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Composting organic waste is an important component of the waste management process in the UK 
and the strategy to reduce waste to landfill, and as a result there has been an increase in the number of 
commercial composting operations. Microbiological activity is fundamental to the composting process, 
therefore any handling of composting material is likely to make airborne significant quantities of those 
micro-organisms (referred to as bioaerosols). Workers mechanically handling compost on these sites may 
therefore be at risk of considerable exposure to bioaerosols depending on their work task, their proximity 
to the bioaerosol source and the control measures put in place. In addition, because the work is largely 
done out of doors, there is the potential for bioaerosols generated to disperse some distance from the point 
source. Consequently, there is concern that people living or working in the vicinity of waste composting 
sites (sensitive receptors) may also be exposed to these bioaerosols. 

Bioaerosols were sampled at sites representative of commercial scale waste composting in the UK. The 
samples taken were linked to specific activities likely to generate compost bioaerosols, such as turning and 
screening, and samples were collected from as close as possible to the source of emission. The dispersion 
of bioaerosols from compost handling activities was estimated by collecting bioaerosol samples at several 
points downwind increasing in distance from the emission site up to 250m. Upwind background samples 
were used as a benchmark. The sampling took place during both winter and summer periods to provide an 
insight into the differences in bioaerosol generation that may exist. 
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EXECUTIVE SUMMARY 

Objectives 

Composting organic waste is an important component of the waste management process in the 
UK and the strategy to reduce waste to landfill, and as a result there has been an increase in the 
number of commercial composting operations.  Microbiological activity is fundamental to the 
composting process, therefore any handling of composting material is likely to make airborne 
significant quantities of those micro-organisms (referred to as bioaerosols). Workers 
mechanically handling compost on these sites may therefore be at risk of considerable exposure 
to bioaerosols depending on their work task, their proximity to the bioaerosol source and the 
control measures put in place.  In addition, because the work is largely done out of doors, there 
is the potential for bioaerosols generated to disperse some distance from the point source. 
Consequently, there is concern that people living or working in the vicinity of waste composting 
sites (sensitive receptors) may also be exposed to these bioaerosols.    

Bioaerosols were sampled at sites representative of commercial scale waste composting in the 
UK. The samples taken were linked to specific activities likely to generate compost 
bioaerosols, such as turning and screening, and samples were collected from as close as possible 
to the source of emission.  The dispersion of bioaerosols from compost handling activities was 
estimated by collecting bioaerosol samples at several points downwind increasing in distance 
from the emission site up to 250m.  Upwind background samples were used as a benchmark. 
The sampling took place during both winter and summer periods to provide an insight into the 
differences in bioaerosol generation that may exist. 

Main Findings 

The results confirmed that, close to the source of composting processes, large concentrations of 
bacteria, actinomycetes and fungi, and to a lesser extent endotoxin and dust, may be aerosolised. 
Bacteria and fungi frequently in excess of 100,000 (105) cfu/m3 of air and sometimes in excess 
of 1 million (106) cfu/m3 air were measured immediately adjacent to the release area (windrow 
turning). There was a general trend of decreasing bioaerosol with distance from the source. 
This is most prominent at 50m distance from the source compared to the immediate area of 
release (samples taken outside vehicle cabs), and at 10m distance.  By 50m and 100m distances 
downwind of the process, bioaerosol concentrations were substantially reduced by comparison 
to those levels measurements at source.  

For ease of interpretation, the bioaerosol emission data were subdivided into exposure bands for 
the four main bioaerosol components for individual sites and for site activities.  A ‘risk zone’ 
approach was also applied to the overall emission data for each of the four main bioaerosol 
components, to summarise the likelihood of exposure to bioaerosols at different distances from 
composting activities.  In summary:    

• 	 Bioaerosol concentrations at 50m upwind of site operations were within a range 
considered to be ‘typical’ background levels, with the large majority (84%+) of 
samples yielding less than 1,000 cfu/m3 air of bacteria, actinomycetes, fungi and 
Aspergillus fumigatus. 

• 	 Close to compost handling activities, if workers are not protected from exposure, they 
may be exposed to concentrations of airborne bacteria and fungi that frequently exceed 
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100,000 (105) cfu/m3 and occasionally (28% of bacterial samples and 10% of fungal 
samples) exceed 1 million cfu/m3 air sampled.   

• 	 Downwind of compost handling activities, although at some sites the bioaerosol levels 
at times were higher than upwind even at 100 to 250m distance, still the majority of 
samples yielded fewer than 1,000 cfu/m3 air. At least 93% of bacteria and 98% of 
Aspergillus fumigatus bioaerosol concentrations were less than 5,000 cfu/m3 air, and 
could be considered to be within the range of ‘typical’ background levels. 

• 	 There was little evidence therefore that the composting operations studied made a 
major contribution to the overall bioaerosol burden by a distance of 250m from 
activities. 

Recommendations 

Bioaerosol emissions from commercial waste composting activities will continue to be a health 
concern for workers on site and to near neighbours.  This study has provided evidence of the 
potential for compost site workers to be exposed to large concentrations of bioaerosols, and 
some previous epidemiological studies have examined the effect of such levels of exposure to 
compost bioaerosols and shown the potential for allergic respiratory ill health. 

The data from this study has demonstrated that compost bioaerosol emissions rapidly decline 
with distance from source and that at site boundaries are within what could be considered as 
‘typical’ background levels.  Only limited information exists on the effects of long term 
exposure to bioaerosols at or slightly above typical environmental levels, and the threshold dose 
that may trigger respiratory response.  Continued research in this area is necessary to resolve 
such questions. 

Bioaerosol sampling methods were compared.  The industry guidance method most commonly 
used at present to collect bioaerosols on compost sites provides useful data but has some 
practical limitations, while two more practical filter based collection methods may provide 
comparable bioaerosol data.  Filtration sampling may be a practical advantage and the use of 
such methods may warrant further investigation. 

