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It is therefore likely that there will be an
m Passage in 1979 of the Resource Conservatidncreased demand for improved microbiologi-
and Recovery Act (RCRA) and the Clean Water Actcal services and for products which aid control
by Congress resulted in a mandate to control andf solid waste microbial populations.

regulate the use of solid wastes on the land (Federtdodern phenotypic procedures permit the
Register, 1979). The more recent landfill crisis fol-rapid and cost-effective identification of bacte-
lowed by the ocean dumping ban and tightening ofia. These new methodologies have to our

air emission standards has significantly influencetnowledge never been applied to compost
solid waste practice in the direction of bio-degradamicrobiology. Unfortunately, new methods in
tion via composting. environmental microbiology have to compete
A rapid increase in composting technologies conwith traditional methodologies. There is a
comitant with increased environmental concerrpressing need to focus modern methods on
regarding the fate of bacteria, particularly pathodeveloping a microbial ecology (Stahl, 1993)
gens, means that new opportunities and dangegghich should be helpful for composters.

exist with regard to microbial disposition of solid |+ now, the identities of the bacterial species

waste. The impact of new compost technologies ofy,1ved in the composting of wastes has not
microorganism selection is not known and uncer;

tainty exists as to survival mechanisms of potentiah)een well studied, probably because of lack of

pathogens initially present in waste. methods. The development of DNA-probe

New microbial methodologies are needed to chara(m,eﬂ"()dS (Curiale, 1990) and F)he.notypic tech-
terize bacteria involved in composting, and to deterMdues (Stager & Da\{ls, 1992; Krieger, 1992)
mine the influence of compost technology onPresent tools to identify at the genus and spe-

bacterial species selection, especially pathogens. C'e$ level the bacteria important to composting
various wastes.

The public attitude towards biological treat-CUTTent composting practice relies on indige-
ment and recycling of waste is generally posi'OUS microorganisms to complete the needed

tive, but concerns regarding the icrobiologicaPiochemical transformations to achieve a fin-
disposition and impact of these wastes arished or stabl_e product. Stability as Qeflned by
being raised (Clark et.al., 1983; Farrell, 1993)I0W €O, respiration and lack of continued sel-
Implicit in EPA rules governing dispersal of heating is often not achieved. Many compost
solid wastes is the requirement that a signifiS@mples surveyed by our laboratory show rela-
cant reduction of bacterial pathogens will takd!V€ immaturity and moderate phytotoxicities.
place prior to land application (Federal Regis!t S not clear whether microbial pathways are
ter, 1991). However, monitoring of actual bac-ot completed or the correct bacteria for com-
terial densities has until recently not beerPOSt stabilization are not present. Lacking
required (Federal Register, 1992). With the nedfnowledge on microfiora, it may be difficult for
required vigilance in monitoring dBalmonella €ngineered compost technologies to achieve
and Fecal coliform prior to land application of désired levels of control. ,

solid waste, we expect a sharp rise in reportedis situation of uncertainty in composting
pathogen values and with it regulatory and litiwould be acceptable if it were not for at least

gating actions on the part of EPA and publidWo Problems: the negative impact of unripe
(Goldstein, 1994). compost on seedling growth and the adaptabil-
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ity of opportunistic pathogens to become heatthat even thougk. coli Bwas inoculated into a
resistant and to function as dominant decom- municipal wastewater sludge at abouf tells/
posers in compost systems. In this paper, we gr of fresh solids, these methods produced neg-
concern ourselves with the latter subject. ative results immediately after inoculation. Yet,
in these same samplEs coliwas readily
detected after 5 days of composting. Thus, the
protocol was altered to include a 24hr. incuba-
] ) tion in nutrient broth with 0.5% lactose. With

A sample was taken during the composting  this method thé. coliwas easily detected in
process and 4 grams suspended in 40 ml of g4 ples immediately after inoculation.

sterile distilled water. The sample was vortexedgg|ation of thermophilic mutants & coli B

and allowed to soak for about 1hr to remove theg typhimurium @ndPseudomonas aerugi-
bacteria adhering to the compost. Using nosaPAO1was undertaken. The isolation and
BUGM (Biolog) of trypticase soy agar, 0.1ml gemonstration of the origin of these thermotol-
of this suspension was smeared over an agar grgnt (48C) and mesothermophilic (3@)

plate with a glass rod and the plate incubated atytant strains has been previously described
53°C or 3?PC. A sample was picked from this (Droffner & Yamamoto, 1991a, 1991b).

