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SYSTEM FOR REMOVING POLLUTANTS 
FROM WATER 

This application claims priority under 35 U.S.C. S 119 
(e) to, and hereby incorporates by reference, U.S. Provi 
sional Application No. 60/050,533, filed Jun. 23, 1997. 

FIELD OF INVENTION 

The present invention relates to a System and method for 
removing pollution from water. 

BACKGROUND OF THE INVENTION 

It has long been desirable to remove pollutants from water 
in a Safe, efficient and cost-effective manner. 

Agricultural, industrial, and Street run-off, among other 
polluted water flows, require treatment before being released 
into the environment. The high concentration or Synthetic 
chemistry of these wastes can overwhelm Self-purifying 
mechanisms in the receiving environment. When this 
occurs, the result is contaminated ground water and/or 
Surface water. 

In high-density population areas, it is typical to have a 
public waste water treatment System. In leSS densely popu 
lated areas, where public Sewage treatment is not available, 
many homes and businesses use a Septic System, imple 
mented on-site, for the treatment and disposal of waste water 
or Sewage. A typical on-site waste fluid treatment System or 
Septic System includes a mound or drain field portion and a 
Septic tank. Waste fluids may include Such things as waste 
from washers and dryers, showers and bathtubs, toilets, 
disposals, disposal waste, Sink waste water and commercial 
operations. In a typical on-site Septic System, the waste 
water generally drains into a Septic tank before being routed 
to the mound or drain field. A Septic tank typically functions 
to Separate the Solid and liquid fractions of the waste water, 
and then typically introduces the effluent back into the 
ecosystem with Significant and undesirable nutrients and 
other pollution. 

The average life of a conventional on-site waste water 
treatment System is typically only Seven to 10 years. A 
failing System can lead to public health concerns and non 
point Source pollution. Another concern of the conventional 
on-site water treatment facility beyond its finite life, is the 
inability to quickly assess the proper functioning of the 
System. Untreated waste water may be leaking into the 
ecosystem with little or no Surface indication. 
Aprimary concern with any on-site Septic System or waste 

water treatment System is to ensure that nutrients and other 
pollutants are removed from the waste water before the 
waste water is introduced back into nature. If the water is not 
Sufficiently pollutant-free, the effluent may contaminate Sur 
face or SubSurface water creating water quality problems. 

Natural wetlands have been used as waste water discharge 
Sites for a long period of time, and the ability of wetland 
plants to remove pollutants from waste water is fairly well 
known. Constructed wetlands have made limited use of 
natural wetland potential. 

Existing constructed wetlands, including Surface water 
and SubSurface flow Systems, utilize wetland plants and 
atmospheric diffusion to transfer oxygen into the water 
column. These naturally aerated (aerobic) Zones Support 
populations of bacteria which require oxygen to Support 
their metabolisms. Other areas within the constructed wet 
land are anaerobic, and Support populations of bacteria 
which do not require oxygen. It is known that aerobic 
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2 
metabolic pathways are much more efficient than anaerobic 
pathways. Consequently, aerobic bacteria are capable of 
consuming, and thus removing, more of a pollutant than 
anaerobic bacteria for a given treatment cell size. In existing 
constructed wetlands, aerobic Zones are typically only found 
at the top of the water column, in those regions where there 
is Sufficient atmospheric diffusion, and in the immediate 
vicinity of wetland plant root hairs, where oxygen trans 
ported by wetland plants diffuses out through the root 
membrane. Therefore, in current constructed wetland 
Systems, aerobic Zones occupy only a Small fraction of the 
constructed wetland. This lack of aerobic Zones places a 
constraint on the overall treatment capacity of the wetland, 
particularly in SubSurface flow constructed wetlands. 

Accordingly, it would be desirable to more fully utilize 
the pollution and nutrient reducing characteristics of wetland 
plants in a constructed System to treat polluted water. 

SUMMARY OF THE INVENTION 

The invention provides a Safe, efficient and cost-effective 
manner to reduce the pollutant level in polluted water or 
other fluids. 

It is also an object of this invention to provide a con 
Structed SubSurface flow wetland System that can be used 
efficiently, effectively and safely to remove pollutants from 
polluted water. 

