KEYNOTE REVIEWS AAEM

Ann Agric Environ Med 1997, 4, 113-121

ACTINOMYCETES IN COMPOSTS*
John Lacey

IACR-Rothamsted, Harpenden, Herts, United Kingdom

Lacey J: Actinomycetes in composisin Agric Environ Med 997,4, 113-121.

Abstract: Actinomycetes, especially thermophilic species, are well known components
of the microflora of composts. Composts for mushroom cultivation, prepared from
animal manures and straw, have been most studied but actinomycetes may also colonise
household and green waste composts. Actinomycetes are Gram-positive bacteria that
mostly possess a myceliunihermoactinomycespp. also produce a mycelium and
have been generally considered with the actinomycetes but they produce endospores
and are closely related tacillus spp. Many actinomycete species produce spores
which easily become airborne in large numbers when the substrate is disturbed and
some cause different forms of extrinsic allergic alveolitis. Composting for mushroom
cultivation takes place in two phases, the first in windrows with large water contents
and the second in humidified tunnels heated to 5&68ctinomycetes, particularly

white Thermomonosporapp., Thermomonospora chromogerzand Microtetraspora

spp., develop abundantly during the second phase and many spores are released during
spawning. However, no one species has been implicated in mushroom worker’s lung. A
similar microflora occurs in composts made from household waste but those from green
waste often have microfloras dominated ®tyeptomycespp., especially during the
cooler winter months when windrow temperatures may be lower than in summer.
Sewage composts are also rich sources of actinomycetes which may Mohatdia

and Promicromonosporaspp. Actinomycete development is dependent on aerobic
conditions, temperature and water content although the interrelationships of these
factors and the occurrence of different taxa have not been closely studied in composts.
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INTRODUCTION Thermoactinomyceslthough producing a mycelium and
often considered an actinomycete, is more closely related
Actinomycetes are Gram-positive bacteria but ar® the Bacillaceae than to other actinomycetes and
distinguished from other bacteria by their morphology, bgroduces endospores in an analogous waatllus and
DNA rich in guanine plus cytosine and on the basis @lostridium species [46]. Actinomycetes are well known
nucleic acid sequencing and pairing studies. Althoudior their ability to produce antibiotics and enzymes and
some show pleomorphic and even coccoid elements, thigy their ability to degrade complex and recalcitrant
characteristically have a filamentous mycelium and manyolecules, especially cellulose, lignocellulose and lignin,
produce spores that are easily detached and may becoméch makes them particularly important in composting
airborne when disturbed. They may thus be considered[@ Some speciesA¢tinomyces, Actinomadura, Nocarldia
the prokaryotic equivalent of fungi. However, the genusan infect man and animals. OtheBag¢charopolyspora,
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Thermoactinomycégsre important causes of occupational ACTINOMYCETE TAXONOMY
respiratory disease (extrinsic allergic alveolitis), e.g.,
farmer’'s lung HaccharopolysporaSap) rectivirguld), Much confusion has surrounded the taxonomy of some

bagassosis ThermoactinomyceqgTha) saccharj and, thermophilic actinomycetes. This largely arose from the
probably, mushroom compost worker’s lung [9, 39, 71]. initial emphasis on morphological characteristics for
Composts have long been known as important sourcgassifying isolates, inadequate descriptions, lack of
of actinomycetes [55, 58, 70] and it was also soomgreement over which characteristics were of taxonomic
discovered that many of the species in these materials anportance, changing concepts as new criteria were
thermophilic and able to grow at temperatures up to 6Mtroduced and the failure of some authors to fully explore
70°C. Such high temperatures result from the strorspme of the earlier literature.
microbial activity, possible when there is adequate water, Many of these problems are illustrated by the history of
nutrient and oxygen, releasing energy through theithermoactinomycespp.Tha. vulgariswas first described
respiration faster than it can be dissipated. Mushrooby Tsiklinsky [70] as an actinomycete that was unable to
compost is generally prepared by a specialised two phategrade starch. Later, isolates were included in this
process [68], involving artificial heating during the secondpecies that had this ability and Kister and Locci [35]
phase. However, the microbiology of this process ha®ncluded that the taxon comprised a single, variable
been studied more thoroughly than composting of othepecies. Kurupet al [32] then concluded thafha.
materials and it will be used as the basis for a discussiealgaris could be divided into two species on the basis of
of the occurrence and role of actinomycetes in compo&tarch, aesculin and arbutin degradation, tyrosinase

