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1. INTRODUCTION

In accordance with the Notice issued in accordance with Article 14(2)(b)(ii) of the Waste
Management Licensing Regulations, Kings Tree Services Limited (KTS) has prepared the
following information requested by the Environmental Protection Agency (Agency) in
relation to the application for a Waste Licence, Application Register No. 218-1, for a green
waste composting facility at Coolbeg, Co. Wicklow.

Section 2 contains the responses to the various requests by the Agency. For ease of
interpretation each of the requests are presented in italics followed by KTS’s response.
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2. ARTICLE 12 COMPLIANCE REQUIREMENTS

1. Please provide a site-specific risk assessment, based on clear, independent scientific
evidence which shows that bioaerosol levels can be maintained at appropriate levels at
the above proposed facility which may arise from the receipt, shredding, composting and
storage of green waste. In your assessment, please provide evidence that this proposed
operation will not have any negative impacts on the nearest sensitive receptor site i.e. the
residential property that is in the vicinity of the proposed facility or any proposed
development adjacent the site.

e A site-specific risk assessment which shows that bioaerosol levels will be maintained at
appropriate levels is included in Appendix 1. The report concludes that the distance from
| bioaerosol generating areas of the site to the nearest sensitive receptors (all >200 m) and the
; measures specified in the proposed bioaerosol control plén will mitigate any potential

! ' negative impacts at each of the receptors. @é

\ @« Q@

\O
\Qof\
oQ \

2. Please provide a description of a @ﬁ%posed mitigation measures (e.g. berms etc)
pertaining to noise levels that m b? @zse Jfrom the shredding and screening operations of
green waste at this proposed /g% ty taking into account any negative impacts on the
nearest sensitive receptor site Pe. the residential property that is in the vicinity of the
proposed facility or any prg sed development adjacent to the site.

. e Attachment E.5 of the Waste Licence Application and Section 6.5 of the Project Description

that accompanied the application refer to noise prediction modelling. The modelling was
conducted by AWN Consulting Ltd and the objective was to determine the likely impact of
' noise from the facility at the nearest noise sensitive locations. The results of the modelling
' are summarised in the application, but it appears that the full report was not included. A copy
| of the report, which takes into account local sensitive receptors, is included in Appendix 2 of
this response.

The influence of a proposed dual carriageway which includes a proposed noise barrier
between the site and the receptors to the east was not taken into account in the modelling, as
it’s precise location was not known at that time. It is however considered likely that the noise
impacts from the site would be further reduced due to this noise barrier.
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3. Please provide a description of the proposed mitigation measures pertaining to dust
arising from the shredding screening, composting and curing operations of green waste at
this proposed facility taking into account any negative impacts on the nearest sensitive
receptor site i.e. the residential property that is in the vicinity of the proposed facility or
any proposed development adjacent the site.

There is the potential for dusts generation during the pre-treatment (shredding) stage. The
shredding unit will be fitted with a dust suppression system which will be activated when the
shredder is in use.

The moisture content of the material during all stages of the composting process, including
maturation and post composting screening will be maintained at a level that optimises the
composting process. The windrow turner will be fitted with a water sprinkler system which
will be used to maintain the moisture content in the windrows in the optimum range. This
will minimise the potential for the generation of dusts during the composting process. The
finished product will have a relatively high moisture content that will minimise the potential
for dust emissions during the screening process and wind blow from the finished product
stockpiles. In addition a dust suppression system will be fitted to the screen machine and will
be activated if required during the screening. &

The nearest residential property is located approxi @ 150 m north east of the north eastern
boundary. It is proposed to use the northern a tﬁth eastern sections of the site for finished
product storage and a maturation area. It is Q‘Bgéidered unlikely that there will be significant
dust generatlon from these activities. The aétivity which has the greatest potential for dust
generation i.e. the pre-treatment (shred\ Y will be located in the southern portion of the site
approximately 350 m from the nea?@gy\re&dence The impacts of dust from the proposed
operations on the nearest re51dent1al(go‘roperty is considered to be negligible.

00@\
The Greenstar landfill is located downwind (west) of the KTS facility. The areas where
Greenstar staff will be based i.e. the landfill footprint and the site administration offices are
both greater than 400 m away from the site boundary. Considering the proposed mitigation
measures, the facility location and prevailing wind direction it is considered unlikely that dust
emanating from the facility will have a significant impact on the landfill.

4. Please provide details on the method(s) that you propose to use to transfer water from the
lagoon storage facility to the composting material in the windrows. Provide an estimate
of the quantity of water that will be required in the composting process and how this
amount fits into your water balance calculations as outlined on Page 21 of the Project
Description proposal?

The windrow turning machine will be fitted with water sprinkler nozzles, which will be used
to add water as required. These will be located on the arm of the machine, which goes across
the top of the windrow and are supplied from a connection at the base of the machine.
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Water will be removed from the leachate storage lagoon using a flexible hose and vacuum
tanker. The tanker will be taken to the windrow machine using a tractor and the flexible hose
connected to the windrow machine as required.

Water balance calculations were prepared to assess the likely volumes of leachate that will be
generated in order to provide adequate storage capacity. As stated on Page 21 of the Project
Description, the water balance calculations assume that no water is removed from the lagoon
in the one week storage period and that there will be no evaporative losses. This assumption
is made as a precaution against under sizing the leachate storage lagoon. The water balance
calculations therefore remain unchanged.

In the event that leachate is not generated, as for example in dry periods, water obtained from
the on-site groundwater abstraction well will be used to maintain the optimum moisture
conditions in the windrows. The water will be applied in the same manner as that removed
from the storage lagoon.

5. Describe how and when (frequency of removal) the fi Qé‘%ed compost will be removed off-
site and how do you propose to use the product? \% @

ose? S
\Q
The product will be loaded loosely using a f@@n@nd loader onto trucks for removal off-site to
its final destination/end market. KTS antj es that their existing customers for wood chips,

which are generated in the tree serv1c§§\ iness, will accept finished compost product. KTS
also expect to develop new markefs OQ%%ludlng local authorities and possibly to supply the
landscaping requirements of road c@nstructlon projects in the locality. There are no proposals
to bag any material as yet, but tmébptlon will be kept under review.

In the initial phase it is estimated that approximately 10 tonnes of finished product will be

produced daily and one truck will be loaded with compost on average every 2 days. At the
projected maximum annual production of 25,000 tonnes of finished product at a maximum of
100 tonnes/day, 5 trucks will be loaded with compost every day.

6. On Page 8 of the non-technical summary under the heading Leachate, last sentence it is
stated: ‘It is therefore considered that further mitigation measures are required’. Please
explain/clarify this statement.

This sentence should read ‘It is therefore considered that further mitigation measures are not
required’. .
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7. Will any of the Construction & Demolition wood waste contain biocide treated wood?

It is not proposed to accept biocide treated wood at the facility.

Non-Technical Summary

The. information supplied in response to this notice does not impinge on the non-technical
summary.
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1. INTRODUCTION

Kings Tree Services Ltd (KTS) have applied to the Environmental Protection Agency
(Agency) for a green waste composting facility at Coolbeg, Co. Wicklow (Application
Register No. 218-1). In a Notice issued in accordance with Article 14(2)(b)(ii) of the Waste
Management Licensing Regulations, the Agency have requested the submission of a site-
specific bioaerosol risk assessment which shows that the operation will not have negative
impacts on the nearest sensitive receptors to the site and that bioaerosols can be maintained at

appropriate levels.

This document provides an assessment of the risk of bioaerosol impacts of the greenwaste
composting facility on nearest sensitive receptors. It includes a bioaerosol control plan that
describes how bioaerosol levels will be maintained at appropriate levels at the facility.

Q&
®®
. . S . .
The assessment is based on OCM’s experience off ¢omposting processes with capacities
ranging from 2,000 to 50,000 tonnes per ann a review of national and international
literature on composting facilities and speciﬁcg}kl%g eenwaste composting.
&
&
gL
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({0\ &\0)
R
K
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2. PROJECT DESCRIPTION

2.1 Overview

The green waste will comprise wood wastes generated by the KTS tree surgery business,
garden and park waste produced during improvement and maintenance works by landscape
gardeners, grass and shrub trimmings produced by individual householders and timber and
wood waste recovered during construction and demolition works. Biocide treated wood
wastes will not be accepted at the facility.

The site encompasses approximately 2.5 ha and will be occupied by the compost process area,
ancillary buildings including the reception office, workshop and weighbridge and parking
areas. The composting process areas will comprise the waste reception area, windrows,
maturation area, finished product storage and a leachate storagé lagoon.
§®
S
The composting operation will involve pre-tre%gr%gﬁt to shred and mix the green waste,
composting in open windrows, maturation and posttreatment screening to remove impurities.
The finished product will be suitable for J rficultural and agricultural use. When fully
operational the facility will accept approxitnétely 40,000 tonnes of green waste annually and
produce approximately 25,000 tonne of ¢ompost. In the start-up phase it is envisaged that
there will be an annual throughput of“%ﬁ)o tonnes of green waste.
&0&6\

&

2.2 Site Location

The site is located in a worked out sand and gravel pit approximately 4 km to the south west
of Wicklow Town and 3 km to the south east of Glenealy, as shown on Figure 2.1. It is at an
elevation of approximately 60 mOD.

2.3 Site Layout

The facility will be developed in two stages. Stage 1 will include the reception office (240
m?), workshop (540 m?) and weighbridge and parking areas, the waste reception area (c. 1250
m?), windrows (c. 720 m?), maturation area (700 m?), finished product storage (c. 2375/2 m?)
and a leachate storage lagoon (1250 m?). This stage is designed to process up to 4,500 tonnes
of waste annually.
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Stage 2 will involve the extension of the windrow area to ca 9500 m? to accommodate the
processing of up to 40,000 tonnes of waste annually. The final site layout is shown on
Drawing No. 1360-P1. The layout took into consideration the need to minimise the risk from
potential sources of bioaerosol generation presented to off-site activities.

2.4 Compost Areas
2.4.1 Waste Reception

The Waste Reception Area will, at full capacity, encompass 1200 m?®. The area is designed to
provide storage for up to 5 days intake at maximum production and to accommodate pre-
treatment (shredding). It is estimated the peak delivery will be 200 tonnes per day, which is
likely to occur in the spring, summer and autumn (April - October). This requires a storage
capacity of 1000 tonnes.

&
2.4.2 Windrow ~<\®\
G

The Windrow Area, which will encompass %39‘0 m® and at maximum capacity, will
accommodate up to 15 individual windrows. glythe initial stage it is envisaged that a single
windrow will be operated. The windrow be approximately 5 m wide, 2.5 m high and 50
m long. As waste inputs increase the lgﬁ\gﬁ of the windrow will increase to a maximum of
107 m. Additional windrows will be@’tqy%ed with a space of 1 m between each windrow.

&

A

00{\&0

2.4.3 Screening & Maturation

The Screening and Maturation area will encompass 700 m? at maximum capacity and is
designed to accommodate 8 weeks storage.

2.4.4 Finished Product Storage

The Finished Product Storage area will encompass ¢ 2375 m?. It is designed to accommodate
8,000 tonnes of product.
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2.5 Climate

The description of the climatic conditions is based on meteorological data obtained from the
Dublin Airport Meteorological Station located approximately 45 km to the north of the site
(wind speed and direction, temperature and humidity) and.the station at Glenealy County
Wicklow (rainfall). Average rainfall, temperature, humidity and wind speed and direction are
presented in Table 2.1. The climate is mild and wet, with the prevailing wind direction from
the south west which occurs approximately 25% of the year. The wind rose for Dublin
Airport is included in Appendix 1.

Table 2.1 Meteorological Data : Dublin

Rainfall —

Annual average 732.7 mm
Average maximum month (Dec) 75.6 mm
Average minimum month (July) 49.9 mm

Temperature
&
Mean Daily @.6°C
Mean Daily Maximum (July) Q& ?@O 18.9°C
. .. S
Mean Daily Minimum (Feb) O S 2.5°C
(QO\'}
Relative Humidity . OQQ;\&
Mean at 0900UTC R 82%
Mean at 1500UTC <o 72%
\Q
)
Wind (Knots) OOQ&Q
Frequency of calms 2.2%
Prevailing direction South West: Approx. 25% of the Time
Prevailing sector South West

2.6 Surrounding Land Use & Sensitive Receptors

There are three residential properties within 300 m of the site (Ref. Figure 2.2). The nearest
properties (two semi detached houses) are approximately 150 m north east of the northern site
boundary but are 350 m from the Shredding area and 220 m from the Screening and Windrow
areas. These properties are surrounded by mature trees as can be seen in Photo 1 in Appendix
2. The third property is located across the N11 approximately 300 m to the east. The Beehive
Public House is approximately 320 m to the south east of the southern site boundary.

C:\04\117_KingTree\01_WLA\Article14\1170402.Doc 5 June 2005 (JOC/PS)
- - of 24

!
EPA Export 25-07-2013:18:28:42 |



R,
e
.

- Bollynagran Londfili
T WL Reg No 165-1

300 m Line
from Site Boundary)

i

£
Ballynagran Landfill
WL Reg No 165-1

/

777

Agriclutural Land
(Tillage)

Worked Out
Sand & Gravel Qual

Worked Out
Sand & Gravel Quarry

300 m Line

(frorp Site Boundary

0’ Caliaghan Moran & Associates.
Granary House, Rutland Street,

Cork, Ireland.

Tel. (021) 321521 Fox. (021) 321522

CLIENT
Kings Tree Services Ltd

| snvironmandal manogement for business |

email : ocm@®@indigo.ie

This drawing Is the properly of O°Callaghan Moran & Associates and shall
not be used, reproduced or disclosed to anyone without the prior written
permission of 0’Callaghan Moran & Assoclales and shall be refurned upon request.

TITLE
Surrounding Landuse

DETAILS

Fig No
2.2

SCALE
NTS

REV.
A

EPA Export 25-07-2013:18:28:42



The nearest settlement to the site is the village of Glenealy located approximately 3 km to the
north west of the site.

There is a concrete batching plant located approximately 180 m east of the site boundary,
between the site and the N11. The plant is approximately 300 m from the Shredding area and
200 m from Windrow Area and the Screening and Maturation Area.

The lands to the north and west are currently in agricultural use, primarily tillage. The lands
adjoining the western site boundary will be developed in the near future as a non-hazardous
residual waste landfill. There will be a buffer of approximately 500 m between the footprint
of the landfill cells and the site boundary. The administration offices serving the landfill will
“be located approximately 420 m from the western site boundary.

