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Abstract: A surface flow constructed wetland was used for the treatment of landfill leachate and 
industrial park runoff. The wetland consisted of seven cells and was designed as a kidney shape to 
facilitate high retention time. The water quality was assessed for iron, manganese, phosphorus 
(orthophosphate), pH, dissolved oxygen (DO), nitrogen (ammonia, nitrate, nitrite and TKN), chemical 
oxygen demand (COD), total suspended solids (TSS) and total dissolved solids (TDS). The water 
quality parameters were measured at inlet, cell 1 (unvegetated area), cell 2, cell 3 and outlet to 
determine progress in treatment efficiency as water flow through the wetland. The reductions in iron, 
manganese, ammonia and TKN were 24.2 %, 6.7 %, 37 % and 5.9 %, respectively. The concentrations 
of nitrite, nitrate and DO were within the Canadian guidelines for the protection of aquatic animals. 
Increases in COD, TSS and TDS concentrations of 11.8 %, 5.2 % and 7.5 %, were observed at outlet 
mainly due to immature vegetation and underdeveloped biodiversity. 
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INTRODUCTION 

 
Approximately 14% of the world’s wetlands are 

encountered in Canada where they occupy more than 
1.2 million square kilometres[1]. It is difficult to 
provide a clear definition of a wetland as this unique 
ecosystem is extremely variable in nature and 
supports a wide range of hydrological and biological 
regimes[2]. However, wetlands can be broadly defined 
as aquatic ecosystems typically composed of a 
vegetation dominated by hydrophytes and 
characterized by shallow waters overlying saturated 
soils[3]. Through the interactions of the physical, 
biological and chemical functions unique to wetland 
ecosystems countless benefits are provided to both 
the human and natural world including: wildlife 
biodiversity, storm protection, water purification, 
commercial products, climate change control, 
recreation, education and culture[4]. In terms of both 
plant and animal wildlife, wetland ecosystems are 
among the top most productive environments on the 
planet[1,5]. They provide for the habitat needs of 
countless species of birds and mammals, as well as 
fish, amphibians, invertebrates, and microbial species 
that require aquatic environments for breeding, egg 
development, and larval growth[1,5,6].  

Constructed wetlands are becoming increasingly 
common features emerging in landscapes across the 
globe. Although similar in appearance to natural 
wetland systems (especially marsh ecosystems), they 
are usually created in areas that would not naturally 
support such systems to facilitate contaminant or 
pollution removal from wastewater or runoff[5,7]. In 
essence, constructed wetlands are designed and 
constructed to capitalize on the intrinsic water quality 
amelioration functions of natural wetlands for human 
use and benefits. Fields[8] stated that constructed 
wetlands are built specifically for water quality 
improvement purposes, typically involving controlled 
outflow and a design that maximizes certain treatment 
functions. When designed properly, constructed 
wetlands are capable of effectively purifying 
wastewater using the same processes carried out in 
natural wetland habitats by vegetation, soils, and their 
associated microbial assemblages, but within a more 
controlled environment[6,7].  

The exploitation of natural phytoremediation 
processes for the treatment of contaminants in 
constructed wetlands has become an increasingly 
popular practice in the last few decades and plants with 
significant phytoremediative capabilities are being 
increasingly utilized as remediative tools in constructed 
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wetlands for the treatment of wastewaters 
contaminated with nutrients (i.e. N, P, metals), 
pesticides, solvents, explosives, hydrocarbons, and 
radionuclides[9]. Many wetland plants are showing 
the capacity to withstand relatively high or toxic 
concentrations of contaminants[10]. It is often argued 
that one of the principal functions of vegetation in 
constructed wetland systems is to facilitate ideal 
environments for microbial populations which are 
primarily responsible for the breakdown of organic 
matter in wetland environments[11,12]. They do so by 
providing oxygenated zones around their roots and 
capillaries (rhizospheres) and by providing surface 
areas for microbial attachment for forming 
biofilms[7,13]. The aerobic microorganisms often in 
turn, enhance phytoremediation processes through 
symbiotic relationships which enhance metal uptake 
by roots[14]. Another important treatment process 
common to all wetland systems is the physical 
settling of suspended particulate matter such as silt or 
clay, or fine particles of organic and/or inorganic 
matter. Suspended matter can severely degrade water 
quality and habitat for a host of reasons. Pollutants 
such as hydrocarbons, fixed forms of nitrogen and 
phosphorus, heavy metals, bacteria and viruses often 
bind to these particulates. When effective particulate 
settling is facilitated, toxicity is reduced as the 
pollutants settle to the bottom of the wetland along 
with the suspended solids they are absorbed to[6]. The 
subsequent oxidation or reduction of these settled 
particulates then releases soluble forms of the 
pollutants to the wetland environment, which become 
available for adsorption or removal by soil, microbial 
populations and wetland plants[15].  

