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Studies were conducted to assess the effectiveness of an aerobic composter in de-
stroying pathogens that may possibly be present in raw sewage sludge. Experiments
conducted in this study were designed to determine whether or not selected indicator
organisms (i.e., Salmonella newport, poliovirus type 1, Ascaris lumbricoides ova, and
Candida albicans) could survive the composting process. The results of the assay
showed that after 43 hr of composting, no viable indicator organisms could be de-
tected. The poliovirus type I was the most sensitive, being inactivated within the first
hour, whereas C. albicans was the most resistant, requiring more than 28 hr of
composting for its inactivation. The data from this study indicated that aerobic
composting of sewage sludge would destroy the indicator pathogens when a tem-
perature of 60 to 70 C is maintained for a period of 3 days.

Nearly all American towns and cities with
populations in excess of 2,500 have sewage dis-
posal plants. It has been estimated that 36.5 lb
of wet sewage solids (sludge) are produced per
capita per year (8). Therefore, in one year a town
with a population of 2,500 would produce in
excess of 90,000 lb of sewage solids. Means em-
ployed for final disposal of sewage solids (sludge)
present a problem to every city or community.
Three means generally used for disposing of
digested sewage sludge are (i) discharging it into
deep water of a lake, sea or ocean, (ii) utilizing it
as a fertilizer by spreading it upon farm land, and
(iii) using it for making land fills. All three
methods produce hazards to public health (8).

If sewage sludge could be processed in such a
way as to yield a product that could be sold as a
safe odor-free fertilizer, then part of the cost of
sewage treatment and disposal could be deferred.
Composting of human organic waste offers such
a possibility.
To establish whether composting would destroy

any pathogens that may be present in the sludge
used as a raw material, a composting process
utilizing aerobic conditions without added heat
was used. An apparatus designed to carry out this
process was obtained from the Eimco Corp., Salt
Lake City, Utah. For this work, pathogens repre-
senting each of four kinds of organisms com-
monly found in the human intestinal tract (i.e., a
bacterium, a virus, a fungus, and ova of a meta-
zoan parasite) were chosen as an indicator of the
behavior of each kind of organism during the
composting process.

MATERIALS AND METHODS

Salmonella newport (University of Utah strain
U-225) was chosen as the bacterial indicator since
Salmonellae appear to be commonly present in sewage
and are among the most important pathogens found
there. Poliovirus type 1 (Sabin vaccine strain from
Eli Lilly & Co., Indianapolis, Ind.) was used as the
indicator virus since poliovirus is also often present in
sewage (9) and can be propagated with relative ease on
a continuous cell line such as human amnion cells
(FL). Ova of the helminth Ascaris lumbricoides were
used as an indicator of ova destruction. The ova of this
organism are commonly found in sewage and were
found to be the most resistant of any ova or cysts
studied by Cram (2). For the fungal organism, Candida
albicans (University of Utah strain U-250) was chosen.
This organism is often part of the flora of the intestinal
tract of man and has been frequently isolated from
sewage. Although this organism is common on the
mucous membranes and in feces in a high percentage
of healthy individuals, it can be the cause of patho-
genic processes in these habitats (7).
The research was conducted in three phases. The

first phase was a study of the thermal death times and
thermal death points for each of the indicator or-
ganisms. This was conducted to predict the possible
effect the composting process would have on each of
the organisms. The second phase was concerned with
testing the techniques that would be used to assay the
final compost for the presence of the indicator or-
ganisms and also to determine the size of inoculum
needed to assure detection of them. The last phase
concerned the inoculation of the composter and assay
of the final product for the presence of the indicator
organisms that may have survived the process.

Thermal death time for S. newport. A temperature
of 60 C was chosen for this study since this was the
lowest temperature measured in the composter during
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its operation. Six tubes (13 by 100 mm) containing
1.9 X 109 S. newport organisms suspended in 3 ml of
Nutrient Broth (Difco) were placed in a water bath
at 60 C. At 10-min intervals, a tube was removed and
10-fold dilutions in nutrient broth were made. All the
dilution tubes were kept chilled in an ice bath until
pour plates could be prepared for counting. All sal-
monella plate counts in this research were made after
a 3-day incubation period at 37 C. A Quebec Colony
Counter (Spencer Lens Co., Buffalo, N.Y.) was uti-
lized for counting the plates.

