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Hydroponic plant root mats and pulsing water level wetlands as design
variants of constructed wetlands for wastewater treatment

At present, highly energy consuming technologies are stepwise replaced by technologies based on
those with low need of technical equipment, such as solar energy and living organisms in the field
of wastewater treatment. For instance, the constructed wetlands (CWs) are wastewater treatment
systems engineered to simulate the physical, chemical, and biological purification processes of
natural wetlands.
Сьогодні, енергоємні технології поступово замінюються технологіями, що не вимагають
багато технологічного обладнання, як, наприклад, технології з використанням сонячної
енергії та живих організмів для очищення стічних вод. Для прикладу, біоінженерні ставки
(БС) є системами для очищення стічних вод, спроектовані стимулювати фізичні, хімічні та
біологічні процеси очищення, що притаманні природнім ставкам.

At present, highly energy consuming technologies are stepwise replaced by technologies
based on those with low need of technical equipment, such as solar energy and living organisms in
the field of wastewater treatment. For instance, the constructed wetlands (CWs) are wastewater
treatment systems engineered to simulate the physical, chemical, and biological purification
processes of natural wetlands. Depending on the level of the water column with respect to the soil
bed, CWs are classified as surface flow and subsurface flow wetlands; depending on the growth
pattern of the macrophytes (plants) in the system, CWs are also classified into floating macrophyte,
submerged macrophyte and rooted emergent macrophyte systems (Kadlec and Wallace 2009).

Hydroponic plant root mats
A new variant of CWs has been developed that uses emergent water plants, similar to those

used in surface and subsurface flow CWs. They are growing as a floating root mat on the water
surface or touching to the rooting proof bottom of the water body where the root mat can function
as a filter for the contaminated water. In general, a floating root mat involves the growth of
emergent water plants (helophytes), which naturally root into the soil, but in this case are converted
into  artificial  macrophyte  root  mats  floating  over  a  pond or  canal.  These  plants  can  form a  dense
floating mat of roots and rhizomes, whereby a preferential hydraulic flow in the water zone between
the root mat and the non-rooted bottom can be expected. In the case that this root mat occupies the
whole water body and touches the bottom of the pond or canal, the water is forced to flow through
the root mat like through a filter.

Floating root mats (FRMs) and non-floating root mat filters (RMFs) are hybrids of soil free
pond systems and conventional soil based CWs containing macrophytes. Because of their specific
structure, floating root mats combine benefits from ponds and CWs, and are therefore used for the
removal of different pollutants such as suspended solids, nutrients, metals, and organic
contaminants.
FRMs and non-floating RMFs are similar to ponds as they have a water body, and are also similar
to conventional soil based CWs as both of them use helophytes, but ponds are usually dominated by
phytoplankton (Kadlec 2005). FRMs are often termed in a different way as “floating islands” (Van
Duzer 2004), “artificial floating islands” (Nakamura et al. 1995), “artificial floating reed beds”
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(Billore and Prashant 2008), floating mats (Kalin and Smith 1992; Li et al. 2009), “floating
treatment wetlands” (Van de Moortel et al. 2010; Faulwetter et al. 2011; Headley and Tanner 2011),
“constructed floating wetlands” (Van de Moortel et al. 2011). Since the root mat is regarded as the
most important and representative feature of these systems, and the mat is either floating or non-
floating, we classify these systems as floating root mats (FRMs) and root mat filters (RMFs).
In the field of water treatment, FRMs were probably first used for the remediation of eutrophicated
rivers and lakes and rivers (Hoeger 1988; Nakamura et al. 1995). Later on, they were also applied to
treat acid mine drainage (Smith and Kalin 2000), followed by treating stormwater (Revitt et al.
1997; Tanner and Headley 2008), piggery effluent (Hubbard et al. 2004), poultry processing
wastewater (Todd et al. 2003), , domestic wastewater (Van de Moortel et al. 2010; Hijosa-Valsero
et al. 2010; Faulwetter et al. 2011)  and combined sewer overflow (Van de Moortel et al. 2011), as
well as eutrophic lake water (Song et al., 2009). Recently, there are developments using FRMs and
RMFs for treating ground waters contaminated by the chemical industry (Seeger et al. 2011; Chen
et al. 2012).

