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Abstract

Introduction: Environmental Factors such as light intensity, ambient
temperature, and humidity can affect to the thermophilic compostion of
source- separated faces at temperatures >50°C for at least one week to
ensure safe sanitation. (WHO; 2006) Thus, an experiment was devised to study
how to achieve these sanitizing temperatures within the pipes of various
materials, exposed to ambient environmental conditions in northeast Thailand.

Aims: 1) To compare the internal temperature of four experimental
materials: PVC, iron, stainless steel and aluminum in a 3x2 experimental
configuration: three pipe configurations- unpainted, painted black, and painted
black with parabolic reflector and two media- water and excreta; 2) To
study the relationship between environmental factors, including ambient
temperature, light intensity, and humidity and the internal temperature of
the media.

Methods: There were two experiments from July 2017 to January 2018.
The first experiment used water as a media. The second experiment used
excreta as a media. Each experiment had three groups of pipes, each group
with four pipes of different materials. The four pipe materials were PVC, iron,
stainless steel, and aluminum. The three groups used a different configuration:
unpainted, painted black, and painted black with a parabolic reflector. Each
pipe was 3 inches diameter, 1 meter in length, tilted 15 degrees towards
the southern horizon, and placed at a height 0.65 meters off the ground.
Solar parabolic troughs were made from aluminum sheets (1.2 x 1.52 m)
using shape from Surawattanawan & Limboonrung (2011). The temperature
in each experimental unit was measured every hour during the daytime
(09.00 to 17.00) and ambient temperature, light intensity humidity and
cloud cover were collected also.

Results: With water as a media, a maximum internal temperature
at 80°C was found in iron painted black with a parabolic reflector, with an

average temperature at 39.8+£13.2 °C (mean+S.D.). The ambient air
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temperature had the highest correlation with the temperature of
experimental units (r = 0.51 in unpainted aluminum) followed by light
intensity (r=0.22 in unpainted PVCQ).

With human excreta as a media, a maximum temperature at 71°C
was found in aluminum painted black with a parabolic reflector, with an
average temperature at 44.40+7.03°C. Light intensity had highest correlation
with temperature of experimental units (r=0.27 in aluminum with parabolic
reflector) follow by ambient temperature (r=0.19 in iron with parabolic
reflector).

Conclusion: Solar radiation can increase temperatures of water and
excreta to levels that may inactivate very strong pathogens. Iron, aluminum,
and stainless steel, painted black with the addition of a parabolic reflector,

could achieve temperatures higher than 65 °C in sunny weather.

Keywords: Human Excreta, Pipes, Solar Radliation
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Introduction

A large amount of pathogens are
found in human excreta (Feachem et al.,
1983). Pathogens are a serious concern for
managers of water resources, because
excessive amounts of fecal bacteria in sewage
and urban runoff have been known to indicate
an increased risk of pathogen-induced illness
in humans (Kay et al. 1994, Fleisher et al.
1998, Haile et al. 1999). The extent to which
pathogens decrease in numbers during storage
depends on factors such as pH, moisture,
temperature, nutrient availability, oxygen
availability, ammonia concentration and UV
exposure (Peasey 2000; Schonning &
Stenstrom, 2004; WHO, 2006; Wichuk &
McCartney, 2007; Austin & Cloete, 2008;
Winker et al., 2009).

All pathogens have threshold
temperatures beyond which their viability
ceases (Madigan & Martinko, 2006). The
mechanism of temperature inactivation differs
for different types of pathogens. Elevated
temperatures irreversibly inactivate enzymes
of bacteria, protozoa and helminths, thereby
resulting in cellular inactivation (Madigan &
Martinko, 2006; Wichuk & McCartney, 2007).
For viruses, thermal inactivation occurs as a
result of damage to the viral structure through
denaturation of viral surface proteins (Wichuk &
McCartney, 2007). In areas with higher
ambient temperatures (up to 35°C), a total
storage period of one year will achieve the
same result, as pathogen die-off is faster at

