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Abstract 

Per- and Polyfluoroalkyl Substances (PFAS) are a class of emerging contaminants 

that accumulate in soils and groundwater, often finding their way into the bodies of 

humans and wildlife alike. Traditional treatment technologies for removing contaminants 

from water are either ineffective (chlorination, UV irradiation, advanced oxidization), or 

costly (granular activated carbon, ion exchange, reverse osmosis, nanofiltration). Thus, 

bioremediation has been looked into as a cheaper, more sustainable alternative for PFAS 

removal. This study seeks to evaluate the viability of biosorption via microalgae as a 

treatment method for PFAS-contaminated water supplies. C. sorokiniana was the algal 

species considered as it has exhibited the capability of removing toxic contaminants such 

as arsenic and uranium from groundwater. No significant growth inhibition was exhibited 

by the C. sorokiniana grown in 1 ppm PFOA and PFOS solutions. The linear growth rate of 

the control was 0.15 g/L/d while the linear growth rates for PFOA and PFOS were both 

0.12 g/L/d. Over two weeks, C. sorokiniana exhibited 37% and 20% removal of PFOA in 

two sample flasks (PFOA 1 and PFOA 2 respectively) in addition to 9.2% and 20% removal 

of PFOS in two sample flasks (PFOS 1 and PFOS 2 respectively). Statistical significance was 

measured using a 2 – tailed Student’s t – test with a 5% significance level. The only 

statistically significant removal observed in these two weeks took place in the PFOA 1 flask. 

Using the Langmuir Adsorption Model, no adsorption of PFOA or PFOS to the algal cells was 

observed within the 24 hour experiment. These results imply that bioremediation via C. 

sorokiniana is feasible, but further work must be done to assess the efficacy and economic 

feasibility.  
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I. Background 

PFAS Summary  

Per- and Polyfluoroalkyl substances, better known as PFAS, are synthetic molecules 

commonly found in consumer products such as non-stick cookware, paints, pesticides, 

shampoo, and firefighting foams. PFAS are heavily used due to their resistance to grease, 

oil, water, and heat. PFAS molecules are carbon-fluorine chains often including oxygen, 

hydrogen, or nitrogen. Perfluoroalkyl substances have carbon-fluorine bonds on every 

carbon, while polyfluoroalkyl substances do not. PFAS achieve their persistent properties 

due to these carbon-fluorine bonds. The carbon-fluorine bond is the strongest covalent 

bond in organic chemistry. This persistence, along with high water solubility, has led to 

PFAS accumulating in soils and groundwater, creating a new class of emerging 

contaminants.  The unfortunate consequence of PFAS possessing these strong bonds is that 

PFAS do not degrade by natural processes. Due to this, scientists have been unable to 

estimate the environmental half-life for PFAS, earning it the notorious label of a “forever 

chemical” (Perfluoroalkyl and Polyfluoroalkyl Substances).  

There are currently more than 4,700 forms of PFAS. The two most manufactured 

and well-studied forms of PFAS are perfluorooctanesulfonic acid (PFOS) and 

perfluorooctanoic acid (PFOA) (Figure 1). These compounds are the most widespread in 

the environment and create the basis of the current scientific understanding of this group 

of chemicals. However, beginning in the early 2000s, these chemicals were phased out of 

production in the United States in favor of short-chain alternatives. By 2015 the eight major 

PFAS manufacturing companies had eliminated all manufacturing of the products under 



9 
 

the United States Environmental Protection Agency’s (EPA) PFOA Stewardship Program. 

(PFAS Basics, 2022) 

 

Figure 1: Molecular Structures of PFOS and PFOA 
 

PFAS as an Emerging Contaminant 

The mass use of consumer goods containing PFAS have allowed these molecules to 

enter soil, air, and water systems. Most people are likely to be exposed to PFAS via 

ingesting contaminated water or food, using products made with PFAS, or breathing air 

containing PFAS. As of August 2021, 2,854 locations in 50 states and two territories have 

exhibited contamination (Figure 2).  

 

Figure 2: Map of PFAS Contamination in United States as of August 2021 (EWG) 
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In 1999, the Centers for Disease Control and Prevention’s National Health and 

Nutrition Examination Survey (NHANES) found PFAS present in the blood of 97% of the 

population. Since the steady removal of PFOS and PFOA from consumer products in the 

early 2002, NHANES has reported a blood level drop of 80% and 60% for PFOS and PFOA 

respectively from 1999 to 2014 (PFAS in the US Population, 2020). While this is promising, 

this study does not account for other forms of PFAS, primarily the shorter chained GenX 

molecules which have been shown to be more mobile and just as toxic as PFOA and PFOS. 

The biological half-life, which is the time it takes for a chemical to be metabolized and 

removed from the body, has been determined to be 2.1 to 10.1 years for PFOA and 3.3 to 27 

years for PFOS. According to the C8 Health Study, there is currently evidence that suggests 

a link between long term PFAS exposure and many health risks including various cancers, 

reproductive issues, weakened childhood immunity, low birth weight, endocrine 

disruption, weight gain, and increased cholesterol. 

As of 2016 the current health advisory for PFOA and PFOS was set at 70 parts per 

trillion (ppt) by the EPA. Although there is a health advisory, the U.S. EPA and State of 

Arizona currently do not have regulatory limits for PFAS. Tucson Water however has set its 

own limits for multiple PFAS species (Table 1) (Per – and Polyfluoroalkyl Substances 

(PFAS), 2021). 
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PFAS Species Tucson Water Operating Target (ppt) 

PFOA + PFOS + PFHxS + PFHpA 

(Priority PFAS) 
18 

PFOA 11 

PFOS 7 

PFHxS 7 

PFBS 420 

PFHxA 200,000 

Table 1: Tucson Water PFAS Regulations 

Current PFAS Treatment Technologies 

 Many traditional water treatment methods are ineffective in removing or degrading 

PFAS effectively from water. Free chlorine, UV irradiation, and oxidation by ozone or 

hydroxyl radicals has been deemed unsuitable for PFAS treatment due to the strength of 

the C-F bond and the electron withdrawing functional groups. Advanced oxidation 

processes typically partially degrade long-chain PFAS, leading to more short-chains. Due to 

this, the most popular treatment technologies for PFAS removal are currently sorption via 

granular activated carbon, anion-exchange, reverse osmosis and nanofiltration. (Treatment 

Technologies, 2021) 

 Granular Activated Carbon (GAC) is currently the most accepted treatment method 

for PFOS and PFOA, as it can remove PFAS from groundwater with more than 90% 

efficiency. GAC works by inducing electrostatic and hydrophobic effects between itself and 

the contaminant. At low pH, the adsorbent is positively charged while PFAS remains 
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anionic. This creates an attraction between the two and binds them with each other. 