in this paper. activity and melanin production. Unfortunately, they
decided that isolates that hydrolysed aesculin and split
ISOLATION AND ENUMERATION OF arbutin but which were unable to degrade starch,
ACTINOMYCETES hypoxanthine and tyrosine should be callé@. candidus

and the other isolatéha. vulgaris However, the original
The traditional method of isolating actinomycetes fromeference culture ofha. vulgaris as in Tsiklinsky’s [70]
composts and other substrates is to suspend samplesiéacription, lacked activity against starch and tyrosine.
water or a suspension fluid containing osmoprotectantha. vulgaris is thus the legitimate name foFha.
such as quarter-strength Ringer’s solution or inositol. Aandidus and Tha. thalpophilusfor isolates degrading
logarithmic dilution series is then prepared and samples stirch and tyrosine [42]. Further whithermoactinomyces
suitable dilutions are spread on the surface of agar medjgp. have since been described having other combinations
in Petri dishes (dilution plating). However, excessivef charactersThermoactinomyces dichotomigUActinobifida
growth of bacilli often restricts isolation of actinomyceteslichotomica[28]) differs in having yellow aerial mycelium
and better recoveries have been obtained using aimd endospores borne on dichotomously branched
sampling methods. Lacey [38] used a wind tunnefiporophores.
Andersen sampler method [43] while Amretr al [1] Other single spored actinomycetes are included in the
used a sedimentation chamber-Andersen sampler metlgshera SaccharomonosporgSam), Thermomonospora
[44] together with selective media containing differen(Thm), PromicromonosporgPrm.) andMicromonospora
antibiotics. Half-strength nutrient and tryptone soya {Mim.). Isolates ofSaccharomonospor&ave variously
casein hydrolysate agars have proved useful for tlheen referred to asActinomyces monosporu§66],
isolation of thermophilic actinomycetes [43]. Addition ofThermoactinomyces glaucufl8], Tha. viridis [67],
novobiocin (25-50 ug ril agar medium) can be used forThermopolyspora glauca[5] and Thermomonospora
the selective isolation oThermoactinomycespp. and viridis [34]. They were then renamé&#ccharomonospora
kanamycin (25pg i) or rifampicin (5pg mb) for viridis [59] but this species has been shown to be
Thermomonosporéhm) spp., includingrhm. chromogena heterogeneous and has been divided into at least three
[1, 2]. species [16]. Other species have been described from
Air sampling has also utilised Andersen samplers, at Zthina [62, 63].

I min?, for general air samples but filtration, using Cross and Lacey [10] described the almost continuous
disposable aerosol monitors loaded with polycarbonatange of morphological types in the gefihermomonospora
(Nuclepore) filters and personal sampler pumps operatibhgtween extremes represented $gccharomonospora
at 2 | min*, has been used to estimate worker exposunéridis and Thermoactinomyces dichotomicuslenssen
Andersen samplers deposit airborne spores directly orffd, 21] identified five species within this range, although
the agar surface in prepoured Petri dishes. Spores ot all were fully described and some cultures could not
aerosol monitor filters are resuspended in a suspensio@ purified or were later lost. These includ&im.
fluid (bacteriological peptone, 1 g;ITween 80, 0.5 g%t  curvata, Thm. lineataThm. fuscaThm. spiralisandThm.
inositol, 20 g 1). A logarithmic dilution series is then falcata Another white Thm. species, Thm. alba was
prepared, using quarter-strength Ringer's solution, f@dded by Locciet al [50] for isolates that were less
plating [47, 48]. The same media may be used as fthrermophilic than the preceding species and mesophilic
direct isolation from composts. species have also been described from sohm.

chromogenawas transferred t@hermomonospordrom
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Table 1.Morphological characteristics of actinomycetes found in composts and of some related taxa [after 27].

Taxon Colony colour Spore chain and mycelium morphology Spore surface Wall

chemotypé

Thermoactinomyces White, yellow Endospores formed singly on aerial and substrate mycelium, Polygonal or 1
sessile or on short sporophores, dichotomously branched in oneridged

species.