It is a further object of this invention to provide for the 
calculated variable water level management of the water in 
the constructed wetland SubSurface treatment System to 
promote a faster establishment of wetland vegetation, to 
promote thicker and deeper root growth of the wetland 
Vegetation, and to thereby promote more effective pollutant 
removal processes. 

It is a further object of this invention to provide for staged 
anaerobic and aerobic Zones within the constructed wetland 
SubSurface treatment cell to promote a Systematic and more 
efficient treatment of polluted water. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cut-away view of a subsurface wetland 
treatment System, using primary and Secondary treatment 
cells, the Secondary treatment cell providing a chemical 
absorption function. 

FIG. 2 illustrates a conventional on-site Septic System. 
FIG. 3 depicts another embodiment of a system generally 

depicted and partially similar to that shown in FIG. 1. 
FIG. 4 depicts a further embodiment of the invention 

wherein the Second cell is also a SubSurface constructed 
wetland. 

FIG. 5 illustrates a constructed Subsurface wetland treat 
ment cell with Staged aerobic and anaerobic Zones. 

FIG. 6 depicts a constructed subsurface wetland treatment 
cell with deep root penetration. 

FIG. 7 is a detailed schematic depiction of interaction of 
the plants with regard to pollutant removal. 

FIG. 8 is a further illustration of the effect of aeration on 
root depth. 

FIGS. 9.1, 9.2 and 9.3 illustrate a dosing syphon in 
operation. 

FIG. 10 illustrates the isolation of the dosing syphon 
chamber connected to a means for reintroducing treated 
water back into the ecosystem. 

FIG. 11 illustrates a close-up view of a constructed 
SubSurface wetland treatment cell. 



US 6,200,469 B1 
3 

FIG. 12 illustrates a view of a constructed Subsurface 
wetland treatment cell from above. 

FIG. 13 illustrates a method of aerating a constructed 
Subsurface wetland treatment cell. 

FIG. 14 is a graphic representation of air temperature VS. 
System temperature, illustrating the insulating effect of the 
mulch. 

FIG. 15 is an additional embodiment of the invention, 
illustrating an extension of the infiltration area beneath the 
wetland treatment cell. 

DETAILED DESCRIPTION OF THE 
INVENTION 

This invention provides a basic subsurface flow con 
Structed wetland System which materially increases the 
presence of aerobic Zones within the treatment bed, and 
provides a means for increasing root growth for more 
effective pollution removal. 
Wetland treatment systems are a form of 

phytoremediation, that is, they use living plant Systems to 
solve a variety of water pollution problems. One embodi 
ment of the invention, as can be seen in FIG. 1, consists 
primarily of a constructed wetland cell. 

FIG. 2 illustrates a conventional onsite Septic System with 
septic tank 3 and drain field 7, with resulting discharge 12 of 
partially treated water. FIG. 3 is a similar system but with a 
wetland cell 15 and additional chemical absorption tank 
means 86, with treated water discharge 82. In the embodi 
ment of FIG. 1, the system consists of two treatment 
Zones-primary treatment cell 15 and Secondary treatment 
cell 33. The primary treatment cell 15 is a lined wetland cell 
functioning as a treatment Zone and consists of wetland 
plants 37 planted in bed media 50. Primary treatment cell 15 
receives contaminated water through inlet pipe 40. Where 
the contaminated water is petroleum-based pollution, or 
other contamination which is primarily soluble, the flow 76 
to inlet 40 into primary treatment cell 15 can occur without 
Settling. However, where inlet pipe 40 is carrying household 
Sewage, for example, Solids are Settled out before entering 
primary treatment cell 15, using other Separation means. In 
this event, contaminated water might first be passed through 
a conventional Septic tank 3 or other means prior to entering 
primary treatment cell 15. Depending on the nature of the 
pollution, other pretreatment devices may be necessary 
before flow 76 enters treatment cell 15. 

Primary treatment cell 15, in one preferred embodiment, 
is constructed by removing or excavating earth and creating 
a basin. FIG. 12 illustrates an aerial view of Such a wetland 
treatment cell. The depth of primary treatment cell 15, while 
typically only 12 to 24 inches, is practical up to about 24 
feet, when other factors, discussed later, make further depths 
impractical. The primary treatment cell 15 is lined with 
impermeable liner 10. Impermeable liner 10 lines generally 
the entire subsurface portion of primary treatment cell 15. In 
this embodiment of the invention shown in FIG. 1, inlet pipe 
40 and exit pipe 43 are positioned through liner 10. 