higher temperatures (Schonning & Stenstrom,

2004; WHO, 2006; Strauss & Blumenthal,
1990). Whereas 18 months would be needed
at lower temperatures (17-20 °C). However,
longer survival times of 2-3 years have
been reported for Ascaris at 22-37 °C (Moe &
Izurieta, 2004). Vinneras et al. (2007) reported
that 50 days of storage of faecal matter at
20°C did not reduce Enterococcus spp. and
at 4°C Salmonella spp. was not reduced
either. Thus, at low temperatures prolonged
storage times are needed to achieve sufficient
sanitation of faeces. When temperatures above
50 °C are maintained for at least one week,
pathogen inactivation is achieved according
to Schonning & Stenstrom (2004) and WHO
(2006). The higher the temperature in excess
of 50 °C and the longer this temperature is
the better the

High temperatures cause protein

maintained, sanitation
effect.
denaturation, leading to the destruction of
cells (Madigan & Martinko, 2006). Ascaris
lumbricoides ova and Candida albicans were
effectively killed in aerobic composting of
sewage sludge at 60-70°C within 3 days
(Beauford & Westerberg, 1969). The most
resistant Ascaris are inactivated in 1 hour at
temperatures 262°C, in 1 day at >50°C, and
in 1 week at > 46 (Feachem et al., 1983).
Similarly, where a temperature of >50°C was
maintained for more than 4 days, E. coli
decreased to below the detection limit but
then sometimes reappeared later in the
experiment.

Most literature on the sanitation of

composts report temperatures in excess of
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50-55°C as sanitizing. The higher the temperature
beyond the region of 50-55°C, the shorter
the time of inactivation and vice versa. It
must be noted that the sanitizing temperatures
(>50-55 °C) should be attained by all of
the particles in the compost matrix in
order for the material to be safely sanitised.
Schénning & Stenstrom (2004) and WHO
(2006)

recommend thermophilic composting of
source-separated faces at temperatures >50°C
for at least one week to ensure safe sanitation.
In the United States of America, the compost
is regarded as hygienically safe if a minimum
of 55°C is maintained for 3 consecutive days
during composting in aerated static pile or
in-vessel reactors, while for windrows,
temperatures greater than 55 °C should be
maintained for at least 15 days with a
minimum of 5 turnings during the high
temperature period (USEPA, 1999).

Thus, an experiment was devised
to study how to achieve these sanitizing
temperatures within pipes of various materials,
exposed to ambient environmental conditions
in northeast Thailand. The objectives of this
study were to: 1) compare internal
temperature of four experimental materials:
PVC, iron, stainless steel and aluminum in
a 3x2 experimental configuration: three pipe
configurations -unpainted, painted black,
and painted black with parabolic reflector
and two media- water and excreta; 2) study

of the relationship between environmental

factors, including ambient temperature, light
intensity, and humidity and the internal

temperature of the media.

Purpose

To Study of the relationship between
environmental factors: ambient temperature,
light intensity and humidity affecting the
temperature and compare internal
temperature of 4 Experimental Materials:
PVC Iron Stainless and Aluminum in 3
Experimental series: Unpainted painted black
and parabolic with water and excreta as

intermediate.

Method and materials
® Study site
This study was conducted at open
space near by the wastewater treatment

system in Khon Kaen University.
(16°27°24.45”N 102°48°56.20”E)

® Experimental design

There were two experiments. The
first experiment used water as a media (from
July 18, 2017 to August 22, 2017). The second
experiment used excreta as a media
(November 6, 2017 to January 17, 2018).
Each experiment had three groups of pipes,
each group with four pipes of different
materials. The four pipe materials were PVC,
iron, stainless steel, and aluminum. The three
groups used a different configuration: unpainted,
painted black, and painted black with a
parabolic reflector, as shown in Figure 1a-c.