Thermal death point for S. newport. Nutrient broth
cultures containing 2.6 X 109 organisms each were
held for 30 min in water baths at temperatures varying
in 5 C increments from 35 to 65 C. Dilutions and
plating were carried out as in the thermal death time
procedure.

Thermal death time for poliovirus type 1. Human
amnion (FL) cells were chosen for this investigation.
The FL cell line was obtained from the Utah State
Department of Health, Salt Lake City, Utah. Mono-
layer cell cultures for propagation of virus were pre-
pared by using 32-oz (960 ml) prescription bottles
inoculated with 10.8 X 106 cells in 50 ml of Melnick's
growth medium (MH). This medium was composed of
Hanks balanced salt solution plus 5% calf serum,
0.5% lactalbumin hydrolysate, penicillin G (500
units/ml), and streptomycin (50 micrograms/ml). Sta-
tionary tube tissue cultures were also prepared by
using screw-cap tubes (16 by 150 mm) inoculated
with 2 X 105 cells in 2 ml of growth medium. The
cultures were used after they reached confluence in
4 to 5 days. Seven screw-cap tubes (13 by 100 mm)
containing 3.2 X 106 tissue culture infective doses
(TCID50) of poliovirus in 1 ml of growth medium were
incubated in a water bath at 60 C. At 5-min intervals
from 0 to 30 min, a tube was removed and 0.3 ml of
the virus suspension was transferred to each of three
stationary tube tissue cultures containing growth
medium and incubated at 35 C. The cells were ex-
amined daily for cytopathic effect (CPE) for a period
of 5 days. All the virus experiments included controls
which consisted of uninoculated and known infected
cells.

Thermal death point for poliovirus. Volumes (1-ml)
of poliovirus (3.2 X 105 TCID5o/ml) in growth me-
dium were held for 30 min in water baths at tempera-
tures from 45 to 60 C at 5 C intervals. At the end of
the 30-min incubation period, the virus suspensions
were transferred to confluent cultures of FL cells
incubated and examined for CPE.

Thermal death time for A. lumbricoides ova. A.
lwnbricoides worms were obtained from local abat-
toirs. The female worms were cut longitudinally down
the midline and the uteri were removed. The uteri were
homogenized in saline for 2 min by using an homoge-
nizer (VirTis Corp., Gardiner, N.Y.). This procedure
yielded a suspension of ova with a concentration of
1.7 X 105 ova/ml. A temperature of 60 C was chosen
to study the thermal death time for these ova. Eight
screw-cap tubes (13 by 100 mm) each containing a
1-ml suspension of A. lumbricoides ova in saline
(1.7 X 105 ova/ml) were placed in a water bath at

60 C. One tube was held at room temperature to serve
as a control. Ova from the control tube were observed
after 21 days to establish the percentage of viable ova
in the total population. At 10-min intervals a tube was
removed from the water bath and incubated at room
temperature (23 C) for a period of 21 days. At the end
of the incubation period, one drop of the suspension
of ova from each sample was placed on a microscope
slide, mounted with a cover slip, and examined mi-
croscopically under the low-power objective (X 100)
with reduced light. Ova were considered viable if the
protoplasm had become segmented or embryonation
had occurred.

Thermal death point foe A. lumbricoides ova. Suspen-
sions (1 ml) of ova in saline were held for a period of
30 min in water baths at temperatures varying in 5 C
increments from 50 to 70 C. At the end of the 30-min
time period, the tubes were removed and allowed to
incubate for 21 days at room temperature. The samples
were then examined for viability as described above
in the thermal death time procedure.

Thermal death time for Candida albicans. A tempera-
ture of 70 C was chosen for this study since earlier
studies indicated that C. albicans could withstand 60 C
for more than 90 min. Six tubes (13 X 100 mm) of
C. albicans (3.9 X 107 cell/ml) suspended in 3 ml of
Sabouraud Broth (Difco) were placed in a water
bath at 70 C. At 10-min intervals, a tube was removed
and 10-fold dilutions were carried out. All the dilution
tubes were kept chilled in an ice bath until plates
could be made for counting. Pagano Levin Agar
(Difco) was employed as a plating medium. The plates
were incubated at room temperature for 5 days after
which colony counts were made.

