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Abstract 

The problem of contaminated waterways is an inclusive issue. A 2018 United 

States water quality survey showed nearly half of the rivers and streams, and more than 

one-third of lakes are polluted and unfit for swimming, fishing, or drinking.  The research 

scope of this thesis was to propose and evaluate phytoremediation methods for bacteria, 

nitrogen and phosphorous, metals, and dissolved oxygen in the Des Plaines River in the 

Gooselake watershed of Illinois.  

The first objective of this study was to identify appropriate actionable remediation 

methods for bacteria, nitrogen and phosphorous, metals, and dissolved oxygen in the Des 

Plaines River. This was done by modeling a general approach of evaluating prior 

phytoremediation and wastewater treatment studies. The second objective was to provide 

recommendations that can be utilized by decision makers to support the remediation of 

this waterway. The remedial effectiveness, environmental impact, and cost benefit were 

determined for each proposed option.  Methods for this study included analysis of prior 

case studies, environmental impact, and fiscal feasibility. I hypothesized that 

phytoremediation for the top contaminants found in the Des Plaines River could offer the 

same contaminant removal rate as a capital wastewater treatment plant. Furthermore, I 

hypothesized that phytoremediation for the top contaminants found in the Des Plaines 

River can offer a financial benefit of 70% lower investment and operating cost when 

compared to a wastewater treatment plant. 



This research provided insight on the effectiveness of remediation methods for 

cleaning up prevalent contaminants found in the Des Plaines River. As an outcome of this 

research, a possible policy was developed for government agencies and permit holders. 

The recommendation is that phytoremediation be included as a best practice for the 

National Pollutant Discharge Elimination System (NPDES) and municipal separate storm 

sewer systems (MS4) permit holders. The effectiveness of Typha species was especially 

promising as it could streamline the initiative, making it cheaper and easier to apply. The 

results of the environmental impact study showed that phytoremediation is an effective 

long-term remediation option, engages the community, and is less environmentally 

damaging. The overall effectiveness of phytoremediation is based on the customization of 

each application. Depending on the scope of time and application size, phytoremediation 

can be more effective than a wastewater treatment plant for nitrogen, phosphorous, 

aluminum, and arsenic removal. The rate at which contaminants could be removed 

remains dependent on factors such as growing conditions, scope of application, and 

combination of plant usage. It was determined that a wastewater treatment plant is more 

effective at increasing dissolved oxygen, and remediating lead and bacteria. The cost 

benefit analysis showed that the cost for disposal is equal for phytoremediation and a 

wastewater treatment plant. However, phytoremediation showed significant cost savings 

for capital, staffing, and potentially operation and maintenance expenses.  
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Chapter I 

Introduction 

An example of a contaminated waterway is the Des Plaines River. The 133-mile river 

begins in the farmland of Racine County, Wisconsin, and then merges with the Kankakee 

River south of Joliet, forming the Illinois River. Water in the Des Plaines River is not 

currently designated for drinking in any community and is impaired for recreational uses 

(Quintanilla & Writer, 2021). It has many wastewater discharge points and industrial 

discharges throughout the river and in the tributary watersheds, which contribute to the 

levels of contaminants in the water. The United States Environmental Protection Agency 

(USEPA) has stated that 20% of the river is either threatened by pollutants or is not safe 

for swimming or fishing (Quintanilla & Writer, 2021). These river waters have been rated 

as fair water-quality, and in some other areas of the southwest suburbs, the Illinois 

Environmental Protection Agency (IEPA) considers the river threatened (Quintanilla & 

Writer, 2021).  

The USEPA reported that the portion of the Des Plaines River that runs through 

the Goose Lake watershed was impaired for fish and shellfish consumption due to high 

levels of mercury and polychlorinated biphenyls (PCBs) (United States Environmental 

Protection Agency [USEPA], 2016). The river was also impaired for recreation due to 

high fecal coliform levels (USEPA, 2016). Additional impairment categories were 

identified for the location IDs IL G-03, IL G-039, and IL G-11 ( Table 1) (Figure 1). 
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Table 1. Des Plaines River impairment categories (USEPA, 2016). 

Impairment 

Category 
Location ID: 

IL G-03 
Location ID: 

IL G-039 
Location ID: 

IL G-11 
Bacteria and Other 
Microbes 

X X X 

Low Oxygen X X X 
Metals  X X 
Nitrogen & 
Phosphorus 

X X X 

 

Figure 1. Location of Location IDs IL G-03, IL G-039, and IL G-11 (United States 
Environmental Protection Agency [USEPA], nd a) 
 
 

G-039 

G-03 

G-11 
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The Des Plaines River Watershed Workgroup (DRWW) further determined that 

three main sources of concern in the Des Plaines River were high levels of siltation 

caused by altered hydrology and habitat due to stormwater runoff, high chlorides from 

road salting, and high E. coli levels from industrial manufacturing processes or cleaning 

activities that discharge into the river (Adler, 2017). The causes were listed as:  

• Urban runoff  

• Habitat alterations (straightening streams, dams, etc.) 

• Altered hydrology (rainwater not soaking into the ground, loss of native 

ecosystems such as wetlands) 

• Wastewater treatment plant discharge  

To combat these issues, the DRWW coordinates and facilitates implementation of 

the recommendations for the Des Plaines River Watershed-Based Plan by involving 

subject matter experts and stakeholders (Des Plaines River Watershed Workgroup, nd). 

The group’s principal goals are to reduce contaminants and flood damage to a restorative 

state. The plan has four strategies consisting of monitoring and water quality assessment, 

regulatory relationships and requirements, water quality improvement projects planning 

and implementation, and leadership and engagement. The plan is funded in part by the 

IEPA through Section 319 of the Federal Clean Water Act (CWA) and the Lake County 

Stormwater Management Commission (Strelcheck & Prusila, nd).  

There are several possible approaches to accomplishing the goals of the DRWW. 

One possible cost-effective approach is phytoremediation, which uses plants to remediate 

certain contaminants.  
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Research Significance and Objectives 

This thesis evaluated the restoration of the quality of water in the Des Plaines 

River by analyzing the possible role of phytoremediation and its corresponding 

economic, social, and environmental benefits. My research evaluated alternatives for 

lowering the pollution level in the Des Plaines River, which flows into the Illinois River, 

Mississippi River, and ultimately, the Gulf of Mexico. This assessment provided 

phytoremediation methods that could help qualify the Des Plaines River as a viable 

option to improve the impaired water quality. The results from this research offered  

environmental and financial expertise to decision-makers in considering accepting or 

opposing phytoremediation strategies for the Des Plaines River and similar waterways. 

The objectives of my research were to: 

• To identify conditions where phytoremediation provides a solution for 

specific contamination levels, evaluating costs and the sustainability benefits 

of various types of remediation 

• To illustrate a general approach for evaluating phytoremediation options 

• To provide recommendations that can be utilized by groups such as Des 

Plaines Watershed Workgroup (DRWW) and the City of Joliet to make 

informed decisions about whether to include phytoremediation in their efforts 

to remediate the Des Plaines River 

 

Background 

The Des Plaines River is the longest stream in the Chicago region and is the 

principal westward water route from Lake Michigan towards the Mississippi. It is a 



 

5 

relatively shallow river at  approximately three feet (1 m) in depth (O’Connell, 2015). 

The water temperature ranges from the upper 30 °F (-1 °C) in the winter months of 

December and January to approximately 80 °F (27 °C) in the summer months of July and 

August (Figure 2) (USGS, 2020). 

 

Figure 2. The annual temperature profile of the Des Plaines River (United States 
Geographical Survey [USGS], 2020). 
 

 The Des Plaines River has an annual mean flow of 2.5 billion gallons (110 m3/s) 

The typical discharge of the river ranges from 5,000-10,000 ft3/s (142-184 m3/s), with 

flood events occurring between May and November (Figure 3). These flood events 

increase discharge up to approximately 27,000 ft3/s (765 m3/s) (USGS, 2020).  
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Figure 3. Water discharge of the Des Plaines River in 2019 (USGS, 2020). 
 

Permit Holders for Discharge into Des Plaines River 

There are a significant number of wastewater treatment plants and industries 

discharging directly into the Des Plaines River or into tributaries in the watershed. The 

outfalls that discharge into the Des Plaines River fall under two different permit 

designations according to their specifications. Point sources that discharge into the Des 

Plaines River are issued a National Pollutant Discharge Elimination System (NPDES) 

permit from the IEPA. Point sources are identified as an easily identifiable confined 

space where any contaminant enters the environment  (United States Environmental 

Protection Agency [USEPA], 2021a). This type of permit imposes limits on certain levels 

of discharges, monitoring and reporting requirements, and additional protective 

provisions. Effluent limitations are considered based on the technology available to 
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control the pollutants and the protective limits of the water quality standards of the 

receiving water. These guidelines and standards are established by the USEPA for 

different industrial categories according to their individual abilities to reduce pollutant 

loads (USEPA, 2021a). Conditions of these permits are enforced at the state and federal 

level depending on severity of non-compliance (USEPA, 2021a). 

As of 2022, there were 17 NPDES permit holders in the Goose Lake watershed of 

the Des Plaines River (Figure 4, Table 2). The permit holders highlighted belong to the 

largest cluster of NPDES permit holders in the watershed (yellow in Table 2, circled in 

Figure 4). Each of these permit holders operates under a designated Standard Industrial 

Classification (SIC) code. These operations include chemicals and allied products, 

crushed and broken limestone, sewerage systems, deep sea foreign transportation, heavy  

 

Figure 4. The 17 NPDES permit holders and cluster in McCook, IL (Mika, unpublished). 
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Table 2. NPDES permit holders (USEPA, 2021b). 

