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Viable ova of Ascaris lumbricoides, an indicator organism for pathogens, are frequently found in feces-derived compost pro-
duced from ecological toilets, demonstrating that threshold levels of time, temperature, pH, and moisture content for pathogen
inactivation are not routinely met. Previous studies have determined that NH3 has ovicidal properties for pathogens, including
Ascaris ova. This research attempted to achieve Ascaris inactivation via NH3 under environmental conditions commonly found
in ecological toilets and using materials universally available in an ecological sanitation setting, including compost (feces and
sawdust), urine, and ash. Compost mixed with stored urine and ash produced the most rapid inactivation, with significant inac-
tivation observed after 2 weeks and with a time to 99% ovum inactivation (T99) of 8 weeks. Compost mixed with fresh urine and
ash achieved a T99 of 15 weeks, after a 4-week lag phase. Both matrices had relatively high total-ammonia concentrations and pH
values of >9.24 (pKa of ammonia). In compost mixed with ash only, and in compost mixed with fresh urine only, inactivation
was observed after an 11-week lag phase. These matrices contained NH3 concentrations of 164 to 173 and 102 to 277 mg/liter,
respectively, when inactivation occurred, which was below the previously hypothesized threshold for inactivation (280 mg/liter),
suggesting that a lower threshold NH3 concentration may be possible with a longer contact time. Other significant results in-
clude the hydrolysis of urea to ammonia between pH values of 10.4 and 11.6, above the literature threshold pH of 10.

Ecological sanitation is the practice of converting human ex-
creta into compost and liquid fertilizer for beneficial reuse of

the carbon and nutrients naturally occurring in feces and urine.
Urine diversion dehydration toilets (UDDT) are specifically de-
signed for the collection and production of human fecal compost
and are an increasingly common sanitation alternative in devel-
oping countries. The compost produced from UDDT is a mix of
feces and bulking materials that have been decomposed for at least
6 to 12 months. Common bulking materials include sawdust, rice
husks, and ash and are used to cover fecal material, eliminate
odors and insects, absorb moisture, and supplement carbon con-
centrations in the compost (6). While ecological sanitation has
many advantages, including the provision of affordable sanitation
and the production of free, organic compost, a potentially danger-
ous component shared by ecological toilets is the necessity for
human handling of the excreta and compost. Pathogens are fre-
quently found in “finished” ecological compost, and human con-
tact with incompletely biodegraded excreta can cause diarrheal
disease (6, 7).

The helminth Ascaris lumbricoides is commonly used as an in-
dicator organism for pathogens in ecological compost due to its
ubiquitous nature and the resistance of Ascaris ova to harsh envi-
ronmental conditions, including desiccation and high pH (9).
Variables such as temperature, time, pH, and moisture content
have traditionally been considered to affect the viability of Ascaris
ova (1, 7, 10, 12). In a study on pathogen inactivation in sewage
sludge, Pecson and Nelson (10) reported a temperature threshold
for thermal inactivation of Ascaris ova between 30 and 40°C, with
higher temperatures yielding faster inactivation. Unfortunately,
these temperatures are not consistently achieved in ecological toi-
lets, where the internal compost temperature does not rise signif-
icantly above the ambient temperature (7). Research concerning
the effects of time, pH, and moisture content on the rate of Ascaris
inactivation during ecological composting has provided conflict-

ing results, possibly indicating that some combination of these
variables or other factors may affect inactivation rates (1, 12).

Other studies have considered the combined effects of ammo-
nia and pH on Ascaris viability. Ammonia has been shown to be
toxic to pathogens as NH3 gas, which is the dominant nitrogen
species at pH values above the NH4

�/NH3 pKa of 9.24 (16). In a
study of sewage sludge, Pecson et al. (11) found that at 20°C and
pH 12, the addition of 1,000 and 5,000 mg/liter ammonia de-
creased the time to 99% ovum inactivation (T99) by factors of 3.4
and 7.5, respectively, compared to sludge samples at pH 12 with
no ammonia amendment. During this 80-day experiment, pH was
adjusted using analytical-grade calcium hydroxide, and ammonia
supplementation was achieved using granular NH4Cl. In a 35-day
study focused on ecological sanitation, Nordin et al. (8) reported
100% inactivation of Ascaris ova after 22 days in source-separated
feces adjusted with ash to pH 9.6, with a 1% (wt/wt) urea amend-
ment (�2,300 mg/liter). At pH 8.9, T99 was achieved after 35 days
with a 2% urea amendment (�4,600 mg/liter). The data also sug-
gested a minimum threshold concentration of �20 mM NH3 for
inactivation. In the study, urea was degraded and converted to
ammonia using the enzyme urease prior to experimental use.