The ‘risk zone’ approach described in this report provides a simple method which can be 
adopted for site operators and regulators to assess the potential for occupational exposure to 
compost bioaerosols.  Included in this was an estimate of the likelihood of exposure to 
significant concentrations of bioaerosol components.  Such an approach can be used to apply 
practical and proportionate exposure mitigation measures on waste composting sites.  
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2.1 

2 MATERIALS AND METHODS 

DESCRIPTION OF THE COMPOST SITES INCLUDED IN THIS STUDY 

With assistance from Environment Agency staff, a number of green waste composting sites 
were identified, representing the range of methods currently used in the UK.  Site operators 
were approached by HSL and agreement obtained to visit sites to obtain compost samples and to 
monitor bioaerosol emissions.  The overall process is summarised in Figure 1, and the sites 
visited are described below. 
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Figure 1. Schematic summary of composting process  
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• 	 The personal exposure to airborne fungi was up to 13,400 cfu/m3, while outside cabs up to 
9,810 cfu/m3 was measured. 

• 	 The personal exposure to airborne bacteria was up to 1.94 million cfu/m3, while outside 
cabs up to 8.64 million cfu/m3 was measured. 

• 	 The personal exposure to airborne actinomycetes was up to 66,500 cfu/m3, while outside 
cabs up to 164,000 cfu/m3 was measured. 

• 	 Dust concentrations were as high as 23.4 mg/m3 outside vehicle cabs. 

• 	 Endotoxin concentrations were as high as 26.2 EU/m3 outside vehicle cabs. 
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C:\DOCUME~1\lparker\LOCALS~1\Temp\notes521E8B\Compost Bioaerosol Final Report ANON Nov 2009.doc

Table 1. Total number of bioaerosol samples from each site with counts <1000 cfu/m3 

SITE Total Bacteria Thermophilic 
bacteria 

Total fungi Asp fumigatus 

SITE A 
Visit 1 No result 7 6 6 

SITE A 
Visit 2 6 5 4 2 

SITE B 
Visit 1 15 10 11 16 

SITE B 
Visit2 6 2 0 4 

SITE C 
Visit 1 9 4 5 6 

SITE C 
Visit 2 5 6 1 10 

SITE D 
Visit 1 11 10 10 18 

SITE D 
Visit 2 8 5 7 11 

SITE D 
Visit 3 5 1 0 4 

SITE E 
Visit 1 9 5 5 12 

SITE E 
Visit 2 25 15 17 33 

SITE F 
Visit 1 14 9 8 11 

SITE F 
Visit 2 12 9 11 19 

TOTAL 125 88 85 152 
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Table 2. Total number of bioaerosol samples from each site with counts from 1,000-5,000 
cfu/m3 

SITE Total Bacteria Thermophilic 
bacteria 

Total fungi Asp fumigatus 

SITE A 
Visit 1 0 0 1 1 

SITE A 
Visit 2 5 0 3 6 

SITE B 
Visit 1 0 1 2 0 

SITE B 
Visit 2 1 4 2 6 

SITE C 
Visit 1 2 4 2 1 

SITE C 
Visit 2 8 2 11 3 

SITE D 
Visit 1 5 4 3 1 

SITE D 
Visit 2 7 2 0 3 

SITE D 
Visit 3 3 0 2 4 

SITE E 
Visit 1 3 1 4 2 

SITE E 
Visit 2 5 0 2 0 

SITE F 
Visit 1 1 0 2 5 

SITE F 
Visit 2 1 0 2 0 

TOTAL 41 18 36 32 
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Table 3. Total number of bioaerosol samples from each site with counts from 5,000 – 
10,000 cfu/m3 

SITE Total Bacteria Thermophilic 
bacteria 

Total fungi Asp fumigatus 

SITE A 
Visit 1 0 0 0 0 

SITE A 
Visit 2 1 2 1 0 

SITE B 
Visit 1 1 0 0 1 

SITE B 
Visit 2 3 1 7 3 

SITE C 
Visit 1 1 2 3 2 

SITE C 
Visit 2 2 2 2 0 

SITE D 
Visit 1 0 0 1 0 

SITE D 
Visit 2 2 1 1 0 

SITE D 
Visit 3 2 2 4 0 

SITE E 
Visit 1 1 2 2 1 

SITE E 
Visit 2 0 3 0 0 

SITE F 
Visit 1 0 0 0 0 

SITE F 
Visit 2 2 1 2 0 

TOTAL 15 16 23 7 
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Table 4. Total number of bioaerosol samples from each site with counts from 10,000 – 
50,000 cfu/m3 

SITE Total Bacteria Thermophilic 
bacteria 

Total fungi Asp fumigatus 

SITE A 
Visit 1 0 0 0 0 

SITE A 
Visit 2 1 0 1 0 

SITE B 
Visit 1 0 2 0 0 

SITE B 
Visit 2 2 6 3 2 

SITE C 
Visit 1 5 1 2 0 

SITE C 
Visit 2 2 3 1 0 

SITE D 
Visit 1 2 0 0 0 

SITE D 
Visit 2 2 2 4 0 

SITE D 
Visit 3 2 1 1 0 

SITE E 
Visit 1 2 3 0 0 

SITE E 
Visit 2 1 1 0 0 

SITE F 
Visit 1 0 4 1 0 

SITE F 
Visit 2 0 1 1 2 

TOTAL 19 24 14 4 
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Table 9. Bioaerosol measurements (cfu/m3) of total bacteria in exposure bands for all sites 
SITE <1000 1,000-

