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Polychlorinated biphenyls (PCBS)

A A class of chloro -organic
chemicals with between 1
to 10 chlorine atoms
attached to a biphenyl
backbone

A 209 congeners (Cl) n (Cl) n
A Widespread historical use

as dielectric fluids but

production is now banned Aroclor 1242
A Toxic, bioaccumulative,

000000

persistent =

A Soil pollutants as aresult . MMM
of historical and -

continued releases
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Nano - (and micro -) scale ZVI/ bimetallic

ZV| particles are active in PCB dechlorination

Reference

Test conditions

Findings

Wang & Zhang

Z\V and Pd/zVI (1 -

Complete dechlorination in

(1997) Environ. 100 nm) in presence of Pd/nZVI but partial
Sci. Technol. 31, ethanol/water with dechlorination with nZViI
2154. aroclor 1254

Lowry & Johnson
(2004) Environ.

ZV1 (30 -50 nm) in
methanol/water with
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Sci. Technol. 38, [PCB congener )

5208. 346, 234, 220635¢( | 41
2206456, 3304406

He etal. (2009) J. | Pd/ZVI(1 -2 mm) in Production of 2243

Hazard. Mat. soil with congener trichlorobiphenyl

164 , 126. 220645560

ZVI treatment may not always result in complete dechlorination but could
produce lower -chlorinated congeners from more highly chlorinated parent

PCBs



Depending on the extent and pattern niversityo
of chlorination, microorganisms may ® Reading
dehalogenate or completely mineralize PCBs

A Under anaerobic conditions, bacteria may
slowly reductively dehalogenate higher
chlorinated PCB congeners

A Under aerobic conditions, bacteria may
mineralize lower (<3 chlorines) chlorinated PCB

congeners
OH
X
~CH W
| COOH
SOOH
— COOCH OH Cl~_COCH
g G
TCA
Cl Cl - o | cycle

HOOC
3-chlorobiphenyl 3-chlorobenzoate  3-chlorocatechol



Putting together what we know about PCB sus:(¢

A two -step PCB remediation process B¥ Reading
combining nZVI and bioremediation?

1. Use of nZVI to dechlorinate higher chlorinated PCBs

Use of bioremediation to remove the resulting lower -

chlorinated products

A Step 2 could involve monitored natural attenuation,
bioaugmentation, biostimulation, rhizoremediation

(%VERALL AIM

How compatible is step 2 with step 17?

A What is the impact of nZVI on soil microbial
communities that are responsible for:

A Chloroaromatic degradation

A Plant nutrient acquisition (nutrient
mineralization and symbioses)

*http://www.nerc.ac.uk/research/programmes/nanoscience/background.asp
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Short and long timescales
Time (d)

AAddition of > 0  Asoil redox
aroclor 1242 ASoil microbial activity (global

-1
,(z\?dg}ﬁoﬁgof Z)VI and chloroaromatic degraders)

(10 mgkg ) / 28
APlant growth ‘

Revegetation APlant N fixing symbioses |
ASoil microbial activity (EnXFf’é IZZVI)
(chloroaromatic degraders)

Expt 1
(n & mzZVI)

112
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ZV| particles

Mean particle size = 12.46 N0.26 nm  13.86

nZVl

TEM digital images of nano and micro -particles.  The image was
obtained using a Phillips CM20 TEM operated at 200 kV. For samle preparation, a droplet

of the slurry was placed on a copper grid with a lacy carbon film and allowed to dry in air.

nZVI and nPd/ZVI were produced by ball -milling (Golder Associates) and mZVI was
obtained from BASF

Polyacrylic acid (PAA) (MW = 1,200 g / mol) was used as a dispersant at a
concentration of 5 % wt / wt with the ZVI.
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Short and long timescales

Time (d)
AAddition of > 0 %oil redox |
?Srgcrlr?é tsd'z_l) oil microbial activity (global Expt 1
i n & mzZVi
AAddition of ZVI and chloroaromatic degraders) ( )

(10mg kg 1) / 28
APlant growth |

Revegetation APlant N fixing symbioses |
ASoil microbial activity Expt 2
(chloroaromatic degraders) ‘ ezl

112



Effects on solil redox potential are B3 Reading
consistent with Fe corrosion chemistry

Redox potential (E,)
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A Addition of nZVI created
an immediate and
significant reducing
environment

A Redox potential thereafter
recovered at a rate
related to the age of the
nZVI particles

A Effects produced by mzVI
were less pronounced

2Fe® +4H * + O, = 2Fe °* + 2H ,0O
Fe® +2H ,O0=Fe ?* +H , + 20H -
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Short and long timescales

Time (d)
Aadditionof 0 Asoil redox
?égcrfé tsdfz_l) ASoil microbial activity (glo Expt 1
i n & mzZVI
Aaddition of 2V and chloroaromatic degraders ( )

(10 mgkg ) / 28
APlant growth ‘

Revegetation APlant N fixing symbioses |
ASoil microbial activity Expt 2
(chloroaromatic degraders) ‘ ezl

112



nZV| impacts on dehydrogenase 2
activity

A Dehydrogenase assay
membrane bound electron transport chain and therefore
measures the activities of intact microbial cells in the

decomposition of organic matter

600

Dehydrogenase activity
(mg INTF g ! 50il 48 h 1)
N w N a
o o o o
o o o o

[EEN
o
o

o

non-sterile

[

*

—e— H,0 control

PAA control
—v— nzVI
LSDg,, |

*

00 :
sterile
01 3 7 14

Time since amendment (days)

- estimates the activity of the

In the assay, the substrate
(INT) acts as a terminal
electron acceptor in
microbial respiration and is
reduced to INTF