Micromonospora Orange - black

Branched substrate mycelium carrying single spores Smooth, warty, Il

spiny

Promicromonospora Yellow Mycelium breaking up into fragments of variable size and shape,Smooth \
giving rise to single rod-shaped, coccoid or chlamydospore-like

elements

White

Thermomonospora Single spores, densely packed sessile or on dichotomously

branched sporophores

Smooth, spiny I

Saccharomonospora Blue, green, Single, densely packed spores Smooth, warty \%
violet

Saccharopolyspora White, pink, Short or long chains, straight, loops and spirals Smooth, \%
brownish grey roughened,

spiny, hairy

Microtetraspora Blue-grey, Straight, hooked or spiral spore chains, up to 30 spores long,  Smooth, 11l
cream, grey, formed on branched aerial mycelium irregular, warty
pink, violet,
yellow, white

Actinomadura White, yellow, Short or long chains, straight, loops and spirals, pseudosporangi&mooth, warty, 1

Nocardiopsis

Saccharothrix

Nocardia

Pseudonocardia

Thermocrispum
Amycolatopsis

Streptomyces

pink, blue, green,
grey

White to
yellowish grey

Yellowish-white,
yellowish-grey

White, pink

White

White
White
White, yellow,

green, grey, blue,
pink, red, purple

in some species spiny, uneven

Long, straight, flexuous or zig-zag-shaped hyphae, completely Smooth
fragmenting into spores

Aerial and substrate hyphae fragment into coccoid elements Smooth

Mycelium fragmenting into rod-shaped and coccoid elements oftemooth
in zig-zag arrangement

Zig-zag-shaped, budding, long chains fragmenting into squarish ®mooth, spiny
oval fragments

Long chains, pseudosporangia fragmenting into rod-like structures Smooth
Long chains, squarish to oval fragments, spore-like structures Smooth

Spores on aerial mycelium in straight, flexuous, looped or spiral Smooth, spiny,
chains, in some species arranged in verticils hairy, warty

'Cell wall types: Type |, LL-2,6-diaminopimelic acid (DAP) and glycine; Type Il, meso-DAP and glycine; Type lll, meso-DAP (with, in
Actinomadura,galactose and madurose (3-O-methyl-D-galactose) anMidrotetraspora,trace amounts of madurose); Type IV, meso-DAP,
arabinose and galactose (withNocardia,nocardomycolic acids); Type VI, lysine.

the genudctinobifida[30, 53].Thm. curvataThm. fusca, coccoid or chlamydospore elements, sometimes up to 5
Thm. albaand Thm. chromogen&ave been accepted asum diameter that have been regarded as spores [23].
valid while Thm. falcatahas been shown to be a synonym The original Russian description ofHermopolyspora

of Thm. chromogenaThm spiralis was never fully
described and has

never

again been isolatdchplicated in farmer's

rectivirguld [29] was misleading and actinomycetes
lung were first

named

Micromonospora has sometimes been confused withThermopolyspora polysporalt was later shown that
Thermomonosporhut it is not thermophilic and producesidentification of these isolates witlT." polyspora was
orange to black colonies without aerial mycelium. Therroneous and that the gend$iermopolysporawas
spores are produced singly on the substrate myceliumilkegitimate. Farmer's lung actinomycetes were subsequently
on the agar surfac®rm. citreaalso produces little or no hamedMicropolyspora faenbut were later shown to be
aerial mycelium but has yellow colonies with a vegetativeynonymous with T. rectivirguld and were given the
mycelium that fragments and produces single rod-shapedme,Faenia rectivirgula[33], since the earlier specific
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Table 2.Occurrence of actinomycetes in cereal straw [37]. ACTINOMYCETES IN MUSHROOM
: — COMPOSTS
Species Frequency of Samples containing
isolation (% >2x 10 cfu g* . . .
) Xdryvft.u(o% .Compo.stlng for production of mushroomAgéncus
bisporug is a two phase process with Phase 1 completed
Saccharopolyspora 67 42 out of doors and Phase 2 indoors. In Phase 1, horse
rectivirgula manure is mixed with straw, gypsum and, if necessary, a
Saccharomonosporspp. 58 14 hitrogen supplement. It is then stacked in long windrows,
2 m square in cross section, and is left to heat. The piles
Streptomyces albus 67 19 are turned two to three times over seven to ten days to
Streptomyces griseus 61 36 encourage even degradation. Temperatures may rise to
75-80°C during this process and the pH value increases to
Streptomycespp. (grey) 83 28 8.5 as ammonia is released. After Phase 1, the compost is