A challenge to pathogen inactivation in ecological sanitation is
the limited resources available at the toilet sites; the use of analyt-
ical-grade chemicals to adjust the quantity and species of nitrogen
or to ensure a high pH is not practical. Feces and urine are always
present at ecological toilet sites, and ash is an available additive
commonly used to eliminate odors and insects. The addition of 1
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to 2 cups of ash after each fecal event has been observed to produce
compost with pH values between 7.26 and 10.58 (average pH,
9.67), higher than the ammonia pKa (6). Fresh urine is typically
neutral or slightly acidic and contains �6,000 g N/m3, mostly in
the form of urea (15). After the hydrolysis of urea to ammonia,
urine provides a natural source of ammonia. As hydrolysis occurs,
urine becomes basic (pH �9) over a period of months. Kabdasli et
al. (5) reported that the hydrolysis of urea to ammonia was re-
tarded above a pH of 10 and that between pH 2 and 7.5, 24% of
urea was hydrolyzed in 30 days.

The purpose of the research reported in this article was to test
matrices for Ascaris ovum inactivation under environmental con-
ditions present during ecological composting, using materials and
quantities of materials commonly found at ecological toilets. The
content of the matrices is based on previous Ascaris inactivation
research that used laboratory chemicals, enzymes, moisture, and
temperature manipulation to achieve inactivation (8, 11). The
study was designed with a longer period (16 weeks) than previous
experiments in order to observe the inactivation that can be
achieved in a time frame similar to that needed for the conversion
of feces and bulking materials to compost.

MATERIALS AND METHODS
Matrix materials. Ecological compost and urine from single-chamber
UDDT were collected from the Sumaj Huasi ecological toilet compost
facility in El Alto, Bolivia. The compost was a mix of partially decomposed
human feces and sawdust that had been batch composted for 12 weeks in
an open-air environment. The urine had been stored for 6 weeks in a
5,000-liter closed storage container. Fresh human urine was collected and
stored in plastic containers 1 day before experimental use. Hardwood ash
was collected from baking ovens located in Cochabamba, Bolivia. Ascaris
suum ova were extracted from slaughterhouse pig feces, washed, and
counted, by following the procedure described by Bowman et al. (2). This
procedure produced a solution containing �120,000 ova/ml, as deter-
mined by microscopic examination of aliquot samples. The solution was
then diluted to 12,000 ova/ml for experimental use. A. suum ova have been
demonstrated to behave similarly to A. lumbricoides ova in inactivation
studies and are commonly used as a surrogate (4).

Matrix construction. Six matrices were developed using compost,
urine, and ash in order to observe their effects on the rate of Ascaris
inactivation: matrix 1, compost plus deionized (DI) water; matrix 2, com-
post plus DI water plus ash; matrix 3, compost plus stored urine; matrix 4,
compost plus stored urine plus ash; matrix 5, compost plus fresh urine;
matrix 6, compost plus fresh urine plus ash. Matrix 1 served as a control,
and matrices 2 to 6 simulated conditions that can easily be achieved dur-
ing ecological composting. To make each matrix, �900 ml water or urine
was added to 945 g compost (field moist) until the material was saturated
(�85%, wet weight.). Saturation was defined as the maximum amount of
liquid the compost could hold without standing liquid. Saturated condi-
tions were chosen to ensure uninhibited movement of ammonia through-
out the matrix. Ash was added in the proportion of 100 ml ash/100 g
compost (after liquid was added) to represent the amount that is normally
added to UDDT in instances where users add ash as a bulking material
after each fecal event (8). After the addition of ash, more water or urine
was added to reachieve saturation.

