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Assessing Airborne Aflatoxin B1

During On-Farm Grain Handling
Activities

The presence of aflatoxin in corn and corn dust during relatively normal years and the

increased risk of Aspergillus flavus infestation during drought conditions suggest that airborne

agricultural exposures should be of considerable concern. Liquid extraction, thin layer

chromatography, and high pressure liquid chromatography were used for the analysis of

aflatoxin B1 in grain dust and bulk corn samples. A total of 24 samples of airborne dust were

collected from 8 farms during harvest, 22 samples from 9 farms during animal feeding, and 14

sets of Andersen samples from 11 farms during bin cleaning. A total of 14 samples of settled

dust and 18 samples of bulk corn were also collected and analyzed. The airborne

concentration of aflatoxin B1 found in dust collected during harvest and grain unloading ranged

from 0.04 to 92 ng/m3. Higher levels of aflatoxin B1 were found in the airborne dust samples

collected from enclosed animal feeding buildings (5–421 ng/m3) and during bin cleaning

(124–4849 ng/m3). Aflatoxin B1 up to 5100 ng/g were detected in settled dust collected from an

enclosed animal feeding building; however, no apparent correlation was found between the

airborne concentration of aflatoxin B1 and its concentration in settled dust or bulk corn. The

data demonstrate that farmers and farm workers may be exposed to potentially hazardous

concentrations of aflatoxin B1, particularly during bin cleaning and animal feeding in enclosed

buildings.

Keywords: aflatoxin, Aspergillus flavus, farm workers, grain handling operations

A
lthough the most publicized route for
human and animal exposure to aflatoxins
is dietary, evidence has been accumulat-
ing to support the possibility that afla-

toxins in airborne dust particles may also consti-
tute both potential acute and chronic hazards
from exposure via the respiratory route.(1–9)

Mycotoxins are commonly seen as the etio-
logic agent behind the clinical picture of farmers
with sudden acute illness following silo uncap-
ping or other work with moldy silage.(3,4) A neg-
ative immune reaction sharply distinguishes these
patients from those with farmer’s lung disease.
Both classes of patients subsequently return to
health after their exposures. Emanuel et al. orig-
inally referred to the observed lung disease as
pulmonary mycotoxicosis, which they attributed
to the inhalation of fungal toxins from the work
environment.(3) This toxic response is now
known as organic dust toxic syndrome.(4,5)

Dvorackova(6) reported a case of pulmonary
adenomatosis in a chemical engineer who be-
came acutely ill after he was exposed to high lev-
els of the mold Aspergillus flavus for 3 months
while working on a process to sterilize Brazilian
peanut-meal. The condition of the patient be-
came worse, and he died 3 months after the on-
set of his illness. Analysis of the lung tissue using
the technique of thin layer chromatography
(TLC) revealed the presence of aflatoxin B1.
Three patients, two agricultural workers and one
textile worker, died of acute lung disease, clini-
cally diagnosed as bronchopneumonia or influ-
enza.(7) Postmortem histological investigation re-
vealed interstitial fibrosis, and radio immunoas-
say analysis showed the presence of aflatoxin B1

in samples of lung tissue in all three cases.(7)

These cases provide plausible evidence for an
acute occupational risk associated with aflatoxin
inhalation.
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Documented cases of chronic effects associated with airborne
exposure are limited in part by the lack of a method to detect
low-level airborne aflatoxin exposure. Epidemiological studies of
about 71 Dutch workers exposed to airborne aflatoxin at a pea-
nut and linseed oil processing plant represents the earliest and
most direct evidence for an occupational risk associated with air-
borne exposure to aflatoxin-contaminated grains.(8,9) These
workers were exposed from 1961 to 1969 to dust from oil-press
residues that were dried and bagged for use as animal feed. Af-
latoxin exposures were estimated to be on the order of 5 pg/m3

with the content of aflatoxin in the airborne dust in the range
of 250 to 410 ng/g. The time-weighted average dose of baggers
was estimated to be from 0.04 to 2.5 mg per week. Initially,
researchers found rates of cancer generally and liver cancer spe-
cifically among exposed workers to be more than three times that
in a matched control group, but the number of workers exposed
was too small to provide statistical significance.(8) In 1984 Hayes
et al.(9) analyzed the mortality data for the same exposed popu-
lation and comparison group using the Standardized Mortality
Ratios (SMR). The mortality occurring between 1963 and 1980
was found to be significantly elevated for cancer of all types
(SMR52.5) in comparison with matched controls at p,0.01,
while the p for an SMR52.5 for respiratory cancers was still less
than 0.05 due to the small sample size.(9) The other (nonrespi-
ratory) tumors identified were at a variety of sites but were pri-
marily digestive.