Pulsing water level
Horizontal subsurface flow CWs are widely used for treatment of various wastewater types

(Kadlec and Wallace, 2009). In order to enhance the oxygen input into the HSSF CWs, a variant
called tidal flow CW was tested. During the tidal flow, cycles of water draining and filling periods
are created in the wetland, i.e. the matrix of the wetland is alternately filled with wastewater and
drained. In filling the CW, used-up air is expelled from the wetland as the level of water rises.
When  the  CW  is  drained,  the  retreating  water  acts  as  a  passive  pump  to  draw  fresh  air  from  the
atmosphere into the matrix. Hence, an unsaturated zone during the draining period is created that
increases the aeration due to a higher oxygen transfer. It was shown that a higher removal efficiency
for BOD5, COD and ammonium was obtained in the discontinuous flow HSSF CW than in the
continuous flow HSSF CW (Vymazal and Masa, 2003; Pedescoll, et al. 20011; Caselles-Osorio and
García, 2007).

Case study example
A plant root mat filter (PRMF) and a horizontal subsurface-flow constructed wetland (HSSF

CW), operating in continuous flow and discontinuous outflow flushing mode, were investigated to
treat a groundwater contaminated with low-chlorinated hydrocarbons (monochlorobenzene (MCB),
1,2-dichlorobenzene (1,2-DCB), 1,4-dichlorobenzene (1,4-DCB) and 2-chlorotoluene). The mean
inflow concentrations were 8.22, 0.04, 0.3, and 0.04 mg L-1 with mean inflow loads were 247, 1.1,
9.0, and 1.1 mg m-2 d-1, respectively. After a flow path of 4 m, mean load removal efficiencies of
93, 88, 92, and 87% were observed for MCB, 1,2-DCB, 1,4-DCB, and 2-chlorotoluene in the
PRMF, whereas 51, 46, 69, and 70% were observed under continuous flow mode and 51, 48, 71,
and 73% were achieved under discontinuous outflow flushing mode in the HSSF CW. In the pore
water  of  the  PRMF  a  higher  redox  potential  was  monitored,  which  explains  the  higher  treatment
efficiency in the PRMF than in the HSSF CW. The change from continuous flow to discontinuous
outflow flushing mode combined with a relatively long resting phase caused no obvious
improvement of treatment efficiency in the HSSF CW.

In conclusion, PRMF could be an option for the treatment of waters contaminated with
compounds which in particular need oxic conditions for their microbial degradation, such as low-
chlorinated benzenes.

References
1. Billore, S.G., Prashant, S.J.K. 2008. Treatment performance of artificial floating reed beds

under ewperimental mesocosm to improve the water quality of River Kshipra. In: 11th
International Conference on Wetland Systems for Water Pollution Control, November 1-7,
2008, Indore, India.

2. Caselles-Osorio, A., García, J. 2007. Impact of different feeding strategies and plant
presence on the performance of shallow horizontal subsurface-flow constructed wetlands,
Science of The Total Environment 378, 253-262.

3. Chen, Z., Kuschk, P., Reiche, N., Borsdorf, H., Kästner, M., Köser, H. (2012) omparative
evaluation of pilot scale horizontal subsurface-flow constructed wetlands and plant root

Lviv Polytechnic National University Institutional Repository http://ena.lp.edu.ua



74

mats for treating groundwater contaminated with benzene and MTBE. J. Hazard. Mater.
209–10:510-515.

4. Faulwetter, J.L., Burr, M.D., Cunningham, A.B., Stewart, F.M., Camper, A.K., Stein, O.R.
(2011) Floating treatment wetlands for domestic wastewater treatment. Water Sci. Technol.
64:2089-2095.

