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Abstract: Industrial compost made from source separated household waste was
investigated. The objective was to estimate the microbial risk potential of bioaerosols
over the progressing stages of outdoor pile composting. Bulk samples of 75 kg were
collected from piles after 1, 5 and 9 weeks of composting, and bioaerosols were generated
experimentally in a rotating drum tester. Samples of bioaerosols and composted
materials were quantified for total counts of microbial cells by epi-fluorescence
microscopy, viable counts of microorganisms and endotoxin. Five groups of
microorganisms were cultured in parallel: mesophilic bacteria, actinomycetes and fungi
(25°C), Aspergillus fumigatuand thermophilic actinomycetes (&. Furthermore, the

bulk samples were analysed for nine other groups of viable microorganisms. In general,
the concentrations were increasing (p < 0.05) over time of pile composting. The
microflora was dominated by bacteria and actinomycetes to a totaf-aD't@ells/g
bioaerosol or composted materials. In bulk samples the maximum concentrations of
viable bacteria reached 2x110° cfu/g and the thermophilic actinomycetes £.80'

cfu/g. The maximum viable concentrations in bioaerosols werex L@ cfu/g for
bacteria and 1.5 10’ cfu/g for thermophilic actinomycetes. Maximum endotoxin levels
were equivalent to 14 pg/g and 110 pg/g in bioaerosols and bulk samples, respectively.
The composition of the microflora differed from most other compost studies by low
fungal concentrations, anspergillus fumigatusvas only found sporadically in levels
close to the limit of detection. Thermophilic actinomycetes were the predominant
source for airborne spores which should be emphasized in risk assessments for this
particular type of compost. Personal sampling is recommended to clarify the
occupational exposure.
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INTRODUCTION composted materials may constitute a potential health risk

to exposed individuals [16, 22, 27]. Several case studies

Composting of municipal solid waste is a disposalf occupational exposure to bioaerosols from compost and
alternative which is becoming more popular thamvaste indicate that microbiological agents may cause
landfilling and incineration because of the benefits ofither respiratory diseases or gastrointestinal symptoms
transforming the waste into agricultural useful product$18, 19, 21, 29, 30]. Most of the case studies are referring
Depending on the composition of the microflora ofo compost of wooden materials from gardens and parks
bacteria, actinomycetes and fungi in the basic material; to compost of household waste mixed with garden

bioaerosols generated from the processing and handlingwafste or sewage sludge. Few data exist of compost made
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of source separated household waste as the main ba<ir  Recycling of compostable household waste
material [10, 13, 14], and few data of occupationa

exposure to this type of bioaerosols are available [23]. |  Rrest Py Biowaste
general, the biodegradable household waste fraction iastic ||||"|lmm. i
rapidly decomposed by microorganisms, but thi  metl 352 B flowers
development of the microflora during the composting
processes is not known. ~ &5 5

Outdoor composting of municipal solid waste is unde

Biowaste 86%

the influence of changes in climatic conditions [2]. The Straw  10% Grinding mill
composting of household waste involves aerobi incusti Peper 4%
decomposition of organic materials containing higt oo™ Precomposting 4-7 days
quantities of easily biodegradable carbohydrates, protei /QQE

and lipids. Depending on the composting technique, tt
transformation into compost may last from a month up t :
about half a year, and composting of garden waste tak l Outdoor area for composting in piles
longer due to the high content of lignin and cellulose i

the wooden materials [22].

The primary aim of the present study was to estima
the relative microbial risk potential in bioaerosols fromr
compost made of source separated household was
Changes of the microflora in bioaerosols and bul
samples were examined during the progressing stages
outdoor composting. In the study the composting proce

Reactor 500 m®

Compost are handled:

- piling up at week 0

-5 x turning piles
week1 3579

- sifting at week 11

- storing and sale

in a recovery plant established for industrial pile . &Q‘%
composting, took place within three months. Sifting —_ 5Reuse

Figure 1. Flow diagram of the recycling processes for presorted

MATERIALS AND METHODS household waste during industrial pile composting.

Industrial composting technique. The fraction of For aeration of the compost the piles were turned
household waste in the study consisted of biodegradaiiig@chanically every two weeks. Piles were turned five
organic materials (biowaste) separated at the household@¥es: after week 1, 3, 5, 7 and 9, respectively. After 11
The leavings came mainly from vegetables, bread, medeek of pile composting, the compost was sieved by a
etc., but wet tissues, napkins, flowers and faeces frdigvolving screen and stored for later re-use. Figure 1
small pets also formed a considerable part. At a househdlistrates the flow diagram of the recycling of
the biowaste was collected in thin plastic bags argPmpostable household waste. As a control of the
subsequently stored outside the house in a plasiemposting process, the temperature in the piles was
container or a paper sack. The biowaste was collectgi@asured daily with spear-shaped thermometers of 1 m
every two weeks and delivered at an industridength. To ensure elimination of most of the pathogenic
composting plant recyling biowaste of 10,000 tonnes péticroorganisms, the temperature of every pile should be
year. above 55C for at least two periods of 14 days. According