Four hundred fifty grams of each matrix was placed inside 960-ml
airtight plastic containers, in triplicate. Approximately 12,000 A. suum
ova were pipetted into nylon mesh filter bags (5 by 5 cm; pore size, 30
�m), and six bags were inserted into each container, a methodology sim-
ilar to that used by Nordin et al. (8). The bottoms of the bags, where the
ova were located, were completely immersed in the matrix. The 18 con-
tainers were stored in a dark location at ambient temperatures (19.5 �
1.5°C) for the duration of the 16-week experiment. This temperature was

selected because it was significantly lower than the temperature threshold
for ovum inactivation of 30 to 40°C reported by Pecson and Nelson (10),
ensuring that any inactivation observed during this study was not caused
by temperature. The temperature was also chosen because it represents a
reasonable temperature in a temperate climate, where many UDDT are
located.

Ascaris suum sampling and analysis. After 1, 2, 4, 8, 12, and 16 weeks,
one filter bag was extracted from each container, and the outside of the
bag was rinsed with DI water to remove matrix particles that had adhered
to the nylon mesh. After each filter bag was opened, the Ascaris ova were
collected, incubated, and assessed for viability by following the Tulane
method (2), using the following steps. Ova were rinsed through a 150-�m
sieve and were collected on a 25-�m sieve before transfer to a petri dish.
Formalin (0.5%) was added, and the ova were incubated for 4 weeks at 26
to 28°C. After incubation, 2 ml of 10% bleach was added to the petri dishes
for 10 min to remove the opaque albuminous coating of the A. suum ova.
Ova were subsequently examined microscopically at �20 magnification
for viability by following standard procedure; only ova with clearly de-
fined larvae were considered viable (2, 8). Untreated ova from the same
batch of A. suum ova used in the experiment were incubated and assessed
to determine an average baseline viability of 80.6 � 5.9%.

Data were analyzed and presented using Microsoft Excel 2007. Lag
phases and T99 were calculated using a linear regression approach adapted
from previous research (8, 10, 11). When no lag phase was apparent, a
linear function with the lowest residual sum of squares was fit to the data
to determine T99. When a period of no inactivation was observed at the
beginning of the experiment (lag phase), the data were split into two
groups: the lag phase and the inactivation phase. A linear regression func-
tion was fit to each group, and the intercept of these two functions was
defined as a breakpoint between the lag phase and the inactivation phase.
The timing of the breakpoint was used as the duration of the lag phase, and
the regression function of the inactivation phase was used to determine
T99. T99 values were calculated relative to the baseline viability of 80.6%.

Matrix analysis. At the beginning of the experiment (0 weeks), sam-
ples of the raw materials (DI water, compost, stored urine, fresh urine, and
ash) and the freshly mixed matrices were analyzed for moisture content,
pH, total Kjeldahl nitrogen (TKN), NO3

�, NO2
�, and total ammonia

(NH4
� and NH3) by using standard methods (3). At the end of the exper-

iment (16 weeks), samples from all 18 containers were analyzed for the
same parameters. At 4, 8, 12, and 16 weeks, samples from all containers
were analyzed for pH and total ammonia.

To determine moisture content (wet weight), samples were oven dried
at 100°C for 24 h. pH was measured in a 3:1 water-matrix slurry that was
agitated for 30 min, using a Thermo Scientific Orion electrode
(9165BNWP) and meter (230A). TKN was measured from samples that
were air dried until the change in weight over a 24-h period was less than
1%. Extracts used to measure NO3

�, NO2
�, and total ammonia were

prepared by mixing 5 g fresh sample with 50 ml 2 M potassium chloride
(KCl). Slurries were agitated on a rotating shaker for 1 h and were filtered
through 1-�m-nominal-diameter glass fiber filter paper (type A/E; Pall
Corporation). Nitrate and nitrite were analyzed using cadmium reduc-
tion. Total ammonia was measured using a Thermo Scientific Orion
NH4

� ion-selective electrode (9512BNWP) and meter (320 PerpHect
LogR).

