-A/HF, MCV, SA, Barcelona) containing 1-um
pore size glass microfibre filters (Whatman International Ltd., UK)
was installed at 0.5 km from the harbour area. The filter was changed
daily. The measurements were obtained on successive days over the
study period, and there was one measurement per day. A 55 m%h air
volume was used for dust collection, and the sampler was active 24 h
a day. Over a period of 5 years and 2 months, 1,854 samples were
analysed, including 125 initial samples collected before protective
measures were implemented (pre-intervention period, up to March
1998), and 1,729 samples collected after (postintervention period,
April 1998 to December 2002). Soybean unloading data in the har-
bour were recorded during these periods. Daily average temperature,
relative humidity, rainfall, barometric pressure and wind conditions
were recorded daily from the Barcelona harbour weather station.

ELISA Inhibition Assay

Soybean aeroallergens were extracted from the filters in 5 ml
PBS/0.2% BSA/0.5% Tween 20, overnight at 4°C, after which the
filter was discarded and the eluates were analysed.

Soybean concentration was determined by an amplified ELISA
inhibition assay based on a method described previously [14], using a
serum pool with specific IgE antibodies of subjects allergic to soy-
bean from the city of Barcelona. In the new batches of the human
pool of sera a level of specific IgE to soybean of 19 kU/l (UniCAP
100, Pharmacia AB, Uppsala, Sweden) was maintained. A low-
molecular-mass soybean allergen (soybean-LMM) standard, contain-
ing proteins with a molecular weight below 10,000 daltons, was used
[15]. The following studies were conducted to assess the properties of
the new batches of soybean-LMM: (1) protein concentration mea-
surement (BCA method, Pierce, Rockford, Ill., USA), (2) protein
composition (electrophoresis of the extract), (3) specificity of the ref-
erence preparation (samples from asthmatic patients with a known
concentration of IgE to soybean were assayed by ELISA using the
soybean-LMM allergen as antigen) [15].
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Asthma Admissions and Home-Attended Acute Asthma

Exacerbations

The number of admissions for asthma in the emergency rooms
and intensive-care units of the three largest urban hospitals during 68
days (November 2001 to February 2002) of the postintervention
period were recorded and compared with results obtained in pre-
vious intervention studies. Asthma patients attended at home during
the same period by the public home emergency service were also
recorded. Judicial autopsies during these days were studied to detect
asthma deaths.

Patients who went to the emergency rooms were classified with
respect to their asthma symptoms into 4 groups according to the
GINA guidelines [16]: mild, moderate, severe and near fatal
asthma.

Sensitisation to Soybean Allergens

A subgroup of patients agreed to visit a central office where a
blood sample was taken to determine specific IgE to soybean by a
previously described ELISA method [17]. Results were expressed as
U Ays50 nm- Values above the mean +2 standard deviations of the
results obtained in a control population of 30 healthy individuals pre-
viously studied in our laboratory were considered positive. This cut-
off was established at 0.330 U A4s0um.

Contact with the patients was made as soon as possible after their
admission (no more than 1 month after) with the aim of reliably col-
lecting clinical data and obtaining the blood sample without impli-
cating the time factor.

Statistical Analysis

Mean and standard deviation were used as descriptive measures
to describe the aeroallergen series in the pre- and postintervention
periods as well as unloading in the postintervention series.

The soybean aeroallergen level is a time-ordered sequence of
observations. This characteristic determines that its values are not
independent, i.e. they are autocorrelated. Many traditional statistical
techniques may not be adequate for the analysis in this context.
Hence, a time series model according to Box-Jenkins methodology
was proposed to explain the evolution of aeroallergen levels [18].
With this approach the time series is assumed to be a linear model
known as an autoregressive integrated moving average (ARIMA)
[19-21]. This statistical method is considered to be more suitable
than treating the time series with techniques in which independence
of the observations is assumed [22-24]. The model can incorporate
the statistical effects of variables such as protective measures or
unloading. The analysis and interpretation of changes in the model
structure due to the protective measures or unloading is similar to the
use of dummy variables in regression analyses. The variable that
accounted for the effect of the protective measures (Ft) had a value of
zero prior to their implementation (in March 1998) and a value of 1
after the measures had been adopted. In the case of unloading, we
defined the indicator variable (Ut) as having a value of 1 on unload-
ing days and a value of zero for no unloading. The effect of unloading
was assessed only in the postintervention period due to the low num-
ber of no-unloading days in the pre-intervention period. The correla-
tion coefficients between weather recordings, as well as asthma
events, and the concentration of the allergen were computed over a
range of time lags. The SPSS 8.0 computer program for Windows was
used for the analysis.
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Table 1. Soybean aeroallergen levels (U/m?) in the 1,854 days
studied