At the plant, the biowaste was tipped from theéo the plant, this requirement was always met, and the
collecting truck into a floor pit from which the waste wasemperature inside the piles often reached 60€70
transported into a grinding mill by a conveyer. Here the
thin plastic bags were shredded and the biowaste wadCollection of bulk samples.Samples of compost were
liberated. To obtain more structure in the final producgxamined at the same time where occupational work tasks
straw from stables and paper were added in ratios dfiring the pile composting were performed. Bulk samples
86:10:4 for biowaste, straw and paper, respectivelpf approx. 80 kg compost were collected just after the piles
Subsequently, the waste was transferred to a 500 were turned for aeration on week 1, 5 and 9 representing
rotating cylindrical reactor (length 40 m; diameter 4 mjhe start, the middle and the end of the pile composting
for a precomposting period ranging from 4 to 7 days. Byeriod. The different stages of compost were sampled from
volume the reactor was filled to approx. 40% witthree independent piles. After collecting a sample at the
biowaste which moved forward by slowly rotation. Aplant the compost was stored in paper sacks ‘& patil
strong aeration (5,000 ¥hour) during the storage in the next day. Before the experimental generation of bioaerosols
reactor resulted in an inside temperature of 40c45 subsamples of approx. 2 kg were collected for analysis. In
After precomposting, the waste was transferred to addition, bulk samples of 2—-3 kg compost collected just after
outdoor area for stacking in piles of a length of 30-40 precomposting (week 0) and after sieving (week 11) were
with base and height of approx 1.5 m. Under the middle ehalysed in the same way as the samples from the piles.
the baseline of each pile, a canal was placed for drainage
of percolate produced during the composting processes.
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Figure 2. Rotating drum dustiness tester of a volume of $3 m

Left: Experimental generation of bioaerosols is done by rotation along the horizontal axis during strong aeration by a flow of sterile filtered air
drawn through the drum.

Right:  The drum seen from the outlet. The pumps and small tubes are connected to the six filter cassettes placed symmetrically inside the drum.

Generation and collection of bioaerosolsCompost samples at opposite positions in the drum was pooled in
samples of 75 kg were loaded into a 33ratating drum order to obtain sufficient material for the microbiological
of stainless steel with conical ends (Fig. 2). The drum wasalysis. The strategy of pooling the samples was done
designed by upscaling the Warren Spring Laborato@ccording to previous testing of the drum in generation of
rotating drum tester [1]. Inside the drum was fitted with &erosols from crushed limestone [1]. The microorganisms
longitudinal vanes to lift the compost as the drum wasere quantified by a modified CAMNEA-method [25]
rotated along the horizontal axis. A flow of sterile filteredvhich includes determination of the total number of
air (420 I/min) was delivered at the inlet of the drum anthicrobial cells by epifluorescence microscopy (total
exhausted at the outlet by a vacuum pump. For tleunts) and by plating and counting the culturable number
generation of bioaerosols, a sample of 75 kg compost wafs microorganisms (viable counts). Samples for viable
rotated at 15 rpm for 240 min. From preliminary pilofcounts were cultivated immediately while samples for total
studies, where varying quantities of compost (50 and Zounts by microscopy were frozen at>@(or later analysis.
kg) were tested, a generation time of 240 min was The mass of bioaerosols (total dust) collected on filters
required in order to obtain sufficient materials for thef cellulose acetate/nitrate was determined by weighing
microbiological analysis of the bioaerosols. After eacthe filters before and after the sampling (limit of detection
run, the compost was removed and the inside surface4d jug). In advance the filters were equilibrated at constant
the drum was thoroughly cleaned and disinfected. air temperature and humidity for at least 24 hours.

Bioaerosols were sampled by 6 filter cassettes placgdibsequently to the gravimetric analysis, the filters were
symmetrically in a circle 0.2 m from the outlet of theextracted with 10.0 ml non-pyrogenic water by orbital
drum. Two of the filters positioned opposite each othehaking (300 rpm, 15 min) at room temperature. The
were used for sampling of dust (total particulate matteghmples were frozen at -°@for later analysis for content
while the other four filters were used for sampling off endotoxin.
microorganisms. Polycarbonate filters (25 mm, 0.4 um;

Nuclepore, Cambridge, MA, USA) mounted in closed- Counts of micoorganisms. Total counts of
face field monitors with a 4.4 mm inlet (Nuclepore) werenicroorganisms were performed by epi-fluorescence
used for collection of microorganisms at an airflow of 2.¢nicroscopy at a magnification of 1250 times. For bulk
I/min (inlet velocity 2.1 sec/m). Dust was collected orsamples 1.0 ml of appropriate dilutions were stained with
filters of cellulose acetate/nitrate (25 mm, 8 umQ.3ml 0.01% acridine orange in acetate buffer
Millipore, Bedford, MA, USA) mounted in closed-face (bioMérieux, Marcy I'Etoile, France) for 30 seconds and
field monitors (Millipore) with a 5.6 mm inlet at anfiltered through a dark polycarbonate filter (25 mm,
airflow of 2.0 I/min (inlet velocity 1.3 m/sec). 0.4pum; Nuclepore, Cambridge, MA, USA). The numbers
of microbial cells were counted in forty randomly chosen

