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Abstract A pilot-scale subsurface constructed wetland wastewater treatment system was sampled for one year to study the effects of bed
aspect ratio substrate medium size water depth HLR  hydraulic loading rate and temperature season on removal of volatile
alkylsulfides such as DMS dimethylsulfide and DMDS dimethyldisulfide . The yearly experimental results demonstrated that the
system showed good performance for DMS and DMDS removal in wastewater under different HLR ranging from 12 em- d~' to 86
em- d”'. The system could remove 86% of DMS and 95% of DMDS respectively. ANOVA statistical analysis shows that HLR and
temperature season are major factors controlling the system performance for the target analytes. According to ANOVA test the HLR
caused significant differences p <0.01 on the average DMS effluent concentrations and temperature season caused significant
differences p <0.01 on the average DMS and DMDS effluent concentrations. However bed aspect ratio substrate medium size and
water depth did not cause significant differences p >0.05 on the average DMS and DMDS effluent concentrations. A survey of
dissolved oxygen and ORP indicates that the constructed wetlands system showed strong reduced condition. On the basis of
investigations of electron acceptors such as SO;~ NO, and NO, and dissolved organic pollutants such as TOC and acetic acid
concentrations along with the length of constructed wetlands it can be concluded that sulfate reduction and methanogenisis were
estimated to be significant for DMS and DMDS removal in constructed wetland beds.
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Table 1  Concentrations and detection percent of DMS and DMDS in influent tank and effluents of constructed wetland beds
Al A2 Bl B2 Cl C2 D1 D2
DMS +SD/ pg- Lt 3.91 +5.50 4.89+5.78 0.64 +0.84 0.42+0.45 0.46 +0.58 0.91 +£1.65 0.45+0.77 0.43+0.57 0.39+0.44 0.73 +1.07
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Table 2 Average and standard deviation of selected parameters in spatial samples n =6
/mg- L7} /mV  DMS/pg- L7 S0; ™ /mg- L7! TOC/mg- L~ /mg- L'
a- 0.18 +0.15 ~340.37 £41.12 1.97 +1.74 44.26 +15.36 50.01 +6.82 26.35 +18.20
a- 0.12 £0.09 -350.98 +41.94 1.80 £0.60 34.11 £16.32 48.65 +8.83 18.23 +16.81
a- 0.09 +0.06 ~352.60 +47.93 1.3320.73 33.93 +3.65 46.91 +8.45 18.79 +24.44
b- 0.11 £0.06 ~370.27 £31.39 0.91 £2.07 45.39 +40.54 38.02+7.78 11.43 £17.96
b- 0.07 £0.04 ~364.45 £25.71 0.61+0.93 41.21 £20.32 35.78 +7.04 7.96 £9.08
b- 0.07 £0.03 ~368.80 +33.81 0.30 £0.28 35.75+11.29 34.40 £6.42 8.08 £9.03
c- 0.09 +0.05 ~350.13 £39.30 0.27 £0. 10 40.22 +£29.58 32.45 +£6.59 6.62 +4.57
c- 0.06 =0.03 ~350.15 £37.32 0.27 £0.11 37.42 £17.99 32.35+7.83 6.48 £6.87
c- 0.05 £0.02 ~372.07 +48.71 0.26 +0. 11 33.47 +8.88 32.49 £6.53 5.94 £7.26
12 2
DMDS DMS
3.2
DMS DMS
DMS DMDS DMS
DMS  DMDS "
3 DMS
@®
28.8%C .
22.8C DMS DMS DMDS 1:1
DMS DMS
DMS
Stets " DMDS 50 cm
20C 30 70 cm
ORP
25°C DMS DMS DMDS
USEPA
©) 12°C 10 ~60 mm
14 180(: 16
DMS ® 3.3
11 12 17 18 @
@DMDS MT H,S MT @H,S
MT MT  DMS
MT MT
@MT
0.026 pg- L7 DMDS. DMDS.
DMS DMDS 14%