However, these electrostatic interactions can be hindered by co-existing inorganic anions 

in solution. The hydrophobic effect works by aggregating PFAS on the adsorbent. It has 

been demonstrated that the hydrophobic effect is linked to chain length while the 

electrostatic effect is linked to the terminal functional group. (Gagliano et al., 2019). The 

critical downside of GAC as a treatment technology is the high-temperature incineration 

needed to destroy the adsorbed PFAS. GAC often must be heated anywhere from 600 °C – 

1000 °C to regenerate and degrade PFAS. This degradation often yields byproducts that are 

dangerous in their own right, making GAC economically and environmentally 

unsustainable long term. 

 Anion exchange (AE) resins work via ion-exchange and adsorption. PFAS molecules 

contain a hydrophobic tail along with a negatively charged head on the sulfonic/carboxylic 

acid functional groups. AE resins contain positively charged function group that binds the 

PFAS ionically. AE resins are made of small hydrocarbon beads. As a result of this, the 

resins are also hydrophobic, meaning the PFAS tails can adsorb to their surfaces. This dual 

removal mechanism allows anion exchange to have a higher selectivity than other sorption 

technologies like GAC (Figure 3). AE has been shown to have high efficiency in targeting 

short-chain PFAS due to this high selectivity as well. AE is also seen as an attractive option 

due to its ease of disposal. Single-use AE resins can be incinerated which avoids the 

creation of a high concentration contaminant brine as seen in the filtration methods and 

the high energy consumption needed to regenerate GAC. Despite this AE resins often end 

up in landfills, which has led to a larger use of regenerable resins. These resins are used 

until breakthrough and then regenerated chemically. Another downside of AE is that 
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because it is not selective for PFAS, pretreatment is often needed to remove co-

contaminants. This coupled with the disposal and complexity of the resins makes AE a 

high-cost treatment method relative to its alternatives. (Woodard et al., 2017) 

 
Figure 3: How GAC and IX Resins Work (Boodoo et al., 2019) 

 Reverse Osmosis (RO) and Nanofiltration (NF) membrane filtration processes are 

also commonly used to remove PFAS from water. The success for these technologies lies in 

the pore size of the membranes. RO and NF filters are composed of synthetic polymers, 

namely polyamide, polysulfone, polyethersulfone, and polypropylene. Nanofiltration has 

pore sizes ranging from 1-10 nm while RO has pore sizes less than 1 nm, which is on the 

same scale as most PFAS molecules. These processes work by passing pressurized water 

through a semipermeable membrane. The treated water, referred to as the “permeate”, 

passes through the membrane while the rejected water or concentrate is collected, creating 

a brine with a high concentration of the contaminant. These filtration technologies are 

highly efficient, removing greater than 99% of contaminants found in water, putting most 

PFAS contaminated groundwater within the EPA health advisory limit (Kucharzyk et al., 

2017). The shortcomings of membrane filtration processes include heavy pretreatment due 
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to the membranes being highly susceptible to fouling, competing contaminants reducing 

efficiency, and brine disposal. These shortcomings, particularly the brine, make RO and NF 

more suitable as a point of use technology for home use. 

While these methods, primarily GAC, are currently the most effective, they have a 

high cost of operation, and their effectiveness may be heavily inhibited by other 

groundwater contaminants. This led to the evaluation of bioremediation as an alternative 

to the current treatment technologies. 

Bioremediation 

Bioremediation is seen as an attractive alternative to current treatment 

technologies as it can treat the contamination on site, reducing post cleanup costs.  There 

has been a limited amount of research done on biological treatment using fungi and 

microbes, specifically microalgae, degrading PFAS compounds. Polyfluoroalkyl substances 

have been shown to degrade via microbial processes, but the mechanisms for these 

transformations are still not fully understood. The most researched family of bacteria for 

the bioaccumulation of PFAS are Pseudomonas sp., which have been shown to remove 

between 28 and 67% of PFAS from exposed environments. Other research efforts include 

examining the microbial breakage of C-Cl bond to better understand the C-F bond 

pathways, replacement of the fluorine in the C-F bond using a transition metal containing 

enzyme, and oxygen-independent defluorination. (Shahsavari et al., 2021). The downside 

of biological treatment is that these polyfluoroalkyl substances are often degraded to 

smaller perfluorinated compounds which are more mobile in water and would need 

further treatment. (Treatment Technologies, 2021) 
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This experiment originates from Caitlyn Leo’s thesis titled “Toxicity of Arsenic, 

Uranium, PFOA, and PFOS to Chlorella Sorokiniana and Potential for Bioremediation 

Applications”. In this thesis, Leo worked with the Navajo Nation and Indige-FEWSS project 

to propose a treatment method for the concentrated brine created by mobile solar-

powered nanofiltration units. Due to the limited water resources on the Navajo Nation, the 

water supplies often contained hazardous concentrations of arsenic, uranium, and PFAS 

species. Leo proposed biosorption of these groundwater contaminants through the use of 

microalgae, particularly the freshwater species Chlorella Sorokiniana. C. sorokiniana was 

selected due to its high heat and salt tolerance, making it a viable candidate for outdoor 

brackish groundwater. (Hovde et al., 2018) 

Microalgae have exhibited the ability to uptake arsenic in its negatively charged 

forms arsenite and arsenate. Arsenic exists in these forms between the pH of 4-10, meaning 

these forms are the most prominent in groundwater. In this pH range, arsenic possesses a 

structure similar to phosphate (Figure 4), a nutrient these microorganisms regularly 

uptake. The microalgae will uptake arsenate and as this builds up in the cells it becomes 

toxic to the species. This leads the microalgae to begin metabolic processes, primary 

methylation, which detoxifies the cells and excretes a less toxic contaminant in 

monomethyl arsenate or dimethyl arsenate. 

 

Figure 4: Comparison of the Oxidized Forms of Phosphate and Arsenate 
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Conversely to arsenic, Chlorella species remove uranium extracellularly, primary 

through adsorption to the cell walls. In aqueous solutions, uranium commonly forms 

hydroxides or carbonates depending on the pH. The uranium cations then bind to charged 

ligands on the cell wall, removing it from solution. The biggest advantage this method is 

that living and dead cells with these ligands present can remove uranium from 

groundwater. 