The site is currently accessed off the N11. Wicklow County Council proposes to upgrade this
section of the N11 to dual carriageway standard as part of the provision of the Rathnew to
Arklow Bypass. The upgrade will include the provision of a new access road and a four lane
dual carriageway, which will run between the eastern site boundary and the existing route of
the N11. The dual carriageway and associated landscape works will be located between the
facility and the closest sensitive receptors i.e. the residenc\@clocated to the north east and the
concrete batching plant. The location of the propo&e%\ﬁadways is shown on Drawing No.
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v 3. LITERATURE REVIEW - BIOAEROSOLS & GREENWASTE
COMPOSTING

3.1 Introduction

OCM completed a search of national and international literature on composting, bioaerosol
generation and control, and impacts. The search identified a number of recently published
assessments of the international research and reports on the evaluation of risks presented by
composting facilities, which OCM considers represents the most up to date information
available.

These documents include publications by The Composting Association of Ireland (Cre), the
UK Health and Safety Executive (HSE), the Department of Environment and Conservation
(New South Wales) in partnership with The University of N&Ww South Wales as the recycled
Organic Unit and UK Environment Agency (EA). In acg:iﬁlon OCM reviewed a number of
the primary research sources referenced in the above(\ﬁe@rts

3.1.1 Cre .\&9 O

Cre published a literature evalua{&)n of bioaerosol impacts from composting facilities.

(Bioaerosols and Composting: Ac¢Literature Evaluation, 2004). The report is intended as a

reference document for bloaer(gsol emission management at composting facilities in Ireland.

Its conclusions are based on a comprehensive review of international literature on bioaerosol
@ concentrations from composting facilities in Europe, the United States and elsewhere.

The report, which cites extensively from the published literature, includes an assessment of
the potential health risks associated with bioaerosols and makes recommendations on
measures to minimise bioaerosol generation. A copy of the report is included in Appendix 3
and relevant sections related to green waste composting are summarised below. To avoid
confusion, where an extract from the document is cited it is attributed to Cre rather the authors
of the particular research paper. The Cre report includes the full bibliography of the sources
reviewed.

3.1.2 HSE

The HSE published ‘A Critical Review of Published Data on Occupational and
ﬁ Environmental Exposure to Bioaerosols from Composts and Potential Health Effects’ (2003).
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The objective of the study was to critically review published literature related to studies of
airborne micro-organisms or their constituent parts (bioaerosols) associated with organic
waste composting facilities, and to establish whether there is a risk to worker health,
neighboring facilities or residents, leading to health concerns. The review also looked at
evidence of bioaerosol dissemination from sites, potential exposures and reported ill health.

3.1.3 ROU

The Department of Environment and Conservation (New South Wales) in partnership with
The University of New South Wales as the Recycled Organics Unit (ROU) have prepared a
report on Occupational Health and Safety and Commercial Composting including A Review
of Potential Risks of Infection and Risk Management Strategies, March 2003. The report
provides an overview of infection risks due to bioaerosols and organics dusts and
recommendations of the appropriate training for facility staff on mechanisms to minimise
impacts.

&
314 EA &
S &
OCM reviewed the position statement publfg%}fé@ by the Environment Agency in 2001
outlining its position in relation to health eff; \§§}om composting. The statement is based on
an research conducted by the Agency an%xﬂg@U K Department of the Environment Transport
and the Regions and includes recommen@@ﬂ)ns on buffer zones between composting facilities
and workplaces and dwellings. & g\\
C;
&
A

00(&\

3.2 Types of Bioaerosol Exposure & Health effects

Bioaerosols are organisms or biological agents that can be dispersed through the air and affect
human health. They can contain living organisms including bacteria, fungi, actinomycetes,
arthropods and protozoa as well as biological products such as endotoxin, microbial enzymes,
B-1,3 glucans and Mycotoxins (ROU 2003).

Composting is a natural process that involves the action of micro-organisms (fungi and
bacteria) to breakdown the organic substrate. There-is the potential for these bacterla and
fungi to become airborne as bioaerosols. The average human inhales about 10 m® of air per
day, consequently inhalation is the predominant route of human exposure and adverse health
effects from bioaerosols.
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A normal individual will inhale millions of bioaerosol or organic dust particles daily with
many of these being potentially pathogenic. However, the vast majority of these inhaled
particles will be deposited on airway surfaces, lodge in mucus and ultimately be cleared by
the lungs. Only a small proportion of these particles will enter the deep lung where gas
exchange takes place. The bodies defence system typically responds and generally combat
any infection. However, the bioaerosols can cause inflammatory and allergic responses in
certain individuals (ROU, 2003). The most common types of bioaerosols are discussed
below.

3.2.1 Fungi and Aspergillus Fumigatus

During the handling of fresh green waste the micro-organisms present are predominantly the
saprophytic "field" fungi such as Aspergillus fumigatus, which is a highly ubiquitous fungus.
It has been associated with soil, crop plants, bird droppings, chicken roosts, cattle dung, horse
dung, hay, fodder, corn, straw, grass and compost. It is also found on refrigeration and
bathroom walls and building vent systems where moulds have had a chance to grow (Cre
2004).
&
é

Aspergillus fumigatus is an allergenic fungus and opportumstlc pathogen which can
cause aspergillosis (fungal growth in the lungs) n‘\lgﬁ{;lunocompromlsed subjects. Healthy
individuals are at minimal risk of infection fr QQSperglllus fumigatus whereas individuals

with damaged lungs or compromised imm nesystems are more at risk (H&SE, 2003).
) (\Q’
&L
Q\ R
QQOQA\
3.2.2 Actinomycetes O
&
OO

Actinomycetes are filamentous gram-positive bacteria that are commonly found associated
with soil and plant materials. Thermophilic actinomycetes, with a growth temperature range
of 30 to 60°c, thrive in wet compost that has begun the self heating process. Therefore, they
can be used as indicator organisms for self heating of organic material and as indicator
organisms for the presence of bioaerosols generated from compost (Cre 2004).

Thermophilic actinomycete species are recognised respiratory allergens. Actinomycetes
produce thousands of very small spores (1 - 3 um diameter) which easily become airborne in
large numbers when heavily colonised material is disturbed. Their small size means that they
are potentially capable of penetrating deep into the human lung. They are primarily
responsible for occupational allergic lung diseases such as Farmers Lung Disease and
Mushroom Workers Lung Disease, which are forms of extrinsic allergic alveolitis (H&SE
2003).
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3.2.3  Endotoxin

Endotoxins are constituents of gram-negative bacteria. Endotoxin is a macromolecule with a
lipopolysaccharide core, which is found in the cell walls of all gram-negative bacteria. Gram-
negative bacteria are present in the oral cavities and intestinal tracts of humans and animals;
they also live on the surfaces of animals and plants. Consequently, the general population is
exposed to low levels of environmental endotoxin and it is found in house dust (H&SE 2003).

Inhalation of endotoxin in large quantity can cause short term illness, with flu-like symptoms,
fever, myalgia, and malaise. This is often termed inhalation fever or organic dust toxic
syndrome (ODTS). This acute clinical symptom response occurs between 6 - 12 hours after
exposure and lasts about 4 hours. Chronic exposure to endotoxin has been linked to work
related symptoms such as inflammation leading to chronic bronchitis, chronic obstructive
pulmonary disease and reduced Iung function (H&SE 2003).

Endotoxin concentrations drop considerably when certain measures were taken (e.g. if the
compost is moistened). There is also a good correlation between total respirable dust and
endotoxin concentrations, indicating any measures taken to reduce dust would effectively

reduce endotoxin concentrations (Cre 2004). éo@
&
NES
S
&8
3.2.4 Glucans (\Q‘\‘“@*
&
Q

Glucan is a polyglucose compound i 'Qg@é\\ell walls of fungi, some bacteria and plants. Itis a
potent inflammatory agent that inducge@lon-speciﬁc inflammatory reactions and may also be
a respiratory immunomodulatory sent.  Glucans may be involved in contributing to the
inflammatory responses resultir@”%éflg respiratory symptoms and adverse lung function effects
in response to the inhalation of bioaerosols. As it is present as a component of fungi, it will
be present in compost and potentially therefore airborne dust associated with compost
(H&SE, 2003).

3.2.5 Mpycotoxins

Mycotoxins are non volatile low molecular weight toxic secondary metabolites produced by
some species of fungi during their growth in organic materials. The most common route of
exposure is by ingestion of fungally contaminated food. Aspergillus fumigatus produce
mycotoxins which is usually present in the dust generated during the handling of compost. It
has been suggested that mycotoxin exposure may contribute to occupational lung disease in
workers exposed to organic dusts. It is considered that compost handling, like other industries
such as grain and animal feed handling, could represent a theoretical hazard of mycotoxin
exposure (H&SE 2003).
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3.3 Levels of Bioaerosols in Ambient Environment

Bioaerosols are naturally present in the environment, and may occur naturally at levels similar
to those found in waste facilities (EA 2002). A 1983 study found that in the absence of any
significant bioaerosol sources, natural atmospheric conditions in a typical suburban gave rise
to 0 - 7.2 x 103 (mean 273) cfu/m mesophilic fungi, 0 - 193 (mean 2.1) cfu/m? thermoph111c
fungi, 0 - 71 (mean 1) cfu/m® Aspergillus. fumigatus, 42 - 1.6 x 10° (mean 79) cfu/m?
bacteria. The highest concentrations occurred during summer and autumn (Cre 2004).

A 1998 found concentratlons of viable airborne micro- organrsms outdoors to be: 500 cfu/m*
total bacterla 10 cfu/m® Gram- negatlve bacteria, 1,200 cfu/m® total mesophilic fungi, 300
cfu/m? thermophilic fungi and 60 cfu/m’ thermophilic bacteria and actinomycetes.

A 1978 study reported ambient levels of v1able airborne bacteria in an agrlcultural area were
as being, 2 - 3.4 x 10° (mean 99) cfu/m’, and in a city 100 - 4.0 x 103 cfwm® (mean 850)
(HSE 2003).

o&

3.4 Levels of Bioaerosols from Greenwaste Comgo@gt?ng

A 2001 study of microbial emissions from a g@gﬁvaste composting site in the UK. Found
that handling of green waste compost in the @ﬁ'eﬁ generated levels of airborne bacteria wh1ch
exceeded 106 colony forming units (cﬁbp\%cﬁleasure of culturable microbial cells) /m’ air
sampled on occasions. Levels of Gre sgative bacteria, fungi and actinomycetes each at
times exceeded 105 cfw/m’ air sanfﬁlg@l Levels of airborne bacteria were highest during
shredding and turning, airborne 1r during screening and airborne actinomycetes during

screening and shredding. Qg?
Oo

The HSE includes data from an investigation conducted by Hryhorczuk et al (1996; 2001) and
Curtis et al (1999) who measured bioaerosol emissions from a green waste composting
facility in Chicago. Concentrations of airborne bacteria, total fungal spores, endotoxin and
beta glucans were significantly higher on-site than off-site, i.e., beyond the boundary fence 75
metres away from the nearest windrows. Levels of bacteria next to the compost windrows
reached 7.9 x 104 cfu/m® and averaged 11,879 on-site, compared to 3,204 off-site. Total
fungal spores reached 26,067 spores/m’ (average 13, 451 spores/m® on-site 8,772 spores/m’
off-site), levels of viable fungi reached 1.8 x104 cfu/m®. Mean total viable fungi were higher
off-site than on-site (average 3,068 on-site, 8,651 off-site). Endotoxin levels on-site reached
6.06 ng/m3 (60 EU/m®) (average 1.94 ng/m3 on-site, 0.14 off-site) and beta Glucans reached
14.45 ng/m’ (average 2.17 ng/m3 on-site, 0.24 off-site).
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3.5 Bioaerosol Dispersion

Bioaerosols are formed when the composting materials are agitated. Concentrations decrease
to background when waste processing activities stop, indicating that windblown
aerosolisation is insignificant (HSE 2003). As bioaerosols are small with low settling
velocities they can be carried long distances by wind and thermal currents.

The pattern of dispersal from a composting facility is determined by a number of factors
including the rate of emission, prevailing atmospheric conditions (e.g. wind speed and
direction, temperature gradients, relative humidity) and local topography that determines the
air flow around the site (HSE 2003).

The optimisation of bioaerosol (including dust and Aspergillus fumigatus) dispersal can be
achieved through increasing the height of release and increasing the turbulence in the air flow
thereby increasing the spread of the bioaerosols. Air turbulence can be increased by
providing structures that impede the airflow. These can be walls or fences, or natural
structures such as tree screens (Cre 2004).

&
NS

A study carried out for the EA 2001 found that spore (ﬁn&glé especially Aspergillus fumigatus)

concentrations decreased by 80% to 90% from 2005@ 40 40 m from the source (composting

facility) (Cre 2004). A 2002 study in the UK \Ogh monitored bioaerosols emissions from

two composting facilities, one of which was a '\%dgén green waste windrow process, found that

levels decreased to background levels 200;013\&’11@ the site (HSE 2003).
&

KO

3.6 Buffers QOQ

While there are a number of studies that investigated the fate of bioaerosols and dispersal
patterns from the source there is limited information on minimum buffer distances that should
be maintained between composting facilities and potentially sensitive receptors.

The EA’s position on siting composting facilities is “There will be a presumption against
permitting [and to object to any planning application] of any new composting process [or any
modification to an existing process] where the boundary of the facility is within 250 metres of
a workplace or the boundary of a dwelling, unless the application is accompanied by a site-
specific risk assessment, based on clear, independent scientific evidence which shows that the
bioaerosol levels are and can be maintained at appropriate levels at the dwelling or
workplace:” (EA, 2001).
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This approach is based on the findings of a study completed in 2001, which included a
modelling exercise that assumed the bioaerosols had gaseous properties. The author of the
study acknowledged that many of the bioaerosols formed aggregates large enough to
demonstrate non-gaseous behaviours and it was suggested that the concentrations would
decline at a greater rate with distance than the model predicted. However, the 250 m was
taken to provide an additional factor of safety to the 200 m distance less suggested in other
studies (HSE 2003).

Cre suggest that a 200 m distance would be particularly applicable to ‘benign’ feedstocks, e.g.
greenwaste composting, but that this could be further reduced depending on control measures.

3.7 Mitigation Measures

There is international consensus that operational controls can effectively mitigate bioaerosol
generation. These controls include: -

¢ Maintaining a proper composting environment. Regular and thorough mixing of

windrows (2 - 3 times per week) to minimise the presenée of Aspergillus fumigatus.

§)
NS

e Maintaining optimal moisture content in the windrows (50 - 60%.) Dust levels can be

greatly reduced if moisture levels are main@;ﬁl at optimal concentrations.

L
. QQ é‘&

e Maintaining a clean site including \\g}‘,\s roads and storage areas and provision of a

damping system to reduce dust gzg'@i“g@%n from dry surfaces.

Q
&

e Proper training of all facility opefators in methods of dust and bioaerosol control.

IS
9
e Arranging work rosters {3 ensure facility exposure to potentially high biocaerosol
generating activities is minimized.

e Construction of windrows as high as possible, but not so as to reduce the efficacy of the
composting process. The increased height of release of bioaerosols enhances dispersion.

The windrows can also be used to create an effective barrier and to increase turbulence.