Thermal death point for C. albicans. Sabouraud
Broth cultures of C. albicans (5.2 X 107 cells/ml) were
incubated for 30 min in water baths at temperatures
varying in 5 C increments from 35 to 80 C. Dilutions
and platings were carried out as in the thermal death
time study for C. albicans.

Isolation of S. newport from sewage sludge. Volumes
(1 ml) containing known numbers of S. newport
ranging from S to 50,000 organisms/ml were added to
each of 5 tubes containing 9 ml of raw sewage sludge
and mixed for 1 min with a Vari-Whirl mixer (Van
Waters & Rogers, Inc., San Francisco, Calif.). A
1-ml amount from each sludge sample was then
inoculated into 9 ml of gram-negative (GN) broth
(Difco). The GN broth cultures were incubated at
41.5 C for 6 hr. Spino (15) reported that the isolation
rate of Salmonella was greatly increased when incu-
bated at this elevated temperature. After the 6-hr
incubation period, one loopful from each broth culture
was streaked onto Selenite Brilliant Green (SBG) agar
and incubated at 37 C for 36 hr. The formula and use
of this highly selective SBG broth was described by
Kenner et al. (10). A 1.5% concentration of agar was
added to the SBG broth for preparing plates. Colonies
resembling Salmonella on the SBG plates after the
36-hr incubation period were confirmed by the follow-
ing procedure. Suspected Salmonella colonies were
transferred to Triple Sugar Iron (TSI)- agar (Difco)
slants and incubated for 24 hours at 37 C. TSI slants
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demonstrating typical Salmonella reactions (i.e., alka-
line slant, acid butt, with HiS production) were typed
with group C2 antiserum (Difco) by using a slide
agglutination test. Identification based upon positive
group C2 agglutinations were confirmed by using urea
agar slants, dulcitol broth, lysine iron agar slants,
and lactose broth.

Techniques for isolation of poliovirus from sewage
sludge. Volumes (1 ml) of growth medium containing
known numbers of poliovirus type 1 ranging from 5
to 5,100 TCID50 were added to 100 ml of sterile sewage
sludge followed by mixing in an homogenizer. After
mixing for 10 min, 10-ml samples were removed,
suspended in 100 ml of sterile saline, and centrifuged
at 3,400 X g for 1 hr in a centrifuge (model GLC-1;
Ivan Sorvall, Inc., Norwalk, Conn.). After centrifu-
gation, the two-phase aqueous polymer system
adapted for concentration of enterovirus in sewage by
Lund (11) was employed for concentration of polio-
virus particles. The chemicals used were sodium dex-
tran sulfate 2000 (DS; 20% solution, w/v; Pharmacia,
Uppsula, Sweden) and polyethylene glycol (PEG;
30% solution, w/v; Carbowax 6000, J. T. Baker Co.).
The 100-ml sample containing poliovirus was adjusted
to pH 7.2 with 0.01 M phosphate buffer after the
addition of 10 ml of S M NaCl solution, 29 ml ofPEG
solution, and 1.3 ml of DS solution. This mixture was
homogenized for 1 hr with an homogenizer. The
sample was then transferred to a 250-ml separatory
funnel and placed at 4 C for 24 hr. After 24 hr, the
DS bottom phase of 1 to 1.3 ml was collected. To
precipitate the DS, 0.67 ml of a 3 M KCL solution was
added for each milliliter of this phase leaving the virus
in the supernatant fluid. This was ether treated and
assayed for virus. A 1-ml amount from each dilution
was inoculated in triplicate into stationary tube FL
cell tissue cultures and incubated at 35 C. The sta-
tionary tube cultures were inspected daily for CPE
as an indication of the presence of infective virus
particles.

