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Oligolysis: effect of voltage on odour and sulphide removal in
stored pig manure. Can. Agric. Eng. 40: 113-120. Oligolysis appears
to effectively reduce odours by removing sulphur containing
compounds from stored liquid manure. The objective of this
experiment was to test the effect ofvoltage level on the effectiveness
ofthis process in reducing these compounds. The experiment consisted
of six treatments, 1.5, 2.0, 2.5, 3.0, and 3.5 volts and a control (no
voltage). Liquid samples were obtained at 0, 0.5, 3, 24, and 168 h from
0.225 m3 bioreactors and the gas samples were obtained at 0,24, and
168 h. The liquid samples were analyzed for free and total sulphides
while the gas samples were analyzed for hydrogen sulphide (H 2S).
Liquid samples taken at 168 h were tested by eight odour panelists to
determine a threshold odour number (T.O.N.). The results indicate that
all voltage treatments removed over 97% ofthe free sulphides in liquid
pig manure. The mean concentration of H2S in the gas released from
the treated bioreactors was 91 % less than the control. No significant
differences in sulphide levels were observed at the applied voltages.

II semble que l'oligolyse permettent de reduire les odeurs
provenant des fosses d'entreposage de lisier en enlevant les composes
de soufre. L'objectif de cette experience etait de determiner I'effet du
niveau de voltage sur I'efficacite du procede de a reduire ces
composes. L'experience consistait en 6 traitements, 1.5,2.0,2.5,3.0 et
3.5 volts et un controle (sans voltage). Les echantillons liquides furent
preleves a0, 0.5, 3, 24 et 168 h de bioreacteurs de 0.225 m3 et les
echantillons de gaz a0,24 et 168 h. On a analyse les sulfures libres et
totaux dans les echantillons liquides, alors que dans les echantillons de
gaz on a fait une analyse de sulfure d'hydrogene (H 2S). Les
echantillons liquides preleves a 168 h ont ete soumis a8 participants
afin de determiner une valeur seuil d'odeur (T.O.N.). Les resultats
montrent que tous les traitements ont permis d'enlever du lisier de porc
plus de 97% des sulfures libres. La concentration moycnne de sulfure
d'hydrogene des gaz liberes des bioreacteurs avec traitement etait
inferieure de 91% acelie du controle. Aucune difference significative
dans les taux de sulfure n'a ete observee aux voltages appliques.

INTRODUCTION

In most swine units, manure is handled as a liquid, whereby
some of the floor area of the pig pen is slotted to allow fecal
matter, urine, feed, and wasted water to be collected in
underlying storage pits. Handling and labour advantages are
primarily responsible for this development along with the fact
that pig manure is liquid at the moment ofexcretion (10% total
solids).

However, one problem, associated with this type ofstorage
system is the emission of odours and toxic gases due to
anaerobic degradation occurring in the slurry. The odours from
animal wastes are complex mixtures of malodorous gases and
organic compounds in which hydrogen sulphide (H 2S) and

sulphur-containing compounds, especially thiols, appear to be
primary contributors (Yashura 1980; O'Neill and Phillips
1992). Hydrogen sulphide is not only odorous but also highly
toxic. Conclusive evidence exists which shows that H2S is the
main cause of poisoning, especially during agitation and
pumping when trapped gas is suddenly released (Donham et al.
1988; Groves and Ellwood 1991). Donham et al. (1988) stated
that for at least 50% of the situations involving manure
agitation maximum recommended ventilation rates may not be
sufficient to prevent acute toxicity, especially during the warm
months of the year. If the H2S could be removed prior to
removal, exposure to high levels of H 2S and perhaps other
odourous sulphur containing compounds could be avoided.

Oligolysis
Oligolysis is an effective method ofreducing H 2S evolution and
odour from anaerobic digestion ofpig manure (Yu et al. 1991).
Chiumenti et al. (1988) observed that energy requirements for
oligolysis were 4-5% of the requirements for an aeration
treatment that would achieve the same level ofodour reduction.
Furthermore, oligolysis does not appear to interfere with the
microbial activity during digestion of the stored pig manure.