Leo began her study by conducting toxicity testing for C. sorokiniana in solutions of 

the various contaminants. She found after 72 hours cell death occurred between 400 – 500 

mg/L for arsenic, at 20 mg/L for uranium, and 3.22 g/L for PFOA. No cell death was 

exhibited for C. sorokiniana in PFOS, including the solubility limit. Two-week growth 

inhibition experiments were ran to assess biomass growth and contaminant uptake. These 

procedures are outlined in the “Materials and Methods” of this thesis. From these 

experiments Leo discovered maximum contaminant removal percentages of 10% for the 

200 mg/L arsenic solution, 87% for the 0.5 mg/L uranium solution, 74.6% for the 0.558 

mg/L PFOA solution, and 97.4% for the 0.485 mg/L PFOS solution. The success of the 

removal of PFOA and PFOS well above environmentally significant concentrations as well 

as the current lack of research on this technology led to this topic being explored more 

extensively in this thesis. 
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II. Materials and Methods  

Algae Strains and Growth Media 

A stock culture of Chlorella sorokiniana (DOE1412) was obtained from the National 

Alliance for Advanced Biofuels and Bioproducts (NAABB). The culture was continuously 

shaken at 120 rpm under a 12-hour light/dark cycle at room temperature.  The culture was 

sustained in BG-11 growth medium, which is standard for C. sorokiniana . A media change 

was performed every three weeks. The algae were separated from the old media via 

centrifugation and resuspended in fresh media. The salt concentrations in BG-11 are as 

given in Table 2. 

 

Component 
Amount 

(mL/L) 

Stock Solution Concentration 

(g per 200 mL H2O) 

Final Concentration 

(mM) 

NaNO3 10 30 17.6 

K2HPO4 10 0.8 0.23 

MgSO4*7H2O 10 1.5 0.3 

CaCl2*2H2O 10 0.72 0.24 

Citric Acid*H2O 10 0.12 0.031 

Ferric Ammonium Citrate 10 0.12 0.021 

Na2EDTA*2H2O 10 0.02 0.0027 

Na2CO3 10 0.4 0.19 

BG-11 Trace Metals Solution 1 NA NA 

Table 2: BG-11 Media Formulation (UTEX Culture Collection of Algae) 
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Preparation of Stock Solutions and Calibration Standards 

To create stock solutions for the different PFAS species, solid Perfluorooctanoic Acid 

(PFOA) and a 40% (w/v) aqueous solution of Heptadecaflurooctancesulfonic Acid (PFOS) 

were used. For PFOA, 1 mg of solid was weighed in a weigh boat and added to a beaker 

containing 1 L of BG-11. The mixture was stirred on a magnetic stir plate until the PFOA 

was complete dissolved, achieving the target concentration of 1 mg/L. For PFOS, 2.5 mL of 

the solution was deposited into 997.5 mL of BG-11 via polypropylene micropipette tips. 

This mixture was left to stir on a magnetic stir plate for an hour. The resulting mixture had 

a concentration of 1 g/L. One mL of this mixture was extracted and added to 999 mL of BG-

11 to create a stock solution with a concentration of 1 mg/L. 

After each stock solution was thoroughly mixed, 1 mL of each respective stock 

solution was added to 999 mL of LC-MS grade diH2O to achieve a solution with a PFAS 

concentration of 1 µg/L (ppb). This solution was then diluted further to create a calibration 

curve from 150 ppt to 1 ppb (Table 3). 

PFAS Concentration  

(ppt) 

PFAS:H2O Ratio  

(Volume) 

1000 1:0 

750 3:1 

500 1:1 

250 1:3 

125 1:7 

Table 3: PFAS Calibration Curve Dilution Table 
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Two-Week Growth Experiment 

To start the experiment seven 1 L Erlenmeyer flasks, six rubber stoppers with 

inlets/outlets, and six 12” pieces of vinyl tubing were autoclaved for sterilization. Six of the 

Erlenmeyer flasks were filled with 500 mL of the stock solutions/media to begin. Two 

flasks contained the PFOA mixture (PFOA 1 and PFOA 2), two flasks contained the PFOS 

mixture (PFOS 1 and PFOS 2), and the remaining two flasks were filled with pure BG-11 

(Control 1 and Control 2). All six of the flasks were then inoculated with 25 mL of C. 

sorokiniana from the stock culture and rubber stoppers were inserted to the tops of the 

flasks. The seventh flask was filled with 500 mL of diH2O. The inlet of this flask was directly 

attached to an Air/CO2 flow regulator. The outlet of this flask is connected to a diverter that 

splits into six pieces of the vinyl tubing, connecting to the six growth flasks. The Air/CO2 

mixture was passed through this flask first, saturating it with water which prevented the 

other flasks from drying out. The Air/CO2 mixture was continuously bubbled through the 

flasks for the entire two-week span. The composition of the gas mixture was maintained at 

5% CO2 and 95% Air. The flasks were placed under a fluorescent light on a 12-hour 

light/dark cycle at room temperature (Figure 5). 

 
Figure 5: Two Week Growth Experiment Setup 
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After the flasks were mixed via aeration for five minutes, a 1 mL sample from each 

flask was taken via syringe. Each sample was filtered through a 0.22 µm polypropylene 

syringe filter and stored in a polypropylene Eppendorf tube. To quantify any PFAS uptake 

by the syringe filters, unfiltered and filtered samples were taken from the PFOA and PFOS 

stock solutions to be diluted, analyzed and compared via LC-MS. 

 An extra 0.5 mL of sample was collected via serological pipette and deposited in a 

cuvette for analysis via spectrophotometer. A Genesys 10S UV-Vis spectrophotometer 

recording Optical Density (OD) at 750 nm was used for this analysis. OD was used to 

calculate biomass concentration vs time in each flask after a Dry Weight vs OD curve was 

created. The OD and sample collection/syringe filtering process was repeated daily until 

the cultures reached their stationary phases. Samples were diluted and corrected during 

calculations to keep the OD within the range of the Biomass vs Concentration plot. After 

collection, each sample was stored in an Eppendorf tube and refrigerated for dilution and 

LC-MS analysis. 

