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Identification of soybean dust as an epidemic 
asthma agent in urban areas by molecular 
marker and RAST analysis of aerosols 

Merce Aceves, BS,* Joan 0. Grimalt, PhD,**, Jordi Sunyer, PhD,*** 
Josep Maria Anto, PhD,*** and Charles E. Reed, MD**** 
Barcelona, Spain, and Rochester, Minn. 

From 1981 to 1987, 26 outbreaks of asthma have occurred in the city of Barcelona, Spain, 
affecting a total of 687 subjects and causing 1155 emergency room admissions. Assays of urban 
aerosols collected with high-volume samplers between October 1986 and May 1989 have 
indicated that soybean dust originating from harbor activities (and not trafJic or industrial 
pollution) is the causal agent for these epidemics. Soybean particulates in the filters have been 
characterized from the composition of the alcohol fraction, namely, campesterol, stigmasterol, 
/3-sitosterol, n-triacontan-l-01, and n-dotriacontan-l-01, constituting a series of aerosol 
components correlated with the epidemiologic data. This result has also been confirmed by 
immunochemical assay of speciJic soybean allergens. The concentration of these sterols in the 
air corresponds to a 24hour average level of soybean dust in the order of 25 pglm’ on 
epidemic days. These results suggest the advisability of monitoring soybean dust in air 
particulates of populated areas surrounding soybean storage or processing plants. The 
techniques presented here afford a simple way for the recognition of soybean dust in aerosols 
containing high concentrations of organic pollutants of traffic or industrial origin. (J ALLERGY 
&IN hU.ClNOL 1991;88:124-34. ) 

Key words: Epidemic asthma, soybean, molecular markers, p-sitosterol, stigmasterol, 
n-triacontan-l-01, RAST, urban aerosol 
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urban populations has still to be elucidated. The iden- 
tification of .these causal factors is especially important 
in cases of epidemic asthma. However, although the 
occurrence of asthma outbreaks in large cities has been 
documented,3-7 their direct causal agents have rarely 
been established. 

The asthma outbreaks identified in Barcelona were 
characterized for their clinical severity.a-‘o Increased 
concentration of nitrogen oxide was initially suspected 
as the asthma inducer,g but later epidemiologic data 
demonstrated that the outbreak was a point-source 
epidemic. ‘O Further epidemiologic studies led us to 
conclude that these outbreaks of asthma were caused 
by the inhalation of soybean dust released during the 
unloading of soybeans at the city harbor.” These re- 
sults were consistent with a serologic case-control 
study encompassing the reaction of soybean antigen 
extracts witih IgE Abs obtained from asthma-epidemic 
patientsI and with the characterization of a low- 
weight protein of the soybean dust reactive against 
asthma epidemic sera. I3 

Paralleling these medical investigations in October 
1986, two control stations of atmospheric particulates 
were established in highly populated areas of the city 
in which many epidemic cases were identified (Fig. 
1). This research was undertaken with two main ob- 
jectives: first, to obtain direct evidence of the presence 
of the agent responsible for these episodes in urban 
air particulates, and second, to develop a method for 
the regular monitoring of this allergen in heavily pol- 
luted atmospheres. 

Accordingly, the urban aerosol collected at these 
two stations was regularly analyzed for organic and 
inorganic compounds. The study included a detailed 
survey of the solvent extractable organic matter, met- 
als, and the development of RAST-inhibition tests 
with extracts of selected aerosol samples. The results 
that compare asthma epidemic and nonepidemic days 
are presented here. Particular attention is devoted to 
data allowing the recognition of soybean dust in at- 
mospheric samples as well as data providing direct 
evidence of the allergenic properties of soybean-rich 
aerosols. 

MATERIAIL AND METHODS 
Identification of asthma-epidemic days 

Epidemiologic data were obtained from the clinical rec- 
ords of the four largest hospitals of Barcelona, which ac- 
count for approximately 90% of the emergency care in the 
city. An ER admission for asthma was defined as a visit 
during which any asthma-related diagnosis was recorded. 
To avoid differences in terminology, a list of expressions 
for inclusions as asthma was established by a panel of chest 
physicians.1° In all participating hospitals, asthma admis- 
sions were registered by a trained physician. All records 
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Abbreviations used 
PAH: Polycyclic aromatic hydrocarbon 
TSP: Total suspended particle 

Fl: Fractions of aliphatic hydrocarbons 
F2: Fractions of aromatic hydrocarbons 
F3: Fractions of alcohols and other polar com- 

pounds 
GC: Gas chromatography 
MS: Mass spectrometry 
ER: Emergency room 
Ab: Antibody 

were later reviewed, and their completeness was checked. 
Only patients older than 14 years were included in the study 
because no abnormal increases in cases of acute severe 
asthma in childhood were observed during asthma out- 
breaks. 

An asthma-epidemic day was defined as a day fulfilling 
two conditions: (1) The number of ER visits was so high 
that the probability that such a number or a higher number 
was the result of chance was 0.025 or less. This probability 
was calculated by assuming a Poisson distribution with the 
15&y moving average representing the number of cases 
expected.14 (2) This high number of ER admissions was 
clustered on an hourly basis. The “hourly cluster” was de- 
fined as the occurrence in one 4-hour period of so many ER 
visits for asthma that the probability that such a high number 
of visits was the result of chance was 0.05 or less. The 4- 
hour periods were selected on the basis of the distribution 
of cases during asthma outbreaks. This probability was cal- 
culated according to the Knox and Lancashire” approxi- 
mation to the scan method.16 

Aerosol sampling 

Samples (1200 m3 and 50 m3/hr) were collected with 
high-volume suction pumps (CAV-P; MCV, Collbato, 
Spain) with 20.3 x 25.4 cm of glass microfiber filters (cat- 
alog No. 1820866, Whatman International Ltd., Maidstone, 
England). These were cleaned by kiln firing to 400” C before 
use (12 hours). The filters were weighed before and after 
aerosol collection for determination of total suspended par- 
ticles. Filters were then cut in four equivalent portions, and 
each portion was devoted to a different analysis (organics 
or metals) or immunochemical assay. 