To remediate the effects of landfill leachate 
coming from the Burnside Drive landfill located in 
Burnside Industrial Park, Dartmouth, Nova Scotia 
and impacting the natural Wright’s Brook ecosystem, 
a surface flow engineered treatment wetland was 
designed with the intended purpose of purifying the 
influent before discharging it back into the brook. 
The purpose of the present study was to use chemical 
water quality analyses to evaluate the efficiency of 
the Burnside constructed wetland in treating landfill 
leachate and runoff from Burnside Industrial Park.  
 
BURNSIDE LANDFILL AND CONSTRUCTED 

WETLAND 
 

The Burnside Drive landfill (now decommissioned 
and currently known as the Don Bayer Sports Field) 
is located near the northern boundary of the Burnside 

Industrial Park, at the corner of Akerley Boulevard and 
Burnside Drive (Fig. 1). This 13.4 acre open waste 
disposal site had accepted municipal, agricultural and 
industrial wastes, old tires, abandoned cars and 
demolition wastes (all of which were reportedly burned 
to reduce volume) from the Dartmouth Municipality. 
The dumpsite was graded, compacted and covered with 
two feet of soil upon closure, as was common in the 
day, with no regard to pollution control or aesthetics[16]. 
Since its closure in the 1970’s, leachate from the 
decomposing waste beneath the sports field, as well as 
stormwater draining from a 55.1 hectare watershed 
surrounding the landfill ultimately discharge into 
Wright’s Brook through stormwater ditches located on 
the western, northern and eastern borders of the sports 
field. Wright’s Brook traverses 4.6 km, passing through 
Enchanted and Flat lakes before discharging into the 
Bedford Basin of the Halifax Harbour. Water quality 
analyses (Tables 1 and 2) indicated that the leachate 
wastewater contained elevated levels of iron, 
manganese, ammonia, and suspended solids. This 
wastewater discharge has had visible adverse effects on 
Wright’s Brook and the associated ecosystems.  
 

 
 
Fig. 1: Aerial photograph of the northern boundary of 

the Burnside Industrial Park (Scale 
1:10000)[17] 

Enchanted 
Lake       Wetlands 

     Wright’s Brook 

Treatment 
wetland  

site 

Former landfill 
site 

Black Lake 

Akerley Bld. 

Burnside Dr. 

N 



Am. J. Environ. Sci., 4 (2): 111-120, 2008 
 

 113 

Table 1:  Elements and components in samples taken 
from the ditches adjacent to Don Bayer 
Sports Field[16,18-20] 

Parameter 
Concentra- 
tion* (µg/L) 

Guideline 

  Elements   
Aluminum 10.00 5-100[18] 
Antimony 0.00 20[19] 
Barium 0.00 1000[19] 
Beryllium 0.00 11[20] 
Bismuth 0.00 NGA 
Boron 57.33 200[20] 
Cadmium 0.00 0.012[18] 
Calcium 43300.00 NGA 
Chloride 75370.00 NGA 
Chromium 0.67 1-8.9[18] 
Cobalt 2.00 NGA 
Copper 0.00 2-4[18] 
Iron 6166.67 300[18] 
Lead  0.00 1-7[18] 
Magnesium 4000.00 NGA 
Manganese 1800.00 1000-2000[19]

