CE 311 Environmental Engineering I                                                               Fall 2004

Dr. Kauser Jahan

                                                      QUIZ # 2 SOLUTION

1. What is a primary water standard?  Is nitrate a primary drinking water standard?  If yes, why is nitrate a primary drinking water standard?

A primary drinking water standard is a water quality parameter that impacts human health and is enforced by law.  Nitrate is a primary drinking water standard as it causes the blue baby syndrome.

2. Two pollutants were tested for biodegradability.  Data analyses indicated the following trends:

            Pollutant A                                             Pollutant B
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What is the reaction order for the biodegradation of pollutant A?  ZERO

What is the reaction order for the biodegradation of pollutant B?  FIRST
3.  A radionuclide decays at the rate of   9.5x10-5 day-1.  What is the half life in years?
Radionuclide decay is first order.  

t1/2 = 0.693/k  or 0.693/9.5*10-5  =    7295 days = 7295/365   = 20 years
4.  What is the reaction rate for a first order reaction if 90% of a pollutant is removed in 10 minutes?  

If 90% removed Ct = 0.1 Co   For 1st order ln Ct/Co = -kt  

Therefore ln 0.1Co/Co  =  - k.10   or k =0.23 min-1
5.  Draw and label the qualitative plot for a FIRST order reaction  (assume pollutant decreases with time).  Assume concentration in mg/L and time in hours





a) What is the value of the reaction rate?     0.389 hr-1  because slope = rate                 

 b) What are the units of the reaction rate?  Hour -1
c) What is the initial concentration of the reactant?  ln Ct = lnCo - kt

therefore the intercept 3.567 = lnCo  or Co = e3.567  = 35.6 mg/L
d) What % of the reactant is removed in four hours?  

lnCt = 3.567 -0.389*4  or Ct = 7.47 mg/L
% removed = [Co-Ct]*100      =  [35.6 – 7.47]*100   =  79%
                            Co                            35.6

e ) Name two factors that impact reaction rates. 

Temperature                         Concentration of Reactant
BONUS (Never mentioned in class!!  BUT I KNOW YOU CAN DO THIS!!)    KEEP CALM and THINK!!
Experiments have shown that chemical reaction rates increase with temperature.  Arrhenius formulated the following empirical rate law
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where  A = constant, Ea = activation energy, k = reaction rate
 R = Universal gas constant

 T = Temperature in oK

The rate constant k for the reaction between hydrogen peroxide and potassium iodide to form iodine and water

H2O2 + 2KI +2H+  = 2H2O + I2 +2K+ 

Was found to vary with temperature as shown in the plot below:


        Determine the value of Ea in kcal/mole if R = 1.99 cal/mole oK

Note Ea/R is slope of line Therefore units are oK
Given  - Ea/R = -5750  or Ea = 5750oK *R  = 5750oK  *       1.99 cal *  kcal
                                                                                                  moleoK   * 1000 cal

                                                                          = 11.44 kcal/mole

Y = -0.389X + 3.567





Equation of best fit line
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