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 Wastewater is a main source of pollution entering waterways particularly in 

agricultural and industrial locations. Nutrient loading is a primary wastewater contaminant, 

which can adversely affect aquatic organisms. However, nutrients associated with wastewater 

often promotes the growth of algae, which can be used a biological method to help decrease 

nutrients in aquatic ecosystems. This study quantified the effects of wastewater effluent on 

algal growth, community structure, and function. Samples were collected from sites above and 

below wastewater effluent. Diversity, chlorophyll a production, and dry mass of filamentous 

green algae and epilithon were all higher below effluent indicating the nutrients from the 

wastewater cause higher algal biomass.  
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FIGURE LEGENDS 

Fig. 1. TOC contaminants in a central Indiana River above and below wastewater effluent.  

Common trace organic contaminants were measured in filtered water samples above  

and below effluent. N = 3 for each bar, ± standard deviation. (t-test, p = 0.485).  

Figure 2. Algal genus diversity at sites above and below effluent. Above effluent (First panel)  

an SDI index of 1.61. Below effluent (Second panel) has an SDI index of 2.15. 

Fig 3. Epilithic chlorophyll a concentrations at sites above and below effluent. There was no  

significance above and below effluent. N = 10 for each bar (t-test, p = 0.105).  

Fig 4. Shannon diversity index of diatoms in sites above and below effluent. There was no  

difference in diversity above and below the effluent. N=3 ± standard deviation (t-test, p 

= 0.113).  

Fig. 5. Filamentous algae dry mass at sites above and below effluent.  There was no significant  

difference in biomass above and below effluent. N=10, ± standard deviation (t-test, 

p=0.279).  

Fig. 6. Epilithon dry mass at sites above and below effluent. There was no statistical difference  

above and below effluent. N=10, ± standard deviation (t-test, p-value = 0.462). 

Fig. 7. Mean algal community composition at sites above and below effluent. Above effluent  

(left panel) shows a more even diversity across functional groups. Diatoms being the 

most abundant followed by coccoid green algae (CGA), filamentous green algae (FGA), 

and cyanobacteria. Below effluent (right panel) is dominated by diatoms with 50%, 

followed by filamentous green algae, coccoid green algae, and cyanobacteria.  
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 INTRODUCTION  

Wastewater effluent is a main source of pollution entering waterways, especially in 

agricultural and industrial environments. Many different contaminants enter the environment 

through wastewater effluent, but one of the most concerning is nutrients including nitrogen 

and phosphorus. Many aquatic systems have low ambient nutrient concentrations, so even 

small amounts of nutrients in the system can alter the ecosystem (Carey and Migliaccio 2008).  

Nutrient loading into rivers and streams is an increasing problem, especially in urban 

locations. One of the main causes of nutrient loading into rivers and streams is urban 

wastewater effluent from treatment plants (Zhu et al. 2013). Industrial activities account for 

two thirds of total waste discharge with over 80% untreated (Wang et al. 2008). Biological 

methods to treat wastewater is the preferable solution due to its sustainability. One of these 

methods is using the excessive nutrients from wastewater to cultivate microalgae and improve 

overall water quality (Chen et al. 2012).  

Microalgae is an ideal solution to nutrient loading compared to other biological methods 

in practice today. Other methods in place, such as biofuel plants, require other chemicals like 

fertilizers to be applied to the system (Zhu and Ketola 2011). However, microalgae does not 

require any additional chemicals, and can consume less freshwater while improving overall 

water quality at a more effective rate (Zhu et al. 2013).  

In addition to improving water quality, algae are important organisms to all aquatic 

environments as they are primary producers, and the building block of most food webs. Algae 

contributes to approximately 40-50% of the oxygen in the atmosphere as well as the water 

column (Anderson 2005). Algae are the only primary producers of all aquatic ecosystems 
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(rivers, streams, oceans, etc.) which covers 70% of the Earth (Anderson 2005). While algae has 

small biomass compared to other photosynthetic organisms, they are important in terms of 

global productivity (Anderson 2005). It is argued that algae are the organisms responsible for 

life on this planet. Not only do they produce half of the oxygen, they can fix the atmospheric 

nitrogen (Chapman 2013).  

