
Controlling hydrogen sulphide emissions
from pig waste slurries: A possible

mechanism for hydrogen sulphide removal
using oligolysis

R.N. COLEMAN1, L.R. GOODWIN1, J.J.R. FEDDES2 and B.S. WEST3

Alberta Environmental Centre, Bag 4000, Vegreville, AB, Canada T9C 1T4; 2Department ofAnimal Science, University of
Alberta, Edmonton, AB, Canada T6G 2H1; and 3Alberta Agriculture, P.O. Box 5002, Red Deer, AB, Canada, T4N 1X3.
Received 8 March 1993; accepted 8 December 1993.

Coleman, R.N., Goodwin, L.R., Feddes, J.J.R. and West, B.S. 1993.
Controlling hydrogen sulphide emissions from pig waste slur
ries: A possiblemechanism for hydrogen sulphide removal using
oligolysis. Can. Agric. Eng. 35:293-296. The principle and evidence
for the mechanismof oligolysis is described and its application in the
removal of free sulphide from pig waste slurry is outlined. Experi
mental results show that oligolysis was effective in removing greater
than 95% offree sulphide from pig waste slurry. Iron concentrations
and the ratio of bound iron to bound sulphide demonstrate that the
chemical nature of bound sulphide is as ferrous sulphide.

Le principe et l'evidence du mecanisme d'oligolysis sont ex-
pliques et son application qui consiste a elimine le sulphide libre des
effluentsdes dechets des pores. Les resultats des essais demontre que
l'oligolysis a une effacitice de 95% d'elimination du sulphide libre
des effluents des dechets des pores. Les concentrations de fer et la
rapport de fer lie et de sulphide lie demontre que la nature chimique
de sulphide lie est comme le soufre de fer.

INTRODUCTION

Odours from farming operations have an impact on the sur
rounding environment. The odour produced from the
anaerobic storage of pig waste slurry provides the most sig
nificant odorous assault. Contained in these odorous

emissions are a wide range of chemical compounds, most of
which appear to be more effective in concert with others
(Williams 1984; Yasuhara and Fuwa 1977, 1979, 1983; Yu
et al. 1989, 1991). Other compounds, such as hydrogen sul
phide (H2S), appear to be effective alone (Yu et al. 1989,
1991). Most of these compounds are produced through an
aerobic microbial activity. Specifically, H2S is produced by
the microbial reduction of sulphate and other sulphur com
pounds typically found in animal water, feed, urine and feces.
Hydrogen sulphide is extremely toxic to all animals and at
400 ppm is lethal to pigs after a one second exposure
(O'Donoghue 1961) and at 1,000 ppm is lethal to humans in
one second (USNIOSH 1977). The odour threshold of hydro
gen sulphide (that concentration at which the human nose can
just detect the odorouscompound) is typically in the range of
0.01 - 0.5 ppb (Leonardos et al. 1969; Pomeroy and Cruse
1969).

Hydrogen sulphide occurs as a result of a natural process
in many different environments. One of these is the anaerobic
digestion of stored pig waste slurry. Concentrations as high

as 8000 ppm have been reported in the gas phase above 205
L anaerobic bioreactors (Yu et al. 1989, 1991). Since hydro
gen sulphide is very odorous and highly toxic, the removal of
hydrogen sulphide from these wastes is important. Methods
have been reported including oligolysis that effectively re
duced the odour level (Yu et al. 1989, 1991; Feddes and
Coleman 1991). Oligolysis is the use of direct electrical
current delivered through either soft steel (Yu et al. 1989,
1991) or copper (Chiumenti et al. 1987) electrodes. During
oligolysis treatment using steel electrodes, the slurry as
sumed a black colour compared to the control. It was
speculated that the hydrogen sulphide was chemically con
verted to ferrous sulphide, a virtually insoluble black
compound (Yu et al. 1991).

Data will be presented to demonstrate the effect of oli
golysis using soft steel electrodes and to suggest a potential
mechanism for the removal of hydrogen sulphide as applied
to pig waste slurry.