growth With_a_ sterile Ioop, streaked_, and 9rowncompost samples were drawn from a cure pile
at 37C. Individual colonies were picked and of a source separated compost pilot project in
restreaked. The pure clone was then restreakgeirfield Connecticut. Compost sampling

for identification with a computerized Microlog began on day 15, after semi-in vessel process-
identification system. , ing. The production of this compost has been
TheE. collandSaImoneIIaggne probe kits pre- gascribed elsewhere (Beyea, et al. 1992).
pared by Gene-Trak (Framingham, MA) were gamples of biosolids and food scraps were
used f_or detection of these _bacterla in compostiended with sawdust and woodchips+leaves,
material. Methods for isolation of these bacte- agpectively, to achieve desired C:N ratios. This
ria were as stated in the gene probe kit proto- miyiyre was moistened with a mixed liquid cul-
cols. These methods require viable bacteria tq e ofE. coliandSalmonella typhimurium Q
give positive results. It was previously observed gptain approximately @ells/gr. of total

Isolation and identification of
prominent organisms

Table 1. Mutants of various bacterial species and the indicated temperatures of
growth above the parental strain limit

Maximum tem- Detection by
perature of growth, Gene Probe
Strain Isolated C (+) or (-)
Salmonella typhimurium Q (parent) 42° +
Salmonella typhimurium Q th 48° +
Salmonella typhimurium Q ttl, mth 54° +
Escherichia coli B (parent) 44° +
Escherichia coli B ttl 48 +
Escherichia coli B ttl, mth 54° ?
Pseudomonas aeruginosa PAO1 (parent) 42° NAd
Pseudomonas aeruginosa PAOL1 ttl 48° NA
Pseudomonas aeruginosa PAOL ttl, mth 54° NA

aFor methods of isolation, see Droffner & Yamamoto (1991a, 1991b).
bitl, thermotolerant- growth to 2&C

¢mth, mesothermophilic- growth to $€

dNA = not analyzed

13 Compost Science & Utilization Summer, 1994



sample. Subsequently, 4-liter samples of eachlt has been generally assumed from previous
were transferred to 4.5-liter laboratory self-  work that thermophilic temperatures reached
heating compost vessels for the duration of theluring composting are sufficient to destroy
study. The vessels permitted sub-sampling forpathogens (Wiley, 1962; Wiley & Westerberg,
bacterial analysis at the times indicated. 1969). We have demonstrated, however, that
the gener&scherichia, Salmonelland
Pseudomonasll have the capacity to produce
. mutants able to grow at elevated temperatures
Preliminary data collected by our laboratory (Droffner et. al., 1991a, 1991b). We have iso-
suggests mi_croorganisms initiglly presentin  |ateq ank. colimutant capable of growing at
wastes dominate the composting process. Furg-o~ (Droffner & Brinton, 1994). These genera
thermore, this data also indicates that under all carry a genetic operonel for the degrada-
cer'Faln condltlons, thermo—t(_)lerance spreads yion of cellobiose, which is expressed only at
rap_|dly to organisms not *?e"e"ed to be heat 48°C and above suggesting a genetic basis for
resistant. The dissemination of_th_ermal toler_— surviving at elevated temperatures (Droffner,
ance may take place through similar, compli- et.al. 1992a)

cated mechanisms as are responsible for the g,vival of potential pathogens in composts

increase among bacteria of antibiotic resistanCﬁ1ay be partly dependent on physical condi-
(Davies, 1994; Begley, 1994). Conversely, it yjons For example, pathogens may reside in

may be the result of mutations enabling growthCooler zones of windrows or as clumps along
at elevated temperatures (Droffner and Yama—edges of static piles (Cloutier and Brinton,

moto, 1985; 1991a; 1991b). In Table 1 we ShOWunpublished data)We compare survival in out-

_mg_tants dOf various bacterflal spercl:lez and Lhe door composting versus in-vessel laboratory
Indicated temperatures of growth above the oy 1amg . |n outdoor composting (Table 2) and

upper limit for the parental strain. The data |5 ratory in-vessel trials (Table 3), we show
show that three gram negative bacteria are that bothE. coli. andSalmonellasurvive simi-

capable of mutating to grow at least as high a?arly where 66C temperatures have been
54°C. We also have good evidence tBatmo-

) : recorded for long periods of time. This data
nellawill mutate to grow at 6& (Brinton &

. suggests that opportunistic pathogens adapt to
Droffner, unpublished dafa become thermoresistant strains in composting.