3.8 Conclusions

The literature review indicates that the potential health risks associated with bioaerosol
generation at composting facilities to the general public are minimal and can be managed if
the proper operational controls are applied. The risks to facility personnel can be minimised
by the provision of appropriate training, personnel protective equipment and operational
control measures.
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There is limited consensus on buffers distances that must be maintained between green waste
composting facilities and sensitive receptors. The literature review indicates that bioaerosols
are reduced to background levels within 200 metres of composting facilities where source
operational controls and the influence of barriers to air flow are not taken into account. Cre
suggest that a 200 m distance would be particularly applicable to ‘benign’ feedstocks, e.g.
greenwaste composting, but that this could be further reduced depending on control measures.
The EA recommends a 250 m buffer.

Both Cre and the EA allow for a reduction the buffers based on evidence that bioaerosols can
be maintained at appropriate levels at the sensitive receptors. Cre suggests that this can be
achieved by the application of appropriate operational control measures and site specific
factors such as impediments to air flow which can improve dispersion.
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4. BIOAEROSOL CONTROL PLAN - COOLBEG

4.1 Introduction

A Bioaerosol Control Plan has been developed for the facility based on the source-pathway-
receptor risk assessment model. The effective mitigation of the impacts on sensitive receptors
requires the application of operational controls at the source that minimises the release to the
pathway which is the air. The proposed measures for controlling emissions from the site and
the factors affecting the movement of the bioaerosols along the pathway to the potential
receptors are discussed below.

4.2 Location and Site Layout &

4.2.1 Site Location 0@' &

SO

The site is located in a worked out sand and @ﬁ\’\@\f quarry, which extends to the east and south
of the property boundary. There are three&%@’%ential properties within 300 m of the site. The
nearest properties are approximately ,\1§§§% north east of the northern site boundary. The
third property is located across the N?Q@Spproximately 300 m away to the east. The Bechive
Public House is approximately 320 g@cto the south east of the southern site boundary. There is
a concrete batching plant locatg\dé‘\ approximately 180 m east of the eastern site boundary,
between the site and the N11. <

The lands adjoining the western site boundary will be developed in the near future as a non-
hazardous residual waste landfill. There are mature hedgerows and small areas of woodland
along the western site boundary. It is intended to maintain these hedgerows and woodland.
There will be a buffer of approximately 500 m between the footprint of the landfill cells and
the site boundary and the administration offices serving the landfill will be located
approximately 420 m from the western site boundary. ‘

4.2.2 Site Layout

The site layout was designed to maximise the distance between the potential sources of
bioaerosols and potential receptors. The eastern side of the site will be used for finished
product storage, maturation, car park and quarantine area, site buildings. There is the
potential for bioaerosol generation during screening activities in the maturation area.
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The southern and western portion of the site will be used for green waste reception and
shredding, windrows and leachate storage. Of these areas there is the potential for bioaerosol
generation from the shredding and the windrows turning.

4.3 Operational Controls
The following operational control measures will be employed at the facility: -

e Regular and thorough mixing of the Windrows (2 - 3 times a week) will be carried out to
aid proper composting and minimise the presence of Aspergillus fumigatus. Temperature
sensors will be placed at different locations and depths in each windrow. These will be
monitored on a daily basis by KTS personnel to ensure that optimum temperatures are
maintained.

e The optimal moisture content for windrows is 50 - 60%. Dust concentrations can be
greatly reduced if moisture levels are maintained within the optimal levels. The windrows
will be visually inspected on a daily basis to confirm the moisture level is in the optimum
range. Leachate/contaminated run-off from the on-site leachate storage lagoon will be
added to the windrow using the windrow turning &achme as required to maintain
optimum moisture levels. ) @

o &

o Malntalmng a clean site to reduce dust gege‘}gﬁ%n A flexible hose will be provided for

use in damping down the site during dry v%\aﬁ%er conditions.

éd \&\
e All facility operators and composg&@ékers will be trained in the appropriate methods of
dust and bioaerosol control. QOQ
K
O

A
e The windrows will be as mg@s possible to, but not so as to reduce the efficacy of the

composting process. The a&erage height will be 2.5 m.

4.4 Abatement Measures

Apart from the operational measures described above the dust mitigation measures which will
be employed at the fac111ty have been shown to reduce bioaerosol dispersion. The measures
include dust suppression systems on the shredder and screening machine and regular cleaning
of the site. The specific shredder/screeners that will be used at the facility have not yet been
purchased, but will include a sprinkler system.
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4.5 Monitoring

Baseline dust monitoring has already been conducted at the facility and it is proposed to
conduct monitoring at three locations on the property boundary biannually. It is proposed to
conduct baseline bioaerosol monitoring prior to waste acceptance. The monitoring locations
will, subject to the agreement to the owners, be at the site boundary and the nearest sensitive
receptor i.e. the residential properties located to the north east of the facility boundary and the
batching plant. It is also proposed to conduct bioaerosol monitoring once the facility is
operational on an annual basis.
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v

S. RISK ASSESSMENT

5.1 Introduction

The risk assessment is based on the likely emissions from facility, the proposed composting
processes, site specific characteristics and the locations of the nearest potentially sensitive
receptors i.e. the residential property to the north east, the concrete batching plant to the east
and the proposed landfill development to the west.

5.2 Bioaerosol Impact Criteria & Potential

The concentration of bioaerosols declines with distance fromsthe source due to atmospheric
dispersion and dilution. Most published data indicatethat bioaerosols are reduced to
background levels within 250 metres of compostin%\\fa%isl?ties. Studies have also shown that
spore concentrations were reduced by 80% to 92%@ a distance of 20 m to 40 m from the
bioaerosol (spore) source. \\}QO \;}'\@é
5
In assessing the impact criteria therqﬁ)%‘qlt is necessary to analyse the source-pathway-
receptor process that will apply at tlﬂ@oﬁr S facility. At maximum capacity the facility will
process 40,000 tonnes of waste pet annum and produce approximately 25,000 tonnes of
compost. Dispersion of bioaeros@% will occur through the air dependant on wind speed and
direction and any obstacles which will impede air flow. The potential receptors site are the
residential properties to the north east and east, the concrete batching plant to the east and the
@ landfill to the west.

5.3 Site Location

The site is located in a worked out sand and gravel quarry, which extends to the east and south
of the property boundary. There are three residential properties within 300 m of the site. The
nearest properties are approximately 150 m north east of the northern site boundary but are
350 m from the Shredding area and 220 m from the Screening and Windrow Areas. These
properties are surrounded by mature trees. The third property is located across the N11
approximately 300 m away to the east. The Beehive Public House is approximately 320 m to
the south east of the southern site boundary.
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There is a concrete batching plant located approximately 180 m east of the eastern site
boundary, between the site and the N11. The plant is approximately 300 m from the
Shredding area and 200 m from the Screening and Windrow Areas. The lands to the north
and west are currently in agricultural use, primarily tillage.

The lands adjoining the western site boundary will be developed in the near future as a non-
hazardous residual waste landfill. There are mature hedgerows and small areas of woodland
along the western site boundary and it is intended that these will be maintained There will be
a buffer of approximately 500 m between the footprint of the landfill cells and the site
boundary and the administration offices serving the landfill will be located approximately 420
m from the western site boundary.

The site is currently accessed off the N11. Wicklow County Council proposes to upgrade this
section of the N11. The upgrade will include the provision of a new access road and a four
lane dual carriageway will be located between the facility and the closest sensitive receptors
i.e. the residence located to the north east and the concrete batching plant.

5.4 Site Layout

The site layout was designed to maximise Q?f@&%istance between the potential sources of
bioaerosols and potential receptors. The@é%ﬁérn side of the site will be used for finished
product storage, maturation, car parlgf&@gf quarantine area, site buildings. There is the
potential for bioaerosol generation diirifig screening activities in the maturation area. The
maturation area is approximately 22%&01 from the residential properties and approximately 200
m from the concrete batching plants*

S

The nearest residences are to the north east of the site and down prevailing wind. However,
these are surrounded by trees which will aid the dispersal of any bioaerosols as a result of
wind turbulence. The upgrade of the N11, which will result in the construction of a four lane
dual carriage way and access road between the site and the residences, is also likely to result
in air turbulence associated with landscape measures and vehicle movements.

The southern and western portion of the site will be used for green waste reception and
shredding, windrows and leachate storage. Of these areas there is the potential for bioaerosol
generation from the shredding and the windrows turning. The greenwaste reception and
shredding area is located approximately 350 m from the residential properties and
approximately 300 m from the concrete batching plant. The closest windrow to the receptors
will be approximately 220 m from the residential properties and approximately 200 m from
the concrete batching plant.
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All of the potential sources of bioaerosol generation will be more that 400 m from the
administration and operational areas of the landfill which will be developed on the lands to
the west.

5.5 Site Activities
5.5.1 Waste Reception

Proper mixing of the material is important to allow for both a proper composting process and
the production of compost with a consistent quality. Some green waste streams may contain
relatively high or low concentrations of certain elements, e.g. nitrogen, sulphur. To prevent
process disturbances (e.g. high C/N ratio), excessive emissions (€.g. ammonia, H,S) and bad
quality compost, proper mixing is essential. To achieve proper mixing certain waste streams
(e.g. branches, timber, stumps) will be chipped/shredded.

There is a risk of bioaerosol generation during shredding. \(g,The shredder machine will be
located in the southern portion of the site, approximatelyV\@SO m from the nearest residence.
The shredder will be fitted with a dust suppression sg.tgg&s\to control dust emissions.

I\

S A
\0
&
on g
S
, $° (\é
5.5.2 Windrow R
S
38
NEY)

The green waste will be placed on the ground at the front of the windrow using an industrial
front-end loader. In the early st%g'és of the process the windrow will be turned two to three
times a week using a hydrauli¢séxcavator. The excavator will work through the composting
section from the back-end to the front-end. It starts by removing the mature compost (at the
back-end) to the compost refinement area, and subsequently move (turn) the material along
the windrow. Once it has turned the whole composting section, the area at the front-end will
be empty and ready for the intake of fresh green waste. The height of each windrow
(approximately 2.5 m) will be kept constant over the total composting period.

It is considered unlikely that significant volumes of bioaerosols will be generated from the
static windrows. There is however a risk of generation from the agitation of the windrow
during turning. In order to minimise this, the moisture content will be maintained at the
appropriate level. The windrow turning machine will be fitted with water sprinkler nozzles
which will be used to add water during the mixing process as required.

The nearest windrow to receptors will be approximately 220 m from the residential properties,
approximately 200 m from the concrete batching plant and greater than 400 m from
operational areas of the landfill.
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5.5.3 Screening & Maturation

Following the composting process, the material will be transferred to the maturation area,
where it will be screened to remove impurities. The equipment used will comprise a mobile
hopper/trommel system, with adjustable sieving plates in the trommel and dust suppression
water sprinklers. The screening will be carried out 3 to 4 times a week. The screening area is
approximately 220 m from the residential properties, approximately 200 m from the concrete
batching plant and more than 400 m from operational and administration areas of the
proposed landfill.

5.5.4 Finished Product Storage

The finished product will be stored on-site in the dedicated product storage area. The product
will be loaded onto trucks for removal off-site to its final destination/end market. This
activity will not be a source of bioaerosols.

&
§é~
5.6 Meteorological Data 0@;@\
QO

The description of the climatic conditions gﬁo\'m@gluded in Section 2.5 and is based on
meteorological data obtained from the . g} n Airport Meteorological Station located
approximately 45 km to the north of t&é@ffe (wind speed and direction, temperature and
humidity) and the station at Gleneal @Q&ty Wicklow (rainfall). The climate in the area of
Coolbeg can be described as mild an @et with the prevailing wind direction from the south
west approximately 25% of the yi%\l;o

&

5.7 Risk to Sensitive Locations

5.7.1 Residential Properties & Concrete Batching Plant

The nearest private residences are located generally down prevailing wind of the facility. The
literature review indicates that bioaerosols are reduced to background levels within 200
metres of composting facilities where source operational controls and the influence of barriers
to air flow are not taken into account. Cre recommend a buffer of 200 m between composting
facilities and sensitive receptors and the UK Environment Agency recommends a 250 m
buffer. However, it is recognised that site specific factors, including on-site bioaerosol
control measures and local topographical and man made features will reduce bioaerosol
emission rates and increase dispersion to atmosphere allowing for a buffer lower than 200 m.
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The activity with the potential to cause the greatest bioaerosol generation, shredding, will be
at least 350 m from the residential properties and 300 m from the concrete batching plant.
The other activities with the potential to generate bioaerosols (windrow turning and
screening) will be located at least 220 m from the residential properties and at least 200 m
from the concrete batching plant.

The operational control procedures and abatement measures proposed for the facility which
are described in the Bioaerosol Control Plan will minimise the rate of generation and emission
if bioaerosols from the facility.

The prevailing wind is from the south west. The mature hedgerows and woodland along the
western site boundary will induce turbulence in the air flow across the site. The perimeter
fence and that surround the residences nearest the site will also contribute to air turbulence
and enhance the bioaerosol dispersal rate. The proposed access road and dual carriageway,
which will run between the site and the nearest receptors will also influence air flow patterns
and dispersal rates.

g
5.7.2 Greenstar Land(fill O{\\é
SN
S
The Greenstar landfill is located up prevailing@@ﬁa of the KTS facility. The areas where

Greenstar staff will be based i.e. the landﬁlkﬁ)\@ﬁ)rint and the site administration offices are
both greater than 400 m away form the sitg;ﬁg@hdary.
O

NN

5.8 Monitoring S

Baseline dust monitoring has already been conducted at the facility and it is proposed to
conduct monitoring at three locations on the property boundary biannually. It is proposed to
conduct baseline bioaerosol monitoring prior to waste acceptance. It is also proposed to
conduct bioaerosol monitoring once the facility is operational on an annual basis.

The monitoring locations will, subject to the agreement to the owners, be at the site boundary
and the nearest potential receptors i.e. the residential properties located to the north east of the
facility boundary and the batching plant. The monitoring data will be used to assess the
efficacy of the facility’s operational control measures in maintaining bioaerosols
concentrations at ambient levels at the nearest potential receptors.
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5.9 Conclusions and Recommendations

Cre concludes that a 200 m buffer between composting facilities and potential sensitive
receptors is suitable to ‘benign’ feedstocks, e.g. greenwaste composting but that this could be
further reduced depending on control measures and site specific features. The nearest
residential properties are located at least 220 m from the potential bioaerosol generating areas.
The concrete batching plant is located at least 200 m from the bioaerosol generating areas and
the operational and administrations areas of the proposed landfill are greater than 400 m
away.

The mature hedgerows and woodland along the western site boundary, the proposed perimeter
fence and the trees surrounding the nearest receptors will all contribute to creating turbulence
in the air flow across the site, which will enhance the dispersal rate of bioaerosols generated
by the active.

