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ABSTRACT
Several research studies have proven that constructed wetlands are a reliable and

cost-effective method for removing nutrients (total nitrogen (TN) and phosphorus) and
total suspended solids, as well as metals. Steamboat Creek (SBC) due to its elevated
concentrations of nutrients make the most polluted tributary of the Truckee River. The
creek annually contributes approximately 900 tons of total suspended solids, 70 tons of
nitrogen, and 15 tons of phosphorus. The construction of a large-scale wetland system has
been proposed as a component of a regional watershed restoration plan by the Cities of
Reno and Sparks and the Army Corps of Engineers at the confluence of the Truckee River
and creek in Reno, Nevada, USA. Therefore, in order to quantify nutrient and sediments
removal in the proposed system a pilot-scale wetland was constructed along the creek at
the Truckee Meadows Water Reclamation Facility (TMWRF), Sparks, Nevada. Nutrients
and sediments in the wetland influent and effluent flows were routinely monitored, along
with other parameters (e.g., dissolved oxygen, pH, temperature, and total suspended solids).
Results indicated seasonal variations in nutrient removal with the highest removals observed
during summer and lowest removals during winter. However, no seasonal variation in
sediments removal was observed. Based on experimental designs approximately 30 to 80%
of total nitrogen, 20 to 60% of total phosphorus, and 10 to 95% of total suspended solids are
removed. This study provides important empirical data that can be used by watershed
managers in making decisions regarding wetland construction, management, and operation
more effective in order to the reduce nutrient loads to the Truckee River.
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INTRODUCTION
Steamboat Creek (SBC) in northern Nevada
extends over 17 miles from Washoe Lake along
the eastern edge of the Truckee Meadows
discharging into the Truckee River east of
Sparks (Fig. 1). Its watershed encompasses

over 200 square miles.  The creek is considered
the most polluted tributary of the Truckee River
and a major source of nonpoint pollution,
annually contributing approximately 900 tons
of total suspended solids (TSS), 70 tons of
nitrogen, and 15 tons of phosphorus1,2.
Research has shown that constructed wetlands
can be used to improve water quality by
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removing nutrients (nitrogen, phosphorus) and
suspended solids3. Therefore, the construction
of a large-scale wetland system at the
confluence of the Truckee River and Steamboat
Creek has been proposed as a component of a
regional watershed restoration plan developed
by the Cities of Reno and Sparks and the Army
Corps of Engineers2.  The vision of the
Restoration Plan is to establish the creek as an
amenity within future urbanized areas, which
contains recreation trails and open space, a non-
polluting stream channel, a wildlife corridor and
viewing area, and as a respected feature
through numerous small ranches and parcels
that exist in close proximity to the creek today.
Land within the creek should be showcased
for the aesthetic and recreational enjoyment
for future generations4. To quantify anticipated
nutrient removal within such a system, a small-
scale wetlands system was constructed near
the confluence of SBC and the Truckee River
at the Truckee Meadows Water Reclamation
Facility (TMWRF) in Sparks, Nevada.

AIMS  AND  OBJECTIVES
The overall objective of this paper is to

utilize a small-scale wetland system to identify
design criteria for a large-scale constructed
wetland system, maximizing water quality

benefits and developing operational and
management strategies to maximize the nutrient
and sediment removal.

MATERIAL  AND  METHODS
Experimental Design :

This project utilized five parallel wetland
mesocosms, each with a 0.45 mil rubber liner,
soil bottom (approximately 0.3 m thick),
emergent vegetation, and free water surface
(Fig. 1). Each mesocosm (1.8 m wide, 3 m
long, and 0.6 m deep) was divided into three
equilength cells (inlet, middle, and outlet cell).
A base layer of 20 cm of aggregate and sand,
autochthonous SBC sediments were used in
Trains 1, 2, 4, and 5. Train 3 was filled with
only aggregate and sand (~80% sand and 20%
aggregate). Water depths varied from
approximately 3 to 8 cm.  Water from SBC
was pumped to Trains 1, 2, and 3 while Trains
4 and 5 received treated wastewater effluent
from TMWRF, an advanced wastewater
treatment facility. Therefore, three different
experimental designs were obtained :

(1) SBC sediments and SBC water,
(2) clean aggregate and sand and SBC water,
and (3) SBC sediments and TMWRF effluent.
In addition, Trains 4 and 5 were constructed
one year after the Trains 1, 2, and 3. All of the

 

Fig. 1 : Schematic of the small-scale free surface flow wetland system used in this study.
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trains were densely vegetated with appro-
ximately 70% cattails (Typha sp.), with rest
comprised of rushes (Juncus sp.), tall white
top (Lepidium latifolium), and duckweed
(Lemna sp.). The influent flow rate to each
experimental design varied from 4 to 16 L/min
over a period of three years, however, the flows
in replicate trains were similar.

