S

Environment Protection Engineering

Vol. 19 1993 No. 1-4

DANUTA LESZCZYNSKA*, ANDREW A. DZURIK**

SIMULTANEOUS TREATMENT OF
WASTEWATER AND STORMWATER RUNOFF
USING CONSTRUCTED WETLANDS

Constructed wetlands are becoming increasingly important as a technology of water treatment.
Considerable interest in these systems is caused by new federal regulations concerning stormwater
discharge and implementation of requirements for water quality. Application of constructed wetlands in
storage and treatment of stormwater is a promising alternative for wastewater treatment facilities. The
decision on the construction of such a system depends on numerous characteristics, e.g. climate, waste

load, existing land use and budget.
In the paper, the review of the constructed wetlands operating in the U.S.A. is presented. They are

divided into two major categories: free water surface (FWS) and subsurface flow (SF) wetlands. The
information presented in the paper is based on literature, computer programs, federal agencies and
personal discussions with scientists. Under optimal conditions such wetlands can be useful in solving the
wastewater treatment problems in small communities with low budgets.

1. INTRODUCTION

The last decade, especially the last 5 years, has brought an increasing number of
the constructed wetland (CW) systems into operation. Those systems are promising
alternatives for some of the costly wastewater treatment facilities that are traditional-
ly used for wastewater treatment. They are also an inexpensive option of water
polishing. Depending on the need, CWs can be used for storage and treatment of
different types of wastewater: from municipal wastewater to acid mine drainage,
industrial process water, agricultural non-point discharges, stormwater treatment
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and for simple storage of stormwater. According to REED and BROWN [13], U.S.
EPA documents have shown more than 150 constructed wetlands in the United
States in use at the end of 1990. Carefully designed, CWs can especially be useful
for small communities, usually struggling with limited resources. Under optimal
conditions they can be used for simultaneous treatment of municipal wastewater
and stormwater runoff.

2. CLASSIFICATION OF CONSTRUCTED WETLANDS

Constructed wetlands are defined as a designed and man-made complex of
saturated substrates, emergent and submerged vegetation, animal life and water
that simulates natural wetlands for human use and benefits. These man-made
wetlands are designed specifically for use in treatment of wastewater, and the
character of the wetlands can be designed to fit the need presented by particular
wastewater.

Wetlands consist of five main components (HAMMER [6]):

1. Substrates with various rates of hydraulic conductivity.

2. Plants adapted to water-saturated anaerobic substrates.

3. A water column (water flowing in or above substrate’s surface).

4. Invertebrates and vertebrates.

5. Aerobic and anaerobic microbial populations.

These major components are adjusted either to give a different orientation or
favour a type of treatment of wastewater.

Constructed wetlands can be divided into two major categories: (1) free water
surface (FWS) and (2) subsurface flow (SF) wetlands.

The FWS wetlands are designed to imitate natural wetlands, mostly marshes.
They usually have soiled bottoms, emergent vegetation and water exposed to the
atmosphere. The vegetation is planted in the shallow basins or channels with
relatively low water depth. The type of soil ranges from gravel to clay or peat. The
decision about the specific type of the soil used for construction should consider: (1)
application of the system (e.g., wastewater treatment, or water polishing), (2) types
of expected pollutants and their concentrations (e.g., metals, phosphorus com-
pounds, expected pH), (3) type of vegetation. The whole system can be designed as
non-discharging, discharging to open surface water, or partial recycling of treated
wastewater.

The SF wetlands are designed to maintain water (or wastewater) level below the
surface of the media (rocks, gravel), so there is no free opening to the atmosphere.
Depending on the scheme of the design and the operation of the system, the SF
wetlands might be known as: vegetated submerged bed (VSB) flow, root zone method
(RZM), vegetated rock-reed filter, microbial rock filter or hydrobotanical systems.
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The operation of both systems, FWS and SF, can be compared to the microbial
activity in trickling filters, RRC units, or the various types of wastewater land treatment
(REED et al. [12]). Thus they can be treated as a variation of biological reactors.

The transport and transformation of pollutants through the wetland ecosystem (both
natural and constructed) is known as biogeochemical cycling with various, interrelated
processes: physical, chemical and biological. Since a constructed wetland (especially
FSW type) typically mimics the behaviour of natural wetlands in design and function,
water entering the system experiences settling as the primary physical process, then
undergoes biogeochemical transformation.