Referring generally to FIGS. 1, 2, 5, 11, 15, impermeable 
liner 10 is configured with inlet pipe 40 sealed by an inlet 
Seal 24. Advantageously, the inlet Seal 24 is constructed by 
producing a hole in impermeable liner 10 Smaller than the 
diameter of inlet pipe 40. The liner 10 is stretched over inlet 
pipe 40 and then Sealed by using adhesive mastic materials. 
This technique ensures that inlet pipe 40 will carry untreated 
water 76 into primary cell 15, generally ensuring that the 
water will not seep out of primary cell 15 and into the 
environment without first being treated. This Same technique 
is used in installing exit pipe 43. 
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The bed media 50 contains bacteria capable of breaking 

down organic matter in waste water. A primary attribute of 
bed media 50 is to provide surface area for bacteria. These 
bacteria include those from the taxa Bacillus, Pseudomonas, 
Cellulomonas, Aerobacter, Rhodopseudomonas, Anabaena, 
Nitrosomonas, and Nitrobacter and can be further charac 
terized as cyanobacteria, anaerobic bacteria, aerobic 
bacteria, and photosynthetic bacteria. These bacteria arc 
disclosed in U.S. Pat. Nos. 5,762,801, 5,087,353, and 4,872, 
985, which are incorporated by reference in U.S. patent 
application Ser. No. 60/050,533, from which the present 
application claims priority under 35 U.S.C. S 119(c). The 
type of bed media, and therefore the type of bscteria to be 
found on the media, can be specific to the type of pollutants 
to be removed from the water or other fluid passing through. 
One generally characteristic requirement is that the Surface 
area of each particulate of bed media be maximized So as to 
maximize the area in which to house bacteria, within opti 
mized limits. One preferred bed media 50 is gravel. Gravel 
is a preferred bed media because of its inexpensive cost and 
its generally adequate Surface area. Though gravel is a 
preferred embodiment for treating certain types of polluted 
water, including waste water, the use of gravel as a bed 
media should not be deemed limiting in connection with this 
invention. It is anticipated, in fact, that certain types and 
shapes of Synthetic media, Such as Spherical plastic beads, 
might be an advantageous bed media under certain circum 
stances. It is also generally known as to which types of bed 
media would be most advantageous to deal with Specific 
water pollution problems. For example, using a bed media 
Such as limestone is beneficial to neutralize Acid Mine 
Drainage (AMD.) 

Other generally important functions of bed media 50 
material are to provide Surface area for bacteria to grow on, 
to provide trace minerals (if needed) to Support the nutri 
tional requirements of plants, bacteria, and fungi living in 
the wetland System, to allow the hydraulic conveyance of 
water through the bed without plugging or Surfacing of the 
water flow, and to provide Specific chemical properties, Such 
as pH adjustment or phosphorus absorption. 