Neutralization tests. FL cell tissue cultures, prepared
in stationary tubes, were incubated at 35 C until con-
fluent monolayers were formed. After the removal of
the growth medium, the cultures were washed three
times with phosphate-buffered saline, and mainte-
nance medium was added. The immune serum, pre-
pared in rabbits, (poliovirus type 1; Microbiological
Associates, Bethesda, Md.) was diluted 1:5 in main-
tenance medium, mixed with equal volumes of the
virus suspension, and incubated at 35 C for 30 min.
One tube contained equal volumes of a 1: 5 antiserum
dilution and maintenance medium to establish that
the serum was free from cytotoxic activity. One tube
contained equal volumes of virus suspension and
maintenance medium to serve as a virus control. After
incubation, 1-ml volumes of the serum-virus mixtures
were inoculated into the FL tissue culture tubes by
using three cultures for each serum-virus mixture. The
inoculated cultures were incubated at 35 C and then
examined for neutralization of viral CPE after 3 days,
since virus controls exhibited CPE at that time.

Techniques for isolation of A. lumbricoides ova from
sewage sludge. Volumes (1 ml) of saline containing
known numbers of A. lumbricoides ova ranging from

1 to 1,200 ova/ml were added to each of four tubes
containing 9 ml of raw sewage sludge. The ova and
sludge were mixed for 1 min with a Vari-Whirl mixer,
filtered through two layers of gauze, and centrifuged
at 736 X g for 45 to 60 sec with a Sorvall GLC-1
centrifuge. A zinc sulfate centrifugal-flotation pro-
cedure (3) as modified by Pihl (personal communica-
tion) was used for concentration of the ova in the
sample as follows.

After the first centrifugation, the supernatant fluid
was discarded and the sediment was washed three
times by the addition of 5 ml of saline followed by
centrifugation at 736 X g. After the third wash cycle,
the supernatant fluid was discarded and 5 ml of 34%
(w/v) zinc sulfate solution (1.20 specific growth) was
added to the sediment. The sediment was resuspended,
centrifuged at 736 X g for 45 to 60 sec. and brought
to a stop over a 2-min period. Additional zinc sulfate
was added to each sample to bring the meniscus up to
a point just above the top of the tube. After a 10-min
waiting period, a cover slip was touched to the menis-
cus to remove the floating ova and mounted on a clean
slide for microscopic examination.

Technique for the isolation of C. albicans from
sewage sludge. Volumes (1 ml) containing known
numbers of C. albicans ranging from 1 to 1,400
organisms/ml in Pagano Levin broth were added to
each of four tubes containing 9 g of sewage sludge and
mixed for one min by using a Vari-Whirl mixer.
Ten-fold dilutions were prepared from each sludge
sample with Sabouraud Dextrose Broth (Difco) as a
diluent. Each dilution (1 ml) was plated, and then
incubated for 5 days at room temperature before
counting. The highly selective and differential medium
used for the primary isolation of C. albicans by the
pour-plate technique was a modification of Pagano
Levin Base (Difco) described by Stedham et al. (16).

Colonies of C. albicans on this medium appear pink
to red from the reduction of a tetrazolium salt to a
colored formazan. Organisms producing this color
were subsequently confirmed as being C. albicans by
their production of chlamydospores when transferred
to Rice Extract Agar (Difco) and incubated at room
temperature for 5 days.

The composting process. The process was carried out
through three stages. The first stage consisted of
mixing the incoming sewage sludge from the sewage
treatment plant's primary settling tank with a floccu-
lating agent to aid in water removal by vacuum
filtration. During the second stage, the sludge-floc-
culant residue from the filter was fed into the compost-
ing bin for the final composting.
The composting bin consisted of a chamber of 40

ft' capacity with four augers, one in each corner, for
mixing of the compost material. Air was forced up
through the bottom of the bin to create the necessary
aerobic conditions. The composter was designed in
such a way as to allow the compost material to travel
in only one direction by passing up and down from
auger to auger. The fresh sludge entered one corner
(i.e., inflow point) of the bin and, after about 4 to 5
hr, would reach the far corner (outflow point), after
traveling the length of each of the four augers. The
composted material was then recycled back to the
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inflow point and the process was repeated. This
continuous recycling took place for a period of 5 days
before the composting process was considered finished.
The temperature within the composter during proc-
essing varied between 60 and 76 C.