5,000 
5,000 – 
10,000 

10,000 – 
50,000 

50,000 – 
100,000 

100,000 – 
500,000 

500,000 – 
1,000,000 

>1,000,000 Total 

SITE A 
Visit 1 

No 
result 0 0 0 0 0 0 0 0 

SITE A 
Visit 2 

6 
(46.2) 5 1 1 0 0 0 0 13 

SITE B 
Visit 1 

15 
(88.2) 0 1 0 1 0 0 0 17 

SITE B 
Visit 2 

6 
(28.5) 1 3 2 2 2 1 4 21 

SITE C 
Visit 1 

9 
(47.4) 2 1 5 1 0 1 0 19 

SITE C 
Visit 2 

5 
(22.7) 8 2 2 0 2 1 2 22 

SITE D 
Visit 1 

11 
(55.0) 5 0 2 0 1 0 1 20 

SITE D 
Visit 2 

8 
(38.1) 7 2 2 1 1 0 0 21 

SITE D 
Visit 3 

5 
(31.3) 3 2 2 0 2 2 0 16 

SITE E 
Visit 1 

9 
(60.0) 3 1 2 0 0 0 0 15 

SITE E 
Visit 2 

25 
(78.1) 5 0 1 1 0 0 0 32 

SITE F 
Visit 1 

14 
(70.0) 1 0 0 4 1 0 0 20 

SITE 
Visit 2 

F 12 
(57.1) 1 2 0 0 3 0 3 21 

Data in ( ) = % of total for that site. The only samples taken upwind which yielded >1,000 
cfu/m3 were at Site C visit 2; Site D visit 2; Site D visit 3; Site F visit 1. 
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Table 10. Bioaerosol measurements (cfu/m3) of thermophilic actinomycetes in exposure 
bands for all sites 

SITE <1000 1,000-
5,000 

5,000 – 
10,000 

10,000 – 
50,000 

50,000 – 
100,000 

100,000 – 
500,000 

500,000 – 
1,000,000 

>1,000,000 Total 

SITE A 
Visit 1 

7 
(100) 0 0 0 0 0 0 0 7 

SITE A 
Visit2 

5 
(79.6) 0 2 0 0 0 0 0 7 

SITE B 
Visit 1 

10 
(76.9) 1 0 2 0 0 0 0 13 

SITE B 
Visit 2 

2 
(10.5) 4 1 6 1 3 1 1 19 

SITE C 
Visit 1 

4 
(28.6) 4 2 1 1 1 1 0 14 

SITE C 
Visit 2 

6 
(37.5) 2 2 3 0 2 1 0 16 

SITE D 
Visit 1 

10 
(71.4) 4 0 0 0 0 0 0 14 

SITE D 
Visit 2 

5 
(45.5) 2 1 2 1 0 0 0 11 

SITE D 
Visit 2 

1 
(14.3) 0 2 1 1 2 0 0 7 

SITE E 
Visit 1 

5 
(45.5) 1 2 3 0 0 0 0 11 

SITE E 
Visit 2 

15 
(78.9) 0 3 1 0 0 0 0 19 

SITE F 
Visit 1 

9 
(60.0) 0 0 4 2 0 0 0 15 

SITE F 
Visit 2 

9 
(56.3) 0 1 1 3 2 0 0 16 

Data in ( ) = % of total for that site.  No upwind samples yielded >1000 cfu/m3. 
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Table 11. Bioaerosol measurements (cfu/m3) of total fungi in exposure bands for all sites 

SITE <1000 1,000-
5,000 

5,000 – 
10,000 

10,000 – 
50,000 

50,000 – 
100,000 

100,000 – 
500,000 

500,000 – 
1,000,000 

>1,000,000 Total 

SITE A 
Visit 1 

6 
(85.7) 1 0 0 0 0 0 0 7 

SITE A 
Visit 2 

4 
(44.4) 3 1 1 0 0 0 0 9 

SITE B 
Visit 1 

11 
78.6) 2 0 0 1 0 0 0 14 

SITE B 
Visit 2 

0 
(0) 2 7 3 2 2 0 2 18 

SITE C 
Visit 1 

5 
(38.5) 2 3 2 0 1 0 0 13 

SITE C 
Visit 2 

1 
(5.9) 11 2 1 0 0 1 1 17 

SITE D 
Visit 1 

10 
(66.7) 3 1 0 0 1 0 0 15 

SITE D 
Visit 2 

7 
(53.8) 0 1 4 1 0 0 0 13 

SITE D 
Visit 3 

0 
(0) 2 4 1 1 3 0 0 11 

SITE E 
Visit 1 

5 
(45.5) 4 2 0 0 0 0 0 11 

SITE E 
Visit 2 

17 
(89.5) 2 0 0 0 0 0 0 19 

SITE F 
Visit 1 

8 
(57.1) 2 0 1 0 3 0 0 14 

SITE F 
Visit 2 

11 
(68.8) 2 2 1 0 0 0 0 16 

Data in ( ) = % of total for that site. The only samples taken upwind which yielded >1,000 
cfu/m3 were Site B visit 2; Site C visit 2; Site D visit 3.  
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Table 12. Bioaerosol measurements (cfu/m3) of Aspergillus fumigatus in exposure bands 
for all sites 

SITE <1000 1,000-
5,000 

5,000 – 
10,000 

10,000 – 
50,000 

50,000 – 
100,000 

100,000 – 
500,000 

500,000 – 
1,000,000 

>1,000,000 Total 

SITE A 
Visit 1 

6 
(85.7) 1 0 0 0 0 0 0 7 

SITE A 
Visit 2 

2 
(25.0) 6 0 0 0 0 0 0 8 

SITE B 
Visit 1 

16 
(94.1) 0 1 0 0 0 0 0 17 

SITE B 
Visit 2 

4 
(17.4) 6 3 2 1 5 1 1 23 

SITE C 
Visit 1 

6 
(66.7) 1 2 0 0 0 0 0 9 

SITE C 
Visit 2 

10 
(62.5) 3 0 0 0 2 1 0 16 

SITE D 
Visit 1 

18 
(90.0) 1 0 0 0 1 0 0 20 

SITE D 
Visit 2 

11 
(78.6) 3 0 0 0 0 0 0 14 

SITE D 
Visit 3 

4 
(36.4) 4 0 0 1 2 0 0 11 

SITE E 
Visit 1 

12 
(80.0) 2 1 0 0 0 0 0 15 

SITE E 
Visit 2 

33 
(100) 0 0 0 0 0 0 0 33 

SITE F 
Visit 1 

11 
(57.9) 5 0 0 0 3 0 0 19 

SITE F 
Visit 2 

19 
(90.5) 0 0 2 0 0 0 0 21 

Data in ( ) = % of total for that site.  No upwind samples yielded >1000 cfu/m3. 