Sampling and preparation. After each experiment, the fields and the concentrations were given as cells per g
polycarbonate filters were extracted by adding 5 ml steritompost (limit of detection: 3.8510° cells/g). For
0.05% Tween 80 solution to the filter cassette and shakingpaerosols two double samples of 2.0 ml were analysed
(500 rpm) for 15 min at room temperature. For thand the concentrations were calculated as cells per g dust
microbiological analysis, the extraction fluid of two(limit of detection: 1.4x 10* cells/g).
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Table 1. Concentrations of microorganisms and endotoxin in bulk samples from composting household waste. Figures represent mean values (GM)
of three samples collected from independent piles at the same composting stage, and range is indicated in brackets. According to Duncans multiple
test for grouping the minimum and maximum are indicated by the capitals A and B, respectively. A jump from one capital to another indicates a

statistically significant change (p < 0.05).

week week week week week
0 1 5 9 11
A B
Total counts 15000 54000 33000 110000 86000

x 10 cells/g (7800-30000) (30000-73000) (23000-46000) (72000-170000) (47000-170000)
A B B B B
Bacteria 25°C 0.57 72 40 360 620
x 10 cfulg (0.026-4.0) (7.4-370) (18-190) (210-710) (380-1600)
A A B
Actinomycetes 25°C 0.0003 0.0004 0.006 0.011 0.48
x 1 cfulg (<lod-0.002) (<lod-0.008) (<lod-0.16) (0.006-0.032) (0.02-35)
A B B
Actinomycetes 55°C 0.028 0.25 4.5 11 18
x 1 cfulg (0.005-0.12) (0.005-6.1) (3.8-5.5) (7.6-20) (5.6-91)
A A A A B
Fungi (moulds) 25°C 0.0004 0.0002 0.0004 0.0002 0.004

x 10 cfulg

(0.0002-0.0007)

(<lod-0.0006)

(<lod-0.0015)

(<lod-0.0004)

(0.002-0.024)

A. fumigatust5°C <lod <lod <lod <lod <lod
A B B
Endotoxin units 0.13 0.14 0.039 1.7 1.2
x 10¢f EU/g (0.066-0.23) (0.10-0.21) (0.024-0.052) (1.1-2.4) (0.83-2.1)
A B
Bacteria 37°C 1.5 150 60 800 2100
x 10 cfulg (0.97-2.6) (17-1000) (29-180) (460-12000) (330-60000)
A B
Gram-negative bacteria 0.0009 0.09 0.69 1.1 11
x 10 cfulg (0.0002-0.0027) (0.0044-1.1) (0.049-2.9) (0.22-5.0) (0.94-130)
a A B
Pseudomonas 0.0001 0.020 0.003 0.011 8.5
x 10 cfu/g (0.0008-0.29) (<lod-0.035) (<lod-0.18) (1.6-23)
o A B B B B
Coliforms 0.0001 0.73 0.48 2.1 12
x 10 cfulg (0.19-6.6) (0.02-3.0) (0.19-7.3) (2.0-140)
A B B B B
Bacillus 0.35 32 7.2 79 70
x 1 cfulg (0.15-0.67) (1.1-980) (1.6-73) (42-170) (36-260)
B B B o A o A
Lactobacillus 0.57 6.9 3.1 0.0001 0.0001
x 10 cfu/g (0.018-6.4) (0.42-200) (0.040-46)
A B B B B
Faecal streptococci 0.0002 4.3 0.96 0.10 0.39
x 10 cfulg (<lod-0.001) (0.17-60) (0.16-21) (0.025-0.82) (0.12-2.3)
A A B
Micrococcus 0.018 0.013 0.67 0.68 24
x 1 cfulg (0.002-0.51) (<lod-0.54) (0.13-13) (0.17-1.5) (9.6-74)
Yeast 0.002 0.81 0.005 0.004 0.010
x 1 cfulg (0.0002-0.012) (0.059-18) (0.0002-0.35) (<lod-0.080) (0.0059-0.025)