RESULTS AND DISCUSSION
Composition of matrix materials. The pH values of the compost,
stored urine, fresh urine, and ash used to make the matrices were
7.6, 9.0, 5.5, and 11.0, respectively. As expected, the compost pH
was close to neutral; the fresh urine was acidic; and the stored
urine and ash were basic. Total-ammonia concentrations (mg/
liter) of the compost, stored urine, and fresh urine were 172.6,
3,957.7, and 326.8 mg/liter, respectively. As expected, compost
contained a relatively low concentration of total ammonia; the
stored urine contained a high concentration due to the hydrolysis
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of urea to ammonia; and the fresh urine contained a moderate
concentration because the majority of nitrogen was most likely
still in the form of urea.

Ascaris inactivation. Data for total ammonia, pH, NH3, lag
phase, and T99 for each matrix at 0, 4, 8, 12, and 16 weeks can be
found in Table 1. Matrix 1 (control) contained �1 mg/liter NH3 at
pH 7.2 to 7.6 and provided no significant inactivation during the
16-week experiment (Fig. 1). Matrices 4 and 6 resulted in the
fastest and most complete inactivation of A. suum during the ex-
periment. These matrices also had the highest sustained NH3 con-
centrations and pH values (Fig. 2 and 3). Inactivation in matrix 4
(stored urine plus ash) was fastest, with no recorded lag phase and
a T99 of 7.5 weeks, compared to matrix 6 (fresh urine plus ash),
with a lag phase of 4 weeks and a T99 of 14.9 weeks. Faster inacti-
vation in matrix 4 may be attributed to a higher initial and sus-
tained concentration of NH3 during the experiment. Further-
more, the initial NH3 concentration in matrix 6 was relatively low
(505 mg/liter), most likely because urea hydrolysis had not yet
occurred in the fresh urine, which may explain the observed
4-week lag phase.

Matrices 2 and 5 also provided conditions for Ascaris inactiva-
tion after a lag phase of approximately 11 weeks. Values for T99

were calculated to be 25.1 weeks for matrix 2 and 22.8 weeks for
matrix 5. Matrix 2 had a high sustained pH (10.4 to 12.3) caused

by the ash in the matrix, and relatively low concentrations of total
ammonia (47 to 207 mg/liter) compared to other matrices that
showed inactivation (Fig. 4). However, due to the high pH, almost
all ammonia was in the form of NH3 and was sufficient to cause
Ascaris inactivation after a lag phase. Conversely, matrix 5, which
contained fresh urine and no ash, had the highest total-ammonia
concentrations of all matrices from weeks 4 to 16 (1,243 to 5,321
mg/liter) but pH values below the ammonia pKa. Although the
majority of ammonia was present as NH4

�, there was sufficient
NH3 to cause inactivation after an initial lag phase. When inacti-
vation was recorded in matrices 2 and 5, NH3 concentrations were
relatively similar in both matrices, with differences of only 104
mg/liter and 62 mg/liter at weeks 12 and 16, respectively.

Effects of NH3 on Ascaris inactivation. Average A. suum inac-
tivation over the 16 weeks of experimental observation was plot-
ted against the average NH3 concentration for each matrix, show-
ing a correlation (R2 � 0.87). The inactivation results compare
closely to those observed by Pecson et al. (11). At 20°C and pH 12,
they reported a T99 of 87 days (12.4 weeks) with 1,000 mg/liter
ammonia and of 25 days (3.6 weeks) with 5,000 mg/liter ammonia
(similar to the conditions and results of matrices 4 and 6). At pH
12, the background sludge in the study of Pecson et al. (11) con-
tained 230 mg/liter ammonia, and a T99 of 230 days (32.9 weeks)
was reported (similar to matrix 2). Nordin et al. (8) conducted

FIG 2 Ammonia gas (NH3) concentrations in six ecological compost matrices
during 16 weeks of experimental observation. Each data point represents the
average value from triplicate measurements. The matrices consist of compost
and the following additional materials: matrix 1, DI water (�); matrix 2, DI
water and ash (�); matrix 3, stored urine (Œ); matrix 4, stored urine and ash
(o); matrix 5, fresh urine (�); matrix 6, fresh urine and ash (Œ). Open sym-
bols and dashed lines represent matrices with ash. The pooled standard devi-
ations of the triplicate measurements are 0.1 for matrix 1, 14.3 for matrix 2,
19.0 for matrix 3, 201.2 for matrix 4, 224.6 for matrix 5, and 77.5 for matrix 6.

