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Asthma Visits to Emergency Rooms and Soybean Unloading in the Harbors
of Valencia and A Coruna, Spain

Ferran Ballester,1'2 Joan B. Soriano,2 Isabel Otero,3 Marfa Luisa Rivera,* Jordi Sunyer,2 Antoni Merelles,5

H6ctor Verea,3 Julio Marfn,8 and Josep M. Anto2

Soybean unloading in the harbor of Barcelona, Spain, has been associated with large increases in the
numbers of asthma patients treated in emergency departments between 1981 and 1987. In this study, the
association between asthma and soybean unloading in two other Spanish cities, Valencia and A Corufla, was
assessed. Asthma admissions were retrospectively identified for the period 1993-1995, and harbor activities
were investigated in each location. Two approaches were used to assess the association between asthma and
soybean unloading: One used unusual asthma days (days with an unusually high number of emergency room
asthma visits) as an effect measure, and the other estimated the relative increase in the daily number of
emergency room visits by autoregressive Poisson regression, adjusted for meteorologic variables, seasonally,
and influenza incidence. No association between unusual asthma days and soya unloading was observed in
either Valencia or A Corurla, except for one particular dock in Valencia. When the association between unloaded
products and the daily number of emergency asthma visits was studied, a statistically significant association was
observed for unloading of soya husk (relative risk = 1.50, 95% confidence interval 1.16-1.94) and soybeans
(relative risk = 1.31, 95% confidence interval 1.08-1.59) in A Corurla. In Valencia, a statistical association was
found only for the unloading of soybeans at two particular docks. Although these findings support the notion that
asthma outbreaks are not a common hidden condition in most harbors where soybeans are unloaded, the weak
associations reported are likely to be causal. Therefore, appropriate control measures should be implemented
to avoid soybean dust emissions, particularly in harbors with populations living in the vicinity. Am J Epidemiol
1999;149:315-22.

allergens; asthma; disease outbreaks; emergencies; soybeans

From 1981 to 1987, 26 asthma outbreaks affecting a
total of 688 individuals were detected in Barcelona,
Spain. These outbreaks produced 1,155 emergency
room admissions and approximately 20 deaths.
Subsequent studies demonstrated that asthma out-
breaks were caused by the inhalation of soybean dust
released from the unloading of soybeans in a silo at the
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harbor. The installation of bag filters in that silo was
followed by a dramatic decrease in the concentration
of soybean allergen in the air of Barcelona and the
elimination of asthma outbreaks (1). Soon after the
reports from Barcelona, soybean-related asthma out-
breaks were identified in Cartagena, Spain (2). Both
epidemiologic and immunologic studies performed in
Barcelona and Cartagena showed the outbreaks to be
caused by an allergenic immunoglobulin E-mediated
mechanism and a low molecular weight allergen
(around 14 kilodaltons) located in soybean hulls to be
the main culprit (3,4). Recent studies have shown that
this protein consists of two closely related isoforms,
which were named Gly m IA and Gly m IB (5).

Although soybean epidemic asthma is now a well-
defined model of environmental asthma with close
parallelism with occupational asthma (6), its occur-
rence has been well documented only in Barcelona,
Cartagena, and Tarragona (7), Spain, and in Naples,
Italy (8). A recently published article reported that soy-
bean unloading was found to have been a risk factor
for asthma outbreaks in New Orleans, Louisiana,
which occurred during the 1950s and 1960s (9).
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316 Ballester et al.

Despite the corrective measures undertaken since 1987
(1), there have been two recent outbreaks of asthma in
Barcelona (10,11), indicating the continued presence of
a hazard to the population that has not been corrected
by standard measures. However, the rare occurrence of
soybean asthma outbreaks contrasts with the fact that
soybean dust-handling operations take place in hun-
dreds of harbors worldwide. One potential explanation
is that only in a few places does a combination of
industrial and environmental factors emerge as a suffi-
cient cause of exposure to high levels of soybean aller-
gen in inhabited areas. Another possibility is that other
smaller but perhaps frequent outbreaks have remained
undetected owing to the lack of systematic studies
assessing the problem.

To test the current occurrence of soybean-related
asthma episodes in harbors where soy is regularly
unloaded, a time-series study was conducted in two
Spanish ports, Valencia and A Corufia, both with
inhabited areas close to the harbor facilities. The
occurrence of asthma outbreaks associated with soy-
bean unloading was reported in Valencia in the 1980s
(12). This association was never assessed in A Corufia.
Inhabitants in the vicinity of the ports in both cities
have repeatedly expressed concern about the risks
derived from soybean unloading.