A Bioaerosol Control Plan has been prepared for the facility which includes operational
controls to minimise bioaerosol emissions levels and further reduce the bioaerosols to a level
that presents negligible risk to the receptors. The influence of future works in the area,
including landscape measures at the facility and partlcular\ly the construction of the dual
carriageway between the facility and the nearest receptors will further reduce the risk.
Routine dust and bioaerosol monitoring will be came\fl g\;ﬁ at the nearest sensitive receptors to
confirm that bioaerosols are at ambient levels. og?’ \0\

\Q \

R
It is considered that, in the context of theés‘ii@%ondltlons proposed composting activities and
operational controls, the distances b, :n the potential sources of bioaerosols and the

potential receptors are adequate f(?Q'i‘c ieve the necessary dispersion and dilution of
bioaerosols to ambient levels at the @Eeptors

&

s
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DRAWINGS

Drawing No. 1360-P1 - Site L@yszut

Drawing No. P8A - Propogéﬂﬁll Upgrade
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Chapter 1

Introduction

Composting is a microbiological process and during mechanical agitation of composting material,
biological agents are aerosolised (i.e. become airborne), giving rise to the term ‘bioacrosol’. Most of
the composting done in Europe is done by open air windrow system, for instance in the UK and
Denmark around 90% of composting is done by open air windrow. (Slater et al., 2001)

Bioaerosols are an issue in composting because of their potential negative impact on public or worker
health. Occupational health and safety concerns and public health issues are varied. They include
@ exposure to aerosols, primarily worker inhalation and also the potential for bioaerosols to migrate to
areas beyond a facility perimeter and affect the nearby inhabitants. The predicted increase in large
scale composting across Ireland over the next five years will result in increasing pressures being
placed on the industry to identify new sites for composting faci‘lgti%'s.
’ $

3
Bioaerosols of concern during composting consist ofo'@a\’@mge of micro-organisms (Actinomycetes,
bacteria, fungi) and organic constituents of microbé,g% eg@ plant origin (Millner et al., 1994, Millner

1995). Focus to date has been on Aspergillus fumigaius (AF), fungus and bacteria. Fine dust is also
very important as it is respirable and can affec,;{éh%\ ng function of workers.
&

The responses to bioaerosols are host and@?@‘g dependent; that is some individuals may respond to
a dose that does not affect others (Milln%z‘oét al., 1994, Millner 1995).

&
Most reported cases of aspergillozgeﬁl\e condition caused by Aspergillus fumigatus) have occurred
in immuno-compromised individ@als. Instances of aspergillosis in healthy individuals are rare, even
when involved in occupations associated with exposures to high concentrations of airborne
Aspergillus fumigatus (Millner et al., 1994, Millner 1995).

Other responses to bioaerosols can range from mild cases of inflammation and allergy to serious
tissue or systemic infection by secondary pathogens (Millner et al., 1994, Millner 1995).
Inflammation responses can include Mucous Membrane Irritation (MMI), Organic Dust Toxic
Syndrome (ODTS) or Hypersensitive Pneumonitis (HP). Allergenic responses may stimulate
inflammatory responses as well as a broad range of typical allergenic responses (e.g. mild itching,
watery eyes/nose or asthma) (Millner et al., 1994, Millner 1995).

Endotoxins are the part of the outer layer of the cell wall of gram-negative bacteria. The primary
concern with endotoxins is for workers. It was reported that there is little evidence to suggest that
exposure to airborne endotoxins cause toxic conditions. (Millner et al., 1994, Millner 1995).

It is also important to note that bioaerosols are not exclusive to composting facilities. Bioaerosols
may be found in non-occupational environments (e.g. home lawns, wooded areas, attics) and

occupational environs (e.g. farms, mushroom production, timber processing and cotton processing)
(Millner et al., 1994, Millner 1995).

Bioaerosols and Composting-A Literature Evaluation 1
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Millner et al., 1994, Millner (1995), Poulsen et. al., (1995) and Ault and Schott, (1993) provide
reviews on bioaerosols and composting.

In Ireland, the Environmental Protection Agency considers bioaerosol emissions as one of the
potential negative impacts of composting facilities. It has recently requested some waste license
applicants to submit a Bioaerosol Monitoring Plan as part of the information to be supplied with the
application.

The objective of this study is to provide a comprehensive reference document for bioaerosol emission

management in composting facilities in Ireland. This is based on exhaustive evaluation of

international literature on bioaerosol concentrations from composting facilities, in Europe and

elsewhere. An assessment is made of the potential health risks associated with bioaerosols at

composting facilities. Sampling methodologies are presented. Recommendations are made on how to
@ minimise bioaerosol generation through compost facility siting/design and site operation.

The scope of this paper does not extend to compost site odour.
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Chapter 2

Bioaerosol Concentrations

2.1 Dust

The International Standardization Organization (ISO 4225-ISO, 1995), define dust as: ‘small solid

particles, conventionally taken as those particles below 75 um in diameter, which settle out under

their own weight but which may remain suspended for some time’. The Council Directive

1999/30/EC have defined PM), as: ‘particulate matter which passes though a size selective inlet with

a 50% efficiency cut-off at 10um aerodynamic diameter. There is very little information available on
@’ PM,¢ levels at composting sites in Europe.

Dust produced during composting is technically not a bioaerosol, but, it may carry microbial
constituents. The dust at a composting facility can include bagtena fungi, dry plant particles or

insects, depending on the feedstock. ®®\
3
. gse . NS . .. .
Dust at composting facilities can be produced durlng gﬁgortatlon, mixing, sieving, processing and
storing of feedstock or finished product. The maJ f dust generation at a composting facility is

due to insufficient moisture in the compostin @ﬁ'terial Table 1 presents an overview of dust
concentrations from a variety of activities at %,q%@ber of composting facilities.
\.

Dust concentrations have been reporte@o (\een 0.1 to 12.0 mg/m® (Table 1) at composting sites
reviewed, but are generally less tha@% mg/m’. Dust concentrations may vary with various
composting activities (e.g. grinding; “turning, screening etc.). It has been shown that there is
significant reduction in dust copeehtrations when there is sufficient moisture in the composting
system. (Epstein et al., 2001).

@. At a large scale industrial and domestic waste plant in Germany, fine dust concentrations of greater
than 6mg /m® were recorded for short periods when the waste was being delivered to the plant (Streib
etal., 1996).

In a composting site in Colorado, it was reported that when the moisture level of the compost was
increased the dust concentration dropped dramatically (Epstein et al., 2001). The concentrations of
dust were highest during pile construction but surprisingly the concentrations were low during pile
screening. However, results from Sweden have shown high concentrations of dust recorded in the
pile screening area. (Millner 1995).

In a study conducted by one of the authors of the report, (van der Werf et al.,1996) dust
concentrations were low 10 metres upwind and downwind of composting activities.

The Natlonal Authority for Occupational Safety and Health (Ireland) have set a 8 hour exposure limit
of 10 mg/m® for non specific total inhalable dust and 4 mg/m® for total resplrable dust. A 6 mg/m’

over short periods fine dust concentration threshold has been suggested in Germany (Streib et al.,
1996).

Bioaerosols and Composting-A Literature Evaluation 3
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Table 1: Dust Concentrations Recorded at Various Composting Sites

Location Type of Composting | Recorded Comments Reference
Facility Concentrations(mg/m°)
Median value 10.6
Solid Waste Composting | 1x 10" -1.2 x 10’ mg/m’in screening
Sweden Facility (indoor and airborne dust in screening | area. Not stated if Millner (1995)
outdoor sites). area. enclosed facility or
otherwise.
Source separated organic
N waste, food and yard 0.4-3.1 personal dust Further details of Douwes et al.,
etherlands waste. Indoor . .
Composting Plant. exposures. site not specified. (1997)
Aerated Tunnels.
285 tonne p.a. domestic Ehreshold tions 6
waste. >6 x 10° fine dust for on/cen}tra tons Streib et al.,
Germany 1800.000 tonne p.a. short periods mg/m. nghest (1996)
domestic/industrial. Generally much lower. concegtratlons
Unsorted. foupd in waste
.dehvery.
Total Dust 5 x 10™ -Z.Q@‘
x 10°
Respirable d@ﬁz% x 10
-147x ;ﬁi’ S
@*,Vé&} S| < L8x
S 10" -
dedsfock | 1.22x
. 0’%&1{@ 10° Depends on process,
Qé N\ respirable | S€aSOD, and
Qoﬂ’ dust composting activity.
Aerated Static Pile, &6\ 147 x There is a 90%
Biosolid compostin&;é\ 10°-1.2¢ | reduction in Epstein et al
Colorado, USA. Enclosed Building) Pile < 10° N concentrations if (2%01) »
2800 tonne p.a. Construction respirable certain measures are
dust pndertaken i..e.
<23x 1nf:rease mqsturg.
. 1070 -0.75 Highest during pile
Pile < 10" ) construction.
Breakdown .
respirable
dust
<2.l4 X
Pile 10 _-]<0.3
Screening x 10.
respirable
dust
Outdoor Windrow Measured over a van der Werf
Ontario. Canada Leaf and Yard 0.11x10"-1.15x 10° two day period snap | 1996; van der
’ Composting total dust shot, 10m upwind Werf and van
1600 tonne p.a. and downwind. Opstal (1996)
Yard Waste (outdoor) 10 sampling days at
Mlinois USA. 14624 m® landscape 3.9x 10" -1.8x 10° various sites inand | Hryhorczuk et
waste (grass clippings, total dust around composting al., (2001)

leaves, tree branches).

facilities.
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2.2 Aspergillus fumigatus

Aspergillus fumigatus is a highly ubiquitous fungus. It has been associated with soil, crop plants, bird
droppings, chicken roosts, cattle dung, horse dung, hay, fodder, corn, straw, grass and compost. It is
also found on refrigeration and bathroom walls and building vent systems where moulds have had a
chance to grow (Millner et al., 1994).

Table 2 depicts Aspergillus fumigatus data from various composting facilities.

Aspergillus fumigatus concentrations were in the range of 10> to 10° CFU/m’ with several
concentrations of 10 recorded in German literature (Bshm et al., 2002). Highest concentrations were
recorded whenever the piles were disturbed (i.e. during pile construction or screening). In one case in

@ Denmark the concentrations were almost below detection and similar to background concentrations
(Neilson et. al., 1997). Concentrations dropped considerably at a distance of 150 m downwind and 75
m upwind (Nielson et al., 1997).

&
In a study carried out for the UK Environmental Agency by Lasella et al., 2001 it was found that
spore (fungi especially Aspergillus fumigatus) concentratlog@decreased by 80% to 90% from 20m to
40 m from the source. &o)

The optlmlsatlon of bioaerosol (including dust aﬁﬁyispergzllus ﬁ;ngatus) dispersal can be achieved
through increasing the height of release or th: Q@h increasing the turbulence and thereby increasing
the spread of the plume. Turbulence around the plant can be increased by providing structures that
impede the airflow. These can be walls’ sorfences, or can be more natural structures such as earth
mounds (bunds) or tree screens. (Whe e?%t al., 2001). Britter et al., (1998) has assessed the effect of
these structures on turbulence and h e%ound that they have 1ncreased dispersion characteristics. The
impacts of these structures for ina@?gs sing turbulence will have to be measured as they are likely to be
site specific.

@_ In a study carried out in New York, off-site concentrations ranged from 5.6 x 10* CFU/m’ with a
maximum of 6.4 x 10° CFU/m’ (Recer et. al., 2001). In a companion study undertaken by Browne et
al., (2001) in order to provide data about dally changes in symptom occurrence, a variety of health
symptoms were recorded by participants in a diary. Data was analysed in relation to spore
concentrations observed during the study period. Other data collected included temperature, ozone
level, nitrogen oxide level, sulphur dioxide concentrations and ragweed pollen grains. Ozone,
ragweed and temperature were significantly associated with allergy and asthma incidence (p<0.05).
For both daily mean and maximum Aspergillus fumigatus concentrations there was no positive
association with allergy and asthma symptom incidence. The results of the study suggested that if
increased concentrations of Aspergillus fumigatus spores generated during operations at the
composting facility are leading to increases in allergy and asthma symptoms these increases were too
small to detect, given the limitations of the study (Browne et al., 2001).

Fischer et al., 1998 investigated the effect of turning frequency on the concentrations of Aspergillus
Sfumigatus durmg windrow composting of garden and kitchen waste. Aspergillus fungatus
concentrations in the centre of the windrows were reduced after two weeks of composting from >10°
dry weight of compost to 10°. Surface concentrations of Aspergillus fumigatus remained high in the
@ least frequently turned windrows. The more frequently the compost pile was turned the faster the

Bioaerosols and Composting-A Literature Evaluation 5
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temperature increased to a level which can eliminate Aspergillus fumigatus. Fischer et al., 1998
concluded that health risks to compost plant workers could be lowered by frequent turning of the
windrows, reducing the Aspergillus fumigatus concentrations on the surface on the compost. This
study also showed that 10 metres downwind from the turning process Aspergillus fumigatus levels
had decreased by 2 to 3 magnitudes.

Data depicting Aspergillus fumigatus concentrations in other industries are included in Table 3.
Concentrations found in composting sites are in the lower range of concentrations found in other
industries and agricultural activities.

Aspergillus fumigatus concentrations of 5 x 10° to 2 x 10° CFU/m® were found in hay silos during
hay turning and in stables (Lacey et., al 1992, Millner et., al 1994).
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Table 2: Bioaerosol Aspergillus fumigatus Concentrations recorded at various composting sites

Location Type of Recorded Comments Reference
Composting Concentrations(CFU/m’)"
Facility
Site 1: Landfill Site
enclosed
composting facility,
4000 tonne p.a., — 2
Germany open air curing for S:EZ ;: ég i 18‘ Reinthaler et al.,
12 weeks T (1998/1999)
Site 2: 300 tonne
p.a. biowaste and
greenwaste, open
windrow.
Delivery 2.6x 10
Sorting 3.9x 10
. . 4 .
Germany tn\t/:eslture search of | Turning 4.6x 10° | & Boshm et al., (2002)
Post Treatment | 1.5 x 14(1)‘6\
A\
N
Background g,? X 10°
S
Near Rotati by 3
S ! 00%5@0 2.03x 10
> O] <0.00 x
75 n&g&\ﬁnd 10° Composting green
S down- waste and
Germany Enclosed system. %q} 2.00x 10> | biowaste-details of Danneberg et
size of site not al,(1997)
\ﬁ?(haust from 6.x 10° recorded.
] biofilter
c®
Control Site 7.77 x 10!
Source Separated Very low concentrations-
Denmark p equivalent to background Nielson et al., (1997)
Household Waste. .
concentrations.
1: 49x10°
3 municipal waste 2: 2x 10°
ltaly composting sites. 3: 7.8x 10° Varese etal,, (2002)
(Maximum concentrations).
Site 1: 5000 tonne
p.a. botanic and
kitchen waste. Site 1:Turning: 9 x 10° ¢ .
UK Site 2: 12,000 p.a. | Site 2: Spreading: 1.4 x 10? Gilbert et al., (2002)
tonnes of
greenwaste

® Details of sampling site (i.e. upwind or downwind) stated where available.