5. Headley, T.R., Tanner, C.C. (2011) Constructed Wetlands with Floating Emergent
Macrophytes: an innovative stormwater treatment technology. Crit. Rev. Environ. Sci.
Technol. 42:2261-2310.

6. Hijosa-Valsero, M., Sidrach-Cardona, R., Martín-Villacorta, J., Bécares, E. (2010)
Optimization of performance assessment and design characteristics in constructed wetlands
for the removal of organic matter. Chemosphere 81:651-657.

7. Hoeger, S. (1988) Schwimmkampen-Germany's artificial floating islands.  J. Soil Water
Conserv.  43:304-306.

8. Hubbard, R.K., Gascho, G.J., Newton, G.L. (2004) Use of floating vegetation to remove
nutrients from swine lagoon wastewater. Transactions of the ASAE 47:1963-1972.

9. Kadlec, R.H. (2005) Wetland to pond treatment gradients. Water Sci Technol 51:291-298.
10. Kadlec,  R.H.,  Wallace,  S.  (2009)  Treatment  Wetlands.  2nd  edn.  CRC Press,,  Boca  Raton,

Florida, USA.
11. Kalin, M., Smith, M.P. The development of floating Typha mats. In: IAWPRC Conference

on Wetland Systems in Water Pollution Control, Nov 30-Dec 3, 1992, Sydney, Australia,
1992. p 9.

12. Nakamura,  K.,  Shimatani,  Y.,  Suzuki,  O.,  Oguri,  S.,  Yasumochi  The  ecosystem  of  an
artificial vegetated island, Ukishima, in Lake Kasumigaura. In: Proceedings 6th
International Conference of Lakes Vol.1, Kasumigaura, Japan, 1995.

13. Pedescoll, A., Corzo, A., Alvarez,E., Puigagut, J.,  Garcia, J. 2011. Contaminant removal
efficiency depending on primary treatment and operational strategy in horizontal subsurface
flow treatment wetlands. Ecological Engineering 37, 372-380.

14. Revitt, D.M., Shutes, R.B.E., Llewellyn, N.R., Worrall, P. 1997. Experimental reedbed
systems for the treatment of airport runoff. Water Sci Technol 36:385-390.

15. Seeger, E.M., Reiche, N., Kuschk, P., Borsdorf, H., Kaestner, M. 2011. Performance
evaluation using a three compartment mass balance for the removal of volatile organic
compounds in pilot scale constructed wetlands. Environ. Sci. Technol. 45:8467-8474.

16. Smith, M.P., Kalin, M. Floating wetland vegetation covers for suspended solids removal. In:
Treatment Wetlands for Water Quality Improvement, Quebec, Canada, 2000. CH2MHILL.

17. Song, H.L., Li, X.N., Lu, X.W., Inamori, Y. 2009. Investigation of microcystin removal
from eutrophic surface water by aquatic vegetable bed. Ecol. Eng. 35:1589-1598.

18. Tanner, C.C., Headley, T. 2008. Floating treatment wetlands - an innovative solution to
enhance removal of fine particulates, copper and zinc. The NZWWA Journal:26-30.

19. Todd, J., Brown, E.J.G., Wells, E. 2003. Ecological design applied. Ecol. Eng. 20:421-440.
20. Tomassen, H.B.M., Smolders, A.J.P., van Herk, J.M., Lamers, L.P.M., Roelofs, J.G.M.

2003. Restoration of cut-over bogs by floating raft formation: An experimental feasibility
study. Appl. Veg. Sci. 6:141-152.

21. Van de Moortel, A., Meers, E., De Pauw, N., Tack, F. 2010. Effects of vegetation, season
and temperature on the removal of pollutants in experimental floating treatment wetlands.
Water Air Soil Pollut. 212:281-297.

22. Van de Moortel, A.M.K., Du Laing, G., De Pauw, N., Tack, F.M.G. 2011. Distribution and
mobilization of pollutants in the sediment of a constructed floating wetland used for
treatment of combined sewer overflow events. Water Environ. Res. 83:427-439.