To quantify any adhesion of PFAS to the Erlenmeyer flasks, a concurrent two-week 

experiment was ran. In this experiment one flask was filled with 500 mL of a 1 ppb PFOA 

solution while another was filled with 500 mL of a 1 ppb PFOS solution. Air solely was 

bubbled through these flasks in a setup nearly identical to that of Figure 5 (Figure 6). 800 

µL samples of each flask were taken daily and deposited directly into Wheaton Microliter 

Polypropylene 900 µL sample vials for analysis. 
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Figure 6: PFOA and PFOS Glass Adhesion Experimental Setup 

 

Dry Weight Calculation 

 Ash free dry weight was used to find a correlation factor between biomass 

concentration and optical density. To start this experiment, 0.7 µm Whatman Glass 

Microfiber Filter Circles were rinsed with DI Water and ashed for 4 hours. After ashing, the 

mass of each filter was recorded. Eight 5 mL mixtures with varying of ratios C. sorokiniana 

to diH2O were created to reflect the eight different ODs. Eight aluminum foil trays were 

weighed and labeled with the respective algae to water ratio. 

 To separate the biomass from the water, vacuum filtration was performed (Figure 

7). The rinsed and ashed filter was placed in the vacuum filter apparatus. The first 5 mL 

sample was stirred vigorously and filtered through the apparatus. After filtration, the filter 

paper was rinsed with 20 mL of diH2O to remove any remaining salts and placed in its 

respective aluminum foil tray. The filter paper was then weighed to obtain the weight of 

the wet biomass.  
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Figure 7: Vacuum Filtration Setup for Dry Weight Calibration Curve 

After rinsing and weighing, the filter paper was dried in a 105 °C oven for 12 hours. 

This filtration process was repeated for all eight mixtures. Once all the samples were dried 

in the oven the dry biomass weight was recorded. Following this, the samples were placed 

into a glass desiccator and ashed in the muffle furnace for 4 hours at 540 °C. After ashing 

the furnace door was kept open until the foil trays were safe to handle. The mass was 

recorded post-ash which gave the ash-free fry weight. Optical Density vs Dry Weight were 

plotted and the slope of this graph gave the conversion factor that was used to find the 

biomass concentrations shown in the results. 
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24-Hour Adsorption Isotherms 

To model the absorption of PFAS (adsorbate) onto C. sorokiniana (adsorbent), a 24-

hour adsorption isotherm was ran for both PFOA and PFOS. In this experiment a Langmuir 

Isotherm Model was used which has the following form. 

𝑞 =       [1] 

𝑞 =  𝐴𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝐴𝑑𝑠𝑜𝑟𝑏𝑎𝑡𝑒 𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑖𝑛 𝑡ℎ𝑒 𝑆𝑜𝑙𝑖𝑑 𝑃ℎ𝑎𝑠𝑒 𝑎𝑡 𝐸𝑞𝑢𝑖𝑙𝑖𝑏𝑟𝑖𝑢𝑚
𝐶 = 𝐴𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝐴𝑑𝑠𝑜𝑟𝑏𝑎𝑡𝑒 𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑖𝑛 𝑡ℎ𝑒 𝐿𝑖𝑞𝑢𝑖𝑑 𝑃ℎ𝑎𝑠𝑒 𝑎𝑡 𝐸𝑞𝑢𝑖𝑙𝑖𝑏𝑟𝑖𝑢𝑚

𝑞 = 𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝐴𝑑𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦
𝐾 = 𝐴𝑓𝑓𝑖𝑛𝑖𝑡𝑦 𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡

 

These adsorption isotherms are used to describe the surface properties of the 

adsorbent and quantify the efficacy of the adsorption taking place. 

To perform this adsorption isotherm, 0.5 mL of C. sorokiniana with a dry mass 

concentration between 0.2 g/L - 0.4 g/L was mixed with 0.5 mL of PFAS in concentrations 

ranging from 100 ppb to 1 ppm in a 1.5 mL polypropylene Eppendorf tube. After creating 

these mixtures, each Eppendorf tube was placed on a Benchmark Scientific B3D1020 Mini 

Mixer and left to stir for 24 hours (Figure 8). The following day, these Eppendorf tubes 

were centrifuged in an Eppendorf MiniSpin Centrifuge and diluted for LC-MS analysis. Each 

concentration of PFAS had two samples ran to assess the deviation. Along with this, an 

Eppendorf tube containing solely PFAS solution with no algae was ran as a control to 

compare the target concentration to the true concentration obtained via LC-MS analysis. 
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Figure 8: 24-Hour Adsorption Isotherm Experimental Setup 

To assess any potential adsorption that occurred while making the PFAS stock 

solutions, samples were collected from polycarbonate centrifuge bottles (Figure 9) and 

polystyrene centrifuge tubes (Figure 10). These samples were also analyzed via LC-MS. 

 
Figure 9: 500 mL Polycarbonate Centrifuge Bottle 

 
Figure 10: 15 mL Polystyrene Centrifuge Tubes 
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LC-MS Analysis 

 All PFAS were analyzed via Liquid Chromatography-Mass Spectrometry (LC-MS).  

An Agilent 6460 Triple Quad LC-MS was used to perform this analysis. This instrument 

consists of an Agilent 1260 Infinity II LC coupled to a 6470 triple quadrupole MS/MS 

detector equipped with an Agilent Jet Stream ESI source. A Phenomenex Gemini C18 

column was used as the analytical column. The analytical method was developed from EPA 

Method 537 which describes the quantification of 14 different PFAS compounds in drinking 

water by LC/MS/MS. The method was modified to incorporate a solid phase extraction 

(SPE) to extract PFAS from larger volume samples. (General PFAS Sampling Guide, 2018) 

 A 400 µL injection volume was used for each sample. The LC grade solvents used as 

mobile phases were A) 100% Water, and B) 100% Methanol + 80% Acetonitrile in 

Methanol. The calibration curve for each PFAS species was ran first, followed by the 

samples with DI water blanks added to identify any contamination between samples. The 

data was collected via the Agilent MassHunter software and exported to Skyline for 

quantitative analysis. 
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III. Results 

Optical Density to Biomass Dry Weight Calibration Curve 

 

Figure 11: Biomass Concentration vs Optical Density Calibration Curve at 750 nm 

The calibration curve shown in (Figure 11) was created to establish a relationship 

between optical density (OD) at 750 nm and biomass concentration for C. sorokiniana . 

Samples were diluted to an OD750 between 0.3 and 1.4 to fall within the range of the 

calibration curve. The slope of Figure 1 was calculated to be 0.48. This was the conversion 

factor used in the following equation (Equation 2). 