Bioaerosols and Composting-A Literature Evaluation
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Table 2 (continued): Bioaerosol Aspergillus fumigatus Concentrations recorded at various composting sites

Location Type of Recorded Comments Reference
Composting Concentrations
Facility (CFU/m®)
Colorado, USA Acrated Static Pile, Mixing 1.1 x 10 | Measured in Epstein et al., (2001)
Biosolid ‘ Pile <74_77 | Summer. '
Compostmg.‘ . construction | x 10 90% Feductlon with
Enclosed Building. Pile 1.4 x 107 | certain measures.
2800 tonne p.a. Breakdown to>4.4 | Very low .
x 102 concentrations were
Pile <47 t0> measured in winter.
Screening 44x10%
No Activity | 3-7
Ontario, Canada Outdoor Windrow Measured over a van der Werf (1996);
Leaf and Yard 0.4 x 10*- two day period snap | van der Werf and van
Composting 7.8 x 10° shat, 10m upwind | Opstal (1996)
1600 tonne p.a. é@‘ﬁd downwind
Long Island, New Residential &Y Processing 25,000 Recer et. al., (2001)
York neighbourhood, near Q\* ré\Q’ tonnes p.a. 1 year
yard waste 5.6 x 10 (mea © & study period.
composting site 6 x 10° (ma@O R Samples taken 2
QQ‘\’& upwind, 1
O @ downwind.
Norman, Oklahoma, | Outdoor Municipal &@§ Folmsbee and
USA Waste Composting | 9725107 (mean) Strevett (1999)
s QIR
Facility <
Maryland Enclosed Compost S\Mean: 22 Details of facility Millner et al., (1994)/
Facility gg\\ 1.44 x 10* max not stated Millner (1995)
Portland Not Stated N 1 Details of facility | Millner et al., (1994)/
© 2x 10" at 6 metres not stated Millner (1995)
New Jersey Yard Waste 5 x 10° during high Details of facility | Millner et al., (1994)/
activity not stated Millner (1993)
Connecticut Yard Waste 26x 10° Details of facility | Millner et al., (1994)/
) not stated Millner (1995)
New York Yard Waste 6 x 102 Details of facility | Millner et al., (1994)/
not stated Millner (1995)

Table 3: Bioaerosol Aspergillus fumigatus Concentrations for other Industries/Activities (Adapted from Ault and

Schott 1993)

Activity Recorded Concentrations (CFU/m®)
Mulched Lawn 6.9x 10°

Compost Site (Quiescent) 0-2.4 x 10"

Hay barn 5.5x 10°

Poultry House (in spring) 2.1x10°

Mushroom House (stationary beds)

3.3 x 10% (90% non mould spores)

Timber Processing

1 x 10°-1 x 10*

Debarking 1.27 x 10* heartwood Includes all fungi

5.3 x 10* sapwood Penicillium and A.

6.5 x 10*bark Jumigatus predominate
Composted Wood Chips 1.4 x_10° (Includes all fungi)

Bioaerosols and Composting-A Literature Evaluation
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2.3 Total Fungi

Table 4 depicts total fungi from various composting facilities.

Total fungi concentrations ranged from 107 for an idle pile in Germany to 10° at the biofilter, at the
same plant (Kampfer 2002). Concentrations were also higher closer to the point of activity than
further downwind from the site. Activity in the composting site resulted in elevated fungi counts, in
one case the concentrations were elevated ten fold during shredding, (Jager et al., 1994).

Hass et al., (1999) reported that there were seasonal differences in fungi concentrations. It was found
that fungi concentrations were higher during the summer than the winter. This is probably due to the
fall in ambient temperatures in winter as colder temperatures may curb the growth of micro-
organisms. In another case, in Germany. Béhm et. al., (2002) the highest concentrations of fungi
were recorded during delivery of wastes. Marchand et al., (1995) reported fungi concentrations were
highest during waste storage and sorting activities through to the discharge of compost from a tunnel
composting system. Hryhorczuk et al., (2001) found that fungicfoncentrations were higher off site
than on site although this was attributed to the site’s location O'@éa wooded area.

. . o N . . -
Fungi concentrations in other industries are depicted.in.Fable 5. Concentrations of various activities
including agricultural, sawmill, range from 10* - .@Z?U/m3 Stetzenbach., (1997).

Bioaerosol fungi concentrations at compostin ﬁqi’fﬁies are similar to concentrations found in other

industries and environments. & \@é
S
<<Q\ \\i\\o)
R
s\(’
&
&
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Table 4: Total Bioaerosol Fungi Concentrations recorded at various composting sites

Location Type of Recorded Comments Reference
Composting Concentrations(CFU/m?)
Facility
Germany 300 tonne p.a. open | Hichest near bio-filter. 3.9 x | Mould Hass et al., (1999)
windrow 10°-3.3x 10° concentrations
4,000 tonne p.a. Post Composting 1.4 x 10°—~ | higher during the
enclosed system 1.5x 10° summer than the
Control Sites 5.9 x 10— 5.4 x | Winter
107
Germany 285 tonne p.a. Measured during Streib et al., (1996)
domestic waste 8.4 x 10° in composting area winter
1800,000 tonne p.a. | ° posing
domestic/industrial
Germany 1: Domestic Waste 1: at start 9.4 x 10° Shredding Jager et al.,(1994)
Sludge (drum piles) | at 3 months 1.9 x 10* increases fungi
2: Biowaste and background concentrations: concentrations ten
garden waste, Indoor | 1.4 x 10° >éff)ld
Hall Composting, no | 2: at start: 7.5 x 10° Qé\ (waste volume
forced aeration outdoor concentrations: 3.4X | processed not
10° ,\\*J’ 'Z§\Q’ specified)
Germany Literature Search Delivery 4%10* Literature Review B6hm et al., (2002)
Sorting S IG5 x10°
Turning S @] 4.3 x 10°
Post Treatment | 1.7 x 10°
Backgiound | 38x10°-
EL 6 x 10*
Germany 8,000 tonne p.a. Pile | Rirning 3x 10° Kampfer (2002)
composting, covered s "Shredding 8 x 10°
by membrane &7 1dle Pile
Open storage (in 9x 102 x
sheds) 1510°
Domestic waste 70%
and plant waste 30%
40,000 tonne p.a. Biofilter 54x10°
Domestic waste
Bioaerosols and Composting-A Literature Evaluation 10
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Table 4 (continued): Total Bioaerosol Fungi Concentrations recorded at various composting sites

Location Type of Recorded Comments Reference
Composting Concentrations
Facility (CFU/m®)
Germany Closed System Near Total fungi at 22°C ) Danneberg et al.,
Rotating 248x10° | and 30°C. (1997)
Sieve Composting green
75 m up- 1 x 102 waste and Biowaste.
wind Further details of
150 m . 3.0% 10 site not recorded
down-wind
Exhaust
from 9.4 x 10
biofilter
Control Site | 8 x 10
Canada Enclosed System 7x10%- 72x10° Marchand et. al.,
Mixed Waste & (1995)
\Qé
S
Yard Waste Off site 8.651x é@“’
(outdoor). 14624 m’ S &
Illinois. USA landscape waste OG??Q,S\ Site located in Hryhorczuk et al.,
’ (grass clippings, \\)\J &\}‘ wooded area. (2001)
leaves, tree . OQQ %
branches) Onsifg> | 3.068 x 10°
S59
&
QGOQ%
&

R
Table 5: Bioaerosol Fungi Conc%ﬁ?ations for other Industries/Activities
Adapted from Stetzenbach, L. 1997

Activity / Industry Fungi (CFU/m®)
Animal Facilities 10°-10®
Composting 10>~ 10’
Agricultural Harvesting and Storage 10°-10°
Sawmill 10°~10°
Manufacturing Technology 10*-10°

Water Treatment (Activated Sludge) 10-10°

Bioaerosols and Composting-A Literature Evaluation
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2.4 Bioaerosol Endotoxin

Endotoxins are constituents of gram-negative bacteria. Table 6 depicts endotoxin data from various
composting facilities.

There was a lot of variation in the recorded endotoxin levels, from <1 to 640 ng/m’. In Denmark
when bioaerosols were artificially generated, concentrations® of 14,000 ng/m® were found.
Concentrations of this magnitude do not reflect any other concentrations recorded in other sites
mentioned during normal composting activity. In the other sites, maximum concentrations were
found at pile construction and screening, that is whenever the piles are disturbed. Concentrations are
higher in summer than in winter (Epstein et al., 2001).

@ Epstein et al., (2001) reported that endotoxin concentrations dropped considerably when certain
measures were taken (e.g. if the compost is moistened). The concentrations of endotoxins also
dropped considerably some distance from the plant, for example concentrations dropped by 80 times
at 150 metres downwind, indicating minimal health problems for the general public if their homes are
at least 150 metres away. There was a good correlation betw\ggﬁ total respirable dust and endotoxin
concentrations, indicating any measures taken to reduge q&%t would effectively reduce endotoxin
concentrations (Epstein et al., 2001). é??oioxé\

&

General threshold levels are given by the Intem@ﬁf@r\\z\ll Committee of Occupational Health but these

are only guidelines and no data is available o&%qsﬁe-response relationships. These are depicted below.

RO
Potential Health Effect S mg/m’
Mucous Membrane Irritation . $720-50
Acute Bronchial Constriction £ 100-200

Organic Dust Toxic Syndrome (& 100-2000
As reported by Epstein et al., 2002

@P Rylander suggested that up to 100 ng/m’ should be considered as safe until additional information is
available (Rylander 1993). The Dutch Expert Committee on Occu;;ational Standards of the National
Health Council (Heedrik, et. al., 1997) proposes a value of 4.5ng/m’ over an 8 hour exposure period.

Endotoxin concentrations from other industries/activities are depicted in Table 7. The data reported
in Table 6 typically falls within the low to mid range of data depicted in Table 7.

“ ® This figure is not particularly relevant as (i):it is artificially generated and (ii): concentrations of this magnitude have not
been recorded in other sites reviewed in Table 6.

Bioaerosols and Composting-A Literature Evaluation 12
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Table 6: Bioaerosol Endotoxin Concentrations recorded at various composting sites

Comments

Location Type of Composting | Recorded Concentrations Reference
Facility® (ng/m®)
Sweden Solid Waste 1-4.2x 10", (Indoor and Stated safe Millner (1995)
Composting Facility | outdoor sites) concentrations of:
100 ng/m’
Netherlands Source separated 3.6x107-2.12x10° Links were made to Douwes et al,,
organic waste, food initially. enhanced (2002)
and Yard Waste. After certain measures (i.e. | inflammatory
Indoor Composting general site management) reactions of upper
Plant. Aerated were taken concentrations airways.
Tunnels. dropped to a maximum of Further details of site
7.8 x 10", not reported.
UK 12 Material Recovery | 3.2x 10" - 5.8 x 10" >7 ng/m’ recorded at Gladding et al.,
Plants Surveyed seven sites. (1999)
Processing Industrial,
Household,
Commercial Waste, o
Denmark Source Separated Maximum concentrations " Bioaerosols Nielson et al.,
Household Waste. were recorded as: 1.4 x @@ artificially generated | (1997)
RS in rotating drum.
Germany Enclosed System. Near gg,@)\bs(“lo‘ Composting green Danneberg et al.,
Rotating QO# 4 @6 waste and biowaste- (1997)
Sieve Qoo\ o | further details of site
75m .S | 1.6x 107 not recorded.
upwinds"
150 25" 2.36x 10"
deswnwind
K Exhaust 8x 107
%é\\ from
& biofilter
< Control Site | 7 x 10
Colorado, USA Aerated Static Pile, Feedstock 5x 107 - Depends on process, | Epstein et al.,
Biosolid Composting. | Mixing 7.7x 10" | season. There is a (2001)
Enclosed Building. Pile 5x107 - 90% reduction in
2800 tonne p.a. Construction | 2.51 x 10 concentrations if
Pile 2.2x 10" - | certain measures are
Breakdown | 6.4 x 10? undertaken i.e,
Pile 1.68 x 102 — | increase moisture.
Screening 4.88 x 10°
Compost 7x10' —
Building 2.29 x 10

¢ Details of compost site shown if available

Bioaerosols and Composting-A Literature Evaluation

13

EPA Export 25-07-2013:18:28:44




wcré

7 TOMPSIING ATSCRILTION
of AN

Table 6: (Continued) Bioaerosol Endotoxin concentrations recorded at various composting sites

Location Type of Composting | Recorded Comments Reference

Facility Concentrations
(CFU/m’)

Ontario, Canada Outdoor Windrow Measured over a two | van der Werf 1996;
Leaf and Yard day period snap shot, | van der Werf and van
Composting <1.9x10°—4.7x 10" | 10mupwind and Opstal 1996
1600 tonne p.a. downwind.

Illinois USA Yard Waste (outdoor) 10 sampling days at Hryhorczuk et al.,
14624 m’ landscape various sites in and 2001
waste (grass 12x10"-6.1x 10° around composting
clippings, leaves, tree facilities.
branches)

Table 7: Bioaerosol Endotoxin Concentrations in other industries

Adapted from California Department of Health Services Environmental Health Investigations Branch

Oakland, California 1999 (Mc Neel et al., 1999) @\o
Industry Endotoxin Concentratien g\g\
Livestock Industry 5.x10'-1.x 10° Q?Ozs\o‘
Animal Feed Production 1.61 x 10* \ong\@r
Glasshouse 6x10° -7.79 )(gdﬁ?@)\
Household waste composting plant 2.1x 10! oé} 0$°V
Garden-waste composting plant 8x 10(2\\\(\:5)6\
Fur Animal Bedding 6.2 x 101X 1.950 x 10°
R
oooéé\
@
o
Bioaerosols and Composting-A Literature Evaluation 14

EPA Export 25-07-2013:18:28:44




wcré

Z CIRPORTING ARBOCLATION
of FLANG

\ 2.5 Total Bioaerosol Bacteria

Bacteria are prevalent in the composting process. Table 8 depicts total bacteria from various
composting facilities.

The total bacterial concentrations varied from 10 to 10° CFU/m’ with most levels around 10°
CFU/m’. In one case when bioaerosols were artificially generated using a rotating drum, the levels
were recorded at 10’ CFU/m’. Turning and shredding resulted in higher airborne bacterial
concentrations in general, as with other bioaerosols.

In one case, the bacterial concentrations in the air increased as the composting proceeded (higher
levels after three months) (Jager et al., 1994). Concentrations dropped considerably at some distance
@ from the plant (75 metres upwind 4.3 x 10> CFU/m’ and 150 metres downwind 2.83 x 10° CFU/m?®)
and the drop was, as expected, more pronounced upwind than downwind. It was also found that
biofilters decreased concentrations considerably (3.3 x 10' CFU/m®) (Danneberg et al., 1997).