Cancer studies among grain handlers or farmers are few and
variable. Among 2649 recently studied Swedish grain millers,
working during the period from 1961 to 1979, the incidence of
liver cancer (but not overall cancer) was significantly elevated.(10)

A recent review of U.S. statewide epidemiological studies of
farmers and rural residents scattered over the past 15 years found
low overall cancer rates,(11,12) low rates for the common cancers
related to lung, esophagus, and mouth,(13) but high rates for var-
ious specific types such as leukemia, Hodgkin’s disease, non-
Hodgkin’s lymphoma, and stomach.(12) The low rates of respi-
ratory cancer are attributed to low rates of smoking; approxi-
mately 17% of farmers smoke compared with 34% of the general
population.(14) The high rate but diverse pattern of other cancers
is commonly (and perhaps wishfully) attributed to pesticides but
is not inconsistent with some of the above findings related to
aflatoxin.(1,9)

Exposure levels among farmers are poorly documented and
no doubt highly variable. In surveys by Donham et al.(15–17) dust
levels in swine barns ranged from 2.4 to 16 mg/m3, were largely
of organic origin (ca. 25% protein content typically associated
with feed corn), and included 16 A. flavus colony forming units/
mg dry dust (no analyses were made for aflatoxin per se). Shot-
well and Burg(18) found 12 to 200 ng/g and up to 25 ng/m3

aflatoxin B1 contamination in corn dust during their pilot sur-
veys. Sorenson et al.(19) reported that while the dust may be
coarse, aflatoxin B1 was more concentrated on the smaller par-
ticles (in the 3–5 mm diameter characteristic of A. flavus spores).

Farmers are potentially exposed to grain dust year-round, be-
ginning at harvest and grain storage, continuing during animal
feeding in livestock buildings, and peaking in bin cleaning oper-
ations. There are no literature data currently available on aflatoxin
B1 exposure levels inside swine production buildings. This type of
exposure is highly important in determining farmers’ total annual
exposure because animal feeding is a year-round activity. A dose
capable of producing cancer could result from repeated exposure
to low levels of aflatoxin over a long period of time. Therefore,
the purpose of this article is to document preliminary findings on

levels of aflatoxin B1 in grain dust during several on-farm grain
handling activities.

EXPERIMENTAL MATERIALS AND METHOD

Samples

Corn dust samples were collected from local farms within the state
of Iowa between 1989 and 1993. Settled dust samples were gath-
ered from floors or equipment in grain loading and unloading
areas, storage bins, or feed grinding areas. Airborne dust samples
were collected on fiber glass filters during harvest, animal feeding,
and bin cleaning operations, using Andersen impactors and 37-
mm cassette personal air samplers. In most cases representative
samples of whole kernel corn were also collected from the respec-
tive corn-handling operation. The Andersen impactors were dis-
assembled in the lab and the dust loaded filters transferred to la-
beled storage containers until ready for analysis. Personal air sam-
pling cassettes were allowed to equilibrate overnight at room tem-
perature, and the dust loaded filters were then weighed and stored
in a 50-mL screw-cap tube until analyzed. All samples were stored
in sealed plastic bags at 248C. Before analysis, settled dust samples
were sieved through a 40-mesh screen to remove large debris.
Bulk corn samples were ground and sieved through a 1-mm mesh
screen for consistent size.

Chemicals

(1) Organic solvents were HPLC grade, purchased from Baxter
Health Corp., Scientific Products Division (McGaw Park, Ill.).
(2) Solid aflatoxin B1 was obtained from Sigma Chemical Co. (St.
Louis, Mo.) at 99.0% purity and was used for preparation of stan-
dards without further purification.
(3) Solid phase extraction cartridges containing 200 mg cyano
packing were obtained from Alltech Associates (Deerfield, Ill.).
Similar cartridges (Supelclean LC-CN, Supelco, Bellefonte, Penn.)
were also used.
(4) Acid washed celite was obtained from Sigma Chemical Co.
(5) Silica gel, 100–200 mesh, was obtained from Fisher Scientific
(Newlawn, N.J.).
(6) Anhydrous granular sodium sulfate was obtained from Mathe-
son Coleman and Bell (Raleigh, N.C.).