Each pipe was 3 inches in diameter, 1 meter
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in length, tilted 15 degrees towards the
southern horizon, placed at a height 0.65
meters off the ground. The experiment group
of painted black were painted black with
aerosol paint spray matted. The
experiment group of painted black with a
parabolic reflector were made from aluminum
sheets (1.2 x 1.52 m) using shape from
Surawattanawan & Limboonrung (2011). Pipes
were also painted black with aerosol paint
spray matted.
® Data collection

Ambient air temperature and relative
humidity were collected using Thermo
Hyerometer; light intensity was collected
using Heavy Duty Light Meter with PC
Interface 407026; and internal temperature
in each experimental unit was recorded
using a thermometer. Each pipe was measured
3 sections, which is bottom, middle and top.
(AUl data were collected every hour during
day time (09.00 to 17.00).

® Statistical analysis

Descriptive statistics include the
mMinimumM-maximum, mean, standard deviation
frequency and proportion of ambient
temperature, light intensity, humidity, and
temperature, were computed in Microsoft
Excel. The Pearson Correlation coefficient
was computed between each environmental
factor and the internal temperature
independently. Differences among internal
temperature in each pipe material were
tested for statistical significance using Kruskal-

Wallis ANOVA (non-parametric test) because

the assumption of normality was met using
significance level of 0.05 with STATA 10

software.

Results
® Ambient environmental conditions

Environmental conditions among the
two experiments (using water and using
excreta) were similar, as shown in Table 1.
Ambient air temperatures generally ranged
from 22 to 48°C in both experiments. Light
intensity was slightly higher in the water
experiment, with a much higher maximum.
However, these high values were outliers.
Humidity was also low during the excreta
experiment, which is expected, since this
experiment was conducted during raining
season (July-August) and dry season
(September-January)

® Comparison of Internal

temperatures among materials

In experiment 1, using water as a
media, iron painted black with the parabolic
reflector had the highest internal temperature
(mean 39.8°C), followed by stainless steel
(38.8°C), aluminum (38.6°C), and PVC (36.6°C).
Results are shown in Table 2a. Iron pipes
also had the highest intneral temperatures
for painted black and unpainted. In general,
Iron > Stainless Steel > Aluminum > PVC.
And Parabolic > Painted Black > Unpainted.

In experiment 2, using excreta as a
media, the internal temperatures were higher
than water, as shown in Table 2b. Aluminum
with the parabolic reflector had the highest
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internal temperature (mean 44.4°C), followed
by iron (42.8°C), stainless steel (42.1°C),
and PVC (41.3°C). Similarly, painted black
was higher than unpainted. However, in
unpainted pipes, iron was notably higher in
temperature than stainless steel and
aluminum.
® Correlation of environmental

factors to internal temperature

In experiment 1, using water as a
media, ambient air temperature correlated
the most with internal temperature of
unpainted pipes among all materials at a
moderate level (Pearson’s r=0.041 in iron
and 0.51 in aluminum), as shown in Table 3a.
Correlations were similar among the painted
and parabolic configurations (Tables 3b and
30).

On the other hand, in experiment 2,
using excreta as a media, light intensity
correlated the most with internal temperature
of pipes, but at a weak level (Pearson’s r=
0.05in PVC t0 0.19 in iron). Correlations were
similar among painted and parabolic
configurations (Tables 3b and 3c).

® Testing differences in
temperature among pipes

The different materials had
statistically different internal temperatures
(p<0.001) for all experiments (unpainted,
painted, parabolic and water and excreta).
Test statistics and p-values are reported in

Tables 2a and 2b.

Discussion

It should be noted that excreta
achieved higher temperatures than water.
While the two medias were tested at
different times (during raining season and
dry season) and thus had different
environmental conditions, the air
temperature and light intensity were similar
during the two experiments. Therefore, this
result may be because excreta absorbs
more solar radiation and retains more heat
with its solids, compared to water.

Another observation is that aluminum
had a higher temperature for excreta compared
to iron, which was the opposite for water.
Therefore, when choosing a pipe material
where the goal is to increase temperature,
it is important to choose the material based
on the media inside the pipe. Additionally,
comparisons among pipes were similar (e.g.,
iron was consistently higher than aluminum
in all water experiments). However, with
excreta, one outlier existed. For unpainted
pipes, iron was hotter than aluminum in
excreta. Whereas, aluminum was hotter than
iron for painted configurations. This result is
likely because iron, unpainted, is darker in
color than the other materials. Therefore,
color of the pipe, as demonstrated among
painting and different materials, is very
important in achieving solar absorbance.