MATERIALS AND METHODS

Geographic locations

Valencia and A Corufia are two coastal cities in
Spain (figure 1). The city of Valencia has a population
of approximately 750,000 (1996 census) and a temper-
ate climate. Emergency room visits for asthma were
assessed at Hospital Clfnico Universitario, one of the
four large city hospitals with a catchment area of over
200,000 inhabitants (persons living closer to the har-
bor) (figure 2). The city of A Corufia has a population
of approximately 240,000 (1996 census) and a wet

A Corufia

Barcelona

Valencia

FIGURE 1. Map of Spain indicating the locations of the cities of
Valencia, A Corufia, and Barcelona.

Atlantic climate. The Hospital Juan Canalejo in A
Corufia has a large catchment area with more than
500,000 inhabitants (figure 3). Only people from the
city of A Corufia and three neighboring municipalities
(approximately 290,000 inhabitants in total) were
included in the study.

Collection of respiratory data

Data on all cases of asthma and chronic obstructive
pulmonary disease observed in patients aged £14 years
in the emergency department of the Hospital Clfnico
Universitario in Valencia between January 1, 1993, and
December 31, 1995, and at the Hospital Juan Canalejo
in A Corufia between January 1, 1993, and December
31, 1994, were collected. Although the original goal
was to study the 3-year period at both hospitals, practi-
cal considerations prevented data collection for 1995 in
A Corufia. Ethics committee approval was obtained at
both hospitals. The method of data collection has been
validated and widely documented (13). Briefly, case
identification was performed by reviewing emergency
room medical records and extracting information for a
list of equivalent terms usually employed by clinicians
for asthma (i.e., asthma, severe asthma attack, asthmatic
bronchitis, spastic bronchitis, bronchial hyperreactivity,
asthmatic status, wheezing, and bronchospasm) and
chronic obstructive pulmonary disease (exacerbation of
chronic obstructive pulmonary disease, chronic respira-
tory insufficiency, exacerbation of chronic respiratory
insufficiency, chronic bronchitis, emphysema, cor pul-
monale, or chronic respiratory limitation). Only results
for asthma visits are presented below.

Data on harbor activity

Information on unloading of cargo including soy-
beans in the harbors of Valencia and A Corufia was
provided by the harbor authorities. A Corufia has only
one dock where soya products are unloaded, while in
Valencia soya is unloaded at different docks; therefore,
since it is plausible that control measures differ at dif-
ferent unloading sites, some analyses were conducted
according to unloading site in Valencia. Daily meteo-
rologic data (temperature, relative humidity, and wind
speed and direction) were obtained from the National
Meteorological Institute, and influenza incidence data
were obtained from the epidemiologic services.

Association between unusual asthma days and
harbor unloading

Unusual asthma days were defined as days on which
the probability of such a high number of asthmatics'
being seen in the emergency room was 0.05 or less,
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Soybean Unloading and Acute Asthma in Two Spanish Coastal Cities 317

FIGURE 2. Map of Valencia, Spain, indicating the location of the soybean unloading docks (A, B, C, D, E, and F) and the Hospital CHnico
Unlversitario (H) and its catchment area (dashed lines).

assuming a Poisson distribution, with the 15-day mov-
ing average representing the number of cases expected
(14). For each product unloaded, a risk ratio (and 95
percent confidence interval) was calculated (15) for
the probability of an unusual asthma day occurring on
days when the product was unloaded versus the prob-
ability of an unusual asthma day occurring on days
when it was not (16).

Association between numbers of emergency
room asthma visits and harbor unloading

The association between the daily number of emer-
gency room visits made for asthma and the unloading of
soybeans and other products in each harbor was esti-
mated by autoregressive Poisson regression. Adjustment
was performed according to meteorologic variables
(temperature, relative humidity, and wind speed and
direction), seasonality, trend, year of the study, day of
the week, holidays, and influenza incidence, following

an approach used in the APHEA project (Air Pollution
and Health: A European Approach), a European study of
short-term effects of air pollution (17, 18). In addition,
the potentially confounding effect of paniculate air pol-
lution was taken into account, given the results found in
other investigations undertaken in Valencia (19). The
statistical criterion for the incorporation of control vari-
ables into the model was obtaining a significant
improvement in the deviance (a likelihood ratio statistic
with p < 0.10). The possible residual autocorrelation in
the series was modeled by including as covariates the
lagged number of emergency room asthma visits up to 3
days. These terms were either included or not included
in the model on the basis of the same criteria as the
remaining covariates. Indicator variables for the pres-
ence or absence of soybean unloading at each of the
docks was created for analyses carried out by loading
dock in Valencia; these variables were weighted by the
number of coincident unloading points on a given day,
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FIGURE 3. Map of A Coruna, Spain, Indicating the location of the soybean unloading docks and the Hospital Juan Canaiejo (H).

following a method that was also used in a study of risk
for posttransfusion hepatitis C virus infection (20).

