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Inhalation of airborne micro-organisms and their associated contaminants in the workplace can cause a range of
immunological and respiratory symptoms. The mechanisms through which these respiratory effects are caused are not
all fully understood. The evaluation of worker exposure is essential for establishing causal relationships between
occupational disease and one or several specific micro-organisms or their associated contaminants.

This study investigated the role of micro-organisms and their associated contaminants in the development of
immunological and clinical response in workers exposed to grain dust. The objectives were:

[ ] To assess the exposure of grain workers in the UK to inhalable grain dust, the microbial contaminants in grain dust,
including identification of the predominant micro-organisms involved, and to endotoxin (bacterial cell wall toxins).

[ ] To measure the prevalence of immunological response to grain dust associated allergens in UK grain workers.

[ ] To examine the long term clinical and immunological effects of workplace exposure to grain dust and its
contaminants in terms of its effect on respiratory health. This was done by establishing a cohort of 321 workers
exposed to grain dust (farmers at 27 farms and dock workers at 2 docks in South East England) and maintaining
as many as possible in the cohort for repeated immunoassay and clinical assessment over two study phases,
Phase 1 from 1990 to 1993 and Phase 2 from 1997 to 2003.

This report and the work it describes were funded by the Health and Safety Executive (HSE). Its contents, including any
opinions and/or conclusions expressed, are those of the authors alone and do not necessarily reflect HSE policy.
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not be offering enough protection and the use of. RPE inside the cabs should be considered.
The levels of IgE response in non-atopic farmers indicates that farmers continue to be exposed
to high levels of grain dust work-related allergens.  Observations made during the
microbiological sampling indicated that better protection factor RPE, worn more frequently
during specific high dust exposure tasks, would help reduce the levels of exposure, particularly
during harvesting in areas/situations where it is not practicable to reduce dust exposure in other
ways. It would be important to ensure that such RPE offered suitable levels of protection
against endotoxin exposure.
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Table 2.1. Summary of aerobiological contamination levels measured during Phase 1 and 2 at farms and docks.

Bacteria cfu/m®

Fungi cfu/m®

Thermophilic
Bacteria and

Dust mg/m®

(Highest personal

Endotoxin EU/m®
(Highest personal

actinomycetes monitor) monitor)
cfu/m?®
Farms
Phase 1 | 5.8x10%-1.05x10° | 1.8x10°-1.3x 10’ 0-2.3x10° 0.2 - 488 -
(102.7)
Phase 2 | 1.09x 10°-1.6 x 10° 400 - 2.9 x 10’ 0-5.4x10° 0.08 - 69.53 <5-4.17 x 10*
(69.53) (1.85 x 10%
Docks
Phase 1 | 8.1x10°-1.4x10" | 2.5x10%-6.5x 10° 0-3.9x10* 0.06 - 313.5 -
(313.5)
Phase 2 | 6.6 x10°-3.1x10° 193-8.1x 10° 0-1.37 x 10° 1.56 - 54.29 20.6 - 7.7 x 10°
(137.27) (4.22 x 10%)
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Table 2.3. Bacterial taxa consistently isolated from airborne grain dust.

(not ranked in order of prevalence)

Gram negative spp. Gram positive spp.

Rods: Rods:

Agrobacterium Bacillus licheniformis

Enterobacter agglomerans Bacillus subtilis

Pseudomonas corrugata Microbacterium spp.

Pseudomonas diminuta Rhodococcus fascians

Pseudomonas fluorescens

Pseudomonas glycosyles Coccal rods:

Pseudomonas/Xanthamonas Curtobacterium spp.

maltophilia

Pseudomonas marginalis Cocci:

Pseudomonas testosteroni CDC Group A

Xanthomonas oryzae Micrococcus spp.
Staphylococcus cohinii
Staphylococcus epidermidis
Staphylococcus xylosus

Samples were collected using midget liquid impingers aerosol monitors and 10M filtration heads sampling air at 2 I/min for up to 4 hours and Andersen
samplers sampling at 28.3 I/min for between 0.5 - 5 min. Bacteria were grown at 25°C and 37°C on nutrient agar. Representative colonies of the prevalent
taxa from each site were identified using BIOLOG and API test kits and PCR in 2002.
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Figure 2.2 Airborne contaminants associated with grain handling on farms phase 2
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Please note: no Figure 2.1 in this report
Wheat harvest.

