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Biodegradation

Anaerobic (reductive
dechlorination)

e CB serves as
terminal electron
acceptor

* Separate e- donor
required

* rate decreases with
decreasing number

Cl
Aerobic (oxidation)
* O, required as
electron acceptor

e CBs utilized as C
and e~ donor
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Anaerobic Culture WBC-2

WBC-2 Bioreactor (2012) Classes >1% Abundance
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Significant increase in Dehalococcoidales on GAC.
* Enriched from wetland sediment at f _Dehalococcoidaceae;g Dehalococcoides

APG to degrade chlorinated VOCs f Dehalococcoidaceae;g  Dehalogenimonas
* Sediment-free culture since 2002
* Readily available in large quantities




Aerobic Culture 15B
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Wetland groundwater from SCD
Tryptone-yeast extract media

Fed with CB, 12DCB, 14DCB, and 124TCB
Incubated aerobically on shaker

Order, >1% Abundance

Relative Abundance (%)

15B.1 15B.2 +GAC.1 +GAC.2

Significant increase in Burkholderiales on GAC.

f Alcaligenaceae;Other
f Alcaligenaceae;g_
f Comamonadaceae;gComamonas
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® Pilot Test Sites

| Site 135- GM, GC, C. Adjacent to creek
] channel with regular flooding; lower CBs

N ""

' Site 8- GM. Adjacent to upland boundary;
highest CBs

Imagery from U.S. Geological Survey, Delaware Valley Rognond Planning 100 METERS
Commission, and Department of Homeland Security, 2010, NAD 1983 e
State Plane Delaware Transverse Mercator Projection 300 FEET
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Vertical head gradients in
wetland piezometers have
remained upward during
2011-16.
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GM l Reactive Barrier Pilot Test Plots

Sediment mixed with sand, “//25 cm

chitin, and seeded GAC

GC l \ 76cm

Sand, chitin, and seeded GAC. ;
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Peepers for
porewater
sampling
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Pre-Installation Sampling
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l !
| WBC-2 and mesh bags

containing GAC,
4 purged with N2. GAC

Mesh bags transferred
to bucket with aerobes
for seeding for 1-2 hr

Bacteria transported to site in trailer WBC-2 seeded GAC in mesh bags
along with a nitrogen tank for WBC-2. transferred for seeding with 15B aerobes
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Buckets of pre-measured sand-chitin-seeded GAC dumped in plot and mixed into
sediment to depth of 10 inchies with small auger or “egg-beater” attachments on drill.




Sampling periods
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Groundwater total VOCs in piezometers
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Sediment total VOCs-
12 days post-install
18 pore volumes

Methanol extraction of
sediment samples

1-3 orders of magnitude
decrease in reactive
zone in GM (mixed) test
plots at both sites
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Sediment VOC Composition- 12 days post-install (18 PV)

100%

80%

60%

40%

Mass percent

20%

0%

100%

80%

60%

40%

Mass percent

20%

0%

Control 8NC 100%

80%
60%
40%
20%

0%
125 17.5 225 37.5

Control 135NC

100%
80%
60%
40%
20%

' 0%
17.5 22.5
Depth below land surface, cm

8GM
B
mCB
m 12DCB
® 13DCB
» 14DCB
m 123TCB
m 124TCB

Ref&lve ch?n"-b 17.5

13SGM

| ] =B
mCB
m 12DCB
m 13DCB
® 14DCB
m 123TCB
H 124TCB

2.5

7.5 12.5 17.5 22,5
Depth below land surface, cm




Sediment total VOCs-
256 days post-install
400 pore volumes

 Methanol extraction of
sediment samples

* Consistent removal of
total VOCs In
sediment

* More loss in control
sediment in August
near surface (high
root mass)
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Chloride in porewater
(peepers)

Chloride
concentration
increases by factor
of 3 to 5in reactive
zone compared to
pre-install samples
and to beneath
reactive zone

Indicates
degradation of CBs
in porewater and
sorbed to sediment.

Chloride still
elevated in August
2016
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