Environmental soybean analyses

For a short period in 1995, some available air pollu-
tion filters collected in Valencia were assayed for the
contents of low molecular weight soybean allergen by
a radioallergosorbent test inhibition method (21), with
laboratory personnel blinded to unloading status.

RESULTS

In the study areas, the daily mean number of emer-
gency room visits due to asthma in people aged >14

years was 0.98 in Valencia and 2.21 in A Coruiia (table
1). Summer was the season with the lowest number of
asthma visits in both cities, while the highest numbers
of visits were seen in the fall in Valencia and in the
winter in A Corufia. Twenty-five unusual asthma days
were observed in Valencia and 28 in A Corufia. Both
series of emergency asthma visits followed a Poisson
distribution, with a range of zero to five in Valencia
(maximum was observed seven times; Kolmogorov-
Smirnov goodness-of-fit test: p = 0.47) and a range of
zero to nine in A Corufia (maximum was observed
once only; Kolmogorov-Smirnov goodness-of-fit test:
p = 0.04). Soybeans were unloaded in Valencia on one
third of the days in the study period, while in A Coruna
soybean unloading occurred on 5.6 percent of the days.
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TABLE 1. Daily numbers of emergency room visits for
asthma at two hospitals In Valencia and A Corufta, Spain,
over a 2- to 3-year period

Mean daily number
Entire period
Winter
Spring
Summer
Fall

Percentfle
5%
25%
50%
75%
95%

Maximum

No. of unusual
asthma days§

Valencia*
(1993-1995)

No.

0.98
1.00
0.97
0.74
1.20

0
0
1
2
3

5

25

SD* %

1.04
1.02
0.97
0.91
1.20

2.3

AComftat
(1993-1994)

No.

2.21
2.60
2.07
1.69
2.50

0
1
2
3
5

11

28

SD %

1.65
1.85
1.57
1.35
1.65

3.8

• Hospital ainico Universitarto.
t Hospital Juan Canalejo.
t SD, standard deviation.
§ Defined as days on which the probability of such a high number of

asthmatics' being seen In the emergency room was 0.05 or less, assuming
a Poisson distribution, with the 15-day moving average representing the
number of cases expected (14).

No statistically significant association was found
between unusual asthma days and number of unload-
ing days for a particular product in either harbor (table
2). The association of unloaded products with the daily
number of emergency asthma visits, assuming a
Poisson distribution, was assessed (table 3). No asso-
ciation was observed in Valencia, but a statistically sig-
nificant association for an increase in asthma visits
was observed during unloading of soya husk (relative
risk = 1.50, 95 percent confidence interval (CI)
1.16-1.94) and soybeans (relative risk = 1.31, 95 per-

cent CI 1.08-1.59) in A Coruna. Soya was unloaded at
a single silo in A Coruna, but since soya was unloaded
at a number of different docks in Valencia, the previ-
ous analyses for unusual asthma days and daily num-
ber of asthma visits were repeated according to soy-
bean unloading at each of the docks in Valencia (table
4). The most frequent sites for soybean unloading were
docks A and C, accounting for more than 85 percent of
the days. An association was established with the
unloading of soybeans at dock D, used on only 7 days
(from October 31 to November 6, 1994) during the
study period for the unloading of soybeans; the relative
risk for unusual asthma days was 13.25 (95 percent CI
3.91-46.66), and the relative risk for asthma visits was
1.92 (95 percent CI 1.02-3.63). A relative risk for asth-
ma visits of 1.89 (95 percent CI 1.08-3.29) was asso-
ciated with unloading of soybeans at dock E for 11
days during the study period (December 20-30, 1994).
Inclusion of air pollution variables (daily suspended
paniculate concentrations up to the third lag) did not
change the estimates obtained for unloading of soya
cargo. Moreover, after data were controlled for season
and trend, the daily suspended particle levels were not
affected by unloading of soya cargo or other products.