In oligolysis, odour and sulphide reduction is achieved by
an electro-chemical process similar to that ofelectrolysis. Two
electrodes are immersed in the slurry and a voltage is applied
across the electrodes. The electrical potential causes ferrous
ions (Fe2+) to be released by the anode into the slurry. These
Fe2

+ ions combine with free sulphide ions (S2,) in the slurry to
form ferrous sulphide (FeS), an insoluble precipitate. Hence,
the free S2, are prevented from participating in chemical and
biological reactions that would otherwise lead to the formation
ofodorous compounds such as H2S, Yu et al. (1991) presented
a summary ofthe chemical reactions that occur in an anaerobic
medium. The voltage applied across the electrodes significantly
influences the oligolysis process. The level applied is
dependent on the electronegative potential required for the
oxidation of iron, the electrical conductivity of the slurry, and
surface area and spacing ofthe electrodes (Feddes and Coleman
1993).

Free sulphides
Free sulphides in anaerobically-treated manure can be defined
as the collection of dissolved hydrogen sulphide (H 2S(aq»),
bisulphide ions (HS') and sulphide ions (S2,) (Coleman et al.
1993). In other words,
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whereby H2S(aq), HS- and S2- exist in equilibrium as:

H 2S(g) H H 2S(aq)

H2S(aq) H H+ + HS

HS- H H+ +S2-

These reactions shift to the right or left based on the relative
availability of electrons and level of reduction-oxidation
potential. Desorption of H2S(lIQ) results in an accumulation of
H2S(g)' Consequently, the concentration of H2S(g) is directly
proportional to the concentration of free sulphides, implying
that when the concentration offree sulphides is minimized, the
~o.unt of H2S(g) released from the manure would be a
mInImum.

Odour measurement
The odours from animal wastes are caused primarily by gases
released from organic compounds formed during the
decomposition of organic matter in stored manure. About 80
compounds have been identified as gaseous products of
degradation of anaerobic decomposition of livestock and
poultry manure (Groves and Ellwood 1991).

When identifying certain odorous compounds, the human
sense of smell is a 1000 times more sensitive than analytical
procedures (Elliott et al. 1978) and under controlled conditions,
can provide meaningful and reliable information. However, the
human olfactory system lacks specificity for individual
odourants, considering the fact that the odour from manure is
a mixture of odourants. As such, its primary advantage is its
qualitative assessment. Furthermore, the human ability to
effectively measure odour is influenced by such factors as
adaption, fatigue, odourant concentration, temperature, illness,
chemical reaction, age, gender, smoking habits, pungency, and
uncertainty (Barth 1973). Hence, taking into consideration the
mixture ofodourants in manure and the difficulty in measuring
the individual odourants objectively, assessing odour intensity
from animal wastes can only be achieved using an odour panel
of people.

Yet, knowing the chemical composition of manure odour
along with the concentration of individual odourants does not
explain the response of the human nose to composite odour,
qualitatively or quantitatively. According to Hill and Barth
(1976), the combination of only two principal odour
components in varying concentrations elicited all five possible
results of the combination, these being addition, reduction,
independence, synergism, and averaging. Controlling one
odourant emitted in the waste treatment process provided
significant odour reduction by limiting the odourant
interactions by addition or synergism. In effect, it is easier to
control one odourant than to control most or all the odourants
present.

The precision of sensory odour measurements is greatly
enhanced using a basic dilution technique (Barth and Melvin
1984). Both liquid and vapour dilution techniques are useful
depending on the state of the material to be tested. A number
known as the Threshold Odour Number (T.O.N.) defines the
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maximum amount ofdilution ofa sample with odour-free water
which yields a barely perceptible odour. A percentage dilution
relative to the odour level is applied usually to a recommended
sample size of 200 mL. This method is applicable to samples
ranging from odourless natural waters to industrial wastes with
threshold numbers in the thousands. However, there is no
absolute threshold odour concentration because of inherent
variations in individual olfactory abilities.