Inoculation of the composter. The inoculum of in-
dicator organisms was added to the composter by
suspending a 1,000-ml, drop-formed separatory funnel
containing the organisms over the inflow area of the
composter. A 500-ml volume containing S. newport
(2.7 X 102 organisms), C. albicans (2.04 X 1010
organisms), and A. lwnbricoides ova (1.4 X 108) was
added continuously in this manner over a period of
1 hr. At a later date, a 200-ml inoculum of poliovirus
type 1 containing 6.4 X 107 TCIDs0 was added to the
composter in the same way. On both occasions,
samples of the compost were collected from the
surface in sterile containers 1 hr after the inoculation
at the inflow point and then three times daily at the
outflow point. All of the compost samples were kept
refrigerated until assays could be run.

Final assay of the finished compost. Figure 1 is a

flowsheet describing the isolation procedures em-
ployed in the final assay of the composted product.
Ten 1-g portions from each compost sample were
added directly to 9-ml volumes of GN broth and
treated in the manner described previously for isola-
tion of S. newport from sewage sludge. One 10-g
portion from each compost sample was homogenized
in 10 ml of sterile physiological saline for 2 min with a

VirTis homogenizer. This 20-ml volume was then
added to 100 ml of additional saline, and the assay for
poliovirus was carried to completion in the same
manner described previously in the technique for
isolation of poliovirus from sewage sludge. Ten 1-g

portions from each compost sample were each emul-
sified in 5 ml of physiological saline and incubated at
room temperature for a period of 21 days. After the
incubation period, the samples were mixed for 2 mi
with a Vari-Whirl mixer, and the zinc sulfate flota-

tion concentration procedure was carried out as de-
scribed earlier in the technique for isolation of A.
Iwnbricoides from sewage sludge. Ova counts and
viability determinations were carried out also in the
manner described previously. Ten 1-g portions of each
compost sample were added directly to 15-ml volumes
of molten, modified Pagano Levin agar cooled to 48 C
for pour plates. The plates were incubated at room
temperature for a period of at least 48 hr. Suspected
colonies of C. albicans were confirmed by their produc-
tion of chlamydospores when transferred to Rice
Extract Agar and incubated at room temperature.

RESULTS
Thermal death time and thermal death point

determinations. The thermal death time for S.
newport at 60 C was found to be 40 min. Starting
with an initial population of 1.9 X 109 organisms
per ml, the counts fell to zero after subjecting the
organisms to 60 C for a period of 40 min. The
thermal death point for this organism, when held
for 30 min, was 65 C. The thermal death time for
poliovirus type 1 when 3.2 X 106 TCID50 were
held at 60 C was 5 min. The thermal death
point determined for a 30-min period was 55 C.
The thermal death time for A. lumbricoides

ova when a suspension of 1.7 x 105 viable ova
per ml was held at 60 C was 60 min. When the
ova were subjected to this temperature for this
period of time and subsequently incubated at
room temperature for 21 days, no maturation of
the ova occurred. The thermal death point was
65 C when the ova were held at the specified
temperatures for a period of 30 min. The ova

control established that 73% of the population
were viable at the start of the experiment. The
actual number of ova used in the study was 2.3 X

METAZOAN
VIRUS BACTERIUM FUNGUS PARASITE

POLIO VIRUS TYPE SALMONELLA NEWPORT CANDIDA ALBICANS ASCARIS LUMBRICOIDES

____ ~\___/
COMPOST FROM COMPOSTER

10 g sample 1 g sample 1 g sample sample
homogenized in 10 ml added directly to added directly to emulsified in

physiological saline 9 ml GN broth 15 ml molten Pagano 5 ml physiological
incubated 41.5 C 6 hr Levin agar incuba- saline incubated

ted 25 C 48 hr 21 days 25 C

concentrated in two
phase polymer
system

treated with ether

treated with nitro-
gen gas to remove
residual ether

inoculated into FL
cell tissue cult-
ures

incubated 48 hours
examined for CPE

CPE identified by
specific neutrali-
zation with Type
polio virus antiserum
reported as positive
isolations/lO g