Liquid Extraction

The liquid extraction method for bulk corn was adapted from the
Methods of the Association of Official Analytical Chemists, section
968.22, 1990.(27) The liquid extraction of dust samples was adapt-
ed from the method developed by Shotwell et al.(28) Fifty grams
of ground corn (,1 mm mesh size) were mixed with 15 g celite,
15 mL water, and 250 mL chloroform in a 500-mL conical flask.
The flask was mounted on a Bruell wrist shaker and shaken for 30
minutes. After shaking, the contents of the flask were filtered
through Whatman #1 filter paper. The content of the flask was
washed with chloroform, and the washings were combined with
the sample extract. The dust samples (, 1 g ea.) were extracted
similarly, by shaking for 30 minutes with 15 g of celite, 15 mL of
water, and shaken with 150 mL chloroform. Filtered extract was
transferred to a round-bottom flask, evaporated on a rotary-evap-
orator to near dryness, and the residue was transferred to a grad-
uated conical tube using 4 3 2 mL transfers in methylene chlo-
ride. The methylene chloride was evaporated under nitrogen, and
the residue was redissolved in 1 mL methanol.
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TABLE I. TLC Analysis of Aflatoxin B1 in Airborne Dust on Samples
Collected During Harvest and Handling of the 1988 Corn Crop in
Iowa

Farm ID

Aflatoxin B1 Level in Airborne Dust (ng/m3)

Harvest Unloading Feeding

1
2
3
4

ND
67A

ND
ND

ND
ND
ND
92

NA
NA
NA
8

Note: NA 5 not available, samples were not collected; ND 5 not detected.
AInside tractor cab

TABLE III. Aflatoxin B1 Levels in Settled Corn Dust Collected from
Swine Buildings in 1990

Sample
ID Location of Collected Dust

Aflatoxin
B1 Level

(ng/g)

JM-S
CW-C
DF-M
JB-W
JM-Q

sifted stored corn (1- and 2-mm sieve)
ceiling vent in swine nursery building
walls and equipment in swine farrowing building
surface of tractor operated as feed mill
walls and equipment in swine gestation building

23
56
91

181
287

EH-N
DF-K
DF-L
JB-X

walls and equipment in swine farrowing building
tractor-operated feed mill
walls and equipment in nursery building
walls and equipment in swine nursery buildling

501
628
870

5101

TABLE IV. Aflatoxin B1 Levels in Airborne Dust Collected from
Enclosed Swine Facilities in the Fall of 1991

Sample ID
Dust Weight

(mg)
Air Volume

(m3)

Aflatoxin
B1 in Air
(ng/m3)

CW-1 SF
CW-2 SF
CW-3 SF
CW-4 SF

5.09
6.22
NA
5.67

1.92
1.92
1.92
1.92

ND
55

ND
367

JB-1 SF
JB-2 SF
JB-3 SF
JB-4 SF

4.42
3.72

14.41
14.48

3.64
1.77
5.87
5.86

15
421

5
ND

Note: NA: Not available, weight was not accurately recorded; ND: not detected;
HPLC detection limit: 1 ng injected.

TABLE II. TLC Analysis of Aflatoxin B1 in Airborne Dust, Animal
Feed, and Settled Dust in Animal Confinement Buildings, Summer
1989

Farm No.

Aflatoxin B1 Levels

Feed
ng/g

Settled Dust
ng/g

Airborne Dust
ng/m3

5

6

ND

28
(n 5 3)

125
(n 5 2)

227
(n 5 3)

6
(n 5 2)

6
(n 5 2)

Note: ND 5 not detected; TLC detection limits were ø 2 ng.

Extract Cleanup with Solid-Phase Extraction

The extract solution in methanol was cleaned from matrix inter-
ferences using glass columns packed with silica gel, following the
procedure described in the literature.(28) Alternatively, Supelclean
LC-CN columns were used for extract cleanup.(29) The clean ex-
tract was then analyzed by thin layer chromatography (TLC),(28,30)

or high pressure liquid chromatography (HPLC).(29,31)