A - minimum, Duncans test; B - maximum, Duncans test; lod - limit of detection (200 cfu/g); = - fixed value = %2 lod (100 cfu/g).
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The counting of viable microorganisms was carried out Statistical methods. Hypothesis of age dependent
by plating 0.1 ml of ten-fold dilutions of the extractiondifferences and correlations were tested using SAS
fluid onto different media. For compost as well as fosoftware (release 6.08; SAS Institute, Inc.). Before
samples of bioaerosols five groups of microorganismanalysis of variance including Duncan's multiple range
were enumerated in parallel: Mesophilic bacteria®@5 test (PROC UNIVARIATE; SAS), the concentrations of
and thermophilic actinomycetes (§5vere cultivated on the microbiological parameters were logarithm transformed
Nutrient agar (Oxoid, Basingstoke, England) witd!00i0)and tested for normal distribution.
actidione (cycloheximide; 50 mgl/l) to prevent fungal growthfhe concentrations presented in the text, Tables 1 and 3
and mesophilic actinomycetes {25 on 10% strength of &€ representing the geometric means (GM) of three
the same media. Fungi (moulds) were determined ependent experiments. For the analysis of variance,

Dichloran Glycerol agar (DG18; Oxoid), the mesophili ew data were set to half the limit of detection (=) but if
fungi were incubated at 26 and the thermophilic all values of a parameter were below the limit of detection

) . i lod), statistical analysis was omitted and the concentrations
fungus, Aspergillus fumigatusat 45C. In addition, the (lod) Y

. were given as < lod.
bulk samples of the compost were analysed for nine other g

groups of microorganisms: Bacteria°87 (Blood agar; RESULTS

Oxoid) with cycloheximide (50 mg/l), Gram-negative

bacteria 25C (Nutrient agar; Oxoid) with cycloheximide Byk samples of different composting stagesThe

(50 mg/l) and penicillin G (30 mg/[Rseudomona5°’C  concentrations of microorganisms and endotoxin from
(Pseudomonas agar; Oxoid), coliform bacteridC3fMc  different composting stages are shown in Table 1. Total

Conkey agar; Oxoid)Bacillus 37°C (Bacillus cereus counts of microorganisms analysed by microscopy
agar; Oxoid),Lactobacillus37°C (Rogosa agar; Oxoid), demonstrated the maximal concentrations. The content of

faecal streptococci 3T (Kenner Faecal Streptococcusmi(;]roorg"’mi‘:’jmS shotwed ﬁ dorfninance fOf bacttgria (rodts,
agar; Oxoid), andMicrococcus/ Staphylococcug5°C spheres) and a great number of spores from actinomycetes

_ (spheres < 1 um). A significant increase in the concentrations
(Kranep; Merck, Darmstadt, Germany). Yeast@Was ccyrred between week 0 and week 9 of composting
cultured on Malt Extract agar (Oxoid) with streptomycinngicating a relative slow and moderate rise during the
(30 mg/l) and penicillin G (30 mg/l) to prevent growth of\nole period of composting.
bacteria. The counts of colony forming units (cfu) were vjaple counts which were performed for 14 different

expre.ss.ed as cfu per g compost or cfu per g bioaero oups of microorganisms showed various patterns. In
The limit of detection was 200 cfu/g compost and 250 eneral, the highest concentrations were found for

cfu/g bioaerosol. _ o _bacteria cultured on the basal nutrient medium. For
Before each experiment, the efficiency of the Clean'”lgacteria (37C), the significant increase took place

and disinfection of the drum was checked by swab tesmﬂgroughout the composting period (between week 0 and
internal surfaces at a detection limit of 50 cfu per 25 CMyeek 11). In contrast, the significant increase for bacteria

or along a 80 cm seam of a vane. The swab was_, o ) .
resuspended in 5 ml saline (0.85% NaCl, 0.1% pepton tC) occurrido W'tgm thflf'ri‘t W?tek OT (.:lomtpo;t]lntg f
plated and incubated 7 days for the detection of bacteff& oo WEEK © and wee ). A pattern stmiiar to fhat o
; acteria (37C) was observed for Gram-negative bacteria
and fungi at 25C.
and Pseudomonasspp., although both the parameters
) . . demonstrated much lower concentrations. The concentrations
Endotoxin  analysis. Endotoxin analyses were uf coliform bacteriaBacillus spp. and faecal streptococci
performed in duplicate using the kinetic L,'mums_showed a development line similar to that of bacteria
Amebocyte Lysate test (kinetic-QCL ~endotoxin Kity>5c) The significant increase of micrococci/stapylococci

E'Ovr\]/h'.ttil.(er)' I_Aasgtggd?rd curve dotbta_med fromd ?rbccurred with a slight delay between week 1 and week 11
scherichia cotl -DIEIErence endotoxin was used 10,¢ composting. The only decline of concentration over
express the concentrations in endotoxin units (EU). T

concentration of endotoxin was calculated as EU per e was obtained forLactobacillus spp. where the
. - P nificant change occurred after 5 weeks, and subsequently
compost or EU per g bioaerosol. The concentrations ¢

be converted into na endotoxin (1 na endotoxin = 15 concentrations were below the limit of detection.
EU) 9 (1 ng ~ 7Y~ Among the microorganisms capable of airborne spore

generation, a significant increase in thermophilic’(§5
and mesophilic (2%2) actinomycetes occurred steadily
ver composting time (between week 0-1 and week 9-11).
general, the concentrations of fungi were low but
gmong the viable counts of fungi, yeast formed the major