The numerical value ofthe T.O.N. is determined as (APHA
1995):

A+B
T.O.N.=-- (2)

A

where:
A = volume of sample (mL), and
B = volume of odour free dilution water (mL).

The odour level ofthe liquid sample is detected by an odour
panel. For most purposes, the T.O.N. of an odour panel is
expressed as a geometric mean representing the T.O.N. of an
individual (APHA 1995). At the time of the experiment, a
dynamic olfactometer was not readily available, thus the
method described in APHA (1995) was used to evaluate odour
intensity.

The primary objective of this study was to evaluate the
effect ofvoltage levels on odour and sulphide removal in stored
pig manure noting that applied voltage is an important
parameter in the oligolysis process. The voltage levels
considered were 1.5, 2.0, 2.5, 3.0, and 3.5 volts.

EXPERIMENT

Experimental design
The experiment was designed as a randomized complete block
with time as the split-plot factor. Six treatments, i.e. five
different voltage levels (1.5, 2.0, 2.5, 3.0, and 3.5 volts) and a
control were used with each treatment applied to two
bioreactors. The voltages were controlled by individual voltage
regulators.

Each trial required a 15-day period. The first 8 days ofeach
trial were required to acclimatize within each bioreactor. The
treatment was applied over the remaining 7 days (168h). The
entire experiment was replicated four times. Liquid samples
were collected after 0, 0.5, 3, 24, and 168 h of initializing the
treatment, while gas samples were collected at 0, 24, and 168
h after initiating the treatment. This collection protocol
attempted to evaluate both the short and long term effect of the
treatment.

Experimental procedures
Pig slurry was collected over a two-week period from a
growing-finishing bam with slurry channeled to a collection pit
at the end of the building. The slurry consisted of animal
manure, spilled water from drinkers, and wasted feed. Pig
slurry settles in two layers, a dense sludge at the bottom and a
thin, watery effluent on top (Groves and Ellwood 1991). The
slurry was stirred in the collection pit until a homogeneous
material was obtained.

Twelve bioreactors consisting of225 L plastic barrels (94%
of the barrel volume) were randomly filled with stirred slurry.
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To facilitate collection of the liquid samples, tubes were
inserted into the barrels to an arbitrary depth of 120 mm below
the liquid surface. Oligolysis was applied to ten of the
bioreactors used in the voltage treatments. Two steel bars, 300
mm apart, were inserted into each bioreactor used in the voltage
treatments. The bars, with protruding ends were inserted to an
arbitrary depth of 840 mm within the barrels (Fig. I). Each bar
was weighed before and after each run. The remaining two
bioreactors were used as a control treatment and were not
treated by oligolysis.

Analysis of free sulphides
Coleman et al. (1992) modified the total sulphides analysis test
to develop a method for analyzing free sulphides in pig waste
slurry treated by oligolysis. Sub-samples ofthe extracted liquid
samples were diluted with distilled deionized water prior to
analysis. Unlike the gas dialysis/methylene blue method,
diluted samples were not treated with HCL so only naturally
generated H2S(g) was separated by the gas dialysis membrane
before colour formation and detection occurred.

Analysis of Hydrogen sulphide
The concentration of H2S was determined using a gas
chromatograph (GSQ column, J&W Scientific, Folsom, CA)
equipped with a sulphur chemiluminescence detector (Sievers
350, Sievers, Boulder, CO).