EXPERIMENTAL FACILITIES AND PROCEDURES

Microbiological/bioreactors

To support the growth of anaerobic sulphate reducing bacte
ria (SRB), a closed 2 L glass bioreactor was constructed (Fig.
1). Rubber bungs with (treatment) or without (control) soft
steel electrodes inserted were used to seal the opening in the
bioreactor. A sample access port, nitrogen gas tube and gas
vent tube were also mounted in the rubber bung. The biore
actor was filled to 80% of capacity, purged with nitrogen (at
an approximate rate of 10 mL/min) and stirred by means of a
magnetically coupled stir bar. The bioreactor temperature
washeldatl8-19°C.

Current delivery

Current was maintained at 50 mA and the voltage varied,
depending on the electrode age, between 1.3-2.2 V.

Sampling

Liquid samples were taken at 15, 30, and/or 60 min intervals
from the slurry contents, transferred to a Hungate tube, filled
to within 5 mm from the stopper, capped and stored under
nitrogen at 4°C until analysis.
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Fig. 1. Bioreactor with electrodes and gas collector

Gas was sampled for H2S by continuously purging the
bioreactor head space with nitrogen and passing the effluent
bioreactor gas through a zinc acetate hydrogen sulphide trap.
The traps were changed as required.

Analysis

Total sulphide The gas dialysis/methylene blue method was
employed using 6N HO to release the gas (hydrogen sul
phide) before separation from the sample by a gas dialysis
membrane, followed by colour formation and detection
(Francom et al. 1989). This procedure allows for zinc preser
vation and the use of ascorbic acid as an antioxidant. The

method has been described in detail by Francom et al. (1989).

Free sulphide A method was developed for pig waste slurry
specifically for this study by modifying the total sulphide as
follows. All samples were stored in Hungate tubes with gas
tight butyl rubber septa. Sub-samples were withdrawn from
the Hungate tube by syringe and needle and diluted with
distilled deionized water immediately prior to analysis. No
HC1 was used allowing the naturally occurring hydrogen
sulphide gas to transfer across the gas dialysis membrane
prior to colour formation and detection. Standards were oc
casionally run to ensure system integrity.

Bound sulphide This parameter was defined as the differ
ence between the total and free sulphide.

Total iron Each sample was subjected to digestion by aqua
regia (HCI/HNO3) and the iron quantitated by Induced Cou
pled Plasma Emission Spectrometry (ICPES). A Jarrell Ash
Atomcomp Model 975 instrument was used.

Free iron Each sample was filtered through a 0.8 |nm pore
size glass fibre filter and the iron in the filtrate quantitated by
ICPES.

Bound iron This parameter was defined as the difference
between the total and free iron and represents that iron re
tained by the 0.8 |im filter. This retained iron could include
any particulate metallic iron.

RESULTS AND DISCUSSION

The data in Table I indicate that for runs 1 and 2, oligolysis
treatment reduced the free sulphide level to approximately

294

0.85 ppm or 2.5-5.5% of the initial concentration. Within 1.5
hours about 80% of the initial free sulphide was removed. A
graphic representation of run 1 is shown in Fig. 2. Although
initial free sulphide concentrations varied between 13 ppm
and 33 ppm (Table I), much wider variations had been ob
served in other samples. As a result the data were recalculated
and the free as well as the bound sulphide expressed as a
percentage of the initial total sulphide (Figs. 3 and 4). The
graphs of the control (Fig. 3) indicate relatively unchanging
values for free and bound sulphide whereas the free sulphide
level in the treatment (Fig. 4) rapidly approached undetect
able levels and at the same time the bound sulphide levels
rapidly increased. It was suspected that iron (Fe++) would
react with sulphide (H2S, HS~,and S") to yield insoluble iron
sulphide (FeS).