Other measurements. To evaluate the microbial
growth conditions during the composting period, the bul
samples were analysed for pH, content of watgO(Pb)
and water activity (3. The measurements were carrie
T e o o w1 1 Wesk.but & satsiclly Sonfcan ncrease vis

’ not found. Moulds (fungi 2&) demonstrated a significant

before f':md. after drying (110, 1.6. hours), and hy(*:’rOSCOp'Cincrease at the end of the composting period (between
determination of the water activity.

art. The concentrations of yeast reached a maximum
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Table 2. pH, water content (30 %), and water activity ¢ in bulk
samples of composting household waste. Figures indicate the range of 8
three samples from each stage.

—<—55°Caero
——A—55°C bulk
——25°C aero

week pH HO % a —QO—25°Cbukk
0 5.29-7.87 56.6-59.2 0.98-0.99 6

> A u
1 7.08-7.77 53.6-57.4 097-098 3 | —

2 S

g m
5 7.04-8.01 55.2-58.5 0.98

4

9 8.15-8.48 48.5-52.9 0.98
11 8.21-8.48 41.3-49.4 0.97-0.98

2 + } {
1 5 9
weeks of composting in piles

week 9 and week 11) but the concentrations were mostly
just above the limit of detection at 200 cfu/g. The
thermophilic fungiAspergillus fumigatusvere only found Figure 3. Aptinomycetes in bioaerosol_s_ and _in bulk samples over time
sporadically in two out of fifteen bulk samples (week 1°f composting. The level of thermophilic actinomycetes G%xceed
200 cfu/g and week 9 800 cfu/g) which was reported astr?t of mesophilic actinomycetes (Z25. The_concentratlons in the

. . bidaerosols (aero) were above the concentrations found for bulk samples
lod in Table 1. In general, the moulds constituted th@uik) of compost.
lowest concentrations of the measured viable parameters.

The concentration of endotoxin varied throughout the The results of the pH measurements, water content and
time of composting with a significant increase from avater activity are shown in Table 2. The pH-values
minimum at week 5 to a maximum at weeks 9-1ldncreased rapidly during the start of the composting period
Converted to pg endotoxin, the minimum and maximumeaching a stable weak alcaline level after one week. The
concentration of endotoxin was 2.5 and 110 pg endotoximntent of water in the bulk samples decreased gradually
per gram compost, respectively. over time from a maximum of 60% to a minimum of 40%,

but for all bulk samples of compost, the water activity was

Table 3. Concentrations of microorganisms and endotoxin inbetween 0.97 and 0.99.
bioaerosols generated from composting household waste. Figures
represent mean values (GM) of three samples collected from the sameBioaerosols of different composting stagesThe

composting stage, and range is indicated in brackets. According d¢)ncentrations of microorganisms and endotoxin in the
Duncans multiple test for grouping the minimum and maximum ar . . .
indicated by the capitals A and B, respectively. A jump from one capitgxpenmenta”y generated bioaerosols are shown in Table

to another indicates a statistically significant change (p < 0.05). 3. The high?St conce_ntrations_ were found fqr the total
counts of microorganisms which increased significantly
Weelk W995k Weegk over time. Concentrations of bacteria 2% and
thermophilic actinomycetes (%5) constituted the major
Total 6 7/?) 1200 350% part of the viable counts of the bioaerosols. The increase
otal counts f :
x 1¢° cells/g (330-970) (730-1600) (1400-6100) N Pacteria (23C) between week 1 and 9 was not
significant which was consistent with the results from the
. bulk samples. Concentrations of thermophilic°’Gpand
Bacteria 25°C 7.9 13 17 e . .
x 1¢F cfulg (0.77-180) (12-15) @3.3-77y  mesophilic (28C) actinomycetes showed a significant
A 5 increase over time. For the bioaerosols, all concentrations
Actinomycetes 25°C 0.05 0.10 0.26 qf fungi (ZQC)_ andA;pergiIIus fumigatusvere below the
x 1¢P cfulg (<lod-0.08) (<lod-0.16) (0.16-0.66)  limit of detection which corresponds to approx. 2500 cfu
A B g  Pper gram bioaerosol. The concentration of endotoxin in
Actinomycetes 55°C 046 11 15  bioaerosols did not chapge significantly over time.
x 10° cfulg (0.19-1.4) (2.9-27) @3.8-75) Converted to pg endotoxin, the concentrations ranged
from 4 to 14 pug endotoxin per gram bioaerosol.
Fungi (moulds) 25°C <lod <lod <lod . .
o ) Distribution between bioaerosols and bulk samples.
A fUmiGatust5eC <od <od <lod A comparison was made between paired data for
- Tumigatu © © ° concentrations of total counts, mesophilic bacteria and
o actinomycetes (2%&), and thermophilic actinomycetes
Endotoxin units 0.06 0.21 0.12