T.O.N. measurement
To detect the effectiveness ofthe treatments on odour removal,
T.O.N. measurements as described in APHA (1995) were
obtained from liquid samples collected after 168 h. The
measurements were conducted according to the standards
recommended in Standard Methods for the Examination of
Water and Wastewater (APHA 1995). Odour panels comprising
five panelists were set up for each T.O.N. measurement.
Panelists were selected at random and were required to abstain
from eating or smoking 2 h prior to the tests. In addition, the
test-room was well ventilated and free of background odours.
T.O.N. values of seven different concentrations (2.5, 5.0, 7.0,
10.0, 14.0, 20.0, and 28.5 ppm) of liquid sample and three
neutral samples (distilled water) were determined at 168 h. No
colour disparity was evident at the different concentrations. The
samples were heated to 60°C and independently evaluated
directly by the panelists.
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Fig. 1. Bioreactor used in the experiment. RESULTS AND DISCUSSION

The experiment was conducted in a small, ventilated,
temperature-controlled room within the bam. The room
temperature was maintained at 20°C. Voltage and current levels
were monitored daily with a hand-held multimeter (Fluke
Manufacturing Co., Everett, WA) and pH values were
measured at the time of sampling.

Sampling
Samples ofthe liquid fraction were extracted with a syringe and
transferred to a Hungate tube. Each tube was filled until the
sample was 5 mm below the capacity of the tube. The tubes
were capped, frozen, and shipped to Alberta Environmental
Centre (AEC), Vegreville, AB, for analysis. Excess gas from
the headspace in the bioreactors was conveyed to Tedlar sample
bags (Fig. 1). After collection, the gas samples were shipped in
coolers to AEC for analysis.

Analysis of total sulphides

The gas dialysis/methylene blue method was employed for this
test (Francom et al. 1989). Hydrogen sulphide (H 2S(g» was
released using 6N HCI and was separated from the sample by
a gas dialysis membrane, prior to colour formation and
detection. This procedure allows for zinc preservation and the
use ofascorbic acid as an antioxidant.

Liquid phase
Although environmental factors were carefully controlled, it
was impossible to obtain the same concentration of free and
total sulphides in each barrel at day 8. Before applying the
voltage treatment on day 9, the free sulphides ranged between
35.1 and 91.0 mgfL and the total sulphides between 40.7 and
128.1 mg/L. It was assumed that initial concentration does not
effect the effectiveness of each treatment. Consequently, the
treatment effect was standardized by separating the effect of
initial concentration of the free and total sulphides from the
effect of the treatment. An analysis of covariance was
conducted, with the initial concentration offree sulphides (FS)
and total sulphides (TS) used as covariates. These least square
mean values are presented in Tables II and III.

A summary of the results of analysis ofcovariance for free
and total sulphides are shown in Table I. The results indicate
that a treatment time of 0.5 h was too short for the different
voltage treatments to show significant differences in levels of
free sulphide. At 3,24, and 168 h, the effects of the treatments
on free sulphide levels were significantly different (p<O.O I). At
24 and 168 h, the treatments also differed significantly
(p<O.OOI).
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Table I. Analysis of covariance on free and total dissolved
sulphides.

Free sulphide Total sulphide
Time
(h) Treatment Replicates Treatment Replicates

0.5 *** * *

3 ** *** **

24 *** *** ***

168 *** *** *

*** significant at 0.001 level of probability
** significant at 0.0 I level of probability
* significant at 0.05 level ofprobability

not significant

Table II. Concentration of free dissolved sulphides (mgIL).

Treat- Time (h)
ment

O· 32 242 1682

Control 72.7 (3.6) 78.711 (6.2) 62.911 (3.9) 43.311 (1.8)

1.5 V 51.7 (3.6) 50.7b (4.6) 34.6b (2.9) 4.2b (1.3)

2.0V 44.1 (3.6) 57.311b (5.7) 3004bc (3.6) 2.7bc (1.7)

2.5V 5804 (3.6) 57.0b (4.3) 33.2b (2.7) 0.5bc (1.3)

3.0V 58.0 (4.2) 5404b (4.9) 26.7bc (3.1) o.oc (1.5)

3.5 V 58.2 (3.6) 4504b (4.3) 2104c (2.7) 0.2c(1.3)

I Least square means ofconcentration of free sulphides with
standard errors in parenthesis

2 Least square means ofconcentration of free sulphides adjusted
for 0 h concentration with standard errors in parenthesis

abc Means in the same column with a different superscript differ at
p<0.05

The results ofthe analysis ofvariance ofthe total sulphides
showed that the voltage level had no significant effect after 3
h and 24 h after application. However, at 0.5 hand 168 h, the
treatments differed significantly (p<0.05) and (p<O.OO 1),
respectively.