Molybdenum 0.00 73[18] 
Nickel 0.00 25-150[18] 
Phosphorus 0.00 NGA 
Potassium 2100.00 NGA 
Selenium 0.00 1[18] 
Silver 0.00 0.1[18] 
Sodium 41200.00 NGA 
Strontium 190.00 NGA 
Thallium 0.00 0.8[18] 
Titanium 0.00 NGA 
Uranium 0.00 NGA 
Vanadium 0.00 NGA 
Zinc 6.67 30[18] 

  Compounds   
Ammonia (as N) 1258.18 NGA 
Bicarbonate (as CaCO3) 94281.00 NGA 
Carbonate (as CaCO3) 181.00 NGA 
Nitrate (as N) 0.00 0.6[18] 
Nitrite 0.00 NGA 
Nitrate + Nitrite (as N) 0.00 NGA 
Ortho Phosphate (as P) 0.00 NGA 
Sulfate 6330.00 NGA 
*values are the average of four measurements. 
NGA = No guideline available. 
 

Table 2: Water quality parameters of samples taken 
from the Don Bayer Sports Field stormwater 
ditches in October, 2000[16,18]  

Parameter Concentra- 
tion* (µg/L) 

Guideline 

 Water quality parameters 
Alkalinity (as CaCO3) 
(mg/L) 95000.00 NGA 
Color (TUC) 0.00 NGA 
Conductance (µS/cm) 478.67 NGA 
Dissolved Organic 
Carbon 
(mg/L) 2300.00 NGA 
Hardness (as CaCO3) 
(mg/L) 124670.00 NGA 
pH 7.10 <6.5- >9.0[19] 
Reactive Silica 
(as SiO2) (mg/L) 4330.00 NGA 
Saturation pH @4 °C 8.25 NGA 
Saturation pH @20 °C 7.85 NGA 
TDS (Calculated) 
(mg/L) 235330.00 NGA 
Turbidity (NTU)  3.30 NGA 

 

* values are the average of four measurements. 
NGA = No guideline available. 
 

 
 
Fig. 2: Burnside treatment wetland diagram
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To address the problem, a seven celled surface 
flow engineered treatment wetland (approximately 
5000m2 in area) was constructed in the late fall of 
2001 and spring of 2002 (Fig. 2). The wetland 
consists of a deep-water (greater than 1m) system 
separated by shallow interior earth berms 2 m in 
width, which were constructed in the marshy area 
receiving the leachate wastewaters. The wetland was 
designed to curve in a kidney shape in order to 
increase the length to width ratio to about 5 to 1. The 
first wetland cell was deeper than the others 
(approximately 1.5 m) in order to facilitate the 
settling and accumulation of suspended solids. The 
till of the area was found to support 15 - 25% silt/clay 
with dense to very dense consistency and a 
permeability of 10-4 to 10-6 cm/sec[21]. Subsequently, 
it was concluded that compaction of the area 
substrates would provide adequate lining for the site. 
The natural gravitational flow facilitated by the site 
topography negated the need for any mechanical 
infrastructure such as pumps. 

 
WATER SAMPLING PROCEDURE 

 
Bi-weekly sampling of the water quality of the 

site commenced in May, 2003 and went on through 
September, 2003. Water quality samples were 
collected from Cell 2, 3 and the outlet and compared 
to baseline influent concentrations. The water quality 
between  
Cells 2 and 3 were compared in order to gauge some 
semblance of purification progress from Cell 1 to 
Cell 3. The water quality of the outlet leading from 
Cell 4 was monitored and compared to influent 
concentrations to gauge the effectiveness of the entire 
system. Samples were collected on varying days to 
ensure samples taken were representative.  

