Management of hydrogen sulphide generation
at a Kraft mill effluent plant
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Abstract
Communities surrounding an integrated Kraft mill noticed odours from the mill’s effluent treatment plant. A project was
therefore commissioned by the mill to proactively manage the odours from both the pulp-processing operations and the effluent treatment plant. This project formed part of a co-ordinated study that was implemented by the mill to limit emissions
of the total reduced sulphur (TRS) components from the pulp mill operations. It was found that sulphate-reducing bacteria
(SRB) converted the sulphates present in the effluent to hydrogen sulphide (H 2S) by dissimilatory respiration. The combined
use of a nitrate-releasing biomodifier (Bulab® 9518) and an anthraquinone sulphate-reduction inhibitor (Busperse® 2432) was
effective in reducing both SRB activity and H 2S levels. The average aqueous H 2S levels (40 mg/ℓ) were reduced to between
92% and 99%.
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Introduction
The typical odours associated with Kraft mills are due to the
generation of four reduced sulphur gases such as hydrogen sulphide (H2S), methyl-mercaptan (CH3SH), dimethyl-sulphide
(CH3)2S and dimethyl-disulphide (CH3)2S2. These gases are collectively referred to as total reduced sulphur (TRS) components
(Bonnin, et al., 1990; Pinkerton, 1999; Olendorf et al., 2000;
Bordado et al., 2003).
The potential point sources of emissions include the Kraft
recovery furnaces, smelt dissolving tanks, lime kilns, brown
stock washers, digesters, evaporators, condensate strippers,
black liquor oxidation systems, tall oil recovery systems, liquor
storage tanks and condensate strippers (Gellman, 1972; Hagen
et al., 1997; Pinkerton, 1999; O’Connor et al., 2000). The potential diffuse source emissions include the clarifiers, thickeners,
wastewater treatment systems and on-site landfills (Collela et
al., 1992; O’Connor et al., 2000; Bordado et al., 2003).
The sulphate-reducing bacteria (SRB) are a diverse group
of bacteria characterised by their anaerobic nature (O’Faherty
et al., 1995; Kosinska et al., 2005) and their ability to use oxidised sulphur compounds such as sulphur (S0), thiosulphate
(S2O4), sulphite (SO3-2) or sulphate (SO4-2) as terminal electron
acceptors (Postgate 1984; Balows et al., 1992) for the dissimilation of organic material (Lukanich, 1995). The anion of choice
is sulphate (Ballinger et al., 2001) which has the highest sulphur oxidation state (+6) (Atlas et al., 1993; Barbosa et al., 2004)
and makes it a very stable compound with a low redox potential
(Matias et al., 2005).
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Desulphovibrio are the most common SRB genera found
in paper mills (Korhonen et al., 1978) and wastewater (Lukanich, 1995; O’Flaherty et al., 1995). They have a relatively high
sulphate reduction rate (Gaylarde, 1992) and their growth rate
is affected by the availability of an organic carbon source,
inorganic sulphates, pH, temperature, salinity, (Kosinska et
al., 2005), COD/SO4 ratio (Polanco et al., 2001; Kosinska et al.,
2005) and redox potential (Czechowski et al., 1981; Postgate,
1984).
SRB can tolerate pH environments of between 4 and 10 and
temperatures ranging between 35º and 55ºC (Korhonen et al.,
1978). The enzyme activity is most stable between pH 5.8 and
pH 8.4 and temperatures between 40ºC and 42ºC (Czechowski et
al., 1980). They conduct their main metabolic oxidations within
a redox span around an oxidation-reduction potential (ORP) of
-150 mV to -200 mV. Their growth is accompanied by a drop in
redox potential to the -250 mV range.

Use of biomodifiers to manage H2S levels
In the absence of dissolved oxygen, nitrates (Norwood et al.,
2001; Bratcova et al., 2002; Greene et al., 2003) can act as alternative electron acceptors to a group of facultative aerobic denitrifying bacteria (denitrifiers) (Norwood et al., 2001). This will
result in a population shift which suppresses SRB anaerobic
activity (Bentzen et al., 1995; O’Flaherty et al., 1995) due to an
increase in the redox potential (> -200 mV) of the environment
(Ballinger et al., 2001). The denitrifiers out-compete the SRB for
the available nutrients due to their thermodynamic and physiological properties (Hitzman et al., 1998).
The microbial competition for the organic carbon increases
when decreasing the COD/SO4 ratio (Polanco et al., 2001). The SRB
are eventually left without sufficient carbon source and thus their
growth and activity are inhibited (Ballinger et al., 2001; Groleau et
al., 2002) and H2S is not produced (Hitzman et al., 1998) due to the
suppression of sulphate reduction (Seitz et al., 1986).
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