3.2.4 	 Exposure banding of bioaerosol components compared to site
activity 

At each site and for each bioaerosol component the greatest number of samples yielded <1,000 
cfu/m3 air, with progressive decline in the number of samples yielding higher concentrations. 
Those yielding higher concentrations were mostly near to or downwind of composting 
operations with the exception of a few upwind samples as listed above.    

Table 13 summarises data from all the site visits, in exposure bands, for each of the four main 
bioaerosol components measured.  More than half the bacterial bioaerosol samples (52.7%), 
48% of total fungi and 71% of Aspergillus fumigatus samples yielded fewer than 1,000 cfu/m3. 
Around two thirds of bacterial and fungal samples and 86% of Aspergillus fumigatus samples 
yielded less than 5,000 cfu/m3. 

41 



C:\DOCUME~1\lparker\LOCALS~1\Temp\notes521E8B\Compost Bioaerosol Final Report ANON Nov 2009.doc

Table 13. Summary of bioaerosol sample components in exposure bands from all sites 

Total Bacteria Thermophilic 
bacteria 

Total fungi Asp fumigatus 

<1000 
125 (52.7) 

88(52.1) 85 (48.0) 152 (71.7) 

1,000-5,000 41 (17.3) 18 (10.7) 36 (20.3) 32 (15.1) 
5,000 – 10,000 15 (6.3) 16 (9.5) 23 (13.0) 7 (3.3) 
10,000 – 50,000 19 (8.0) 24 (14.2) 14 (7.9) 4 (1.9) 
50,000 – 
100,000 

10 (4.2) 9 (5.3) 5 (2.8) 2 (0.9) 

100,000 – 
500,000 

12 (5.1) 10 (5.9) 10 (5.6) 13 (6.1) 

500,000 – 
1,000,000 

5 (2.1) 3 (1.8) 1 (0.6) 1 (0.5) 

>1,000,000 10 (4.2) 1 (0.6) 3 (1.7) 1 (0.5) 
TOTAL 237 169 177 212 

( ) = percentage of total. 

Tables 14 to 17 summarise each of the four main bioaerosol components in exposure bands and 
subdivided into work activities or sample location for all sites 
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Table 14. Bioaerosol measurements (cfu/m3) of total bacteria in exposure bands for 
sample locations at all sites   

Sample <1000 1,000- 5,000 – 10,000 – 50,000 – 100,000 – 500,000 – >1,000,000 Total 
location 5,000 10,000 50,000 100,000 500,000 1,000,000 
Upwind of site 
activities 

34 
(89.5) 

4 
(10.5) 0 0 0 0 0 0 38 

10m downwind 
of site activities 

15 
(51.7) 

6 
(20.7) 

3 
(10.3) 

3 
(10.3) 2 0 0 0 29 

50m downwind 
of site activities 

22 
(64.7) 

10 
(29.4) 

1 
(2.9) 

1 
(2.9) 0 0 0 0 34 

50-100m 
downwind of 
site activities 

6 
(66.7) 

3 
(33.3) 0 0 0 0 0 0 9 

100 - 250m 
downwind of 
site activities 

43 
(82.7) 

5 
(9.6) 

3 
(5.8) 0 1 

(1.9) 0 0 0 52 

Outside cabs 
during site 
activities 

0 2 
(8.0) 

1 
(4.0) 

4 
(16.0) 

2 
(8.0) 

5 
(20.0) 

4 
(16.0) 

7 
(28.0) 25 

Inside cabs 
during site 
activities 

1 
(2.9) 

5 
(14.3) 

6 
(17.1) 

9 
(25.7) 

4 
(11.4) 

7 
(20.0) 

1 
(2.9) 

2 
(5.7) 35 

Personal 
exposure for 
workers outside 
cabs during site 
activities 

0 1 
(33.3) 0 

1 
(33.3) 1 

(33.3) 0 0 0 3 
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Table 15. Bioaerosol measurements (cfu/m3) of thermophilic actinomycetes in exposure 
bands for sample locations at all sites 

Sample <1000 1,000- 5,000 – 10,000 – 50,000 – 100,000 – 500,000 – >1,000,000 Total 
location 5,000 10,000 50,000 100,000 500,000 1,000,000 
Upwind of site 
activities 

23 
(95.8) 

1 
(4.2) 0 0 0 0 0 0 24 

10m downwind 
of site activities 

9 
(56.3) 

3 
(18.8) 

1 
(6.3) 

3 
(18.8) 0 0 0 0 16 

50m downwind 
of site activities 

19 
(82.6) 

1 
(4.3) 

2 
(8.7) 

1 
(4.3) 0 0 0 0 23 

50-100m 
downwind of 
site activities 

5 
(100) 0 0 0 0 0 0 0 5 

100 - 250m 
downwind of 
site activities 

27 
(87.1) 

2 
(6.5) 0 1 

(3.2) 
1 

(3.2) 0 0 0 31 

Outside cabs 
during site 
activities 

1 
(3.6) 4 

(14.3) 
3 

(10.7) 
8 

(28.6) 
2 

(7.1) 
6 

(21.4) 
2 

(7.1) 
2 

(7.1) 28 

Inside cabs 
during site 
activities 

1 
(2.9) 