 
WATER QUALITY ANALYSES 

 
Water samples collected from May to September 
2003 were analyzed for iron, manganese, phosphorus 
(orthophosphate), pH, dissolved oxygen (DO), 
nitrogen (ammonia, nitrate, nitrite and TKN), 
chemical oxygen demand (COD), total suspended 
solids (TSS) and total dissolved solids (TDS). 
Nitrogen, pH, COD, TSS, TDS and orthophosphate 
were analyzed in the Biotechnology Laboratory at 
Dalhousie University according to the procedures 
described in Standard Methods for the Examination 
of Water and Wastewater[22]. Iron, manganese, and 
orthophosphate were analyzed in the Mineral 

Engineering Laboratory at Dalhousie University. Iron 
and manganese concentrations were determined using 
Flame Atomic Absorption (Varian SpectrAA, Model # 
55B, Varian Inc., Mulgrave, Victoria, Australia) with a 
detection limit of 1 ppm. The accuracy of the analysis 
was verified using reference standards from CANMET 
Mining and Mineral Sciences Laboratories (CANMET-
MMSL).  

RESULTS AND DISCUSSION 
 

The water quality analyses were conducted bi-
weekly from May 24, 2003 to September 11, 2003. The 
iron, manganese, orthophosphate and nitrogen (nitrite, 
nitrate, ammonia and TKN) results are presented in 
Table 3. The total suspended solids (TSS), total 
disolved solids (TDS), chemical oxygen demand 
(COD), dissolved oxygen (DO) and pH are presented in 
Table 4.  

 
Iron: Iron is an essential micronutrient element 
required by both plants and wildlife at significant 
concentrations, as it is a vital part of metabolic enzyme 
formation and the oxygen transport mechanism in the 
blood (haemoglobin) of all vertebrate and some 
invertebrate animals[23]. Iron occurs as one of the 
principle chemical constituents in water where it is 
present at concentrations typically less than 500 
µg/L[24,25]. The iron concentrations observed in the 
treatment wetland decreased as the water flowed 
through the treatment wetland cells. However, in 6 of 
the sampling events, the iron concentration actually 
increased in Cell 3. The most significant factor which 
likely contributed to the increased iron concentrations 
observed in Cell 3 was inadequate settling occurring in 
Cells 1 and 2 due to significant breaks in the vegetated 
berms which reduced retention times. The lowest and 
highest iron effluent concentrations observed were 0.67 
mg/L and 9.38 mg/L with an average of 5.17 mg/L. 
Although iron removal did occur (average of 24.2% 
reduction), the iron concentrations observed in the 
outlet effluent never dropped below the Canadian 
Council of Ministers of Environment (CCME) 
Guideline of 0.3 mg/L for the Protection of Freshwater 
Aquatic Life[18].  

 
Manganese: Manganese is an essential micronutrient 
forming a vital part of the enzyme systems that 
metabolise proteins and energy in all animals. In 
surface water, natural levels are usually less than 0.2 
mg/L and rarely exceed 1.0 mg/L, but it can be 
naturally present at levels as high as 40 mg/L[19]. In 
general, manganese is known to be lightly to  
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Table 3: Iron, manganese, orthophosphate and nitrogen compounds in the treatment wetland 

Date Location Fe 
(mg/L) 

Mn 
(mg/L) 