Permit 
Number Permit Holder Town State Zip Code 

IL0065188 
DUPAGE CO PW-
KNOLLWOOD STP BURR RIDGE IL 60527 

IL0064998 
CREST HILL EAST 
STP, CITY OF CREST HILL IL 60435 

ILG670070 

2020 NGPL CHICAGO 
AREA INTEGRITY 
PROJECT HODGKINS IL 60525 

IL0032760 
ILLINOIS AMERICAN 
WATER COMPANY LEMONT IL 60439 

IL0080058 
ILLINOIS MARINE 
TOWING LEMONT IL 60439 

IL0080168 

OSMANI RESIDENCE 
PRIVATE SEWAGE 
DISPOSAL SYSTEM LEMONT IL 60439 

IL0033375 
ROMEOVILLE 
FACILITY LOCKPORT IL 60441 

ILG840124 

RELIABLE 
MATERIALS LYONS 
QUARRY LYONS IL 60534 

IL0001694 
UOP LLC MCCOOK 
PLANT MC COOK IL 

60525-
3309 

IL0035785 

VULCAN 
CONSTRUCTION 
MATERIALS LP #378 MCCOOK IL 

60525-
3113 

IL0001813 
PROGRESS RAIL 
LOCOMOTIVE INC MCCOOK IL 

60525-
3214 

ILG840029 
HANSON MATERIAL 
SERVICE MCCOOK IL 60525 

IL0080133 
FORMER GM EMD 
(PARCEL 4SE) MCCOOK IL 60523 

IL0002844 

VULCAN 
CONSTRUCTION 
MATERIALS LLC ROMEOVILLE IL 

60446-
4053 

IL0048526 

ROMEOVILLE 
WASTEWATER 
TREATMENT 
FACILITY ROMEOVILLE IL 60446 

IL0064408 
ASHLAND 
DISTRIBUTION CO 

WILLOW 
SPRINGS IL 

60480-
1223 

IL0079138 MCCOOK RESEVOIR 
WILLOW 
SPRINGS IL 60480 
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construction, industrial inorganic chemicals, lime, railroad equipment, and ship building 

and repair (USEPA, 2021b). Three of these permit holders are classified as publicly 

owned wastewater treatment works or facilities and one permit holder is considered a 

major point source by the USEPA (USEPA, 2021b).  

Municipal separate storm sewer systems (MS4) permits are another type of 

NPDES permit which govern systems that manage stormwater such as gutters, swales, 

storm drains, etc. Storm drains receive pollutants from non-point sources, which are 

pollutants released in a wide area such as suburban areas, that enter the connecting 

waterways. Instead of stringent effluent limits, MS4 permit holders are subject to 

reducing the discharge of pollutants to the maximum extent practicable under Section 

402(p) of the CWA. A large part of MS4 compliance is the implementation of best 

management practices. The town of McCook, IL, represented the most evident cluster of 

NPDES permits, both for industry and municipalities (Table 3). Within a four-mile 

radius, there are four MS4 permit holders (red stars in Figure 5) and six industrial  

 

Figure 5. Map of permit holders (Google Maps, 2021). 
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NPDES permit holders. McCook is located approximately 35 miles upstream of Joliet 

(Google Maps, 2021). 

Table 3. MS4 permit holders: McCook, IL cluster (USEPA, 2021b). 

NPDES 
IDs Facility Name Address City State 

ZIP 
Code 

ILG840124 

RELIABLE 
MATERIALS 
LYONS QUARRY 

4401 S FIRST 
AVE LYONS IL 60534 

IL0001694 
UOP LLC MCCOOK 
PLANT 

8400 JOLIET 
ROAD MC COOK IL 

60525-
3309 

IL0035785 

VULCAN 
CONSTRUCTION 
MATERIALS LP 
#378 

JOLIET ROAD 
& 53RD 
STREET MCCOOK IL 

60525-
3113 

IL0001813 
PROGRESS RAIL 
LOCOMOTIVE INC 

9301 W 55TH 
STREET MCCOOK IL 

60525-
3214 

ILG840029 

HANSON 
MATERIAL 
SERVICE 

9101 W 47TH 
STREET MCCOOK IL 60525 

IL0080133 
FORMER GM EMD 
(PARCEL 4SE) 

9450 1/2 
SERGO 
DRIVE MCCOOK IL 60523 

ILR400178 
 

Countryside MS4 
 5550 East Ave Countryside IL 60525 

ILR400224 
 

McCook Village MS4 
 

50th & 
Glencoe 
 McCook IL 

60525 
 

ILR400220 
 

Lyons Village MS4 
 

4200 S 
Lawndale Ave 
 Lyons IL 

60534 
 

ILR400364 LaGrange Village 
MS4 

53 S La Grange 
Road 

La Grange IL 60525 

 

Environmental Justice 

McCook, IL is within the jurisdiction of USEPA Region 5. Region 5 includes the 

states of Minnesota, Wisconsin, Michigan, Illinois, Indiana, and Ohio. One of the tools 
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the USEPA uses to map and screen environmental justice is the EJSCREEN. This tool 

provides a nationally consistent dataset and approach for environmental and demographic 

indicators. The raw data of the environmental indicators and the demographic indicators 

of McCook are higher in every category for percentile in the EPA Region 5, when 

compared to the percentile in the state of Illinois and the United States. The percentiles in 

Figure 6 provide perspective on how the area shown in Figure 5 compares to the entire 

state, EPA region, or nation (United States Environmental Protection Agency [USEPA], 

2021c). 

 

Figure 6. EJScreen report for 41.477424 – 87.828484 (USEPA, 2021c). 
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In the specific area surrounding the McCook Cluster, the Environmental Justice 

indicators are high risk (above 80%). For the purpose of remediating river water quality, 

the most important indicator is the wastewater discharge indicator which ranks in the 90th 

percentile for the state, region, and country. Region 5 has committed to considering 

environmental justice in all aspects of its decision-making processes, including 

community-based work (United States Environmental Protection Agency, 2022).  

This community-based work could consider phytoremediation as a community 

resource to address water quality concerns and make a visible difference. Given these 

criteria, the McCook cluster would be a welcome area to implement some sort of 

remediation.  

 

Impairment Categories 

Section 101(a)(2) of the CWA focuses on protecting uses associated with aquatic 

life use, recreation, and use of the water body as a source of drinking water. It is the 

state’s responsibility to designate proper usage of the water according to its quality 

criteria (USEPA, 2021d). Recreational uses are divided into two categories, primary 

contact and secondary contact. Primary contact protects people from illness due to 

immersion in water from any water activity where ingestion is likely. Secondary contact 

protects people when ingestion of water is unlikely during activities such as boating and 

wading. Other uses categories include public water supply, agricultural, industrial, or 

navigation (United States Environmental Protection Agency, 2021j).   

Section 303(d) of the CWA requires states to identify water bodies whose 

pollution levels or other impairments undermine the quality necessary for those 
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designated uses. To help with remediation of these pollutants or impairments, states have 

a responsibility to establish Total Maximum Daily Loads (TMDLs), which limit pollutant 

levels. These TMDLs set load limits for the water bodies as a whole and then divide that 

limit into allowable contributions from point and nonpoint sources (USEPA, 2021d). This 

is an effort to manage water bodies so that they can meet their quality standards. As of 

January 2022, no TMDLs have been established for the Goose Lake portion of the Des 

Plaines River, further adding to the issue. In other watersheds of the Des Plains River, 

bacteria and other microbes, dissolved oxygen, nitrogen, and phosphorous are limited by 

TMDLs. Throughout the Des Plaines River there is no TMDL for metals (Illinois 

Environmental Protection Agency, 2022).  However, some data for impairment 

categories are available. 

 

Impairment category: bacteria and other microbes. Bacteria and other pathogenic 

microbes have the potential to cause disease due to human or animal waste that enters 

water from faulty septic systems, sewage discharges, farm operations, and boat 

discharges (United States Environmental Protection Agency, 2012a). This becomes 

concerning when humans or animals encounter these bacteria or microbes and fall ill. To 

combat this, the USEPA established the 2013 Revised Total Coliform Rule (RTCR), 

which addresses the presence of total coliforms and E. coli in drinking water. This rule 

set a limit of zero for the maximum contaminant level goal (MCLG) for E. coli at zero 

and the maximum contaminant level (MCL) for E. coli based on the occurrence of a 

condition that includes routine and repeat samples. The MCLG for total coliforms is also 

set at zero because there have been waterborne disease outbreaks due to very low levels 
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of coliforms (USEPA, 2021e). The Illinois Department of Public Health further 

established the Bathing Beach Code limit at 235 colony forming units (CFU) of E. 

coli per 100 ml of water for Illinois beaches (Illinois Department of Public Health, nd). 

Sampling for bacteria and other microbes in the Des Plaines River was done in a 

2019 study by the city of Joliet, IL (Table 4) which is located approximately 25 miles 

southwest of McCook (Figure 7) (Google Maps, 2021). Tests for most probable number 

of total coliforms, fecal coliforms, and E. coli were taken throughout 2019 and reported 

in CMT Project No. 19020103‐00 (City of Joliet, 2019). 

 

Figure 7. McCook to Joliet, IL (Google Maps 2021). 
 
