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Table 1
Location and specific microorganisms associated with the earthy/musty odors emitted by geosmin in water.

Water Lake Ontario Anabaena lemmermannii
Lake Loosdrecht, Netherlands Aphanizomenon, Planktothrix, Microcystis, Synechococcus,
Prochlorothrix hollandica, Oscillatoria
Drinking water, Saint-Lawrence river (Canada) Actinomycetes, Cyanobacteria
Drinking water, Wahnbach reservoir (Germany) Cyanobacteria
Biologically treated wastewater, Tokyo Actinomycetes, fungi
Drinking water, lake Ogletree, Oscillatoria perornata
Drinking water, South Korean Actinomycetes, streptomyces
Fresh water L eptolyngbya foveolarum

(Watson et al., 2003; Gill, 2006)
(Casamatta et al., 2005; Zwart et al., 2005)

(Parinet et al., 2010)
(Jahnichen et al., 2011)
(Urase and Sasaki, 2013)
(Saadoun et al., 2001)
(Lee et al., 2011)
(Nelissen et al., 1996)




Table 2

Plant materials and specific microorganisms associated with the earthy/musty odors emitted by geosmin.

Plant
products

Red beets (Beta vulgaris)
Red beet (Beta vulgaris)

Pome fruits (apples, pears, and cherries), oilseed

crops
Grapes

Peas

Potatoes

Cereal grains

Cooked beets (Beta vulgaris)
Beet sugar

Grain sorghum

Canned mushrooms
Vegetables, nuts, cheese

Dry beans (Phaseolus vulgaris)

Swiss chard
Cooked/fresh sweet corn

Steril conditions
Streptomyces sp.
Penicillium expansum

Penicillum expansum, Botrytis cinerea

Streptomyces griseus, Streptomyces
odorifer

Streptomyces sp.

Streptomyces sp.

Undefined

Actinomycetes, streptomyces sp.
Rhyzopertha dominica
Undefined

Penicillum discolor, Penicillum.
echinulatum

Streptomyces sp.

Streptomyces
Actinomycetes

(Lu et al., 2003)
(Murray et al., 1975; Acree et al., 1976; Tyler et al., 1978a)
(Mattheis and Roberts, 1992)

(La Guerche, 2004; La Guerche et al., 2005;
La Guerche et al., 2007; Correia, 2012)
(Gerber, 1977; Gnah and Harris, 1985)

(Gerber, 1977)

(Gerber, 1967; Vazquez-Aratjo et al., 2011)
(Parliment et al., 1977; Tyler et al., 1979)
(Gerber, 1967; Pihlsgard et al., 2000)
(Vazquez-Aratjo et al., 2011)

(Whitfield et al., 1983)

(Frisvad et al., 1997)

(Buttery et al., 1976; Gerber, 1977; Gnah and Harris,
1985)

(Tyler et al., 1978a)

(Flath et al., 1978; Buttery et al., 1994)




Table 3

Processed beverages and specific microorganisms associated with the earthy/musty odors emitted by geosmin.

Beverages Red wine
Wines

Rice Wine
Chinese Liquors
Beet Juice

Grape juice
Apple juice
Green Mexican
coffee

Soybean meal NZ-
amine medium

Saccharomyces cerevisiae
Penicillium expansum, Botrytis cinerea

Saccharomyces cerevisiae
Streptomyces sp.
Actinomycetes

Botrytis cinerea, Penicillium expansum

Streptomyces griseus, Bacillus acidocaldarius, Alicyclo-bacillus

Streptomyces spp, Pseudomonas spp.

Streptomyces griseus LP-16, Streptomyces griseoluteus, S. odorifer (IMRU 3334), S. fradiae (IMRU
3535, IMRU 3535-R7), S. antibioticus (IMRU 3720, IMRU 3491 )

(Lisanti et al., 2014)

(Darriet et al., 2000; Weingart et al.,
2010)

(Chen et al., 2013)

(Du et al.,, 2011; Du and Xu, 2012)
(Acree et al,, 1976; Tyler et al., 1978b;
Tyler et al.,, 1979)

(La Guerche et al., 2007; Morales-
Valle et al., 2010)

(Bagheri et al., 2007; Siegmund and
Pollinger-Zierler, 2007)
(Cantergiani et al., 2001)

(Gerber, 1967; Gerber and
Lechevalier, 1977)




Table 4

Fish products and other media with specific microorganisms associated with the earthy/musty odors emitted by geosmin.