Pre-intervention Postintervention
period period
(n=125days) (n= 1,729 days)

Mean £+ SD 159+£114* 39 +48*
Median 134 23
Range 10—561 10—636
Number of unloading days 121 (97 %) 1,137 (66%)
Mean + SD on unloading days 162+ 119* 42 £50*
Mean *+ SD on no-unloading

days - 33 +44%*
Level >165 U/m3 42 (34%)* 40 (3%)*

*p <0.0001, **p < 0.001, mean differences between unloading
and no-unloading days in the postintervention period; level: number
of days with levels higher than 165 U/m3.

Results

Soybean Aeroallergen Levels

The daily levels of soybean aeroallergen obtained in the
5 years and 2 months studied (n = 1,854, daily record) are
shown in table 1. The mean soybean aeroallergen levels in
the pre-intervention period were significantly higher
(159 U/m3) than in the postintervention period (39 U/m3;
p<0.0001). Moreover, the pre-intervention period showed
a more unstable pattern of aeroallergen concentration val-
ues than the postintervention period (fig. 1). With regard to
unloading days exclusively, significant differences were
also found in mean soybean aeroallergen levels between the
pre-intervention (162 U/m3) and postintervention (42 U/
m3) periods (p < 0.0001). In the postintervention period,
significant differences were also found between unloading
and no-unloading days (mean = SD =42 + 50 and 33 +
44 U/m3, respectively; p < 0.0001). In the pre-intervention
period, only 4 days without unloading were observed.
Using 165 U/m?3 as the cut-off (highest value recorded in 22
unloading days in a previous study during which no asthma
episodes were observed) [4], we found a significant de-
crease in the number of peaks (over the cut-off value) in the
postintervention period (3% of the total daily levels) as
compared with the number in the pre-intervention period
(34%; p< 0.0001; table 1).

According to time series analysis, the best model pro-
posed for the series was an integrated mixed model, whose
notation was ARIMA (1, 1, 1). Indicators of the protective
measures adopted according to the ARIMA (1, 1, 1)
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Fig. 1. Values of soybean aeroallergen concentrations obtained in the period studied. a Pre-intervention series (daily
data from November 1997 to March 1998). b Postintervention series (daily data from April 1998 to December 2002).

The baseline level is 165 U/m3.

Table 2. Effect of the protective measures
adopted on the complete series and effect
of the unloading on the postintervention

period

Effect on Standard P
soybean level  error
Complete series
ARIMA components (1, 1, 1)
Protective measures (F,) -1.25! 0.22 <0.0001
Postintervention period
ARIMA components (1, 0, 1) (1, 0, 0)
Unloading (Uy) -0.202 0.04 <0.0001

ARIMA (1, 1, 1): integrated and first-order autoregressive and moving average compo-
nent; ARIMA (1, 0, 1) (1, 0, 0): first-order autoregressive and moving average component and
first-order seasonal autoregressive component; protective measures: variable that accounts
for the effect of the greater capacity retention bag filter; unloading: variable that accounts for
the effect of unloading.

I Decrease in 1.25 U/m?3 in logarithmic scale.

2

Increase in 0.20 U/m3 in logarithmic scale.

model are summarised in table 2. The model showed that
the protective measures are effective, as evidenced by the
decreased mean soybean aeroallergen level in the postin-
tervention series.