Aquatic plants used in constructed wetlands vary widely, depending upon climate
and soils, but the most common emergent plants are reeds, cattails, rushes, bulrushes
and sedges. Regardless of plant type, ultimately natural processes will cause certain
plants to become dominant. The emergent plants have the ability to uptake oxygen and
other needed gases from the atmosphere through leaves and stems above water and
transport them to the roots. Thus the soil zone in immediate contact with roots can be in
aerobic and anaerobic environments. Although the submerged plants can uptake
nutrients and other constituents, it seems that their most important function in CWWTs
is to serve as the substrate for the microorganisms attached. The microbes in constructed
wetlands can help to reduce high levels of BOD, suspended solids, nitrogen and
significant levels of metals, trace organics and pathogens.

When considering which type of wetlands to construct, the initial design characteris-
tics of both the FWS and SF are closely related. Initially considered in the preliminary
design and site characteristics are topography, soil characteristics, existing land use, flood
hazard and climate (METCALF and EDDY [10]). A slight grade, about one percent, is
favoured for the SFs, while a fairly level grade is desirable for the FWS system. Uniform
topography is desired for both and rarely is a grade of more than five percent considered
because of earthwork costs.

In consideration of soil, a low permeability is desired. This surface and subsurface
permeability rate is typically less than 0.51 cm per hour. This low rating is to prevent
percolation and subsequent rapid filtration of the wastewater since it is generally
desirable to treat the water above the soil.

The vegetation used is the point that the considerations of the SF and FWS systems
begin to diverge. For the FWS system the vegetation is determined by the depth of
water, while for the SF system the vegetation is determined by the depth of root and
rhizome penetration. Bulrushes grow well at depths of 5-25 cm, reeds along the shore
and in the water up to 150 cm, and cattail rhizomes and root extend up to 30 cm. This
depth is compared to that of reeds growing up to 60 cm and bulrushes up to 76 cm.
Reeds and bulrushes are selected for the SF system since they allow use of deeper basin
penetration (METCALF and EDDY [10]).

In the design of an SF system, the dimensions are determined as follows (REED [12]):
Q(InC, - C,)

A, = N
y K.dn
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where:

Q — daily flow rate,

C, — influent BOD,

C, — effluent BOD,

d — submerged depth controlled by plant selection,

n — the bed porosity,

K, — the temperature/porosity dependent constant which is determined from the
equation:

K, = K,1.107720),

where:
K,, — the rate constant at 20 °C,
T — the operational temperature.
Also useful in the design of wetland systems is the detention time. For the SF

system the detention time is found as follows:

o LWad
Q b
where:
t' — the theoretical detention time,
L — basin length,
W — basin width,
a — the porosity of basin medium;
L
T kS

where:
t — the actual detention time,
k, — the hydraulic conductivity,

S — the basin slope.
All these factors must be considered important in the design of such a treatment

system. A compromise between the factors must be achieved to reach the most
efficient SF wetland system.

3. CURRENT APPLICATIONS

The number of CWWTs continues to grow as their applications become better
understood and more widely accepted. As of 1991, there were approximately 250
systems in the United States (WATSON [19]).

Constructed wetland systems may be used as closing segments following
preliminary treatment, or they can serve as treatment systems by themselves. The
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concentration of the systems, their types and distributions are shown in tables 1 and
2 (according to REED and BROWN [13]). Although the data recorded are not
displayed for the last four years, table 2 indicates that the SF systems have become
more popular than FWS systems. Although SF systems are typically limited in size,

Table 1

Number of operating systems, inventory data from 1990
(adapted from REED and BrOwN [13] data)

Number of systems

State

Less than 5

Between 5 and 10

More than 15

Oregon, California, Idaho, Nevada, Colorado, Kansas,
Oklahoma, Texas, North Dakota, Michigan, Wisconsin, Florida,
Kentucky, Georgia, Virginia, New Hampshire, New York,
Pennsylvania, Vermont

Washington, Montana, Minnesota, Wyoming, South Dakota,
Nebrasca, Iowa, Missouri, Illinois, Ohio, West Virginia, Maine, Utah,
Arizona, New Mexico, Arkansas, Alabama, Kentucky,