HPLC Analysis

The HPLC system consisted of two Waters model 600A pumps
(Waters Associates, Division of Millipore Corp., Bedford, Mass.)
and a Hewlett-Packard diode array detector, model 1050 (Hew-
lett-Packard Corp., Palo Alto, Calif.). The analytical column was
a Supelcosil LC-18 column, 4.6 mm id 3 25 cm long (Supelco,
Inc.). Data acquisition and analysis was carried out using a Spectra
Physics SP4270 computing integrator (Spectra-Physics, San Jose,
Calif.). A mixture of water-methanol-acetonitrile (60120120)
was used as the mobile phase, at a flow rate of 1.1 mL/min. The
ultraviolet detector was set at a wavelength of 365 nm, band width
of 8 nm, reference wavelength 450 nm, and band width 50 nm.
The clean sample extract (after solid-phase extraction cleanup) was
evaporated to near dryness using gentle nitrogen purge, the ex-
tract residue was redissolved in 0.2 mL of the HPLC mobile
phase, and 30-mL aliquots were injected into the HPLC. At am-
bient temperature and the above instrumental conditions, the re-
tention time for aflatoxin B1 was around 9.0 minutes with a re-
tention window of , 65%.

The identity of the aflatoxin B1 was based on its HPLC reten-
tion time compared with the standard and control samples. The
control samples consisted of matrix blank (corn with no detectable
aflatoxin B1) and matrix spike. Under the HPLC conditions used,
a mixture of aflatoxins (B1, B2, G1, G2) is totally resolved and
aflatoxin B1 eluted as the last peak. With the extract cleanup pro-
cedure used, the identity of aflatoxin B1 was not affected by matrix

interferences except in cases of high background interferences or
improper extract cleanup. In such cases the extraction and cleanup
processes were repeated, or in some cases, TLC or fluorescence
detection was used to confirm the presence of aflatoxin B1.

The concentration of aflatoxin B1 was calculated from the peak
height of the unknown sample and the response factor, deter-
mined from the multilevel calibration with known standards. The
HPLC detection limit was 1 ng based on the amount injected.

RESULTS AND DISCUSSION

Following the drought of 1988, four local farms were selected
for collection of airborne samples during the harvest operation.

The farms were selected based on the farmers’ concern and will-
ingness to collaborate during sampling. Personal air sampling
pumps were used to collect dust samples on fiber glass filters at
two locations, inside and outside the cab of the harvesting tractor.
In one of the four farms extra air samples were collected during
the unloading of the grain and inside a hog production building,
where some of the harvested grains were used for animal feeding.

The results of the TLC analysis of these samples are summa-
rized in Table I. Aflatoxin B1 was detected in the airborne dust
samples in two out of the four farms selected. In Farm 2, aflatoxin
B1 was detected in the dust sample collected from inside the trac-
tor cab but was not detected in the outside sample, perhaps be-
cause of strong crosswinds. In Farm 4, aflatoxin B1 was not de-
tected in the field dust samples but was found in the dust samples
collected during corn unloading and inside the hog production
building, where the same corn was used for animal feeding.
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TABLE V. Aflatoxin B1 Levels in Bulk Corn and Airborne Dust
Samples Collected During 1991 Harvest

Sample ID

Aflatoxin B1

in Bulk Corn
(ng/g)

Aflatoxin
B1 in Dust

(ng/g)

Aflatoxin
B1 in Air
(ng/m3)

BI-1 H
BI-2 H
BI-3 H
BI-4 H

Bulk corn 15

ND
ND
161
ND

ND
ND
2

ND

JB-1 H
JB-2 H
JB-3 H
JB-4 H

Bulk corn 11

ND
559
ND
2

ND
27
ND
0.04

CW-1 H
CW-2 H
CW-3 H
CW-4 H

Bulk corn 23

6183
ND
ND
ND

91
ND
ND
ND

BH-1 H
BH-2 H
BH-3 H
BH-4 H

Bulk corn 23

3
ND
ND
ND

0.3
ND
ND
ND

Note: ND: Not detected; HPLC detection limit: 1 ng injected.

TABLE VI. HPLC Analysis of Aflatoxin B1 Concentration in Bulk
Corn and Airborne Dust During Bin Cleaning, Summer 1992 Cleaning

Farm No.

Aflatoxin B1

Level in Bulk Corn
(ng/g)

Aflatoxin B1

Level in Air
(ng/m3)

BC1
BC2
BC3
BC4
BC5
BC6
BC7

16
309
15
35
82
10
4

348
3390
124
769

1210
512
276

BC8
BC9
BC10
BC11
BC12
BC13
BC14

207
120

2
ND
ND
ND
4.13

447
1550
4849
2488
245
ND

1421

Note: ND: Not detected; HPLC detection limit: 1 ng injected.