Results and Discussion

Table 2. Survival of E. coliand Salmonelladuring outdoor composting and
curing of source separated municipal solid wastes.

Temperature of

Compost Age  compost at time of DNA-ProbeP? DNA- Probe
(days) sampling - C MUG test E. coli/Shigella  Salmonelld

15 59 + ndl +
22 60 + na
29 62 + na
44 62 + na
56 40 + + _
90 40 - - -

aTested folE. coliin a lauryl sulfate tryptone broth containing 4-Methylumbelliferyl-B-D-Glucoronide (MUG) for the
presence of glucoronidase

bGene probe kit foE. coli/ShigellaGene-Trak, Framingham, MA

€Gene probe kit foBalmonella Gene-Trak, Framingham, MA

dha = not analyzed

14 compost Science & Utilization Summer, 1994



A critical question is whether surviving its identity proven by phenotypic and DNA-
mutants actually are pathogenic. Another probe methods. The trait proved to be unstable,
important question is whether it is possible to and was lost in cold storage (Droffner & Brin-
shift the populations to effective and safe ton, 1994).

organisms. Clearly, if heat is not the mecha- We have observeBseudomonas aeruginoaa
nism which removes pathogens, then other the most prevalent organism in a thermophilic
routes like bacterial competition must be giverfood waste composting operation whereas
more attention. other Pseudomonads not demonstrated to be
Our observations using phenotypic methods pathogenic to humans are found in the thermo-
(Stager & Davis, 1992) to identify bacteria  philic manure composts (Brinton & Droffner,
have shown that in thermophilic composts  unpublished dafta Gram positive bacteria
where the starting material originates from  found in thermophilic compost a&taphylo-
human waste many known potentially patho- coccus cohnii, Staphylococcus sciuri, Staphylo-
genic species can be found to be predominanitoccus hominis, Enterococcus gallinarum,

Included are species in the familiéstero- Bacillus thuringiensis/cereus, Bacillus sphaeri-
bacteracea@andPseudomonadaceaeclud- cusandBacillus brevis The majority of these
ing Escherichia coliSerratia marcesens isolates will form mats of growth between 53-

Citrobacter freundijKlebsiella pneumonige 60 C, but formation of individual colonies is
Pseudomonas aeruginosa, Pseudomonas  rare at these elevated temperatures.
pseudoalcaligenes, Pseudomonas alcaligened} should be noted that some of these surviving
Alcaligenes fecaliasndAcinetobacter genospe- organisms have been found to be very impor-
cies 15 An E. coliwhich is capable of growing tant for phyllospheric disease control with

at temperatures of at least 65C was isolated anplants (Ketterer & Schwager, 1992). This sug-

Table 3. Survival of E. coli B and Salmonella typhimurium Qnoculated at 10 /gr
in laboratory in-vessel composting of food waste and municipal biosolids, as
determined by DNA probes.

E. coli/ E. coli/
Waste Sample Analyzed Temperature  Shigella Shigella Salmonellef
METHOD |2 METHOD I ©
Food waste Control 22°C - na -
Food compost day 9 22c + na +
Food Compost day 7 5 days at 60-7AC + na +
Food Compost day 11 9 days at 60-C + na -
Food Compost day 20 8 days at 50-6tC - na -
Control- uncomposted sludge 22°C - - +
Sludge compost day® 22°C - + +
Sludge compost day 7 5 days @ + na +
60-70C
Sludge compost day 11 9 days @ 6tC + na
Sludge compost day 20 8days @ 69 - -
down to 36 C

