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Chlorinated Organic Solvents

e Useful for degreasing oils, fats DNAPL
and resins
e Generally are harmful to human
and environmental health
* Suspected carcinogens
¢ Many different phases in
environment
— Non Aqueous Phase Liquid (NAPL)
— Dissolved
— Vapor
e Most are heavier than water
— Dense NAPL

* Volatile Organic Compound
(VoQ)
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Aberdeen Proving Grounds
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Site
Contamination

TOTAL VOLATILE ORGANIC COMPOUND (VOC)
CONCENTRATIONS, in micrograms per liter

Greater than 10,000
5,000-9,999
1,000-4,999
500-999

100-499

S0-99

10-49
Less than 10

Majcher and others, 2007; Weston Solutions, 2005
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Common Chlorinated Solvents
Found at APG

1,1,1,1-Tetrachloromethane Trichloromethane 1,1,2,2-Tetrachloroethane Trichloroethene

Cl Cl Cl Cl

U?A\C' C"E%q CI>_<CI F :<c|

H

1,1,1,1-Tetrachloromethane CT Agent manufacturing, fire
(carbon tetrachloride) extinguishers, refrigerant

Trichloromethane CF Agent manufacturing,
(chloroform) solvent

Trichloroethene TCE Anaesthetic

1,1,2,2-Tetrachloroethane 1,1,2,2-PCA Solvent, decontaminating
TeCA agent
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Current Groundwater Treatment

¢ Pump and Treat System

Material Safety Data Sheet

o Extracts groundwater from eight tilee s G Ll A,

groundwater recovery wells

‘Section 1: Chemical Product and Company

Product Name: 1,1.2 2-Tetrachiorosthane: Comtact Information:
Catalog Codes: SLT1927 m:f::" Inc.
e 200 gallons per hour cass: 3345 Houston, Texas 17365

US Sales: 1.800.901.7247

RTECS: KI3575000 Intematonal Sales: 1-281-441.4400

¢ Removes chlorinated solvents pem TRy st OO S
A . . : Not anv: F!;"l;fgj&‘ﬂk Emergency Telephone), call:
using specialty resin Symonym:

. International CHEMTREC, call: 1-703-527-387
Chemical Name: Not avalable
For non-smergency assistance, call: 1-281-441-4500

— Short lifespan

Chemical Formusla: C2HICI

¢ Fouls easily with metals — Section 2 T —
— CAs# % by Weight
— Metals removal I{l 122 Tetrachioncethane Ifsus I o g I

icologi ORAL (LDS0: Acute: 250 mgkg [Ra]. DERMAL (LD50)
Acute: E400 mgfkg [Rabbil]. VAPOR | e he e ppen & houris) [Mouss:

e 100 ug/L total VOC effluent limit

Section 3: Hazards

TeCA is th . t . t Potential Acuss Healh Efects

L] lery hazardous nu’edere.nﬂladllrtznl of ngesson, of inhalation. Hazardous in case of skin contact

e Is the main contaminan e et BB a8 s <hotsonoed oy s, weteapes ot i

Potential Chrosic Health ES

CARCMOGENIC EFFECTS S Ciaeked + PROVEN) by OSHA. Ciassied 2 (Reasonatly anicpated | by NTP
AGENIC EFFECTS: Not avasiable.

TERATOGENIC EEFECTS ot pertaie

DEVELOPMENTAL TOXICITY: Not available.

The substance is foxic o biood, iumey&me»armssslem ver.

Expensive to run

Enhanced Remediation of Chlorinated Solvents
from Contaminated Groundwater Using a

Bioreactor System



atoms

donors

* The majority of
degradation is
biologically mediated

* Replace chlorine
atoms with hydrogen

* Anaerobic conditions
* Requires electron

— Carbon substrate

Natural Degradation Pathways

Enhanced Remediation of Chlorinated Solvents

from Contaminated Groundwater Using a
Bioreactor System

e Characterization studies
in the wetland area
around West Branch
Canal Creek found natural
degradation occurring.

¢ Sediments from this area
were collected

e Culture was enriched

* Complete degradation

¢ Sediment free media

k




WBC-2 Microbial Composition

e “West Branch Consortia”

e Contains atleast 17 and 21
distinct Bacteria
phylotypes based on DGGE
and clone library analysis, ,

. — ___—Dehalococcoides sp.
respectively P CBDB1

* Acetobacterium (40%), " g‘:!XNo match
Dehalobacter (19%), and

Dehalococcoides
WBC-2

-Desulfovibrio

Acidaminococcaceae
/ (putative)
/No match

Dehalococcoides

ethenogenes 195

Acidaminococcacea (9%) +
. 5 Dehalococcoides sp.
. (0]
most prominent; e -
H [0) [S))
Dehalococcodies 5% % 254 ! o match
o 9o o5
€522
IrR = USGS
science for a changing werld

WBC-2 Culture in Action

WBC-2 Culture + TeCA

e .
* Only known culture capable 1

of degrading such a broad
mixture of chlorinated
alkanes, alkenes, and
methanes

CONCENTRATION, IN MICROMOLAR

e The culture was successfully S |
used to bioaugment a S
reactive mat at APG

Reactive Mat

e Can we create a pump and
treat system with WBC-2?
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Goal:

Objectives:

limit.

Project Goals and Objectives

Conduct pre-design testing necessary to evaluate the
effectiveness of WBC-2 for treating chlorinated VOCs in a
bioreactor application.

e Determine if a flow-through bioreactor system can support
the WBC-2 Culture and remove VOCs below the discharge

¢ Determine operational parameters, such as pH, ORP, Temp,
and HRT to aid in the design for a larger scale system.