Water Quality Sampling and Monitoring:
The water quality of the influent and effluent
flows for the wetland system was monitored
to quantify the removal of the nutrients and
suspended solids. Water samples were
collected twice each month around the same
time of the day (January 2001 to December
2004) and analyzed for nutrients (i.e., nitrogen
and phosphorus), TSS, and total organic carbon

(TOC). Other parameters that were also
monitored included temperature, pH, dissolved
oxygen, electrical conductivity, and flow. All
field instruments were calibrated before each
sampling period. The analytical methods that
were used to monitor water quality are
summarized in Table 15. Each experimental
design has been monitored over several years
allowing the trends in change in concentration
for comparison.

Statistical Analysis: Statistical analyses
were performed using StatView 14.0. The
strength of relationship between parameters
was evaluated using linear regression analysis.
Results were considered statistically significant
at p < 0.05.

Table 1 : Analytical methods used during this project

Parameter Analytical Method 

Total Kjeldahl Nitrogen (TKN) Standard Methods 4500-Norg B 

Nitrate Nitrogen (NO3
--N) Standard Methods 4500 E 

Nitrite Nitrogen (NO2
--N) Standard Methods 4500 B 

Total Phosphorus (TP) Standard Methods 4500 P-B and 4500P-E 
Orthophosphate (OP) Standard Methods 4500 P-B 

pH Standard Methods 4500-H+ B 
Total Suspended Solids (TSS) Standard Methods 2540 D 
Electrical Conductivity Standard Methods 2510 B 

Temperature Standard Methods 2550 B 
Dissolved Oxygen (DO) Standard Methods 4500-O G 
Total Organic Carbon (TOC) Standard Methods 5310 C 

RESULTS AND DISCUSSION
Most water quality parameters for SBC

water and TMWRF effluent differed
significantly, except for temperature and
dissolved oxygen which behaved similarly and
exhibited seasonality in all five trains (Fig. 2).
Temperature variation was observed from
winter to late summer and ranged from

1.8C to 30.0C, respectively. Dissolved
oxygen decreased from 14.0 mg O2/L in
winter to 3.7 mg O2/L in late summer. The
average pH of SBC water was significantly
higher than the pH of TMWRF effluent
(p<0.001). The results of the water quality
monitoring over the period 2002 to 2003 are
summarized in Fig. 2.
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Total nitrogen in SBC water and
TMWRF effluent were not significantly
different (p = 0.48). The total nitrogen (TN)
concentration in both creek water and TMWRF
effluent were peaked during the winter and
decreased during the spring through mid-
summer (Fig. 2). Variation in total nitrogen
concentration in the creek water was mostly
due to change in NO3

– concentrations. The
removal of TN was most effective during the
fall and winter seasons, following into the spring.
A strong positive correlation was obtained
between influent total nitrogen and nitrate
concentration for the creek water (r2 = 0.65,
p<0.0001). Organic nitrogen, measured as total

Kjeldahl nitrogen (TKN), in TMWRF effluent
was consistently higher than in SBC water
(p<0.001). The average removal efficiency of
TN in both the designs showed seasonal
variations, 74±18% removal during summer and
39±23% in winter (Fig. 3). The removal of
TN was most effective during the summer and
early fall, whereas it decreased during winter
and spring. Bratli et al.6 observed a similar
seasonal variation in TN removal efficiency
with 50-80% removal in the summer period,
while only 30% was retained during the winter.
Slightly higher TN removal efficiency (84-98%)
was observed by Comin et al.7 in constructed
surface flow wetland.

Fig. 3 : Percent total nitrogen (TN) removal in trains receiving [a] Steamboat Creek (SBC) water (Trains
1, 2, and 3) and [b] Truckee Meadows Water Reclamation Facility (TMERF) effluent (Trains 4 and 5).
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A seasonal variation in (NO3
– + NO2

–)-
N concentrations was observed for SBC water
while TMWRF effluent showed some seasonal
variation. Nitrate plus nitrite nitrogen in SBC
water was significantly higher than in TMWRF
effluent (p<0.0001). The average removal
efficiency for (NO3

– + NO2
–)-N nitrogen in

Trains 1 and 2 was 51  11% and 74  26%

in Train 3 (Fig. 4a). In Trains 4 and 5, the
average removal of (NO3

– + NO2
–)-N totaled

37  17%.  Similar observations were reported
by Comin et al.7. Higher temperature during
late spring, summer and early fall might have
facilitated microbial activities, encouraging
several processes such as nitrification and
denitrification8-10.
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Fig. 4 :  Percent nitrate removal in trains receiving Steamboat Creek (SBC) water (Trains 1, 2, and 3) and
Truckee Meadows Water Reclamation Facility (TMERF) effluent (Trains 4 and 5).