North Carolina, South Carolina, Indiana, Connecticut

Mississipi, Louisiana

Table 2

Types of constructed wetlands, distribution in the United States
(adapted from REED and BROWN [13] data)

Type of constructed wetland

State

Subsurface flow (SF)

Free water surface (FWS)

SF and FWS

Idaho, New York, Pennsylvania, New Mexico, Texas, Oklahoma,
Louisiana, Arkansas, Tennessee

Oregon, California, Nevada, Arizona, Colorado, Kansas, Missouri,
Iowa, Wisconsin, Michigan, Georgia, Florida

Washington, Montana, Wyoming, Nebraska, Utah,

Minnesota, Illinois, Ohio, Pennsylvania, Kentucky, Virginia,
North Carolina, South Carolina, Maine, New Hampshire, Vermont

they have the advantage of the water level being below the media surface, thereby
eliminating odour and insect vector problems. Depending upon the application, the
SF and FWS systems can be found operating in parks and other public places and, in
fact, can become an aesthetic asset to the landscape.

The size of constructed wetland is closely related to the expected load of
wastewater, but in general the FWS systems are larger than SFs (5-11,000 m3-d~!
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and 200-76,000 m3-d~!, respectively). The two types have different treatment
requirements. FWS wetlands might be designed to: (1) lower BOD and TSS (Total
Suspended Solids) levels only; (2) furnish nitrification—denitrification processes
(removal of nitrogen from the system); (3) provide tertiary wastewater treatment
(removal of nitrogen, phosphorus, and trace some pollutants); or (4) serve as
retention systems. In contrast, there is not as great an expectation for SF systems.
They are mostly designed to decrease concentration of BOD, TSS and some
ammonia.

4. SELECTED EXAMPLES

4.1. WASTEWATER

The use of wetlands for wastewater disposal is not new, but the use of constructed
wetlands for wastewater disposal is relatively recent. The interest in wetlands, both
natural and constructed, for this purpose stems from a number of factors (SEREICO
and LARNEO [16]):

— public demand for more stringent wastewater effluent standards,

— rapidly increasing costs of construction, operation and maintenance of
conventional wastewater treatment facilities,

— realization of the natural treatment functions of wetlands,

— appreciation of aesthetic and environmental benefits of wetlands.

As indicated previously, numerous applications of CWWTs now exist, and
a majority of them are small-scale, relatively low-cost applications for domestic
waste, ranging in size from individual households to entire communities. As an
example, Union, Mississippi, a small rural town of about 2,000 inhabitants, has
installed a CW facility for about $500,000, or less than half the cost of building a new
treatment plant (MoOSs [11]).

Two substantial CWs for wastewater treatment are in Orlando, Florida. One
system was designed and constructed for Orange County, and has been in operation
since 1986. The relatively simple design consists of created wetlands planted with
selected herbaceous vegetation and integrated with natural wetlands. One-half of the
system is an overland-flow type created wetland in which wastewater is collected and
redistributed into the second half, also an overland-flow type created wetland. Both
halves are integrated with natural wetlands. The recycled wastewater ultimately
discharges into a small creek. The system covers 120 hectares and was initially
operated at 11,300 m®-d~!, with an ultimate design capacity of 23,500 m*>-d~*
(BEST [1], LESZCZYNSKA and DZURIK [4]).

The second system, designed for the City of Orlando, is about 480 ha and
ultimately designed to treat 60,000-90,000 m*-d~'. It is divided into three
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functional portions. The first one-third is the managed portion of the system
allowing for various management options; it is planted in cattails giant bulrush to
maximize nutrient removal. The second portion is a mixed emergent marsh wetland
divided into two discrete cells to allow for some flexibility; it is planted with several
marsh species with diverse functions. The final portion of the system is to provide
final polishing of the water, serve as a buffer, and provided flora and faunal habitat
(BEST [1]). The overall CW system is named ‘Orlando Wilderness Park’ and serves
as a major wetland and recreational facility while meeting all regulatory limits for
discharge set by the state.