< 10 EUlg (0.02-0.21)  (0.09-0.62) (0.05-0.30) (55°C). The relation between .bioaerosols and bulk
samples was calculated as the ratio of:

A - minimum, Duncans test; B - maximum, Duncans test; lod - limit ofgncentration in bioaerosol/concentration in bulk sample.
detection (2500 cfu/g).
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Table 4. Concentration of microorganisms in bioaerosols related to tHevels showed similar exposure to fungal spores together

concentration in bulk samples of composting household waste. Rangev\%fth high concentrations of Gram-negative bacteria and
ratios from paired data of total counts and viable counts of bacteria an dotoxin 1301, | ills | i t Id
actinomycetes. Due to observations below the limit of detection féehaotoxin [ ] n sawmills long time exposure 10 moulds

mesophilic actinomycetes, only orfe gnd two ?) ratios were calculated above 16 SporeS/fﬁ caused respiratory symptoms [9].
for week 1 and week 5, respectively. Among specific pathogens, the thermophilic fungus

Aspergillus fumigatushas been reported as a common
allergen and an opportunistic pathogen [7, 8, 22]. Studies
1 5 9 deposit  of exposure to endotoxin from Gram-negative bacteria
Total counts 002003 007012 005024 Compost'o e Peen performed in the cotton industry. From dose-
response experiments and experience from case studies,
Bacteria 25°C 0.01-1.0 0.16-2.2 0.04-050 CompostRylander et al. [28] suggested a concentration of
endotoxin below 100 ngffras a general acceptable level
for avoidance of acute airway symptoms. Castedfaal.
Actinomycetes 55°C  0.4-88 7-13 1-36 Bioaerosol [3] found a level of approx. 10 ngfnas the maximum
exposure limit without a significant response. The dose-
. . response relationship is very complicated, but in general,
Th_e_ ratioexpresses whr_ether the concentration Ofa%ute symptoms are demonstrated at higher exposure
specific parameter in the k_)loaerosols is higher or IOwi%ncentrations than is required for chronic effects from
cc_)mpared _to the source, i.e. the pompost bulk samp Sng time exposure. At present, no occupational exposure
F|g_ure 3 '”“Stfa‘es. the geometrlc. means (GM) foﬁ its for exposure to microorganisms have been adopted.
actinomycetes in bioaerosols and in bulk samples o?qNo data is available on the development of
compost, and Table 4 presents the range of rat'Prﬁcroorganisms in composting of biodegradable household
calculated for each parameter. In contrast t(_) the analysesqie Therefore the results of the present study have to
of total counts and of viable counts of bacteri#@5the e compared to studies on composts made of different
ratios for the two groups of actinomycetes were Wellssic materials and at different stages of the composting
above 1. This indicated that the actinomycetes or thejfocess. In the present study the rotating drum technique
spores were particular prone to be airborne during thgys uysed to characterize the source of bioaerosols in

week week week Maximum

Actinomycetes 25°C 16 2-2%3 12-330 Bioaerosol

experimental conditions used in the study. details. The advantage of using the drum for the
experimental generation of aerosols was to achieve
DISCUSSION reproducible results for statistical use. Another substantial