The effects of the voltages, among the replicates, on free
sulphides differed significantly at the various sampling times,
except at 168 h. This significant difference resulted probably
from the variation in sulphur composition of manure at 0 h.
Blouin et al. (1988) observed a similar trend whereby the
composition of swine waste varied with time of year on the
same farm. Furthermore, significant differences in the effects
of voltage among the replicates may also be attributed to
different rate ofchange in surface area ofthe electrodes used in
each replicated run. The electrodes in the bioreactors used in
the voltage treatments were weighed after each run and showed
a loss in mass.
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On the other hand, after 168 h, most of the free sulphides
had been reduced to a very low level (approaching zero). As
such, the effects ofthe voltage treatments among the replicates
were not significantly different (Table II and III).

The concentration of free sulphides under the voltage
treatments decreased steadily with time (Table II). The mean
concentrations of free sulphides under all the voltage
treatments at sampling times of0, 3, 24, and 168 h were 54.1,
53.0, 29.3, and 1.5 mg/L, respectively. Within the first 24 h,
over 46% ofthe free sulphides were removed while an average
of 8.7% of the free sulphides were removed every 24 h
between 24 and 168 h. The large drop in rate ofdecrease ofthe
free sulphides after the first 24 h resulted from the deposition
ofFeS on the electrodes and the increased resistance to current
flow through the electrodes.

The mean concentrations oftotal dissolved sulphides ofthe
voltage treatments at 0,3,24, and 168 h were 62.3, 65.2, 59.1,
and 43.6 mg/L, respectively. The reduction in concentration of
total sulphides with time may have been caused by non
homogeneity ofthe mixture as a result ofFeS deposition on the
cathode and settling to the bottom of the bioreactors. Thus,
with no mixing prior to sampling, the concentration ofFeS in
the supernatant from which liquid samples were drawn was
low.

The mean free sulphide concentration of the voltage
treatments at 0 h was 54.1 mglL and at 168 h was 1.5 mg/L
(Table IV) indicating that over 97% of the free sulphides had
been removed during the treatment process. The primary cause
for this decrease in free sulphides may be due to the formation
of FeS which is insoluble, leading to a reduction in the
availability ofS2-for other reactions. Furthermore, the decrease
in free sulphides may relate to the state ofequilibrium reached
between the various constituents as presented in Eq. I causing
the release ofless H2S(g). The gas analysis procedure confirmed
this since the concentrations of H2S(g) released from the
bioreactors used under the voltage treatments were
significantly lower than those of the control treatment (Table
V).

The mean concentration of free sulphides in the control
treatment was 72.7 mg/L at time 0 hand 43.3 mg/L at the end
of the run, representing a 40% reduction in free sulphide
concentration. This decrease may be caused primarily by the
release of H2S(g). Had the decrease in free sulphides been
affected solely by the release of H2S(g), the total sulphides
should have decreased by the same amount. However, the mean
concentration offree sulphides decreased by 29.4 mg/L,and the
mean concentration of total sulphides decreased by 8.5 mg/L.
The larger decrease in concentration offree sulphides compared
to total sulphides may have occurred for two reasons. Firstly,
zinc acetate, was used to stabilize the sulphides during the
dilution process in the analysis of total sulphides by forming a
ZnS precipitate. On the other hand, the free sulphides were not
stabilized in the analysis of free sulphides possibly leading to
the loss ofsome free sulphides during the transfer ofsample to
the instrument sampling tube after dilution. Secondly, during
the analysis process more free sulphides may be lost when
sulphide ions (S2-) were oxidized to form sulphate radicals
(SO/). In the analysis of total sulphides, this problem was
reduced by the addition of an antioxidant used as a sample
preservative during the dilution stage.
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I Means of free and total sulphide concentrations are the unadjusted means.
2 Percentage of free sulphide in total sulphide.
3 Values in ( ) represent free and total sulphide concentrations as a percentage of

oh concentration.