streaked onto
selenite brilliant
green plate, incu-
bated 37 C 24 hr

suspected Salmon-
ella colonies in-
oculated to TSI
slants

positive TSI re-
actions typed sero-
logically with Gp
C2 antiserum

identification con-
f rmed by urea, du -

citol, lysine decar-
boxylase agar and
lactose biochemical
tests
reported as positive
solations/g

suspected colonies
of C. albicans con-
firmed by product-
ion of chlamydo-
spores on rice ex-
tract agar at 25 C
reported as organ-
isms/g

concentrated by zinc
sulfate flotation

microscopically exam-
ined for viable Ascaris
ova
reported as ova/g

FIG. 1. Assay for indicator organisms in composted solid human waste.
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105/ml, giving a viable ova count of 1.7 X 105
ova per ml. The thermal death time at 70 C for
C. albicans was 60 min. A rapid reduction of
viable yeast cells occurred within the first 20 min,
and then the count varied only slightly through 50
min. At 60 min the count had fallen to zero. The
thermal death proved to be 80 C when the or-
ganism was held at this temperature for 30 min.
When 5.2 X 107 organisms were incubated at
80 C for 30 min, all were killed.

Isolation of indicator organisms from sewage
sludge. The GN broth enrichment, incubated at
elevated temperature, proved to be an effective
method of isolating S. newport from raw sewage
sludge. The only organisms other than S. newport
that were able to grow on the SBG solid culture
medium were species of Pseudomonas, Proteus,
Aerobacter, and Alcaligenes. Colonies of these
organisms exhibited a similar appearance after
24 hr; however, after 36 hr S. newport colonies
could be recognized by their characteristic
curled margin and deep brick-red color resulting
from the reduction of the selenite. It was found
that, when as few as 50 S. newport organisms
were present in 1 g of raw sewage sludge, four
out of five colonies picked from the SBG agar
plates after enrichment subsequently proved to
be S. newport. Thus, if this concentration of
organisms could be established in the composter,
then reisolation of the organisms could be rela-
tively certain. The technique was capable of
detecting the organism when 50 organisms were
present in 1 g of compost; thus, 2.7 X 1012
organisms were inoculated into the composter,
giving a theoretical concentration within the
compost of 2.4 X 106 organisms per g. This con-
centration far exceeded the minimal concentra-
tion necessary for detection. The method em-

ployed for isolating the poliovirus proved to be
adequate when the concentration of virus was at
least 160 TCID50 per 10 g of sludge. Ten grams
were assayed rather than 1 g since this larger
sample size would facilitate isolation of the virus
if it were present in small numbers. The amount
of poliovirus inoculated into the composter was
6.4 x 107 TCID50. This gave a theoretical con-
centration of 560 TCID50 per 10 g of compost.
The experiments conducted to ascertain the sen-
sitivity of the isolation procedure for ova of A.
lumbricoides showed that, when at least 12 ova
per g of sewage sludge were present, isolation
could be made. When 12 ova were known to be
present in the one gram sample, at least two ova

could be isolated; thus, 1.4 X 108 ova were intro-
duced into the composter, yielding a theoretical
concentration of 1.2 X 102 ova per g of compost.
This concentration well exceeded the minimal

concentration of ova necessary for detection.
The use of modified Pagano-Levin medium for
the primary isolation of the C. albicans from the
sewage sludge proved highly satisfactory. When
as little as 14 C. albicans yeast cells were initially
present per gram of sewage sludge, isolations
could be made and confirmed. Ninety-five per
cent of the colonies which grew on this medium
proved to be C. albicans. An inoculum of 2.0 X
1010 C. albicans organisms was inoculated into
the composter, yielding a theoretical concentra-
tion of 1.7 X 104 cells per g of compost. This
represented 1,000 times more organisms per g
than was necessary to assure detection.

Final assay of the composted product for the
presence of indicator organisms. One hour after
the addition of the S. newport organisms to the
composter, all the samples taken from the inflow
area were positive for the organism. The actual
number of organisms was not determined in the
assay since enrichment procedures were em-
ployed. Table 1 shows that by the 25th hr post-
inoculation, all the samples were negative for S.
newport. Samples were taken periodically through
220 hr, with no further isolations of the indicator
organism.

