CO

Optimizing Bioremediation of Recalcitrant Soiii

Contaminants in Canada’s Cold Climate

i

Bioremediation Symposium
Austin, Texas, May 2023

Presented by
Jean Paré, P. Eng., Chemco

BATTELLE



-
.
(@) (8]

YhenTa®

<,
OTIONS a

Presentation Agenda

.b

* Acknowledgement

* ISCR Chemistry and Biochemistry

» Daramend® Application Methodology
 Technology qualification & Design parameters
 Overview of Completed Projects

* About us

* Q&A

124, rue de Hambourg
St-Augustin-de-Desmaures, QC G3A 0B3
__________________________________________________________________________________________________________________________

NNNNNNNNNNN

chemco-inc.com



Acknowledgements

-
*@
(@) (8]

YhenTa®

%
<,
OT/ONS a

@nnoTech ALBERTA SSP ’;‘,

A SUBSIDIARY OF ALBERTA INNOVATES

Soil Sterilants Program
Victor Bachmann, BSc., AiT.

EVONIK @VERTEX

Leading Beyond Chemistry Environmental Inc.

Dr. Alan G. Seech Bruce Tunnicliffe, M.A.Sc., P.Eng.

CHEITCO

NNNNNNNNNNN

chemco-inc.com



First - Establishing the fact about Canada cold
climate
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A bit of History - Reductive Dehalogenation
of Pesticides

ABIOTIC REDUCTION OF NITRO AROMATIC PESTICIDES
IN ANAEROBIC LABORATORY SYSTEMS
DESIGNED TO MODEL DISSOLYED ORGANIC MATTER

by
FPaul G, Tratnyek

August 1987

* Doctoral research focused on
reductive degradation of
nitroaromatic pesticides

* Focused on electron transfer
from redox acitve natural
organic compounds to nitro
groups on the pesticides
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A bit of History — Anaerobic Reductive
Dehalogenation
of Pesticides

Aromatic Compounds ] | Nonaromatic Compounds
/X\ e+ H X IJ-' 2e-+ H' X
= e H ‘
o . 4 P Reduction N Y, N
Reduction ﬂ N > j (Hydrogenolysis) > C— X ——— » IPC—H
Q:\\QQ&\ - h\“\\.\\ -
/\\R V\R Hydrolysis hC—x OH- X- N
(Substitution) v 4 ll>C—OH
X OH W
N-:'/(/l\‘x N OH i N 7/]\ N »
Hydrolysis J N > K N ‘ X X 2e- X
S
TSN SN Vicinal Reduction | B C|3 N 4 “c=¢c/
(Dihalo-Elimination) ¢ ¢ \
X HX
Dehydrohalogenation __ (|3 _ (|: - ,’ ) >C = C<

Source - Kuhn and Suflita, 1989a
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A bit of History — Anaerobic Reductive

Dehalogenation
of Pesticides
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57 ABSTRACT -

A method of creating an environment which promotes
dehalogenation and/or degradation of halogenated or-
ganic chemical contaminants in water, sediment, or soil
by adding a combination of fibrous organic matter and
certain multi-valent metal particles to the water, sedi-
ment or soil.

20 Claims, No Drawings

» Discovered that a blend of ZVI and nutrient rich
organic carbon supported better destruction of
chlorinated pesticides than either ZVI alone or

organic carbon alone
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Orphan Well issue in Alberta

Canada
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What is In Situ Chemical Reduction?

Introduction of a reducing material or generating reducing species [{sBl:1[sXe e[ c-Te R {ed ([

organic compounds or immobilize metals in the desired area ——if

Degradation / Immobilization of contaminants by zleJle]{[eXe] g e{e] {{ef o] {e ol -TAH-E

LB O KA ETE T from reduced metals (ZVI, ferrous iron) or reduced minerals
(magnetite, pyrite) to contaminants including chlorinated organics and heavy metals

P -pmaiven o Wb | cfimia Meds w1 O L L L]

Permeable Reactive Barriers (PRB’s) constructed using ZVI = example of simple ISCR AT rsers & e e

(oL 1 ] [T WA CT O EI ETI CRET T WCER IS are an example of ERLER LT BRI using

microbial reduction

Source: EPA
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Chemical Reduction on recalcitrant pesticides