 
 
The results are expressed as MPN, or the statistical probability of the number of 

organisms (Table 4), whereas the CFU cited above are the colony forming units (Baird et 

al., 2017).  



 

15 

Table 4. Most probable number of bacteriological contaminants though the city of Joliet 
Alternative Water Source Study ‐ Phase II (City of Joliet, 2019). 

Contamination Category Min (MPN/100 ml) Max (MPN/100 ml) 

Total Coliforms 2420 6867 

Fecal Coliforms 139.6 166.4 
E. coli  218.7 355 

 

Impairment category: low oxygen. Aquatic animals use dissolved oxygen (DO) in the 

water to support aerobic cellular respiration. Low or no oxygen can occur when excess 

organic materials decompose. Abiotic factors that impact DO levels include water 

temperature, salinity, and altitude. Water temperature affects the fluctuation of DO levels 

periodically, seasonally, and daily as a part of the natural ecology (USEPA, 2021f). The 

solubility increases in lower temperatures. Salinity affects DO through the competition of 

salt for intermolecular spaces due to their ionic charge, limiting the capacity to hold DO. 

DO levels are also impacted by altitude according to the O2 densities available for 

dissolution (Bozorg-Haddad & Loáiciga, 2021). Biotic factors that impact DO levels 

include photosynthesis and respiration. Photosynthesis by aquatic plants and algae 

contribute dissolved oxygen to water bodies during daylight hours. Aerobic respiration by 

aquatic organisms, and bacterial and fungal communities involved in degrading dead 

plants and animals, also consumes DO and contributes to the oxygen demand (Bozorg-

Haddad & Loáiciga, 2021). 

 The concentration of DO is a factor in natural stream purification processes and 

the corresponding support of aerobic life forms. The DO samples from the Des Plaines 

River identified levels between 5.9 ppm and 9.5 ppm (City of Joliet, 2019) (Table 5). The 

Illinois Surface Water Quality Standards parameters for DO change according to the  
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Table 5. Contamination category: dissolved oxygen City of Joliet Alternative Water 
Source Study ‐ Phase II (City of Joliet, 2019). 

Contamination Category: Dissolved Oxygen Min (ppm) Max (ppm) 

Des Plaines River  5.9 9.5 
 

different time of year (Table 6). From March to July, general use parameters are 5.0 ppm 

minimum with a >6.0 ppm 7-day mean and a 4.0 minimal ppm for secondary contact and 

indigenous aquatic life. From August to February, general use parameters are 3.5 ppm 

minimum with a >4.0 ppm 7-day mean and a 4.0 ppm minimum for secondary contact 

and indigenous aquatic life (Illinois Administrative Code tit. 35,46, 2008).  

The introduction of phytoremediation would increase dissolved oxygen in the 

waterbody through the photosynthesis of rooted aquatic plants and possibly through the 

decrease of water temperature from the shade of the plants. Depending on the time of the 

sampling, the Des Plaines River falls within the cautionary category identified the Illinois 

Administrative code and thus could benefit from phytoremediation.  

Table 6. Illinois surface water quality standards for dissolved oxygen (Illinois 
Administrative Code tit. 35,46, 2008). 

Parameter Units General Use Secondary Contact and 
Indigenous Aquatic Life 

Dissolved Oxygen 
(March – July) 

ppm 5.0 minimum 
> 6.0 7-day mean 

4.0 minimum 

Dissolved Oxygen 
(August - February) 

ppm 3.5 minimum 
> 4.0 7-day mean 
> 5.5 30-day mean 

4.0 minimum 
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Impairment category: metals. Additional sampling parameters included in CMT Project 

No. 19020103‐00 were inorganic contaminants, water quality parameters, and secondary 

standard contaminant parameters. Arsenic (As) was listed as one of the inorganic 

contaminants, lead (Pb) was listed as one of the water quality parameters, and aluminum 

(Al) was listed as one of the secondary standard parameters. The minimum and maximum 

levels of these elements were identified by sampling during the project (Table 7).  

Table 7. Contamination category: metals City of Joliet Alternative Water Source Study ‐ 
Phase II (City of Joliet, 2019). 

Impairment Category: Metals  Min (ppm) Max (ppm) 

Arsenic (As) 1.01 1.29 
Lead (Pb) ND 13.5 
Aluminum (Al) 0.20 1.06 

 
 

Metal contamination can wreak havoc on ecosystems and human health due to 

toxicity, persistence in the environment, and bioaccumulation potential. Metals can be 

introduced to the environment through NPDES dischargers, non-point source MS4 areas, 

and the natural erosion of rocks or volcanic eruptions (Ali et al., 2019). Metals can 

accumulate from automotive use and wear or from runoff of products that contain metals 

such as wastes, pesticide-treated soils, sludge, or industrial sources. When human or 

animal life encounter heavy metals, health problems such as circulatory system problems, 

skin, skeletal, liver or kidney damage, or increased cancer risks can occur (Culler, 2017).  

Arsenic is naturally present at high levels in some groundwaters throughout the 

world. In its organic form, it is highly toxic, causing cancer, cardiovascular disease, 

diabetes, skin lesions, and can impair cognitive development in utero or during early 

childhood. Arsenic contaminated groundwater is a significant problem worldwide and at 
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least 140 million people in 50 countries have drinking water with arsenic levels above the 

WHO provisional guideline value of 0.01 ppm (World Health Organization, 2018).  

Lead is also an element found in small amounts of the Earth’s crust. Most lead 

comes from human activities such as burning fossil fuels, mining, and manufacturing. It 

can also be found in different materials such as paint and metal products, but its usage 

has been reduced in recent years due to health concerns (Centers for Disease Control and 

Prevention, 2015). Lead is a cumulative toxicant that is distributed to the brain, liver, 

bones, and kidneys. Lead exposure at high levels can cause comas, seizures, or death. 

There is no known safe level of lead exposure (World Health Organization, 2021).  

Aluminum makes up about 8% of the Earth’s crust and is the most abundant 

metallic element. Aluminum enters the environment through natural processes and is 

affected by chemical speciation, hydrological flow paths, soil–water interactions, and the 

composition of the underlying geological materials (World Health Organization, 1998). 

In the pH range of 5.5–6.0, aluminum has minimum solubility. At higher or lower pH 

values, the concentrations of total dissolved aluminum increases (CCME, 1988; ISO, 

1994). Oral exposure to aluminum is usually not harmful. There have been studies on 

aluminum exposure and Alzheimer’s, but those studies have been inconclusive (World 

Health Organization, 2021). The Secondary Maximum Contaminant Level (SMCL) set 

by the USEPA for aluminum is 0.05–0.20 ppm. This SMCL is based on taste, smell, and 

color attributes, rather than health implications (Agency for Toxic Substances and 

Disease Registry, 2008). Lead and arsenic do not have SMCLs (USEPA, 2021h). 40 CFR 

141.62 lists the primary maximum contaminant level of arsenic for non-transient, non-

community water systems at 0.01 ppm MCL and 0.015 ppm MCL for the action level of 
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lead ( USEPA, 2015a). Illinois has also established general provisions for water quality 

standards for the protection of aquatic organisms (Table 8).  

Table 8. Numeric water quality standards for the protection of aquatic organisms 
(Environmental Protection, 2015). 

Pollutant Chronic Standard for the 
Protection of Aquatic 
Organisms (µg/L) 

Acute Standard for the 
Protection of Aquatic 
Organisms (µg/L) 

Arsenic (As) 
*Priority 
Pollutant 

340 X 1.0*=340 150 × 1.0* = 150 

Lead (Pb) 
*Priority 
Pollutant 

e A+B ln (H) × {1.46203 – 
[(ln(H))(0.145712)]} 
*where A = -1.301 and B = 
1.273 

e A+B ln (H) × {1.46203 – 
[(ln(H))(0.145712)]} 
* where A = -2.863 and B = 
1.273 

Aluminum (Al) NA NA 

ex = base of natural logarithms raised to the x-power ln(H) = natural logarithm of 
Hardness * = conversion factor multiplier for dissolved metals 

Impairment category: nitrogen and phosphorous. The USEPA calls nitrogen and 

phosphorous pollution “one of America's most widespread, costly, and challenging 

environmental problems” (USEPA, 2021g). Excessive amounts of nitrogen and/or 

phosphorus (nutrients) can increase growth of aquatic plants and microbes, choking 

waterways by creating harmful algal blooms and creating low oxygen conditions which 

impair fish and other aquatic living conditions (USEPA, 2021g). The conditions can be 

caused by animal manure and fertilizer usage in agriculture applications, nonpoint source 

runoff from rooftops, sidewalks, or roads, insufficient wastewater treatment discharges, 

fossil fuel usage, and certain soaps and detergents (USEPA, 2021g). The levels of 

nitrogen and phosphorous were measured by the City of Joliet during the WWTP NPDES 

comparison testing (Table 9). This testing measured eleven parameters of permit 
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conditions including biological oxygen demand, total suspended solids, fecal coliform, 

nitrate, nitrite, nitrate + nitrite, ammonia nitrogen (as N), total phosphorous (as P), total 

Kjeldahl nitrogen (TNK), total nitrogen, and dissolved oxygen.  