o ) ) ‘advantage was that the continuous generation of
The objective of the study was to estimate the microbigjpaerosols made it possible to obtain sufficient materials
risk potential during the composting processes of SOUrgg the analysis. However, there are also some limitations
separated household waste. Although an experimen{dl this approach. Using an experimental design in a
design cannot simulate a realistic microbial emissio@poratory scale is not immediately comparable with field
during occupational handling of compost, the relativey,dies of personal exposure. The experimental approach
potential was estimated at the same time when t®es not reflect a true situation of occupational exposure
compost workers were handling the compost, €.g. Bkcause of the artificial technique for the generation of the
stacking and turning the piles or sieving the compostegrosols. It should be emphasized that the concentrations
materials. _ found in these experiments are only applicable for a
Health hazards related to occupational exposure {g|ative risk assessment of the measured bioaerosols.
bioaerosols are reported for different environments mostly |, general, composting processes of organic materials
in connection to high concentrations of organic dusgause generation of ammonia due to the decomposition of
Sometimes the causal microbiological agents are isolatgf nitrogen containing part of the substances. The release
but often the causes of the diseases are difficult to assgegmmonia is observable as an increase in pH into a weak
because of the Iack_ of a clear_ dose-response relationshjkaline reaction. Outdoor pile composting of municipal
In other cases, a mixture of different agents may cause@id waste in a Spanish study was evaluated by changes
disease, e.g. the compost worker's syndrome which ji$ physical and chemical parameters, showing that the pile
probably due to exposure to high concentrations of Spor§iges had a substantial influence on the composting
from fungi (e.g.Aspergillus fumigatysand thermophilic processes, and excessively large piles did not allow
actinomycetes (e.g. species Bhermoactinomycesind adequate oxygenation of the inner materials resulting in
Thermomonospojaand, perhaps endotoxin [4, 17, 18, 22an acidic compost [2]. In the present study, the early
30]. From studies in the agricultural environment, cases pfcrease in pH and the persistent weak alkaline reaction of
organic dust toxic syndrome (ODTS) were demonstratgfle compost (pH: 7.08-8.48 after one week and forward)
for Swedish farmers inhaling fungal spores of’®” air  indicates sufficient conditions for the aerobic composting
while allergic alveolitis was associated with long timgyocesses. According to this, all samples from the
exposure to spore concentrations o/t [19, 20]. A jndependent piles were regarded as properly composted
case study of ODTS and allergic alveolitis was reportadaterial, and the data obtained from the experiments were
from a wood composting facility where "worst caseconsidered as being representative for this type of
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composting when the process is in control. Anothén compost and in bioaerosols of approx’-1@' cells/g
essential growth factor for microorganisms is content efere comparable to concentrations found in percolate
water in the materials. In the study, the water percentaderived during storage of identical waste fractions in
in the compost ranged from a maximum of approx. 60%ontainers [24] and in bulk samples of compostable waste
to a minimum of 40% with a decline over time which wagept in storage systems similar to that of the actual
to be expected due to natural drying and drainage of themposting plant [1]. In general, the concentration in the
percolate. On the other hand, the water activity wampost ranged from approx. 30 to 80 times the
constant at 0.97-0.99 during the whole period of pileoncentration in the bioaerosols, but for both type of
composting, which ensured potentially favourable growtbamples a significant increase (p < 0.05) occured over
conditions for a broad spectrum of microorganisms. time. The content of the mesophilic bacteria in compost
From the examination of bulk samples and bioaerosolgacteria 37C: 1.5x 1¢ cfu/g - 2.1x 10° cfu/g; bacteria
the analysis of total counts by microscopy demonstrategec: 5.7x 10° cfu/lg - 6.2x 10° cfu/g) was consistent
concentrations at levels about®00" cells per gram. yith the levels found in a German study of the microbial

Compared to the corresponding highest viable parameteggality of compost from biowaste including napkins
considerable differences in the concentrations were fOUQBacteria 37: 3.3x 10° - 4.7x 10° cfulg) [14]. In a case

After eleven Weeks of pile pomposting, the conc.entra'[io_g}udy of respiratory disorders (ODTS and allergic
(GM) of total microorganisms (tot_al counts)_ n bUIkalveolitis) in connection with exposure to bioaerosols
samples amounted to 40 and 140 times the viable cou wooden compost, even higher concentrations of

of bacteria (37C) and bacteria (2&), see Table 1. A ynegophilic bacteria were reported for the bulk samples of
similar comparison demonstrated an even larger d'Sparl%mpost (bacteria 36:1.8x 10° cfulg - 1.9x 10 cfulg)

for the bioaerosols (Tab. 3). H.ere the concentratic_)n 9hd the microflora involved was entirely Gram-negative
total counts was 200 and 230 times the concentration cteria [30].

bacteria (23) and actinomycetes (36), respectively.  The concentrations of faecal bacteria (coliforms and
The substantial loss of the viapility in the bioaerosols igecal streptococci) increased significantly (p < 0.05)
probably due to the generation of aerosols and thg@hin the first week of composting from a level close to
sampling technique used. A strong agitation of thge fimit of detection up to a stable level of400 and
materials and the collection on filters over long time wilh o5_1f cfulg, respectively. A preliminary study reported
most likely affect the viability of the microorganisms [S,on the reduction of infectious matters during the
11]. Griffiths et al. [11] summarized a number of composting processes at the actual plant [13]. For bulk
problems in microbiological investigations of bioaerosol%ammes initial concentrations of coliforms and faecal
For characterizing airborne microorg_anisms it_Wa§treptococci of approx. 1610° cfu/g were observed
emphasized, that total counts by microscopy is &gllowed by a reduction of approx. 3 lpginits during the
important parameter because the culturing methods (viagiecomposting process. A reduction of faecal indicators
counts) severely underestimate the tgpapulation of gyring the thermal composting processes was also found
microorganisms in bioaerosols. Furthermore, the viability i other studies [7, 12]. For the present study, the
of minor importance to workplace monitoring because anyyncentrations of the coliforms and the faecal streptococci
allergic or toxic effect occurs whether the microorganismgser one week and forward were consistent with the
are viable or not [11]. In the present study, the tot@)eneral level demonstrated in comparable compost
amount of microorganisms counted by microscopy shoujghctions [14] but a reduction over time was not observed.
therefore be considered an essential parameter, especigi¢ analyses of the faecal microflora were only based on
for the risk assessment of the bioaerosols. counts of colony forming units on two selective media.
The advancing ageing of the compost was associatgHe statistically persistent level after one week may be
with an increase in the concentration of microorganismfue to a subsequent growth of these faecal indicators even
in the bioaerosols. After eleven weeks of composting, thie potential pathogenic species in advance had been
concentration of microorganisms (total counts) was 5 time#iminated by the thermal composting process. Although
above that at week one. This increase in the microbigle influence of the present faecal indicators are not
potential of the bioaerosols may reflect a greater risk ehtirely explained, emphasis on the faecal microflora
occupational exposure at the end of the composting perioghould be taken in risk assessments of work with this
The raw materials for compost in the present study waarticular type of compost.
mainly derived from source separated household wasteOver time of composting, a fluctuating concentration
(86%). Unlike composting materials from pure vegetabl@as observed for content of endotoxin in the bulk samples
sources, the content of animal food and the faecahd in the bioaerosols. This fluctuation was not in
contribution from napkins and small pets are likely tagreement with the steady increase seen for Gram-
supply the compost with a considerable part of theegative bacteria in bulk samples. In compost, the
intestinal microflora which may involve a number ofminimum was found at the middle of the composting
infectious species of microorganisms. Some specifiseriod but for the bioaerosols, the maximum was found at
biological active agents, e.g. endotoxin from Gramthe same stage. This pattern was not immediately
negative bacteria may also be of some importance [8, ifitelligible. Converted to nanogram endotoxin, the range
20]. The concentrations of microorganisms (total count#) the concentrations of compost (2.5-110 pg/g) and of