The temperature was increased by
the conduction process in which heat energy
is transmitted through collisions between
neighboring atoms or molecules. Conduction

occurs more readily in solids and liquids,
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where the particles are closer together (UCAR,
2019). The painted black with a parabolic
reflector as a line focus collector can achieve
the highest temperature (higher than 65 °C)
which using shape from Surawattanawan &
Limboonrung (2011) that can achieve the
highest temperature approximately 60°C.
Similarly to a study of the factors that affect
the efficiency of hot water systems by
Padakan & Radagan (2010) which control
water flow rate at 0.0083 can increase the
temperature to 78°C. All things considered,
that the painted black with a parabolic
reflector can increase the temperature over
60°C.

The temperatures achieved inside
the pipe likely could achieve some level
of pathogen inactivation. Ascaris lumbricoides
ova and Candida albicans were effectively
killed in aerobic composting of sewage
sludge at 60-70°C within 3 days. (Beauford
& Westerberg, 1969) The most resistant Ascaris
are 1 hour at 262°C, 1 day at =50 °C, and
1 week at 246 (Feachem et al., 1983) where
a temperature of >50°C was maintained for
more than 4 days, E. coli decreased to
below the detection limit but then
sometimes reappeared later in the experiment.
At higher temperatures pathogen die-off is
faster. Temperatures greater than these
thresholds were achieved. However, it should
be noted that the excreta was not moving
through the pipes in the experiment. Thus,
it would be important to maintain the excreta

in contact with solar radiation for long

periods of time to achieve the temperatures
found in this experiment.

There are some differences between
water intermediate and human excreta
intermediate because human excreta had
sludge to higher thermal capacity (Houdkova
et al,, 2007). The degree of thermal
inactivation of pathogens is a function of
both the temperature and time of exposure
(Feachem et al., 1983; de Bertoldi, 1998;
Wichuk & McCartney, 2007). Several authors
have studied the temperature-time
relationships that result in a safely sanitized

compost.

Conclusion

Solar radiation can increase
temperatures of water and excreta to levels
that may inactivate very strong pathogens.
Iron, aluminum, and stainless steel, painted
black with the addition of a parabolic
reflector, could achieve temperatures higher
than 65°C. PVC pipe material had much lower
temperatures than the metals. Holding
excreta in painted black with a parabolic
reflector may be a way to inactivate

pathogens found in human excreta.
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Table 1  Ambient Environmental Conditions

Water Excreta
Air temperature
Mean (S.D.) 34.3+6.4 32.3+4.5
Min-Max 22-48 22-48.4
Humidity
Mean (S.D.) 64.6+22.2 43.7+£13.7
Min-Max 24.7-99.8 14-70
Light intensity (LUX)
Mean (S.D.) 7,812.2+5,497.2 6,960.3+2,559.2
Min-Max 1,044-34,300 1,340-15,500

Table 2a Comparing of temperatures of experimental series with 4 experimental materials: PVC, Iron,

stainless and aluminum water intermediate

PVC Iron Stainless Aluminum x2 p-value
Unpainted 160.111  0.0001
Mean (S.D.) 324459 34.8+7.6 33363 324455
Min-Max 22-45 22-53 22-46 22-45
Hours accumulate of temp. above 45°C 2 14 a4 2
% Hours accumulate of temp. above 45°C 1.5 10.8 3.1 1.5
Painted black 22512 0.0001
Mean (S.D.) 34.4+7.2 35.1+7.5 3573  34.8+7.4
Min-Max 22-53 22-53 22-51 22-53
Hours accumulate of temp. above 45 °C 10 15 11 11
% Hours accumulate of temp. above 45°C 7.7 11.5 8.5 8.5
Parabolic 36.566  0.0001
Mean (S.D.) 36.6+9.7 39.8+13.2 38.8+12.1 38.6+12
Min-Max 22-59 22-80 22-72.5 22-74
Hours accumulate of temp. above 45 °C 22 29 26 24
% Hours accumulate of temp. above 45°C 16.9 22.3 20 18.5