transferred in trays or in bulk to insulated rooms or

ep|thet took priority [40] Fina”yFaeniawas shown to tunnels in which it is heated rapldly to 60°C with heated
be indistinguishable from the gen@mccharopolyspora air containing 15-20% oxygen and maintained at this
[26, 41, 45]. Another species with short chains of sporé@mperature for three to ten days by thermogenesis. It is
has also been reported from mushroom and domesiien cooled and mixed with mushroom spawn.
waste composts, sometimes in large numbers. This hastudies of the development of actinomycetes in
now been referred tulicrotetraspora(Mit.) flexuosawith ~ mMushroom composts [3, 6, 12, 17, 25, 60] have shown a
Actinomadura flexuosaMicrotetraspora flexuosand the Predominance ofStreptomycesspp. with grey aerial
earlier Thermopolyspora flexuosaconsidered to be Mmycelium, Micromonospora spp. and, occasionally,
synonyms [15, 31]Actinomadura(Acd) spp. generally Thermoactinomyces, Thermomonospana ‘Actinobifidd
produce short chains of spores, sometimes arrangedSRP. Reports oMicromonosporaand ‘Actinobifidd spp.
pseudosporangia. Many species have been isolated frafg likely to refer to Thermoactinomyces and
soils although not from compost icd. flexuosais Thermomonosporapp. but these species are likely to be
excluded. underestimated using dilution plating for their isolation.
A range of species having long chains of spores hafétinomycetes actively decompose mannans and xylans
been described from composts. Many of these ate hemicellulose, cellulose and lignin and may also
Streptomyces (Stm) species, including previously degrade many other organic materials. They thus have
undescribed species, but others have been referred to stiggortant roles in the changes that take place in composts.
genera as Nocardia Pseudonocardia Amycolata, .
Amycolatopsisand Thermocrispunl11, 18, 21, 27, 49]. Phase 1. The straw used_ for.the preparation of
These differ in their morphology, cell wall compositioncOMpPosts may already contain actinomycetes before the
and in other biochemical characteristics althoughtart of Phase 1 composting (Tab. 2) [37]. However,
Amycolatais now considered a synonymRsfeudonocardia Subsequently during Phase 1, temperatures are probably
Nocardiopsisand Saccharothrixproduce chains of sporesto0 great for much actinomycete growth, except at the
or ovoid-coccoid elements of indeterminate lengtrfdges of piles and early in the process. Nevertheless,
Neither has so far been reported from compost but th¥y@ksman et al [73] showed that thermophilic
have been isolated from soil. actinomycetes grew well on animal manures. They
Characteristics of the principal actinomycete genera tgolated thre&streptomycespecies and three, described as
be found in composts, includinthermoactinomycesnd Micromonosporawhich were probablifhermoactinomyces
other similar taxa are summarised in Table 1. vulgaris and Thermomonosporaspecies. Populations

Table 3.Occurrence of actinomycetes during preparation of mushroom composts [after 36].

Organism Cfu x 10g™ dry wt.
End of Phase 1 During Phase 2 End of Phase 2 After spawning Before casing
Saccharomonosporspp. 0.8 0.4 4.3
Saccharopolysporapp. 6.4 5.6 0.1 7.0 2.2
S. rectivirgula - - 0.2 -
Streptomycespp. 19.1 24.3 24.7 7.9 1.4
Thermoactinomycespp. 7.8 16.5 4.7 131
Thermomonosporapp. (white) 15.2 54.4 48.1 7.0
T. chromogena 14.4 60.5 72.4 72.3 4.3

Others 4.2 9.9 171 34.9 2.9
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Table 4. Actinomycete content of mushroom composts during preparation [after 36].

Stage of composting Actinomycete population (determined by)

Balla [3]
(Dilution plating)
cfu x 1Gg™ dry wt.