There was no abiotic
reduction of INT to INTF

nZVI stimulated
dehydrogenase activity
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Fluorescein diacetate hydrolysis
(ng Fluorescein g™ soil 0.5 h™)

ZV| impacts on FDA hydrolysis

activity
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A Fluorescein diacetate

hydrolysis  (FDA) assay
- estimates the global
hydrolytic activity of soil
enzymes (intra - and
extracellular) in the
depolymerisation
reactions involved in
organic matter

breakdown

Neither nanoscale nor
microscale ZVI had any
significant (p>0.05) effect
on soil microbial global
hydrolytic activity
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Short and long timescales
Time (d)

AAddition of > 0 ASoil redox
e ASoil microbial activity (global ___FEXpt 1
i n & mZVI
AAddition of ZVI and phloroaromatic degraders) ( )
(10mgkg %) / 28
APlant growth |

Revegetation APlant N fixing symbioses |
ASoil microbial activity Expt 2
(chloroaromatic degraders) ‘ (e,

112



Log (MPN 2,4-D degrader g™ soil)

University of
nZVI short -term impacts on & Reading
chloroaromatic degrader =~ number and activity

10°

A nzVl initially depressed
numbers of
chloroaromatic degrading
microbes, but numbers

e H0 control recovered over the same
PAA control timescale as the recovery

—&— nZViI . . .

in soil redox potential
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nZVI| short -term impacts on

chloroaromatic degrader number and
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activity

Degrader activity was assessed through a mineralization assay
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nZVI short -term impacts on
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chloroaromatic degrader number and activity

biodegradation rate (k)

[EEN
N
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—--&- +nZVI
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A ZVI significantly

decreased the rate of
chloroaromatic
mineralization in
comparison to the PAA
control at all time points

Although degrader
numbers appeared to
recover with time, their
chloroaromatic
degradation activity was
iInhibited

~~ Direct or indirect effect of

nZVI on expression of
catabolic pathway?



@ Unlver5|tyof
Reading

Short and long timescales

Time (d)
Aaddition of > 0 ASoil redox
?ggcr'% %42-1) ASoil microbial activity (global Expt 1
' n & mZVI
Anddition of 2V and chloroaromatic degraders) ( )
(10mg kg 1) / 28
| ASoil microbial activity |
Revegetation (chloroaromatic degraders) >
A Plant growth Expt 2
APlant N fixing symbioses | (nPdizVi)

112
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Pd/nZVI long -term impacts on & Reading
chloroaromatic degrader number and activity

A Pd/nzVI had no effect on the number or activity of
chloroaromatic degradative microorganisms in the
developing clover rhizosphere
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Short and long timescales

Time (d)
Aaddition of > 0 ASoil redox
?ggcr'% %42-1) ASoil microbial activity (global Expt 1
' n & mZVI
Anddition of 2V and chloroaromatic degraders) ( )
(10mg kg 1) / 28
| ASoil microbial activity |
Revegetation (chloroaromatic degraders) >
A Plant growth Expt 2
A Plant N fixing symbioses | (nPdizVi)

112



Shoot dry wieght per pot (mg)
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Pd/nZVI impact on plant growth
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A No effect of aroclor or
nZVI on growth of
Trifolium

A nzVI significantly (p<
0.01) enhanced growth of
Lolium at all time points



Number of nodules
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Pd/nZVI impact on plant symbiosis
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A Aroclor and nZVI
significantly depressed
nodulation in  Trifolium



Effects on plant growth and symbioses
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may be due to perturbation of microbial soil N cycling

extractable soil nitrate-N (mg kg'l)

% Nitrogen from fixation in Trifolium  Nitrogen in shoots (mg g'l)

N w S
o o o

=
o

= =
A OO 0O

day 28

mmmm | olium
mmmm Trifolium

PAA control

nZvi

A nzVI appeared to enhance

concentrations of soil plant
available nitrogen and this
was reflected in the N
content of plant tissues

Increased N availability
could explain the growth
response of Lolium

Growth response in  Trifolium
was not evident due to
compensation by symbiotic
nitrogen fixation

“~ Plants in control (low
available N) soils had more
nodules and obtained more
nitrogen from symbiotic
fixation
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Summary of nZVI impacts on soil microbes

A In the short term, no negative effects of nZVI
on total microbial activity were detected,
however, nZVI did perturb the activity of
microbes specifically involved in chloroaromatic
biodegradation. This has possible implications
for the efficacy of combined nZVI/microbial
remediation approaches

A In the longer term, Pd/nZVI had no effect on
the activity of chloroaromatic degradative
microbes in the developing clover rhizosphere
but impacted plant growth and symbiotic N 5
fixation possibly through effects on soll
nitrogen cycling.
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considerations related to the use of nZVI for remediation

A In the case of incomplete remediation, are the
remediation products  (e.g. partially reduced compounds)
more bioavailable/ mobile/ toxic than the starting

contaminant mix?
A What happens to the  particles themselves after

remediation?
~~ [Results suggest that reactivity is quite quickly attenuated
in the soil environment and soil microbial functions may be

resistant, or, after an initial perturbation display
resilience *.]

Can patrticles transfer to other systems (e.g. enter
aboveground foodchains  via plant uptake) with ecological

and human health implications

*We need to confirm i f O0sensitived functions
statement!



Challenges for the development, B8 Reading
commercialisation and application of
nZVI for site remediation

A Developing a framework for demonstrating
environmental and human health safety.

"~ What ecotoxicology tests to use? Some standard soil
assays are confounded by the reactivity of the
particles.

“~ What should we use as the control? (for example,
should we use ZVI in microscale or a competing
remediation technology)

~~ Challenges of scaling up

“~ Generalizing across environments, particles and
contaminants
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