¢ Determine the optimum electron donor.
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Bicarbonate
Stock
Solution

Nutrient Electron

Donor
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Sampling Ports

Peristaltic
Pump

Groundwater
Equalization
Tank

Bioreactor
Vessel

Bench Scale Bioreactor Design

Peristaltic

Clarified
Effluent

Settled

Bioreactor Sludge

Vessel

5 Bioreactor

Vessel
3 Sludge

Separation Clarified

Effluent

equalization vessel to mix influent with nutrients and donor
1-L pretreatment fixed film bioreactor

Two 1-L fixed film bioreactors for VOC removal
a 1-L separatory funnel for solids separation
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Operations

* Two bioreactor systems, D (Design)
and (E)

¢ Reactors contained a polyurethane
foam and polypropylene support
matrix, which was seeded with WBC-2.

¢ Nutrients, electron donor, and TeCA
were added to the treatment plant
influent in equalization tank

.

Pumped to first vessel and then
gravity fed

.

Monitored for chlorinated solvents,
pH, nutrients, oxidation reduction
potential and flow rates.

Monitoring

e Samples removed from
sampling ports
— Analyzed for VOCs
¢ Immediately with GC-MS
— ORP, pH, N, P, COD

Sampling Ports

Bioreactor

* Continuous Monitoring 1 Vel iorescor
Bioreactor
- ORP, pH, ﬂOW, 2 Ves35e|
temperature
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Results

Goal:

Conduct pre-design testing necessary to evaluate the
effectiveness of WBC-2 for treating chlorinated VOCs in a
bioreactor application.

Objectives:

eDetermine if a flow-through bioreactor system can support
the WBC-2 Culture and remove VOCs below the discharge
limit.

eDetermine operational parameters, such as pH, ORP, Temp,
and HRT to aid in the design for a larger scale system.

*Determine the optimum electron donor.
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Percent TeCA Remaining

TeCA Removal in D Reactor

D Reactor: Percent TeCA Remaining
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Sampling Ports

Bioreactor
Vessel
1

Bioreactor
Vessel
2
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Bioreactor
Vessel
3




TeCA Removal in E Reactor

E Reactor: Percent TeCA Remaining
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Formation of Daughter Products
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Sampling Ports

Bioreactor

Vessel Bioreactor
1 Vessel
2
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Bioreactor
Vessel
3
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Results

Goal:
Conduct pre-design testing necessary to evaluate the

effectiveness of WBC-2 for treating chlorinated VOCs in a
bioreactor application.

Objectives:

* Determine if a flow-through bioreactor system can support
the WBC-2 Culture and remove VOCs below the discharge
limit.

¢ Determine operational parameters, such as pH, ORP, Temp,
and HRT to aid in the design for a larger scale system.
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Operational Parameters: pH

D Reactor pH E Reactor pH
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Operational Parameters: ORP

D Reactor ORP E Reactor ORP
0
Resaor
-100 - Reactor 3
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Operational Parameters:
Temperature

e Reactor D
= Reactor E

30 +
25 A
20 A
15 A

10

I . Mar Apr May Jun Jul Aug Sep Oct
Sci c!gs_Gsﬂ
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Operational Parameters: HRT
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Results

Goal:

Conduct pre-design testing necessary to evaluate the
effectiveness of WBC-2 for treating chlorinated VOCs in a
bioreactor application.

Objectives:

* Determine if a flow-through bioreactor system can support
the WBC-2 Culture and remove VOCs below the discharge
limit.

* Determine operational parameters, such as pH, ORP, Temp,
and HRT to aid in the design for a larger scale system.

¢ Determine the optimum electron donor.
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Donor Microcosms

—#—720 |actate

—B= 20 lactatelethanol
—&—20 corn syrup
== 10 paanuts

== 20 peanuts
—a—10lactic acid 85

e Tested different donors
in microcosms first

10 lactic acid selids

Percent TeCARemaining
=
=

— Lactate 20
— Lactate/ethanol 0
0 2 Da4s 6 2 10
— Corn Syrup 20 ¢
3 —a—20 lactate

\ =B 20 lactatelethanol

— Corn Starch Packing

—&— 20 corn syrup

Peanuts a0 poanite
. . 10 == 20 peanuts
— Lactic Acid —e—10 lactlc acld 85

—=—10 lactic acid solids

— Lactic Acid Solids
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Electrolyte
Reservoir

Anode (+)
Oxygen Generation

+

ent for Oxygen

Next Donor: Hydrogen Generator

Flow to reacter

{or to measure generation rate) I

Polished Surface Sealed

with Silicon Grease

Cathode (-]
Hydrogen Generation

N
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are being met

* Despite varying

relatively stable

Conclusions

* WBC-2 culture was
successfully established in
a bioreactor system

e Effluent discharge limits

operational parameters,
effluent discharge
concentrations were

Enhanced Remediation of Chlorinated Solvents

from Contaminated Groundwater Using a
Bioreactor System

Total VOCs (ug L‘l)

Total VOCs (ug L'1)
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Conclusions

* The bioreactors operated efficiently with
a 15-20 hour retention time

e pH was best controlled with Sodium Bicarbonate

e Corn syrup appears to be a good choice for donors

* Hydrogen generators may also be potential donors
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Conclusions

e The WBC-2 culture can adapt to different
environments and degrade many different types
of chlorinated organic compounds
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Future Work: Pilot Plant

BIOREACTOR
Lrd

BIOREACTOR
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Future Work:
Standard Chlorine of Delaware
* Superfund Site /;“i
e Starting wetlands work ~ — <
« WBC-2 and s
Chlorobenzenes |

— Roberto Cruz

* GeoSyntec

e General Physics

*  ARMY
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