Fish products

Fish, Oncorhynchus mykiss

Salmon fillets

Onchorhynchus mykiss, Ictalurus punctatus
Sevielleta LTER, New Me xico, USA

MDI liquid medium

Laboratory bioreactor

Mycelial soil bacteria
Soil

Undefined

Ctinomycetes, fungi, blue-green algae

Cyanobacteria, actinomycetes

L eptolyngbya sp.

Basidiobolus ranarum

Streptomyces citreus CBS109.60

Streptomyces coelicolor A3

Streptomyces coelicolor A3, Streptomyces avermitilis sp

(Petersen et al., 2011)
(Ruan et al., 2013)
(Robertson et al., 2005)
(Payne et al., 2001)
(Trowitzsch et al., 1981)
(Pollak and Berger, 1996)
(Gust et al., 2003)

(Jiang et al., 2007)




Table 5
Active oxygen based methods used for geosmin removal.

Units of measurement, (mg L) Object of contamination Geosmin elimination, Effectiveness, Reference
(ng'L™") %

03 (15mgL™) Surface waters 50 95 (Westerhoff et al., 2006)
03 (7mgL™) Surface waters - 95 (Lundgren et al., 1988)
Os(4mglL™) Olrado river - 89 (Glaze et al., 1990)

03 (2mglL™) California surface water 16 35 (Glaze et al., 1990)

O3 (4mglL™) California surface water 16 99 (Glaze et al., 1990)

O3 (4mglL™) Surface water - 90 (Ferguson et al., 1990)
0s(8mglL™) Organic free water 30 (Lalezary et al., 1986; Ho et al., 2002)
03 (2mglL™) Natural waters - 75 (Terashima, 1988)

03 (5mglL™) Natural waters - (Terashima, 1988)
O;(10mg L") Myponga Reservoir, Australia 100 55 (Ho et al., 2002)

O3 (2mgL™) Myponga Reservoir, Australia 100 82 (Ho et al., 2002)

oy Mvmww 98 (Ho et al,, 2002)
03 (2mg L) + (22,5 °C) Yodo River, Japan 99 (Mizuno et al., 2011)

03 (4 mg L™ + (225 °C) Yodo River, Japan 44_2 79 | (Mizuno et al., 2011)
03 (2 mgL™!) + H05(1 mg L~ 1) Surface water - 90 (Ferguson et al., 1990)
03 (1 mgL™!) + H0,(03 mg L™') + (3 °C) WTP, Korea. 96 (Park et al.,, 2007)

03 (2 mg L™!) + Hy0,(03 mg L) + t(3 °C) WTP, Korea. (Park et al.,, 2007)

03 (1 mg L") + H202(0.3 mg L) + £(25 °C) WTP, Korea. (Park et al., 2007)

03 (2 mg L™ ') + H205(03 mg L) + t(25 °C) WTP, Korea, Korea. (Park et al., 2007)

03 (2mgL™!) + Hy0,(15 mg L) + t(18.5 °C) Yodo River, Japan 80 (Mizuno et al., 2011)
03 (0.2 mg L™!) + Hy0,(0.1 mg L™') + t(22.5°C)  WTP, USA 100 95 (Glaze et al., 1990)

03 (02 mg L™') + Hy02(0.2 mg L") + t(22.5°C)  WTP, USA 100 81 (Glaze et al., 1990)

03 (02 mg L™1) + UV(0.19 W*L™1) WTP, USA 100 87 (Glaze et al., 1990)

03 (02 mg L™1) + UV(0.56 W*L™1) WTP, USA 100 99 (Glaze et al., 1990)

03 (1.5 mg L™1) + UV(6 k] m™?) Surface water - 99 (Collivignarelli and Sorlini, 2004)

03 (3 mg L") + UV(6 k] m—?) Surface water - 99 (Collivignarelli and Sorlini, 2004)




Table 6

Active chlorine based methods used for geosmin removal.