Table 9. Contamination category: WWTP NPDES comparison testing City of Joliet 
alternative water source study ‐ phase II (City of Joliet, 2019) 

WWTP NPDES Comparison Testing Min (ppm) Max (ppm) 

Nitrate 2.54 2.54 

Nitrite 0.08 0.08 

Nitrate + Nitrite 2.62 2.62 

Ammonia Nitrogen (as N) 0.17 1.44 

Total Phosphorous (as P) 0.38 1.14 

Total Kjedldahl Nitrogen  1.16 1.16 

Total Nitrogen  6.33 6.33 

 
 

In Illinois, 7% of non-major municipal sewage treatment facilities and 27% of 

major municipal sewage treatment facilities with nitrogen (N) and/or phosphorus (P) 

monitoring requirements have nitrogen (N) and/or phosphorus (P) limits (United States 

Environmental Protection Agency, nd c). The locations listed in the McCook NPDES 

permit cluster do not have limits for nitrogen or phosphorous (United States 

Environmental Protection Agency, 2021b) . Under the CWA of 1972, there are no federal 

regulations for nonpoint source pollution of nitrogen or phosphorous and no requirement 

for states to develop their own regulations. In addition, the 2015 rule that defined the 
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“Waters of the United States” (WOTUS) was repealed and replaced with the “Navigable 

Waters Protection Rule”, which outlines fewer protections. As of 2020, there were two 

Illinois bills on the nutrient pollution problem, in addition to nine others from different 

states (Adams, 2021).  

In lieu of formal requirements for nitrogen and phosphorous levels in water, the 

USEPA has established guidelines using the latest scientific knowledge on the subject. 

The states and tribes are not required to adopt these Section 304(a) recommendations 

from the USEPA but can use them as a recommended model or establish their own 

scientifically defensible method for water quality criteria. Illinois, along with all other 

states must update existing water quality criteria during their next triennial review or 

develop a thoughtful rationale and supportive factual record (USEPA, 2021i). 

 

Research Questions, Hypothesis, and Specific Aims 

My research focused on addressing the following: 

1. What are the most prevalent contaminants found in the Des Plaines River that can 

be reduced by phytoremediation technologies?  

2. What are the most effective remediation methods for cleaning up prevalent 

contaminants?  

I hypothesized that phytoremediation for the top contaminants found in the Des 

Plaines River (Table 1) could offer the same contaminant removal rate as a capital 

wastewater treatment facility. Furthermore, I hypothesized that phytoremediation for the 

top contaminants found in the Des Plaines River can offer a financial benefit of 70% 

lower investment and operating cost when compared to a wastewater treatment facility.  
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Specific Aims  

The specific aims of this research required that I: 

1. Identify viable remediation methods by comparing the effectiveness of non-invasive 

plant species that have prior phytoremediation evidence to specific contamination 

elements identified for the Des Plaines River (as shown in Table 1). 

2. Conduct an environmental impact study by identifying the potential consequences of 

the proposed remediation methods, examining both positive and negative effects on 

the environment. 

3. Conduct a cost-benefit analysis by calculating the theoretical bioaccumulation 

potential against the levels of contamination in the water, then divide that by the cost 

of initial investment and annual upkeep. 

4. Prepare a policy document for the governing agencies or other groups on these 

remedial options.



 

 

 

Chapter II 

Methods 

 

To identify viable remediation methods and prepare a policy document on these 

options, I conducted the following steps:  

1. Identified the effectiveness of remediation for plant species and traditional 

wastewater treatment plants against the contaminants in Table 1;  

2. Analyzed each proposed remediation method through an environmental impact 

study; and 

3. Analyzed each proposed remediation method through a cost benefit analysis. 

 

Effective Phytoremediation  

Each contaminant requires a specific blend of plant species to optimize 

remediation efficiency. The non-invasive species for this theoretical constructed wetland 

application were determined by these criteria: 

1. Viability of the plant species in the dedicated area of the Des Plaines River according 

to the plant’s preferred growth environment. I used United States Department of 

Agriculture information (United States Department of Agriculture [USDA], nd a, b, 

and c) to determine which plants had native classification in the area, as well as the 

ability to thrive in a moist-wet environment with Midwest climate conditions.  I chose 

plants that would enhance the habitat by complementing the local wildlife and bring 

some visual appeal to the area. 
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2. Type of phytoremediation effective for each species including: 

• Rhizofiltration: the absorption, concentration, and precipitation of contaminants 

by plant roots;  

• Phytoextraction: the extraction and accumulation of contaminants in harvestable 

plant tissues including roots and surface shoots;  

• Phytotransformation: the degradation of complex organic molecules to simpler 

molecules and the incorporation of these molecules into plant tissues;  

• Phytostimulation or plant-assisted bioremediation: the stimulation of microbial 

and fungal degradation by release of exudates/enzymes into the root zone 

(rhizosphere);  

• Phytostabilization: involving absorption and precipitation of contaminants, 

principally metals, by plants, reducing their mobility and preventing their 

migration to groundwater (leaching) or air (wind transport), or entry into the food 

chain (Miller, 1996). 

3. Prior case study effectiveness. 

Environmental Impact and Cost Benefit Comparison of Remediation Methods 

Remediation methods, such as contaminant removal through a wastewater 

treatment plant or phytoremediation, come with their own sets of positive and negative 

environmental impacts. An environmental impact assessment (EAI) estimates the 

probability and consequences of adverse environmental impacts to the Des Plaines River 

and the surrounding communities.  
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Environmental impacts can be defined as any positive or negative impact that an 

action or non-action introduces to the environment by land, water, and/or air (Boechler et 

al., 2021). The USEPA outlines a process for assessing environmental impacts through 

the National Environmental Policy Act (Figure 8) (United States Environmental 

Protection Agency [USEPA], 2012b). The relationship between the project and the 

environment are analyzed using available evidence and predicting the positive or 

negative impacts that specific project will have on the environment. Through the 

identification of these impacts, the project is either assessed to continue, be revised, or 

completely abandoned. 

The analysis and decisions are documented through an environmental impact 

statement, an environmental assessment, or a categorical exclusion. A categorical 

exclusion happens when an environmental assessment or environmental impact statement 

are not necessarily due to lack of signification environmental impacts. If environmental 

impacts are unknown, an environmental assessment must occur to analyzes biodiversity, 

environmental justice, wetlands, air and water pollution, traffic, geotechnical risks, public 

safety issues and hazardous substance issues associated with a project. If significant 

effects on the quality of the human environment are identified, an environmental impact 

statement must be prepared. This statement includes a detailed evaluation of the proposed 

action and alternatives in order to promote environmentally sensitive decision making 

(American Association of State Highway and Transportation Officials, 2021). 

Using this background, I compared the environmental impacts of contaminant 

removal through a wastewater treatment plant or phytoremediation. 
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Figure 8. Key stages of the preparation of an environmental impact assessment (United 
States Department of Energy, n.d.). 
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Applicability of a proposed pollution remediation solution will rely on the 

financial feasibility study to annotate the financial impact against a budget.  These data 

and analyses can be used to develop the proposal document for the governing agencies on 

these remedial options. 

I conducted library research to acquire relevant cost estimates for key variables of 

the two approaches, and compare their relative efficiency. 
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Chapter III 

Results 

A comparison of the relative effectiveness of pollution remediation by either 

phytoremediation or wastewater treatment, as they would apply to the Des Moines River, 

is presented first.  This is followed by a review of issues involved in the environmental 

impact assessments of each type of remediation.  Finally, a generalized comparison of the 

cost benefit analysis as they apply to these two types of projects is presented. 

 

Effective Phytoremediation 

Effective phytoremediation approaches were identified for bacteria and microbes, 

nitrogen and phosphorous removal, to increase dissolved oxygen, and for metals removal. 

 

Typha latifolia for Bacteria and Microbes 

Typha latifolia, otherwise referred to as the common cattail or broadleaf cattail, is 

a grass-like perennial species that can grow from 6-12 feet tall. These plants are native to 

Illinois and are considered a sign of a transitional environment, as they are commonly 

seen on water banks. These plants can survive in constantly damp soil without standing 

water. However, Typha latifolia faces the unusual challenge of getting enough oxygen, in 

an already oxygen-poor environment. The light requirement for this plant is sun or part 

shade, with a wet aquatic soil moisture level. A broadleaf cattail season is very 

productive, growing 34 aerial shoots reaching heights of 18-24 inches (46-61 cm) tall, 29 

shoots with heights of 4-18 inches (10-46 cm) tall, 35 shoots measuring 2-4 inches (5-10 



 

29 

cm), and 104 lateral buds (Yeo, 1964). Below ground, its rhizomes grow horizontally and 

are tough, stout, coarse, and extensive. These rhizomes contain shallow fibrous roots  and 

grow up to 28 inches (70 cm) long, with diameters of 0.2-2 inches (0.5-3 cm). 

There is a caution with this plant as cattails tend to take over wetlands. They are 

easiest to control in a small pond or container (UDSA, n.d. a). Broadleaf cattails can 

grow on controlled floating mats with minimal soil development. Natural floating mats of 

Typha latifolia can be found in a freshwater marsh northeast of Sackville, New 

Brunswick, and in oxbow lakes along the Athabasca River in Alberta (USDA, nd a). 

Success has been shown using cattails (Typha sp.) in low load river basins to decrease 

sediment erosion (Brueske & Barrett, 2003). Riparian vegetation has also been effective 

in the mitigation and prevention of hydromorophological hazards such as flooding, 

erosion, and protection of river infrastructures (Lashkarara et. al., 2010). 