This study quantified the influence of wastewater effluent on algal community structure 

and function. Research was guided by specific questions and related hypotheses: 

Research Questions 

• How does wastewater effluent affect trace organic contaminant (TOC) concentrations in 

the White River of Muncie, Indiana? 

--- H1: River concentrations of contaminants will be higher downstream of the 

effluent discharge relative to upstream concentrations. 

• How does wastewater effluent influence algal community structure as species 

abundance and diversity? 

— H1: More tolerant species, such as Nitzschia or Surirella, will be dominant below 

effluent. 

— H2: Genus diversity will be higher above effluent because there will be lower 

TOC concentrations. 

• How does wastewater effluent influence algal function as biomass and chlorophyll a 

concentration?  

— H1: Filamentous green algae will have lower biomass below effluent because 

nutrient concentrations promote growth.  
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Methods 

 This study had both field and laboratory components to determine the effects of 

wastewater effluent on primary producers. Two sites were selected for study on the White 

River in Muncie, Indiana. One site was located ~500 m above the wastewater treatment plant 

effluent and the second site was located ~500 m below the effluent discharge point. Both sites 

were sampled seasonally (spring, summer and fall) in 2018. Water and sediment 

physiochemical characteristics as well as algal community structure (species diversity and 

abundance) and function (biomass) were measured. Algal biomass and community structure 

were measured for both filamentous green algae and epilithon (diatom species).  

How does wastewater effluent affect trace organic contaminant (TOC) concentrations in the 

White River of Muncie, Indiana? 

Field Sampling 

At each site (N = 2) and sampling event (N = 3), water samples were collected first using 

a syringe in the thalweg of the wetted channel. Water was filtered (GF/F 0.7 m pore size) into 

a 1 L HDPE amber bottle for measurement of trace organic concentrations (TOC). Additionally, a 

known volume of water was filtered, and the filter retained for chlorophyll a analyses to help 

determine trophic status. After collection of water, two composite samples of sediment (~100 

cm3) were collected at several points along the wetted width of channel. One of the sediment 

samples was analyzed for TOCs. TOCs measured included Acetaminophen, Diclofenac, 

Norfluoxetine, Albuterol, Caffeine, Carbamazepine, Chloramphenicol, Cotinine, DEET, 

Naproxen, Diphenhydramine, Codeine, Gemfibrozil, Sulfamenthoxazole, Ibuprofen, 
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Trimethoprim, Venlafaxine, Parxanthine, Fluoxetine, Sucralose, Sulfadimenthoxine, 

Sulfamethazine, Tylosin, and Warfarin. 

TOC concentrations were measured via solid-phase extraction liquid chromatography 

mass spectrophotometry (SPE/LC/MS/MS) at the Indiana State Department of Health Chemical 

Laboratories (Indianapolis). The second sediment sample was analyzed for organic matter 

content. Stream physical characteristics (temperature, pH, oxygen, conductivity) were recorded 

from United States Geological Survey (USGS) site 03347000 White River in Muncie, IN (USGS 

2018).  

How does wastewater effluent influence algal function as biomass and chlorophyll α 

concentrations?  

Algal Biomass 

Epilithic biomass was measured by scraping five separate rocks of known area at each 

site. Isolated biomass was transferred to the laboratory, then samples were filtered, dried, and 

weighed (Lowe and LaLiberte 2006). Filamentous green algal biomass was measured by 

harvesting five separate 10 cm2 samples within a mat (100% cover of filamentous green algae) 

and then multiplying dry mass by percent abundance. Abundance was determined by ten point 

transects across the wetted width of the channel (Lowe and LaLiberte 2006). 

Filters for chlorophyll a analyses were filtered onto a wetted disk, wrapped in aluminum 

foil and frozen. Once ready for extraction, they were soaked in methanol and acetone for 24-48 

hours and returned to the freezer. With lights dimmed, the samples were taken from the 

freezer and a sample was pipetted into a 3 cm cuvette and read by a spectrophotometer. 