The concentrations of total phosphorus
(TP) and orthophosphate (PO4

--P) in SBC
water and TMWRF effluent showed little
seasonal variability (Figure 2). The average
concentrations of TP and PO4

--P in SBC water
was 0.28  0.10 and 0.21  0.09 mg/L mg/L,

respectively. The average removal efficiencies
of TP and PO4

--P in Trains 1, 2, and 3 were 41
 8% and 39  9%, respectively (Figures 5a
for TP, data not shown for PO4

–-P). TMWRF
effluent had concentrations of TP and PO4

--P
of 0.15  0.5 and 0.07  0.05 mg/L, respectively.
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The average removal efficiencies of TP and
PO4

–-P in Trains 4 and 5 were slightly variable
with 27  15% and 15  7% removals,
respectively (Fig. 5b).  The removal of
phosphorus in the 30 to 50 percent range can
be sustained within constructed wetlands
treatment systems11.  This removal occurs
mainly through the settling and retention of
particulate phosphorus in the slow moving
wetland waters and the uptake of soluble
phosphorus that occurs by sorption onto media,

biofilms and detritus, via precipitation,
complexation, and assimilation into microbial
and plant biomass12. However, several of these
processes have a limited capacity. Once the
total capacity is exceeded, further removal will
cease. Strong significant positive correlation
between change in TP and TSS concentration
was observed (r2 = 0.67,  p<0.0001) suggesting
that TP removal was highly associated with
TSS removal. Several other researchers have
observed similar association of TP and TSS13,14.

Fig. 5 : Percent total phosphorus (TP) removal in trains receiving [a] Steamboat Creek (SBC) water
(Trains 1, 2, and 3) and [b] Truckee Meadows Water Reclamation Facility (TMERF) effluent

(Trains 4 and 5).
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SBC water had higher TSS concen-
trations (p<0.001) than the TMWRF effluent
(Figure 2). Overall, the average removal
efficiency of TSS in Trains 1, 2, and 3 totaled
72  18% (Fig.6a). Low water velocities,
coupled with the presence of vegetation,
promote settling and filtration of suspended
solids which constitutes the primary reasons
for utilizing this method of removal potential
pollutant in this wetlands. The removal
efficiency of TSS in Trains 4 and 5 was highly

variable and was sometimes negative (i.e., TSS
was exported from the wetlands) (Fig. 6b).
This was likely due to the low concentrations
of TSS in the TMWRF effluent. The TMWRF
uses dual media filtration to enhance the
removal of TSS. Total organic carbon
concentrations in SBC water were lower than
in the TMWRF effluent (p < 0.001). The annual
average removal efficiency was 07  6% in all
five trains (data not shown).

Fig. 6 : Percent total suspended solids (TSS) removal in trains receiving [a] Steamboat Creek (SBC)
water (Trains 1, 2, and 3) and [b] Truckee Meadows Water Reclamation Facility (TMERF) effluent

(Trains 4 and 5).

CONCLUSION
The results from the statistical analyses

performed on the data of the small-scale
constructed wetlands show that the

construction of a large scale wetlands system
would be an effective treatment in improving
the water quality in Steamboat Creek by
reducing in the daily loading of TN, TP, TSS,
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and TOC improving the downstream water
quality. The removal efficiency of nitrate and
nitrite-nitrogen in the trains fed with SBC water
varied seasonally from around 80% during
warmer months and around 20% during winter
months. Large variations in the removal
efficiency of nitrate and nitrite-nitrogen were
observed in trains fed with TMWRF effluent.
Data indicated that the average removal
efficiencies of total phosphorus is 35% for
trains receiving SBC water and 10% for trains
receiving the TMWRF effluent. Results
indicated an average removal efficiency of
TSS as being 80% in the trains receiving SBC
water, while large variations in TSS removal
were observed in the trains receiving the
TMWRF effluent. This study provides
important empirical data that can be used by
watershed managers in assessing the potential
trade-offs and environmental consequences
of wetland construction in a mercury
contaminated watershed.
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