Craveriet al [6]
(Dilution plating)
cfu x 16g™ dry wt.

Lacey [36]
(Wind tunnel/Andersen sampler)
cfu x 16g™ dry wt.

Before Phase 1 4 0.57 -
End Phase 1 20 6.59 0.68
During Phase 2 2-9 - 1.66
End Phase 2 3-20 3.68 1.72
After spawning - - 1.42

Before casing - 1.54 1.07
Mushroom production 3 0.21 -

reached 1 10° g moist compost after 10 days at 50°C[19], although there has been no subsequent confirmation
Populations were slightly smaller after incubation at 65°Cf this by other workers.

but few were grown after incubation at 28°C and none Populations of actinomycetes in some British composts
after 75°C [72]. Henssen [18, 20] and Henssen arfd the end of Phase 1, measured using a wind tunnel/
Schnepf [22] used anaerobic techniques to isolafgndersen Sampler method [43], are shown in Table 3 and
thermophilic actinomycetes from manures. Of the 1 other composts in Table 4. Often populations exceeded
species isolated, eight were previously unknown and sorh@ colony forming units (cfu) § dry compost but were
grew equally well in anaerobic and aerobic conditiongometimes only Ty in improperly heated composts.

Table 5. Predominant actinomycetes in GCRI Revised Formula 2 and in pPhgse 2 Thermophilic actinomycetes grow extensively
rapidly-prepared non-manure compost [after 12].

during Phase 2 of composting and are often evident

Rapidly-prepared composfnacroscopically from the white wefts of mycelium (‘fire

Time (h) Formula 2 compost s .
. . fang’) in the compost. Fergus [11] reported 11 species of
Start ISf;"r‘igac“”omyces Ilrj‘leg?iga‘“'”omyces actinomycetes in Phase 2 composts and Kleyn and
g g Wetzler [25] six. These includeNocardia brasiliensis,
20 T. vulgaris Pseudonocardia thermophila, Saccharomonospora viridis,
44 T. vulgaris Saccharopolyspora rectivirgula, Stm. diastaticus, Stm.
48 T vuloaris griseus, Stm. rectus, Stm. thermoviolaceus, Stm.
- viilgan thermovulgaris, Stm. violaceoruber, Tha. thalpophilus,
68 T. vulgaris Tha. vulgaris, Thm. chromogena, Thm. curvata Thm.
72 T. vulgaris fusca Identification of Nocardia brasiliensis a human
9% sacch pathogen, has not been confirmed howe@&m. albus
Sfr‘:;tgrrﬁ;gggos'oo@p' was also reported from spent compost. Crageal [6]
thermovulgaris reported 3.% 10° actinomycete cfu §in composts at the
Strepltom_yCESpp- (@ey)  end of Phase 2 and Lacey [36] 120° cfu g* (Tables 3
%\é‘:n?g;inosporapp and 4). Actinomycete populations in composts are often
dominated byThermomonosporapp., both species with
160 gta“*t‘ammonosloompp- white aerial mycelium (includinhm. curvata, Thm. alba
théfﬁgﬂgaeﬁs andThm. fuscpandThm. chromogengb2, 53]. However,
T. vulgaris Tha. vulgarishas been reported as predominant in Italian
Thermomonosporapp. and American composts [6, 25] but this could be a
168 Streptomyces consequence of the isolation method uB&idrotetraspora
thermovulgaris flexuosa has also sometimes been isolated in large
Streptomycespp. (grey) numbers [9, 71]. However, it can be difficult to
T. vulgaris differentiate the different species of white actinomycetes
264 Saccharomonosporspp. on crowded isolation plates and slow growing species,
Streptomyces such ad. flexuosacan easily be missethermoactinomyces
thermovulgaris spp., includingTha. dichotomicusand thermophilic and
?tr\iﬂ?ﬂ?es"p' (grey) mesophilicStreptomycespp., includingStm. megasporus
Thermomonosporapp. Stm. rectus Stm. thermovulgarjsStm. albusand Stm.
griseus have also been recorded in smaller numbers.
Appearance 192-240 h 72-96 h

of ‘fire fang’
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Table 6. Concentrations of airborne actinomycete spores on a mushrodihe mean concentration of total thermophilic bacteria and