The complete series presented no type of periodicity or
cyclic variations. However, assessment of the changes in
the series before and after adoption of the protective mea-
sures disclosed different behaviour. The postintervention
series showed a seasonal first-order autoregressive com-
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ponent, whose notation was ARIMA (1, 0, 1) (1, 0, 0).
This seasonal component showed a 7- to 8-day periodici-
ty, which may be interpreted as weekly behaviour. More-
over, the unloading variable proved significant as shown
by an increasing effect on the mean level of soybean aero-
allergen concentration in the series (table 2). No signifi-
cant differences were observed in soybean aeroallergen
concentration according to the meteorological variables
recorded.
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Asthma Admissions and Home-Attended Acute

Asthma Exacerbations

A total of 279 cases of asthma were attended in the
emergency services of the three hospitals during the 68
days studied, giving a mean of 4.1 patients per day. In the
group that agreed to visit a central office in order to take a
blood sample (n = 106), the distribution of the 4 groups
with respect to their asthma symptoms were: mild (36 %),
moderate (40%), severe (21%) and near fatal asthma
(3%). In the group that did not visit this central office, the
percentage was: mild (45%), moderate (39%), severe
(14%) and near fatal asthma (2%). No significant differ-
ences were observed between the 2 groups of patients with
respect to their asthma symptoms.

Additionally, the public home emergency service at-
tended 116 patients during this time, giving a mean of 1.7
patients per day. Two non-sensitised asthma patients had
to be attended in the intensive-care units of one of the
hospitals studied, and no asthma deaths were recorded in
the hospitals or judicial autopsy registries during the days
studied. No significant relationship was found between
concentrations of environmental soybean aeroallergens
and the number of emergency room admissions for asth-
ma and the number of home emergency services at-
tended.

Sensitisation to Soybean Allergens

After discharge from the emergency service, 106 pa-
tients agreed to participate in a determination of soybean-
specific IgE. The mean of values in this group was 0.204
(range 0.034-0.719) U A4s0 nm- Among the patients ana-
lysed, 9 presented positive IgE values above the previous-
ly established cut-off value (8%).

Discussion

The present study demonstrates that the latest protec-
tive measures adopted for the unloading of soybean in the
harbour have been effective in decreasing the mean envi-
ronmental soybean aeroallergen concentrations in our
area.

Soybean is an important source of proteins used in the
food industry for humans and for enriching animal feed.
World-wide soybean production is around 120 million
tons per year. Leading producers are the USA, Brazil and
Argentina, and from these countries soybeans are shipped
to, and unloaded in, many harbours around the world. As
in other harbours, two milling plants located in the Barce-
lona facilities produce close to 80% of the soybean con-
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sumed in the area. Owing to successive asthma epidemics
caused by soybean in the city of Barcelona since the 1980s
resulting from the unloading of this legume in the port,
soybean aeroallergen emission levels within the city have
been evaluated in several studies [4, 13, 14, 25]. In the
1980s, high aeroallergen values ranging from 1,600 to
10,600 U/m?3 were recorded on epidemic days. These lev-
els contrast with the low values observed on non-epidemic
days (0.3-320 U/m3) [13]. In response to these findings,
measures directed towards reducing the emission of soy
dust were adopted in 1987, and a subsequent study dem-
onstrated their efficacy in drastically reducing the levels
of soy dust in the environment and in avoiding a large
number of admissions for asthma in the emergency ser-
vices [4]. Nevertheless, a new asthma outbreak was de-
tected in 1994, in which environmental soybean aeroal-
lergen levels reached 1,122 U/m3 [6], contrasting with
165 U/m3 recorded in the last study on days with no asth-
ma episodes [4]. As a consequence of that latest outbreak,
soybean aeroallergen levels were measured daily in our
laboratory and high levels were still observed on certain
days. Thus, to assure that asthmatic sensitised patients
were not exposed to elevated levels of acroallergen, new
protective measures were recommended by the health
authorities in 1998. These consisted of bag filters with
greater retention capacity installed in the harbour facili-
ties for the unloading process.