Farm 10. a. Inside tractor; b. Inside combine; ¢. Outside combine; d. Next to grain discharge.

Farm 11. e. Tractor driver personal monitor; f. Inside tractor; g. Outside tractor; h. Combine driver personal monitor; i. Inside combine; j. Outside combine; k. Control away
from harvest.

Farm 14. |. Tractor driver personal monitor; m. Inside tractor; n. Outside tractor.

Farm 17 . o. Tractor driver/grain store worker personal monitor; p. Inside tractor; q. Outside tractor; r. In grain store

Farm 13. s. Control away from harvest.
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Figure 2.5. Airborne contaminants associated with grain handling at dock A phase 2
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Please note — no figures 2.3 or 2.4 in this report

Dock A.

a.Ship hull; b. Lorry loading gallery; c. Scales room; d. basement; e. Works office; f. Personal monitors (highest results); g. On boat.; h. Basement conveyor; |. Basement

office; j. 7th floor cupola; k. Control room; I. Lorry loading; m. Rest area; n._Personal monitor loading ship; 0. Static on the ship; p. Personal monitor basement and scales |
room; . Basement office; r. Rest area.
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Table 2.4. FARMS: Predominant fungi found in individual samples from farms 1-15

cfu/m®x 10° (% of total)

Sample Total number Penicillium Cladosporium Alternaria
Phase 1
BARLEY HARVEST
inside combine 1.40 0.02 (1.5) 1.00 (73.1) 0.21 (15.0)
in field downwind 2.70 0.00 0.87 (32.2) 1.10 (41.0)
WHEAT HARVEST
outside combine 92.00 0.00 22.00 (26.0) 49.00 (53.0)
inside combine 0.33 0.00 0.16 (48.5) 0.15 (45.4)
in grain store 3.70 0.93 (25.1) 0.69 (18.6) 1.80 (5.0)
by dresser 8.30 3.30 (40.0) 3.30 (40.0) 0.83 (10.0)
STORED GRAIN
moving old wheat 3.60 3.63 (99.5) 0.01 (0.25) 0.0 (0.25)
milling 2.70 2.20 (82.0) 0.06 (2.2) 0.40 (14.8)
Phase 2
BARLEY HARVEST
outside combine 66.00 0.00 22.00(33.9) 28.00(42.4)
inside combine 0.68 0.00 0.20 (29.4) 0.31 (45.9)
Inside tractor 1.40 0.00 0.54 (38.6) 0.72 (51.4)
in grain store 19.50 0.00 15.60 (80.0) 3.90 (20.0)

Numbers are given in colony forming units per m® air sampled. Samples were collected using midget liquid impingers aerosol monitors and 10M filtration
heads sampling air at 2I/min for up to 4 hours. Fungi were grown at 25°C and 40°C on malt agar and at 25°C on DG18 agar.
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Table 2.5. DOCKS: Predominant microorganisms found in individual samples from docks A and B.

cfu/m® x 10° (% of total)

Sample Total number Penicillium Aspergillus Cladosporium Alternaria
Phase 1
lorry unloading grain 320.00 0.00 6.90 (2) 83.00 (26) 97.00 (30)
lorry being loaded imported 0.33 0.02 (6) 0.27 (82) 0.02 (6) 0.005 (2)
grain
basement 19.00 2.60 (14) 9.70 (52) 2.60 (14) 0.00
cupola 1.70 0.0 (4) 1.00 (60) 0.00 0.07 (4)
conveyor to ship 0.67 0.10 (15) 0.36 (54) 0.19 (28) 0.00
loading ship 7.60 0.24 (3) 0.00 4.00 (52) 1.30 (18)
unloading ship 4.70 0.79 (17) 3.50 (74) 0.04 (1) 0.00
Phase 2
WHEAT FOR ANIMAL
CONSUMPTION
personal monitor 0.27 0.23 (85.0) 0.004 (1.7) 0.03 (10.0) 0.00
lorry unloading 0.09 0.02 (23.5) 0.005 (58.9) 0.08 (82.4) 0.00
basement 3.10 2.90 (92.5) 0.24 (7.7) 0.00 0.00
basement office 0.34 0.29 (85.5) 0.004 (1.3) 0.004 (1.3) 0.00
loading ship 1.50 1.30 (86.2) 0.10 (6.4) 0.00 0.00
WHEAT FOR HUMAN
CONSUMPTION
Lorry loading 0.06 0.01 (9.1) 0.01 (20.0) 0.006 (9.1) 0.006 (9.1)
basement 1.10 0.00 0.39 (35.5) 0.47 (42.8) 0.16 (14.3)
loading ship 10.00 0.00 4.00 (40.0) 4.00 (40.0) 2.00 (20.0)