Table III. Concentration of total dissolved sulphides (mglL).

Table IV. Mean concentration of dissolved sulphides· (mgIL).

I Least square means ofconcentration of free sulphides with standard
errors in parenthesis

2 Least square means ofconcentration of free sulphides adjusted for
oh concentration with standard errors in parenthesis

abc Means in the same column with a different superscript differ at
p< 0.05

(54)

(3.4)

168 h T.O.N.
The T.O.N. was calculated as the geometric
mean of thresholds of panelists. The means of
T.O.N. are shown in Table VI. An analysis of
variance showed that the treatment effect was
insignificant at the 5% significance level.

Although the free sulphides were almost
completely removed from the voltage-treated
manure, no difference in the T.O.N. values was
evident between the voltage-treated samples
and the control samples. This suggests that free
sulphides are not primary indicators ofodour in
pig manure. These results agree with those

presented by Spoelstra (1980), who indicated that H2S and NH3
were not suitable indicators of smell. Tchobanoglous and
Burton (1991) also noted that though H2S was the most
important gas fonned from the standpoint of odour, other
volatile compounds such as thiols, indole, skatol, and
mercaptans also fonned during anaerobic decomposition, may
cause odour far more offensive than that ofH 2S, In other words,
compounds other than free sulphides may be primarily
responsible for odour in stored pig manure.

Odour from samples of non-diluted treated manure was
compared several times with those from non-diluted untreated
manure. While the control odour was very offensive, the treated
manure was not offensive and had an earthy smell. When the
samples were diluted to concentrations between 2.5 and 28.5
ppm, differences could not be detected. The sensitivity of the
nose to diluted odourous compounds is different from that to
non-diluted odourous compounds in the bioreactor head space.
This implies that oligolysis treatment for odour control may not
be effective since odours reach adjacent land users in very
dilute concentrations.

Gas phase
The variation in concentration ofH2S in the bioreactor head
space differed significantly (p<0.05) (Table V). The results
presented indicate a higher concentration of H 2S under the
control treatment at 24 and 168 h, compared to the concen
trations under the voltage treatments. Furthennore, at 168 h,
a treatment of 1.5 V yielded a significantly higher concen
tration ofH2S than did treatments of2.0, 2.5, 3.0, and 3.5 V.
No significant differences in concentrations of H2S were
observed among the 2.0, 2.5, 3.0, and 3.5 V treatments.

Gas samples collected at the end ofthe run (168 h) were
extracted from the accumulation of gas released in the
bioreactors over the last 6 days of treatment application.
Consequently, the concentration of H2S collected under
each treatment was the average concentration over the 6
days. In addition, the mean concentration of H2S for the
voltage treatments after 24 and 168 h was 5146 and 1274
ppm, respectively, indicating a removal rate of
approximately 27 mgIL H2S per hour. Under the control
treatment, the concentration of H2S increased with time,
from 9199 ppm after 24 h to 14044 ppm after 168 h. In
effect, the mean concentration of H2S under the voltage

treatments was 91 % lower than the control.
Thus, oligolysis results in a 91 % reduction in
the concentration of H2S released from stored
pig manure for voltages ranging between 1.5

(%)2 and 3.5 V.