('EllnApesticides are too large, insoluble, resistant to movement across microbial membranes to by biodegraded (s)%
bacteria

For these compounds dehalogenation and (sl LT i IETE Mg T [EV T BT R R KT DI ER G ETYE! but outside the

microbial cell

Microbial processes play an important role in the creation of solution chemistryEItlie:1e]1(=5 {eI@-Te]sF:Te[e2-To Wy Yo [1[e3 A/
dehalogenation (i.e., thermodynamics)

Elemental iron powder (ZVI) promotes chemical dehalogenation while high quality organic carbon + nutrients
JIE] (e ] JEIR [{e) i s Band oxygen/nitrate/sulfate consumption

Together these processes drive the soil under treatment to a [g[{¢|{\ AT [F{e-Ye K3 =1 CY (KM (] [ VAL CL ELIYER S 4))

Applied in a Q7EELETEEI{] JIIEE] (o] o] (M1l [-XfOor chlorinated organics in soil
Oxidized

Organic Matter Fe(ll) DDT

Source: Tratnyek, 1987 (after Glass, 1972) Reduced
CHEMmCo Organic Matter Fe(ll) DDD
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Chemical Reduction Advantages

o (MAVHSLISELILNSjild[:lili. Sustainable Technology. Typical dosages are between 0.1%
w/w and 0.5% w/w per treatment cycle

« Uses natural processes and/or groundwater flow when used in situ.

« Easy to implement and using [gleJiReELs LN ER (EICIIELR

* Can be used by itself and with other treatment technology to [{IyGleIE1{W ool i W=Ye1] 5

and groundwater.

JlBest suited to treatment of large volumes of lightly to moderately impacted
WEICIHEIS. Generally not applicable in situations where contaminants are
present at very high (i.e., %w/w) concentrations

 Has the unique advantage of being able to Syl =T YIVE VA=Y 18 g (eI g [ EEV (=T
organic compounds and heavy metalsfliR XTI K@ 1:1g
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Reductive Technology Contaminant Applicability

Cycled Anoxic/Aerobic or Anaerobic DegradationPathways

Aerobic Degradation Pathways

CHEMCO®
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Chlorinated pesticides and herbicides
(DDD, DDT, DDE, Toxaphene, Lindane, Chlodane, Dieldrin, Aldrin)
Organic explosives (RDX, TNT) |
Chlorinated solvents (xCE, VC)
Metals Precipitation in GW

Wood treatment chemicals (PAHs & PCP)
Manufactured gas plant PAHs

Phthalates

Perchlorate

Petroleum hydrocarbon

chemco-inc.com



Carbon + ZVI Synergies Generate Multiple Dechlorination
Mechanisms: ISCR

Material Oxide Film Boundry Layer Bulk Soin 3 B . . .
: . Biostimulation:
» Serve as electron donor and nutrient source for
s (i) microbial activity

* VFAs reduce precipitate formation on ZVI

Fermentation

Reaction @ @ 4

surfaces to increase reactivity

l * Facilitate consumption of competing electron
/ acceptors such as O,, NO,;, SO,
. fecces / * Increase rate of iron corrosion/H, generation
% “ 4. Enhanced Thermodynamics:
1. Direct Iron Effects: / * Very low redox reached by addition of
fermentable carbon and ZVI (-500 mV)
Hvdrocarbon generation: * Two processes simultaneously reduce Eh
- - i « Enhances kinetics of dechlorination reactions
2. Indirect Iron Effects: Dissolved iron via higher electron/H” pressure

precipitates to reactive minerals




Redox Potential evolution during a
reductive phase treatment period
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Daramend® Treatment Mechanism

clay/organic matter
agglomerate

mineral particle
sand grain

clay
platelets aliphatic

hydrocarbons

BTEX

water-filled organic matter

| DATE | go to - insert ReiCEOfpORe and appy to all



Daramend® Family of Reagents

Daramend® Daramend®
®
Attribute Daramend Metals Plus

High Surface Area Hydrophilic

Plant Fiber

Slow-release Organic Carbon v v v

& Nutrients (N, P, S)

Microscale ZVI v v v

Soluble Sulfate Salts - v -
Activated Carbon 4 v v
Emulsifying Agent 4 v v

pH Balanced v v v
Applicability Pesticides, cVOCs, Pesticides, cVOCs, organic Reductive degradation

organic explosives explosives, metals and reduced leachability



Daramend® vs Anaerobic Composting

Redox Moderate, subject to nature of Very strong, results form combined biological and
Strength available compost substrates chemical reduction chemistry