23. Van Duzer, C. 2004. Floating islands: a global bibliography. Cantor Press, California, USA.
24. Vymazal, J. 2009. The use constructed wetlands with horizontal sub-surface flow for various

types of wastewater, Ecological Engineering 35:1-17.
25. Vymazal, J., Masa, M. 2003. Horizontal sub-surface flow constructed wetland with pulsing

water level. Water Science and Technology 48: 143-148.

Lviv Polytechnic National University Institutional Repository http://ena.lp.edu.ua


	剆獍愠摮渠湯昭潬瑡湩䵒獆愠敲猠浩汩牡琠潰摮獡琠敨⁹慨敶愠眠瑡牥戠摯ⱹ愠摮愠敲愠獬楳業慬潴挠湯敶瑮潩慮潳汩戠獡摥䌠獗愠潢桴漠桴浥甠敳栠汥灯票整ⱳ戠瑵瀠湯獤愠敲甠畳污祬搠浯湩瑡摥戠⁹桰瑹灯慬歮潴䬨摡敬〲㔰⸩䘠䵒牡景整整浲摥椠楤晦牥湥⁴慷⁹獡ᰠ映潬瑡湩獩慬摮ᵳ†嘨湡䐠穵牥㈠〰⤴“牡楴楦楣污映潬瑡湩獩慬摮ᵳ†丨歡浡牵瑥愠ㄠ㤹⤵“牡楴楦楣污映潬瑡湩敲摥戠摥ᵳ†䈨汩潬敲愠摮倠慲桳湡⁴〲㠰Ⱙ映潬瑡湩慭獴⠠態楬湡浓瑩㤱㈹※楌攠⁴污〲㤰Ⱙᰠ映潬瑡湩牴慥浴湥⁴敷汴湡獤”⠠慖敤䴠潯瑲汥攠⁴污〲〱※慆汵敷瑴牥攠⁴污〲ㄱ※效摡敬⁹湡慔湮牥㈠⤱“潣獮牴捵整汦慯楴杮眠瑥慬摮ᵳ†嘨湡搠潍牯整瑥愠㈠⤱楓据桴潲瑯洠瑡椠敲慧摲摥愠桴潭瑳椠灭牯慴瑮愠摮爠灥敲敳瑮瑡癩敦瑡牵景琠敨敳猠獹整獭湡桴慭⁴獩攠瑩敨汦慯楴杮漠潮汦慯楴杮敷挠慬獳晩⁹桴獥祳瑳浥獡映潬瑡湩潲瑯洠瑡䘨䵒⥳愠摮爠潯⁴慭⁴楦瑬牥刨䙍⥳�
	In the field of water treatment, FRMs were probably first used for the remediation of eutrophicated rivers and lakes and rivers (Hoeger 1988; Nakamura et al. 1995). Later on, they were also applied to treat acid mine drainage (Smith and Kalin 2000), followed by treating stormwater (Revitt et al. 1997; Tanner and Headley 2008), piggery effluent (Hubbard et al. 2004), poultry processing wastewater (Todd et al. 2003), , domestic wastewater (Van de Moortel et al. 2010; Hijosa-Valsero et al. 2010; Faulwetter et al. 2011)  and combined sewer overflow (Van de Moortel et al. 2011), as well as eutrophic lake water (Song et al., 2009). Recently, there are developments using FRMs and RMFs for treating ground waters contaminated by the chemical industry (Seeger et al. 2011; Chen et al. 2012).
	Pulsing water level
	潈楲潺瑮污猠扵畳晲捡汦睯䌠獗愠敲眠摩汥⁹獵摥映牯琠敲瑡敭瑮漠慶楲畯慷瑳睥瑡牥琠灹獥⠠態汤捥愠摮圠污慬散〲㤰⸩䤠牯敤潴攠桮湡散琠敨漠祸敧湩異⁴湩潴琠敨䠠卓⁆坃ⱳ愠瘠牡慩瑮挠污敬楴慤汦睯䌠⁗慷整瑳摥畄楲杮琠敨琠摩污映潬ⱷ挠捹敬景眠瑡牥搠慲湩湩湡楦汬湩数楲摯牡牣慥整湩琠敨眠瑥慬摮琠敨洠瑡楲⁸景琠敨眠瑥慬摮椠污整湲瑡汥⁹楦汬摥眠瑩慷瑳睥瑡牥愠摮搠慲湩摥湉映汩楬杮琠敨䌠ⱗ甠敳ⵤ灵愠物椠硥数汬摥映潲桴敷汴湡獡琠敨氠癥汥漠慷整楲敳圠敨桴坃椠牤楡敮Ɽ琠敨爠瑥敲瑡湩慷整捡獴愠慰獳癩異灭琠牤睡映敲桳愠物映潲桴瑡潭灳敨敲椠瑮桴慭牴硩效据ⱥ愠湵慳畴慲整潺敮搠牵湩桴牤楡楮杮瀠牥潩獩挠敲瑡摥琠慨⁴湩牣慥敳桴敡慲楴湯搠敵琠楨桧牥漠祸敧牴湡晳牥瑉眠獡猠潨湷琠慨⁴楨桧牥爠浥癯污攠晦捩敩据⁹潦佂㕄佃⁄湡浡潭楮浵眠獡漠瑢楡敮湩琠敨搠獩潣瑮湩潵獵映潬⁷午䙓䌠⁗桴湡椠桴潣瑮湩潵獵映潬⁷午䙓䌠⁗嘨浹穡污愠摮䴠獡ⱡ㈠〰㬳倠摥獥潣汬瑥愠㈠〰ㄱ※慃敳汬獥伭潳楲湡慇捲懭〲㜰⸩