Units of measurement, (mg L")

Object of contamination

Geosmin elimination (ng*L™")

Effectiveness, %

Reference

Cl; (0,5mgL™)
Cl,(1mgL™
Cl, (0.7 mg L")
Cl,(1mgL™)
Cl; (0.7 mgL™")
Cl,b(1mgL™")
Cly(05 mg L™1)

Cl; (20 mgL™1)
Cl,0 (4mgL™)
Cl,0 (20 mg L)
HCIO (5 mg L)

WTP, Taiwan
WTP,Taiwan
Amsa WTP, Korea
Amsa WTP, Korea
Amsa WTP, Korea
Amsa WTP, Korea
WTP, Taiwan
WTP, USA

WTP, USA

WTP, USA

WTP, USA

50
50
11.1
111
50.9
50.9
8000
120
120
100
100

10
74
28
57
70
89
=125
25
60
16
W

(Lin et al., 2003)

(Lin et al., 2003)
(Kim, 2015)

(Kim, 2015)

(Kim, 2015)

(Kim, 2015)

(Lin et al., 2003)
(Lalezary et al., 1986)
(Lalezary et al., 1986)
(Glaze et al., 1990)
(Glaze et al., 1990)




Table 7

Hydrogen peroxide based methods used for geosmin removal.

Units of measurement, (mg L™7)

Object of contamination

Geosmin elimination (ng*L™")

Effectiveness, %

Reference

H,0, (0.25 mg L")
H,0, (0.2 mg L™!) + UV(0.56 W L")

WTP, USA
WTP, USA

100
100

H20,(2mgL 1)+ UV(10 k) m 2)

H,0, (2mgL™ 1)+ UV(3 kj m2)
H,0, (5.5 mg L=") + UV(11 k m~2)

H,0, (5.5 mg L™') + UV(270 ] m~2)

H.0, (2 mg L™!) + UV(Low Pressure1] cm™2)

H,0, (7.5 mg L~!) + UV(Low Pressurel] cm™2)

H,0, (2 mg L™!) + UV(Medium Pressure1k] cm™2)
H.0, (7.5 mg L) + UV(Medium Pressure 1 k] cm™2)
H,0, (6 mgL™')+ UV(1.2Jm™?)

WTP, USA
WTP, USA
WTP, USA
WTP, USA
Drinking water

10
10
10
10

(Glaze et al., 1990)
(Glaze et al., 1990)
(Linden et al., 2002)
(Linden et al., 2002)
(Modifi et al., 2002)
(Modifi et al., 2002)
(Rosenfeldt et al., 2005)
(Rosenfeldt et al., 2005)
(Rosenfeldt et al., 2005)
(Rosenfeldt et al., 2005)
(Jo et al., 2011)




Table 8

Permanganate, zeolite and sonication based methods used for geosmin removal.

Units of measurement, (mg L")

Object of contamination

Geosmin elimination Effectiveness,

(ng*L™")

%

Reference

KMnO4 (3 mg L")
KMnO4 (20 mgL™!)

WTP, USA
WTP, USA

Mississini pond. 1S

US-Y zeolite (200 mg L~1)
US-Y zeolite (150 mg L™")
US-Y zeolite (100 mg L")
US-Y zeolite (10 me 1-1)
mg
Aac(iomg1 H0 — H- + HO-
AC (100 mg
AC (10 mg |
AC (0.1 mg H- + 0, — HOO-
AC (2.7 mg
AC (1.8 mg N
Powered Al GSM + HOO- — decomposition
Membrane
Granulated

100
120

15
10
99

Murrumbidgee River, Australia
Murrumbidgee River, Australia
Murrumbidgee River, Australia

Murrinmhidoee River Anctralia

lodegradation (1 x ml )
Biodegradation (1 x 10° ml™!)
Biodegradation (1 x 10° ml™!)

vViorgan WTP, Australia 200

Morgan WTP, Australia
Morgan WTP, Australia

96
96

96
aR

98
98
94

84
—
f s
98
42
99
99
o5
48
51
99

50
200

99
99
99

Sedimentation

Sonication (200 kHz)

Sonication (640 kHz)

Sonication (200 kHz) + t-BuOH (0.3 mM)
Sonication (200 kHz) + t-BuOH (3.3 mM)
Sonication (640 kHz) + t-BuOH (1 ppm)

WTP, South Korea
Under air atmosphere
WTP, USA

Drinking water
Drinking water

WTP, USA

1700
33
10
33
33
10

13
81
99
40
60
90

(Glaze et al., 1990)
(Lalezary et al., 1986)
(Martin, 1992)