In the case of a plant in Germany (biowaste, hall compostin ﬁ meter high non-aerated piles), the
concentrations were so high that the author recomm&ndq& special protection for plant personnel
working directly beneath the shredding process. (Ja & 1., 1994). In contrast with another plant in
Germany where windrow composting was being ugideftaken, the concentrations in and near the plant
were the same as naturally occurring concentr@‘{@k\\s. (Reinthaler et al., 1998/1999). However, the
impact of nearby farms in affecting the neiglg@%@tgﬂmod air cannot be excluded.

&

Bacterial concentrations from other @ﬁ(\' Siries/activities are depicted in Table 9. Total bacteria
concentrations reported in Table 8 are g&&%m the range of those reported in Table 9.

>
00{\&0
@
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Table 8: Total Bioaerosol Bacteria Concentrations recorded at various composting sites

Location Type of Recorded Concentrations | Comments Reference
Composting (CFU/m3)
Facility
Germany Site 1: Landfill Site Reinthaler et al.,
Composting (1998/1999)
Facility, closed 4000
tonpe p.a., open air Site 1: 4.5 x 10°
curing for 12 weeks Site 2: 1.6 < 10
Site 2: 300 tonne o
p.a. Biowaste and
greenwaste, open
windrow.
Germany 1: Domestic Waste Highest Jager et al., (1994)
Sludge Drum Piles 1: 1.2x10°-83x10% concentrations
(plant D) 1m high, during shredding.
aerated. 10 fold above
2: Biowaste and \%ﬁjthout shredding
Garden Waste (Plant tonnage processed
E) 2: 2.1 x 10* during shreddigg | Dot specified)
Indoor Hall 1.3 x 10° outdoor Y’ S
Composting, no concentrations &95)0 <&
forced aeration 3-4 FE
. WS
m high X
Germany ti‘t/::ture search of | pefivery Q)(,}\\O“; $1.6x10° Bohm et al., (2002)
Sortifg x> | 1.4x 10° -
O 4
Tf\fsrc@g 2.8x 10
t 4
cégfeatment >4x10
ox Background | 1.3 x 10
Germany 8, 000 tonne p.a. Turning 3.5x10° Kampfer (2002)
Pile composting, Shredding 4.3x10°
covered by Idle Pile 1x10°
membrane
Open Storage (in
sheds)
Domestic Waste
70% and Plant waste
30%
40,000 tonne p.a. Biofilter 8.9x10°
Domestic waste Raw air 8.8x10°
Bioaerosols and Composting-A Literature Evaluation 16
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Table 8: (Continued) Total Bioaerosol Bacteria Concentrations recorded at various composting sites

Location Type of Recorded Concentrations | Comments Reference
Composting (CFU/m®)
Facility
Near Greenwaste and Danneberg et al.,
Rotating 7.67 x 10* Biowaste. Details (1997)
Sieve of quantities not
75 m up- specified.
wind 4.33 x 10
150 m
Germany Enclosed System down-wind | 2.83 x 10°
Exhaust
from 3.30x 10
biofilter
Control Site | 3.11 x 10
1.7x 107 Bioaerosols Nielson et al.,
Denmark Source Separated generated i & (1997)
Houschold Waste experimentally;
via rotating &
drum)
Site 1: 5000 tonne Shredding 1.12x10% to Site 1: Gilbert et al., (2002)
p.a. botanic and 21.2010* Concentrations vary
kitchen waste S 625}}) 10%t0 9 x | depending sampling
{Qo Dy 1 02 date.
&)
UK Site 2: 12,000 tonne ’4\0&\0\0 Site 2. high
p.a. tonnes of T(yﬁ\l@g background
greenwaste. I 6x10%to2x concentrations
N 10* (Background
(\cé‘\ concentrations: 1.6
(X x 10°).
Particularly high Marchand et al.,
. during turning and 1995)
Canada Enclosed System | ¢ 7 10°- 5.3 x 10° sorting, Further (
Mixed Waste. . .
details of site not
recorded.
Yard Waste 10 sampling days at | Hryhorczuk et al.,
(outdoor). 15000 various sites inand | (2001)
. m3 landscape waste around composting
lllinois, USA (grass clippings, 4.8x10%- 7.8 x 10* facilities.
leaves, tree
branches)
Bioaerosols and Composting-A Literature Evaluation 17
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Table 9: Bacteria Bioaerosol Concentrations for other Industries/Activities
Adapted from Stetzenbach, L. 1997

Activity / Industry Bacteria Concentrations(CFU/m")
Animal Facilities 10°-10°

Composting 10° - 10°

Agricultural Harvesting and Storage 10°-10°

Sawmill 10-10°

Manufacturing Technology 10%-10°

Water Treatment (Activated Sludge) 102~ 10°

&
@
&
S
&
F3S
S
ST
& .
N
&
. Q& \O
)
S
\°OQ
&
&
()

Bioaerosols and Composting-A Literature Evaluation 18

EPA Export 25-07-2013:18:28:44



o

wC ré

LRSI ASSCIATION
o EANG

2.6 Conclusions on Concentration Data

The data presented are indicative (i.e. general comparison) rather than absolute. Given slightly
different methodologies used for data collection and other variables, the data reported by different
authors can only be compared on this basis.

The quantitative differences observed by different authors are caused by different types of facilities,
sampling locations and especially by air sampling instruments with their various advantages and
disadvantages. The concentrations can vary greatly with different measuring systems used (Griffiths
and De Cosemo 1994, Reinthaler et., al 1998/99). See also Chapter 5 Sampling.

The bioaerosol concentration data reviewed generally fell into the ranges of other
industries/activities.

Various authors have also found high microbial loads in the air of sorting facilities and have shown
that these high loads depend on input material, facility, s%gzciﬁc factors such as transporting
technology and frequency of cleaning procedures (Danneber%\@t., al 1998, Deininger 1998, Jager et.,
al 1995, Missel 1997). & ©

OQS\OK
In general, it is reasonable to assume that worke ‘%@y be exposed to potentially higher bioaerosol
concentrations at closed composting facilities,@ﬁ@% the ability of ambient air to dilute bioaerosol
concentrations is reduced, as compared to” @& outdoor windrow facility. The installation of
appropriate air handling equipment may. \@8@1@ this potential greater impact at an enclosed facility.
Given appropriate air handling and otb@‘r@atement systems, the potential for off-site migration of
bioaerosols may be less from an enclosogd’Qfacility than an open windrow facility.

>

To obtain indicative data in Irelapd; air sampling using standardised methods could be used at new or
existing composting facilities.

Given the very dynamic nature of air sampling, extremely targeted experiments would have to be
carried out simultaneously with different composting units, and different feedstocks, to obtain more
reliable data regarding the effects of the compost process or feedstocks on various parameters.
Sampling methods would have to be standardised as well as analytical methods, as these also have an
effect on recorded levels (see Chapter 5 Bioaerosol Sampling).

Bioaerosols and Composting-A Literature Evaluation 19
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Chapter 3

Background Bioaerosol Concentrations

Table 10 depicts data outlining the distance, from various composting activities, at which background
bioaerosol concentrations are attained. These distances vary considerably (61 - 2,614 metres),
although generally background concentrations are achieved within a few hundred metres.

The impact of a composting operation on background concentrations of bioaerosols can be variable
and is a function of wind direction/speed, weather, concentration of various bioaerosols at source and
type of composting activity at site. (Reinthaler et, al. 1998/1999)

W\ In the case of bio-solid (sewage sludge) composting background concentrations are reached at 2,614
metres and 806 metres. In most cases background concentrations are reached at a distance of less
than 200 - 300 metres. In three cases, the background concentrations are reached at a distance of 500
metres. &

R

0‘\.
According to Reinthaler et., al (1998/1999), Aust w, in relation to potential hazard to
neighbouring residents, requires a distance of 30%% rs for large scale composting facilities (>
4,000 tonne per annum). In Germany, various reg&?@l ns in different German states require between
200 meters and 500 metres (Ruf 1994), but tl@%@gal regulations target odour, which accordmg to
Reinthaler may often be a more significant (gﬁs m than bacteria or fungi in the ambient air.

Bioaerosol concentrations and dlspersfég@fo) bioaerosols depend on a number of site specific factors,
these include feedstock, method of c@npostmg, configuration of composting site, method used for
and frequency of pile turning, prevailing atmospheric conditions, moisture of composting piles,
landscaping i.e. trees, bunds, fév?ces, background concentrations. Background concentrations can
depend on proximity to agricultural activity, wooded area, landfill, or other industry which produces
bioaerosols. Therefore it can be seen that bioaerosol concentrations in a composting site are site

@' specific.

Milner et al. 1994 after reviewing published data has concluded that ‘the data have indicated that at
distances of 76-152 m from the compost facility perimeters the airborne concentrations of Aspergillus
Sfumigatus were at or below background concentrations.

Gilbert and Ward 1999 have found that Aspergillus fumigatus and mesophilic bacteria were found to
reach background concentrations within 200m have suggested a set back distance on this basis,
providing that routine sampling should be carried out at a facility if a ‘sensitive receptor’ lies within
200 metres of the site boundary .

A distance of 250 metres was recommended by the U.K Environment Agency, this distance provides
an additional ‘safety factor’ over the 200 metres suggested by Gilbert and Ward 1999 and is
considerably greater than the distance recommended by Millner et al., 1994. The U.K Environment
Agency has also stated that this distance can be reviewed on a case by case basis. The UK
Environmental Agency have chosen the 250 metres distance in spite of the fact that background
levels of bioacrosols are reached within 200 metres of the source and that spore concentrations
“ decreased by 80%-90% at a distance of 20-40metres from source. (Casella et al., 2001) Dust
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concentrations reached ‘safe levels’ levels at a distance of less than 100 metres. (Wheeler et al.,
2001)

In view of these conflicting recommendations, in the absence of any clear cut data and the absence of
a dose response relationship it is recommended that there be a guideline set-back distance or buffer
zone of 200 metres from the site boundary composting facilities to the nearest dwelling, to facilitate
abatement of bioaerosols from a composting facility. This buffer distance is arbitrary and the
minimum distance where bioaerosols reach background levels can vary a great deal, due to the
factors discussed above. The 200 metre distance would be particularly applicable to ‘benign’
feedstocks, e.g. greenwaste composting. Also where there are trees or bunds, this buffer distance
could be slightly relaxed. This set back distance could also be relaxed if the composting carried out
on an enclosed site utilising biofilters with appropriate site management practices.

@ It should also be noted that as far as the authors are aware, no other European country have a national
regulation on set back distance to a sensitive receptor.
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Table 10: Buffer distances where measured concentrations reach background concentrations

Reference/Site Details (Volume processed not | Parameter Measured Distance to where conc. reach
detailed in reviewed papers) Background conc.(metres)
Greenwaste 152 - 502
McNeel et al., 1999 Aspergillus fumigatus
Biosolids 149 - 806
Reinthaler et al., Waste Sorting Bacteria and Aspergillus At 200 concentrations are
1998/1999 Open Windrow | fumigatus significantly reduced
Partly Indoor Funei and 4 ill 200
gi and Aspergillus
Heller et al., 2000 Indoor Sumigatus 500
. General . .
Millner et al., 1995 Recommendation Aspergillus fumigatus 61-152
Oregon Department of 1: 76-304
Environmental Quality Aspergillus fumigatus 2: at 182 no effect on public
2001 (Tetratach 2001) health
Endotoxin & 150
. Herhof Syst " > -
Danneberg et al., 1997 erhof System Total microbial concen,lz@tlons No increase > 500
California Integrated A .
Waste Management Board, S:ggf: dSslugtifr-l Aspergillus ﬁﬂét\%@} g (1)2 312‘;':1; ind
(Ault et al., 1993) ystem. LN i ownw
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Chapter 4

4.1 Bioaerosols and Health Risks

The health risks posed by bioaerosols come under the jurisdiction of the Health and Safety Authority.
A study carried out by 25 scientists and engineers in the U.S.A., drawn largely from regulatory and
research agencies came to the following conclusions after examining the full spectrum of potential
bioaerosol agents of composting and their health impacts (Millner 1995).

» The general population is not at risk to systemic or tissue infections from composts associated
bioaerosol emissions

+ Immuno-compromised individuals are at increased risk of infection by various opportunistic
antigens such as Aspergillus fumigatus, occurrence is not only in composts but also in other self
heated organic materials present in the natural environment. &

+ Asthmatics and other "allergic" individuals are at increaos@é risk to responses to bioaerosols from
a variety of environmental sources and organic dustsoices, including composts.

+ Some types of bioaerosols can cause occu egc)@lal allergy and diseases. Some types of
bioaerosols are present in the air at facgcb?lw' that compost organic materials. Available
epidemiological evidence does not suppor &%ggestion of allergic, asthmatic, acute or chronic
respiratory diseases in the general publi¢*afound the sites evaluated. The conclusion was drawn
that "composting facilities do not posé aity unique endangerment to the health and welfare of the
general public". The basis for thiéroqgiﬁclusion is the fact that workers were regarded as most
exposed part of the community, andwhere worker health was studied, for periods up to ten years
on a composting sites, no signi@%nt adverse health impact were found.

« Occupational exposure to bioakrosols on composting sites may be significant, depending on the
circumstances on the site, operational characteristics, and worker proximity. Compost site
workers are clearly more exposed to compost bioaerosols than the surrounding population.
However, as already stated, worker populations at such facilities thus far have not shown any
significant difference in overall body or respiratory fitness as compared to non exposed persons.

« Dose and effect responses for concentrations of dust, microorganisms, and toxins for people
working in plants could not be determined.

» Because of continuing public concern and because of the wide range of potential respiratory
responses to organic dust, additional study would be helpful to further verify this apparent lack of
adverse health impacts from composting facilities. Two kinds of studies (epidemiological and
annoyance studies) would be helpful for defining potential impact of bioaerosols from any
source, composting or otherwise. Annoyance studies are much easier to conduct; they can and
have yielded useful information at much less cost.

Conclusions between dose, effects in regard to frequency of exposure, worker symptoms and dust,
microorganism and toxin concentrations could not be determined.

Only few published studies exist where the health of residents near to composting facilities has been
investigated, but where this has been done there is no evidence of significant ill health compared to
unexposed controls. (Swan et al., 2003). The precise risk of bioaerosols is impossible to quantify due
to the lack of defined dose-response relationships. (Wheeler et al., 2001)
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Investigations in Scandinavia (Nersting 1993) showed that exposure to airborne microorganisms
(type not specified) higher than 10° CFU/m’ was the cause of different serious health problems of
workers in a plant. Technical change at the plant reducing the exposure concentrations of the
microbial air pollution, lead to a decrease in the health problems.