All the samples assayed for the poliovirus were
negative. Several times the cells displayed appar-
ent CPE, but when the fluids from these tubes
were passed to fresh cell cultures, no further
CPE occurred, indicating the tissue CPE was due
to nonspecific cytotoxicity rather than a virus.
The only viable A. lumbricoides ova that were

isolated came from the samples taken at the
inflow area 1 hr after inoculation of the com-
poster as indicated in Table 2. At 4 hr postinocu-

TABLE 1. Isolation of Salmonella newporta from
composted sewage sludge

Hr after No. of samples Positive
inoculation assayed isolationsb

PC 5 5/5
4 5 1/5
19 5 5/5
25 5 0/5
28 5 0/5
48 5 0/5

48-220 80 0/5

a S. newport organisms (2.7 X 1012) were inocu-
lated into the composter at the inflow point.

b Actual concentration of organisms was not
determined since enrichment procedures were
employed.

¢ This sample was taken from the inflow point;
all subsequent samples were taken from the out-
flow point.
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TABLE 2. Isolation of Ascaris lumbricoides ovaa
from composted sewage sludge

Hr after No. of Mean no. Mean no. of
inoculation samples of ova per viable ovaassayed sample per sample

lb 5 35 30.8
4 5 8 0
19 5 16 0
23 5 6.8 0
26 5 3.2 0
46 5 0.2 0

46-50 10 0.8 0
50-218 70 0 0

a A. lumbricoides ova (1.4 X 108) were inoculated
into the composter at the inflow point.

b This sample was taken at the inflow point; all
subsequent samples were taken at the outflow
point.

TABLE 3. Isolation of Candida albicansa from
composted stewage sludge

Hr after No. of Samples Mean no. of
inoculation samples Saplsties ognim

assayed ~~~~per sample
lb 10 10/10 TNTCC
4 10 10/10 3.4
19 10 0/10 0
28 10 3/10 0.3
43 10 0/10 0
52 10 0/10 0
67 10 0/10 0
76 10 0/10 0

a C. albicans organisms (2.0 X 1010) were inocu-
lated into the composter at the inflow point.

b Samples taken at the inflow point; all subse-
quent samples were taken at the outflow point.

c Colonies too numerous to count accurately.

lation, an average of eight ova per sample were
isolated, but none of the ova exhibited segmen-
tation or embryonation after incubation for 21
days. At 19 hr after inoculation, the ova that
were isolated showed evidence of disintegration
by rupturing of the outer shell. From 23 through
50 hr, only fragments of the ova were present.
No trace of any ova could be found from 50
through 218 hr postinoculation. A total of 110
samples were assayed.
Samples taken for C. albicans at the inflow

area 1 hr after inoculation yielded pour plates
that were so heavily overgrown that colony
counts could not be made. Table 3 indicates that
4 hr postinoculation, the samples taken at the
outflow area yielded positive isolations from each
of the ten 1-g samples. All samples taken after
28 hr were negative. A total of 80 samples taken
over a 76-hr period were assayed.

DISCUSSION
When sewage sludge is composted, it is vitally

important that the composting process be oper-
ated in such a way as to insure thermophilic bac-
terial activity. This bacterial activity is necessary
to produce sufficiently high temperatures over an
adequate period to render the composted product
free from pathogenic organisms. Good mixing
with proper aeration of the sewage sludge in the
composter will achieve this thermophilic condi-
tion when other conditions such as moisture con-
tent are met (4). However, temperature alone is
not a guarantee that all pathogens will be de-
stroyed. Experiments conducted in this study
were designed to determine whether pathogens
could possibly survive thermophilic temperatures
present during composting. This was achieved by
introducing indicator organisms into the com-
poster and periodically testing for their survival.
The composter developed by the Eimco Corp. ful-
filled the requirements for thermophilic activity
(4) and maintained a temperature range, within
the compost, from 60 to 70 C.
The results obtained from the experiments