(Ellis and Korth, 1993)
(Ellis and Korth, 1993)
(Ellis and Korth, 1993)
(Ellis and Korth, 1993)
(Ellis and Korth, 1993)
(Ellis and Korth, 1993)
(Ellis and Korth, 1993)
(Ellis and Korth, 1993)
(Zoschke et al., 2011)
(Zoschke et al., 2011)
(Zoschke et al., 2011)
(Choi et al., 2014)
(Choi et al., 2014)
(Choi et al., 2014)

(Ho et al., 2007)

(Ho et al., 2007)

(Ho et al., 2007)

(Choi et al., 2014)
(Yoo et al., 1995)
(Song and O'Shea, 2007)
(Yoo et al., 1995)

(Yoo et al., 1995)
(Song and O'Shea, 2007)




Table 9
UV-based methods used for geosmin removal.

Wave length, nm

Geosmin elimination
(ng*L™") %

Object of contamination

Effectiveness, Reference

UV (365 nm)

UV (365 nm)

UV (365 nm)

UVv(101 kjm~2)

UV(26 k] m™?)

UV(219 nM )+ PDS(10 uM)

UV(365 nm)+TiOz(4 mg)+BuOH(0.1 mol L")

UV(400 nm)+Ti0,(0.25 mg cm™2)+pH(4.7)+DO(7 mg L")
UV(400 nm)+Ti05(0.25 mg cm~2)+pH(5.3)+DO(8.3 mg L")
UV(400 nm)+Ti02(0.25 mg cm~2)+pH(7.2)+DO(9.1 mg L)
UV(400 nm)+TiOz(4 mg)

UV(400 nm)+TiO2(4 mg) + USY zeolite (6 mg L™")

UV(365 nm)+TiOz(4 mg)

UV(365 nm)+TiO,(4 mg)

UV(365 nm)+TiO,(4 mg)

UV(400 nm)+US-Yzeolite coating(6 mg L")

UV(400 nm)+US-Yzeolite powder (30 mg L™")

UV(356 nm)+TiO2/RuOz 10 mA cm=2)+Na;S04(0.05 g L)+

UV]:;lS(g)nm)JrTiOz[Rqu(BO mA cm~2)+Na;S04(0.05 g L")+

lezgég}anTiOz[Rqu(lO mA cm™2)+Na;S04(0.05 g L")+

uv]zg%;nm)mozmuoz(m mA cm2)+Na;S0,4(0.05 g L)+
p

Aqueous solution 10,000 863
Aqueous solution 500
Aqueous solution

Pretreatednatural water
Pretreatednatural water
WTP, China.

Aqueous solution

Prepared solution
Prepared solution with air
WTP, USA

Aquaculture water, Jade
Perch

Aquaculture water, Jade
Perch

Aqueous solution

Aqueous solution
Aqueous solution
Aquaculture water, Jade
Perch

Aquaculture water, Jade
Perch

Aqueous solution
Aqueous solution

Aqueous solution

Aqueous solution

UV(356 nm)+Ti0,/RuO5(10 mA cm~2)+NaCl(0.05 g L~!)+pH(4) Aqueous solution
UV(356 nm)+TiO2/Ru02(30 mA cm™2)+NaCl(0.05 g L~')+pH(4) Aqueous solution
UV(356 nm)+TiO2/Ru03(10 mA em~%)+NaCl(0.05 g L™')+pH(8) Aqueous solution
UV(356 nm)+TiO2/RuO;(30 mA cm'2)+NaCl(0.05 g L™)+pH(8) Aqueous solution

(Bamuza-Pemu and Chirwa,
2012)

(Bamuza-Pemu and Chirwa,
2012)

(Bamuza-Pemu and Chirwa,
2012)

(Modifi et al., 2002)
(Modifi et al., 2002)

(Xie et al., 2015)
(Bamuza-Pemu and Chirwa,
2012)

(Pettit et al.,, 2014)

(Pettit et al., 2014)

(Pettit et al.,, 2014)

(Wee et al., 2015)

(Wee et al., 2015)

(Bamuza-Pemu and Chirwa,
2012)

(Bamuza-Pemu and Chirwa,
2012)

(Bamuza-Pemu and Chirwa,
2012)

(Wee et al., 2015)

(Wee et al., 2015)

(de Freitas et al., 2011)
(de Freitas et al., 2011)
(de Freitas et al., 2011)
(de Freitas et al., 2011)
(de Freitas et al., 2011)
(de Freitas et al., 2011)

(de Freitas et al.,, 2011)
(de Freitas et al., 2011)




Table 10
Titanium oxide based methods used for geosmin removal.