TABLE 1 Total ammonia, pH, ammonia gas, lag phase, and T99 for each matrixa

Matrix

Wk 0 Wk 4 Wk 8 Wk 12 Wk 16
Lag phase
(wks) T99 (wks)NHtot pH NH3 NHtot pH NH3 NHtot pH NH3 NHtot pH NH3 NHtot pH NH3

1 52 7.4 1 24 7.4 0 19 7.2 0 14 7.5 0 14 7.6 0 NA NA
2 47 10.4 44 138 12.3 138 207 12.1 207 173 12.3 173 164 12.2 164 11.2 25.1
3 3,180 8.9 1,013 3,038 8.3 344 1,382 8.0 81 582 8.1 37 209 7.9 9 NA NA
4 2,637 10.4 2,466 2,817 11.6 2,804 2,501 11.3 2,480 2,226 11.5 2,213 NM NM NM NA 7.5
5 2,098 6.8 8 5,321 8.8 1,425 4,451 8.3 413 2,708 8.3 277 1,243 8.2 102 11.1 22.8
6 540 10.4 505 1,321 11.7 1,317 1,494 11.6 1,488 985 11.8 983 885 11.8 882 4.0 14.9
a The chemical characteristics were measured each month for the duration of the experiment. Total-ammonia (NHtot) and NH3 concentrations are given in milligrams per liter.
The matrices consist of compost and the following additional materials: matrix 1, DI water; matrix 2, DI water and ash; matrix 3, stored urine; matrix 4, stored urine and ash;
matrix 5, fresh urine; matrix 6, fresh urine and ash. Week 16 values for matrix 4 were not measured (NM) because 100% inactivation of Ascaris ova had already been observed. NA,
not applicable.

FIG 1 Ascaris suum viability in six ecological compost matrices during 16
weeks of experimental observation. Each data point represents the average
value from triplicate measurements. The matrices consist of compost and the
following additional materials: matrix 1, DI water (�); matrix 2, DI water and
ash (�); matrix 3, stored urine (Œ); matrix 4, stored urine and ash (o); matrix
5, fresh urine (�); matrix 6, fresh urine and ash (Œ). Open symbols and dashed
lines represent matrices with ash. The pooled standard deviations of the trip-
licate measurements are 2.1 for matrix 1, 3.7 for matrix 2, 3.3 for matrix 3, 2.2
for matrix 4, 14.2 for matrix 5. and 6.6 for matrix 6.
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35-day inactivation experiments at 24°C and proposed a threshold
concentration for Ascaris inactivation of 20 mM NH3 (280 mg/
liter). Matrices 2 and 5 had NH3 concentrations below this thresh-
old value during the period of observed inactivation (weeks 12 and
16), although the lag phase was over 11 weeks, more than double
the length of that in the experiment by Nordin et al. These results
indicate that the threshold NH3 concentration for Ascaris inacti-
vation may be lower than 280 mg/liter when exposure times are
longer, as they would be during the ecological composting pro-
cess. Matrices 1 and 3 exhibited NH3 concentrations much lower
than the suggested 280-mg/liter threshold for most of the experi-
ment, and no inactivation was observed in these matrices. Matrix
3 had high concentrations of NH3 initially (�1,000 mg/liter), but
these concentrations dropped sharply over the course of the ex-
periment, and no inactivation was observed. Matrix 5 exhibited
high concentrations (�1,400 mg/liter) 4 weeks into the experi-
ment, but these concentrations dropped to moderate levels in the
following weeks, and inactivation was not observed until after a
lag phase of 11 weeks. These results demonstrate that the concen-
tration of NH3 must be sustained for inactivation for occur.

It is noteworthy that the individual effects of ammonia and pH
on ovum viability cannot be separated in this experiment, since
the compost itself contained low concentrations of ammonia. To
observe the effects of high pH alone, compost with no ammonia
would be needed. A feces-derived compost without ammonia,
however, is unrealistic in an ecological toilet setting, and any
chemical treatment to remove the ammonia has the potential to
introduce variability into the experiment. For this reason, un-
treated ecological toilet compost was used in the matrices.