Material for organic analysis 

All organic solvents were distilled on a 1 m packed (Ra- 
shig) column equivalent to 12 theoretical plates, with a 
reflux ratio of 12 : 1. The purity was checked by GC analysis 
of solvent concentrates (100 ml to 10 p.1 under vacuum). 
Blank requirements were as follows: splitless injection of 
2.5 ~1 should result in chromatograms with peaks repre- 
senting <l ng in terms of their flame ionization detector 
response. This threshold, under the above dilution factor, 
is equivalent to a level of artifacts < 15 pg/m’ when the 
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FIG. 1. Map of the city of Barcelona illustrating the location of the soybean processing plants 
(*) and the control stations, MO1 and PN, respectively, situated at 4 and 4.4 km from the discharge 
site. LL. R, Llobregat River; B. R, Besos River. Thick continuous lines, main streets. 

threshold is referred to the average air volume corresponding 
to the filter portions analyzed separately (300 m3). 

Silica gel (70 to 230 mesh, Merck, Darmstadt, Germany) 
and alumina (70 to 230 mesh, Merck) were extracted with 
methylene chloride-methanol (2: 1) in a Soxhlet apparatus 
for 24 hours. After solvent evaporation, these adsor- 
bents were heated at 120” C and 350” C, respectively, during 
12 hours. A total 5% (wt/wt) of Milli-Q-grade water (Mil- 
lipore Corp., Bedford, Mass.) was then added for deacti- 
vation. 

Extraction and isolation of hydrocarbons 
and alcohols 

The filters were torn into approximately 1 cm* pieces 
with precleaned tweezers. They were then extracted by 
Soxhlet with 150 ml of methylene chloride for 30 hours. 
The extract was vacuum evaporated to 0.5 ml and fraction- 
ated by column chromatography according to previously 
established methods.” A column filled with 1 gm of both 
5% water-deactivated alumina (top) and silica (bottom) was 
used. Three fractions were collected: 6 ml of n-hexane (Fl), 
6 ml of 20% methylene chloride in n-hexane (F2), and 
6 ml of 20% methanol in methylene chloride (F3). Be- 
fore instrumental analysis, fractions Fl and F2 were 
vacuum evaporated to small volumes (- 100 ~1). Fraction 
F3 was evaporated to dryness under nitrogen, redissolved 
in 100 pl of isooctane, and silylated with 100 pl of 
bis(trimethylsilyl)trifluoroacetamide (80” C for 30 minutes). 

Instrumental analysis 

GC analysis was performed with a Carlo Erba (Carlo 
Erba Instruments, Hofheim, Germany) HRGC 5300 instru- 
ment equipped with a flame ionization detector and a split- 
less injector. A column of 25 x 0.25 mm inside diameter, 

coated with CP-Sil 8 CB (Chrompack International BV, 
Middleburg, The Netherlands) was used (film thickness, 
0.13 pm). Hydrogen was the carrier gas (50 cm * SK’). 
Sweep and split flows were 2 and 50 ml . min-I, respec- 
tively. Nitrogen was used as makeup gas (30 ml . min-I). 
Injector and detector temperatures were, respectively, 300 
and 330” C. Detector gas flows were hydrogen, 30 
ml * min-‘, and air, 300 ml . min-‘. The injection was in 
the splitless mode (solvent, isooctane; hot needle tech- 
nique) keeping the split valve closed for 35 seconds. The 
oven temperature was programmed from 60” to 300” C at 
4” C/min for the analysis of hydrocarbons and from 60” to 
150” C at lO”/min, 150” to 250” C at 6” Urnin, and 
250” to 300” C at 2” Clmin for the analysis of alcohols and 
sterols. 

Combined GC-MS analysis was performed with a 
Hewlett-Packard 5995 (Hewlett-Packard Co., Cupertino, 
Calif.) instrument coupled to an HP 300 data system. 

The chromatographic conditions were the same as de- 
scribed above except that helium was the carrier gas, and 
no make-up gas was used. MS temperatures were transfer 
line, 300” C; ion source, 200” C; and analyzer, 230” C. 
Data were acquired in the electron impact mode (70 eV). 
Scanning range was 50 to 650 m/z at 1 set per decade. 
An NBS library was used for mass spectral identification, 
which was confirmed by coinjection with authentic 
standards. 

Quantitation of hydrocarbons and alcohols 

Quantitation was performed from the GC traces by 
comparison with adequate external standard mixtures: 
n-tetradecane, n-docosane, n-dotriacontane, and n- 
hexatriacontane for Fl, phenanthrene , chrysene, 
benzo(a)pyrene, and benzo(ghi)perylene for F2, and cam- 
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pesterol, &s:tosterol, and n-triacontan-l-01 for F3. Samples 
and standard:; were repeatedly injected until <5% dispersion 
was observed in the measured areas. 

lmmunochemical assay of allergens 

Allergens were eluted from the fiberglass filter sheets and 
assayed by RAST inhibition as described according to the 
method of Agarwal et alI8 Reference soybean husk allergens 
and sera from epidemic cases containing IgE Abs were 
prepared as ,previously described.” The major allergen in 
soybean dust is a glycoprotein with a molecular weight of 
approximately 10,000 daltons and is located predominantly 
in the husk. We are as yet unable to express the allergen 
concentration in mass units, and we assigned an arbitrary 
value of 10’ units to the reference soybean husk extract. 
One unit contains approximately 1 ng of allergen. The al- 
lergen appears in the pod and husk of growing soybeans 
before the bean is mature and reaches highest concentration 
in the husk at harvest time.” Extensive studies reveal no 
cross-reactivity with extracts of pollens, molds, mites, in- 
sects, or other legumes. There is some cross-reactivity from 
corn and wheat dust but not from rapeseed. 