Time (h)

01 32 242 1682

88.9 (5.7) 85.2 (10.8) 76.6 (6.0) 80.43 (5.1)

62.0 (5.7) 64.0 (8.0) 54.2 (4.5) 39.9b (3.6)

53.9 (5.7) 64.3 (9.0) 57.1(5.0) 43.0b (4.2)

58.6 (5.7) 70.0 (8.3) 64.5 (4.6) 48.7b (3.8)

75.4 (6.6) 62.6 (9.5) 57.7 (5.3) 42.8b (5.2)

61.8 (5.7) 64.9 (8.0) 62.0 (4.5) 43.6b (3.7)

1.5 V

2.0V

2.5 V

3.5 V

3.0V

Control

Treatment

Free sulphide Total sulphide

Oh 168 h (%)3 Oh 168 h (%)3 Oh

Control 72.7 43.3 88.9 80.4 (81.8)
(60.0) (90.4)

Treated 53.7 1.5 62.3 43.6 (86.8)
(2.8) (70.0)

The concentration oftotal sulphides under the voltage treat
ments, at 0 and 168 h, were 62.3 and 43.6 mg/L, respectively,
indicating a 30.0% reduction of the initial concentration. As
discussed earlier, the decrease in concentration of total
dissolved sulphides may be attributed to the non-homogeneous
nature of the samples coupled with the release ofH 2S(g)'

The concentration oftotal sulphides in the control treatment
was 88.9 mg/L at 0 hand 80.4 mgIL, 168 h after fennentation.
The final concentration of total sulphides was 9.6% less than
the initial concentration and was believed to occur mainly
because ofthe release ofH2S(g)' Whereas, over 80% ofthe total
sulphides were free sulphides at the start ofthe tests (0 h), only
3.4 and 54% of the total sulphides were present as free
sulphides for the voltage and control treatments, respectively,
at the end of the tests.

An orthogonal comparison between the control treatment
and the voltage treatments was also conducted which showed
the voltage treatments resulted in significantly lower
concentrations of free and total sulphides compared with the
control treatment.
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Table V. Concentrations ofH2S (ppm)l. Table VII. The treatment effect on pH value1
•

I Least square means of concentration of H2S free sulphides
adjusted for the 0 h concentration with standard errors in ( )
abc Means in the same column with a different superscript differ
at p < 0.05

Treatment

Control

1.5 V

2.0V

2.5 V

3.0V

3.5 V

Time (h)

24 168

9199° (1067) 140440
( 1546)

4867b (1024) 4234b (1241)

5085b (1065) . 2171 bc (1330)

5874b (1031 ) 151 c (1375)

3868b (1294) 298c (1399)

6033b (1022) Il2C (1374)

Treatment pH

Control 7.1411 (0.017)

1.5 Y 7.143 (0.016)

2.0Y 7.20b (0.019)

2.5 Y 7.1511 (0.016)

3.0Y 7.19b (0.016)

3.5 Y 7.21 b (0.016)

I Least square means (LSM) and standard errors of LSM
ob Means in the same column with a different superscript differ
at p < 05.

Table VIII. The time effect on pH value·.

I Least square means (LSM) and standard errors of LSM
ob Means in the same column with a different superscript differ
at p < 0.05.

Table VI. Means ofT.O.N.

Treatment T.O.N.

Control 151212

1.5 V 128268

2.0V 154986

2.5V 159867

3.0V 115032

3.5V 110065

Time (h)

0.5

3

24

168

Control

7.080 (0.03)

7.08° (0.04)

7.11 3 (0.03)

7.22b (0.04)

pH

Treated

7.11° (0.018)

7.12° (0.022)

7.153 (0.018)

7.33b (0.018)

pH value
The chemical state ofsulphides in manure is pH dependent. At
pH less than 7, H2S(aq) is predominant; betwe2e~ pH 7 an~ 9.5,
HS- is predominant and; at pH above 9.5, S - IS predommant
(Yu et al. 1991). Theoretically, for every two Fe2

+ released from
the anode, one OH- will remain in the slurry, increasing the pH
of the manure with time. Consequently, this increase in pH
would cause the equilibrium equations for free sulphides, as
presented in the introduction, to displace to the right. The rate
ofchange of pH would depend on the voltage applied and the
amount of time each treatment would be applied.