FIG. 11 depicts a more detailed view of a portion of 
primary treatment cell 15. AS can be noted, impermeable 
liner 10 runs circumferentially around the subterranean 
portion of primary treatment cell 15. Inlet pipe 40 enters the 
primary treatment cell, generally proximate the top of pri 
mary treatment cell 15. The level of water is regulated within 
the primary treatment cell to ensure that the water level 73 
never rises above the inner diameter of inlet pipe 40, to 
prevent the backflow of untreated water. In this embodiment, 
vertical treatment Zone 80 is generally defined by the area 
between the top of water level and the Surface of imperme 
able liner 10. It should also be noted from FIG. 7 that the 
root Structure of wetland vegetation 37 has propagated 
nearly the full depth of primary treatment cell 15. The depth 
and invasiveness of root Structure 30 is an important factor 
in efficient and effective pollution removal. The wetland 
vegetation 37 enhances the treatment proceSS in many ways, 
as shown in FIG. 7. As untreated water flow 76 passes 
through primary treatment Zone 80, bacteria growing on the 
surface of bed media 50 removes pollutants in the water. 
Oxygen 99 diffuses out through root hairs into treatment 
Zone 80. Nutrients 60 are uptaken by the vegetation 37 to 
produce plant biomass. Large quantities of water are 
removed by evapotranspiration 83 to support vegetation 37. 
In addition, plants excrete enzymes and other exudates 93 in 
an effort to metabolize toxic compounds or obtain trace 
nutrients. In this effort, micro-rhizae fungi 96 facilitates 
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many of these chemical transactions in a Symbiotic relation 
ship with wetland vegetation 37. Suitable wetland vegeta 
tion genera include Iris spp., Lemna spp., Phragmites spp., 
Salix spp., Scirpus spp., and Typha spp. Suitable Species 
include Alnus glutinosa, BolboSchoenus maritimus, Cerato 
phyllum Submersum, Carex gracilis, Carex acutiformis, 
Cyperus alternifolius, Glyceria maxima, Hydrocharis 
morSuS-ranae, Iris pseudacorus, JuncuS Subnodulosus, 
Myriophyllum spictatum, Phragmites communis, Potamoge 
ton perfoliatus, PotamogetOn pectinatus, Scirpus lacustris, 
Stratiotes aloides, Tricularia vulgaris, Typha anguStfolia, 
Typha lattifolia, and Typhoides arundiaSeae. These wetland 
plant taxa are disclosed in U.S. Pat. Nos. 5,389,257, 5,273, 
653, 5,087,353, 4,855,040, and 4,333,837, which are incor 
porated by reference in U.S. patent application Ser. No. 
60/050,533, from which the present application claims pri 
ority under 35 U.S.C. S 119(e). 

The efficiency of pollutant removal is directly related to 
the presence of aerobic Zones 46 within the subsurface flow 
wetland treatment bed, as depicted in FIG. 5. Natural aerobic 
Zones occur in existing SubSurface flow wetlands by the 
transport of oxygen through either passive atmospheric 
diffusion or the transfer of oxygen by wetland plants to 
Support their root tissues. Generally, then, it is 
advantageous-especially when nitrogen compounds repre 
Sent the with pollutant-to Set up alternating aerobic Zones. 
Aerobic Zones have a high oxidation-reduction potential, 
and anaerobic Zones 48 have a low oxidation reduction 
potential. Alternating anaerobic and aerobic Zones can be 
advantageous to pollutant removal. AS is generally known in 
the art, treating Sewage typically involves nitrification and 
denitrification processes. Ammonification involves a trans 
formation of organic nitrogenous compounds to inorganic 
ammonium NH+. This transformation is a precursor to 
Subsequent nitrogen removal mechanisms. In an aerobic 
Zone with certain types of pollution, especially those con 
taining ammonia, utilizing Specific Species of bacteria is 
quite efficacious, Such as when NH oxidizes into NO. 
Subsequent anaerobic Zones, then, denitrify the NO. Upon 
denitrification, the nitrogen is transformed into nitrogen gas. 
This gas is lost to the atmosphere, effectively removing it 
from the water. Similarly, alternating anaerobic and aerobic 
Zones have been shown to benefit the growth of bacteria 
which remove phosphorus from the water and store it in their 
body tissues. 

FIG. 5 depicts one embodiment with deliberately engi 
neered alternating aerobic and anaerobic Zones. In this 
embodiment, air is bubbled from the bottom of the primary 
treatment cell 15, through the root structure 30, to the top of 
water level 58. Oxygen present in the air diffuses out of the 
water as the air bubbles move up through the water column. 
FIG. 13 further depicts this process. One embodiment shown 
in FIG. 13 uses a coupling of PVC-type material with a 
perforated flexible hose on the floor of the primary treatment 
cell 15. Oxygen is pumped through the pipe 56 to forcibly 
aerate the cell. It is advantageous to limit the amount of 
aeration-not only physically within Zones throughout the 
primary treatment cell-but also to vary the oxidation 
gradient within the water to promote microbial diversity, 
oxygen transfer efficiency, and the type of chemical trans 
formations described above. The aeration process has many 
benefits to the invention. The nitrification reaction generally 
involves the conversion of ammonium NH+ to nitrate 
NO- by a two-step reaction using two categories of bac 
teria. One category generally operating in the aerobic and 
the other in the anaerobic zones. One of the primary benefits 
of the aeration is that it accelerates the nitrification Step. In 
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6 
the case of waste water, Such as domestic Sewage, ammonia 
is nitrified by oxidizing the ammonia to nitrite ions and then 
to nitrate ions by using different microbacteria populations. 

