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Hydrogen sulfide (H,5)

Reduction

* Dense, colourless, rotten eggs smell, corrosive,
health problems

* Found in reducing environments: volcanos,
hydrothermal vents, springs

Sulfate
Figure 1. Diagram of sulfate reduction by SRE. Ret[1] (50,7

Sulfur and its
oxidized forms

ogenic production

+ Anaerobic respiration: chemolithotrophic metabolism called Dissimilatory
sulfate reduction. Sulfate is the final electron acceptor of respiration chain

* SRB (Sulfate Reducing Bacteria). non-taxonomical group formed mainly by
Proteobacteria, Firmicutes and Nitrospirae

+ Some Archaea

sulfide formation in wastewater treatment systems
Sewers = during tranzpaortation. Microbisl transformation in - sguecwus phaze
=* bipfilm in slime layer atached to pipe walls
Wastewater Treztment Plants [WWTP] = inlet works emissicn in the begging. In autdoor owygenic shases
dour sre sttributed to mercaptans o volatile fatty acids
Physicochemical characteristics of wastewater

fﬂlﬁg‘rﬁb&' spedies in H, S in the Sulfices appearin wastewater in 2 forms - metsl sulfides
bulk air phase of = dissolved in water = Equilibrium between H,5 (hydrogen sulfide)
SRB wastewater SEWErs and H5" (bisulfide] regarding pH
Factors affecting suffide buildup
Odour nuisance and Al * Flaw rate: zlow or interrupted Faw promate higher bintogical suifats reguction. Patentil redax diminizhes 3nd
health problems urban SRE become predominant than other less strictly anae robic reducing bacteria, such as Nitrate Reducing.
atmosphere pH: optimal rank for SRB growing between 5.5 and 7.5

Subfote concentration: high sulfate presence promotes sulfate reduction: Agricultural and industrial effluents
and sulfate infiltration form pyrite in terrsin

Tempernture: BRS are siizhtly thermaghile bacteriz. |5 optimal tempersture growing range is 30 - 3720

Oixygen supply: axygen is toxic to SRB. Aerobic respiration ocours in awygen presence. Deeper than 1mm in
slime layer sulfids can be procduced by SRE

6. Addition of iron salts
Haaning et al. (2005] worked in
sulfide-iron interactions in wastewster.
Ferrous ion [Fe™) can remove. sulfide
by precipitation as ferrous subide (FeS|
accarding to Eq. (1). Ferric jon [Fe™] cn
remave sulfide by owidizing it chemically to
elementzl sulfur while being reduced to
Fei* which can subsequently produce Fe5
{Eqgs. (1) and (Z)).
Fe™ + HS = FeS+ H',
AG: -21 Kj mol! [HS) Exg. [1)
2Fe + HS 3 2Fc?++ 50 + He,
46G: -160.9 Kj mal? [HS) Eq. (2}

Figure 7. Me=sured concentrations of Fe(ll) ang
Fefil] a]. total sulfide and metsi sulfide [b]
ORP wersus time [¢f and pH wersus time [af
during an experiment with addition of FeCl, to
a concentration of 2.4mg Fe L prior to starting
It:np:l-em.lﬂ[ﬂ
Rapid process
+ * Cost—effective
* Well studied
Iron sulfide
predipitation may
stapple sewers

5. Addition of chemical oxidants

1 Hydrogen perouide [H.0.): decompoces hydrogen
sulfide to water and owyzen. 1.3-4 mg L' of H,0, is nesded
perzach mg L of sulfide
o - E5-100% sulfide climination H H
+ 90 mincter  etime 3

Reguires oftenly injection Fi 5.

what rozes the cost FML'ET;.
2. chlorine (cl,): oxidize sulfide to sulfate or sulfur
depending the pH. A ratio of 10-15:1 of the chemicl to
sulfide is needed Figare . o -
o - Costefiective T

* Low =fficiency because of
- reactions with ather
compunds in wastewater

Inhibition of H,S Elimination of H,S formed
Eeneration
General inhibition of Specific prevention of o ) Chemical
biclogical activity SRB activity Biological Chemical predipitation
owidation of H,5 oxidation of H,5 | of H,S formed
formed formed

1) 2 | E
pH Addition Onyeen
elevation of bioddes injection

4, Addition of alternative electron acceptors
amics in @ pressurized anaenchic emvirenment such found in sewer systems show that denitrification is more:

favourshle to sulfate reduction in 3 hiofilm growing in competition. Nitrate reduction does not require 3 redex
potential a5 lower as needed for suifate reduction. Mathioudakis & Aivasidis [unknown) demonstrated that nitrate
addition led to complete inhibition of sulfide production with the addition of 1 Kg/h or over of Ammonium Nitrate in 2
seweer with an awerage flow rate of 46 m? =

Addition of nitrate a5 an electron acceptor has

bezn reported to be very sficent in sufide

elimination once formed by the sulfide axidation

metabolic  pathway  complementsl o o

denitrificstion made by NR-50B. Gadekar et a3l -

(2006] performed = study with 588 growing

culture was enriched with 3 NR-50B culture with

Thiomicrospira denitrifoans. Resultz

demanstrated that in presence of nitrate, NR-S0B Figure 4. Frofiles of sulfide, sulfstz, nitrite snd

compete with SRB an sulfide is oxidized to sulfate ATP concentrations in the bafch oattures of

to the total elimination of sulfide in wastewster  Thiomicrospirg sp. CUO with 10mM nitrate and
16.2 mA sulfide. Ret [2]

: B [ 0

Addition of Addition of o
alternative electron chemichal Addition of
acceptors oxidants iron salts

1. pH Elevation
In pH O or higher, SRE are unzble to prow eficentl. Morscver,
equilibrium od diszolved sulfide iz inclined to HS rather than H,5 US
EPA (Environmental Protection Agency] [1991) progesed the use of
Sadism Hydroxide (HaOH) 35 3 pH boaster. Besults showed inactivation
of SRE during 2 weeks

High solubilisy

Continuous  feeding  is
expensive

Efect in  downstream
process [inhibition due to
pH}

2. Addition of Biocides
Jayaraman et al. {1999) exposed Desulfovibrio vulgaris and Desulfavibrio gigas in suspension
cuttures to zeversl antimicrobizl peptides. Nemati =t 2l. (2011] worked in the application of
malybdate (Mo and nitrite (NO,} a5 a metabolic inhibitor of SRB.
Results showed that the fficiency of
molybdate  inhibition  to  SRB
metabolism depended on the microbial
community composition  and  its
metabolic stage

+ antimicrobizl peptides

+ Mo chemids
90% SRE inhibition in
Urspecific bacterial inhibition

Commgpiims.uyseL
Figure 8. Viability curves of D. gigos upen exposure of severs antimicrobial peptides. Ret [7]

3. Oxygen injection

A DO (Dizsohved Oxygen] in water above 0.5 mg/L
sufficient to inhibit the SRE bacteria messbalizm.
Ochi et al. [1998) and Tanaka & Takenaka {1995)
apalied oxygen concentration st the terminal point
of the sewers. the elimination of suffide products
occurred in a DO of 0.2 mg L1 ¥ in one study but 1
mg Lt was needed in second.

+
Man toxic to downstream processes

Fire hazard

Figre 10. Schematic of a