Readings were taken at 664 nm and 750 nm and recorded. Samples were then acidified by 
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adding 100 µL of HCl to the sample. Absorbance was then measured at 650 nm and 750 nm. 

Total chlorophyll a was determined by the difference between the two readings (Carlson 1977). 

How does wastewater effluent influence algal community structure as species abundance and 

diversity? 

Algal Community Structure 

Three separate epilithon samples were collected as above for determination of algal 

community structure. Samples were returned to the laboratory and prepared for algal 

identification. Epilithon samples were cleaned by the standard method hydrochloric acid wash 

for 24 hours, decanted and rinsed with water a minimum of 4 times, and then pipetted on a 

coverslip to dry. The water evaporated leaving the dried material on the coverslip. Once dry, 

the 40 mL samples were mounted to slides with Naphrax, counted to 400 valves of diatoms and 

used to count algal cells for estimates of algal genera abundance (Lowe and LaLiberte 2006). 

Quality control was assessed by counting 10% of the samples twice. If a significant variation was 

discovered, change in indices by ± 0.05, samples were recounted. Genus diversity was 

determined by dividing abundance of species by the total number of cells counted.  Shannon 

Diversity Index (SDI) was calculated for genus diversity above and below effluent. To determine 

genus diversity, diatom slurries were cleaned and counted to ~400 valves. Sites were compared 

above and below effluent to see the overall abundance of each genera. 

Three separate filamentous green algae samples from distinctly different patches were 

collected and examined under the microscope for identification. Filamentous green algae were 

preserved in ~2% glutaraldehyde. Samples were examined under a light microscope and 
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identified by functional groups, such as coccoid green algae, diatoms, filamentous green algae, 

and cyanobacteria (Lowe and LaLiberte 2006) 

CALCULATIONS AND STATISTICS 

 All statistics were conducted using Sigma Plot and Microsoft Excel. SDI was calculated by 

taking the natural log of the percent density of diatoms, multiplied by the percent density (Peet 

1975). Percent organic matter was calculated for both filamentous green algae and epilithon by 

taking the weight of dried algae and epilithon subtracted by the filter that was used (Steinman, 

Lamberti, and Leavitt 2006). Chlorophyll a was calculated with the following equation from 

(Steinman, Lamberti, and Leavitt 2006). 

Chlorophyll a (µg/cm2) 

=26.7 (E664b−E665a)×Vext/area of substrate (cm2)×L 

where: 

E664b = [{Absorbance of sample at 664 nm−Absorbance of blank at 664 nm} − 

{Absorbance of sample at 750 nm−Absorbance of blank at 750 nm}] before acidification; 

E665a = [{Absorbance of sample at 665 nm−Absorbance of blank at 665 nm} − 

{Absorbance of sample at 750 nm−Absorbance of blank at 750 nm}] after acidification; 

Vext = Volume of 90% acetone used in the extraction (mL); 

L = length of path light through cuvette (cm); 

267 = absorbance correction (derived from absorbance coefficient for 

chlorophyll a at 664 nm [11.0] × correction for acidification [2.43]);  

1.7 = maximum ratio of E664b:E665a in the absence of phaeopigments 
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 Dry mass and AFDM were also calculated following the standard methods (Steinman, 

Lamberti, and Leavitt 2006): 

Dry Mass (DM), in mg/cm2 

DM = 
(𝑊𝑎−𝑊𝑓)

𝐴𝑡/𝑟
 

Where: Wa = dried algae on filter (mg), Wf = filter weight (mg), and At/r =area of tile or rock 

(cm2) 

Ash free dry mass, in mg/cm2 

AFDM = 
(𝑊𝑎−𝑊𝑓)−𝑊𝑎𝑠ℎ

𝐴𝑡/𝑟
 

Where: Wash =material on filter (mg) after combustion 

RESULTS 

Mean TOC concentrations ranged from 44 to 46.4 ng/L. Concentrations were slightly 

higher below the effluent with a mean concentration of 46.4 ng/L. Most TOC concentrations 

were below detection limits; however, DEET consistently had the highest concentration every 

month sampled.  There was no significant difference in TOC concentrations between sites (Fig. 