In a primary treatment cell using the forced bed aeration, 
as depicted in FIGS. 5 and 13, the depth of the primary 
treatment cell can reach five feet or more below ground 
Surface 22, being limited only by the depth at which aeration 
is no longer cost-effective, which is generally at depths of 
20-25 feet. 

Aeration of the bed also promotes greater rooting depth in 
the wetland plants. FIG. 8 depicts a general illustration of 
root depth 35 without aeration, and root depth 38 with 
aeration. Because with forced bed aeration, oxygen is avail 
able in the treatment bed in the vicinity of the plant roots, the 
plant has less of a chemical gradient to overcome when 
transporting oxygen from the leaves, through the Stems, and 
to the roots. With a Smaller chemical gradient, leSS metabolic 
energy is needed to Support root tissues. Consequently, the 
plant can Support more roots, at a greater depth, than could 
be Supported in a Standard wetland System. 

Typically, continuous aeration in the forced aeration 
System, would not be necessary. Once the Oxygen content in 
the water within primary treatment cell 15 reaches a gener 
ally Saturated point, further aeration is inefficient. Therefore, 
aeration using oxygen Sensors, timers, or other means to 
regulate aeration is contemplated in the forced aeration 
embodiment of the subject invention. 
A further embodiment of the subject invention is depicted, 

referring again to FIG. 4. AS can be noted, dosing Syphon 5 
is located between primary treatment cell 15 and Secondary 
treatment cell 33. This advantageous configuration can con 
trol both upstream water level 58 and the downstream water 
level in secondary treatment cell 33. The controlling of the 
upstream, or primary treatment cell water level, has many 
important implications in the operation of the invention. The 
calculated lowering of the water levels in primary treatment 
cell 15 will increase the natural root growing process of 
wetland vegetation 37, increasing the propagation of the root 
structure of wetland vegetation 37 within primary treatment 
cell 15. As water level 58 is lowered, and Sustained at the 
lower levels for a sufficient period of time, root structure 30 
of the wetland vegetation will grow deeper in its natural 
Search for the needed environment of water and accompa 
nying nutrients. Further, bed media 50 exposed to the 
oxygen atmosphere created by the lower water levels will 
permit the bacteria to Store oxygen, making the bacteria 
more efficient once the water levels are again raised to cover 
the bed media. Through controlled variation of the levels, 
the propagation of the root Structure and oxidation of the 
bacteria can be optimized, increasing the effectiveness and 
efficiency of the System in removing pollutants from water. 
The internal workings of the dosing Syphon can be seen 

in FIGS. 9.1, 9.2, and 9.3. The dosing syphon is a passive 
System that regulates the levels of the primary treatment cell 
over time, based on the rate of inflow from inlet pipe 40 
passing through outlet pipe 43 and the dimension of the 
dosing Syphon. The dosing Syphon requires no electricity 
and has no moving parts, for economy, reliability and long 
life. 

The primary treatment cell consists of at least one Staged 
aerobic Zone and at least one Staged anaerobic Zone. The at 
least one Staged aerobic Zone is assisted by means for air 
injection 124 (FIG. 13). 

It is contemplated by this invention that multiple primary 
treatment cells, each Separated by dosing chamber 87, 
containing a dosing Syphon 5, or other water level control 
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means, could be chained in parallel or Series, depending on 
SpecificS Such as pollutant mass flow, and other factors. 
Secondary treatment cells can also be So configured in 
combination with primary treatment cells. 

It is also contemplated that this invention can be con 
Structed without dosing Syphon 5, replacing dosing Syphon 
5 with a standpipe (not shown) which would then fix the 
water level in primary treatment cell 15. The primary 
treatment cell, in this configuration, would consist of aerated 
and non-aerated Zones. 