4.2. STORMWATER

In 1990, the U.S. EPA published final regulations for the National Pollution
Discharge Elimination System (NPDES) stormwater discharge permits, thereby
implementing requirements of Section 405 of the Water Quality Act of 1987. The
regulations require certain industries and municipalities to obtain NPDES storm-
water permits for all storm sewers that drain into public waterways. Although the
municipal permits apply only to communities of over 100,000 population, it is
conceivable that at some future time, the threshold level would be lower. Aside from
specific legal requirements, it makes sense for communities of all sizes, as well as
agricultural and industrial areas, to treat stormwater runoff, for this non-point
contaminant is now the major source of water pollution, especially from urban areas.
Land use changes associated with urban development alters the hydrology by
changing peak flow, total runoff and water quality. Most water quality degradation
results from the ‘first flush’ effects of runoff, which flushes the surface of contaminants
that have accumulated. In Florida, the first flush is equal to the first 2.5 cm of runoff
and carries 90% of the pollution load from a storm event (LIVINGSTON [9]).

A number of management practices can be used to reduce pollutants from
stormwater runoff, but natural wetlands, wet retention systems and constructed
wetlands are becoming primary treatment processes for stormwater runoff. Many
constructed wetland systems for stormwater runoff have been built in Florida in the
past ten years (LIVINGSTON [9]). The most common type is a wet detention system
with a permanent water pool, temporary stormwater storage area above the
permanent pool, and a littoral zone planted with native aquatic plants.

An outstanding example of a CW for stormwater runoff treatment is the Lake
Jackson Restoration Project in Tallahassee, Florida, and an experimental project
with major funding from the U.S. EPA.

Research in which we were involved four years ago focussed on the effectiveness
of constructed wetlands for treating municipal wastewater. The experimental system,
located in Orange County (Orlando), Florida, was put in use at the beginning of
1987. It was monitored from the beginning of the operation, and still is under
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control. This system, comprising 120 ha of artificial and natural wetlands, was
designed as a receiver of secondary treated wastewater. The constructed wetlands,
created as a FWS type, were adjacent to natural marshes and were serving as major
treatment areas and buffer zones at the same time (BEST [1], [2]). A primary
objective of the research was to evaluate the chemical and hydrological responses of
the experimental system to hydraulic input. Monthly, simultaneous monitoring at 57
points was conducted of major parameters important for estimation of water quality
(pH, conductivity, temperature, DO, TSS, BOD, nitrogen, phosphorus metals,
bacteria) for the whole system and for the control wetland (not connected with the
system; data used as a base line). Results indicate that a constructed wetland can
significantly improve water quality. Results of the experimental wetland evaluation
together with actual constructed wetland design for wastewater and stormwater
runoff applications show that a system can be designed to treat simultaneously
stormwater and pretreated municipal wastewater (LESZCZYNSKA and DZURIK [8]).

5. SIMULTANEOUS TREATMENT
OF WASTEWATER AND STORMWATER

The design of a constructed wetland to handle wastewater and stormwater runoff
at the same time has a number of basic concepts that should be taken into account:

1. The type (and configuration) of a proposed CW can be designed as a single
system with different treatment functions, or it can be attached to the existing
wetlands, but in both cases it should be a free water surface type (FWS). This
construction, even bigger in size, might be easier to maintain and have the capacity
to store unexpected rainfall. In recent years, the SFs became more popular in the
U.S., but they cannot be used for stormwater runoff or treatment of raw wastewater.
Most of the SFs have experienced clogging problems (HAMMER, 1993), so they can
be recommended only for some water polishing for effluent with low concentration of
nutrients and for other pollutants that require adequate dissolved oxygen levels.
Components of the system will depend on expected pollutants and their concen-
trations. For example, the marsh type of constructed wetland is the more effective for
BOD, TSS and pathogen removal; ponds and overland flow meadows are most
efficient at transforming ammonia to nitrogen gas (better conditions for oxidation)
(HAMMER, 1993).

2. Design criteria can address predictable and unpredictable factors. Predictable
factors are the flow and waste load of wastewater; this component can be designed
with reasonable accuracy. On the other hand, stormwater runoff is unpredictable in
frequency and magnitude. The discharge should be treated as a mixture of point
source pollutants (municipal wastewater) and non-point source (NPS) pollutant
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(stormwater runoff). Non-point discharge can be estimated probabilistically from
weather data, typical of certain regions and climates. Possible types of pollutants and
their concentrations will depend on the region. The NPS contributes over 65% of the
total pollution load to U.S. inland surface water [17]. Sources include urban
stormwater, runoff from industrial sites and mines, diffuse agricultural runoff from
pastures and row crops. In rural communities, with heavy farming, the stormwater
runoff may contain excessive amounts of nutrients from fertilizers and different types
of pesticides. For urban communities, pollutants in stormwater can come from
nearby industry, from the atmosphere and they might be washed out of the streets, so
they may have an elevated level of metals, oil, acids and other pollutants. The
comprehensive study (U.S. EPA [17]) of urban runoff in 22 cities showed that the
average concentrations of certain metals are as follows: copper — 34 pg-dm ™3, lead
— 144 pg-dm~3 and zinc — 160 pg-dm™3. The concentration of each metal exceeds
its permissible level in more than half of the collected samples.

