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2.6.1 Aerobic Biodegradation of Organic Compounds

« BOD is an aggregate measure of the concentration of
biologically degradable material in water, but it conveys
no information about the specific organic compounds or
their individual degradation rates.

¢ Most organic pollutants contain carbon in a more reduced
state than the (+IV) oxidation state found in carbon
dioxide and the oxidation of organic compounds to carbon
dioxide is often a viable means of aerobic degradation.

« Microbes (due to their great abundance, variety and rapid
growth rates) can oxidize many anthropogenic chemicals
(such as hydrocarbon fuels and solvents) as well as
detrital organ material produced by ecosystems.

« Low molecular weight and soluble organic compounds,
such as alcohols and organic acids, are utilized by
microbes particularly rapidly (because they also occur
naturally and microbes have evolved?)

2.6.2 Anaerobic Degradation of Organic Compounds

Example of dichloroethene isomer degraded under reducing
conditions into chloroethene (vinyl chloride); with oxidation state
of carbon reduced to (-1):

%CH ,0 +%Hzo +C,H,Cl, ® C,H.Cl +%co2 +Cl"+H"

These reductions usually do not result in complete
mineralization of a pollutant. They can remove chlorine and
other halogen atoms, making the compound more subject to
oxidation if the transported into an aerobic environment.

Uptake Rate

2.6.3 Modeling Biodegradation (Michaelis-Menton Kinetics):

V :VmaxL
C+K,

V = rate of chemical uptake per cell [M/(cell-T)]
Vhax = Maximum possible uptake rate

C = concentration of dissolved chemical [M/L3]
K = half-saturation constant [M/L3]

Dissolved Chemical Concentration (C)
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V approaches zero when there is no chemical present and
V reaches a plateau at V,,,, for high concentrations.

When Kg is much greater than C (at low concentrations),
the rate of uptake becomes nearly proportional to the

chemical concentration: .
V » éﬂ

eKs

C>%C*

When C is much greater than Kg, V approaches independence
of C and the rate approximates zero-order kinetics:

V » Vmax

Acrobic Biodegradation Rates Obscrved in
Incubations of River Water Samples

Rale constant

Compound [ per day)
Anthracene 0.007-0.055"
Alrazine [N-]'l]ﬁlh]'r'l'lnl‘:,-‘l-.u]l.‘d:l 022
Benzlalanthracene Mone ohserved
Benzene 0.1l
Benzolalpyrene Mone ohserved
Chlorobenzemne L0043
Glucose 024
Mirex Mone abserved
Mitrtloriacetawe (MTA) OF=02%

Farathion <0.00016
Phenol 0.079
2453T 0.001
1.4, 5 Trichlaorophenoxyacetic acid 0.0005
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Example Problem 2-17

Spilled benzene (G;Hg) dissolves in a river flowing at 0.3 m/sec.
How much will biodegradation decrease the concentration
of the benzene in the river over a 20 mile reach?

Travel time in river:

1609m_ sec 1hr
Im 0.3 3600 sec

t =20m - » 30hr

The aerobic degradation rate for benzene is about 0.11/day.
Assuming first-order decay and a travel time of 1.2 days:

C / Co —e kt —e (0.11/day)(1.2day) = 087

Therefore, about 13% of the benzene will degrade in this reach
(but there is large uncertainty in this estimate).

Example Problem 2-18

A 1 M solution of DCE is accidentally spilled into a stratified lake
whose bottom waters are anaerobic. The DCE will sink due

to its density being greater than the water, and will dissolve in
the sediment pore waters. After 2 months, what compounds
would be expected to be found in the sediments, and in roughly
what ratio?

The anaerobic degradation pathway for DCE is conversion to
vinyl chloride:

%CHZO+%HZO+C2HZCI2 ® C,H,Cl +%coz+ Cl +H*




The estimated biodegradation rate for DCE in soil is 0.0063/day.
Assuming a 60 day period and first-order kinetics:

C=Ce"
C/C =g = o (00063 day)(60days) — (y 7
: .

