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Non -linear Linkages

What do we need to know to study chemical fate and transport?

Systems as a whole 

must be studied to 

understand linkages



Mixing Interfaces: Are they òhot spotsó 

of biogeochemical cycling?

Mixing Interface
Can we quantify the role of mixing 

interfaces in biogeochemical cycling 

of natural systems?



ÅTo predict chemical 

form, mobility, and 

toxicity, we need to 

quantify rates of  
reactions in dynamic 

environments.

Sulfate and Iron Reduction



Årate estimates range 

many orders of 

magnitude (5 )!

ÅNatural Systems are 

dynamic and often not 

at equilibrium.

Sulfate and Iron Reduction

ISSUE:  Determine key kinetic controls on 

reactionsé..





Modified from Cozzarelli, et. al,. 2000
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ÅExtracted water from 

aquifer

ÅAugmented with 

combinations of 

electron acceptors

(ex. SO4
2-), electron 

donors (ex. acetate) 

and a tracer (ex. 

bromide) GOAL: Create a mixing 

interface and measure rates of 

reactions initiated
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MPPT2:  Bromide, Sulfate, Sulfide over Time
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æThis suggests that 

a plot of ln (Cr/ Ctr)

versus time yields a 

straight line with a 

slope of k.
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Rewritten:

* After Snodgrass and Kitanidis, 1998
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k2=1.8947 (hr-1)

R2=0.8971

k1=0.3128 (hr-1)

R2=0.9593

MPPT2: Sulfate and Sulfide over Time
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ÅRates 

comparable 

to other 

studies

ÅLag Time?

~2.5 hours 

MPPT2:  Bromide, Sulfate, Sulfide over Time
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MPPT4: Sulfate and Acetate
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k1 = 0.2055 (hr-1)

R2 = 0.4541

k2 = 7.07 (hr-1) 

R2 = 0.6485 

Vacetate did NOT eliminate 

lag phase (~2.5 hours)



Test 2: Sulfate Over Time 
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Test 2: Sulfate vs. Extracted Volume
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Å10 L injected

ÅTOTAL TIME=

Å34 hours

ÅLAG TIME=

~ 25 hours! 



Test 4: Sulfate over Time

-1.0

-0.8

-0.6

-0.4

-0.2

0.0

0.2

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

Time Since Injection (hrs)

ln
(S

O
4

 d
il
u

ti
o

n
 r

a
ti

o
/B

r 

d
il
u

ti
o

n
 r

a
ti

o
)

k1=0.3128 (hr-1)

R2=0.9593

k2=1.8947 (hr-1)

R2=0.8971

k1

k2

Test 4: Sulfate vs. Extracted Volume

-1

-0.8

-0.6

-0.4

-0.2

0

0.2

0 2 4 6 8 10 12 14

Extracted Volume (L)

ln
(S

O
4

 d
il
u

ti
o

n
 r

a
ti

o
/B

r 

d
il
u

ti
o

n
 r

a
ti

o
)

Å10 L injected

ÅTOTAL TIME=

Å3.4 hours

ÅLAG TIME=

~ 2.5 hours 