Mulch layer 62 is located on top of bed media 50. Mulch 
layer 62 can consist of a variety of different natural 
Substances, for example, decomposed yard waste, or peat. 
One primary function of mulch layer 62 is to provide 
insulation for the System during winter months, in climates 
with temperatures generally below freezing during the win 
ter months, and odor control. Generally two concerns arise 
when determining the depth of mulch layer 62. For efficient 
operation of Standard SubSurface flow constructed wetland 
Systems, oxygen transfer via atmospheric diffusion must 
take place between the underlying bed media and the 
atmosphere. Therefore, it is important that mulch layer 62 
not be So thick as to inhibit this beneficial oxygen transfer. 
Again, mulch layer 62 must be thick enough to provide 
insulation for the underlying System to ensure that microbial 
populations can maintain life functions and the root Structure 
of the wetland vegetation is not damaged, due to cold 
temperatures, and Still allow for oxygen transfer via atmo 
Spheric diffusion. The insulating properties of a 12-inch 
thick mulch layer in 5 different wetland treatment systems is 
shown in FIG. 14. 

In FIG. 14, lower contiguous line 4 represents air tem 
perature readings taken between November 1997 and March 
1990. The readings were generally taken in the morning 
hours. Upper graph lines 6, 8, 13, 14, 18 represent the 
corresponding temperatures of the effluent in five different 
wetland treatment cells. The subject treatment cells were all 
located in Minnesota, U.S. The mulch layer depth of each 
bed was constructed at generally 14 inches. Through 
Settling, the range of depth was generally 12 inches to 14 
inches. AS the graph demonstrates, the liquid in the treat 
ment cells never fell below freezing, even when outside air 
temperature dropped below 0°F. Advantageously, the inven 
tion design with a mulch layer of generally 14 inches, 
provides generally good insulation, allowing the liquid in 
the treatment cell to remain above freezing, and thus allow 
ing the bacteria to remain active to perform its pollutant 
removing function. 

Further, mulch layer 62 must have sufficient depth for 
odor control. Bacteria living in the mulch layer degrade 
odorous compounds present in waste water, Such as methane 
and hydrogen Sulfide. Therefore, it is important that organic 
material be used to Support bacteria growth. Though mulch 
layer 62 may in fact approach 24 inches or more in depth, 
one preferred embodiment of the subject system would be a 
mulch layer 62 of 6 to 14 inches. The bed media may be 
deeper than the mulch layer. 

The decomposed nature of mulch layer 62 is very impor 
tant. It has been discovered through experimentation in the 
preparation of this invention, that using natural material that 
has not Substantially decomposed, Such as green wood chips 
or other similar undecomposed material, adds pollutants to 
the water being treated. Because decomposition is still 
taking place, bi-products from these materials can leach 
downwards into the primary treatment cell, adding pollut 
ants to the water in the primary treatment cell. It is further 
contemplated that mulch layer 62 can be a combination of 
Synthetic material, for example foam bits, and natural 
decomposed material. 
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After the effluent is treated in primary cell 15, the inven 

tion contemplates a number of embodiments to further 
prepare the waste water for introduction back into the 
ecosystem. 
One embodiment, depicted in FIG. 1, shows exit pipe 43 

connecting primary treatment cell 15 to a Secondary treat 
ment cell 33. Again, depending on the nature of the pollut 
ants to be removed from the waste water, Secondary treat 
ment cell 33 can contain a variety of natural or synthetic bed 
media, a variety of bacteria, and a variety of wetland 
vegetation planted therein. It is anticipated by this invention 
that the construction of the Secondary treatment cell can be 
Similar to the primary treatment cell, including Similar bed 
media and mulch layer, except that, typically, the Secondary 
treatment cell is constructed without impermeable liner 10. 
Secondary treatment cell 33 may include an enclosure 
constructed of concrete and may further include a Surface 
accessible cover panel 88. This is because secondary treat 
ment cell 33 typically has the additional purpose of redis 
tributing the treated water into discharge area 25, that is, 
back into the ecosystem. The release of the treated waste 
water back into the ecosystem can be done through infiltra 
tion out the bottom of secondary treatment cell 33 or through 
a variety of other means Such as an additional exit pipe 84 
from the secondary treatment cell 33. 
When the use is for residential housing, where waste 

water treatment demands are more or leSS predictable, it is 
contemplated that this invention could be prefabricated, that 
is, completely assembled off-site. Primary treatment cell 15 
can be preconstructed out of a Suitable lightweight material 
for ease of transport, and can be filled with a light, Synthetic 
media. The mulch layer and wetland vegetation may also be 
preplanted, with the growth process already underway by 
the time the unit is delivered to the site. 