The health risks depend not only on the conditions of the environment, but also on the individual
conditions, especially the disposition and susceptibility of a person. (Emmerling 1995). This is the
reason for the difficulties in establishing threshold levels for airborne microorganisms in an
occupational setting. Castellan et al., found a level of approx 10 ng/m’ as the maximum (endotoxin)
exposure limit without significant response.

No legal occupational exposure limits are available for exposure to microorganisms and their
decomposition products. As the relationship between exposure to biological agents in organic waste
@ and health effects is not clear, it is not possible yet to draw qualitative conclusions on the health risks
due to biological agents. The amount of data is limited, and in some cases the quality of the studies is
poor. Furthermore, as stated by the experts, differences in methggology do not allow comparison of

the results between studies (van Yperen et al., 1997). >
& ,
Rylander (1983) has stated that spore concentration g&i\@sitizaﬁon must be at least 10° CFU/m’.
Other authors have identified the relevant concelgg%gbon of fungal spores to be between 10°-10'°
CFU/m’ (Lacey et al., 1972). Malmros (1993) has siiggested, the limits and recommended levels for
employment in composting plants are 10,000 Jm’ for total bacteria. The author adds, however,
that these figures require further research. Q&i 0@0

$

As there was no data to show health ﬁg&@\ due to exposure to biological agents during recovery of
organic waste in groups with an incre\q&d risk, no conclusion can be drawn (van Yperen et al., 1997).

{\
Similarly, Reinthaler (1998/ 1999? could not demonstrate a correlation between micro-organism
concentrations and adverse effects for human health at the work place and sorting facility. '

@ Some studies suggest that there may be a link between occupational exposure to compost workers
and non-immuno-specific or allergic inflammation. However they conclude that the findings need to
be confirmed in a larger study (Dowves et al., 2000).

There are currently no occupational exposure standards for bioaerosols either in the UK or
throughout Europe (Gladding et al., 1999). Telephone calls made to the Austrian EPA and scientists
working on composting in Italy and Norway confirmed that no standards on bioaerosol
concentrations are available. (Personal communication, Prasad 2002).

It should also be kept in mind that to date despite 3,400 yard waste composting facilities, over 300
bio-solid composting facilities and numerous other food, animal manure and municipal solid waste

composting facilities in the U.S,, to date there is no (clear cut) evidence that either the public or
workers have been affected by bioaerosol concentrations. (Epstein 2002).
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Chapter 5

Bioaerosol Sampling

5.1 Determining Bioaerosol Sampling Requirements

5.1.1 Baseline Bioaerosol Monitoring

It is recommended that some baseline bioaerosol research is undertaken as it pertains to composting,
since no data from Ireland is available. It is important that bioaerosol concentrations be measured at
@ composting and non-composting locations. Data collection should focus at least on Aspergillus
Sfumigatus, dust and possibly total bacteria. It needs to be recognised that bioaerosols are constantly
present in the ambient atmosphere as a consequence of dust and soil and the natural breakdown of
vegetation. (Swan et al., 2003) &
N

Sampling should be considered prior to constructin%o*f;ld/or during the compost facility
commissioning phase to ensure that bioaerosol concen@i(’f&ns fall within expected ranges.
5.1.2 Active Facility Bioaerosol Monitoring Q\\}Q;Q\\

&\000@‘&
As in other jurisdictions, it is recommendgﬁ@t bioaerosol monitoring should only be carried out if
there is a definite requirement. (Gilbertgt gﬁ\, 1999) It may be prudent to collect bioaerosol samples
periodically. The Standardised Protg@l for the Sampling and Enumeration of Airborne
Microorganisms at Composting Faci ities - The Composting Association (1999) recommend ‘that
sampling should only be carried ouf“at sites that meet certain criteria’. These are ‘the proximity to the
site of neighbouring homes, Basinesses or other installations; whether any complaints about
emissions from the site have been received, or if local factors indicate that sampling would be

@ prudent’.

Oregon Department of Environmental Quality (Tetra-tech 2001) similarly suggest that bioaerosol
monitoring ‘is not usually done routinely but is done if there is concern for worker health’.

Sampling should also be considered if workers are exhibiting adverse effects that may be attributable
to bioaerosols.

First of all, any visible signs of mould growth should be addressed; growth on walls, floors, ceilings,
in air conditioning system etc. If workers or surrounding inhabitants are still exhibiting adverse
reactions, air monitoring may need to be considered. Interpretation of results needs to be carefully
undertaken as false positives may lead to unnecessary concern.

One must play special attention to the sampling method used due to the heterogeneous microbial
composition of air at composting plants. The sampling method has to generate reproducible results

and also the method must be able to collect a wide range of microbial concentrations and different
groups of organisms which require special environmental consideration for their survival.
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5.1.2.1 Bioaerosol Monitoring Considerations
If air monitoring is being considered there are a number of factors to be taken into account.

« Why Sample: Before a sampling method is chosen it is important to define the reason for
monitoring i.e. are workers/surrounding neighbourhoods exposed to higher concentrations than
background concentrations/non-exposed workers or communities, or are they exhibiting any
adverse reactions to possible bioaerosol concentrations?

+ What to sample for: The specific parameters to be monitored need to be defined i.e. specific
organisms, dust. These may need to be monitored during specific stages in the composting
process i.e. feedstock delivery, shredding, turning etc.

@ o When and where to sample: The samples taken should be representative of the bioaerosol
concentrations over area and time. Ideally, a study should be undertaken over a 12 month period
to take into consideration seasonal and weather variation. Selection of monitoring sites will also
need to be agreed on, i.e. areas of activity, sites of worq]%e.r exposure, prevailing winds and
surrounding populations. Sampling locations are chose%\ epending on the parameters to be
monitored and the reason for monitoring. Background sémples need to be measured at the same
time - there is extreme variation in bioaeroso]oae“Qébentrations over a short period of time.
Background concentrations may vary considesgﬁb?\oand depend on nearby activity i.e. farming,

passing traffic etc. \\)\Q&g\\ :

'\0{\ é‘\
+ Cost: Sampling, analysis and interpre@ﬁi@oof data involve a team of highly trained individuals.
Due to the high number of samplgg;‘ﬁ\)&e taken, intensive hands-on attention is needed. These
factors can contribute to the high gé?‘ts of the studies. Costs of between €5,000 - €100,000 or
more are required to study a compost site for one parameter (Aspergillus fumigatus). The smaller
figure would only provide f%ggginnittent sampling at a couple of locations for a couple of
months and is not very good-evidence for a regulatory body. (Haines1995). It seems appropriate
that the Irish Government, which aims to implement at least 300,000 tpa composting capacity in
the country because of its international obligations, should contribute significantly to the funding
@ of bio-aerosol monitoring at Irish sites once they are operational.

+ Research: Research on the effect of compost bioaerosol on human health will need a multi-
disciplinary approach and may require a pan European dimension.

5.2 Sampling Methods

When it is decided what parameters are to be monitored, a sampling method can be chosen. There are
a few basic methods that can be considered:
« Collection of microorganisms onto a membrane filter or impinger, filter pore size will need to be
discussed, depending on the size of microorganisms to be monitored.
« Collection of microorganisms directly onto growth media, i.e. using an Anderson Sampler, this is
the most common method of evaluation.
« Collection of microorganisms into an adhesive surface for microscopic examination.
+ Collection of airborne material into a coated glass slide for measuring optical density.
« Organic dust is measured by collecting dust and measuring total and respirable dust.
(adapted from McNeel et al., 1999)
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The Composting Association (UK) has produced a document detailing sampling and enumeration of
airborne microorganisms. (Standardised Protocol for the Sampling and Enumeration of Airborne
Microorganisms at Composting Facilities, 1999). This is a very comprehensive document, detailing
when and where to carry out sampling for detection of Aspergillus fumigatus and mesophilic airborne
bacteria. The scope of the protocol, enumeration of colonies, as well as methods of sampling and
equipment used are given. There are other factors that need to be taken into consideration, that are
also covered in this protocol; these include meaningful and accurate data recording, interpretation
and reporting.

Comparison of various samplers is discussed by Jensen et al., (2002). The concentrations of
bioaerosols recorded will vary depending on the sampler used. (Jensen et al., 1998) Wheeler et al.,
(2001) found poor correlations between a filter and Anderson sampler for the measurement of fungi
and bacteria.

The NIOSH Manual of Analytical Methods provides general guidelines when choosing the
appropriate sampler for the bioaerosol of interest. Temperature and relative humidity may need to be
noted as these can have an effect on the numbers of bioaerosols ¢ égllected Full monitoring guidelines
can be found in the NIOSH Manual of Analytical Metho%s\‘r Sampling and Characterization of
Bioaerosols (Jensen et al., 1998).
Gl
o%s‘
Q N
é} é\
KO
NS
N
R
;\0
éé\&o

S

Bioaerosols and Composting-A Literature Evaluation 27

EPA Export 25-07-2013:18:28:45



@

wCcré

CEHARTE NG ASSOTIATRON
of AND

Chapter 6

Addressing bioaerosols at Irish composting facilities

As has been noted throughout this document, the potential health effects of bioaerosols on workers
and the general public tends towards there being no negative impacts. However, this is not
conclusive. Like any other potential risk, steps can be taken to reduce the risks posed by bioaerosols.

6.1 Bioaerosol Control Plan

Bioaerosols represent a worker health and safety issue, as well as potential off-site receptor health
and safety issue, although the emphasis should be strongly placed on compost facility workers.

It is recommended that a bioaerosol control plan be develope@‘ﬁring the waste licensing/permitting
process for composting facilities. It should include considg@ions for facility siting, and design, site
o i NS
peration. S
| | & | |
A bioaerosol control plan, which would becom@%ﬁntegral part of site procedures, could consist of
the following parts: '&\Oi\@\
o
&
SO
el uses . CT
6.1.1 Facility Siting and Design S\QOQ
v
In general, the siting requirem%ag?to address bioaerosols can be included within the context of
requirements to address other potential compost facility nuisances such as dust, noise and odour.
However, the proximity to potentially sensitive sub-populations needs to be considered. Those most
sensitive to bioaerosols are immuno-compromised or immuno-deficient individuals. In particular,
additional care should be taken when siting a facility in proximity to hospitals or health care centres.

There are in some cases buffer zones delineated between a compost facility and a potential receptor
but these zones have been put into place to mitigate nuisance odours and for aesthetic reasons. (See
Chapter 3)

A facility should be designed to minimize the impact of bioaerosols on worker health and safety and
off-site receptor health and safety. (See section 6.1.2.)

Enclosed facilities should have adequate ventilation and air exchanges. This type of design
consideration is similar to those used to ensure that odorous process air is removed from the facility.

As pointed out in Chapter 3, it is recommended that there be a guideline set back distance or buffer
zone of 200m from the boundary of a composting facilities to the sensitive receptor, to facilitate
abatement of all potential nuisances emanating from a composting facility, including bioaerosols.
This set back distance could be further reduced, depending on the efficiency of biofilters, whether the
site is enclosed, efficient site management and the use of landscaping e.g. trees or bunds, fences.
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\ Bunds, trees or fences will enhance turbulence and hence dispersion and reduce the exposure
: concentrations of bioaerosols the public and workers.

6.1.2 Site Operation

A plan should be formulated which addresses steps taken to minimise bioaerosol generation and how
to protect workers at the site. The plan should also consider the potential for off-site migration of
bioaerosols. This plan should consist of the following generic recommendations:

6.1.2.1 Operational controls

@ This relates to compost facility operations.

a. It is important to maintain a proper composting environment. Regular and thorough
mixing of compost piles will aid proper composting and minimise the presence of

. Aspergillus fumigatus.

b. Optimal moisture content for windrows is 50-60% \}%ust concentrations can be greatly
reduced if moisture levels are maintained at opt1 ﬁ concentrations.

c. Maintain a clean site to reduce dust gene@\thﬁ Have a means of wetting down dry and
dusty surfaces. QJG

d. All facility operators and compost Qﬁ%&ers should be trained in methods of dust and
bioaerosol control. 0° @\

e. Schedule worker rotations tgg%im?ure that exposure to potentially high bioaerosol
generating activities is mini 2@@

f. Construction of windrows to ¢’ as high as possible, but not so as to reduce the efficacy of
the composting process. Jhis increases the height of release of bioaerosols enhances
dispersion. Windrows ¢an also be used to create an effective barrier and to increase
turbulence. ©

g. Very frequent turning (i.e. daily to 2-3 times a week) to decrease the concentrations of

@ Aspergillus fumigatus in the windrows.

6.1.2.2 Engineering controls

a. Consider installing a High Efficiency Particulate Abatement (HEPA) filtration unit in
wheeled loader or JCB cabs. These filters are designed to provide flow-through
ventilation, from the ceiling, past the operators breathing zone, and exiting through the
floor of the cab

b. Ensure that the door seals and structure of wheeled loader or JCB cabs are sufficiently
airtight.

c. The cab interior is subjected to a thorough and regular surface cleaning.

6.1.2.3 Protective equipment
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a. Mechanical Agitation or Manual Handling: Workers mechanically agitating the active
compost or curing compost in an unfiltered wheeled loader or JCB should consider using
dust-mist class (NIOSH Class N-95) mask.

b. Normal work clothes and/or coveralls are suitable for site activities.

c. Workers should wear work gloves.

(Additional details can be found in “Health and Safety at Composting Sites: A Guidance Note for
Site Managers”, The Composting Association 1999)

6.1.2.4 Worker hygiene

Hands should be washed prior to drinking, eating or smoking.

There should be no eating, drinking or smoking while working.

Consider providing and laundering worker overalls.

For very large facilities consider installing a changing room with showers.

o op

6.1.2.5 Medical consideration é\\\”&
&
a. Potential workers for the compost site shqﬁﬁi@e screened to identify predisposed (to the
potential effects of bioaerosols) 1nd1v1d1é§ig@\
b. Workers should receive medical rev%é;n a biannual basis or when clinically indicated.
¢. Workers should ensure that 1mmu@2@1ons (i.e. tetanus) are up-to-date
09 &
N

6.1.2.6 Sampling R

O ‘

Sampling is typically und@fﬁen when there is a definite requirement.

e,

Bioaerosols and Composting-A Literature Evaluation 30

EPA Export 25-07-2013:18:28:45



o

’
vcre
CERPOSTING ATITIATION
of BTLAND

Chapter 7

Conclusions and Recommendations

Composting is a microbiological process. When a composting mass is disturbed via activities such as
shredding, turning, forced aeration and screening, microorganisms as well as microbial fragments are
acrosolised. Dust, although technically not a bioaerosol may have microorganisms or microbial
fragments adhered to its surface and therefore should be included in the consideration of bioaerosols.
Indeed, the control of conditions that result in dust generation can play a significant role in
minimizing bioaerosol generation.