3. Additional treatment may be needed before discharging to wetlands. Municipal
wastewater should be subjected to some pretreatment, at least the primary step.
Before discharging to the wetland, solids, grit and debris should be removed in
settling basin, or single- or multistage lagoon system. Providing additional aeration
in the wetland may decrease necessary retention time, as well as to help to increase
effectiveness of some of oxidation reactions. A system of small cascades (where is
possible without extra cost) may decrease the intensity of additional aeration and
total cost of construction. Generally, the location of the wetland should provide
gravity flow for wastewater to the system, and through the system to eliminate the
cost of the pumping and maintenance.

4. The type of soil, mineral, organic or clay may be important when metals are
expected as pollutants, and/or when there is a higher concentration of nutrients.
Additional lining such as clay or synthetic fabric will prevent leakage from the
wetland to groundwater.

Benefits of a combined wastewater/wetland system are several. It is relatively low
cost for operation and maintenance as well as for initial construction, and it has low
energy requirements. The organic part of wastewater pollutants will be diluted by
stormwater, and biota should stay unharmed. A significant community benefit is that the
system can be designed as a landscape feature and add to the aesthetic value of the
surrounding area. An important operating benefit, especially in relatively dry areas, is
that the system will always be wet because of the continuous inflow of wastewater.

Although there are benefits to a combined wetland system, limitations also exist.
In dry seasons, wastewater discharge may dominate and cause problems with
treatment. Partial recycling of treated wastewater might be considered for the system
for further dilution, but this will require an additional pumping system. From
another point of view, constructed wetlands that depend only on stormwater flow
may suffer during dry seasons. During dry seasons, an alternate source of water is
required. Wastewater discharge may help to save wetlands treatment functions.
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One example of a combined wastewater/stormwater constructed wetland system is
for Monticello, a small community of less than 10,000 inhabitants in north Florida. The
CW used in Monticello is for tertiary treatment of municipal waste from a typical
secondary treatment plant. Because of increasingly stringent effluent standards for water
quality, an advanced treatment system was needed prior to discharge into nearby surface
waters. The treatment of choice was to construct an overland flow and constructed
wetland tertiary treatment system. The size of the site for tertiary treatment and
stormwater runoff is over 24 ha, about 2/3 of which is for the CW component. According
to a preliminary investigation, the volume of flow must include both the design flow of 3785
m*-d™" plus all the stormwater runoff which will naturally pass through the wetland
(DS&N [5]). The amount of stormwater runoff was estimated for the entire 531 ha
contributing watershed, and the total amount of runoff was converted to an average
daily amount and then added to the design flow to estimate a total daily flow. Although
this is not the stormwater runoff for the entire community, it represents a substantial
portion whose basin coincides with the site for the tertiary wastewater treatment facility.

6. SUMMARY AND CONCLUSIONS

We have shown that constructed wetlands are becoming increasingly important as
a technology for improving water quality, especially for small communities with low
budgets. CWs can help small communities to meet more stringent water quality
standards at a reasonable cost. At the same time, a constructed wetland can be a visual
and recreational asset to a community by incorporating good landscape design.

The effluent from CWs is cleaner than the influent and can be used for recreation,
agricultural irrigation, industrial processes, groundwater and stream augmentation and
possibly as a supply of drinking water. CWs can also serve as park areas with habitats
for fish and migratory birds, as was done in the cities of Orlando, Florida and Arcata,
California.