NO2 

(mg/L) 
NO3 

(mg/L) 
NH4

+
 

(mg/L) 
TKN 

(mg/L) 
PO4 

(mg/L) 
Cell 1* 10.55 1.61 Nd 5.65 Nd Nd Nd 

Cell 2 5.62 1.42 Nd 2.39 0.50 4.00 Nd 

Cell 3 7.16 1.69 Nd 6.88 Nd 9.00 0.01 May 24 

Outlet 7.00 1.78 0.01 7.10 Nd 3.00 0.01 

Cell 1* 11.05 1.48 0.02 4.49 0.50 7.50 Nd 

Cell 2 13.34 1.73 0.02 3.62 1.75 4.00 Nd 

Cell 3 7.37 1.76 0.01 2.46 0.25 9.25 Nd June 1 

Outlet 9.38 1.78 0.01 6.74 Nd 4.25 Nd 

Cell 1* 5.50 1.10 Nd Nd 0.47 0.47 Nd 

Cell 2 5.73 1.18 0.02 7.03 Nd 4.25 Nd 

Cell 3 1.40 0.18 0.03 3.12 Nd 11.75 Nd June 18 

Outlet 0.67 0.50 Nd 3.04 Nd 4.75 Nd 

Cell 2 3.82 1.72 Nd 1.45 Nd 3.50 Nd 

Cell 3 5.96 1.50 Nd 2.10 Nd 19.00 Nd June 30 

Outlet 3.75 1.76 0.02 2.90 Nd 5.25 Nd 

Cell 2 7.69 1.45 Nd 5.73 3.00 4.25 0.03 

Cell 3 10.89 3.81 0.02 4.42 0.25 5.25 0.01 July 21 

Outlet 2.51 0.73 0.59 4.28 0.25 6.50 0.01 

Cell 2 1.05 0.44 0.24 2.46 0.25 1.25 Nd 

Cell 3 3.13 0.40 0.04 3.91 0.25 4.00 0.03 Aug. 6 

Outlet 1.84 0.42 0.07 5.29 0.25 5.00 0.01 

Cell 2 8.68 2.12 Nd 1.88 2.00 7.00 Nd 

Cell 3 13.88 2.32 Nd 1.59 1.50 5.25 0.03 Aug. 25 

Outlet 7.52 2.55 0.01 1.96 0.25 0.50 Nd 

Cell 2 10.43 1.37 0.03 1.38 0.25 2.00 0.01 

Cell 3 13.98 1.36 0.01 1.16 1.50 5.00 Nd Sept. 11 

Outlet 8.65 1.52 0.01 1.74 1.50 4.00 Nd 

* Concentrations indicative of inlet concentrations as water sample taken in proximity to inlet in unvegetated area of Cell 1.  
Nd = Not detected; TKN = Total Kjeldahl Nitrogen 

 
moderately toxic to aquatic organisms in excessive 
amounts. Several factors such as salinity, pH, and the 
presence of other contaminants can affect the toxicity of 
manganese in waterbodies. However, water hardness 
appears to be the most influential factor affecting    
manganese toxicity. As hardness increases, manganese 
toxicity decreases[19,24]. The manganese concentrations 
in the wetland water generally did not decrease as the 
water flowed through the treatment wetland cells. 
However, the average reduction in manganese in the 
constructed wetland over the sampling period is slightly 
positive with a value of 6.7%. Although the CCME 
currently does not publish water quality guidelines for 
manganese, the British Columbian Ministry of 
Environment, Land and Parks (BCMELP)[19] have 
published acute and chronic manganese guidelines for 
the protection of freshwater aquatic life. The  

 
manganese concentrations observed in the outlet 
effluent exceeded the BCMELP acute guideline[19] of 
1.914 mg/L on August 22nd and exceeded the 
BCMELP chronic guideline of 1.15 mg/L on May 23, 
June 1, June 30, August 25 and September 11. 
 
NH4

+: Ammonium is fairly harmless, whereas 
ammonia (the most toxic by-product of the nitrogen 
cycle) can be deadly at high levels, especially to fish. 
Ammonium and ammonia shift in equilibrium with 
each other according to pH. At the pH of 8.5 or 
greater, ammonia will be the more dominant form. 
Increased water temperatures also harbour the 
unionized form.  

Consequently, as pH and/or temperature 
increase, the proportion of un-ionized ammonia 
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increases, resulting in increased toxicity[26]. Chronic 
effects of exposure to ammonia include damage to gill 
membranes, preventing fish from carrying on normal 
respiration, alteration of metabolisms or increases in 
body pH. Ammonia can cause osmoregulatory damage 
and is an irritant to delicate tissues such as the internal 
organs. Even trace amounts of ammonia can stress fish, 
suppressing the immune system[27]. In most sampling 
events ammonia decreased as the water flowed through 
the constructed wetland (average reduction of 37.0%) 
and was actually not detected in 37% of the samples 
analysed.  
 