6 
(17.6) 

7 
(20.6) 

10 
(29.4) 

5 
(14.7) 

4 
(11.8) 

1 
(2.9) 0 34 

Personal 
exposure for 
workers outside 
cabs during site 
activities 

0 0 2 
(50.0) 

1 
(25.0) 

1 
(25.0) 0 0 0 4 
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Table 16. Bioaerosol measurements (cfu/m3) of total fungi in exposure bands for sample 
locations at all sites  

Sample <1000 1,000- 5,000 – 10,000 – 50,000 – 100,000 – 500,000 – >1,000,000 Total 
location 5,000 10,000 50,000 100,000 500,000 1,000,000 
Upwind of site 
activities 

21 
(84.0) 

4 
(16.0) 0 0 0 0 0 0 25 

10m downwind 
of site activities 

10 
(55.6) 

4 
(22.2) 

1 
(5.6) 

2 
(11.1) 0 1 

(5.6) 0 0 18 

50m downwind 
of site activities 

17 
(70.8) 

4 
(16.7) 

2 
(8.3) 

1 
(4.2) 0 0 0 0 24 

50-100m 
downwind of 
site activities 

3 
(75.0) 

1 
(25.0) 0 0 0 0 0 0 4 

100 - 250m 
downwind of 
site activities 

23 
(69.7) 

4 
(12.1) 

6 
(18.2) 0 0 0 0 0 33 

Outside cabs 
during site 
activities 

2 
(7.1) 

5 
(17.9) 

6 
(21.4) 

4 
(14.3) 

2 
(7.1) 

6 
(21.4) 0 3 

(10.7) 28 

Inside cabs 
during site 
activities 

5 
(15.2) 

12 
(36.4) 

6 
(18.2) 

5 
(15.2) 

3 
(9.1) 

2 
(6.1) 0 0 33 

Personal 
exposure for 
workers outside 
cabs during site 
activities 

0 1 
(25.0) 

1 
(25.0) 0 0 1 

(25.0) 
1 

(25.0) 0 4 
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Table 18. Summary of bioaerosol data at 50m and 100+m downwind of all sites (number 
and %age compared to total number of samples from all sites) 

Location Bioaerosol Total Thermophilic Total Asp 
of sample concentration Bacteria bacteria fungi fumigatus 

<1000 cfu/m3 22/34 
(64.7%) 19/23 (82.6%) 17/24 

(70.8%) 
27/34 

(79.4%) 

Samples 
collected 
at 50m 
downwind 
of 
compost 
handling 
activities 

1,000-5,000 
cfu/m3 

10/34 
(29.4%) 1/23 (4.3%) 4/24 

(16.7%) 
5/34 

(14.7%) 

5,000 – 10,000 
cfu/m3 

1/34 
(2.9%) 

2/23 
(8.7%) 

2/24 
(8.3%) 

1/34 
(2.9%) 

10,000 – 
50,000 cfu/m3 

1 1 1 1 

50,000 – 
100,000 cfu/m3 

0 0 0 0 

100,000 – 
500,000 cfu/m3 

0 0 0 0 

<1000 cfu/m3 43/52 27/31 23/33 39/47 
(82.7%) (87.1%) (69.7%) (83.0%) 

Samples 
collected 
at 100m+ 
downwind 
of 
compost 
handling 
activities 

1,000-5,000 
cfu/m3 

5/52 
(9.6%) 

2/31 
(6.5%) 

4/33 
(12.1%) 

6/47 
(12.8%) 

5,000 – 10,000 
cfu/m3 

3/52 
(5.8%) 0/31 6/33 

(18.2%) 1/47 

10,000 – 
50,000 cfu/m3 

0 1 0 0 

50,000 – 
100,000 cfu/m3 

1 1 0 0 

100,000 – 
500,000 cfu/m3 

0 0 0 1 

In summary from the above: 

• 	 All but 2 (94%) of total bacteria samples at 50m downwind from compost handling and 
all but 4 (92%) of total bacteria samples at 100+m downwind yielded less than or equal 
to 5,000 cfu/m3. 

• 	 All but 3 (86%) of actinomycete samples at 50m downwind from compost handling and 
all but 2 (93%) of actinomycete samples at 100+m downwind yielded less than or equal 
to 5,000 cfu/m3. 
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• 	 All but 3 (87.5%) of total fungal samples at 50m downwind from compost handling and 
27/33 (82%) of total fungal samples at 100+m downwind yielded less than or equal to 
5,000 cfu/m3. 

• 	 All but 2 (94%) of A. fumigatus samples at 50m downwind from compost handling and 
all but 1 (96%) of A. fumigatus samples at 100+m downwind yielded less than or equal 
to 5,000 cfu/m3. 
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Another approach, summarised in Table 20 where samples could be taken both inside and 
outside cabs at the same time, is to examine the reduction in exposure afforded by being in a 
vehicle cab during activities at the various sites.  Data calculated as follows: 

Proportion by which = bioaerosol value measured outside the cab
 exposure reduced bioaerosol value measured outside the cab      

Table 20. Reduction in exposure as influenced by vehicle cabs on compost sites 

SITE Work activity Total Thermophilic Total Asp 
Bacteria bacteria fungi fumigatus 

SITE E Compost loading shovel 1.65 2.19 4.12 15.42 
Visit 1 Waste shredding 2.31 1.17 3.85 14.23 
SITE E Loading shredder 2.00 73.57 0.46 -
Visit 2 Moving shredded waste 3.67 1.29 5.32 -
SITE B Waste reception 1.18 2.19 13.23 12.88 
Visit 2 Waste shredding 5.45 1.50 14.48 104.35 

Loading IVC clamps 7.49 0.99 1.87 0.56 
Moving composted 5.61 42.02 14.14 10.46 
waste 