RESULTS 
Aerosol sampling 

Adequate sampling is the most difficult aspect for 
the resolution of this type of problems. The origin of 
the outbreaks was unknown at the time that aerosol 
collection was initiated for this study. No information 
was available on products or concentration levels to 
be analyzed, nor was it even the certitude that the 
allergen occurred in association with air particles. 
Therefore, reference data on dates of collection, sam- 
ple volume, etc., were unknown. In fact, the only “a 
priori” information was the characteristic “hourly 
cluster” of the outbreaks (see MATERIAL AND 
METHODS, a trend that was likely reflecting the 
atmospheric distribution pattern of the allergen during 
the asthma episodes. This trend pointed to intervals 
of 24 hours as reasonable sampling time. Longer pe- 
riods could involve an excessive dilution effect of 
the allergen products, becoming minor components 
among other filter materials. Shorter collection times 
had the risk of missing the hours of higher air allergen 
concentration because outbreak forecasting was not 
possible. 

The samples included in this study can be classified 
in three groups. The first group of samples (Nos. 1 
to 22, November 1986 to September 1987, Table I) 
corresponds to a period in which the origin of the 
outbreaks was unknown, and the samples were col- 
lected in epi’demic and nonepidemic days under pro- 
tocolized conditions. In some cases, that is, Nov. 25, 
1986, No. 4 filters were changed after outbreak de- 
tection for a closer study of the air variations asso- 
ciated with the episodes. The second group of samples 

corresponds to a period of time starting in October 
1987 after identification of a direct relationship be- 
tween soybean unloading in the harbor and asthma 
episodes that resulted in the installation of bag filters 
in the harbor silo. This installation drastically reduced 
the emission of dust during the soybean unloading 
processes (filters 23 to 38, October 1987 to August 
1988). An additional group of samples is constituted 
by two samples corresponding to a day in which a 
breakdown in the harbor silo caused a rise to an un- 
usually high soybean-dust emission. 

The organic composition of aerosols from 
epidemic and nonepidemic days 

An extensive study of the solvent extractable or- 
ganic matter present in the aerosols of Barcelona 
has been performed in the framework of the present 
study. The first column chromatography fraction 
(MATERIAL AND METHODS) is dominated by a 
modal distribution of C17-C33 n-alkanes maximized 
at n-tricosane that occurs along with a complex dis- 
tribution of steranes, and hopanes of the 17a,21B(H) 
series. These hydrocarbons are of petrogenic origin, 
likely released from the exhausts of the motor 
vehicles.*‘-” The aromatic hydrocarbons of F2 
are predominated by parent compounds, such as 
fluoranthene, pyrene, benzo(ghi)fluoranthene, cy- 
clopenta(cd)pyrene, chrysene plus triphenylene, ben- 
zotluoranthenes , benzopyrenes, benzo(ghi)perylene , 
and indeno( 1,2,3cd)pyrene (Fig. 2), which reflect 
pyrolytic sources. *’ The uniformity of aliphatic and 
aromatic hydrocarbon profiles, irrespective of sam- 
pling station and date of collection, is consistent with 
the epidemiologic observation that air pollution was 
not related to asthma outbreaksJ3 

The composition of F3 is not as uniform as that of 
Fl or F2. In nonepidemic days, distributions of even 
carbon number predominated C22 to C32 n-alkan-l- 
ols, maximized at the C24 or C26 homolog, are usu- 
ally found. In quantitative terms, these compounds 
only represent minor constituents of the aerosol sam- 
ples. These features strongly contrast with the com- 
position of F3 in epidemic days. As illustrated in Fig. 
2, B-sitosterol is the predominant alcohol in these 
cases, occurring along with stigmasterol and cam- 
pesterol, as well as with an increased amount of IZ- 
triacontan- l-01 and dotriacontan- l-01. All these com- 
pounds are of biogenic origin and are pointing to a 
biogenic source for the compositional differences be- 
tween aerosols collected in epidemic and nonepi- 
demic days. Conversely, the uniformity of Fl and F2 
indicates that asthma epidemics occurred irrespec- 
tively of the levels of traffic or pyrolytic pollution in 
the city. 



128 Aceves et al. J. ALLERGY CLIN. IMMUNOL. 
JULY 1991 

TABLE I. Alcohol and sterol composition of aerosol samples collected in epidemic and 
nonepidemic days 

Sample 
number Location 

Date Activity 
(moldlyr) harbor 

Asthma 
outbreak 

Pollution parameters 

TSP Pb ALK PAH 

1 MOL 11/11/86 
2 PN 11/12/86 
3 MOL 11125186d 
4 MOL 11/25/86n 
5 PN 11/25/86 
6 MOL 11126186 
7 MOL l/31/87 
8 PN l/31/87 
9 MOL 218187 