NO2

-: In aerobic conditions, most ammonium is 
oxidized to nitrite by Nitrosomonas bacteria[24]. Nitrite 
is very unstable and is oxidized to nitrate by 
Nitrobacter bacteria. It has been termed an invisible 
killer as it has no visible affect on the water column, but 
is often toxic to fish at low concentrations. The 
presence of excessive nitrite also depletes dissolved 
oxygen in the water column as the oxidation of nitrite to 
nitrate consumes oxygen[25]. The nitrite water quality 
guideline established by CCME for the protection of 
freshwater life is 0.06 mg/L[18]. Overall, the nitrite 
levels observed in the treatment wetland were minimal 
until the July 21st sampling date, where the nitrite 
concentration in the outlet was 0.59 mg/L, which 
exceeds the CCME Guidelines[18]. The high nitrite 
levels observed in the outlet on the July 21st sampling 
date may be correlated with the stagnation observed in 
the site that day as nitrite can persist in waters which 
suffer from oxygen depletion[25]. 
 
NO3

-: Nitrate is an inorganic compound of nitrogen 
which is bioavailable for plant uptake and is essential to 
plant growth[24,28]. Natural levels of nitrate in 
waterbodies are typically lower than 1 mg/L. Where 
nitrite and ammonia are toxic, nitrate is virtually 
harmless, with direct toxic effects typically not 
observed until concentrations greater than 1000 
mg/L[25]. However, if phosphorus concentrations are 
sufficient, high nitrate content in waters can increase  
the severity of eutrophication, which can have chronic 
effects on aquatic life. The nitrate water quality 
guideline established by CCME for the protection of 
aquatic life[18] is 13 mg/L. Overall, the nitrate levels 
observed in the treatment wetland were minimal. In 
seven out of the eight sampling events there was an 
increase in the nitrate concentration as water flowed 
through the constructed wetland. 

TKN: Total Kjeldahl Nitrogen (TKN) is the sum of 
both ammonia and organic nitrogen. The combination 
of the organic nitrogen and all forms of inorganic 
nitrogen (NH4, NO3 and NO2) make up total nitrogen. 
Natural levels of TKN in waterbodies are typically 
less than 2.0 mg/L. There are no specific TKN water 
quality guidelines for the protection of aquatic life. 
However, concentrations above 3 mg/L are 
considered excessive in natural waters[29]. 

Table 4: Dissolved oxygen, chemical oxygen 
demand, total suspended solids, total 
dissolved solids and    pH in the treatment 
wetland 

Date  Location TSS 
(mg/L) 

TDS  
  (mg/L) 

COD 
 (mg/L) 