Soil Physical Large volume increase, may have poor
Properties geotechnical properties

No change in volume or geotechnical properties

May be positive or negative subjectto  Most sustainable, produces from natural

Sustainability local availability of substrates byproducts, recycled iron, small carbon footprint



In Situ Application Methods for Soll
and Groundwater Treatment

v'Direct Placement:
* Trenching
« Excavations
* Deep soil mixing

v'Injection Methods:
 Direct injection
* Well injections (EHC-A)
« Hydraulic fracturing
* Pneumatic fracturing
 Jetting

CHEITCO
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Design and Field Measurements
Requirement

Total concentration in soil and groundwater of targeted metals
Dissolved (field filtered) metals concentrations

pH, Redox Potential (Eh), Dissolved Oxygen

Cation scan (calcium, sodium, magnesium, silicon)

Anion Scan (chloride, sulfate, nitrate)

Total Organic Carbon (TOC), Dissolved Organic Carbon (DOC)
Alkalinity

These parameters are used to ETIYY i of fJan |

approach and for optimizing the application rate. The same parameters are
also recommended monitoring parameters

CHEITCO
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Bench-scale Treatability Testing



Daramend® Bench Scale Results:
Influence on Toxaphene concentration in Soil from Alabama Site

Toxaphene (mg/kg)

Influence of Daramend Treatment
on Toxaphene Concentrations
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Data points represent mean of four replicates; LSD,j o5, = 6.5

Daramend® Treatment O&M

» Example of a linear relationship between
number of cycles and treatment efficacy

= A treatment cycle involves addition of
Daramend, soil mixing, and irrigation.

» Dependent on-site conditions, COCs, and
concentrations, 2-3 cycles may be required
in order to establish reductive conditions.

= Once reductive conditions are established
contaminant removal response increases
significantly

= Mixing is optional for treatment of OE



Daramend® Bench Scale Results:
Treatment of Aldrin, Lindane, Chlordane, and Dieldrin in Louisiana soil

Chlorinated Pesticide Concentrations after Daramend® Treatment

14 13.3 13

12 Aldrin, Lindane,
— 10.2 10.3
o 9.8
Eﬂo 5 Chlordane, and
g ) .
é Dieldrin are some
g6 4.5
s, ' of the most
@]
O

2 recalcitrant

0.69 0.53
ND 0.28 . _
0 S chlorinated

Initial Control (105 days) Daramend® Treatment (105 days)

pesticides

Aldrin [ Lindane M Chlordane M Dieldrin



Daramend® Bench Scale Results:
Treatment of Bromacil in Alberta soil

BROMACIL treatment testing with reductive technology (DARAMEND)

{with addwmg TWEEN surfactant after 30 and &0 days
average concentratson blank= 1. 36 mg/kg (n=1)

Removal of 98.8 % after 60 days (1 % w/w dosage rate)

Removal of 98.9 % after 60 days (3 % w/w dosage rate)




Case studies



Case Study 1 Target Compounds: DDT, DDE, and Dieldrin

Confidential Home Builder Site
34 acres formerly in apple orchard and strawberry fields
Soil impacts to 60 cm bgs
Remedial Goals were 1.4 mg/kg for DDT and 1.1 mg/kg for DDE

Surface soil to a depth of 24" (60 cm)
Residual metabolites from use of DDT as an insecticide

Major target compound was DDE




Case Study 1

34 acre Agricultural Site — DDT, DDE, Dieldrin




In Situ Daramend Treatment

Chlorinated Pesticides and Herbicides in Soil
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In Situ Daramend Redox Cycling

 Cycling between reductive and oxidative phases
* Reagent composition and dosage are site specific

REDOX

ONE CYCLE

OXIC (POSITIVE)

TIME

ANOXIC (NEGATIVE)




Results After One & Two Cycles

Data for area treated after one cycle

Initial Concentration Final %
Compound Concentration After 1st Cycle Removal
(mg/kg) (mg/kg)
DDT 1.90 0.98 49%
DDE 2.38 1.1 53%
Dieldrin 0.064 0.040 38%