10 PN 218187 
11 PN 219187 
12 PN 314187 
13 MOL 3120181 
14 PN 3120187 
15 MOL 3128187 
16 PN 3128187 
17 MOL 415187 
18 PN 415187 
19 MOL 6/8/87 
20 PN 618187 
21 MOL 914187 
22 PN 914187 
23 MOL 10114187 
24 PN 2131~88 
25 PN i/8/88 
26 PN 3/6/88 
27 PN 3122188 
28 MOL 4118188 
29 PN 4118188 
30 MQL 516188 
31 Eh 516188 
32 $lOL 618188 
33 PN 618188 
34 MOL 7120188 
35 PN 7120188 
36 MOL 8119188 
37 PN 8119188 
38 MOL 8127188 
39 @L 2117189 
40 p!N 2117189 

U Y 210 1.1 60 87 
R AE 240 1.5 80 60 
U Y 150 1.1 630 180 
U AE 120 0.8 420 90 
U Y 260 0.6 320 110 
R AE 260 0.5 210 70 
R N 370 3.8 570 140 
R N 470 2.3 620 180 
U Y 270 4.7 740 210 
U Y 250 3.2 500 140 
R Y 180 2.1 130 170 
U Y 320 0.9 97 37 
U N 71 0.9 110 32 
U N 160 0.6 280 21 
R N 128 1.1 58 27 
R N 75 0.3 44 5.7 
U N 160 1.8 200 50 
U N 230 1.9 130 48 
U N 130 0.7 80 18 
U N 320 0.4 170 9.1 
U Y 150 0.9 130 18 
U Y 210 1.2 140 27 
R N 150 1.4 210 49 
cu N 240 3.2 480 160 
cu N 250 3.0 500 180 
R N 320 0.92 96 38 
R N 160 0.57 170 23 
cu N 190 1.2 220 13 
cu N 340 1.5 84 50 
R N 130 1.2 210 120 
R N 330 1.7 200 100 
cu N 130 1.7 77 20 
cu N 320 0.37 170 91 
R N 71 0.63 90 14 
R N 110 0.17 47 13 
cu N 170 0.7 90 24 
cu N 160 0.51 91 31 

N 170 0.72 140 42 
U * 130 1.5 170 39 
U * 190 1.6 110 41 

d, Day; n, night; U, soybean unloading; CU, controlled soybean unloading; R, not unloading; Y, yes; A.!?, after episode; N, no; ALK, 
petrogenic n-alkanes; Pb, lead; A, n-octacosan-l-01; B, campesterol; C, stigmasterol; D, f3-sitosterol; E, n-triacontan-l-01; F, n-dotria- 
contan-l-01; ND, not determined. 

Representative parameters indicating the levels of traffic and industrial pollution are also included. 
TSP and Pb in micrograms per cubic meter; ALK, PAH, alcohols, and sterols in nanograms per cubic meter. 
*Days with a breakdown in the harbor silo; asthma occurrence not yet epidemiologically studied. 
t-CO.5 rig/m). 

Quantitation The values corresponding to the samples included in 
According to these features, diverse parameters re- this study are listed in Table I. The activity in the 

lated to urban pollution (traffic and combustion) and harbor related to soybean unloading, as well as the 
the above discussed alcohols have been quantitated. occurrence of asthma outbreaks in the day of collec- 
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Alcohols and sterols 
Allergen 

A 6 C D E F values 

12 1.8 
3.1 -1 

12 2.3 
2.2 0.7 

11 3.0 
4.8 1.3 
1.7 0.7 
2.3 - 
9.7 16 

23 16 
21 7.0 
23 2.2 
6.2 1.4 

14 1.2 
93 - 
75 2.2 
19 0.8L 
22 3.5 
18 - 
32 - 
7.0 2.7 

17 2.8 
8.8 - 
1.6 - 
5 1 

2.5 0.5 
3.0 0.4 

14 - 
7.0 - 
- - 
- - 
- - 
- - 

5.2 - 
9.0 - 
- - 

8.2 - 
6.4 - 

67 15 
83 7 

13 
6.5 
8.9 
2.4 

10 
5.2 
2.1 
1.9 

41 
33 
14 
8.2 
4.7 
2.6 
2.8 
- 

6.5 
8.0 
1.6 
- 

24 
19 

- 

0.88 
2.7 
1 
0.8 
1.0 
1.4 

15 
13 

- 

1.9 
3.0 
- 

4 
1.5 

40 
17 

79 28 
32 11 
89 30 
17 5.8 
96 33 
27 9.3 
4.5 1.5 
3.0 1.3 

55 12 
77 35 
33 29 
45 19 
12 3.7 
9.8 9.4 
9.3 9.0 
4.0 8.1 
9.8 3.6 

23 7.1 
3.1 15 
7.8 13 

190 14 
110 19 

2.3 5.6 
6.0 1.4 

10 4.7 
5.8 0.75 
5.0 1.0 
6.3 3.7 

10 5.2 
1.6 9.4 
1.4 8.8 

3.0 
0.9 
3.0 
0.55 
2.9 
1.0 
- 

- - 

- 

1.6 
7.7 
4.2 
2.9 
1.9 
2.6 
0.9 
- 

0.8 
2.7 
3.2 
2.6 
1.8 
4.7 
2.9 
0.5 
1.5 
3. 
2.0 
- 

1.2 
1.5 
1.4 
- 

- - - 

9 5.2 - 
9 6.5 - 

- - - 
8.7 4.5 - 
8.8 4.9 1 

68 34 11 
60 45 15 

ND 
ND 
ND 
ND 
ND 
ND 
ND 

54.1 
ND 

9248 
ND 

10590 
ND 
ND 
ND 

15.3 
ND 
319 
ND 

82.8 
ND 

1555 
ND 
163 

5.0 
18.0 
99.2 

ND 
0.3 

ND 
0.9 

ND 
0.2 

ND 
41.9 

ND 
15.3 

ND 
ND 
ND 

tion, are a:lso indicated. Epidemic days were defined 
from the number of ER admissions for asthma ac- 
cording to the statistical criteria established in the 
MATERIAL AND METHODS section. Urban pol- 
lution is represented by two organic parameters: total 
n-alkanes and total parent PAHs. These are comple- 
mented with the airborne lead measurements corre- 
sponding lo the studied days. TSPs are also con- 
sidered. 