	Case study example
	A plant root mat filter (PRMF) and a horizontal subsurface-flow constructed wetland (HSSF CW), operating in continuous flow and discontinuous outflow flushing mode, were investigated to treat a groundwater contaminated with low-chlorinated hydrocarbons (monochlorobenzene (MCB), 1,2-dichlorobenzene (1,2-DCB), 1,4-dichlorobenzene (1,4-DCB) and 2-chlorotoluene). The mean inflow concentrations were 8.22, 0.04, 0.3, and 0.04 mg L-1 with mean inflow loads were 247, 1.1, 9.0, and 1.1 mg m-2 d-1, respectively. After a flow path of 4 m, mean load removal efficiencies of 93, 88, 92, and 87% were observed for MCB, 1,2-DCB, 1,4-DCB, and 2-chlorotoluene in the PRMF, whereas 51, 46, 69, and 70% were observed under continuous flow mode and 51, 48, 71, and 73% were achieved under discontinuous outflow flushing mode in the HSSF CW. In the pore water of the PRMF a higher redox potential was monitored, which explains the higher treatment efficiency in the PRMF than in the HSSF CW. The change from continuous flow to discontinuous outflow flushing mode combined with a relatively long resting phase caused no obvious improvement of treatment efficiency in the HSSF CW.
	In conclusion, PRMF could be an option for the treatment of waters contaminated with compounds which in particular need oxic conditions for their microbial degradation, such as low-chlorinated benzenes.
	References
	1. Billore, S.G., Prashant, S.J.K. 2008. Treatment performance of artificial floating reed beds under ewperimental mesocosm to improve the water quality of River Kshipra. In: 11th  International Conference on Wetland Systems for Water Pollution Control, November 1-7, 2008, Indore, India.
	⸲䌠獡汥敬獏牯潩⹁慇捲懭⹊㈠〰⸷䤠灭捡⁴景搠晩敦敲瑮映敥楤杮猠牴瑡来敩湡汰湡⁴牰獥湥散漠桴数晲牯慭据景猠慨汬睯栠牯穩湯慴畳獢牵慦散昭潬⁷潣獮牴捵整敷汴湡獤捓敩据景吠敨吠瑯污䔠癮物湯敭瑮㌠㠷㔲ⴳ㘲⸲