Table I: Effect of oligolysis on free sulphide

Free sulphide concentration (mg/L)

Run 1 Run 2

Time (h) Control Oligolysis Control Oligolysis

0 24.6 33.4(100%) 13.4 16.1 (100%)

0.25 31.0 33.2(99.8%) 13.7 12.6(78.3%)

0.5 ' 30.!> 25.9 (77.9%) 12.0 10.3 (64.2%)

1.0 29.!> 16.1(48.3%) 10.3 4.9 (30.8%)

1.5 29.2 5.7 (17.3%) 11.0 3.2(19.9%)

2.0 31.0 3.9(11.8%) 10.5 2.5(15.8%)

3.0 33.!5 3.4(10.3%) 15.3 1.2(7.2%)

4.0 29.9 2.1 (6.3%) 12.5 0.8 (5.2%)
5.0 30.2 0.9 (2.6%) 10.7 0.8 (5.2%)

6.0 32.6 0.8 (2.5%) 10.2 0.9 (5.4%)
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Fig. 2. Free sulphide levels for run 1: control vs oligolysis

Although it was expected that FeS would be produced, the
possibility existed that iron III (Fe+++) could have been the
iron species resulting in Fe2S3. By comparing the ratio of iron
concentration to sulphide concentration a value of 1.74
would be expected if the iron species was Fe++ whereas a
ratio of 1.16 would result if the iron species was Fe+++.
Results from iron and sulphide analyses are reported in Table
II and graphically represented in Fig. 5. As the oligolysis
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Fig.4. Bound and free sulphide: oligolysis

Table II: Effect of oligolysis on sulphide and iron

Fig.5. Effect of oligolysison iron and sulphide

such as metallic iron, could be present. Metallic iron could be
present in the starting waste material (although the BI/BS
ratio does not suggest this) or as a result of spalling of the
electrode (minor electrode disintegration).

Oligolysis rapidly produced an increase in both bound iron
andboundsulphideand a largedecreasein free sulphide. The
BI/BS ratio indicated the iron to be Fe++ and suggested that
the bound sulphide species was FeS which is very insoluble
with aKsp of 3.7 x10"19 molar (Weast 1968). It is speculated
that during oligolysis iron is solubilized and ionized at the
anode producing Fe++. The action ofthe SRB was to produce
S~, HS" and H2S which react with the soluble Fe++ to form
FeS which contributes to the bound sulphide level. During
oligolysis treatment, the slurry tends to increase in pH to
around 7 to 8 shifting the sulphide equilibrium away from the
HS' and H2S form toward the S= form.

Sulphide Iron1

Time (h) Free Bound Total Free Bound Total BI/BS2

0 22.5 21.5 44.0 1.2 5.7 6.9 0.3
1 13.8 31.5 45.0 1.9 16.7 18.6 0.5
2 2.3 40.7 43.0 4.8 31.3 36.1 0.8
3 1.0 34.0 35.0 6.2 49.5 55.7 1.5
4 0.4 31.6 32.0 8.5 72.1 80.6 2.3
5 0.3 34.7 35.0 4.7 50.1 54.8 1.4
6 0.2 34.8 35.0 6.0 73.3 79.3 2.1

mg/L

Ratio of boundiron to boundsulphide; ideal ratio if the Iron is Fe++ is 1.74and if the Iron is Fe^+is 1.16.

treatment progressed the free sulphide decreased and the
boundsulphideincreased,as expected.Along with this trend
the ratio of bound iron to bound sulphide (BI/BS) increased
from 0.26 to 2.11, moving to values much greater than that
theoretically calculated for Fe+++ suggesting that the major
ity of iron species associated with the bound iron to be Fe++.
Since thehighest BI/BS ratio is substantially higherthan the
theoretical of 1.74, this suggests thatanother species of iron,

CONCLUSIONS

1. The principle of the oligolysis reaction using mild steel
electrodes has been demonstrated.

2. Free sulphide (hydrogen sulphide) is effectively and rap
idly bound as an insoluble form reducing the hydrogen
sulphide emission to air.

3. The majority of bound iron appears to be in the ferrous
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sulphide form (iron II sulphide).

4. The oligolysisreactionis rapid with approximately 85%of
free sulphide being removed within the first 1.5 hours.
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