Numbers are given in colony forming units per m® air sampled. Samples were collected using midget liquid impingers aerosol monitors and IOM filtration
heads sampling air at 2I/min for up to 4 hours. Fungi were grown at 25°C and 40°C on malt agar and at 25°C on DG18 agar.
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Table 3.5 Summary of RAST IgE results

% positive volunteers
Allergen disc Docks Farms Controls

1990
Atopy 19.8 26 15
Fungi 6.6 15.6 15
Grain 24 6.8 5
Bacteria 0 1 0
Actinomycetes 5.8 3.2 10
Storage Mites 9.5 18.4 15
% positive to one or more discs* 18.2 28.8 -

1998
Atopy 33.3 23.3 33.3
Fungi 0 3.6 3.3
Grain 3.7 51 3.3
Bacteria 0 0 0
Actinomycetes 0 0 0
Storage Mites 3.7 15.3 3.3
% positive to one or more discs* 7.4 21.2 6.7

1999
Atopy 43.5 25.7 14.3
Fungi 8.7 4.8 4.8
Grain 13 9.5 4.8
Bacteria 0 0 0
Actinomycetes 0 0 0
Storage Mites 8.7 16.2 0
% positive to one or more discs* 21.7 22.9 9.5

2001/2

Fungi 5.9 4.8 0
Grain 11.8 4.8 0
Bacteria 0 0 0
Actinomycetes 0 0 0
Storage Mites 0 14.3 0
% positive to one or more discs* 17.6 20.6 0

*excluding bacterial extracts and atopy
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Table 3.7 Summary of ELISA 19G results

Source of Allergen

% positive volunteers

1990 1998 1999/2000 2001/2002
Docks Farms Mills Docks Farms |Controls Docks Farms |Controls Docks Farms |Controls
Wheat 8.7 17 1.7 3.6 74 6.6 4.3 9.5 9.5 5.9 7.9 10
Maize 5.6 3.5 0 0 0 3.3 4.3 1.9 0 5.9 4.8 10
Alternaria 0 41 51 0 12.6 6.6 4.3 16.2 4.8 5.9 4.8 5
A. candidus 0.8 6.6 55 14.3 9.6 9.9 0 0.95 9.5 0 4.8 0
A. fumigatus 0.8 0 1.7 10.7 16.3 3.3 8.7 21.9 4.8 5.9 6.3 5
A. flavus 2.3 1.6 0 0 0.74 3.3 0 0.95 0 0 4.8 0
Cladosporium 2.3 4.3 9.1 0 1.48 3.3 4.3 6.7 0 0 7.9 5
Eurotium 0.8 7.6 18 0 0 0 0 0 0 0 3.2 5
Penicillia 0 1.7 3.6 10.7 2.96 3.3 0 0.95 0 0 3.2 15
% positive to one or 4.8 15.7 135 39.3 37.8 23.3 13 36.2 14.3 17.6 25.4 30

more fungi

NOTE: DUE TO FORMATTING PROBLEMS THERE IS NO PAGE 41 IN THIS REPORT
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9 ANNEX 1
Microbiological results tables for Phase 2 of the study.
Farm 10 cfu/m?
bacteria 25°C bacteria 37°C fungi malt 25°C fungi DG18 25°C fungi malt 40°C | Thermophilic

bacteria and
Actinomycetes

In combine A 7.1x10° 5.7 x 10° 6.8 x 10° 3.5x 10 0 0

In combine B 49x10° 1.05 x 10° 41x10° 8.3 x 10 555 0

outside combine A 8.8 x 10’ 8.5x10° 6.4 x 10° 6.6 x 10° 350 210

outside combine B 1.6 x 10° 6.4 x 10° 8.5 x 10° 9.9 x 10° 1.6 x 10* 628

in tractor 2.9x10° 2.7 x 10 2.0x10° 4.9x10° 0 60

outside tractor 2.4 x 10* - - - 0 61

next to tipping 1.6 x 10 7.0x10° 7.4 x10° 5.2 x 10° 650 5.4 x10°

PM Personal monitor

ND*

80

Unable to obtain endotoxin reading due to sample interference with the assay.































