Typha latifolia’s effectiveness with the treatment of bacteria was studied on the 

treated urban wastewater in the west of Sicily (Italy). Typha latifolia expanded over a 

large surface area and produced yields of aboveground (3,221 g m2/year) and 

belowground (4,071 g m2/year) biomass. Average nitrogen content in the Typha latifolia 

treatments were 40.6 g m2/year for aboveground and 62.7 g m2/year for belowground 

parts. The findings showed a 72.4% removal of BOD5 and an 89.5% removal 

of Escherichia coli (Leto et al., 2003).  

In a bucket study focused on the removal capacity of fecal pathogens, Typha 

latifolia was cut into lengths of 8 inches (20 cm) or two to three nodes. Four pieces of the 

cut Typha latifolia were planted in buckets with a hydroponic nutrient solution 

approximately 10 cm beneath the gravel layer. The nutrient solution was replaced once a 
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week. The average values of physical and chemical parameters were similar to that of the 

Des Plaines River (Table 10). The plants were analyzed 4 days later showing a 99% 

reduction in fecal indicator bacteria (Table 11) (Kipasika et al., 2016).  

 

Table 10. Physical and chemical parameters of Typha latifolia bucket study (Kipasika et 
al., 2016). 

 

 

Table 11. Effect of macrophytes on reduction of Salmonella spp. and E. coli (Kipasika et 
al., 2016). 

 
 

Stottmeister et al. (2003) explained that the influence of plants on bacterial 

remediation is principally explained by the supply of oxygen to the roots, impacting the 

microorganism’s activity and metabolism in the root zone. Macrophytes excrete toxic 

antimicrobial substances from their roots which also affect fecal pathogens 

(Sundaravadivel & Vigneswaran, 2001; Stottmeister et al., 2003). The vertical and 

horizontal root matrices enhance hydraulic pathways enabling more contact time. This is 

favorable for bacterial removal (Stottmeister et al., 2003). Increasing contact time reduces 

the concentrations of Salmonella spp. and E. coli per 100 ml volume of potted water 

(Figure 9). 
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Figure 9. Concentration of Salmonella spp. and E. coli per 100 ml volume of potted water 
over time (Kipasika et al., 2016). 
 

Typha latifolia for Nitrogen and Phosphorous Removal 

According to Brix (1994), some plants consume a significant amount of 

phosphorus as they grow. In addition to bacterial remediation, Typha latifolia has also 

been shown to successfully treat nitrogen and phosphorous. In one study, the average 

absorption percentage was 96.9% and 97.7%, respectively, for phosphate and ammonium 

in the planted filter over a one-month application period, with a decrease in pH (Guerrouf 

& Seghairi, 2020). The phosphorous was stored in the roots and rhizomes, stems and 

leaves, or absorbed by the substrate with a rate of 98.2% after a retention of 15 days. The 

results showed that this macrophyte provided a substantial removal of inorganic 

pollutants (NH4 
+, NO2 -, NO3 -, PO4 -3) (Mann-Whitney test, p<.05 for experimental vs 
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control) and viable remediation of all the parameters tested during the duration of the 

experiment.  

In another study, Typha latifolia showed significant removal efficiencies with 

ranges (p < 0.05) of 54-80% for total Kjeldahl nitrogen, 42 to 65% for NH4
+-N, 47-58% 

for NO3
− -N, over the length of a 5-day application in brewery wastewater. The 

application of Typha latifolia produced biomass of 0.61–0.86 kg dry weight (DW) m− 2. 

Nutrients retained were up to 21.17 g N kg− 1 DW and 2.87 g P kg− 1 DW (Gebeyehu et 

al., 2018). 

Vallisneria americana to Increase Dissolved Oxygen 

Vallisneria americana is otherwise referred to as American eelgrass, water celery, 

eelgrass, or tapegrass. These perennial plants are native to Illinois. The tapegrass leaves 

are one-inch wide with rounded tips and raised veins. The leaves grow from underwater 

stoloniferous clumps and float on the surface of shallow waters. This species can be 

cultivated in water with a stream bed of at least 5 cm of thick rich soil, covered by sand, 

and water temperature between 64-68 degrees Fahrenheit (USDA, n.d. b). These plants 

thrive in lakes and running streams and can grow up to several feet long. The light 

requirement for this plant is sun or part shade, with a wet aquatic soil moisture level. 

They are heat and cold resistant. After flower fertilization, the flower stalks become 

submerged under the water and provide a source of food for aquatic life (USDA, n.d. b). 

In a 2002 study in the Hudson River, the water in large macrophyte beds of 

Vallisneria americana had a dissolved oxygen level of 5 ppm or higher during the 

summer growing season. In contrast, low dissolved oxygen levels of 2.5 ppm or lower 
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were observed up to 40% of the time using large beds of Trapa natans (Caraco & Cole, 

2002). Given the minimum and maximum values for dissolved oxygen in the Des Plaines 

River of 5.89 ppm and 9.5 ppm, Vallisneria americana could be a good plant to raise 

levels of dissolved oxygen.  

Typha species for Metals Removal 

Typha spp., used as a case study above for bacterial, nitrogen, and phosphorous 

remediation, also have promise for remediation of metals. Kumari and Tripathi (2014) 

showed effective removal of heavy metals from urban sewage mixed with industrial 

effluents including lead up to 61.0±1.2% within a 14-day timespan. An increase in the 

heavy metal removal rate with retention time identified  negative correlation coefficients 

of Cu, Cd, Cr, Ni, Fe, Pb and Zn concentrations in wastewater.  

In another study, industrial effluent was treated using a constructed wetland. 

During the 15-day treatment, the biomass of the plants and the effluent metal 

concentration were measured (Table 12). The measurements showed increased 

concentrations of lead in Typha sp. leaves from 0.006-0.521 mg/g, with a 

bioconcentration factor of 174.60. The concentrations in the roots of the Typha sp. 

increased from 0.021-0.624 mg/g. Concentration of arsenic in Typha sp. leaves increased 

from 0.002-0.021 mg/g, and from 0.003-0.024 mg/g in the roots (Sukumaran, 2013). The 

percent remediated in the 15-day period was approximately 56% for lead removal and 

88% arsenic removal according to the differences in concentration of the tertiary 

treatment plant effluent. 

Urban and industrial wastewater discharged into an Arak, Iranian wetland used 

Typha latifolia to treat Al levels (Heidarzadeh et al., 2020). The aerial and root 
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Table 12. Uptake of lead and arsenic from tertiary treatment plant effluent (Sukumaran, 
2013). 

Plant 

  

Concentration of lead in effluent 
(ppm) with standard deviation 

Concentration of lead in 
plants (mg/g) with 
standard deviation 

BFC Initial  Final Initial  Final 

Typha 

sp.  
Leaf  2.984 + 0.021  1.324 + 0.12 

0.006 + 
0.002 

0.521 + 
0.023 174.6 

Root  2.984 + 0.021 1.324 + 0.14 
0.021 + 
0.006 

0.624 + 
0.031 209.1 

  

Concentration of arsenic in 
effluent (ppm) with standard 
deviation 

Concentration of arsenic 
in plants (mg/g) with 
standard deviation 

BFC Initial  Final Initial  Final 

Typha 

sp.  
Leaf  0.016 + 0.004 0.002 + 0.0003 

0.002 + 
0.001 

0.021 + 
0.007 1312.5 

Root  0.016 + 0.004 0.002 + 0.0002 
0.003 + 
0.001 

0.024 + 1 
0.012 1500 

* Values are mean of triplicates  • Statistically significant at 0.05% level  
 
 

 biomass was measured via atomic absorption spectroscopy. The results of analysis of 

variance (ANOVA) revealed that the concentrations of lead were significantly different 

across the soil, root, and aerial biomass and were multiple times higher than permissible 

limit. Based on the Duncan multiple range test, the mean concentration of heavy metals 

was 10,890 ppm in the soil,  5,737.50 ppm in the root, and 419.9 ppm in the aerial parts 

(Heidarzadeh et al., 2020). 

 Goulet et al. (2005) showed that T. latifolia bioaccumulated dissolved aluminum, 

and was responsible for 99% of Al uptake, mostly in the root tissue. In another study, T. 

latifolia was exposed to synthetic effluent conditions for 14 days under hydroponic 

conditions (Gallon et al., 2004). Total monomeric Al concentrations were measured on 

days 5, 7, and 12 showing significantly lower at the exit of the treatments than at the 
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entry (Figure 10). In adding to the decrease in monomeric Al concentrations, calculated 

Al3+ concentrations also decreased by 59% to 85% (Gallon et al., 2004). 

 

 

Figure 10. Total monomeric Al (in µM) in the water entering and leaving each treatment, 
for days 5, 7 and 12. The asterisk indicates a significant difference between the inflow 
and the outflow (t-test; α = 0.05) (Gallon et al., 2004). 
 

Effective Wastewater Treatment Facilities 

Traditionally, biological and physical contaminants are remediated through a 

wastewater treatment facility in two phases, primary and secondary with disinfection. 
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Upon initial introduction to a facility, the water flows through a series of physical screens 

and grit chambers to incrementally remove particulates by size. This process removes 

larger size materials such as sand, stone, and other items. After the screening process, the 

remaining organic matter, inorganic matter, and waterborne particles made up of bacteria 

and algae need to be removed. The next step occurs in a primary sedimentation tank, 

where flow of the water is slowed to allow for some of the smaller particulates to sink to 

the bottom of the water to be collected as sludge and removed. Next, secondary treatment 

begins, which combined with prior treatment, removes at least 85% of the organic matter 

in sewage, by making use of microorganisms (USEPA, 1998a).  