Data for area that required a second cycle

Initial Concentration Concentration Einal %
Compound Concentration  After 1stCycle After 2"d Cycle Removal
(mg/kg) (mg/kg) (mg/kg)
DDT 2.05 2.00 0.66 68%
DDE 2.37 1.98 0.80 66%

Dieldrin 0.110 0.080 0.028 65%

Initial pesticide concentrations were lower
than had been treated before

No apparent relation between initial
concentration and response to treatment

Residential treatment standards were
achieved quite easily with low dosage of
Daramend

When concentrations are low (<5 mg/kg)
spatial variability in pesticide
concentrations makes analytical
challenging

In this soil, removal efficiency for DDT,
DDE, and Dieldrin were roughly
equivalent, which is quite surprising

Long term use of “Bordeaux Mix” (copper
sulfate) for mildew control: sulfate —
sulfide — native reactive iron sulfides?



Results After One Cycle

AFTER ONE CYCLE 22 1 I.0q

- Treated
. Required another cycle
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Results After Second Cycle

AFTER 2 CYCLES
. Treated
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What was the Fate of DDT?

Dechlorination (anaerobic)
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What was the Fate of DDT?

Ring Opening and Mineralization?

Radioisotope (14C-DDT) Fate Studies:

Main fate was conversion to carbon dioxide

Slow but significant production of 14C-CO2

v
v
v" Recovery of added 14C in DDT as carbon dioxide was about 7% in 150 days
v

After 150 days the rate of 14C-CO2 release had decreased to about 1% per month

Stable isotope (13C-DDT) Fate Studies indicated dichlorobenzophenone was the major
breakdown product



Case Study 1 Conclusions

v'Daramend successfully reduced the concentrations of all target compounds to
less than the performance standards

v Treatment was completed within a reasonable timeframe and on budget

v'Very cost effective method for treating soil containing low levels of organochlorine
pesticides



Case Study 2

2,4-D, 2,4,5T, and DDT
Uniroyal, EImira ON, Canada

Micro-scale ZVI

Controlled-
Release Carbon

Soluble Derivatives

> olatile Fatty Acids
< Fe?
OH "and H,

Bacterial Cluster



Project 2: Summary & Lessons Learned

Figure 1. Influence of DARAMEND treatment on 2,4-D concentration. Figure 2. Influence of DARAMEND treatment on 2,4,5-T concentration. Figure 3. Influence of DARAMEND treatment on DDX concentration.
120 - 10 ~
. 70 - 642
o) 97.7 o) 8.1
= 100 - < g = 60
o o)) =
£ 204 E 2 50 -
c C ﬁ . —
2 50 2 s 40
£ o g 40 .
c 40 - £ 44 I= 228
0 @ 24 8
= E 5 13 = 20 A 14 .4
- 0 = -
o 20 5.5 3.8 ) © 10 A
1  —
0 0 . . . 0 : :
Initial 6 cycles 9 cycles Initial 6 cycles 9 cycles Initial 6 cycles 9 cycles

v' 2,4-D was reduced by 96% from 97.7 mg/kg to 3.8 mg/kg while 2,4,5-T was reduced by 84% from 8.1 mg/kg to 1.3
mg/kg

DDT was reduced by 91% from 53.5 mg/kg to 4.7 mg/kg

DDX (i.e., sum of DDT, DDD, & DDE) was reduced by 78% from 64.2 mg/kg to 14.4 mg/kg (Removal DDT >> DDE
> DDD)

v" Monitoring of atmosphere inside treatment cell indicated supplied air was essential: much higher labour
requirement

AN

v Raioisotope studies indicated that 2,4-D were rapidly converted to “C-CO, but 2,4,5-T and DDT were much
slower

v' Bench-scale studies on a range of soil samples indicated that total 2,4-D + 2,4,5-T concentrations above 400



Daramend for Residential: Summary

treatment is a [DEeNel L d e Ly g to treatment of surface soils

containing chlorinated and other halogenated pesticides
« The Daramend reagent has evolved and improved over the past 20 years to the point where

residential treatment standards can often be reached}
- I A T e e ey, commonly as little as 25% to 40% of the cost

of excavation/transportation/landfill/backfill

° time Jis £ ANl & [N, subject to site conditions and

weather

CHEITCO
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Questions ?!?
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Contact info:
Jean Paré, P. ENG.
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