Urea hydrolysis and pH. It was hypothesized that in the matrix
containing only compost and fresh urine, ammonia concentra-
tions would increase over time from the hydrolysis of urea. Con-
versely, it was also hypothesized that hydrolysis would not occur
when ash was included with compost and fresh urine, since the
process would be inhibited by pH values of 	10. In matrix 5 (fresh
urine), between 0 and 4 weeks, concentrations of total ammonia
increased from 2,098 to 5,321 mg/liter at pH 6.8 to 8.8, due to the
hydrolysis of urea. This result fell within previously reported

ranges for time (1 to 2 months) and pH (�10) for urea hydrolysis
to occur (5, 8). However, in matrix 6 (fresh urine and ash), total-
ammonia concentrations increased from 540 to 1,494 mg/liter at
pH 10.4 to 11.7, from 0 to 8 weeks, which is above the reported pH
threshold for urea hydrolysis. These data suggest that urea was
hydrolyzed to ammonia at pH values above 10, although at a lower
rate than that observed at lower pH values. Kabdasli et al. (5) and
Nordin et al. (8) used observation times of 30 and 35 days, which
may have been too short to observe a slow hydrolysis process. In
matrix 6 (new urine and ash), ammonification of the organic ni-
trogen in the compost was ruled out as the sole source of the
increase in total ammonia observed at week 8 because of the rela-
tively large increase of 948 mg/liter, compared to 160 mg/liter in
matrix 2 (DI water and ash), where there was no urea. The larger
increase in matrix 6 indicates that the source of the majority of
ammonia was urea, and not organic nitrogen present in the com-
post.

Anammox in ecological sanitation. After 4 weeks, total-am-
monia concentrations in matrices 3 and 5 began to decrease. Am-
monia gas escaping through a leak in the airtight containers was
ruled out, because both matrices exhibited relatively low pH val-
ues compared to the NH3/NH4

� pKa (9.24), indicating that the
majority of the total ammonia was present in the form of ammo-
nium salt. Concentrations of total ammonia, NO3

�, NO2
�, and

TKN at the beginning and end of the experiment (weeks 0 and 16)
were compared in an attempt to determine how the nitrogen was
partitioning (Table 2). In all matrices, the concentrations of all
four species of nitrogen decreased over time. However, in the ma-
trices without ash (1, 3, and 5), the concentrations of total ammo-
nia and NO3

� decreased significantly more than in the matrices
with ash (P � 0.02). The total ammonia was not lost as ammonia
gas (as evidenced by the low pH values) or converted to NO3

�,
NO2

�, or TKN (as evidenced by the decreased concentrations of
these species); therefore, it is hypothesized that anaerobic ammo-
nium oxidation, or anammox, may have been occurring.

The anammox reaction is the oxidation of NH4
� to N2 gas

under anoxic conditions, a likely condition in the matrices, which
had moisture contents of �85% (wet weight) (14). The anammox

FIG 4 Total-ammonia concentrations in six ecological compost matrices dur-
ing 16 weeks of experimental observation. Each data point is the average value
from triplicate measurements. The matrices consist of compost and the fol-
lowing additional materials: matrix 1,� DI water (�); matrix 2, DI water and
ash (�); matrix 3, stored urine (Œ); matrix 4, stored urine and ash (o); matrix
5, fresh urine (�); matrix 6, fresh urine and ash (Œ). Open symbols and dashed
lines represent matrices with ash. The pooled standard deviations of the trip-
licate measurements are 3.2 for matrix 1, 14.3 for matrix 2, 291.6 for matrix 3,
201.7 for matrix 4, 714.5 for matrix 5, and 78.1 for matrix 6.