aMethod I: E. coli selected for by growing directly on lauryl tryptose broth

b Method II: E. coli selected for by growing in nutrient broth with 0.5% lactose for 24hrs followed by lauryl tryptose broth
¢salmonella was grown in nutrient broth with 0.5% lactose then selected for with tetrathionate broth or selenite cysteine
broth and grown in GN (HAJNA) broth

dCompost was inoculated with about 4y E. coli and 10 /g Salmonella typhimurium Q

(+) = positive; (-) = negative; na = not analyze
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gests that methods can and should be developeahibitory effects, presumably caused by sur-
to control microbial infections using other bac-factants, and subsequently grow during com-
teria, once the various organisms are identifiedposting (Droffner & Brinton, 1994). In view of
and provided they are not found to be human this, some consideration is needed to evaluate
pathogens. what “negative” results mean. When pathogens
The potential pathogenicity of strains isolated are not found, it does not necessarily mean they
from composts has never to our knowledge are absent. While some studies have concluded
been assessed. Witseudomonas aerugingsa that pathogen re-growth can occur (Burge

for example, the presence of toxin A can be et.al., 1987) the possibility that the organisms
measured. Furthermore, wiinterobacter- may have been present all along, but not
aceaegenes for adhesion and invasion of detected must be evaluated (Droffner & Brin-
mammalian cells can be measured to assess ton, 1992).

pathogenicity. Our data strongly indicates that studies are

An example of the potential value of applying needed to identify the bacteria performing the
new phenotypic methods is in potato farming. composting. Furthermore, it would be helpful
Significant new concerns have been raised byto know if bacterial types are controlled or
Maine growers about the proliferation of new selected for by the form of technology used for
virulent strains oPhytophora infestanmesis-  composting. Before more technology develop-
tant to many modern fungicides. New technoloment in composting takes place requiring large
gies are needed for combative efforts. capital expenditures, it would be prudent to
Pseudomonaspp. have been found to act as determine what the predominant bacteria
biological control agents against pathogenic degrading selected wastes are and whether
fungi which are common in field crops (Carru-composting can result in proliferation of poten-
thers, et.al. 1994). Our data from phenotypic tial human or plant pathogens. If proliferation
screening show these bacteria are dominant irexists, then new measures to assure the safety
certain types of composts. Thus, it may be posf the product and to bring about suitable con-
sible to develop effective biological strategies trol need to be developed. Alternatively, the

for the control oPhytophora infestand his identification of bacteria which prevent the
would be a boon to farmers and support the growth of plant and human pathogens should
growing interest in sustainable, biologically- be extremely useful to composting technology.
oriented agriculture. We expect that collection of information of this
The Need to Identify Bacteria Perform- kind vv_iII be ofgrea_t value to t_he genergl public

. he Compostin and Wlll be use.ful in de_zveloplng superior tech-
ing t P 9 nologies and diagnostic products.

Previously, data has been collected suggestinfReferences
that bacterial pathogens are not capable of sur-
viving the composting process (Wiley, 1962; Begley, S. (1994) The end of antibiotics. Newsweek,

Wiley & Westerberg, 1969; U.S. EPA, 1985; March 28, 1993 pp 47-52

US EPA, 1988). However, our work shows thatgeyea, J., L. DeChant, B. Jones, M. Conditt (1992)
E. coliandSalmonellacan survive beyond Composting plus recycling equals 70 percent di-
PFRP up to 50 days in compost piles wittf60 version. Biocycle 33(5): 72-75

recorded temperatures. Furthermazecoll Burge, W.E., P.D. Millner, N.K. Enkiri and D. Hus-

can become one of the most prominent organ- song (1987) Regrowth of Salmonella in Com-

isms during composting. Moreover, especially  osted Sewage Sludge. EPA 600/2-86/106
in food waste compostBseudomonas aerugi-

nosacan also become a dominant organism
(Brinton & Droffner,unpublished data).