farm [9]. actinomycetes growing at 55°C in the air at some British
. _3 .
Microorganism Log, colony forming units it air yvaste tra_nsfer stations was 5.3(? cfu m” [8]. S_pemes
isolated includedTha. vulgaris, Tha. thalpophiluand,
Spawning Picking Cookout gccasionally, Sap. rectivirgula However, numbers
increased rapidly in holding bunkers where emissions
Total 7-8 2-6 3-4 3 . .
could reach 3.& 10° cfu m®, with Thm. fuscanumbering
Microtetraspora 6-7 nd-2 24 yp to 1.2x 10 cfu m® and Tha. vulgarisup to 1.9x 10°
Saccharomonospora 25 nd-2 45 cfum®when waste was moved by loverhead cranes._Rész
et al [61] isolated Thermoactinomyces vulgaris
Saccharopolyspora nd nd-2 4 Thermomonospora albahm. curvataand Thm. lineata
Streptomyces 3.6 nd-2 5 from German domestic waste composts. These mostly
_ grew best close to 50°C, with maxima at 60-65°C, and
Thermoactinomyces 3-5 nd-3 35 showed proteolytic enzyme activity against casein,
Thermomonospora 6-7 2.4 45 gelatine, collagen and elastin and, to a lesser extent,
(white) against keratin. We have studied emissions on two sites
although these cannot be considered representative of
T. chromogena 6-7 1-2 2-4

handling on commercial sites. The first [48] concerned
“not detected. emissions during the conveying and trommel screening of
experimental composts indoors at Warren Spring

The development of actinomycetes in two mushroom@Poratory and the second [47] emissions while turning
composts based on wheat straw, one of which al€perimental batches of_ compost out of doo_rs with a
contained deep litter chicken manure, was studied Bpnt-énd loader at a site at Castle Bromwich, U.K.
Fermor et al [12]. Initially, numbers of thermophilic Fowever, they do demonstrate the species of
bacteria differed considerably between the two compogi§tinomycetes that occur and their numbers in the air
but the patterns of development of thermophiliduring these processes (Tab. 7). _
actinomycete were similar (Tab. 5). InitiallyTha. The range of actinomycetes isolated fr(_)m domestic
vulgaris and Streptomycesspp. were most frequent. waste 'composts was §|mllar 'Fo that found in .mushroom
However, after 7 days in compost with chicken litter angPawning sheds b‘_’;‘ with maximum concentrations of the
4 days in the rapidly prepared compost, coincidental&rder of 16 cfu m* air, during both air classification
with the development of ‘fire fangThermomonospora, indoors and turning out (_)3f d'oors._PersonaI samplers on
Saccharomonosporapp. and greyStreptomycesspp., workers yielded ﬂ)(_:fu m* air. This cognpares Wlt.h a
including Stm. thermovulgariswere isolated. In the reported concentration of 210" cfu m® in the pile
rapidly-prepared  compost,  actinomycete numbe@Pmposting area of a German composting site [13].
increased from focfu g* to 10 cfu g* during the first 50
h but then remained close to’Xp" up to 200 h.

The spores of actinomycetes are easily dispersed intghle 7. Mean concentrations of airborne actinomycete spores during
the air during the spawning process, giving largeir classification indoors and turning out of doors of experimental
concentrations in the air of spawning sheds (Tab. 6) [gPmposts made from domestic waste.

Concentrations up to2 10’ actinomycete spores fimay

. . ) Actinomycete taxa Colony forming units of
be general in such environments with up to 1P actinomycetes x £on air
spores M occurring close to spawning lines [38]. Van _ :
den Bogartet al. [71] also report 1D cfu m?* air in ste tlrnodrg?nr:i Out of doors, turning
fermentation tunnels and during spawning. Concentrations screening
of airborne actinomycete spores in other parts of
mushroom farms are generally smaller. They are usually Sampling Andersen Andersen Personal
about 10 cfu m®in the cropping sheds or during cookout method ~ sampler  sampler samplers
when the compost is steamgd and tipped out of the trayg.charomonospora 40 39 26
and only rarely reach f@fu m?*[9].
Saccharopolyspora rectivirgula 4.1 0.01 13
ACTINOMYCETES IN DOMESTIC WASTE Thermoactinomycespp. 3.3 1.8 14
COMPOSTS .
Thermomonosporapp. (white) 0.63 2.2 62
There are few studies of the development off.chromogena 0.04 24 0.55
actinomycetes in domestic waste composts but thegtreptomycespp_ 23 49 18