Used conditions

Object of
contamination

Geosmin elimination

(ng°L™")

Effectiveness, Reference
%

TiO2/Ru04(10 mA cm~2)+Na,S0,4(0.05 g L~')+pH(8)
TiO,/Ru05(10 mA cm~2)+NaCl(0.05 g L—1)+pH(8)

Aqueous solution
Aqueous solution

60 (de Freitas et al., 2011)
11 (de Freitas et al., 2011)

1/RuO, — cm™ <)+ Na gL a; or 0.5gL™)
Ti/RuO, —Pt{40 mA cm~2)+ NaCl(3 g L")+ Na,S040 or 0.5 gL")
Ti/RuO, —Pt{40 mA cm~—2)+ NaCl(5 g L= )+ Na,SO040 or 0.5 gL*!)
Tiflr O5(or /[Ru0,)—Pt(40 mA cm=2)+NaCl(1 g L~"}4+Na,S0,4(0.5 gL'!)

TifIr O5(or/Ru0, )—Pt{40 mA cm~2)+NaCl(3 g L~')+Na,S040.5 gL™")
Tiflr O(or/RuO;)—Pt(40 mA cm~—2)+NaCl(5 g L=')+Na,S040.5 gL™)
Ti/lr O5(or/Ru0,)—Pt(20 mA cm~2)+NaCl(5 g L~1)+Na,S040.5 gL)
TifIr Oz(or/RuO,)—Pt(40 mA cm~2)+NaCl(5 g L~1)+Na,S0405 g L)
Ti/lr O5(or/Ru0;)—Pt{60 mA cm~2)+NaCl(5 g L~1)+Na,S0405 g L)

Ti/Ir O,(or/Ru0,)—Pt{40 mA cm~2)+NaCl(3 g L~1)+Na,S0405 g L~ !)+
60(min)

Ti/lr O(or/Ru0,)—Pt(40 mA cm~2)4+NaCl(3 g L~')+Na,S0405 g L-1)+
60(min)

Ti/Ir O5(or Ru0,)—Pt(40 mA cm~2)+NaCl(3 g L-1)+Na,S04(0.5 g L-1)+
60(min)

Tiflr O(or Ru0,)—Pt(40 mA cm~2)+NaCl(3 g L~')+Na,S04(0.5 g L~ 1)+
60(min)

Ti/Ir O5(or Ru0,)—Pt(40 mA cm~2)+NaCl(3 g L=')+Na,S04(0.5 g L-1)+
PH(3)

Tiflr Oy(or RuO,)—Pt(40 mA cm~2)4+NaCl(3 g L")+ Na,S04(0.5 g L= 1)+
PH(6)

TifIr O5(or Ru0,)—Pt(40 mA cm~2)+NaCl(3 g L")+ Na,S04(0.5 g L~ ")+
pH11)

Aqueous solution
Aqueous solution
Aqueous solution
Aqueous solution
Aqueous solution
Aqueous solution
Aqueous solution
Aqueous solution
Aqueous solution
Aqueous solution
Aqueous solution
Aqueous solution
Aqueous solution
Aqueous solution

Aqueous solution

Aqueous solution

50

o1 (Li et al., 2010)

99 (Li et al, 2010)

99.5 (Li et al,, 2010)

90 (Li et al., 2010; Xue et al,,
2011)

98 (Li et al,, 2010; Xue et al,,
2011)

99 (Li et al., 2010; Xue et al.,
2011)

97 (Li et al,, 2010; Xue et al,,
2011)

98 (Li et al., 2010; Xue et al,,
2011)

(Li et al., 2010; Xue et al.,
2011)

(Li et al, 2010; Xue et al.,
2011)

(Li et al., 2010; Xue et al,,
2011)

(Li et al.,, 2010; Xue et al.,
2011)

(Li et al., 2010; Xue et al,,
2011)

(Li et al., 2010; Xue et al,
2011)

(Li et al, 2010; Xue et al,,
2011)

(Li et al., 2010; Xue et al,
2011)
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