1; p = 0.485). 

The most dominant genera for both the above and below sites was Surirella with 35% 

and 26%, respectfully. “Other” diatoms was the next most dominant group for the below 

wastewater site (23% community), while Navicula was the next most dominant group for the 

above wastewater site (24% community; Fig. 2).  

The range of data for diversity was 1.61 to 2.15 for SDI. The 5 most common genera that 

influenced SDI were Surirella, Navicula, Nitzschia, and Gomphonema. Above effluent had an SDI 
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of 1.61. Below effluent had an SDI of 2.15 but there was no significant difference between sites 

(Fig. 3; p = 0.113). 

Chlorophyll a concentrations varied from 0.03 to 0.4 µg/cm2. While concentrations were 

relatively consistent, there were some outliers. Outliers included two chlorophyll a values 

below detection. Above effluent mean concentration was 0.3 µg/cm2 and below effluent mean 

concentration was 0.4 µg/cm2. There was no difference between sites (Fig. 4; p = 0.105). 

The most abundant group of algae above and below effluent were diatoms (Fig. 5). 

Percentages for diatoms were 35 and 50% of total epilithon above and below the effluent, 

respectively (Fig. 5). Filamentous green algae were the second most dominant group above 

effluent with 25% compared to 15% below effluent (Fig. 5). Cyanobacteria was the least 

abundant across both sites, comprising 19% of the community above and 13% below the 

wastewater effluent (Fig. 5). 

Dry mass for filamentous green algae was higher below effluent (0.43 g/cm2) but there 

was no significant difference between sites (Fig 6; p = 0.279). Mean data ranges varied from 

0.011 g/cm2 to 0.986 g/cm2. Above effluent mean value was 0.38 g/cm2 with below effluent 

mean values for 0.43 g/cm2. 

Dry mass values of epilithon varied from 0.01 to 0.09 g/cm2. Mean value for above 

effluent was 0.18 g/cm2. Mean value below the effluent was 0.09 g/cm2, slightly higher than 

above effluent. There was no significant difference between sites (Fig. 7; p = 0.462).  

 
DISCUSSION 
 

TOC concentrations were higher at the below effluent site but not significantly (Fig. 1). 

Concentrations were relatively consistent throughout months sampled. This could be due to 
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inconsistent sampling. While most values did not vary, June had the highest concentration of 

TOCs (data not shown).  

Genus diversity was higher below the effluent which did not support the hypothesis. 

According to one study, more nutrients in the water column yielded a higher diversity or SDI 

(Passy 2007), due to nutrient loading from wastewater (Zhu et al. 2013). There were likely 

higher nutrient concentrations below the effluent potentially affecting diversity.  

More tolerant species were abundant both above and below effluent. Surirella was the 

most abundant genus for both above and below effluent but was found more frequently above 

effluent, which is inconsistent with the hypothesis. Other studies conclude that Surirella is a 

soil/sediment diatom, so there is a good amount of suspended sediment present at these sites 

(Barragán et al. 2017).  Nitzschia, a common indicator of moderately polluted water (Džeroski 

et al. 2000) was not as abundant as expected but was still in the 10 most common genera found 

through this study. 

Filamentous green algae weight was higher below the effluent most likely due to the 

increase of nutrients associated with wastewater effluent. Nutrients from agricultural practices 

and industry has been documented to increase algal biomass (Mulbry et al. 2008). Epilithon 

weight was higher below effluent as well. Nutrients are also linked to increased epilithon 

weight (Dodds 2002).  

 While there are limitations to this study due to a small sample size, these data highlight 

questions that should be addressed with further research including temporal variation in 

nutrient-algal relationships. Additionally, future research should evaluate the specific 

mechanisms influencing algal dynamics. Algae are incredibly important organisms and the 
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effects of specific contaminants on their growth is not well understood. Understanding how 

contaminants associated with wastewater affect algae can help give insight to how those 

contaminants may alter ecosystems.  
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