We have observed thgt colican sometimes
not be demonstrated in secondary wastewater
biosolids. However, they will overcome the ~ Clark, C.S., R. Rylander, L. Larsson (1983) Levels

Carruthers, F.L, A.J. Conner and H.K. Mahanty
(1994) Identification of Genetic Locus in
Pseudomonas aureofacieimvolved in Fungal
Inhibition. Appl. Envr. Microbiol 60:71-77

16 Compost Science & Utilization Summer, 1994



of Gram-negative Bacteria, Aspergillus Fumig- Parts 257 and 258. October 9, 1991

Zt:j mgrggg?ti)ghlgglc_irgggg Plants. Appl. Federal Register (1992) Solid Waste Disposal Crite-
' T ria: New Rule. CFR, Part 503. February 19,
Curiale, M.S. and Klatt, M.J. (1990) Colorimetric 1992
deoxyribonucleic acid hybridization assay for Goldstein, N. (1994) What's in store in 1994 with

rapid screening dbalmonellain foods: Collab- : . . . i
orative Study. J. Assoc. Off Anal Chem. 73, Biosolids Regulation. Biocycle Jan pp48-51

248-256. Ketterer, N. and L. Schwager (1992) Einfluss von
kompostextrakten auf den krankheitsbefall und
die phyllosphéarenflora. Med. Fac. Lanbouww.
Univ Gent, 57:411-421

Krieger, J. (1992) Technique Identifies Bacteria that
Degrade Wastes. Science/Technology p36

Davies, J. (1994) Inactivation of Antibiotics and the
dissemination of Resistance Genes. Science Vol
264 pp 375-381

Droffner, M.L. & W. F. Brinton (1993) Survival of
E. coliandSalmonellaafter thermophilic com-
posting as indicated by gene probe methods. Stahl, D.A. (1993) The natural history of microor-
ASM Abstracts pg. 372. 93rd ASM General ganisms-- New approaches are needed to appre-
Meeting, Atlanta ciate how microorganisms fit in the biosphere.

Droffner, M.L. and N. Yamamoto (1991a) Pro- ASM News, 59:609-613.

longed environmental stress via a two step proStager, C.E. and Davis, J. (1992) Automated systems
cess selects mutants of Escherichia coli, Salmo-  for Identification of Microorganisms. Clinical
nella and Pseudomonas that grow at 54C. Arch.  Microbiology Review 5: 302-327

Microbiol. 156, 307-311. US EPA (1985) Pathogen Risk Assessment Feasibil-
Droffner, M.L. and N. Yamamoto (1991b) Proce- ity Study. US EPA Report 600/6-88/003

gz;egggfaogif:azfrﬁjf;nigi::aé;zlg}or;ic\ih al{s EPA (1988) Occurrence of Pathogens in Munic-
P 9 ipal Sludges. US EPA Report 600/1-87/011

54C. J. Microbiol. Methods 14, 201-206.
Droffner, M.L. and N. Yamamoto (1992a) Demon- US EPA (1989) 'EnV|ronmentaI Regula_tlons a_nq
Technology: Control of Pathogens in Municipal

stration of cel operon expression in Escherichia, Wastewater Sludge. US EPA Report 625/10-89/
Salmonella, and Pseudomonas at elevated tem-

; 006
peratures refractory to growth. Appl. Environ.
Microbiol. 58, 1784-85 Wiley, J.S. (1962) Pathogen Survival in composting
. . municipal wastes. Jrnl. Water Pollut. Contr.
Droffner, M.L. and W.F. Brinton (1994) Survival of Fed. 34:80-90

E. coli and Salmonella Populations during aero-

bic thermophilic composting as demonstrated Wiley, B.B. and Westerberg, S.C. (1969) Survival of
with DNA gene probes. submitted to App. Envi- Human Pathogens in Composted Sewage. Appl.
ron. Microbiol. Microbiol. 18:994-1001

Droffner, M.L. and N. Yamamoto (1985) Isolation
of thermophilic mutants d8. subtilisandB.
pumilusand transformation of the thermophilic
trait to mesophilic strains. J. Gen. Microbiol.
131:2791-2794

Farrell, J.B. (1993) Fecal pathogen control during
composting. in: Composting Science and Engi-
neering. Ohio State Univ Press

Federal Register (1979) Criteria for classification of
solid waste disposal facilities and practices.
Code of Federal Regulations, September 13 and
21, 1979

Federal Register (1991) Solid Waste Disposal Crite-
ria: Final Rule. Code of Federal Regulations,

17 Compost Science & Utilization Summer, 1994



	MICROBIAL APPROACHES TO CHARACTERIZATION OF COMPOSTING PROCESSES