The treatment effect was significant at the 5% significance
level (Table VII). The pH value increased as voltage increased
except when the voltage applied was 2.0 V. No rea~on coul~ be
found for this inconsistency. The effects of the dIfferent tIme
levels on pH differed significantly (p<0.001) (Table VIII). The
pH of the control-treated and the voltage-treated manure both
increased with time by 2% and 3% of the 0.5h pH value,
respectively.
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Iron consumption

Mass of the steel cathodes remained constant in all the
bioreactors throughout the study (Table IX). The loss of mass
of the cleaned steel anodes was observed to be proportional to
the amount of current in each bioreactor. A theoretical
determination of mass loss indicated that 1.03 grams of iron
would be released per amp-h of current (Feddes and Coleman
1993; Snoeyink and Jenkin 1980). According to Ohm's La~,

current increases with voltage as the resistance remams
constant. Consequently, the higher the voltage applied the
greater the mass loss.

The results of this study showed that greater mass loss
occurred with increased voltage except at 3.0 V at which the
mass loss was higher than anticipated. This discrepancy could
not be explained. Mass loss ranged between 23.8 and 30.4
grams per unit voltage applied (gIV) except at 3.0 V when 44.3
gIV were lost. When mass loss was determined as kg/m2 of
surface area ofanode, it ranged between 8.23 x 10-4 and 2.89 x
10-3 kg/m2 for all the voltage treatments.
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Table IX. Mean mass loss of the steel anodes.

Volts gld gV- 1 d-I kg m,2 d,l.

1.5 5.4 3.6 1.2 x 10-4

2.0 6.8 3.4 1.5 x 10,4

2.5 9.6 3.8 2.1 x 10-4

3.0 19.0 6.3 4.1 x 10-4

3.5 15.2 4.3 3.3 x 10-4

• kglm2 of surface area of steel anode

Current in the experiment

To maintain an applied voltage, current fluctuated throughout
the experiment, however it varied significantly with time. A
consistent pattern developed whereby the current peaked at the
start ofthe experiment and decreased quickly as the experiment
progressed. After 24h, the current stabilized, then decreased
slowly with time.

The decrease in current may be attributed to the deposition
of FeS on the cathode with time. Hence, the cathodes were
coated with a thin layer of FeS that significantly increased the
resistance between the anode and the cathode thereby reducing
current flow. Had the FeS been removed from the cathodes
periodically during each voltage treatment the oligolysis
process would have been more efficient.

The mean value ofcurrent in the voltage-treated bioreactors
during the entire study was 0.3 A and the average voltage was
2.5 V. The energy consumption was 0.56 kWh/m 3 for 7 days of
treatment. Energy consumption can be reduced by lowering the
treatment voltage and lessening the treatment time. Should the
treatment voltage be 2.0 V, the energy consumption would be
less than 0.45 kWh/m3

• For the fact that samples were not taken
between 24 hand 168 h, it is possible that the free sulphides
and H2S were removed before 168 h. Probably, ifthe time taken
to apply the treatments was lessened, energy consumption
would be significantly reduced.

CONCLUSIONS

The following conclusions are drawn from this study:

I. Oligolysis treatment removed 97% of free dissolved
sulphide from the liquid phase of pig manure and reduced
the concentration of hydrogen sulphide gas released from
the stored pig manure by more than 90%. This suggests that
oligolysis treatment is an effective method to reduce H2S
production, therefore reducing the health hazards from the
release ofacutely toxic levels of H28.

2. No significant difference in free sulphide removal and H2S
gas concentration was observed among applied voltages of
1.5,2.0,2.5, 3.0, and 3.5V.

3. Although free sulphide was almost completely removed
from the treated manure, no significant difference in T.O.N.
was observed between different treatment levels.

4. Two volts appeared to be the optimum to effectively
remove free sulphide and H2S from these bioreactors.

5. The rate of H2S removal was 27 mg/Llb.

6. Energy consumption was 0.56 kWh/m 3
•

7. Iron consumption rate was 3.4 to 6.3 g.Vol.dol or 1.2 x 10-4
to 4.1 x 10-4 kg.mo2.dot surface area of anode.
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