𝐵𝑖𝑜𝑚𝑎𝑠𝑠 𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 = 𝐶𝑜𝑛𝑣𝑒𝑟𝑠𝑖𝑜𝑛 𝐹𝑎𝑐𝑡𝑜𝑟 𝑥 𝑂𝐷  𝑥 𝐷𝑖𝑙𝑢𝑡𝑖𝑜𝑛 𝐹𝑎𝑐𝑡𝑜𝑟   [2] 
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Growth Inhibition 

Before assessing C. sorokiniana’s ability to uptake PFAS, the potential growth 

inhibition of the microalgae by PFAS was assessed. Three PFAS-free control flasks were 

grown and the biomass concentration of each was calculated via OD. The biomass 

concentration of each flask along with the average was then plotted. This process was 

repeated for two PFOA and two PFOS flasks. The controls reached their stationary phase 

after Day 6 (Figure 12) while the PFOA and PFOS flasks reached their stationary phases 

after Day 10 (Figures 13, Figure 14). Over this experiment the pH varied from 6.70 – 7.14 

for PFOS and 6.72-6.95 for PFOA. 

 

Figure 12: Two Week Growth Curve for C. Sorokiniana in BG-11 Media 
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Figure 13: Two Week Growth Curve for C. Sorokiniana in 1 ppm PFOA in BG-11 Media 

 

Figure 14: Two Week Growth Curve for C. Sorokiniana in 1 ppm PFOS in BG-11 Media 
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To assess if the biomass growth was inhibited by PFAS, the linear growth phases for 

each solution were plotted (Figure 15, Figure 16). After plotting the linear phases, the 

linear growth rate and R2 values were calculated via linear regression. The control flasks 

achieved a linear growth phase from Days 2 – 6 while the PFOA and PFOS linear phase 

occurred from Days 4 – 10. 

 

Figure 15: Linear Phase of Figure 12 

 

Figure 16: Linear Phase of Figure 13 and Figure 14 
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Sample Linear Growth Rate 
(g/L/d) 

R2 

Control 0.154 ± 0.050 0.981 
PFOA 0.124± 0.022 0.962 
PFOS 0.116± 0.038 0.975 

Table 4: Linear Growth Rates and R2 for Figures 12 – 14 

To determine if there were any statistically significant differences between the 

control and PFAS solutions a 2-tailed, paired Student’s t-test was performed between the 

sets of data. In the case of this experiment, the null hypothesis was that PFAS was not 

inhibiting biomass growth. 

Sample p-value 

PFOA 0.248 

PFOS 0.731 

Table 5: t-Test for Linear Phases of PFOA and PFOS relative to Control 

A p value greater than 0.05 suggests that the null hypothesis should be accepted. 

The p-values calculated for PFOA and PFOS were 0.248 and 0.731 respectively, which lead 

to the null hypothesis being accepted (Table 5). This means although there were some 

variations in linear growth rate (Table 4), there were no statistically significant differences 

between the PFOA, PFOS, and Control data sets. Thus, it was concluded that there was no 

inhibition as a result of the PFAS in solution, making this a potential remediation method. 
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Controls (Syringe Filters) 

During the two-week growth experiment, each sample was syringe filtered through 

a polypropylene syringe filter to separate the biomass from the rest of the sample so it 

could be run on the LC-MS without damaging the instrument. To assess and quantify any 

PFAS accumulation in the syringe filters, controls were taken before the experiment. Three 

unfiltered samples and three filtered samples were collected from the stock solutions. The 

target concentration for these stock solutions was 1 ppm for PFOA and PFOS respectively. 

 

Figure 17: PFOA Syringe Filtered vs Unfiltered Controls (Target Concentration = 1 ppm) 

 

Figure 18: PFOS Syringe Filtered vs Unfiltered Controls (Target Concentration = 1 ppm) 

0

500

1000

1500

2000

2500

3000

3500

4000

PFOA
Filtered 1

PFOA
Filtered 2

PFOA
Filtered 3

PFOA
Unfiltered 1

PFOA
Unfiltered 2

PFOA
Unfiltered 3

PF
O

A 
Co

nc
en

tr
at

io
n 

(p
pb

)

PFOA Filtered vs Unfiltered Controls

0

50

100

150

200

250

300

350

PFOS
Filtered 1

PFOS
Filtered 2

PFOS
Filtered 3

PFOS
Unfiltered 1

PFOS
Unfiltered 2

PFOS
Unfiltered 3

PF
O

S 
Co

nc
en

tr
at

io
n 

(p
pb

)

PFOS Filtered vs Unfiltered Controls



32 
 

Sample Average Concentration 
(ppb) 

% Change p-value 

PFOA Unfiltered (C0) 2981 -12.3 0.546 
PFOA Filtered 2614 

PFOS Unfiltered (C0) 297 +2.0 0.505 
PFOS Filtered 303 

Table 6: Comparison of Syringe Filtered and Unfiltered Controls for PFOA and PFOS 

The first observation from the results in Table 7 was the variation in starting 

concentration. Despite the target concentration being 1 ppm (1000 ppb) for both PFOA and 

PFOS, the true concentrations were shown to be much higher in the case of PFOA (Figure 

17) and much lower in the case of PFOS (Figure 18). This error likely occurred in the 

creation of the stock solutions. The PFOA stock solution was created from a solid mixture 

that was weighed on an electronic scale. The scale being uncalibrated could have led to a 

larger amount of PFOA than intended being used in the mixture. In the case of the PFOS, the 

standard came in a 40% (w/v) in water solution. Improper storage and insufficient mixing 

could have led to the low concentration. The variation could have also happened within the 

dilutions. 

While there is a 12.3% difference in the average concentrations between the 

unfiltered and filtered samples for PFOA, the sets are not statistically different as shown 

through the p-value. For PFOS, the average concentrations are nearly identical, with a 

percent difference of 2.1%. The p-value is also greater than 0.05 meaning the sets are 

statistically similar. As a result of this syringe filter control experiment, it was concluded 

that PFAS was not accumulating in the filters in a statistically significant amount. 
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Controls (Glass) 

During the two-week growth experiment, control flasks containing solely PFOA 

(Figure 19) and PFOS (Figure 20) were ran concurrently and sampled daily for LC-MS 

analysis. The purpose of this experiment was to assess any adhesion of PFAS occurring on 

the glass. 

 

Figure 19: Concentration vs Time Plot for PFOA Control Flask (C0 ~ 2981 ppb) 

 

Figure 20: Concentration vs Time Plot for PFOS Control Flask (C0 ~ 297 ppb) 
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Sample Average Concentration 
(ppb) 

% Change from C0 

PFOA 256 -91.4 
PFOS 316 +6.4 

Table 7: Average Concentration in Glass Controls After 11 Days (Excluding Day 5) 

Sample p-value 

PFOA 0.032 
PFOS 0.129 

Table 8: t-Test for PFOA and PFOS Glass Controls relative to Stock Concentration 

After calculating the average concentration of each flask over the 11 Days, the 

percent change was found using the true initial concentrations found from the syringe filter 

control experiment. The average unfiltered sample concentrations in Table 7 served as the 

initial concentration (C0) for this experiment as those stock solutions were used to create 

these control flasks. 