conducted in this study indicated that the com-
poster was capable of destroying the selected
pathogens and thus could destroy any pathogens
with similar thermal sensitivities that might be
present in the raw sewage sludge. The thermal
death time and thermal death point determina-
tions for the bacterial indicator S. newport
showed that it was destroyed when subjected to
60 C for 40 min or 65 C for 30 min. These condi-
tions were met in the composter, suggesting that
this organism could be destroyed. Poliovirus
type 1, the viral indicator, was shown to be inac-
tivated by 5 min at 60 C. Since this is the lowest
temperature in the thermophilic range achieved
in the composter, this virus should likewise be
easily destroyed. The metazoan parasite indicator,
A. lumbricoides ova, was shown to be killed by a
60-min exposure at 60 C or 30 min at 65 C. From
a consideration of the temperatures attained in
the composter, it is reasonable to assume that
this indicator would not survive the composting
process. The fungal indicator, C. albicans, was
found to be more resistant to heat than the
other organisms. This organism was found to be
killed when exposed to 70 C for 60 min or 80 C
for 30 min. The thermal death points and ther-
mal death times for the indicator organisms were
conducted in media other than that found in the
composter, since these tests were designed to
provide only an approximation of the thermal
sensitivities and were not meant to duplicate the
conditions found in the composter. Since the
composting process continued for 5 days at tem-
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peratures from 60 to 75 C, it is suggested that the
C. albicans organisms would also be destroyed.
Each of the indicator organisms thus exhibited
thermal death time and thermal death point char-
acteristics, suggesting they would be inactivated
when subjected to the composting process.
Samples taken at the inflow area of the com-

poster revealed that the indicator organisms,
with the exception of the poliovirus, survived
well during the first hour after inoculation. Some
samples taken at the outflow area were positive
for C. albicans for up to 28 hr postinoculation.

Survival for this period of time could be ex-
plained on the basis that C. albicans was pro-
tected from continuous exposure to temperatures
of 60 to 70 C by the organic matter in the sludge.
Our preliminary experiments indicated to us that
this organism was more heat-resistant than any
of the other organisms. A further explanation
could be that the organism was found in some
instances after 28 hr because the sensitivity of our
assay for C. albicans was greater than that for
S. newport or poliovirus. The sensitivity of our
assay for Ascaris ova enabled us to detect ova in
samples 26 hr after inoculation of the composter
although the ova were not viable.
The poliovirus was undetectable 1 hr after

inoculation. When the virus suspension was
inoculated, the surface temperature of the com-
post in the composter was between 55 and 60 C.
Considering this, it was reasonable to conclude
that the virus was rapidly inactivated due to
heat sensitivity. One must also consider another
possible factor. Clarke (1) observed that simple
mixing of poliovirus with sewage at room tem-
perature resulted in a loss greater than 75% of
the original virus within 5 min after its addition
to the raw sewage. In the same article he found
that a 99% reduction of the virus occurred
within 45 min. Since no CPE was detected during
the virus assay, it can be assumed that other
enteroviruses with similar thermal sensitivities
present in the compost were likewise inactivated.
There are reports in the literature of attempts

to determine if pathogenic organisms can survive
composting (16), but most of the reports were
based on attempts to isolate at the end of the
composting process, any surviving pathogens
that may have been already present in the original
material (13). Other investigators (5, 6, 14)
simply concluded that since certain high tem-
peratures were attained during the process, then
pathogens should have been destroyed. There are
even those who believe that because no one had
become ill from eating crops fertilized with
sewage compost then the composting process
must have destroyed any pathogens that may
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have been present (12). There were no reports
found in the literature where organisms repre-
senting four groups of pathogens were employed
as indicators of a composting process's effective-
ness in destroying pathogens.
Pathogen destruction during composting may

occur as a result of thermal killing by sufficiently
high temperature and by antibiotic action or by
the decomposing organisms or their products
(4). Evidence from this study indicated that the
time-temperature conditions of this composting
process were sufficient to destroy all of the indi-
cator organisms. Whether other factors con-
tributed to the destruction of the indicator patho-
gens was not studied, but must be considered.
From the results of this study, it seems clear that
when sewage sludge is composted in the manner
described here a final product can be obtained
which would be safe and could be investigated
for use as a soil conditioner or fertilizer. It is
reasonable to assume that problems of hygiene
involving sewage sludge disposal could be solved
by composting of sludge, thus producing a
product which could be returned to the soil as a
soil conditioner or possibly as a fertilizer.
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