Another embodiment of the invention extends the infil 
tration area of Secondary treatment cell 33 beneath primary 
treatment cell 15. This is depicted in FIG. 15. In this case, 
pipes placed in Secondary treatment cell 33 collect exceSS 
water and convey it to perforated pipes placed below imper 
meable liner 10. Optionally, the piping in Secondary treat 
ment cell 33 can be configured in a number of ways such that 
water must pond and rise, flowing from open pipe 41, to a 
certain water level before entering perforated pipes 63 
placed below impermeable liner 10. In this way, the area 
beneath primary treatment cell 15 can be used as a back-up 
infiltration area in the event that the hydraulic loading into 
Secondary treatment cell 33 exceeds the infiltration capacity 
of secondary treatment cell 33. Further, this embodiment is 
advantageous when limited physical Space exists at the Site. 
Under certain circumstances and under certain water 

pollutant situations, Secondary treatment cell 33 may not be 
needed. It is anticipated, under Some circumstances, that 
treated waste water can exit from primary treatment cell 15 
and can be redistributed into the ecosystem through drip 
irrigation or other techniques known by those skilled in the 
art. 

FIG. 10 illustrates a further embodiment of the subject 
invention wherein water distribution pipe 78 distributes 
treated water from dosing chamber 87 over wide area 54. 
Limited distribution 52 depicts the likely distribution area 
without benefit of the water level control system. As FIG. 10 
illustrates, the water level within dosing chamber 87 varies 
within the range 59 to provide sufficient hydraulic force 
available to permit distribution of the treated water over 
wide area 54. 

Another aspect of the embodiment of the subject inven 
tion that is depicted in FIG. 1 is that the secondary treatment 
cell is not a constructed wetland, as the primary treatment 
cell, but instead contains natural or Synthetic media designed 
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to remove phosphorus or boron or other Such similar com 
pounds through chemical absorption. Any combination of 
primary and Secondary cells, including chemical absorption 
cells, can be advantageously configured to adapt to the type 
of pollutants to be treated. 
As shown above, FIG. 3 is a view of one improved 

embodiment, that was also represented in FIG. 1. This 
embodiment is for a residential on-site Septic System. The 
Solids from the domestic waste are Settled out in Septic tank 
3 and then introduced into primary treatment cell 15. At the 
appropriate time, governed by dosing Syphon 5, or other 
water level control means, the effluent is introduced into 
secondary treatment cell 33. As the flow continues, the 
effluent level rises up through the perforations in water 
distribution pipe 78 and is introduced to chemical absorbent 
treatment layer 86 until water level 58 has risen sufficiently 
to exit via Secondary treatment cell exit pipe 27. 
A further advantage of the Subject invention is that, as the 

wetland vegetation becomes more Substantial, the efficiency 
of the System improves. Unlike a conventional System, as 
illustrated in FIG. 2, where the System may require Substan 
tial maintenance and periodic replacement, this constructed 
wetland treatment facility is low maintenance, long-lasting, 
clean and efficient, requiring little, if any, outside energy to 
operate, with continued operation even during Severely cold 
winters. 

While the invention has been described in conjunction 
with Specific embodiments thereof, it is evident that many 
alternatives, modifications and variations will be apparent to 
those skilled in the art in light of the foregoing description. 
Accordingly, it is intended to embrace all Such alternatives, 
modifications and variations as fall within the Spirit and 
broad Scope of the invention. 
What is claimed is: 
1. A system for removing pollutants from water, the 

System comprising: 
an impermeable primary treatment cell Substantially dis 

posable within the earth and including a horizontal 
linear dimension, the horizontal linear dimension with 
a first end and a Second end, the primary cell including: 
an inlet for providing a flow of polluted water disposed 

proximate the primary treatment cell first end, 
bed media including bed media particulates that 

exclude any adhesive connections therebetween, 
wetland vegetation rooted in the bed media, 
aerobic and anaerobic bacteria disposed proximate the 
bed media particulates, 

means for air injection disposed proximate a bottom 
portion of the primary treatment cell and configured 
to establish a plurality of aerobic Zones in the flow of 
polluted water and exterior to Said bed media par 
ticulates by injecting air at a plurality of locations 
horizontally Spaced along the primary treatment cell 
linear horizontal dimension and at least one anaero 
bic Zone in the flow of polluted water disposed 
horizontally between the aerobic Zones and exterior 
to Said bed media particulates, and 

an exit disposed proximate the primary treatment cell 
Second end, the polluted water flowing Substantially 
horizontally from the inlet, through spaces between 
the bed media particulates, and out the exit, the 
pollutants being removed as the water flows through 
the plurality of aerobic Zones and at least one anaero 
bic Zone when flowing through Spaces between the 
bed media particulates. 