The average values of these parameters for epi- 
demic and nonepidemic days are presented in Table 
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II. TSP matter has about the same mean for both 
populations, but the average traffic and combustion 
parameters are higher in epidemic than in nonepidemic 
days. This reflects the air stagnation conditions usually 
observed in association with the asthma episodes9~ ‘O 
However, the significance of the differences of means 
between the two populations are not high if the stan- 
dard deviations are considered (Student’s I test in 
Table II). In epidemic days, air stagnation can also 
involve the increase in concentration of some biogenic 
compounds, such as n-octacosan- l-01. 

This finding strongly contrasts with the important 
increase of campesterol, stigmasterol, B-sitosterol, n- 
triacontan- l-01 and n-dotriacontan- l-01 in outbreak 
days. High confidence intervals are found when the 
hypothesis of different means is tested for these 
components (i.e., > 0.99 for B-sitosterol and IZ- 
triacontan- l-01, Table II). 

Soybean alcohol/sterols in epidemic days 

The results indicated above strongly suggest that 
the occurrence of asthma outbreaks in Barcelona was 
related with rises in airborne concentration of cam- 
pesterol, stigmasterol, B-sitosterol, n-triacontan-1-01, 
and, to a lesser extent, n-dotriacontan-l-01, a set of 
compounds that must reflect the presence of the al- 
lergen in the aerosols of the city. 

In Fig. 3, the alcohol composition of urban aerosols 
from epidemic days is compared with that of soybean 
dust from the filters of the harbor silos and airborne 
dust collected in the harbor during soybean unloading 
(high-volume pumping and filtration). The concentra- 
tion of these compounds in diverse soybean dusts and 
husks is presented in Table III. The similarity be- 
tween the profiles of epidemic urban aerosol and har- 
bor dust during soybean unloading is striking. This 
alcohol/ sterol composition appears to be intermediate 
between that of dust collected at soybean processing 
and dehusking silo filters. 

These results provide additional evidence that soy- 
bean dust was effectively present in the atmosphere 
of Barcelona during the epidemic days. ” However, 
the possibility that other biogenic sources also con- 
tributed to these distributions of alcohols / sterols must 
be considered. As illustrated in Fig. 2, some level of 
n-triacontan- l-01 and dotriacontan- l-01 is generally 
present in the atmosphere of the city in nonepidemic 
days. As indicated above, in these cases, these al- 
cohols are minor homolog members of a distribution 
of C22-C32 n-alkan-1-01s maximized at C24 or C26. 
In contrast, soybean dust is characterized by a high 
predominance of n-triacontan- l-01 among the acyclic 
alcohols (Fig. 3), which represents an important dis- 
tinct feature usually observed in most aerosol samples 
from epidemic days. In any case, the average values 
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FIG. 2. Representative chromatograms of the three lipid fractions corresponding to the filter 
extracts collected in epidemic (E) and nonepidemic (NE) days at Molina (MOL) and Poble Nou 
(PNI stations. Peak identification is as follows: Ff, numbers refer to chain length of n-alkanes; 
F2: a, fluoranthene; b, pyrene; c, benzo(ghi)fluoranthene; & cyclopenta(cd)pyrene; e, chrysene 
plus triphenylene; 1: benzofluoranthenes; 9, benzo(e)pyrene; h, benzo(a)pyrene; i, indeno(l,2,3- 
cdjpyrene; j, benzo(ghi)perylene; k, coronene; F3: a, n-octacosan-l-01; f~, campesterol; c, stig- 
masterol; d, p-sitosterol; e, n-triacontan-l-01; 6 n-dotriacontan-l-01. 

TABLE II. Average concentrations of alcohols, sterols, allergen, and pollution parameters of 
samples collected in asthma epidemic and nonepidemic days (individual values listed in Table I) 

Asthma epidemic 

Mean SD 

Nonepidemic 

Mean SD 

Significance of the difFerences of means 

Estimated t value Confidence interval* 

TSPt 211 59 206 105 0.18 0.10 
Leadt 1.7 1.2 1.3 0.94 0.98 0.60 
Petrogenic n-alkanes$ 275 240 200 160 0.95 0.60 
PAHS 96 70 58 55 1.6 0.80 
n-Octitcosan- l-01$ 26 25 14 22 1.4 0.80 
CampesterolS 6.9 5.9 0.45 0.84 3.6 0.99 
StigmasterolS 21 12 3.0 3.8 4.9 0.99 
p-SitosterolS 82 42 6.6 4.9 5.9 0.999 
n-Triacontan- 1 -ol$ 21 10 5.1 4.1 7.0 0.999 
n-Dotriacontan- l-01$ 5.3 4.3 1.1 1.1 3.2 0.98 
Soybean allergen§ 7100 4900 63 91 4.8 0.99 

The mean differences corresponding to the two groups of samples are evaluated with the Student’s t test for populations of significantly 
different standard deviations.” 

*Confidence interval of the nearest tabulated t value lower than the estimation. 
tin micrograms per cubic meter. 
*In nanograms per cubic meter. 
IUnits of allergen. 
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FIG. 3. Representative gas chromatograms of the alcohol/sterol fraction (F3) of (7) filter dust at 
soybean processing, (2) soybean husk, (3) harbor dust during soybean unloading and husk 
removal, and (4) air particulates collected in an epidemic day. Peak identification the same as 
in Table I. 

