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Part 1 – Level I and Level II Fugacity Calculations
(25 marks)

Level I Fugacity Models

1. A Level 1 fugacity model has the advantage of being computationally simple, but has a number of inherent assumptions that may not be valid in a real-ecosystem setting. What are the assumptions of a Level 1 fugacity model? (2 marks)
2. If we know the volume of each phase (e.g. soil, water, air) and the partitioning coefficients between phases, we can predict what the concentration of a chemical will be in a given phase. For example: 

A chemical (hypothene I) has the following dimensionless partition coefficients:

air-water: KAW = 0.5

sediment-water: KSW = 20

plankton-water: KPW = 30

Volumes for each compartment are:

air: VA = 40 000 m3
water: VW = 5000 m3
sediment: VS = 200 m3
plankton: VP = 10 m3
a) Draw your “environment in a box” (2 marks)
b) If 100 kg of hypothene is added to this system and allowed to equilibrate, what will be the concentrations and amounts of hypothene in air, water, sediment and plankton?
(4 marks)
(*hint #1 – we can express mass in units of kg or moles. It is often simpler to express mass as moles in fugacity calculations; however, for this question, units of kg is sufficient)

(*hint #2 – because of rounding errors, your answers may not add up to exactly 100 kg)
3. Calculate the concentrations and amounts of 1000 moles of hypothene II in the following environment: (4 marks)
Phase


Air

Water

Sediment

Volume (m3)

106

2x103

5

Density (kg/m3)
1.175

1000

1500

Z (mol/m3 Pa)

10-3

0.5

100
 Level II Fugacity Models

4. What assumptions from Level I fugacity models are dropped for Level II models? (2 marks)
5. Explain what is meant by the assumption of “steady-state” in Level II fugacity models? (1 mark)

6. The environment in Problem 2 has an air inflow of 5000 m3/hr and a water inflow of 100 m3/hr at respective hypothene II concentrations of 0.1 mol/m3 and 5 mol/m3. An industry is also releasing hypothene II into this environment at a rate of 1000 mol/hr. The Z values are given in Problem 2.
a) Draw your “environment in a box” (2 marks)
b) Calculate your inputs of hypothene II (1 mark)
c) Calculate the equilibrium fugacity (1 mark)

d) Calculate the concentrations and amounts (in moles) of hypothene II in the three environmental compartments (3 marks)

e) Calculate the residence time of hypothene II in the system (1 mark)

f) Calculate the outflow rates of hypothene II in air and water (2 marks)

Part 2 – Level III Fugacity Models using the Trent CEMC Software
(15 marks)
Download the Level III Model from the Canadian Centre for Environmental Modelling and Chemistry webpage (link below). 
http://www.trentu.ca/academic/aminss/envmodel/models/L3280.html
Use the software to answer the questions below. We will be using “pyrene” as our chemical, and the “Shield Lake region” as our environment. For Emissions and Inflows, use the “sample values” (Air = 1000 kg/hr, Water = 1000 kg/hr, Soil = 1000 kg/hr, Sediment = 0 kg/hr. Note that for the “sample values”, advective inflow concentrations = 0, therefore we are assuming that inputs of pyrene by advection are negligible). 
1. What are the assumptions of a Level III fugacity model? What key assumption is dropped compared to the Level II models? (2 marks)
2. What class of organic contaminant does pyrene belong to? What are some of the sources of pyrene in the environment? (2 marks) 
3. What is the water solubility, vapour pressure, and log Kow of pyrene? Based on these values, what general predictions can you make about how pyrene might behave in the environment? (3 marks)
4. List your 4 environmental compartments. (1 mark)
5. What are the fugacity values (in Pa) for each of your 4 environmental compartments? List them from lowest to highest fugacity. (1 mark)
(Remember, we are not at equilibrium, therefore f will be different in each phase)
6. Based on the diagram output, what are the concentrations and amounts of pyrene in your four environmental compartments? Don’t forget to include units! (2 marks)
7. What is the rate of loss of pyrene by reaction from air? What is the rate of loss by reaction from sediment? Soil? (2 marks)
Bonus (1 mark): Why do you think the loss of pyrene by reaction is higher in soil than it is in sediment? 

8. There is no direct emission of pyrene into the sediments. Where did the pyrene that is now present in the sediment come from? (1 mark)
9 Is this system in steady-state? How do you know? (1 mark)
Part 3 –Fugacity Models in Practice
(20 marks)
Multimedia fate models for environmental contaminants have many useful applications, for example in environmental impact and risk assessments. An important and timely example of the importance of fugacity models for characterizing the impacts of industrial activity on contaminant burdens in the environment is found in:

Parajulee, A., & Wania, F. (2014). Evaluating officially reported polycyclic aromatic hydrocarbon emissions in the Athabasca oil sands region with a multimedia fate model. Proceedings of the National Academy of Sciences, 111: 3344-3349.
They used fugacity models to provide a comprehensive picture of the sources, pathways, and sinks of three PAHs - phenanthrene (PHE), pyrene (PYR), and benzo[a]pyrene (BaP) – in the Athabasca oil sands region (AOSR). 
For this portion of the assignment, read Parajulee and Wania (2014) (pdfs of both the paper and the supplementary information have been provided to you), and answer the questions below. 

1. What are the objectives of this study? (2 marks)
2. What level fugacity model are they using? (e.g. Level II, Level III, Level IV) (1 mark)

3. List the environmental compartments included in their model (2 marks)

4. Why were PHE, PYR, and BaP selected as the compounds used in the model simulations? Why couldn’t simulations be run for the alkyl PAHs? (2 marks)

5. What 2 assumptions do the authors identify for their model simulations? (2 marks)
6. How did they ground-truth the results of their model simulations to determine whether their models adequately described the behavior of these chemicals in the environment? 

(2 marks)

7. Summarize the model predictions for the behavior of PHE, BaP, and PYR in the AOSR (4 marks)

8. What is the major finding of this study? (2 marks)

9. What challenges or impediments currently exist for using fugacity models to simulate the transport and fate of contaminants in the AOSR? (3 marks) 
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