Microbial risk potential in bioaerosols from compost 167

bioaerosols (4—14 ug/g) was comparable or slightly belop]. The dustiness was correlated to the weight loss of the
the concentrations found in percolate (10-300 pg/miyaste and extremely high concentrations of fungal spores,
[24]. Regarding endotoxin as an important biologicadspecially ofAspergillus fumigatusbecame airborne. For
agent in occupational bioaerosol exposure [3, 16, 28],the present study, actinomycetes in the bioaerosols were
should be stressed that compost of household waste niigyfar the most dominant type of airborne microorganisms.
involve a considerable hazard for personal exposulide existence of airborne spores from actinomycetes at
depending on the dustiness of the materials. the size of approx. 1 pm and below may easily cause
The warm environment during the composting procesteposition in the alveolar lung tissue [16, 22]. The
(up to 60-76C) will favour the thermotolerant microflora concentrations of actinomycetes found in the experimentally
[17, 22]. Actinomycetes were cultured at two temperatur@énerated bioaerosols were higher than or at the level of
for determination of the mesophilic (@5 and the the concentrations in the compost. After five weeks of

thermophilic (55) species. Each group of actinomycete§°mposting the thermophilic  actinomycetes and the
was only enumerated on one type of media, which m esophilic bacteria formed the highest level of the viable

cause an underestimation for species who did not obt jcroorganisms in the bioaero;ols. Therefore, in a risk.
favourable conditions of growth. After 9 weeks th&Ssessment of workers composting household waste special
concentrations in bioaerosols wére 260° cfulg ar’1d attention should be given to the thermophilic actinomycetes.

1.5_>< 10° cfulg for mesophmc and thermophlllc CONCLUSION
actinomycetes, respectively. These concentrations were

close to converted levels from English studies on the 1o micropial potential of bioaerosols increased over

microbial emlﬁsul)lns .frorln CI(.).mDOSt in - which “levelgje iy industrial pile composting of biodegradable
associated with allergic alveolitis were exceeded [6, 14}, sehold waste. Total counts of microorganisms in bulk

Surprisingly, the thermophilic fungéspergillus fumigatus s, mples of compost, as well as in bioaerosols from this
was only found in two out of fifteen bulk samples, and f:é;%

th " les th ati | ¢ ompost, were comparable to the concentrations in
ese wo samples the concentrations were Close 10 WiGcolate from source separated household waste. The

limit of detection. The low concentrations of fungi in th€,i~roflora was dominated by bacteria and actinomycetes
compost were reflected in the bioaerosols where neithgr.. o fungi were almost absent. The thermophilic
mesophilic fungi (2% nor the thermophilicAspergillus  4ctinomycetes were the predominant source for airborne
fumigatuswas detected. The absence of fungal spores dfiores. For risk assessments of workers composting
the air samples was inconsistent to other studies hurce separated household waste, particular emphasis
microbial emissions from compost made of domestighould be put on airborne thermophilic actinomycetes and
waste [7, 17, 22]. Laceyet al. [17] often found the faecal microflora in the compost. In characterizing
concentrations of fungal spores above®td and microbial exposure, total counts of microorganisms by
Aspergillus fumigatusvas present in the bioaerosols inmjcroscopy seemed to be the most reliable parameter for
large numbers. In a case study Weberl. [30] found thjs particular occupational setting. Personal sampling is

concentrations of fungi up to 10cfu/g in wooden recommended to clarify the occupational exposure.
compost and, when converted into w/w %, concentrations

up to approx. 19cfu/g bioaerosol in air samples. In other Acknowledgement
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