The latest protective measures adopted for the unload-
ing of soybean demonstrated a decrease in mean environ-
mental soybean aeroallergen concentrations on unload-
ing days to a level of 42 U/m3, which contrasts with the
162 U/m3 obtained in the pre-intervention period (table 1).
The protective measures adopted have led to a significant
decrease in the number of values above the established
cut-off (3 vs. 34% in the pre-intervention period). Addi-
tionally, the mean number of asthmatic patients admitted
per day in the present study, 4.1 patients/day [4], is simi-
lar to the number obtained during non-epidemic days in
pre-intervention studies (6 patients/day) [1], taking into
account that in the present study only 3 of the 4 hospitals
checked in previous studies were considered. The hospital
which is not included in this study receives a reduced
number of casualty admissions daily, therefore it is un-
likely that the possible admissions to this centre would
increase the overall number of daily admissions to more
that 6. Moreover, only 2 of the patients had to be attended
n intensive-care units, in contrast to the situation before
these measures were adopted [4]. A case-control study
performed during the pre-intervention period [3] showed
that soybean-specific IgE in asthmatic patients who at-
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tended in the emergency rooms on non-epidemic days
was present in 6%, a value similar to the 8% found in the
population studied in the present work. On the basis of
the results, recommendations for maintaining environ-
mental control on the concentration of this allergen by
detecting levels exceeding certain amounts can be estab-
lished, and this will facilitate prevention policies by the
public health authorities of Barcelona and other cities.

The ultimate goal in Barcelona is not only to eliminate
severe asthma attacks due to soybean inhalation, but also
to eliminate asthma symptoms and bronchial inflamma-
tion from this cause. Unfortunately, establishment of
an exposure limit is difficult since an adequately stan-
dardised assay for quantifying exposure and consequent
symptoms is not yet available [26-29]. The lower limit of
165 U/m3, obtained on 22 unloading non-epidemic days
in a previous work has been assumed provisionally as the
desirable limit under which soybean allergen should be
maintained [4]. Nevertheless, this threshold may have to
be changed in the future in view of the results of the bron-
chial provocation test studies currently under way in our
laboratory and the data from other clinical studies.
Though differences between unloading and no unloading
days in the postintervention period were found in the
present study, these were not clinically significant, as evi-
denced by the fact that there were no increases in asthma
hospital admissions or home emergencies. Nevertheless,
we do not know whether this level might produce some
degree of bronchial mucosa inflammation that would not
require a visit to the emergency room.

In any case, the most important consequence of these
new adopted measures is the reduction in the average
aeroallergen concentration in the postintervention period
and in the number of peaks during this period. Moreover,
despite the fact that there are differences in the postinter-
vention period in the unloading and non-unloading days
(table 1), the level of soybean aeroallergen concentration
is lower than in the pre-intervention period, so this are
important reasons to recommend these measures to other
cities where soybean is unloaded.

Taking advantage of the large number of atmospheric
determinations performed, we used time series analysis
with application of the ARIMA model to evaluate the
results. This is the most suitable statistical test in inter-
vention studies that evaluate the impact of a specific
action [30]. The ARIMA model showed that the latest
protective measures significantly decreased the mean at-
mospheric soybean level of the postintervention series,
which corroborates the protective effect of the measures
taken. The reasons for the weekly cyclic variation in the
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postintervention series are likely to be complex and prob-
ably include an interplay of related factors such as air pol-
lution, soybean unloading processes and meteorological
variables. With respect to these meteorological variables,
no relationship with concentration of the allergen was
found in the present study, probably because these vari-
ables correspond to the mean of a 24-hour period. Future
investigations should be aimed at carrying out measure-
ments during shorter sampling periods of both soybean
aeroallergen concentrations and meteorological condi-
tions to be able to detect possible specific increases in con-
centrations of the allergen and their possible relationship
with certain atmospheric conditions, and thus be able to
construct a predictive model of the concentration of the
allergen.

In conclusion, this is the first study that has used time
series analysis to describe the changes in soybean environ-
mental concentrations, in this case recorded in the city of
Barcelona over a period of 5 years and 2 months. The
results show the importance of adopting stricter protec-
tive measures during soybean unloading for decreasing
the atmospheric levels of soybean allergen and asthma
admissions in emergency room services. This policy can
be recommended in all the cities where soybean is loaded
or unloaded in order to prevent soybean-related bronchial
mucosa inflammation and attacks of severe acute asthma
in patients sensitised to this antigen.
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