SITE C Compost turning 29.64 0.05 2.36 -
Visit 1 Compost loading 0.72 96.75 1.31 -

Loading screener 1.30 0.02 4.77 -
SITE C Screening compost 11.13 3.32 4.67 2.44 
Visit 2 Unloading IVC clamp 128.73 1.13 871.28 -

Moving screened waste 7.87 0.01 2.37 0.01 
SITE D Shredding wood 1.07 3.24 9.12 7.33 
Visit 1 Turning compost 419.02 601.81 46.30 213.63 
SITE D Turning compost 11.00 13.90 106.92 -
Visit 2 Shredding wood 4.12 1.68 6.15 0.70 

Turning compost 29.87 66.13 45.76 3.88 
SITE D Moving green waste 4.52 23.40 4.53 3.41 
Visit 2 Moving green waste 80.78 10.67 44.88 0.99 

Turning compost 82.91 51.04 141.58 -
SITE F Turning compost 0.94 0.26 0.29 0.43 
Visit 1 Moving green waste 2.87 0.78 0.87 0.28 
SITE F Turning compost 40.19 2.15 0.61 0.84 
Visit 2 Turning compost 0.12 2.54 0.60 -
Total & 0.12 – 0.01 – 601.81 0.29 – 0.01 – 
range 419.02 n = 26 871.28 213.63 

n = 26 n = 26 n= 17 
Median 
value 

4.52 2.19 4.67 3.41 

The reduction in exposure by working in a vehicle was therefore highly variable, although the 
median value for those samples taken was similar at about a four-fold reduction for both total 
bacterial and fungi. 
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Table 22. Bioaerosol measurements (cfu/m3) of thermophilic actinomycetes comparing 
summer and winter data at three sites 

SITE <1000 1,000-
5,000 

5,000 – 
10,000 

10,000 – 
50,000 

50,000 – 
100,000 

100,000 – 
500,000 

500,000 – 
1,000,000 

>1,000,000 Total 

SITE B 
Winter 

10 
(76.9) 

1 0 2 0 0 0 0 13 

SITE B 
Summer 

2 
(10.5) 

4 1 6 1 3 1 1 19 

SITE C 
Winter 

4 
(28.6) 

4 2 1 1 1 1 0 14 

SITE C 
Summer 

6 
(37.5) 

2 2 3 0 2 1 0 16 

SITE D 
Winter 

10 
(71.4) 

4 0 0 0 0 0 0 14 

SITE D 
Winter 

5 
(45.5) 

2 1 2 1 0 0 0 11 

SITE D 
Summer 

1 
(14.3) 

0 2 1 1 2 0 0 7 
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Table 23.  Bioaerosol measurements (cfu/m3) of total fungi in exposure bands comparing 
summer and winter data at three sites 

SITE <1000 1,000-
5,000 

5,000 – 
10,000 

10,000 – 
50,000 

50,000 – 
100,000 

100,000 – 
500,000 

500,000 – 
1,000,000 

>1,000,000 Total 

SITE B 
Winter 

11 
78.6) 

2 0 0 1 0 0 0 14 

SITE B 
Summer 

0 
(0) 

2 7 3 2 2 0 2 18 

SITE C 
Winter 

5 
(38.5) 

2 3 2 0 1 0 0 13 

SITE C 
Summer 

1 
(5.9) 

11 2 1 0 0 1 1 17 

SITE D 
Winter 

10 
(66.7) 

3 1 0 0 1 0 0 15 

SITE D 
Winter 

7 
(53.8) 

0 1 4 1 0 0 0 13 

SITE D 
Summer 

0 
(0) 

2 4 1 1 3 0 0 11 
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3.3 

Table 24. Bioaerosol measurements (cfu/m3) of Aspergillus fumigatus in exposure bands 
comparing summer and winter data at three sites 

SITE <1000 1,000-
5,000 

5,000 – 
10,000 

10,000 – 
50,000 

50,000 – 
100,000 

100,000 – 
500,000 

500,000 – 
1,000,000 

>1,000,000 Total 

SITE B 
Winter 

16 
(94.1) 

0 1 0 0 0 0 0 17 

SITE B 
Summer 

4 
(17.4) 

6 3 2 1 5 1 1 23 

SITE C 
Winter 

6 
(66.7) 

1 2 0 0 0 0 0 9 

SITE C 
Summer 

10 
(62.5) 

3 0 0 0 2 1 0 16 

SITE D 
Winter 

18 
(90.0) 

1 0 0 0 1 0 0 20 

SITE D 
Winter 

11 
(78.6) 

3 0 0 0 0 0 0 14 

SITE D 
Summer 

4 
(36.4) 

4 0 0 1 2 0 0 11 

In both seasons and for the majority of bioaerosol counts the values were <1,000 cfu/m3, but 
with a tendency for a greater proportion of the total number of samples at any site to be <1,000 
cfu/m3 in winter. In summer, some differences become more apparent at higher concentrations 
for each bioaerosol component, for example more samples were in the 100,000 – 500,000 
cfu/m3 exposure band during summer at each site. 

SUMMARISED DATA FOR POTENTIAL EXPOSURE TO BIOAEROSOLS 
IN AND AROUND COMPOSTING FACILITIES – ‘RISK ZONES’  

The data in Section 3.2 has been stratified by concentration for the main bioaerosol components 
measured, for individual sites or by work activities.   