One of the limitations of CWs is the amount of land required. The EPA study
suggested that wetland systems are most suitable for communities with wastewater flows of
less than 7,5560 m3-d~' that require secondary, advanced secondary, or advanced
treatment (HYDE [7]). As an example of the size of a modest CW, the system in Crowley,
Louisiana, was designed to treat up to 15,100 m3-d~! of domestic wastewater and to
serve a population of about 28,000 — the CW requires approximately 31 ha of land. An
obvious outcome is that most CW systems are in rural communities where land is
relatively plentiful and inexpensive (MOOs [11]).
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ZASTOSOWANIE SZTUCZNYCH MOCZAROW
DO JEDNOCZESNEGO OCZYSZCZANIA SCIEKOW I WOD DESZCZOWYCH

Sztuczne moczary sa jednym z mozliwych sposobéw zastosowania naturalnych systeméw do
oczyszczania $ciekéw. Dodatkowe zainteresowanie tymi systemami zostato spowodowane wejsciem
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w zycie nowych przepisow federalnych, dotyczacych wéd deszczowych, a takze zaostrzeniem norm jakosci
wody. Zastosowanie sztucznych moczarow do przetrzymywania i oczyszczania wod deszczowych wydaje
sie interesujaca alternatywa. Decyzja o zbudowaniu moczardw zalezy oczywiscie od wielu czynnikéw, jak
strefa klimatyczna, obciazenie $ciekami, dostgpne tereny pod budowg i ich wielkos¢ oraz zaplanowany
budzet.

W artykule zaprezentowano przeglad systemow sztucznych moczaréw na terenie Stanow Zjed-
noczonych. Przedstawione kategorie to: oczyszczanie Sciekow z terenow rolniczych, miejskich, przemys-
towych i woéd deszczowych. Informacje zawarte w pracy pochodza z literatury, programéw kom-
puterowych, agencji stanowych oraz z prywatnych rozméw ze specjalistami. Odpowiednio zaprojek-
towane sztuczne moczary moga byé rozwigzaniem probleméw w matych miejscowosciach, dysponujacych
niewielkim budzetem.

IMPUMEHEHUE UCKYCCTBEHHBIX BOJIOT
JJIA OJHOBPEMEHHO! OYMCTKU CTOYHBIX U JOXJEBBIX BOJ|

VckyccTBeHHEIE GOJNOTA SBISIOTCS ONHHM H3 BO3MOXHBIX croco60B MPEMEHEHHS NPUPOIHBIX
CHCTEM JUTSL OYHCTKH CTOYHBIX BOA. J106aBOYHAs 3aHHTEPECOBAHHOCTL ITAMH CHCTEMAMH ObUIa BBI3BaHA
YCTAHOBIICHHEM HOBBIX ()elepaIbHBIX PABHJI, KACAIOMAXCS JOKIEBEIX BOJ, & TAKXKE obocTpeHreM HOpM
Kauecrsa BOABI. IIpAMEHEHHE MCKYCCTBEHHBIX GOIOT IS 3a[EPXHBAHHS M OYHCTKA JOXIEBRIX BOL
KaXeTCsl METEPECHOI aibTepHaTHBOM. Pelenne o OCTpOiike GOJIOT 3aBHCAT OT MHOTHX (GaKTOpoB, KaK
KIMMATHYECKAs 30HA, HATPY3Ka CTOYHBIMA BOJAMH, JOCTYIHBIE TEPPHTOPHH UL IIOCTPOCHHS 6ooT, BX
pasmep, a TaKke IUIAHAPYEMBIH Gromker.

B craThe MpeiCTaBlIeH OB30p HMCKyCCTBEHHBIX GOJOT HA TEPPUTOPHH CIIA. IIpencraBieHHBIE
KATErOpHH 3TO: OYHCTKA CTOYHBIX BOJ H3 3€MJICJENbYECKHX, TOPOACKAX M MPOMBIIIICHHBIX paiioHOB,
2 TaKKe NOXICBHIX BOA. DTH HEGOPMAIWH, CONEPXKAIWEcs B HACTOSIIEH paboTe, MPOUCXOOAT H3
JMTEPATYPHI, KOMIIBIOTEPHBIX POTPAMM, OT IUTATHBIX areHTCTB, 2 TAKKE BEITEKAIOT U3 pasroBopoB cO
CreNEAaTMCTaMH. 3aIPOSKTAPOBAHHBIE COOTBETCTBYIOIIAM 06pa3oM HCKYCCTBEHHBIE 5010Ta MOTYT GBITH
pelleEreM IpOGIeM B MAaJBIX MECTHOCTSIX, MMEIOLIHX He6OoIbIION OIOKET.