Therefore, about 70% of the DCE will remain in the bottom
sediments after 2 months, and 30% will be converted to vinyl chloride.

2.6.4 Bioconcentration and Bioaccumulation in
Aquatic Organisms

llegreuinn Equad.inu.l for F_lllm.n.l:ing BLF For Fish

Equation N " Species used
log BCF = (.76 log . — 0.23 B4 0823 Fathead mitimow
Bluegill sunhsh
Rainbow tronsi
bosquitafish
log BCF = lag K. — 1.32 44 095 Various
log BCF = 1,791 — 0.564% log 5 ] (iR Brook wout
(5 in ppm) Bainbow trowt
Bhuegill sunhsh
Fathead minmow
Carp
|ug BCF = 3.41 — 0.508 hﬁ 5 T 0.93 Rainbow trowt
(5 in uM)
log BCF = 1119 log K, — L57¢ 13 0757 Various
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Example Problem 2-21

A catfish metabolizes and/or excretes 2,4’,5-trichlorinated

biphenyl (a PCB congener) with an assumed first-order rate constant
of 0.021/day. How long will it take the fish from a contaminated
stream, after being placed in a clean system, to undergo depuration,
if the levels if the catfish exceeds safe levels by a factor of 3?

C=Ce"

= @ (0021 day)()

Wl

-11=-0.21t

t = 52days




Photodegradation

Common examples of photodegradation include: fading of
colors and dyes, degradation of tire rubber exposed to
sunlight, plastic sheeting decomposition, etc.

Photodegradation depends on both the intensity and
wavelength spectrum of the light.

A greater amount of energy is possessed by photons at
shorter wavelengths. UV is therefore particularly effective
in degrading many materials.

If the energy per photon is sufficient to break a specific
bond or otherwise induce a chemical reaction, then
increased intensity will cause the chemical reaction to
proceed at a faster rate.

If the energy required to initiate a reaction is greater than
the energy per photon for light of a given wavelength,
then the light will not break the chemical bond, regardless
of its intensity.
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Example Problem 2-23

Benzo[a]pyrene, a polycyclic aromatic hydrocarbon, is measured

at 3ng/L, 2.5 hours after release from a wastewater lagoon. If direct

photodegradation is the only degradation process occurring, what
was the initial concentration when discharged?

PAHSs are likely to directly photodegrade because the double bonds
in the aromatic rings can absorb light (indirect degradation can also
occur by oxidation). The approx. half-life of this compound is 0.69/hr.

The initial concentration was therefore about:
C,=Ce"
C = (Sn.g/ L) . e(0.69/hr)(2.5hr) = 17n.g/ L
o]




2.7.2 Degradation of Chemicals by Water

» Hydrolysis means the breaking of water.

» The net result of hydrolysis is that both a
pollutant molecule and a water molecule are
split, and the two water molecule fragments join
to the two pollutant fragments to form new

chemicals.

» An example is the conversion of esters into an
organic acid and an alcohol; such as the
following example for ethYI acetate hydrolyzing

to acetic acid and ethanol:

H,O +CH,COOC,H, ® CH,COOH + C,H.OH
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Example Problem 2-24

Ethyl acetate is spilled at an industrial site and runs into a pond.

The resulting concentration is 20 ng/L. Assuming the water pH is
6 and hydrolysis is the only degradation process, what is the
half-life of the ethyl acetate, given the following ?

k,— 1.1x10% (Msec)

k, = 1.5x10"1%sec

k, = 1.1x10"Y (Msec)

Using equation 2-85 for combining the separate hydrolysis rates:
k; =[1.5x10 *° + (1.1x10 *)(10"®) + (1.1x10"*) (10 ®)]/ sec
k. =1.4x10"°/sec = 0.043/ year

ty, :% =16years