This glass control experiment shows that over 90% of the PFOA in solution adhered 

to the glass (Table 8). This was deemed to be statistically significant as exhibited by the p 

value being less than 0.05 (0.032). Conversely, there was not significant adhesion exhibited 

by the PFOS, as the average concentration was measured to be even larger than the initial 

concentration. This was supported by the t-test (Table 9), which resulted in a p value of 

0.129, meaning the data sets were not significantly different. These controls, along with the 

syringe filter controls aided in quantifying losses and providing an accurate starting point 

for the two-week growth experiments. 
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2 Week Experiment Results (PFOA) 

 The PFOA concentration of the samples collected from the two PFOA flasks was 

calculated via LC-MS analysis and plotted against time in Figures 21 & 22. Figures 23 & 24 

eliminated any data with a concentration greater than 1000 ppb to highlight a majority of 

the data which falls below this threshold. 

 

Figure 21: PFOA 1 Two Week Growth Experiment 

 

Figure 22: PFOA 2 Two Week Growth Experiment 
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Figure 23: PFOA 1 Two Week Growth Experiment (Concentration < 1000 ppb) 

 

Figure 24: PFOA 2 Two Week Growth Experiment (Concentration < 1000 ppb) 

 

Using Figures 23 and 24 in addition to the control data (Tables 7 and 8), a table was 
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Sample Concentration (ppb) 
PFOA Unfiltered (C0) 2981 

PFOA Filtered 2614 
PFOA (Glass Control) 256 

PFOA 1 (2 Week Average) 162 
PFOA 2 (2 Week Average) 204 

Table 9: Comparison of PFOA Concentrations in Two Week Growth Experiment 

Sample p-value 
PFOA 1 0.026 
PFOA 2 0.326 

Table 10: t-Test for PFOA Two Week Growth relative to Glass Controls 

To calculate the amount of PFOA removed, the following equation was used: 

% 𝑅𝑒𝑚𝑜𝑣𝑎𝑙 = 1 −
  

 
∗ 100%                                         [3] 

The PFOA removal percentages for PFOA 1 and PFOA 2 are 36.72% and 20.31% 

respectively. These removal percentages are likely slight overestimates as it was shown in 

the “Controls (Glass)” section that PFOA actively adsorbs to the glass flasks in a statistically 

significant amount. After removing all outliers (<1000 ppb), a t-test was conducted (Table 

11). From this t-test it was determined that PFOA 1 had statistically significant differences 

relative to the glass control flask. This in conjunction with the controls shows the PFOA is 

being removed by the microalgae, as opposed to adhering to the glass or syringe filters. 

This was further explored using an adsorption isotherm. 
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2 Week Experiment Results (PFOS) 

The PFOS concentration of the samples collected from the two PFOS flasks was 

calculated via LC-MS analysis and plotted against time in Figures 25 & 26. Figure 27 

eliminated any data with a concentration greater than 1000 ppb to highlight a majority of 

the data which falls below this threshold.  

 

Figure 25: PFOS 1 Two Week Growth Experiment 

 

Figure 26: PFOS 2 Two Week Growth Experiment 
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Figure 27: PFOS 1 Two Week Growth Experiment (Concentration < 1000 ppb) 

Sample Concentration (ppb) 
PFOS Unfiltered (C0) 297 

PFOS Filtered 303 
PFOS (Glass Control) 316 

PFOS 1 (2 Week Average) 287 
PFOS 2 (2 Week Average) 254 

Table 11: Comparison of PFOS Concentrations in Two Week Growth Experiment 

Sample p-value 
PFOS 1 0.297 

PFOS 2 0.159 
Table 12: t-Test for PFOA Two Week Growth relative to Glass Controls 

Table 12 was created under the same rationale listed in the “2 Week Experiment 

Results (PFOA)” section. Equation 3 was used to calculate the PFOS removal percentages. 

The PFOS removal percentages for PFOS 1 and PFOS 2 are 9.18% and 19.62% respectively. 

However, the p-values for PFOS 1 and 2 are both greater than 0.05 (Table 13) meaning that 

the differences between these data sets and the glass control data is not statistically 
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significant. Further experimentation was also conducted in the adsorption isotherm section 

to explore this conclusion. 

Controls (Centrifuge Tube vs Eppendorf for PFOA and PFOS) 

Sample Name Average Concentration (ppt) % Loss 
Stock Solution (C0) 462.75 NA 

Centrifuge Tube 36.05 92.20 
Eppendorf Tube 7.71 98.30 

 Table 13: Container Controls (PFOA) 

Sample Name Average Concentration (ppt) % Loss 
Stock Solution (C0) 816.18 NA 

Centrifuge Tube 384 52.92 
Eppendorf Tube 564 30.90 

Table 14: Container Controls (PFOS) 

 

As exhibited with the glass controls, nearly all of the PFOA in solution adhered to the 

container it was in whether it was the polypropylene Eppendorf tube or the polystyrene 

centrifuge tubes. A t-test was unable to be conducted as there were only two samples 

analyzed in the comparison. However, these values can be compared to literature. A 20.5 

ppb solution of PFOA exhibited losses of 32 – 45%, 27 – 35%, 16 – 31%, and 14 – 24% to 

polypropylene, polystyrene, polycarbonate, and glass respectively (Lath et al., 2019). The 

similar experiment ran by Lath was conducted over a 7-day span and samples were taken 

at Day 1, 2, and 7. The losses across the three sampling times were similar regardless of 

container material. Syringe filter controls were also conducted in this experiment and no 

significant adsorption was exhibited by the filters meaning that the most significant losses 

occur in some time frame less than a day, but greater than the 5 – 10s that the PFOA 

solution is in contact with the syringe filter. The higher losses shown in this experiment 
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relative to the literature can potentially be attributed to the quality and age of the tubes 

used. No such literature was found for PFOS. 