This literature review indicates that the potential health risk associated with composting to
workers and especially the general public are minimal and can be managed if certain procedures,
as described in this report, are developed. &
&
It is also recommended that research on bioaerosols gxogégomposting should be conducted to
develop baselines in Ireland as no such informatiomﬁ‘ggé\resently available. Bioaerosols can be
generated by other non-waste treatment activities.& § §§\
O

In order to develop a firm guideline regardi Q?Qé‘éet back distance guideline, research needs to be
carried out on a pan-European level by @@ti-disciplinary team to define to a dose response
relationship between bioaerosol exp@eh\reo)and public health (including industry workers) at
composting sites. The Irish EPA and thP?rish Health and Safety Authority amongst others should

be actively involved. &

&

(\

. o L . .

Then, as a result of this study, a rational guideline can be given on a set back distance from source
to a sensitive receptor on a rational basis.

Table 11 summarises recommendations made throughout this document.
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Table 11: Summary of Recommendations of the Authors

Future Research

There is an urgent need for milti-disciplinary research which
includes health professionals should be carried out and may
require a pan European dimension.

Baseline Bioaerosol
Sampling

It is recommended that some baseline bioaerosol research be
undertaken as it pertains to composting. It is important that
bioaerosol concentrations be measured at composting and non-
composting locations. Data collection should focus at least on
Aspergillus fumigatus, dust and possibly total bacteria.

Facility Siting

It is recommended that there be a guideline set-back distance or
buffer zone of 200m from composting facilities to a sensitive
receptor for the abatement of all potential nuisances emanating
from a composting facility, including bioaerosols.

Bioaerosol Sampling

As in other jurisdictions it is recommended that bioaerosol
monitoring is only carried out when there is a definite
requirement. &

Development of
Educational Material

It is recommended that edqujlonal material be developed for site

managers, workers and, en%reLpubhc regarding bioaerosols.
G
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3 The Tecpro Building, Clonshaugh Business and Technology Park, Dublin (7
cons'lﬂung Tel: +353 (0)1 847 4220 Fax: +353 (0)| 847 4257
DK/05/2489NLO1 * 31 January 2005

Michael Wastson
O’Callaghan Moran & Associates

Granary House
Rutland House
Cork
Dear Michael, é\\?g"
. N
RE: KINGS TREE SERVICES - NOISE AS@E%##AENT OF PROPOSED GREEN
WASTE COMPOSTING FACILITY Og?o?@«
5
We are pleased to forward the following coru&o its in relation to noise due to the proposed
King Tree Services (KTS) Green Wastg\Qgﬁ&mﬁpositing (GWC) Facility at Coolbeg, Co.
Wicklow. PO
S8
§ O
1.0  INTRODUCTION S\QOQ

§)
A
AWN Consulting Limitgd has previously issued a report reviewing a baseline noise
survey carried ouf® in the vicinity of the proposed development (Ref:
BF/04/2169NR02). This document details noise predictions that have been prepared
in relation to the site at nearby noise sensitive locations.

The proposed development involves the construction of a green waste composting

facility at a worked out sand and gravel quarry in the townland of Coolbeg, County

Wicklow. The green waste will comprise wood wastes generated by the KTS tree

. surgery business, garden and park waste produced during improvement and

- maintenance works by landscape gardeners, grass and shrub trimmings produced by
individual householders and timber and wood waste recovered during construction
and demolition works.

The site encompasses approximately 2.5 ha and will be occupied by the waste
acceptance and composting areas, ancillary buildings including the reception office,
workshop and weighbridge and parking areas . The majority of the site will, when the
facility is operating at maximum capacity, be occupied by the composting process
areas which will comprise the waste reception area, windrows, maturation area,
finished product storage and a leachate storage lagoon.

The composting operation will involve pre-treatment to shred and mix the green

waste, composting in open windrows, maturation and post treatment to remove
impurities. The finished product will be suitable for horticultural and agricultural use.

E-mail: awn.info@awnconsulting.com Website: www.awnconsulting.com

AWN C fting Limited Regi in Ireland. No. 319812 Regl Office: g House, Cong! Road, Cork
Directors: Fergal Callaghan, Chris Dilworth, Terry Donnelly, Edward Porter. Associate Director: Damian Kelly.

EPA Export 25-07-2013:18:28:46


mailto:awn.info@awnconsulting.com
http://www.awnconsulting.com

DK/05/248SNLO1 AWN Consulting Limited

There are three residential properties within 300m of the site. The nearest properties
(two semi detached houses) to the site are approximately 150m north east of the
northern site boundary. The third house is located across the N11 approximately
300m away to the east. The Beehive Public House is approximately 320m to the
south east of the southern site boundary. There is a concrete batching plant located
approximately 180m east of the eastern site boundary, between the site and the N11.

The proposed normal operational hours are 06:00 to 20:00hrs Monday to Friday and
06:00 to 18:00hrs on Saturday. The facility will not normally open on Sundays.
However, due to the nature of the tree surgery business it may, on occasion, be
necessary o operate outside these hours (for example to accommodate call outs to
remove storm damaged trees and timber debris). Waste will normally be accepted at
the facility between the hours of 08:00 and 18:00hrs.

2.0 NOISE CRITERIA

Given the nature of the development under consideration, appropriate guidance is
taken from the EPA publication “Guidance Note for Noise in Relation to Scheduled
Activities” as follows.

K

... the noise level at sensitive locations should ke kept below an Lar value of
55dB(A) by daytime. At night, to avoid disturbance, the noise level at noise sensitive
locations should not exceed an Laeqr value 33‘059 A).

S\

&

In summary, the following criteria g 5 *@( the facades of those noise sensitive
X

properties closest to the development: <
&C
e Daytime (08:00@&@@ 22:00hrs) 55dB Laeq3omin

e Night-time (@sg@ﬁ?s to 08:00hrs)  45dB Laagsomin
O

O

O
3.0 PREPARATION OF T{I-\lﬁ\\NOISE MODEL
8
As part of the assessment carried out in relation to this project a site noise model has
been developed in order to predict noise levels associated with plant items. Details
of the noise model software and the noise prediction calcuiation have be reproduced
in the following sections for clarity and information purposes.

3.1 Noise Propagation Calculation

Briiel & Kjeer Predictor Type 7810 is a proprietary noise calculation package
for computing noise levels in the vicinity of industrial sites. Calculations are
based on ISO9613-2:1996 Acoustics - Attenuation of sound outdoors - Part 2:
General method of calculation.

This method has the scope to take into account a range of factors affecting
the attenuation of sound, including:

the magnitude of the noise source in terms of sound power;

the distance between the source and receiver;

the presence of obstacles such as screens or barriers in the
propagation path;

the presence of reflecting surfaces;

the hardness of the ground between the source and receiver;

Page 2
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. attenuation due to atmospheric absorption;
meteorological effects such as wind gradient, temperature gradient,
humidity (these have significant impact at distances greater than
approximately 400m).

Calculations have been performed in octave bands from 63Hz to 8kHz as well
as in overall dB(A) terms.

3.2  Brief Description of ISO9613-2: 1996

1ISO9613-2:1996 calculates the noise level based on each of the factors
discussed previously in Section 3.1. However, the effect of meteorological
conditions is significantly simplified by calculating the average downwind
sound pressure level, Lar(DW), for the following conditions:

. wind direction at an angle of +45° to the direction connecting the
centre of the dominant sound source and the centre of the specified
receiver region with the wind blowing from source to receiver, and;

J wind speed between approximately tms™ and 5ms™, measured at a
height of 3m to 11m above the ground.

NS
The equations and calculations also holdg& average propagation under a
well developed moderate ground @sgxf temperature inversion, such as
commonly occurs on clear calm ni @s\o\?}

_ TS ,
The basic formula for calcu@‘ﬁ@g Lar(DW) from any point source at any
receiver location is given b.xoo 30
A0

N
Lol sLlw+D.-A (Eqn. 3.2.1)
IR
Where: QQOQ\\
A
o
Lr(DW) is ocstave band centre frequency component of Lar{DW) in dB relative to
x 10™ Pa;
Lw Cis the octave band sound power of the point source
D¢ is the directivity correction for the point source;
A is the octave band attenuation that occurs during propagation, namely

attenuation due to geometric divergence, atmospheric absorption, ground
effect, barriers and miscellaneous other effects.

The agreement between calculated and measured values of Lar(DW) support
the estimated accuracy shown in Table 1.

Height, h Distance, d'
0<d<100m 100m < d < 1,000m
O<h<bm +3dB +3dB
Bm<h<30m +1d8 3dB

h is the mean height of the source and receiver.
t dis the mean distance between the source and receiver.

N.B. These estimates have been made from situations where there are no effects due to
reflections or attenuation due to screening.

Table 1 Estimated accuracy for broadband noise of Lar(DW)

Page 3
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4.0

3.3 Configuration of the Noise Model

The input to the noise model was an overall site plan, a set of buildings,
ground contours and noise sources.

The buildings in the model encompass those on the KTS site and nearby
noise sensitive locations and facilities. These were input to the model using
drawings supplied by O'Callaghan Moran & Associates as a background and
superimposing the buildings.

Each noise source was input as sound power in octave bands. Predictor
accepts sound power levels in octave bands from 63Hz to 8kHz.

Each source also has its own position, height and directivity.

3.4 Output of the Noise Model
Predicted noise levels are calculated for a grid of receiver points, and
coloured iso-contours of the noise levels can be displayed, to give an overall

picture of the spatial distribution of noise levels within the grid. Furthermore
specific noise levels are predicted at noise sengitive buildings in the vicinity of

the site. &S
N
SIS
IMPACT ASSESSMENT ch%@\
Q\Q &

In order to assess the impact ofs a&‘proposed site internal layout changes the
following information was used inrder to develop the noise model further.
$)

N
4.1 Building Informatign
cJOQA
Building extents a\nﬁi elevations based on drawings supplied by O'Callaghan
Moran and Ass{gg}?ates‘.
8
4.2 Noise Sourc%s
The following items of plant are proposed for use on site.

Loading Shovel A loading shovel will be used to transfer materials
around the site and to load the finished product onto

transport vehicles

Shredder Waste may be sent through a coarse shredder in
advance of the composting to enhance the composting
process.

Hydraulic Excavator An hydraulic excavator will be used to turn the windrows

Mobile Trommel Compost will be sent through the trommel as part of the
refinement process remove unsuitable materials.

1

0311701Surrounding Landuse.dwg

Page 4
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The pre-treatment and post treatment screening stages are potential
significant sources of noise. To minimise impacts pre-treatment shredding
and post treatment screening will be carried out on average 1 to 2 days a
week. The waste reception area is designed to accommodate up to 5 days
storage of fresh green waste at maximum capacity and the shredder will be of
sufficient capacity to ensure that all of the stored material will be shredded in
the 1 - 2 day period. Similarly, the screening plant will be of adequate size to
ensure that the treatment is limited to 1 to 2 days a week.

Table 2 details the A weighted L,, spectra utilised in the noise model.

Identification Octave Band Centre Frequency (Hz) dB(A)
63 [125(2501500} 1k | 2k | 4k | 8k
Front Loading Trommel 84 | 98 | 101104103101 | 94 | 86 109
Screen Trommel 46 |51 |57 |71 |76 |75 | 71 | 64 80
Wood Shredder 75 189 |92]95 /9492|8577 100
Front End Loader 76 182 )80 |94 |91 ;918777 98
Table 2 LwdB(A) Levels utilised in assessment

Sound data that was inputted into the reconfigured model was based upon

the following documentation. ®\°
&
¢ Information supplied by O’Callagl'{qn oran & Associates;
o Bies and Hansen, Engineering Noise Control.
O <
43 Noise Predictions SO
R
O

) &
4.3.1 Assessment Locations é}\@@

N
Noise predictions fcydt \Fevised layout have been carried out to the following
locations detailed incTable 3. Figure 1 details the approximate positions of

the assessmentwtions.
O
Location <o Ordinates ' Comment
N E
1 328,065 | 191,338 | Semi detached private residences 150m north east of site
2 328,065 | 191,257 Concrete batching plant 180m east of site
3 328,164 | 191,017 Private residence 300m east of site
4 328,030 | 190,761 Beehive Pub 320m south east of site
5 327,506 | 190,766 Coolbeg House south of site
6 327,201 | 190,753 Private residence south west of site
7 326,680 | 191,053 Private residence west of site
8 326,866 | 191,466 Private residence west of site
9 326,908 | 191,755 Private residence west of site
10 327,863 | 192,017 Private residence north of site
Table 3 Noise Assessment Locations

Page 5
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4.3.3 Predicted Noise Levels

Table 4 details the predicted noise levels at Locations 1 through 10.

Location Octave Band Centre Frequency (Hz) dB(A)
63 125 250 500 1000 | 2000 | 4000 | 8000
1 25 32 34 37 35 31 19 - 42
2 26 | 34 35 39 37 34 24 - 43
3 28 33 34 38 40 38 24 -~ 44
4 21 32 34 37 36 32 18 - 42
5 26 32 31 35 39 36 20 -- 42
6 23 24 25 29 32 28 8 -- 36
7 18 18 20 24 26 20 -- - 30
8 19 19 22 25 28 22 -- - 32
9 18 19 21 25 27 21 - - 31
10 20 25 30 34 31 25 -~ -- 37

Table 4 L, dB(A) Noise Levels at Sensitive Locations

Predicted noise levels from plant items are in the range of 30 t0 44dB Lae,.
All predicted levels are within the relevant day @nd night time criteria detailed
in Section 2.0. ®®\

O
44  Car Parking On Site O(\z;@

&
In this instance the car-parking@ags‘ﬁ?ies for the development will be provided
by means of a surface car-fadk area located on the eastern carner of the
proposed site between. NoiSe level measurements have previously been
conducted in the vicinityyof €ar parks in support of other planning applications.
The typical noise | géuﬁm beyond the boundary of these car parks during
busy daytime perio §)da“as been found to be of the order 48dB L acq 30min
&

Taking into ac@yﬁnt the attenuation due to distance and screening, the
predicted no@level at the nearest noise sensitive locations (i.e. Location 1)
beyond car parking areas is 24dB Laeq,30min-

These levels are within the daytime criterion of 55dB Laeqzomin- It is not
anticipated that there will be significant activity within car park areas during
night time periods.

In summary, the likely noise impact of car parking on the local environment is
not significant.

4.5 Noise Contours
Appendix A details noise contours in relation to the site. Predictions indicate

that the proposed site will not result in noise levels at sensitive properties that
exceed the relevant criteria.
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50 SUMMARY

Noise predictions have been prepared for a number of sensitive locations in the
vicinity of the site. Predicted noise levels at these locations are within the relevant
noise criteria associated with the site.

Noise contours based on noise levels associated with plant items bays have been
presented in Appendix A for information purposes.

Please do not hesitate to contact this office if you have any further queries in relation to
issues highlighted in this document.

Yours sincerely,

LZM,L . o
TERRY DONNELLY

entor Acoystic Consultant Se\}ajor Acoustic Consultant

§e§
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FIGURE 1
ASSESSMENT LOCATIONS
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APPENDIX:A 5
SITE NOISE CGNTOURS
O~

L
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