FIG 3 pH values in six ecological compost matrices during 16 weeks of exper-
imental observation. Each data point represents the average value from tripli-
cate measurements. The matrices consist of compost and the following addi-
tional materials: matrix 1, DI water (�); matrix 2, DI water and ash (�);
matrix 3, stored urine (Œ); matrix 4, stored urine and ash (o); matrix 5, fresh
urine (�); matrix 6, fresh urine and ash (Œ). Open symbols and dashed lines
represent matrices with ash. The pooled standard deviations of the triplicate
measurements are 0.0 for matrix 1, 0.0 for matrix 2, 0.1 for matrix 3, 0.0 for
matrix 4, 0.1 for matrix 5, and 0.0 for matrix 6.
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hypothesis is further supported by the observation of gas bubbles
exclusively in matrices 3 and 5 during weeks 4 to 16 of the exper-
iment. The bacteria responsible for anammox grow slowly and
have an 11-day doubling time, which may explain the 1-month lag
phase observed before the bubbles appeared and the concentra-
tions of total ammonia began to decrease (13). The anammox
bacteria are also hindered by pH values above 8.3, which may
explain why matrices with ash did not display signs of anammox
(14). It was unlikely that total ammonia was being converted to N2

gas via the nitrification/denitrification pathway, since nitrification
occurs in environments that are aerobic and contain low concen-
trations of organic carbon. The matrices contained high water
contents and materials that are composed of organic carbon (feces
and sawdust), which would have inhibited nitrification. Direct
measurements of the gas bubbles were not made due to a lack of
appropriate equipment. This finding has implications for ecolog-
ical sanitation, since anammox may serve as a mechanism by
which total ammonia is lost from ecological compost, both reduc-
ing the potential effectiveness of pathogen inactivation and de-
creasing the nutrient quality of the compost.

Implications. Ammonia gas concentration was positively cor-
related with inactivation of A. suum ova. Materials commonly
available in ecological toilets were successful in causing 99% inac-
tivation within 6 months. Stored urine and ash constituted the
most effective combination of materials for inactivation; fresh
urine and ash were also effective after a lag time of 4 weeks; and
fresh urine alone, and ash alone, were effective after a lag time of
approximately 11 weeks. These results have important implica-
tions for ecological sanitation technologies in which urine is sep-
arated from feces and stored outside the toilet structure. In stored
urine, the urea is already converted to ammonia, and when ash is
used as a bulking material, the stored urine can be added to the
feces and ash to achieve greater levels of pathogen inactivation.
The results demonstrate that adding ash alone (raising pH) with-
out urine, which is common in ecological sanitation, does not
achieve 99% A. suum inactivation after 4 months. Additionally, in
ecological toilets that do not separate urine, the results demon-
strate that fresh urine and ash can also be effective in pathogen
inactivation after a lag phase. Ascaris ova are commonly encoun-
tered in ecological toilets that have been sealed for more than 6
months; however, the results of this research demonstrate that by
using materials that are readily available in ecological toilets, a
much faster ovum inactivation can be achieved.
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TABLE 2 Change in nitrogen species concentrations in the four compost matrices containing urine from the beginning (0 weeks) to the end (16
weeks) of experimental observationa

Matrix

Concn (%) of:

Total ammonia N-NO3 N-NO2
� TKN

Initial Final SD Difference Initial Final SD Difference Initial Final SD Difference Initial Final SD Difference

3 1.62 0.12 0.03 �1.50 0.47 0.10 0.16 �0.37 0.08 0.00 0.01 �0.08 2.01 1.35 0.11 �0.65
5 1.06 0.66 0.31 �0.40 0.55 0.02 0.03 �0.52 0.07 0.10 0.14 0.03 2.33 1.90 0.28 �0.43
4 0.43 0.37 0.02 �0.06 0.04 0.01 0.00 �0.03 0.22 0.00 0.00 �0.22 1.24 0.79 0.47 �0.44
6 0.08 0.10 0.02 0.02 0.00 0.00 0.00 0.00 0.37 0.00 0.00 �0.37 1.03 1.00 0.24 �0.02
a The initial value is the measurement of the bulk raw matrix, and the final value is the average of triplicate measurements. The matrices consist of compost and the following
additional materials: matrix 1, DI water; matrix 2, DI water and ash; matrix 3, stored urine; matrix 4, stored urine and ash; matrix 5, fresh urine; matrix 6, fresh urine and ash. The
standard deviations (SD) of the triplicate measurements are also provided.
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