abundance in these composts is demonstrated by their
abundance in the air spora when composts are handlééhidentified white thermophiles 3.8
Freshly collected domestic waste contains few actinomycefes.
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Table 8. Airborne actinomycete spores dispersed from green wasigicrotetrasporawere less numerous than is sometimes
composts. found in mushroom composts. There was a suggestion
Taxon cfu x 16m? air that populations at shredding were less thermotolerant
than those dispersed from compost piles.

Fresh waste Composted
waste
SEWAGE COMPOSTS
Microtetrasporaspp. nd 1.67
Streptomyces albus 0.78 294 Up to 15,000 thermophiles actinomycete cfi mere

found downwind during turning of compost windrows
Grey Streptomycespp. 0.26 26.2  containing a mixture of woodchips (2.5 parts) and sewage
sludge (1 part) [56]. Isolates includedNocardia,
Saccharopolyspora and Saccharomonospora spp.,
Saccharomonosporspp. 151 1.68 Streptomycesspp., including the thermophilicStm.
megasporeus, Stm. macrosporeus, Stm. thermolineatus

OtherStreptomycespp. 0.59 0.20

Saccharopolyspora rectivirgula 0.001 0.47 . . .
POy 9 [14], Promicromonospora citreand Thermoactinomyces
Thermoactinomycespp. 0.87 5.29 vulgaris(Lacey, unpublished).
Thermomonosporapp. (white) 0.17 8.09
CONCLUSION
T. chromogena nd 1.17
Other actinomycetes 2.66 442 Actinomycetes are undoubtedly numerous in composts

and have important roles in their decomposition. Many of
the species are thermophilic, with temperature optima at
about 55°C, and depend on thermogenesis within the
GREEN WASTE COMPOSTS compost piles to provide temperatures suitable for their
growth. Their spores readily become airborne when
There have been few studies of the microbiology ¢fompost piles are turned giving rise to large
vegetable composts although studies of fodder deteriorat#ncentrations in the vicinity which may be carried
are relevant [36]. Actinomycete numbers have again beégwnwind although numbers probably decrease as the
found to increase when spontaneous heating occuPdes mature and as water content increases. Especially
Earlier papers have shown that oflja. vulgariscould large concentrations of airborne spores occur in the
be isolated from grass compost althougtieptomyces Spawning sheds of mushroom farms where they have
spp. were reported to be predominant in composts masiaditionally been associated with outbreaks of mushroom
from lucerne, oat straw and maize stalks [35]. worker’s lung, a form of extrinsic allergic alveolitis, in
Microbial emissions from green waste composts ha®xposed workers.
recently been the subject of a study in the United Following the implication of thermophilic actinomycetes
Kingdom and Denmark. Studies in Denmark suggest thi&tfarmer’s lung, actinomycetes were suspected of causing
there are few actinomycetes in freshly collected gardéhushroom worker’s lung. Sakula [64] first suggested that
waste which gave rise to fewer than 18 cfu of thermophilldushroom worker’s lung might be caused by the same
actinomycetes and 22 mesophilic actinomycefémim[4]. ~ actinomycetes as farmer's lung, after finding precipitins
Results from the British study are incomplete but ar@gainst Tha. vulgarisin one worker and agair$ap.
sufficient to show that many actinomycetes are releaségrtivirgulain another. However, these two species seem
from composts when they are turned (Tab. 8). Duringnlikely causes since they are rarely, if ever, numerous in
shredding of fresh green waste, concentrations of airborp@aerosols from mushroom composts [38]. Sensitivity to
actinomycetes were smaller thax 80 cfu m® but they these organisms appears more likely from exposure to
averaged about f0cfu mi® air close to compost piles Mouldy straw before composting than to the compost
during turning.Saccharomonosporspp. formed the most |tseIf.. Subsequent attempts to identify a specific antigen
abundant taxon during shredding b8tm. albusand Causing mushroom worker’s lung have been unsuccessful
Thermoactinomycesere also frequently isolated. During[1, 64, 68]. However, Kleyret al [24] found strong
composting Streptomycespp. with grey aerial mycelium, reactivity in some workers tdha. vulgaris and Sap.
Stm. albusand a group of unidentified actinomycetes tha€ctivirgulawnhile van den Bogakt al [71] and Croolet
represented several taxa became most abundant. Somélof[9] found sensitivity to a range of fungal and
the unidentified colonies probably repres8iieptomyces actinomycete antigens in exposed workers. Van den
and Saccharopolysporapp. but others possibly represenfogart et al [71] also reported that symptoms
Amycolata non-sporing  Microtetraspora  and _charac_ter|st|c of mu;hroom work_er’s Igng were |_nduced in
Thermomonospora chromogeneolonies and perhaps inhalation provocation  tests with air containing large
even Thermocrispuma new species recently describedumbers ofMit. flexuosa, Thm. curvata, Thm. fusaad
from urban waste composts in Germany [27]Thm. albaand concluded that these were the causes of the