350 31
0.02 pg- L7
DMDS DMDS DMS
MT MT DMDS
ORP DMS
DMDS
DMS
<30 mg- L' DMS DMS
VOSCs . H,S DMS
VOSCs Lomans " 1 a
DMS . Hu '
DMS
H,S. 4
73 mg- L7 75 mg- L7 1
90 mg- L'
DMS  DMDS p <0.01
2 DMS p <
TOC 0.01 DMS
DMS. DMDS p >0.05
2
DMS .
DMS  DMDS eRE@ 2
DMS Eh < -300 mV
CO, SO;" @DMS 3 DMS
DMS DMDS
CH, €O, @DMDS
H,S. 2 3 DMS
< =300 mV
DMS
DMS . la
-150 mV
-250 mV
20 % A A
1 Bentley R Chasteen T G. Environmental VOSCs—formation and
< =300 mV degradation of dimethyl sulfide methanethiol and related
DMS materials J . Chemosphere 2004 55 2 291-317.
DMS a2 2 Cheng X H Peterkin E  Burlingame G A. A study on volatile
DMS organicsulfide causes of odors at Philadelphia’ s Northeast Water
s DMS Pollution Control Plant ] . Water Res 2005 39 16
3781-3790.
3 Kadlec R H Knight R L. Treatment Wetlands M . Boca
DMS Raton CRC Press LLC 1995.
4 Hencha K R Bissonnettea G K Sexstonea A J et al. Fate of



351

10

11

12

13

physical chemical and microbial contaminants in domestic
wastewater following treatment by small constructed wetlands
J . Water Res 2003 37 4 921-927.
Barber L Leenheer J] A Noyes T I et al. Nature and
transformation of dissolved organic matter in treatment wetlands
J . Environ Sci Technol 2001 35 24 4805-4816.

Steffanie H K Larry B B Robert L R et al. Fate of volatile
organic compounds in constructed wastewater treatment wetlands
J . Environ Sci Technol 2004 38 7 2209-2216.

Huang Y M Ortiz L Aguirre P et al. Effect of design
parameters in horizontal flow constructed wetland on the behavior
alkylsulfides ]

of wvolatile fatty acid and volatile

Chemosphere 2005 59 6 769-777.

M
2002.
] 2007 35 5
643-647.
Abalos M Bayona J M  Pawliszyn J. Development of a
headspace solid-phase microextraction procedure for the

determination of free volatile fatty acids in waste waters J . ]
Chromatogr A 2000 873 1 107-115.

Lomans B P van der Drift C Pol A et al. Microbial cycling of
volatile organic sulfur compounds J . Cell Mol Life Sci 2002
59 4 575-588.

Higgins M ] Chen Y C Yarosz D P et al. Cycling of volatile
organic sulfur compounds in anaerobically digested biosolids and
its implications for odors J . Water Environ Res 2006 78 3
243-252.

Stets E G Hines M E  Kiene R P. Thiol methylation potential in
anoxic low-pH wetland sediments and its relationship with
. FEMS

dimethylsulfid production and organic carbon cycling J

Microbiol Ecol 2004 47 1 1-11.

14

15

16

17

18

19

20

21

22

23

I 2004 25 4 65-69.
J.
2002 21 4 51-59.
US EPA. Constructed Wetlands Treatment of Municipal

Wastewaters M . Washington DC EPA 625-R-99-010 1999.
Visscher P T Baumgartner L K Buckley D H et al. Dimethyl
sulphide and methanethiol formation in microbial mats potential
pathways for biogenic signatures J . Environ Microbiol 2003 §
4 296-308.

Hu H Y Mylon S E Benoit G. Volatile organic sulfur
compounds in a stratified lake ] . Chemosphere 2007 67 5
911-919.

Lomans B P Luderer R Steenbakkers P et al. Microbial
populations involved in cycling of dimethyl sulfide and
methanethiol in freshwater sediments J . Appl Environ
Microbiol 2001 67 3 1044-1051.

Masscheleyn G P DeLaune R D Patrick W H. Methane and
nitrous oxide emission from laboratory measurements of rice soil
suspension effect of soil oxidation-reduction status J
Chemosphere 1993 26 14 251-260.

Finster K Tanimoto Y Bak F. Fermentation of methanethiol and
dimethylsulfide by a newly isolated methanogenic bacterium J .
Arch Microbiol 1992 157 5 425-430.
Lomans B P Maas R Luderer R et al. Isolation and
characterization of Methanomethylovorans hollandica gen. nov.
sp. nov. isolated from freshwater sediment a methylotrophic
methanogen able to grow on dimethyl sulfide and methanethiol
J . Appl Environ Microbiol 1999 65 8 3641-3650.

Lomans B P Op den Camp H J M Arjan P et al. Role of
methanogens and other bacteria in degradation of dimethyl sulfide

and methanethiol in anoxic freshwater sediments J . Appl

Environ Microbiol 1999 65 5 2116-2121.