During secondary treatment, water flows through a trickling filter where the 

bacteria create a slime layer over the plastic and rock particles and consume the organic 

matter in the water. From there, the water flows into another sedimentation tank (USEPA, 

1998a). Another option commonly used for secondary phase treatment is the use of the 

activated sludge process instead of trickling filters. Activated sludge is a mixture of 

microorganisms that digest biodegradable materials to form floc and settle out to the 

bottom of the tank (Cooper, 2019). Water is aerated during this process which increases 

DO allowing for the breakdown of the organic matter into byproducts such as simple 

fatty acids and CO2, CO2, H2, and CH4 (Morris, 2004). Any solid biological and physical 

contaminants that were collected during the process will be removed through the 

sedimentation tank for disposal or recycling before the water is disinfected by ozone, 

ultraviolet, or chlorine before release back into the receiving river (USEPA,1998a).  

Some examples of advanced treatment methodologies include coagulation, 

biological denitrification, and chlorination. Coagulation is a process that combines small 
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particles and dissolved organic matter into larger aggregates for easier removal (Jiang, 

2015). Denitrification converts nitrogen into N2 and removes 5% of nitrogen in simple 

treatment and up to 78% of nitrogen for advanced treatment (Moran, 2016). Phosphorous 

can be mechanically or biologically removed by using technologies such as the 

application of ion exchange (80-90% removal rate), enhanced biological phosphorous 

removal (88% removal rate), or membrane bioreactors (53% removal rate) (Bunce et al., 

2001). Chlorination is highly efficient, killing more than 99% of the harmful bacteria. 

However, it is not as effective with viruses and protozoan cysts. Toxoplasma and 

Cryptosporidium oocysts are highly resistant to chlorine disinfection and many viruses 

have a moderate tolerance to chlorine (Centers for Disease Control and Prevention, 

2022). Chlorine is a concern for some areas with fish and aquatic life, therefore 

alternatives such as ultraviolet light or ozone are sometimes used (USEPA1998a).   

Different approaches to lead removal through a wastewater treatment plant have 

been widely studied for a number of years. The various methods for lead removal include 

chemical precipitation, electrochemical reduction, and ion exchange, among others 

(Arbabi et al., 2015). Xu et al. (2021) investigated chemical precipitation enabled 

membrane filtration (CPEMF) using microfiltration and ultrafiltration membranes for the 

removal of lead. Under the optimal conditions of 1 mM dissolved inorganic carbon and 

pH 8.5, the permeate lead level could be brought to below the drinking water standard 

(10 ppb), when the feed contained 5 ppm Pb2+. At 5 ppm, 99.8% of Pb2+ was removed 

with 7150 kg m−2 h−1 flux using microfiltration at 15 psig (Xu et al., 2021). 

Electromagnetic reduction also showed strong removal efficiencies. When conducted 

under optimal conditions for 90 minutes, the removal rates ranged from 97.2% to 99.6% 
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when the initial lead concentrations varied from 20 mg dm−3 to 150 mg dm−3 (Liu et al., 

2013). Cation exchange resin in Ca++ form, and regeneration with a novel process using 

Ca(NO3)2 evidenced a 90% Pb2+ removal (Lalmi et al., 2018). These advanced treatments 

are highly effective at removing lead from water.  

An effective way to remove aluminum from water is by using activated carbon as 

an absorbent. This process is endothermic and spontaneous with high effectiveness. Real 

samples were analyzed from the Karoon-river (a major river in southwest Iran) and a 

wastewater pool (Ramin-Ahwaz power station). In less than five minutes, aluminum was 

absorbed to the activated carbon with an efficiency of 99.6+% (Ghashghaiee et al., 2014). 

Another study used dust slag generated by an electric arc furnace (EAFDS) and lime to 

remove 98% of aluminum (Forsido et al., 2020).  The components of EAFDS include 

Fe2O3, FeO, metallic iron (Fe), 2FeO–SiO2, ZnO, SiO2 (quartz), 3CaO–2SiO2 and 4PbO–

PbSO (Wu et al., 2017; Al-Makhadmeh et al., 2018). Conventional methods used for 

metal removal involve raising pH to alkaline levels using chemicals such as lime and 

calcium carbonate. This allows metals to form into insoluble precipitate to be removed. 

The use of EAFDS reduces the cost associated with the procurement of raw chemicals 

and recycles the EAFDS use instead of deeming it as a waste (Forsido et al., 2020).   

The Al concentration of the industrial effluent sample was 89.8 mg/l. The removal 

efficiency of  EAFDS when agitated at 380 rpm for 24 hours with a pH of 8.1 was 95.4%, 

reducing the aluminum concentration to 3.2 mg/l. The concentration further decreased to 

1.8 mg/l when the pH rose to 12.5. This represented a 98% removal rate (Forsido et al., 

2020). Like lead removal, aluminum has multiple remedial methods available to a fixed 

waste stream of a wastewater treatment plant or at a point source industrial process.  
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Best available technologies (BAT) for arsenic removal are activated alumina, 

coagulation/filtration (for systems with less than 500 service connections), ion exchange, 

lime softening (for systems with less than 500 service connections), reverse osmosis, 

electrodialysis, or oxidation/filtration (where the iron to arsenic ratio must be at least 

20:1) (United States Environmental Protection Agency, 2015b). Coagulation 

using FeCl3FeCl3 showed 40-70% removal for As (III) and 80–100% were achieved for 

As (V) (Cortina et al., 2016). Wastewater treatment plants that used sand filtration 

showed an efficient of 80% arsenic removal. Overall coagulation-filtration plants 

achieved 85% of arsenic in water (Hering et al., 2017).  

Oxygen saturation varies widely and is dependent on how much aeration is 

introduced into the water. This can be controlled to a custom standpoint and is highly 

effective with no limit. Average wastewater treatment processes take approximately 24 

hours (City of Rochester Minnesota, nd). 

Environmental Impact Comparison 

Both pollution remediation approaches can have positive and negative 

environmental impacts. 

Wastewater Treatment Facility Environmental Impact Assessment 

The environmental impacts of building a wastewater treatment facility or utilizing 

an existing one would include the positive benefits of controlled remediation of 

contaminants, as well as the negative impacts of contributing air pollution and the need 

for energy/material input with associated emissions.  
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A wastewater treatment facility is more efficient than phytoremediation. The 

processes are reliable, controlled, and take much less time to be effective. Wastewater 

treatment through chlorination, denitrification, and coagulation allows for expected 

results due to the level of control from the mechanics of the operation and the operating 

personnel. There are many different methods of treatment for customization to the water 

source, so the capabilities are always changing.  

Wastewater treatment facilities produce emissions directly and indirectly during 

the biological processes to eliminate organic material and nitrogen (Garcia, 2019). 

Greenhouse gases (GHG) such as methane and nitrous oxide are emitted from wastewater 

treatment facilities when treating drain water containing detergents and personal 

petroleum-derived care products, and through the degradation of organic matter. The 

greenhouse gas emissions from wastewater treatment facilities account for approximately 

3% of the GHG emissions globally (Magill, 2016). A 2018 study of 86 worldwide 

wastewater treatment plants showed that as much as 38.22 million tons of carbon dioxide 

equivalent was released from the treatment of recalcitrant organic matter (Lv et al., 

2021). Linda Tseng, an environmental science professor at Colgate University and her 

team, estimated that  increasing estimates of total GHG could be as high as 13-23% due 

to household wastewater and its makeup of  petroleum-derived carbon (Magill, 2016). 

Carbon makes up 85% of the hydrocarbons in petroleum (National Geographic Society, 

2013). Household items that contribute to the petroleum-derived carbon include 

bathroom items such as perfume, hair dye, cosmetics, or lotion (Canada’s Oil and Natural 

Gas Producers, 2022).  Tseng also determined that emissions from industrial wastewater 

treatment facilities can differ dramatically according to the content and source of the 
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wastewater. To minimize these emissions, wastewater treatment plants capture the carbon 

dioxide and methane produced and convert it into fuel. Some countries such as the United 

States, China, Brazil, Argentina, and Norway are turning the CO2 and CH4 byproducts 

into energy through thermal hydrolysis and further broken down by an anaerobic digester 

resulting in biogas (Fu et al., 2017). This technology is being further researched for 

broader application (Magill, 2016).  

A wastewater treatment facility can increase odor and noise in the area it operates 

in. The construction and operation of a treatment plant also diminishes the local 

vegetation and wildlife by the disruption of species habitats. Exposure to toxic or 

hazardous substances in the water loads can pose safety hazards to wastewater employees 

and surrounding communities. Fires, explosions, asphyxiation, poisoning, and physical 

harm have been known to happen due to reactions of pollutants in the treatment 

processing (United States Environmental Protection Agency, 1999b). 

Phytoremediation Environmental Impact Assessment 

Each type of phytoremediation method has a set of advantages and disadvantages. 

These advantages and disadvantages were outlined in the Introduction to 

Phytoremediation produced by the National Risk Management Research Laboratory 

Office of Research and Development (2000). 

Phytoextraction enables bioaccumulated contaminants to be extracted via the 

plant matter and recycled as a secondary resource through processing. Disadvantages 

include the slow growth rate of bioaccumulation plant species with small biomass and 

shallow roots. Hyperaccumulators must also be harvested and disposed or processed, 

which will add cost to the process. Rhizofiltration uses terrestrial or aquatic plants for 
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remediation through in-situ or ex-situ applications. The efficiency of rhizofiltration 

depends on the pH of the host site and the ability to sustain growing environments. 