Table 2b Comparing of temperatures of experimental series with 4 experimental materials: PVC, Iron,

stainless and aluminum with excreta intermediate

2

PVC Iron  Stainless Aluminum X p-value
Unpainted 100.56  0.0001
Mean (S.D.) 37.0+£39 414446 38.1+49  36.4+4.6
Min-Max 22-49 24-60 24-56 20-53
Hours accumulate of temp. above 45 °C 21 127 33 17
% Hours accumulate of temp. above 45°C 6.7 40.4 10.5 54
Painted black 20.526 0.0001
Mean (S.D.) 40.5+39 419+4 416154 42.6+6.0

Min-Max 24-58 25-60 23-56 25-59
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Table 2b Comparing of temperatures of experimental series with 4 experimental materials: PVC, Iron,

stainless and aluminum with excreta intermediate (cont.)

PVC Iron  Stainless Aluminum x2 p-value

Hours accumulate of temp. above 45 °C 76 127 103 128

% Hours accumulate of temp. above 45 °C 24.2 40.4 328 40.8

Parabolic 32.435 0.0001
Mean (S.D.) 41.3+5.4 428+52 42.1+49 44.4+7.0

Min-Max 25-65 27-71 24-69 25.5-71

Hours accumulate of temp. above 45 °C 95 135 133 154

% Hours accumulate of temp. above 45 °C 30.3 43 424 49

Table 3a Correlation coefficient (r) of unpainted experimental series

PVC Iron Stainless Aluminum

Water Excreta Water Excreta Water Excreta Water Excreta

ambient temperature 0.4169**  0.0971 0.4061** 0.1402 0.4645** 0.0525 0.5112*** 0.0992
light intensity 0.2254 0.0450  0.1652 0.1862 0.2055 0.0983 0.1625 0.0111
humidity -0.0463  -0.0119 -0.0530 -0.0643 -0.0389 -0.0523 -0.0032 -0.0020

**%0.50 to 0.70 (-0.50 to -0.70) Moderate correlation
**0.30 to 0.50 (-0.30 to -0.50) Low correlation
0.00 to 0.30 (0.00 to -0.30) Little if any correlation

Table 3b Correlation coefficient (r) of painted black experimental series

PVC Iron Stainless Aluminum

Water Excreta Water Excreta Water Excreta Water Excreta

ambient temperature 0.4552** 0.0919 0.4010** 0.1546  0.4066**  0.1764 0.4154** 0.1396
light intensity 0.1712  0.2499 0.1230 0.0688 0.0971 0.1420  0.1357 0.1430
humidity -0.0164 -0.0605 -0.0450 -0.0219  -0.0640 -0.0326 -0.0785 0.0673

***0.50 to 0.70 (-0.50 to -0.70) Moderate correlation
**0.30 to 0.50 (-0.30 to -0.50) Low correlation
0.00 to 0.30 (0.00 to -0.30) Little if any correlation

Table 3c  Correlation coefficient (r) of parabolic experimental series

PVC Iron Stainless Aluminum

Water Excreta Water Excreta Water Excreta Water Excreta

ambient temperature 0.4249**  0.0680 0.2978* 0.1856 0.3248** 0.0627 0.3560** 0.0066
light intensity 0.1371 0.2312 0.1034 0.2124 0.0831 0.2053 0.0860 0.2738
humidity -0.1027  0.1487 -0.0037 0.1480 -0.0283 0.1625 -0.0515 0.1396

**%0.50 to 0.70 (-0.50 to -0.70) Moderate correlation
**0.30 to 0.50 (-0.30 to -0.50) Low correlation
0.00 to 0.30 (0.00 to -0.30) Little if any correlation
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Figure 1  Experimental series: a) Unpainted, b) painted black and c) painted black with a parabolic reflector

(Adapted from Surawattanawan & Limboonrung, 2011)



