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O
utline	

• G
oals	and	Background	

• Biochar	applica9
on:	D

enitrifying	Bioreactors		
• N

2 O
	em

issions	and	m
icrobial	abundance	

• Real	w
orld	applica9

on	

• Cleaning	up:	M
i9
ga9

ng	sulfate	reduc9
on	
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Background and Significance 

H
abitat from

 denitrifying 
m

icroorganism
s: 

1. O
rganic carbon source 

2. Anaerobic conditions 
3. N

O
3 - as electron acceptor 

• 
Average 50%

 nitrate rem
oval and up to 

90%
 possible 

• 
Accom

m
odate fluctuating flow

 rates and 
influent concentrations 

• 
Sustained rem

oval up to 15 years 
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G
oals	

• H
ow

	can	w
e	op9

m
ize	denitrifying	bioreactor	

perform
ance	to	m

axim
ize	their	benefits	and	

m
inim

ize	the	dow
nside

?	

• 
M
i9
gate	addi9

onal	pollutants		

• 
Reduce	G

H
G
	em

ission	(N
2 O
)	

• 
Research	objec9

ves:	
• 

M
axim

ize	denitrifica9
on	

• 
M
inim

ize	greenhouse	G
H
G
	em

issions	

• 
Prevent	harm

ful	interm
ediaries		
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Background	

• Biochar	has	been	proven	successful	in	reducing	the	
m
obility	of	N

	and	P	in	agricultural	soils		
• Results	in	stable	m

aterial	w
ith	high	A

EC	and	CEC	
• Reduced	N

2 O
	em

ission	from
	soil	has	also	been	

observed	in	response	to	biochar															

• Increase	in	the	abundance	and																														
ac9

vity	of	denitrifying																											
m
icroorganism

s		
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Study	1	

Bock et al 2015a,b JEQ
 

D
avis et al 2016 JEQ

 in review
 

• D
eterm

ine	if	biochar	addi9
on	can	enhance	N

	and	P	
rem

oval	w
hile	sim

ultaneously	reducing	N
2 O
	

produc9
on	w

ithout	substan9
ally	altering	biofilter	

hydraulic	proper9
es	

• D
iff
erent	biochar	feedstocks	and	ra9

os	tested	

• N
O
3 -,	N

H
4 +,	PO

4 3-	m
easured	in	aqueous	sam

ples		

• N
2 O
	extracted	from

	colum
n	head	space	and	analyzed	by	

G
CM

S	

• D
enitrifying	enzym

e	ac9
vity	(N

O
3 −			N

O
2 −			N

O
			N

2 O
			N

2 )						
	m

ediated	by	four	reductase	enzym
es		narG			nirK		nirS			nosZ	
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Bock et al 2015a JEQ
 

Results	
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N
itrous	O

xide	

Bock et al 2015a JEQ
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Acidified Biochar
U

nbuffered Biochar
Buffered Biochar

Acidified W
oodchips

U
nbuffered W

oodchips
Buffered W

oodchips

Pre
Post

Pre
Post

Pre
Post

Pre
Post

Pre
Post

Pre
Post

Results-M
icrobial	D

ata	

D
avis et al 2016 JEQ

 in review
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W
hy	the	big	N

2 O
	diff

erence?	
Enzym

e	A
c9
vity	

• Coupled	physiochem
ical/biological	eff

ect	
• Biochar	buff

ers	the	pH
	above	6.5	

• pH
	levels	below

	5.5	have	been	show
n	to	increase	

N
2 O
	em

issions	
• N

2 O
	reductase	(nosZ)	is	m

ore	sensi9
ve	to	low

	pH
	than	

other	enzym
es	in	the	denitrifica9

on	process		

• Indeed	nosZ	reductase	w
as	significantly	inhibited	in	

the	w
oodchip	only	(low

	pH
)	treatm

ent	
• M

ore	than	an	order	of	m
agnitude	less	nosZ	expression	
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Study	2.	Field	A
pplica9

on	
• Paired	biofilters	w

oodchip	and	w
oodchip+biochar	

biofilters	

• Series	of	events	of	varying	concentra9
ons	(5-20	m

g	
N
	L
-1),	residence	9

m
es	(2-80hr),	and	tem

ps	
• N

O
3 -,	N

H
4 +	m

easured	in	aqueous	sam
ples	
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Bock et al 2015b JEQ
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Study	3.	D
ow

nsides	
• Previous	experim

ents	revealed	that	the	rapid	rate	
of	N

O
3 -	rem

oval	creates	condi9
ons	that	favor	

sulfate	reduc9
on	(e.g.	biochar	low

ers	redox) 	

• D
evelop	m

ethod	to	poise	the	system
	above	the	

redox	poten9
al	of	sulfate	reduc9

on	
• A

s	N
O
3 -	is	depleted	SO

4 2	reducers	w
ill	outcom

pete	
N
O
3 -	reducers	and	drive	the	redox	dow

n	to	that	of	
SO

4 2	reduc9
on		

• Fe(III)	can	buff
er	this	redox	poten9

al	change	because	
bacterial	Fe(III)	reduc9

on	takes	place	at	a	higher	
redox	poten9

al	than	does	SO
4 2	reduc9

on	

	
Easton et al 2015. Ecol Eng 
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Treatm
ent 

T
50  (hr) 

W
C

 
16.10 a 

Sand 
5.45 b 

Biochar 
3.05 c 

Biochar + Fe 
4.25 c 

Easton et al 2015. Ecol Eng 
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R
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Slope 
B
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(tim

e) 
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W
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54.06 
-0.0624

N
S 

28.90 
-0.1786** 

36.43 
Sand 

55.30 
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 N
S 

29.10 
-0.0795* 

32.06 
B

iochar 
30.14 
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!

Easton et al 2015. Ecol Eng 
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Current	W
ork	
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Conclusions	
• O

pportuni9
es		exist	to	enhance	N

	rem
oval	and	

treat	other	contam
inants	

• Biochar	enhances	N
	rem

oval	rates	and	reduced	N
2 O
	

em
issions	

• Buff
ers	pH

	

• Increased	m
icrobial	abundance		

• U
nfortunately	it	also	causes	sulfate	reduc9

on	
• Substrate	engineering	can	m

i9
gate	consequences	

• Future	w
ork	w

ill	explore	applica9
on	to	other	

contam
inants	

• Pharm
aceu9

cals,	pes9
cides,	pathogens		