Periodic harvesting and plant disposal may be required, although not as frequently as for 

phytoextraction. Phytotransformation can occur in environments where microorganisms 

can’t grow due to toxicity levels. The disadvantage with this approach is that toxic 

intermediates or degradation products may form. This makes it difficult to determine the 

identity of the metabolites, therefore remediation effects may be difficult to confirm. 

Phytostabilization does not require soil removal. It has a lower cost and is less disruptive 

than other remediation methods. One cost impact is that phytostabilization does not 

require disposal of hazardous materials or biomass. This vegetation can also enhance the 

habitat. However, this method of remediation does not remove the contaminants. It 

remains in the stabilized plant and requires monitoring to address leaching or solubility 

concerns. It should be considered as an interim measure (National Risk Management 

Research Laboratory Office of Research and Development, 2000). 

Negative environmental impacts of phytoremediation are focused on limitations. 

Plants are limited in number of effective species and the number of contaminants they are 

able to accumulate in their tissues. Some plants are genetically modified to enhance their 

accumulation efficiency. This practice has widespread resistance from environmental 

advocacy groups who disapprove of the practice due to lack of assessment on 

environmental impacts. The fear stems from weak or nonexistent legislative guidelines 

and the contamination potential of genetically modified plants on non-target species 

(Evan, 2013).  Another negative impact is the delay in uptake of the contaminants, which 
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delays the remediation benefit. Although it is more sustainable, it is a slower method 

compared to physicochemical processes (Evan, 2013). 

The positive environmental impacts of phytoremediation include soil erosion 

mitigation, carbon sequestration, biodiversity protection, and biofuel production (Wan et 

al., 2016). This application addresses urban runoff, habitat alterations, and altered 

hydrology in a positive manner by restoring the habitat.  In addition, phytoremediation 

has the capability to not only remediate water, but air emissions as well.  This is done 

through the plant’s phyllosphere and rhizosphere of the plant (Lee et al., 2020).  

Application of phytoremediation can be a community effort. Community 

members can pick up a few native plants and plant them by storm drains, around their 

community water sources, or around businesses. These actions help improve aesthetics of 

the local area and engage the community. The Wild Mile in Chicago is one example of a 

community-driven floating plant island (Figure 11). The goals of this phyto-project were 

to increase habitat, offer a source of recreation, and provide education. This cohesive 

experience connects people with nature by coordinating educational, recreational, and 

cultural programs around the Wild Mile project. The floating plant islands foster an  

 

Figure 11. Framework plan for existing Turning Basin (City of Chicago, 2019). 
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immersive nature experience while enhancing and restoring the riparian and emergent 

landscapes around the North Branch Canal and Turing Basin (City of Chicago, 2019). 

Cost Benefit Analysis 

Below I outline the general cost variables of the two options for remediating 

pollution in the Des Moines River, and then compare them. 

Wastewater Treatment Facility Cost Benefit Analysis 

The cost of a wastewater treatment facility is customizable to the characteristics 

of the water and the regulatory requirements that apply to the area. Characteristics 

include but are not limited to levels of contaminants in the water, the amount and flow 

rate of the water, and treatment capabilities. Most wastewater treatment systems 

remediate water by physical chemical clarification and contaminant and nutrient removal. 

A 100,000-500,000 gal/min (1.9 million liter/min) wastewater treatment system will cost 

anywhere from $200,000–$700,000 for the capital building expenses, depending on the 

characteristics and regulations. A 150,000 gal/min (567,000 liter/min) water treatment 

system will cost anywhere from $500,000-$1.5 million for the capital. Treatment systems 

are customized to the types of contaminants, which can lead to price differences for each 

combination of requirements (Marshall, 2021). Size and location will also impact the 

overall cost of the treatment facility. 

In addition to the capital expenses of a wastewater treatment facility, there will 

also be maintenance and operation costs. Treatment facility operations can either be 

highly automated, in which case an operator would be needed for a minimal amount of 

time while the facility is in operation, or with less automation and more human control. 
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The first option would incur more upfront cost, but the latter option would incur more 

operating costs. According to 1,300 salaries reported, updated on November 17, 2021, a 

wastewater treatment operator will cost approximately $36,955 in annual salary in the 

United States and $7,277 overtime per year. In Illinois, the costs are +7% above the 

national average (Indeed, 2021).  

Other operating costs include taxes on the system, utility costs such as electricity 

and secondary waste treatment, regulatory and permitting fees, and compliance testing. 

Municipal wastewater treatment facilities from across the United States have estimated 

their total consumption of energy at 30 terawatt hours per year of electricity, at an 

estimated annual cost of $2 billion dollars. Electricity use can constitute anywhere from 

25% to 40% of a wastewater treatment facility’s annual operating budget (Lemar & De 

Fontaine, 2017). 

In a 2016 cost analysis of New Hampshire, Pennsylvania, and Vermont 

wastewater treatment facilities it was estimated that 40% of a facility’s annual operating 

budget may be attributed to the cost of sewage sludge disposal. The study showed that the 

cost of sewage sludge disposal per wet ton, ranged from $75 to $94 for landfill, $40 to 

$130 for land application, and $71 for incineration (Vermont Agency of Natural 

Resources Department of Environmental Conservation, 2016). A 2020 example of 

wastewater treatment costs was detailed by the Blue Lake Wastewater Treatment Plant 

(WWTP) located in Shakopee, MN. This plant has an annual average flow of 19,100 

gal/min (72,000 liter/min). The total capital costs were $81,816,000 with an operating 

and maintenance budget, assuming 25 years of operation, 3% interest rate, and 3% 

discount rate, at $230,000 (Peterson, 2020).  
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Since the average flow rate of the Des Plaines River is 6.4 million liter/min. the 

proposed wastewater treatment facility would only be able to treat 1.1% of this flow. This 

figure was determined using the average flow rate of the river divided by the intake 

capability of 72,000 liter/min from the example plant in Shakopee, MN (Peterson, 2020). 

Phytoremediation Cost Benefit Analysis 

The generalized costs for a phytoremediation project were obtained by following 

“The Guide to Documenting and Managing Cost and Performance Information for 

Remediation Projects” (United States Environmental Protection Agency, 1998b). The 

original 1995 version of the guide was published by the Federal Remediation 

Technologies Roundtable (Roundtable) with a goal to effectively coordinate the member 

agency activities by implementing a document repository for details on their experiences 

with remediation technologies. Major contributors to this guide were the USEPA, the 

U.S. Department of Defense (DOD), and the U.S. Department of Energy (DOE) 

(Member Agencies of the Federal Remediation Technologies Roundtable, 1998).  

Although the cost of a remediation project is dependent on unique factors such as 

plant species, location, size of the project, and remediation goals, this group’s intent was 

to increase the availability of standard cost and performance data for remediation 

technologies to facilitate comparison, improve selection of remediation methods, and 

provide a baseline of information to benchmark different technologies (Member Agencies 

of the Federal Remediation Technologies Roundtable, 1998). The overall structure of this 

cost analysis includes capital cost of remediation, mobilization, setup, and 

demobilization, planning, and preparation, site work, equipment and appurtenances, 

startup and testing. It also includes operation and maintenance costs such as labor, 
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materials, utilities and fuel, performance testing and analysis, collection and control, and 

disposal of secondary wastes. 

Scholars and professionals (e.g., Glass Associates 1998), have estimated that 

some phytoremediation costs will be 50-80% lower than alternatives (National Risk 

Management Research Laboratory Office of Research and Development, 2000). Typical 

unit costs for groundwater remediation are the cost per 1,000 gallons of water treated and 

the cost per pound of contaminant removed. The cost and performance analysis for 

phytoremediation are collected from actual full scale and demonstration scale 

applications of phytoremediation used to remediate a wide variety of contaminants. This 

database was developed and maintained by the USEPA (Member Agencies of the Federal 

Remediation Technologies Roundtable, 1998). The guide includes matrix 

characterizations that affect the cost or performance of a technology, and although these 

matrix characterizations are aimed at soil, one can reasonable assume that these factors 

impact water remediation as well. The factors that impact cost include the following: 

media classification and characteristics, classification and concentration of contaminants, 

and environmental settings such as geology, stratigraphy, and hydrogeology (Member 

Agencies of the Federal Remediation Technologies Roundtable, 1998). These factors will 

limit the amount and type of plants that are appropriate for the remediation.  

Phytoremediation will incur general landscaping and disposal costs for plants that 

remediate water by bioaccumulation. It is important to remove plants that bioaccumulate 

contaminants, because if left to degrade, the bioaccumulated contaminants would re-enter 

the water and decrease the levels of DO. Plants that use phytoextraction as their 

remediation method must be harvested for recycling or disposal in compliance with 
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applicable regulations. However, bacteria, phosphorous and nitrogen, and oxygen are 

treated through rhizofiltration, phytostabilization, or phytotransformation. These plants 

do not have the same level or frequency of disposal as phytoextraction (National Risk 

Management Research Laboratory Office of Research and Development, 2000).  

