
Chem 217 – Environmental Chemistry 

Homework #1 

Due Friday Feb. 23 

 

1. In oxygen-depleted (anoxic) muds on the ocean floor, bacteria derive energy by using Fe2O3 and 

H2SO4 to oxidize organic material. The stoichiometry of the reaction is as follows ("CH2O" represents 

the organic material): 

2 Fe2O3 + 8 H2SO4 + 15 CH2O  4 FeS2 + 15 CO2 + 23 H2O 

 

This reaction represents an important source of atmospheric oxygen. Why? Where do Fe2O3 and 

H2SO4 originate from? Comment on the role of the reaction in the oxygen cycle. 

 

2. Hydrogen atoms are produced in the upper atmosphere by photolysis of water vapor and can then 

escape to outer space because of their light mass. This escape of H atoms is effectively a source of 

O2 to the atmosphere; explain why. The present-day rate of H atom escape to outer space is 5.4x107 

kg H yr-1. Assuming that this rate has remained constant throughout the history of the Earth 

(4.5x109 years), calculate the resulting accumulation of oxygen. The total amount of O2 in the 

atmosphere is 1.2×106 gigatons. Is this an important source of oxygen? 

 

3. Consider the simple bathtub model we 

discussed in class. There is a faucet that adds 

water to the tub at a constant rate and a drain 

where water flows out at a rate proportional 

to the height of the water level.  In this 

exercise you will calculate the water level in 

the tub as a function of time and determine 

the steady state water level using a 

spreadsheet calculation. Assume that water is 

added to the tub from a faucet with a constant 

flow rate of 10 liters/minute.  The inflow rate 

is constant and independent of water level. 

        (1) 

The outflow is proportional to the height of the water in the tub.   This is a first-order process where 

the higher the water level the greater the outflow rate. 

(2) 

 

 

http://web.colby.edu/ch217public/files/2012/01/bathtub-in.png
http://web.colby.edu/ch217public/files/2012/01/bathtub-out.png


Notice that the sign of the change in volume with time (dV/dt) is negative since water is leaving the 

tub.   The rate constant k will have units of (liters/minute cm) so that the product of the rate 

constant and water height is outflow rate (liters/minute).   From geometry we also know that the 

height of the water in the tub is the volume of the tub divided by the area of the tub. 

 

Volume = initial volume + water added - water lost down the drain  (3) 

 

Equation 3 describes the conservation of mass (water) for the tub.  We will write similar 

conservation equations for many environmental systems. 

 

If the amount of water added is greater than the water lost then the volume will increase.  As the 

volume increases the depth of the water in the tub will increase which will increase the outflow 

rate.   Eventually the outflow rate will equal the inflow rate and the bathtub fill level will reach 

steady state. Steady State is reached when INFLOW = OUTFLOW.   Notice that you can set equation 

1 equal to equation 2 to calculate the water height at steady state.  

 

The residence time of the water is the average time that a water molecule will spend in the tub. This 

can be defined as the volume of water in the tub divided by the inflow or outflow rate when the 

system is at steady state (volume/(volume/time) = residence time). 

 

Model Details: 

Water inflow rate = 10 l/minute 

Water outflow rate constant (k) = 1 (l/min cm) 

Area of the tub = 10,000 cm^2 

Starting water volume in tub = 0 liters 

time step for the model = 0.5 minutes 

 

Assignment: 

a. Build and Excel model of bathtub levels as a function of time.   Use the attached YouTube video as 

a model for your program:  https://youtu.be/kvgmkzJrtlg 

b. Try running the model with an initial volume of 0 liters, 100, and 200 liters.   How do the 

simulations compare?   What does this tell you about Steady State conditions? 

c. Manipulate equations one and two to calculate the expected Steady State level of the bathtub 

and compare to the results obtained in question two. 

d. Calculate the residence time of water in the bathtub at steady state. 

e.  What is the water height in the tub when the time is equal to the residence time (assuming 0 

starting water level)? What is the height after 2 residence times? 

e. How does the steady state level change if you change the water outflow rate constant to 2 

instead of 1? How does the residence time change? 

 

Please turn in a hard copy of your answers on Friday, Feb. 23. Print out a copy of your Excel model, 

but try to fit it on a single page.   

https://youtu.be/kvgmkzJrtlg