TABLE HI. Main alcohols and sterols of dust generated during soybean unloading and processing 
in the harbor plants 

n-Dctacosan-l-01 Campeeterol Stigmasterol @Sitoeterol n-Triacontan-l-01 n-Dotriecontan-l-01 

Husk-l* 18 130 140 610 84 60 
Husk-2t 
Husk-3t 
Filter dust at 

discharge * 
Filter dust at 

processing* 
Husk dust 
Harbour dust$ 

32 140 160 760 96 56 
11 15 130 520 94 75 

110 14 160 360 380 220 

280 180 300 700 1100 560 

290 540 700 2800 420 290 
44 24 51 260 150 74 

Grain husk composition for diverse soybean shipments is also provided (concentration, micrograms per gram). 
*Husk and filter dusts collected during controlled soybean processing. 
tGrain husks corresponding to soybean shipments unloading of which was coincident with asthma outbreaks (September 4, 1987). 
Xollected by air filtration during controlled unloading and treatment (concentration, nanograms per cubic meter. rig/m)). 

of epidemic and nonepidemic days listed in Table II 
indicate that this “background level” of n-triacontan- 
l-01 or dotriacontart-l-01 has a minimal masking effect 
of the characteristic increased concentrations of out- 
break days. 

In contrast, biogenic sources, such as pollen, may 
also contribute to the presence of p-sitosterol or other 
soybean-re:lated sterols. 2e28 However, they generally 
reveal othe:r alcohol/sterol patterns allowing a differ- 
entiation with respect to soybean inputs. In any case, 
the organic: fraction of the aerosols of Barcelona is 

dominated by compounds related with traffic and py- 
rolytic pollution; contributions from pollen are small. 
In this respect, the sterol composition of the samples 
collected during the period of highest pollination (late 
February to Aprilz9) in nonepidemic days demonstrate 
sterol concentrations well below concentrations of the 
aerosols sampled during the outbreaks. The lack of 
significant interferences is also illustrated by the mean 
values of Table II. The probability that a simple ran- 
dom effect is responsible for the strong differences 
between epidemic and nonepidemic days is in the 
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FIG. 4. Factor analysis scores of the correlation matrix corresponding to the parameters of Table 
I. Numbers correspond to Table I; epidemic days (*I and nonepidemic days (0). The pollution 
factor was significantly loaded by TSP, lead, total n-alkanes, and PAH. The soybean factor 
was significantly loaded by campesterol, stigmasterol, p-sitosterol, n-triacontan-l-01, and n- 
dotriacontan-l-01. 

order of 0.001 for B-sitosterol and 0.01 for stigmas- 
terol and campesterol. The airborne concentration of 
these sterols in nonepidemic days has a “background 
level” effect limiting the capacity of detection of small 
amounts of soybean dust. This effect is not important 
in the atmosphere of Barcelona. However, it repre- 
sents one of the first parameters to be determined for 
the application of this molecular-marker approach to 
other urban areas. 

Soybean allergens in epidemic days 

Serum IgE Abs were obtained from patients af- 
fected by asthma epidemics. A strong association be- 
tween these Abs and soybean antigens has been dem- 
onstrated in previous studies.‘* In the present study, 
these Abs were used as reagents to measure allergens 
from extracts of portions of the same filters used for 
alcohol/ sterol analysis. 

The results are also included in Table I. High al- 
lergen values are obtained in epidemic days (1600 to 
10,600 units) that contrast with the low values ob- 
served in nonepidemic samples (0.3 to 320 units). As 
expected, the strong contrast between the allergen 
content of filter particulates collected in epidemic and 
nonepidemic days is reflected in a significant differ- 
ence between the means of the two populations (Table 
II). In this respect, the higher estimated t values of 

the soybean alcohol/sterol markers likely reflect the 
larger number of samples analyzed. 

These results are consistent with the observation 
that subjects affected in the epidemics have IgE Abs 
to soybean-dust allergens. Furthermore, these results 
provide strong evidence for soybean dust and at- 
mospheric transport as, respectively, source and trans- 
port agent of the asthma episodes. These results 
also suggest the need for the regular monitoring of 
soybean air particulates in areas surrounding soybean- 
treatment plants. 

Factor analysis 

Additional assessment into the representativity of 
these soybean markers and allergen values has been 
obtained from factor analysis of the correlation matrix 
corresponding to the parameters included in Table I. 
One main factor is loaded by lead, PAH, total n- 
alkanes, and TSP, the pollution parameters, and 
another is loaded by B-sitosterol, stigmasterol, n- 
triacontan- l-01, campesterol, and n-dotriacontan- l-01, 
the soybean alcohol/ sterol markers. These two factors 
indicate that urban pollution and soybean material are 
two main independent sources determining the vari- 
ance of results in Table I. Furthermore, these two 
factors afford the differentiation between samples col- 
lected in epidemic and nonepidemic days (Fig. 4). 
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This observation is consistent with the results reported 
above, but since it is based on the correlation matrix 
corresponding to the whole Table I, it indicates that 
these previous observations represent a major trend 
within the data set selected for study. 