DO  
(mg/L)  pH 

Cell 1* 365 305 689 6.2 7.2 

Cell 2 390 376 546 6.1 7.3 

Cell 3 615 611 754 6.2 7.1 
May 
24 

Outlet 490 236 650 5.7 7.6 

Cell 1* 460 247 351 4.3 7.5 

Cell 2 405 395 728 4.7 7.5 

Cell 3 410 388 676 4.3 7.6 June 1 

Outlet 513 462 884 4.0 7.6 

Cell 1* NA 255 NA NA 6.7 

Cell 2 845 762 741 5.0 7.2 

Cell 3 970 883 806 6.4 7.5 
June 
18 

Outlet 893 871 676 4.5 7.6 

Cell 2 400 345 637 4.2 7.6 

Cell 3 758 500 858 2.5 6.9 June 
30 

Outlet 518 493 1027 3.9 7.5 

Cell 2 523 509 1092 4.1 7.2 

Cell 3 605 576 1079 3.5 6.9 July 
21 

Outlet 513 276 1001 4.4 7.19 

Cell 2 375 115 897 4.1 7.1 

Cell 3 365 124 1131 4.3 6.8 Aug. 
6 

Outlet 370 136 1066 4.4 6.8 

Cell 2 525 440 1209 4.1 6.8 

Cell 3 515 383 1053 4.4 6.7 Aug. 
25 

Outlet 550 356 858 3.7 7.7 

Cell 2 535 407 741 4.6 7.4 

Cell 3 410 306 1053 4.4 7.0 Sept. 
11 

Outlet 410 334 1092 4.6 6.7 
*Concentrations indicative of inlet concentrations as water sample 
taken in proximity to inlet in unvegetated area of Cell 1. 
NA  = Not analysed 
DO  = Dissolved Oxygen 
COD  = Chemical Oxygen Demand  
TDS  = Total Dissolved Solids 
TSS  = Total Suspended Solids 
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The TKN concentrations observed in the treatment site 
ranged from 0.0 to 19.0 mg/L, with an average of 4.98 
mg/L. The TKN did not decrease as the waters moved 
through the cells (average reduction of 5.9%). 
Concentrations were notably high in Cell 3 for the May 
24th to June 30th sampling dates. The organic forms of 
nitrogen measured in TKN analyses include nitrogen 
that is bound to algae. Commonly, sites which support 
prolific algae contain elevated levels of TKN[24,25]. 
Algal blooms were developing and decaying in the 
treatment site during the period when TKN levels in the 
water samples appeared exceptionally high.  
 
Phosphorus: Phosphorus is an essential macronutrient 
that is a limiting factor to plant growth. It is essential to 
all life as a component of nucleic acids and a universal 
energy molecule[30]. In excess, phosphorus triggers 
eutrophic conditions which involve the prolific growth 
of algal and other aquatic plants. Algal growths can 
have lethal impacts on aquatic life and, at high 
concentrations, can be toxic. The absorption of sunlight 
by algal blooms reduces the amount of light reaching 
aquatic plants in sediment. If an algal bloom is 
prolonged, aquatic plants will die. Large amounts of 
decaying algae result in the consummation of large 
quantities of oxygen by the bacteria and fungi that 
break it down. This results in the dramatic reduction of 
oxygen concentrations in the water column, particularly 
at night. This reduction affects invertebrate predators 
with high oxygen requirements. The subsequent lack of 
predators results in critical disruptions in the food chain 
and increases of nuisance species such as mosquitoes. 
Algal blooms can also contain toxic strains of blue-
green algae which may kill birds, domestic animals, 
aquatic macroinvertebrates and even humans if 
consumed[30-32]. In waters, phosphorus is often 
biologically unavailable as it binds readily to particles. 
Soluble phosphorus which is available for uptake is 
called orthophosphate. The orthophosphate 
concentrations in the waters of Cell 1, 2, 3, and the 
outlet were minimal, fluctuating between undetectable 
levels to 0.03 mg/L.  
 
TSS: Total suspended solids (TSS) include all particles 
suspended in water that will not pass through a filter. 
Abundant suspended solids such as clay and silt, fine 
particles of organic matter, inorganic particulates (such 
as iron), soluble coloured compounds and 
phytoplankton can result in: (a) decreased light 
penetration in water reducing photosynthesis of aqwatic 
plants, (b) decreased water depth due to sediment build-
up, (c) smothering of aquatic vegetation, habitat and 
food, (d) smothering of macro and micro-organisms, 

larva, eggs and the clogging of fish gills, (e) reduced 
efficiency of predation by visual hunters, and (f) 
increased absorbed heat by the water which results in 
lowering dissolved oxygen, facilitating parasite and 
disease growth and increasing the toxicity of 
ammonia[24,25].  There are no specific CCME Water 
Quality Guidelines for TSS. The TSS concentrations 
in Cell 2, Cell 3 and the outlet remained relatively 
stable over the course of the sampling season, 
showing no improvement as the site vegetation 
matured and as the water flowed through the 
constructed wetland (average increase of 5,2%). The 
most likely explanation for this result is the 
ineffective settling due to the breaks in the wetland 
berms which caused dramatic reductions in retention 
times.  
 
TDS: Total dissolved solids (TDS) is a measure of 
the concentration of dissolved constituents in water, 
which commonly include carbonate, bicarbonate, 
chloride, sulfate, phosphate, nitrate, calcium, 
magnesium, sodium, organic ions, and other ions. A 
certain level of these ions in water is essential 
nutrients for aquatic life. Changes in TDS 
concentrations can be harmful to aquatic organisms 
by affecting the density of water. Excessive TDS can 
reduce water clarity, hinder photosynthesis, and lead 
to increased water temperatures[24,25]. There are no 
specific CCME Water Quality Guidelines for TDS. 
The TDS concentrations in Cell 2, Cell 3 and the 
outlet remained relatively stable over the course of 
the sampling season, showing no improvement as 
water went from the inlet to the outlet (average 
increase of 7.5%), and as site vegetation matured. 
The most likely explanation for this result is 
reductions in retention times experienced by the site 
as a result of breaks in the berms.  
 