In a pilot study, several filters that had collected
samples of the Valencia atmosphere during 1995 were
analyzed for low molecular weight soybean allergen
contents. The maximum concentration measured was
35.84 U/m3, and concentrations were higher on days
with soybean unloading (mean = 7.19 U/m3) than on
days without it (mean = 1.94 U/m3) (p = 0.001). Since
filters from unusual asthma days were available for
only 2 days (individual values of 1.46 and 3.93), an
analysis of the association between the occurrence of
unusual asthma days and the airborne levels of soy-
bean allergen could not be performed.

TABLE 2. Associations between unusual asthma days and various products that were unloaded In
the harbors of Valencia and A Corufta, Spain, during the study period

Cement
Cotton
Com
Minerals
Soybeans
Soya husk
Soya oil
Wheat

Unloading
days

926
612
517

363

364
325

Valencia
(1993-1995)

Unusual
days*

23
18
15

9

6
8

RRt.t

2.10
2.03
1.68

1.13

0.63
1.11

95% Clt

0.50-8.82
0.85-4.97
0.76-3.70

0.51-2.54

0.26-1.59
0.49-2.56

Unloading
days

1
12
70

207
41
22

17

A Corufta
(1993-1994)

Unusual
days*

2
0
3
5
3
1

0

RFtt

1.09
0.54
1.91
1.19

95% CI

0.34-3.53
0.21-1.40
0.60-6.07
0.17-8.34

* Defined as days on which the probability of such a high number of asthmatics' being seen in the emergency
room was 0.05 or less, assuming a Poisson distribution, with the 15-day moving average representing the
number of cases expected (14).

t RR, relative risk; CI, confidence interval.
$ Relative risk of unusual asthma days according to days on which the product was unloaded.

Am J Epidemiol Vol. 149, No. 4, 1999

D
ow

nloaded from
 https://academ

ic.oup.com
/aje/article/149/4/315/58956 by guest on 16 M

ay 2023



320 Ballester et al.

TABLE 3. Adjusted associations between numbers of emergency room visits due to asthma and
various products that were unloaded In the harbors of Valencia and A Coruna, Spain, during the study
period

Cement
Cotton
Com
Minerals
Soybeans
Soya oil
Soya husk
Wheat

Daily mean
no. of

asthma visits

0.97
0.95
0.99

0.97
1.01

0.94

Valencia*
(1993-1995)

RR*,§

0.94
1.04
1.00

1.00
0.94

0.94

95% Clt

0.79-1.12
0.92-1.19
0.88-1.14

0.87-1.13
0.82-1.07

0.81-1.08

Daily mean
no. of

asthma visits

1.00
2.25
2.16
2.02
2.80

3.10
1.94

A Com fiat
(1993-1994)

RR§

0.62
0.98
0.97
0.90
1.31

1.50
0.80

95% Cl

0.09-^.43
0.67-1.44
0.81-1.15
0.80-1.01
1.08-1.59

1.16-1.94
0.56-1.13

* Adjusted for season, trend, year of study, temperature, relative humidity, wind speed and direction, day of the
week, holidays, and influenza incidence.

t Adjusted for season, trend, year of study, day of the week, holidays, and influenza incidence.
X RR, relative risk; Cl, confidence interval.
§ Relative risk of asthma admission according to days on which the product was unloaded.

DISCUSSION

Asthma outbreaks due to the inhalation of soybean
dust among populations living in the vicinity of har-
bors have been repeatedly reported (1, 2, 7, 8, 9, 12).
In contrast, asthma outbreaks have never been
observed in most of the harbors where soybeans are
loaded or unloaded, and the possibility of soybean
asthma outbreaks' being a common hidden condition
has not been directly addressed to date. In this study,
the unusual asthma days identified in Valencia and A
Coruna were of a magnitude that fell within the bound-
aries of the expected Poisson distribution, and none

were of a magnitude similar to those reported in
Barcelona (16) or New Orleans (9). Furthermore, the
occurrence of unusual asthma days in Valencia and A
Coruna was, overall, not associated with soybean
unloading, which suggests that asthma outbreaks in the
vicinity of harbors, though previously reported on sev-
eral occasions, only occur in exceptional circum-
stances. Investigation of other harbor areas is required
to corroborate this finding.