2. The system of claim 1, in which the bed media 
comprises gravel. 

3. The system of claim 1, in which the bed media 
comprises limestone. 
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4. The System of claim 1, in which the air injection means 

establishes the plurality of aerobic Zones by aeration which 
is not continuous. 

5. The system of claim 1, tie primary treatment cell further 
comprising an impermeable liner lining a SubSurface portion 
of the primary treatment cell, the impermeable liner defining 
holes Sealingly accommodating the inlet and exit. 

6. The System of claim 1, further comprising a mulch 
layer overlaying the bed media. 

7. The System of claim 6, the mulch layer comprising peat. 
8. The system of claim 6, in which the mulch layer 

includes a depth of between about 6 inches and 24 inches. 
9. The system of claim 6, in which the mulch layer 

includes a depth of between about 6 inches and 14 inches. 
10. The system of claim 6, in which the mulch layer 

includes a depth of between 12 inches 14 inches. 
11. The system of claim 6, in which a bed media depth is 

greater than a mulch layer depth. 
12. The system of claim 6, in which the mulch layer is 

Substantially decomposed. 
13. The system of claim 6, in which the wetland vegeta 

tion is Selected from the group consisting of Iris spp., Lemna 
spp., Phragmites spp., Salix spp., Scirpus spp., Typha spp., 
Alnin glutinosa, Bolboschoenus maritimus, Ceratophyllum 
Submersum, Carex gracilis, Carex acutiformis, Cyperns 
alternifolius, Glyceria maxima, Hydrocharis morsus-ranae, 
Juncus Subnodulosus, Myriophyllum Spictatum, Potamoge 
ton perfoliatus, PotamogetOn pectinatus, Stratiotes aloides, 
Tricularia vulgaris, Typhoides arundiaSeae and any combi 
nation thereof. 

14. The system of claim 1, in which the wetland vegeta 
tion is Selected from the group consisting of Iris spp., Lemna 
spp., Phragmites spp., Salix spp., Scirpus spp., Typha spp., 
Alnus glutinosa, Bolboschoenus maritimus, Ceratophyllum 
Submersum, Carex gracilis, Carex acutiformis, Cyperus 
alternifolius, Glyceria maxima, Hydrocharis morsus-ranae, 
Juncus Subnodulosus, Myriophyllum Spictatum, Potamoge 
ton perfoliatus, PotamogetOn pectinatus, Stratiotes aloides, 
Tricularia vulgaris, Typhoides arundiaSeae, and any com 
bination thereof. 

15. The system of claim 1, in which the aerobic and 
anaerobic bacteria are Selected from the group consisting of 
Bacillus, Pseudomonas, Cellulomonas, Aerobacter, 
Rhodopseudomonas, Anabaena, NitroSomonas, Nitrobacter, 
and any combination thereof. 

16. The System of claim 1, further comprising a water 
level control device in fluid communication with the primary 
treatment cell exit and configured to lower the water level in 
the primary treatment cell to promote deeper root growth of 
the wetland vegetation. 

17. The system of claim 16, the water level control device 
comprising a dosing siphon. 

18. The System of claim 16, rater comprising at least one 
Secondary treatment cell receiving treated water from the 
primary treatment cell via the water level control device and 
discharging further treated water into the ecosystem, a 
portion of the Secondary treatment cell being permeable to 
allow egreSS of further treated water into the ecosystem. 

19. The system of claim 18, the secondary treatment cell 
comprising bed media. 

20. The system of claim 19, the secondary treatment cell 
comprising wetland vegetation rooted in the bed media. 

21. The system of claim 19, the secondary treatment cell 
fiber comprising a mulch layer overlaying the bed media. 

22. The System of claim 21, the Secondary treatment cell 
further comprising wetland vegetation rooted in the bed 
media and growing through the mulch layer. 

23. The system of claim 21, in which the mulch layer is 
Substantially decomposed. 

k k k k k 
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