COD: Chemical oxygen demand (COD) is a measure 
of the amount of oxygen required to chemically 
oxidize reduced minerals and organic matter. In 
general, the greater the COD value in water, the more 
oxygen the influent demands from the waterbody, 
thus resulting in depleted dissolved oxygen which is 
essential to the metabolism of all aerobic aquatic 
organisms[33-35]. There are no COD guidelines 
established by CCME for the protection of aquatic 
life. However, the COD concentrations observed in 
the site are notably higher (averaging about 857.5 
mg/L) than the COD concentrations of domestic 
sewage. COD concentrations did not appear to 
decrease as the water flowed through the site 
(average increase of 11.8%).  
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DO: Dissolved oxygen (DO) is one of the most 
fundamental parameters in water, as it is essential to the 
metabolism of all aerobic aquatic organisms. It is added 
to the water column via photosynthesizing plants and 
stream flow aeration, and is consumed from the 
waterbody by bacterial, plant and animal respiration, 
decaying plants and organisms, and chemical 
oxidation[35]. The CCME guideline for dissolved 
oxygen for the protection of freshwater aquatic life is 
between 5.5 and 6.0 mg/L for warm water ecosystems 
such as the treatment wetland[18]. With the exception of 
the May 24th sampling date, virtually all samples 
analysed were below the minimum guideline of 5.5 
mg/L. The dissolved oxygen concentrations in the 
treatment wetland water generally decreased as the 
water flowed through the treatment wetland cells until 
late June when the concentrations appeared to drop 
slightly and level off. This was unexpected as it had 
been assumed that as the water flowed through the cells 
it would become more oxygenated as a result of the 
growing vegetation and water purification. Low 
dissolved oxygen levels are often the result of organic 
pollution[25]. In seeing that colder waters have greater 
oxygen capacity, the decreasing dissolved oxygen 
concentrations may be correlated with water 
temperatures which were greater than 15oC for the June 
30 to September sampling dates. The low dissolved 
oxygen concentrations may also be explained by the 
abundant iron ochre observed in the site as the physical 
oxidation of iron consumes oxygen[30-36].  
 
pH: Exceedances of pH guidelines have been 
associated with many adverse effects. However, one of 
the most significant impacts of pH in waterbodies is the 
effect that it has on the solubility and thus the 
bioavailability of other substances such as iron, 
manganese and ammonia[37]. The pH of the treatment 
wetland remained relatively neutral, fluctuating 
between 6.7 and 7.7 with an average of 7.0. No pH 
levels were observed above or bellow the CCME pH 
guidelines for the protection of freshwater aquatic life 
of less than 6.5 and greater than 9.0[18]. No change of 
the pH was observed as the waters flowed through the 
site (average increase of 1.9%), although a general 
decrease in pH appears to have occurred over the 
course of the summer as the system matured. No 
correlation was observed between the metal levels and 
pH levels, rain events, or any other constituent.  
 

CONCLUSIONS 
 

The water quality of the constructed wetland was 
poor due to immature ecosystem. The reduced water 
retention experienced by the system which resulted 

from breaks in the berms destabilized the flora and 
fauna of individual cells. The high iron and 
manganese contents adversely affected the trophic 
structure and had cascading effects on the overall 
system. The constructed wetland was inefficient in 
limiting iron, manganese and nitrogen levels in the 
present state. Meanwhile, increases in COD, TSS and 
TDS concentrations were an indicator of partial 
degradation of particulate and dissolved organic 
matter and would require either higher retention time 
or higher density of vegetation. It is expected that as 
the vegetation will mature and spread, removal 
efficiency will increase due to enhanced biological 
activity. Furthermore, dissolved oxygen levels will 
increase and more contaminants can be absorbed 
through phytoremediative processes. 
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