Adsorption Isotherms 

To calculate the maximum adsorption capacity (qm) and affinity constant (Ka) for the 

C. sorokiniana in PFOA and PFOS, the Langmuir adsorption isotherm model had to be 

linearized. The standard form of the model is as follows: 

𝑞 =         [1] 

 When linearized in the “Langmuir-1” form specified in the paper titled “Comparison 

of Linearization Methods for Modeling the Langmuir Adsorption Isotherm” (Guo and Wang, 

2019), the equation rearranges to the following form: 

= 𝐶 +        [4] 

𝑞 =
( , , )

 
          [5] 

When plotting,  
 

 𝑣𝑠. 𝐶         [6] 

𝑞 =       [7] 

𝐾 =
 

     [8] 

The following results (Figure 28 and 29) were yielded for C. sorokiniana in PFOA 

and PFOS concentrations of 100 – 500 ppt for 24 – hours at a pH of 6.93 and 7.05 for the 

respective contaminant mixture. The concentration of C. sorokiniana in each mixture was 

0.39 g/L. 
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Figure 28: PFOA 24 - Hour Langmuir Adsorption Isotherm (100 – 500 ppt @ pH = 6.93) 

 
Figure 29: PFOS 24 - Hour Langmuir Adsorption Isotherm (100 – 500 ppt @ pH = 7.05) 
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Sample 
qm 

(µg PFAS/ g C. sorokiniana) 

Ka 

(L/ µg PFAS) 
R2 

PFOA 555.56 0.3051 0.7972 

PFOS 434.78 0.0069 0.0101 

Table 15: Langmuir Model Adsorption Parameters for PFOA and PFOS 

 The PFOA yielded a maximum adsorption capacity of 555.56 µg PFAS/ g C. 

sorokiniana while PFOS carries a maximum of 434.78 µg PFAS/ g C. sorokiniana. The 

affinity constant, Ka, gauges the strength of the interaction between the adsorbate and the 

surface. The affinity constant for PFOA and PFOS were found to be 0.3051 and 0.0069 

respectively (Table 16). This shows that PFOA has a stronger interaction with the surface 

when compared to PFOS. Despite these results, when examining Figure 29, it is clear that 

PFOS does not follow a Langmuir Adsorption Model which is reinforced by the poor R2 

value of 0.0101. More experimentation and research must be done to produce a better fit 

and evaluate what the best model is for describing the surface activity of PFOS on C. 

sorokiniana. 

The same adsorption isotherm experiment was also ran varying the volume of algae 

in solution while keeping the PFOA and PFOS concentration constant. The pH of each 

solution was the same (6.93 for PFOA and 7.05 for PFOS) and the concentration of C. 

Sorokiniana was 0.25 g/L. The target concentration for this experiment was 1 ppb (1000 

ppt). The equilibrium concentration of each solution versus algae volume was plotted in 

addition to the adsorption isotherms. 
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Figure 30: PFOA 24 - Hour Langmuir Adsorption Isotherm (10 – 50 µL C. sorokiniana) 

 
Figure 31: PFOS 24 - Hour Langmuir Adsorption Isotherm (10 – 50 µL C. sorokiniana) 

 
Figure 32: Equilibrium Concentration vs. Volume of Algae in Solution (PFOA) 
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Figure 33: Equilibrium Concentration vs. Volume of Algae in Solution (PFOS) 

Over the 24 hours no PFOA or PFOS loss was exhibited (Figures 32 and 33). In fact, 

the concentration increased over the span of the experiment. Due to this increase, the 

isotherm was flipped over the x – axis and this resulted in a negative Ka for both cases 

(Figures 30 and 31). Physically, it is not reasonable that C. sorokiniana is desorbing PFOA 

and PFOS that was not present on the surface initially and adding them into the solution. It 

is likely that the concentration variation is due to non-ideal mixing in the stock solution 

and adsorption/desorption taking place on the Eppendorf tube walls. From this, it can be 

concluded that at the pH of 6.93 and 7.05 for PFOA and PFOS respectively, there is no 

adsorption taking place for the selected volumes and concentration of C. sorokiniana.  
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IV. Conclusion 

 From the growth inhibition experiments, it can be shown that C. sorokiniana does 

not exhibit significant cell death in PFOA and PFOS contaminated water and can be 

considered for the remediation on that basis. 

When comparing this study to Caitlyn Leo’s, the PFOA and PFOS removal 

percentages were shown to be considerably different. This study had removal percentages 

of 37% and 20 % for PFOA (0.26 mg/L) in addition to removal percentages of 9.2% and 

20% PFOS (0.32 mg/L). Leo achieved her maximum removal percentages of 75% and 97% 

for PFOA (0.5 mg/L) and PFOS (0.49 mg/L) respectively. This variance is likely due to the 

difference in controls. A substantial portion of the PFOA and PFOS could have adhered to 

the flasks Leo’s experiments were performed in, and this was unaccounted for. In this 

experiment it was shown that greater than 90% of the PFOA adsorbed to the glass flasks 

the two-week experiments were performed in, meaning not all PFOA is necessarily 

adhering to the cells. One of the main successes of this study was refining a system for 

quantifying PFAS adhesion to common laboratory equipment and calculating the true PFAS 

concentration of various samples.  

The maximum adsorption capacity for PFOA and PFOS were found to be 556 and 

435 µg PFAS/ g C. sorokiniana respectively.  In the future, it would be beneficial to perform 

a similar adsorption isotherm with granular activated carbon to determine its maximum 

adsorption capacity and affinity constants in this same form of the Langmuir Isotherm 

Model. After this, a cost analysis could be performed between the two treatment methods, 

and a more objective statement could be made about how feasible bioremediation via C. 
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sorokiniana is economically. From the adsorption isotherm varying algae volume, there was 

limited adhesion exhibited by the PFOA and PFOS as shown in Figures 32 and 33. As shown 

through the extensive controls, the most consistent issue when working with PFAS are 

adhesion to lab materials. This experiment could provide insight into surface conditions in 

which PFOA and PFOS do not exhibit adhesion. 

Performing controls on pipette tips would be beneficial in the future. The pipette 

tips used in this experiment were polypropylene which exhibited PFAS adsorption when 

used on other laboratory materials. If there was heavy adsorption taking place in the 

micropipette tips this would interfere with the dilutions, which in turn would cause the 

final concentrations to be inaccurate. In addition to this, the location in which the sample is 

extracted from could play into the concentrations being calculated. Since the PFAS 

molecules are adhering to the glass, extracting solution closer to the interfaces of the flasks 

is likely to lead to a higher concentration than pulling from the center. A system in which 

the position of the micropipette is fixed for all samples would lead to the most accurate 

results. 

Despite these results, there is still potential for biosorption of PFAS via C. 

sorokiniana as a treatment technology. This treatment would likely perform the best when 

coupled with another treatment technology. A treatment train where this is performed as a 

pretreatment to GAC, anion exchange, nanofiltration, or reverse osmosis would likely 

reduce the operating costs of the other technologies and reduce landfill waste.  