In Valencia, an association was observed in stratified
analysis between unloading at docks D and E (18 days)
and the occurrence of unusual asthma days and the
daily mean number of asthma visits. In A Coruna, there

TABLE 4. Association between emergency room visits for asthma and the unloading of soybeans in
the harbor In Valencia, Spain, according to unloading site, 1993-1995

Dock

A
B
C
D
E
F

Other

No. of
unloading

days

217
27

192
7

11
6
5

No. of
unusual

days*

4
1
5
2
0
0
0

Risk for an unusual
asthma day

RRt.t

0.77
1.59
1.22

13.25
-11
—
—

95%Clf

0.27-2.21
0.22-11.3
0.40-3.49
3.91^*6.66

—
—
—

RR§

0.89
0.96
1.19
1.92
1.89
0.71
1.34

Risk for asthma
admission

95% Cl

0.62-1.29
0.55-1.68
0.83-1.71
1.02-3.63
1.08-3.29
0.11-4.75
0.58-3.11

* Defined as days on which the probability of such a high number of asthmatics' being seen in the emergency
room was 0.05 or less, assuming a Poisson distribution, with the 15-day moving average representing the
number of cases expected (14).

t RR, relative risk; Cl, confidence interval.
X Relative risk of an unusual asthma day at the emergency room of the Hospital Clfnico Universitario, by dock.
§ Relative risk of an emergency asthma visit at the Hospital Clfnico Universitario if soybeans were unloaded

on that particular day. Adjusted for season, trend, year of study, temperature, relative humidity, wind speed and
direction, day of the week, holidays, and influenza incidence. Weighted according to the number of simultaneous
unloadings on each day.

H Relative risk was not estimated because no unusual asthma day coincided with the unloading of soybeans
at that particular dock.
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was also an association between soybean unloading
and the daily mean number of asthma visits. Since
these associations were weak, it is difficult to conclude
with certainty that soybean unloading and an increase
in asthma visits in these two locations were causally
related; however, this possibility is strongly supported
by previous evidence of soybean-related asthma in the
vicinity of harbors provided by epidemiologic (1, 2,
7-9) and laboratory (3-5) studies. If the association is
causal, the 30 percent increase in the risk of asthma
visits in A Coruna could have resulted in approximate-
ly 70 asthma-related emergency room visits attribut-
able to soybeans during the study period, although an
increase in the number of soybean unloadings could
have had a larger impact. In Valencia, the number of
asthma visits attributable to soybean unloading was
approximately 20. Since soybean-related asthma has
been reported to be a life-threatening condition in cer-
tain circumstances (22), such associations should be
viewed with concern.

Although identification of the particular unloading
conditions involved in the release of soybean dust in
these harbors was beyond the scope of the present
study, some considerations are of interest. Many har-
bors in Spain increased the scope of dust control mea-
sures used during soybean transport at the time
Barcelona's large soybean asthma outbreaks were
reported. The extent to which such measures might
have prevented stronger associations in Valencia and A
Coruna remains unknown. However, the association
between soybean unloading and unusual asthma days
in Valencia was only observed during the few unload-
ings that took place in silos D and E, where an open-
air procedure was used. In A Coruna, the fact that an
association was found between soybean unloading and
daily asthma admissions but not with unusual asthma
days may indicate that, for undetermined reasons, the
levels of airborne soybean dust were not very high.
Such reasons may include either the use of relatively
appropriate unloading procedures or meteorologic
conditions. All the above, together with previous
evidence that improved unloading conditions in
Barcelona led to a reduction in soybean allergen emis-
sion levels and a dramatic decrease in the number of
unusual asthma days (1), underlines the importance of
maintaining improved standards of dust emission con-
trol during soybean unloading in harbors.

A significant association was found between black
smoke and emergency room visits for asthma in
Valencia during the same study period (for an increase
of 10 (ig/m3 (lag 0), relative risk = 1.041, 95 percent CI
1.004-1.080) (23); thus, air pollution was a potential
confounder of these results. In our study, the associa-
tion between soybean unloading at docks D and E and

asthma visits remained after we controlled for daily
levels of suspended particulate matter. Air pollution
could also play a role as a promoter of the effect of
soya, as previously suggested for other allergens (24).
Unfortunately, since data on the levels of airborne soy-
bean allergen were only available for a small number
of days, more detailed analysis of a potential interac-
tion could not be attempted.

Use of the log-linear autoregressive Poisson model
has proven to be useful for identification of environ-
mental risk factors responsible for weak associations
such as the acute effects of air pollution (25) and the
influence of thunderstorms on the occurrence of acute
asthma (26).

In conclusion, the lack of an overall association
between soybean unloading and asthma outbreaks in
Valencia and A Corufia supports the notion that in most
harbors asthma outbreaks are not a common hidden
condition. However, the finding of weak associations
between soybean unloading and asthma visits in both
Valencia and A Coruna should be viewed with concern
and should encourage improved control of dust emis-
sions during soybean unloading and other related
activities. These precautions are particularly important
in harbors with populations living in the vicinity.
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