The conoantration of airborne soybean dust 
in epidemic days 

The TSF’ results of Tables I and II indicate that the 
asthma episodes did not involve significant increments 
of dust particulates in urban atmosphere. Neverthe- 
less, the average level of airborne dust in epidemic 
days can be estimated by comparison of the concen- 
trations of soybean markers in the urban aerosol and 
in the dust collected at the harbor silos. Two different 
aerosol concentrations have been selected for this 
comparison: ( 1) the average alcohol / sterol composi- 
tion corresponding to all epidemic days studied (Table 
II) and (2) the composition of the samples that, ac- 
cording to :factor analysis, lie at the boundary between 
epidemic and nonepidemic days (i.e., sample No. 4, 
Fig. 4). Concentrations of 25 and 5 kg/ m3 are ob- 
tained for the first and second approach, respectively. 
These two values elicit an estimate of the 24-hour 
mean concentration of atmospheric dust in the city for 
(1) the ave.rage of all epidemic days studied and for 
(2) the case of lowest soybean concentration related 
with an outbreak. 

DISCUSSION 

Alcohol II sterol analysis of aerosols collected in Bar- 
celona during asthma epidemic and nonepidemic days 
has demon,strated that airborne soybean dust released 
from the harbor silos was effectively present in the 
urban atmosphere during these episodes. The soybean 
markers have been identified within aerosol extracts 
largely dominated by petrogenic and pyrolytic hydro- 
carbons. The strong association between airborne soy- 
bean dust and asthma outbreaks is reinforced by the 
allergen re,sults demonstrating high values in the ep- 
idemic days that contrast with the low values of 
nonepidemic samples. However, the concentration of 
soybean dust in the urban atmosphere always repre- 
sented a minor amount of the total suspended partic- 
ulates, even during epidemic days. In this respect, 
factor anal:ysis has confirmed the lack of relationship 
between asthma outbreaks and traffic or combustion 
pollution. 

The quantitation of soybean markers at which 
asthma epidemics occurred is of great interest, al- 
though it deserves further discussion. In this respect, 
the concentrations of soybean dust must be considered 
as very tentative estimates. First, the soybean particles 
released to the atmosphere in the harbor were mixtures 
of dusts from diverse stages of silo processing. As 

presented in Table III, the composition of dust col- 
lected at each stage filter was variable, which implies 
that any reference alcohol/ sterol content considered 
as characteristic of “soybean dust” is approximate. 
Second, and more important, the aerosols analyzed 
correspond to 24 hours of sampling, whereas the 
asthma outbreaks, and likely the presence of airborne 
allergen, cluster in periods of 4 hours. A signifi- 
cant dilution effect is therefore produced. Asthma 
outbreaks are probably provoked by undetermined 
peak concentrations larger than these 24-hour aver- 
ages. Third, sampling sites were located next to the 
places where most of the epidemic asthma cases oc- 
curred. 

These concentrations can also be compared with 
concentrations of soybean allergen that can be esti- 
mated from the immunochemical assays. The aller- 
gens in filters corresponding to epidemic days range 
between 1600 and 11,000 units (approximately 1 to 
10 ng/m3), which are in the same order of magnitude 
as allergens found in some studies of occupational 
asthma.30-32 

Most of the population exposed to soybean dust 
(= 1,700,OOO) was not affected by epidemic asthma, 
but for some individuals (=lOOO), soybean dust con- 
stituted a very hazardous substance. Probably, these 
acute effects have not been previously identified be- 
cause they did not become apparent when smaller 
populations were exposed or simply because they have 
not been systematically searched. The asthma out- 

breaks of Barcelona indicate the need for regular 
monitoring of soybean air particulates in populated 
areas located near soybean plants. The methodology 
presented here is adequate to fulfill this objective even 
in cases in which the aerosol composition is dominated 
by urban pollution. 

REFERENCES 

1, Bronchial asthma and the environment [Editorial]. Lancet 
1986;2:786-7. 

2. Harries MG, Parkes PEG, Lessof MH, Orr TX. Role of 
bronchial irritant receptors in asthma. Lancet 1981;1:5-7. 

3. Mendes E, Cintra AV. Collective asthma, simulating an epi- 
demic provoked by castor-bean dust. J ALLERGY 1954;25: 
253-9. 

4. Weill H, Ziskind MM, Dickerson RC, Derbes VJ. Epidemic 
asthma in New Orleans. JAMA 1964;190:811-4. 

5. Salvaggio J, Hasselblad V, Seabury J, Heiderscheit LT. 
New Orleans asthma. II. Relationship of climatologic and sea- 
sonal factors to outbreaks. J ALLERGY 1970;45:257-65. 

6. Salvaggio J, Seabury J, Schoenhardt EA. New Orleans asthma. 
V. Relationship between Charity Hospital asthma admission 
rates, semiquantitative pollen and fungal spore counts, and total 
particulate aerometric sampling data. J ALLERGY CLIN IMMUNOL 
1971;48:96-114. 

7. Packe GE, Archer PS, Ayres JG. Asthma and the weather 
[Letter]. Lancet 1983;2:280-1. 

8. Usetti P, Rota J, Agusti AGN, Montserrat JM, Rodriguez- 



134 Aceves et al. J. ALLERGY CLIN. IMMUNOL. 
JULY 1991 

Roisin R, Agustf-Vidal A. Asthma outbreaks in Barcelona. in aerosols over the western United States. Atmos Environ 
Lancet 1983;2:280-1. 1984;18:51-67. 

9. Usetti P, Rota J, Agustf AGN, Montserrat JM, Rodriguez- 
Roisin R, Agusti-Vidal A. Another asthma outbreak in Bar- 
celona. Lancet 1984;1:156. 

10. Anto JM, Sunyer J. A point-source asthma outbreak. Lancet 
1986;1:900-3. 

11. Anto JM, Sunyer J, Rodriguez-Roisin R, Suarez-Cervera M, 
Vazquez L. Community outbreaks of asthma associated with 
inhalation of soybean dust. N Engl J Med 1989;320: 1097-102. 