In the future, it would be advantageous to quantify the effect of pH on the 

adsorption capabilities of PFOA and PFOS to C. sorokiniana. The functional groups on PFOA 
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and PFOS have different charged forms in different pH ranges. This experiment was carried 

out in environmentally significant pH ranges, but the pH that yields the greatest PFAS 

removal may lie outside of this range. This could also serve as guidance on what traditional 

treatment methods would be the most successful in tandem with biosorption. 

In addition to the pH variation, determining the removal mechanism would also be 

paramount for advancing this technology. If the PFAS is adhering to the cell walls there 

may be potential for desorption and isolation of these contaminants by varying pH. In this 

case, there may even be potential for the reuse of this microalgae. Similarly to arsenate, C. 

sorokiniana may uptake PFOA and PFOS into its cellular structure and convert them into 

less toxic byproducts via metabolic processes. These new molecules could potentially be 

less mobile and have reduced water solubility, making them more easily removable by 

other traditional water treatment methods. Overall, this study can serve as an addition to 

the limited literature that currently exists on the bioremediation of PFAS contaminated 

waters.  
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Appendix 

 
Figure A1: PFOA Calibration Curve from March 7, 2022 

 
Figure A2: PFOA Calibration Curve from March 7, 2022 

 Figures A1 and A2 were used to calculate the PFOA and PFOA concentration in the 

samples from the two-week growth experiments, glass controls, and syringe filter controls. 
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Figure A3: PFOA Calibration Curve from April 30, 2022 

 

Figure A4: PFOS Calibration Curve from May 5, 2022 

Figures A3 and A4 were used to calculate the PFOA and PFOA concentration in the 

samples from the adsorption isotherm experiments. 
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Replicate Name PFOA Concentration 
(ppb) 

PFOA Filtered 1 2485.87 
PFOA Filtered 2 2683.96 
PFOA Filtered 3 2673.00 

PFOA Unfiltered 1 3145.43 
PFOA Unfiltered 2 2059.44 
PFOA Unfiltered 3 3738.22 

Table A1: Syringe Filter Control Raw Data (PFOA) 

Day PFOA Concentration 
(ppb) 

1 323.39 
2 287.11 
3 268.80 
4 297.89 
5 N/A 
6 268.87 
7 357.57 
8 44.65 
9 229.22 

10 255.45 
11 230.68 

Table A2: Glass Control Raw Data (PFOA) 

Day PFOA 1 Concentration 
(ppb) 

PFOA 2 Concentration 
(ppb) 

1 82.24 4596.47 
2 94.12 4399.52 
3 118.26 77.29 
4 2701.44 69.70 
5 225.20 73.84 
6 3265.05 2103.14 
7 4512.55 3050.76 
8 2318.58 2196.27 
9 2195.73 N/A 

10 159.82 431.72 
11 401.80 304.20 
12 161.20 431.15 
13 73.90 1828.00 
14 83.82 89.83 
15 216.07 157.82 

Table A3: Two Week Growth Experiment Raw Data (PFOA) 
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Replicate Name PFOS Concentration 
(ppb) 

PFOS Filtered 1 313.46 
PFOS Filtered 2 312.20 
PFOS Filtered 3 284.08 

PFOS Unfiltered 1 291.07 
PFOS Unfiltered 2 313.11 
PFOS Unfiltered 3 286.27 

Table A4: Syringe Filter Control Raw Data (PFOA) 

Day PFOS Concentration 
(ppb) 

1 560.45 
2 352.27 
3 500.74 
4 256.11 
5 4632.04 
6 278.85 
7 220.47 
8 234.02 
9 215.25 

10 202.77 
11 338.06 

Table A5: Glass Control Raw Data (PFOS) 

Day PFOS 1 Concentration 
(ppb) 

PFOS 2 Concentration 
(ppb) 

1 253.06 252.56 
2 256.31 247.41 
3 257.77 251.41 
4 410.66 253.96 
5 255.50 N/A 
6 997.96 250.66 
7 1004.71 252.44 
8 397.93 252.43 
9 350.09 253.74 

10 268.36 270.96 
11 245.61 257.74 
12 246.28 249.40 
13 252.04 253.46 
14 N/A 262.92 
15 245.84 252.34 

Table A6: Two Week Growth Experiment Raw Data (PFOS) 
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Sample Ce (ug PFOA/L) 

100ppt PFOA 1 38.07 
100ppt PFOA 2 36.61 
200ppt PFOA 1 66.46 
200ppt PFOA 2 56.87 
300ppt PFOA 1 87.91 
300ppt PFOA 2 225.94 
400ppt PFOA 1 92.15 

400ppt PFOA 2 331.53 
500ppt PFOA 1 114.99 
500ppt PFOA 2 358.87 

Table A7: Adsorption Isotherm Raw Data (PFOA) 

Sample Ce (ug PFOA/L) 
100ppt PFOA Control 184.17 
200ppt PFOA Control 291.94 
300ppt PFOA Control 629.96 
400ppt PFOA Control 565.35 
500ppt PFOA Control 650.08 

Table A8: Adsorption Isotherm Raw Data (PFOA Controls) 

Sample Ce (ug PFOS/L) 

100ppt PFOS 1 48.047232 
100ppt PFOS 2 193.5552 
200ppt PFOS 1 123.15424 
200ppt PFOS 2 99.510144 
300ppt PFOS 1 163.724928 
300ppt PFOS 2 133.59104 
400ppt PFOS 1 93.855296 

400ppt PFOS 2 219.704128 
500ppt PFOS 1 124.368704 
500ppt PFOS 2 103.381248 

Table A9: Adsorption Isotherm Raw Data (PFOS) 
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Sample Ce (ug PFOS/L) 
100ppt PFOS Control 163.1936 
200ppt PFOS Control 201.1456 
300ppt PFOS Control 197.3504 
400ppt PFOS Control 468.7072 
500ppt PFOS Control 337.7728 

Table A10: Adsorption Isotherm Raw Data (PFOS Controls) 

Ce (ug PFOA/L) Ce/qe (mg Algae/mL) 

74.67 0.21 
123.33 0.23 
313.85 0.31 
423.68 0.93 
473.86 0.83 

Table A11: PFOA Adsorption Isotherm Data Points 

Ce (ug PFOS/L) Ce/qe (mg Algae/mL) 

120.80 1.11 
111.33 0.48 
148.66 1.19 
156.78 0.20 
113.87 0.20 

Table A12: PFOS Adsorption Isotherm Data Points 
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