In this Section the data have been summarised for all sites to provide an overview of the 
likelihood of exposure to bioaerosols and at what concentration, at different locations on a 
composting facility.  These data, from Tables 14 to 17, are expressed as a schematic diagram of 
a composting site and its surrounding areas, colour coded red to green according to the 
likelihood of high exposure to bioaerosols, in Figure 6.  It is assumed that the sites selected for 
inclusion in this study are representative of typical UK sites.  The aim therefore is to provide a 
‘risk zone’ model which can be used by operators to apply controls proportionate to the 
likelihood of workers’ exposure to bioaerosol. 
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Bacteria: 64%>100,000; 
28% >1 million 

71% 

Fungi: 32% >100,000; 
10% >1 million 
A. 24% 
>100,000;

Fungi: 
A fumigatus100% <1,000 

250m 

100m 

50m 

Bacteria:93%<5,000; 82% <1,000.  Actinomycetes: 93% <5,000; 87% <1,000 
Fungi: 100% <5,000; 69% <1,000  A. fumigatus: 83% <1,000; 98% <5,000 

Bacteria:100%<5,000; 66% <1,000.  Actinomycetes: 100% <1,000 

Fungi: 100% <5,000; 75% <1,000 
A. fumigatus: 88% <5,000; 66% <1,000 

Bacteria: 94%<5,000; 64% <1,000 
Actinomycetes: 82% <1,000 

Fungi: 87% <5,000; 70% <1,000 
A. fumigatus: 94% <5,000; 79% <1,000 

Actinomycetes: 
>10,000; 35% >100,000 

fumigatus:
 4% >1 million 

Upwind: 
Bacteria: 100% <5,000; 89% <1,000 
Actinomycetes: 100% <5,000; 95% <1,000 

100% <5,000; 84% <1,000 

NEXT TO COMPOST HANDLING MACHINERY 
UP TO 50 METRES FROM COMPOST HANDLING 
BETWEEN 50 AND 100 METRES FROM COMPOST HANDLING 
BETWEEN 100 AND 250 METRES FROM COMPOST HANDLING 
UPWIND OF COMPOSTING OPERATIONS 

Figure 6. Schematic diagram of composting facilities and associated bioaerosol exposure   
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To summarise from the above data taken from this study: 

If you are working next to composting handling machinery and not protected within a vehicle 
cab: 

• 	 There is a 64% chance of being exposed to more than 100,000 cfu/m3 bacteria and a 
28% chance of being exposed to more than 1 million cfu/m3 bacteria; 

• 	 There is a 71% chance of being exposed to more than 10,000 cfu/m3 actinomycete 
spores and a 35% chance of being exposed to more than 100,000 cfu/m3 actinomycete 
spores; 

• 	 There is a 32% chance of being exposed to more than 100,000 cfu/m3 fungal spores and 
a 10% chance of being exposed to more than 1 million cfu/m3 fungal spores; 

• 	 There is a 24% chance of being exposed to more than 100,000 cfu/m3 Aspergillus 
fumigatus spores and a 4% chance of being exposed to more than 1 million cfu/m3 

Aspergillus fumigatus spores. 

However, if you are working with composting handling machinery and are protected by a 
vehicle cab (data from Tables 14-17 in this report): 

• 	 There is a 28% chance of being exposed to more than 100,000 cfu/m3 bacteria and a 5% 
chance of being exposed to more than 1 million cfu/m3 bacteria; 

• 	 There is a 58% chance of being exposed to more than 10,000 cfu/m3 actinomycete 
spores and a 14% chance of being exposed to more than 100,000 cfu/m3 actinomycete 
spores; 

• 	 There is a 30% chance of being exposed to more than 10,000 cfu/m3 fungal spores, a 
6% chance of being exposed to more than 100,000 cfu/m3 fungal spores but no samples 
yielded more than 1 million cfu/m3 fungal spores; 

• 	 There is a 24% chance of being exposed to more than 10,000 cfu/m3 Aspergillus 
fumigatus spores, a 13% chance of being exposed to more than 100,000 cfu/m3 

Aspergillus fumigatus spores but no samples yielded more than 1 million cfu/m3 

Aspergillus fumigatus spores. 

If you are working further away from composting handling machinery, and up to 50 metres 
from composting: 

• 	 There is a 94% chance that exposure to airborne bacteria will be less than 5,000 cfu/m3 

and a 64% chance that exposure to airborne bacteria will be less than 1,000 cfu/m3; 
• 	 There is an 82% chance that exposure to airborne actinomycete spores will be less than 

1,000 cfu/m3; 
• 	 There is an 87% chance that exposure to airborne fungal spores will be less than 5,000 

cfu/m3 and a 70% chance that exposure to airborne fungal spores will be less 1,000 
cfu/m3; 

• 	 There is a 94% chance that exposure to airborne Aspergillus fumigatus spores will be 
less than 5,000 cfu/m3 and a 79% chance that exposure to airborne Aspergillus 
fumigatus spores will be less 1,000 cfu/m3. 

If you are working between 50 and 100 metres from composting: 

• 	 There is a 100% chance that exposure to airborne bacteria will be less than 5,000 cfu/m3 

and a 66% chance that exposure to airborne bacteria will be less than 1,000 cfu/m3; 
• 	 There is a 100% chance that exposure to airborne actinomycete spores will be less than 

5,000 cfu/m3 and a 95% chance that exposure to airborne actinomycete spores will be 
less than 1,000 cfu/m3; 
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3.4 

• 	 There is an 100% chance that exposure to airborne fungal spores will be less than 5,000 
cfu/m3 and a 75% chance that exposure to airborne fungal spores will be less 1,000 
cfu/m3; 

• 	 There is an 88% chance that exposure to airborne Aspergillus fumigatus spores will be 
less than 5,000 cfu/m3 and a 66% chance that exposure to airborne Aspergillus 
fumigatus spores will be less 1,000 cfu/m3. 