Phytoremediation has been proven to reduce the cost in some applications to less 

than half of what traditional wastewater treatment technologies cost. The major cost of 

phytoremediation applies to site characterization, treatability studies, full-scale design, 

construction costs, and operation and maintenance and monitoring costs (United States 

Environmental Protection Agency [USEPA], 2001). Specific research is limited because 

the cost of phytoremediation can vary depending on acreage, vendor quotation, and 

specific plants involved. Prior estimates concluded that 30-year costs (1998 dollars) for 

the remediation of a 12-acre lead site in 1998 were $12,000,000 for excavation and 

disposal, $6,300,000 for soil washing, $600,000 for a soil cap, and $200,000 for 

phytoextraction. Another case study at the Milan Army Ammunition Plant, Milan, TN, 

showed a cost of $1.78 per thousand gallons of water over the life of the 

phytoremediation project. To better compare traditional methods against 

phytoremediation, the USEPA presented the estimated costs for hydraulic control of an 

unspecified contaminant in a 20-foot-deep aquifer at a 1-acre site at $660,000 for 

conventional pump-and-treat and $250,000 for phytoremediation (USEPA, 2001).  
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Chapter IV 

Discussion 

This study identified viable remediation methods by comparing the theoretical 

effectiveness of non-invasive plant species that have previously demonstrated 

effectiveness for remediating specific contamination elements identified for the Des 

Plaines River. Bacteria, nitrogen and phosphorous, low oxygen, and metals were 

examined and paired with an effective plant species according to these prior results. 

Typha latifolia is effective for multiple contaminants and is especially promising as it 

could streamline the initiative, making it cheaper and easier to apply. The environmental 

impact study showed that phytoremediation would not only offer a less environmentally 

damaging option but would instead enhance the landscape by adding to the natural 

habitat and visual appeal of the area, in addition to its remediation effectiveness. The 

applications and benefits were observed to be very promising for MS4 permit holders 

who are required to implement best practices as a part of their permit requirements.  

The hypothesis that phytoremediation for the top contaminants found in the Des 

Plaines River can offer a financial benefit of 70% lower investment and operating cost 

when compared to a wastewater treatment plant was deemed inconclusive based on the 

customization of each application and the outcome goals.  

The cost benefit analysis showed that the cost for phytoremediation was estimated 

as equal for disposal costs. However, the analysis showed significant cost savings for the 

capital expenses, staffing, and potentially operation and maintenance costs. I was not able 

to determine a percentage of saving due to the variabilities involved in both remediation 
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methods. I determined through this study that phytoremediation is economically and 

environmentally viable for a primary remediation option of waters designated for 

secondary contact. For waters designated as drinking water sources, phytoremediation 

cannot be a primary source of remediation due to the fluctuations of effectiveness and the 

length of time it requires for remedial benefit. However, it would be an effective support 

option to other controlled methods. The management practice – example policy document 

can serve as a generalizable model for this implementation.   

 

Relative Efficiency of Contamination Removal 

My hypothesis was that phytoremediation for the top contaminants found in the 

Des Plaines River could offer the same contaminant removal rate as a wastewater 

treatment facility. This was determined to be circumstantially correct, depending on the 

scope of time and application size. Phytoremediation effectiveness compared to 

wastewater treatment effectiveness (Table 13) show that phytoremediation can be as 

effective or more effective for nitrogen, phosphorous, and arsenic removal. However, 

bacteria removal, lead removal, aluminum removal, and increase of dissolved oxygen 

were superior in wastewater treatment facilities. The length of time vs. effectiveness was 

not consistent with the two methods. Wastewater treatment facilities are much more 

efficient at remediation than phytoremediation is in terms of contact time and efficiency. 

The rate at which contaminants could be removed remains dependent on factors such as 

growing conditions, scope of application, and combination of plant usage. This is highly 

customized to each application. 
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Table 13. Efficiency of wastewater treatment facility vs. phytoremediation. 

Contaminants  Wastewater Treatment Facility 
Efficiency  

Phytoremediation Efficiency  

Bacteria 99% 89.5-91% 
Nitrogen 5-78% 96.91% 
Phosphorous 52 – 90% 97.72% 
Lead 
 

99+% 56% 

Aluminum 98+% 85-99% 

Arsenic 85% 88% 
Dissolved 
Oxygen 

Customizable  50% increase 

 

 

 Phytoremediation is promising but individualized case studies will be 

needed to determine the percent of cost savings per application and the effectiveness of 

the individual comparisons per application. However, according to the identified 

contaminants (Table 1), the Goose Lake watershed is a good candidate case study for 

evaluating the net benefits of phytoremediation. Research into phytoremediation for the 

Goose Lake watershed and Des Plaines River aligns with Strategy 3 – Water Quality 

Improvement Projects Planning and Implementation of the Des Plaines River Watershed-

Based Plan.  

 

Management Practice – Example Policy Document 

I recommend the inclusion of phytoremediation as a best practice for the NPDES 

and MS4 permit holders. Wastewater treatment facilities along the Des Plaines River are 

still necessary due to the limited capacity of phytoremediation, which relies heavily on 

weather patterns and growing seasons for its overall effectiveness. However, 

phytoremediation offers a fiscally responsible option to remediate contaminants in a way 
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that involves the community through engagement and education and provides habitat 

benefits with less negative environmental impacts than a wastewater treatment facility. 

This alternative will lower the pollution level in the Des Plaines River, which flows into 

the Illinois River, Mississippi River, and ultimately, the Gulf of Mexico. This proposal 

offers environmental and financial guidance to decision-makers considering adoption of 

phytoremediation strategies for the Des Plaines River and similar waterways. The long-

term use of this information could be used for benchmarking or public planning. If 

phytoremediation can be leveraged as a viable option for maintenance of the 

contaminants in the Des Plaines River, it would also offer a host of non-monetized 

benefits, such as habitat restoration, community development, and education.  

Below is a guide for the inclusion of phytoremediation as a best management 

practice for these permitted entities: 

All McCook Counties NPDES permit holders and MS4 Permit holders must 

implement the following activities as one of their six minimum required control 

measures. Permit holders must submit a Notice of Intent (NOI) to the IEPA electronically 

for the location, size, maintenance plans, plant selection, and disposal commitments for 

each phytoremediation application. These commitments must be formally included in the 

permitted storm water management program and include the scope of phytoremediation 

best management practices (BMPs) and associated measurable goals. The inclusion of 

phytoremediation into the BMPs must also include aspects of the following: 

• Public education and outreach on storm water impacts 

• Public involvement and participation 

• Illicit discharge detection and elimination 
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• Construction site storm water runoff control using plants 

• Post construction storm water management in new development and 

redevelopment 

• Pollution prevention/good housekeeping for municipal operations 

The permittee must submit annual reports electronically to the Agency by June 1 

for each year that the permit is in effect. The report must include: 

• The status of compliance with the permit conditions, including an assessment of 

the BMPs and progress toward the measurable goals; 

• Results of any information collected and analyzed, including monitoring data; 

• A summary of the storm water activities planned for the next reporting cycle; 

• A change in any identified best management practices or measurable goals; 

• If applicable, notice of relying on another governmental entity to satisfy some of 

the permit obligations. 

Phytoremediation techniques for the identified pollutants in the locations of G-03, 

G-39, and G-11 are listed below (Table 14).  

Table 14. Management practice examples. 

Process Pollutants Plants Studied Effectiveness  

Rhizofiltration Nitrogen and 
Phosphorous  

Typha latifolia  96.91% nitrogen; 

97.72% phosphorous  

Phytoextraction Metals  Typha latifolia 56% lead; 88% 
arsenic; 85-99% 
aluminum 

Phytotransformation Oxygen Vallisneria 

americana 
50% increase from 
baseline oxygen 
levels 

Phytostabilization Bacteria Typha latifolia 89.5-91%  
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Research Limitations 

While this study aimed to identify efficient and viable phytoremediation solutions 

for the Des Plaines River, some limitations related to its application should be noted. The 

primary limitation is that these proposed solutions have only been theoretically vetted for 

viability in the Des Plaines River and have not been physically vetted for viability. Prior 

studies have shown that phytoremediation options have been successful in similar 

landscapes and environments, but without the applied research on which aquatic species 

will thrive in the Des Plaines River, only theoretical proposals can be made.  

 I was disappointed in the level of available research for the cost benefit analysis, 

but quickly came to understand that it is very dependent on many factors. The cost 

benefit study used available data on past projects and wastewater treatment facilities. 

This did not take into effect market fluctuations, or price differences among remediation 

competitors. There can be a great deal of uncertainty with projections to full scale that are 

based on theoretical analyses. The degree of uncertainty will vary based the differing 

extrapolations of data, site-specific conditions, and differing cost calculations. Therefore, 

the outcomes will be hypothetical, and only broadly comparative. 

 Conclusions 

I was surprised to see the effectiveness of phytoremediation of Typha spp. and 

that it really could be a viable option for the Des Moines River. This species could be 

easily implemented in different areas of the world for pollution remediation. It was great 

to see initiatives like the Wild Mile in Chicago, aiming at engaging the community while 

doing something positive. I believe there are a lot of similar opportunities out there and 

the Des Plaines River is just one of them.  
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The comparison of cost benefit analysis was inconclusive; however, it did show 

that phytoremediation is viable and competitive. I am happy that it fits so nicely into a 

best practice recommendation for the MS4 permits. This is an applicable formal way to 

introduce this into communities.  

Phytoremediation can easily become a community initiative, which takes the cost 

out of the project owner’s hands. Through education of best practices and the importance 

of the roles we individually play in the sustainability of our communities, 

phytoremediation can be implemented as a viable method to help clean our waterways. 

The science shows us that it is effective and case studies show that it offers an array of 

benefit. This is a win-win situation for the communities that choose to implement this as 

a practice.  
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