12. Sunyer J, Anto JM, Rodrigo MJ, Morel1 F. Case-control study 
of serum immunoglobulin E antibodies reactive with soybean 
in epidemic asthma. Lancet 1989; 1: 179-82. 

13. Rodrigo MJ, Morel1 F, HelmR, Swanson M, Anto JM, Sunyer 
J, Reed CE. Identification and partial characterization of the 
soybean dust allergens involved in the Barcelona asthma ep- 
idemic. J ALLERGY CLAN IMMUNOL 1990;85:778-84. 

14. Goldstein IF, Rausch LE. Time series analysis of morbidity 
data for assessment of acute environmental health effects. En- 
viron Res 1978;17:266-75. 

21. Simoneit BRT. Application of molecular marker analysis to 
vehicular exhaust for source reconciliations. Int J Environ 
Anal Chem 1985;22:203-33. 

22. Sicre MA, Marty JC, Saliot A, Aparicio X, Grimalt J, Albaigts 
J. Aliphatic and aromatic hydrocarbons in different sized aero- 
sols over the Mediterranean Sea: occurrence and origin. Atmos 
Environ 1987;21:2247-59. 

23. Anto JM, Sunyer J, Plasencia A. Nitrogen dioxide and asthma 
outbreaks. Lancet 1986;2: 1096-7. 

24. Knights BA. Studies in the Cruciferae: sterols in pollen of 
Brassica Napus L. Phytochem 1968;7:1707-8. 

25. Kvanta E. Sterols in pollen. Acta Chem Stand 1968;22: 
2161-5. 

26. Standifer LN, Devys M, Barbier M. Pollen sterols-a mass 
spectrometric survey. Phytochem 1968;7:1361-5. 

27. Opute FI. Lipid and sterol composition of the pollen of the 
West African oil palm, Elaeis guineensis. Phytochem 
1975;14:1023-6. 

15. Knox EG, Lancashire R. Detection of minimal epidemics. Stat 
Med 1982;1:183-9. 

16. Wallenstein SA. A test for detection of clustering over time. 
Am J Epidemiol 1980;111:367-72. 

17. Aceves M, Grimalt JO, Albaigts J, Broto E, Comellas L, 
Gassiot M. Analysis of hydrocarbons in aquatic sediments. II. 
Evaluation of common preparative procedures for petroleum 
and chlorinated hydrocarbons. J Chromatogr 1988;436:503-9. 

18. Agarwall MK, Yunginger JW, Swanson MC, Reed CE. An 
immunochemical method to measure atmospheric allergens. 
J ALLERGY CLIN IMMUNOL 1981;68:194-200. 

19. Swanson WC, Li JTC, Wentz-Murtha PE, et al. Source of the 
aeroallergen of soybean dust: a low-molecular mass glycopep- 
tide from the soybean tela. J ALLERGY CLIN IMMUNOL 
1991;87:783-8. 

28. Thompson MJ, Dutky SR, Lehner Y, Standifier LN, Herbert 
EW. 24-methylenepollinastanol and 24-dehydropollinastanol - 
two sterols of pollen. Phytochem 1978;17:1053-6. 

29. Suarez-Cervera M, Seoane-Camba JA. Estudio de1 contenido 
polfnico de la atmosfera de Barcelona seg(m un nuevo mttodo 
de filtraci6n. Co11 Botan 1983;14:587-615. 

30. Reed CE, Swanson MC, Aganval MK, Yunginger JW. Aller- 
gens that cause asthma: identification and quantification. Chest 
1985;87S:4OS-44s. 

20. Simoneit BRT. Organic matter of the troposphere. III. Char- 
acterization and sources of petroleum and pyrogenic residues 

31. Reed CE, Swanson MC, Lopez M, et al. Measurement of IgG 
antibody airborne antigen to control an industrial outbreak of 
hypersensitivity pneumonitis. J Occup Med 1983;25:207-10. 

32. Woodard ED, Friedlander B, Lesher RJ, Font W, Kinsey R, 
Heame FT. Outbreak of hypersensitivity pneumonitis in an 
industrial setting. JAMA 1988;259: 1965-9. 

33. Himmelblau DM. Process analysis by statistical methods. 
New YorkJohn Wiley, 1970:463. 

AVAILABLE NOW! The PROCEEDINGS OF THE INTERNATIONAL CONGRESS OF 
ALLERGOLOGY AND CLINICAL IMMUNOLOGY can be purchased from the Publisher. 
This collection of “state-of-the-art” presentations from the XII Congress held October 20- 
25, 1985, in Washington, D.C., brings together the current advances in basic and applied 
aspects of allergy and allergic diseases. It includes 528 pages covering such topics as IgE, 
roles of the different cell types and their products, clinical problems, asthma, rhinitis, and 
reactions to foods and drugs and occupational agents, collected and reviewed by Editor 
Charles E. Reed, MD (USA) and Associate Editors Joseph Bellanti, MD (USA), Robert J. 
Davies, MD (UK), Sidney Friedlaender, MD (USA), Albert Gehling, MD (Spain), and 
Raymond G. Slavin, MD (USA). 

To purchase, call or write: Mosby-Year Book, Inc., 11830 Westline Industrial Dr., 
St. Louis, MO 631463318, or telephone FREE l-800-325-4177, Journal Fulfillment, ext. 
4351 (in Missouri call collect at 314-872-8370, Journal Fulfillment, ext. 4351). Prepayment 
required. Make checks payable to Mosby-Year Book, Inc. (All payments must be in US 
funds drawn on a US bank.) Price: $36.50 in the US, $40.50 in Canada, and $41.50 
international (surface shipping charges included). 