If you are working between 100 and 250 metres from composting: 

• 	 There is a 93% chance that exposure to airborne bacteria will be less than 5,000 cfu/m3 

and an 82% chance that exposure to airborne bacteria will be less than 1,000 cfu/m3; 
• 	 There is a 93% chance that exposure to airborne actinomycete spores will be less than 

5,000 cfu/m3 and an 87% chance that exposure to airborne actinomycete spores will be 
less than 1,000 cfu/m3; 

• 	 There is a 100% chance that exposure to airborne fungal spores will be less than 5,000 
cfu/m3 and a 69% chance that exposure to airborne fungal spores will be less 1,000 
cfu/m3; 

• 	 There is a 98% chance that exposure to airborne Aspergillus fumigatus spores will be 
less than 5,000 cfu/m3 and an 83% chance that exposure to airborne Aspergillus 
fumigatus spores will be less than 1,000 cfu/m3. 

By comparison, upwind of composting operations: 

• 	 There is a 100% chance that exposure to airborne bacteria will be less than 5,000 cfu/m3 

and an 89% chance that exposure to airborne bacteria will be less than 1,000 cfu/m3; 
• 	 There is a 100% chance that exposure to airborne actinomycete spores will be less than 

5,000 cfu/m3 and a 95% chance that exposure to airborne actinomycete spores will be 
less than 1,000 cfu/m3; 

• 	 There is a 100% chance that exposure to airborne fungal spores will be less than 5,000 
cfu/m3 and an 84% chance that exposure to airborne fungal spores will be less 1,000 
cfu/m3; 

• 	 There is a 100% chance that exposure to airborne Aspergillus fumigatus spores will be 
less than 1,000 cfu/m3. 

IDENTIFICATION OF PREDOMINANT MICRO-ORGANISMS 

Predominant microbial species were isolated and identified.  Common environmental fungi such 
as Penicillium, Cladosporium and Aspergillus species, including A fumigatus, and bacteria such 
as Bacillus, Micrococcus and Pseudomonas species, were predominant isolates from all sites. 
In addition to these, DNA was extracted from representative colonies of fungi and bacteria from 
each site and identified using molecular-based methods as described in Materials and Methods 
(Section 2.4). Bacteria and fungi identified by DNA sequence analysis to genus level (95% 
confidence level) or species level (97% confidence level) are summarised in Table 25, together 
with the site from which they were isolated.  This indicates the site from which the isolate was 
taken, but does not infer that the isolate was unique to the site.    
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3.5 

Table 25. Predominant micro-organisms isolated from compost sites 

Bacteria Fungi 

Acinetobacter sp. Absidia corymbifera 

Arthrobacter sp. Basidiomycete yeast sp. 

Cellulosimicrobium cellulans Chaetomium globosum 

Corynebacterium callunae Emericella nidulans 

Geobacillus thermonitrificans Galactomyces geotrichum 

Kocuria rosea Paecilomyces sp. 

Norcardiopsis sp Phoma sp 

Pseudoxanthomonas sp. Talaromyces sp. 

Rhodococcus rhodochrous  

Serratia rubidaea 

Saccharomonospora sp   

Saccharopolyspora sp  

Staphylococcus sp.  

Streptomyces sp. 

Thermobifida fusca 

As may be expected, bacterial isolates included thermophilic actinomycetes 
Saccharomonospora sp,   Saccharopolyspora sp and Thermobifida fusca. 

COMPARISON OF BIOAEROSOL PARTICLE SIZE DATA 

Using six stage Andersen impactors, bioaerosol samples are collected in six size fractions 
according to the aerodynamic diameter of a particle supporting colony forming bacteria or 
fungi.  Particle size ranges collected on the six stages of the Andersen sampler are as follows: 

Stage 1 and 2 = >7 micron (nasal deposition)  


Stage 3 and 4 = 3 – 7 micron (tracheal and bronchial deposition) 


Stage 5 and 6 = <3 micron (alveolar deposition)  
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Bioaerosol size fraction data from samples taken at different locations upwind and downwind of 
composting operations were calculated for four site visits.  Tables 26 and 27 compare fungal 
and bacterial particle sizes respectively for all four sites. 

Table 26. Size fraction distribution (% of total) of fungi deposited in Andersen samplers 

Site Sample location 
Andersen Sampler Stage 

1 2 3 4 5 6 
50m upwind 27 7 20 47 0 0 

A 50m downwind 1 1 7 79 12 0.1 
100m downwind 0.1 2 8 81 7.5 0.1 
50m upwind 8.8 0 17.6 41 32 0 

B 50m downwind 0 2.5 10.5 82 4 0 
120m downwind 1.7 3.5 28 61 5 0.1 
50m upwind 30 9 13 21 9 17 
10m downwind 3 3 12 72 9 0.3 

C 50m downwind 6 14 78 1.4 0 0 
150m downwind 4 1.8 26 65 2 0 
250m downwind 15 18 20 45 0 0 
50m upwind 10 50 20 0 10 10 
10m downwind 13 34 8 31 11 2 

D 50m downwind 35 11 20 34 0 0 
150m downwind 31 23 18 27 0 0 
250m downwind 31 27 8 30 4 0 

Table 27. Size fraction distribution (% of total) of bacteria deposited in Andersen 
samplers 

Site Sample location 
Andersen Sampler Stage 

1 2 3 4 5 6 
50m upwind 20 13 9 13 31 13 

A 50m downwind 3 10 19 49 14 13 
100m downwind 9 5 4 13 38 30 
50m upwind 44 13 6.9 10 11 15 

B 50m downwind 15 7.5 8.1 21.5 29.3 18 
120m downwind 4 5 8 27 37 19 
50m upwind 30 25 8 7 17 11 
10m downwind 7 3 5 12 61 11 

C 50m downwind 4 2 24 46 22 2 
150m downwind 9 4 12 56 15 4 
250m downwind 18 7 6 18 47 4 
50m upwind 45 20 10 4 7 15 
10m downwind 30 19 21 11 12 7 

D 50m downwind 36 21 11 14 9 9 
150m downwind 41 24 7 8 11 9 
250m downwind 33 31 13 7 11 3 
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