Thermomonosporapp., includingrhm. chromogenaand ~ disease.

not detected.
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Concentrations associated with handling of composts11. Fergus CL: Thermophilic and thermotolerant molds and
made from domestic, green or sewage sludge, at least ?gﬁ't"omymtes of mushroom compost during peak heatiygologia

of doors, have generally been smaller than those64’56’ 267-284.
, g y 12. Fermor TR, Smith JF, Spencer DM: The microflora of

. . 9
aSS_OC|ated with  mushroom compost. Up to 1(_laxperimental mushroom compostsHort Sci1979,54, 137-147.
actinomycete spores have been reported in spawningl3. Fischer K: Environmental aspects of compost plaits.
sheds from mushroom composts [71] but those from oth@iglingmaier W, L'Hermite P (Eds)Compost Processes in Waste

composts are generally of the order of-107 cfu ni@ Management 137-140. Commission of the European Communities,
Luxembourg 1989.

although these figures probably underestimate the i, goodfellow M, Lacey J, Todd C: Numerical classification of
concentration of antigenic material which may includeermophilic streptomyceted.Gen Microbioll 987,133 3135-3149.

dead spores. Up to ‘i@pores ofSap. rectivirgulam'3 air 15. Greiner-Mai E, Kroppenstedt RM, Korn-Wendisch F, Kutzner
are considered necessary for sensitization in farmer’s lufg Morphological and biochemical characterization and emended
[54]. Such exposure is only likely among workers in closégg(;rg’“g; 518; thermophilic actinomycete specist Appl Microbiol
contact with composts and is unlikely to affect the local 16 Greiner-Mai E, Korn-Wendisch F, Kutzner HJ: Taxonomic
population residing around compost sites. Howevergvision of the genusSaccharomonosporaand description of
estimates of concentrations dispergillus fumigatus Saccharomonospora glauap. nov.Int J Syst Bacteriol 988,38, 398-

; ; ; 05.
downwind from composting sites suggest tha% 17. Hayes WA: Microbiological changes in composting wheat

concen;rations only f”‘pprpaCh a_mbiem levels after abos!ﬁraw/horse manure mixturddushroom Sci969,7, 173-186.
500 m in unstable climatic conditions and after a greater1g. Henssen A: Beitrige zur Morphologie und Systematik der

distance in neutral or stable conditions [57]. Dust contr@lermophilen Actinomyceterrch Mikrobiol 1957,26, 373-414. _
measures or enclosure of composting facilities may :I(.‘Q Henssen A: (Lijer dltTI Bgdeutt;]ng .Ti(ertt)helrmophnen Mikroorganismen
therefore be necessary if houses occur within 500 ! die Zersetzung des Stalimistésch Mikrobiol1957,27, 63-81.

. . . 20. Henssen AStreptomyces fragmentospares neuer thermophiler
Workers should be fully protected against inhalation Ofctinomycete Arch Mikrobiol 1969,67, 21-27.

actinomycetes and fungi at all times. 21. Henssen A: Spore formation in thermophilic actinomycétes.
Prauser H (Ed)The Actinomycetale®05-210. Gustav Fischer Verlag,
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