TABLE VII. Comparison of Annual Dose of Dust While Farming

Activity

Exposure

Concen-
tration
(mg/m3)

Duration
(hours)

Frequency/
Year

Respiratory
Rate

(m3/hr)

Annual Dose
of Dust

(mg/year)

Livestock feeding
Storage bin cleaning
Harvest

;4
;40
;1

;2/day
4/bin

12/day

365 days
2 bins
7 days

1.25
2.5
1.25

5
5
5

3650
800
105

Aflatoxin B1 concentrations of 67 ng/m3 and 92 ng/m3 are com-
parable with farm level measurements of Burg and Shotwell(25) and
are significantly higher than the Netherlands epidemiological study
(roughly 5 pg/m3), which showed 2.5 times the risk of cancer
among 71 peanut and flax seed processors.(9)

Improper storage of initially contaminated grain may also result
in fungal spread and increased production of aflatoxin B1. In ad-
dition, grains that may be unmarketable due to their contamina-
tion with aflatoxin B1 producing fungi can be used for on-farm
animal feeding. To investigate this possibility, airborne dust sam-
ples (approximately 4–5 m3 of air) were collected and analyzed
along with bulk feed samples and settled dust from two animal
confinement facilities during the summer of 1989. The results of
the analysis are provided in Table II. Although aflatoxin B1 was
not detected in the feed sample from Farm 5, it was detected in
the duplicate samples of settled dust and airborne dust from the
same farm. Aflatoxin B1 was detected in all replicated samples of
feed, settled dust, and airborne dust from Farm 6.

Continued sampling and analysis of more farms in 1990 re-
vealed aflatoxin B1 levels ranging from 23 to 5100 ng/g in settled
dust from swine buildings (Table III). Analysis of airborne dust
samples collected from the swine buildings during the fall of 1991
(Table IV) showed aflatoxin B1 concentrations in airborne dust
ranging from 5 to 421 ng/m3. These preliminary data demon-
strate that even in less drought-stressed corn, aflatoxin B1 is pres-
ent at detectable levels in many on-farm grain handling operations.
Settled dust from animal confinement buildings contained the
highest level of aflatoxin B1 detected among all samples collected
(983 ng/g).(24) This is probably due to uncontrolled changes in
temperature and humidity, which are conducive to increased fun-
gal growth of Aspergillus spores. Exposure to such dust may be
highly significant when it becomes airborne as a result of air or
mechanical disturbances.

Analysis of airborne dust collected during the 1991 harvest
(Table V) showed concentrations of aflatoxin B1 in the air ranging
from 0.3 to 91 ng/m3. The concentration of aflatoxin B1 in bulk
corn in the same farms ranged from 11 to 23 ng/g; however,
there is no apparent correlation between the concentration of af-
latoxin B1 in the air and the bulk corn collected during the harvest.

A comparison between aflatoxin B1 concentration in bulk corn
and airborne dust samples collected during bin cleaning on 11
Iowa farms is shown in Table VI. Aflatoxin B1 was detected in the
airborne dust from 13 out of the 14 samples collected. The level
of aflatoxin B1 in the sampled air ranged from 124 to 4849
ng/m3.

Although bin cleaning was the dustiest among all sampled farm
activities, enclosed hog production building aerosols (principally
feed and other organic dusts(17)) constitute the highest potential
hazard to farmers by virtue of their combination of dust concen-
tration and total annual duration of exposure in comparison with
other activities, as shown in Table VII. (Harvest data are based
on best judgment as are respiratory rates, which are higher for the
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manual labor involved in bin cleaning.) The cumulative annual
dose of aerosolized dust is an indicator of potential dose of afla-
toxin B1 if the toxin concentration is the same at each stage. At
this time, it can only be hypothesized that aflatoxin B1 concentra-
tions in dust from bin cleaning may be higher than in dust from
other on-farm grain handling activities.

CONCLUSION

The detection of aflatoxin B1 in airborne dust during harvest,
grain loading and unloading, bin cleaning, and animal feeding

operations provides evidence that farmers may be exposed to po-
tentially hazardous levels of aflatoxin B1. Although the highest
level of aflatoxin B1 in airborne dust was measured during bin
cleaning, animal feeding in confined buildings could contribute
the major part of the exposure since it is a year-round grain han-
dling activity. Accurate assessment of the annual exposure requires
repeated measurements under different conditions of temperature,
humidity, and wind velocity and direction. The content of afla-
toxins in the dust should be compared with the level of aflatoxins
in bulk corn from the same sampling location.(2) Such correlation
may then be used in a regional survey to estimate the annual ex-
posure dose to aflatoxin B1 from various farm activities.
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