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In Situ Chemical Reduction Treatment of Pesticides

in Soil and Groundwater with Daramend® Reagent
and EHC® Reagent

INTRODUCTION

This document summarizes our experience in treating organochlorine pesticides (OCPs) in soil and
groundwater using Daramend® and EHC® reagents. Daramend® has been used for in situ and ex situ treatment
of recalcitrant compounds in soil for more than 25 years. OCPs bind strongly to the soil, so the impacts are
generally limited to the upper couple of feet below ground surface, allowing common agricultural tillage
equipment to be used for application of Daramend® reagent. EHC® reagent, a variation of the Daramend®
technology, has also been found effective for in situ treatment of OCPs in groundwater. EHC® and
Daramend® are also effective for treatment of many other inorganic and organic compounds and could hence
be used for impacted areas with mixed types of contamination. In addition, modified formulations of
Daramend® and EHC® have been developed to enable simultaneous treatment of chlorinated organic
compounds and immobilization of heavy metals such as arsenic, chromium, and lead.

DARAMEND® FOR OCPs IN SOIL

Daramend® reagent is effective for treatment of soil, sediment, and solid wastes contaminated with recalcitrant
organic compounds. Daramend® has been successfully applied to more than 10,000,000 tons of sail,
sediment, and other materials contaminated with persistent compounds including polynuclear aromatic
hydrocarbons (PAHSs), PCP, phthalates, chlorinated herbicides and pesticides, and organic explosive
compounds (OE) at a variety of residential, industrial, and military sites in the United States, Canada, China,
Columbia, El Salvador, and Europe.

The key components of the Daramend® treatment process are (i) application of the Daramend® reagent to the
material to be remediated, and (ii) regulation of oxygen availability and moisture content by soil mixing and
irrigation, respectively. The treatment schedule will vary depending on the compound to be treated and if any
site specific modifications to the Daramend® reagent have been made. For OCPs, an approach with cycled
anaerobic and aerobic conditions have been found to be the most effective. For treatment of OE, no
anaerobic/aerobic cycling is required.

Daramend® is comprised of food grade organic carbon and reduced metals (typically zero-valent iron). The
organic fraction is derived from natural plant fibers rich in cellulose, hemicellulose, and polysaccharides, and
therefore serves as an excellent carbon source for microbiological growth. Daramend® also provides a broad
range of major, minor, and micronutrients required for rapid microbial growth. Daramend® enhances and
promotes natural bioremediation rates by adjusting conditions in a soil matrix to stimulate biodegradation of
target compounds. No microbial inoculation is conducted.
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EX SITU APPLICATIONS

Traditionally, Daramend® has been applied to excavated
soil in on-site biotreatment cells (Figure 1). An example
of this is the application at a superfund site in
Montgomery, Alabama where Daramend® was used to
remediate soil impacted by Toxaphene, DDT, DDD, and
DDE. Impacted soil was excavated and remediated in a
land treatment cell over an average of 8 treatment cycles.
The results from this project as well as a few other OCP
treatment projects are highlighted in Table 1.

x

Figure 1 | Placement of soil into treatment cell

TABLE 1. INFLUENCE OF DARAMEND® TREATMENT ON OCP CONCENTRATIONS IN SOIL AT
SITES IN THE UNITED STATES SA AND CANADA

CONCENTRATION (mg/kg)
SITE COMPOUND TREATMENT PERIOD
97 3.8

2,4-D

Uniroyal Chemical,

Ontario, Canada il 81 13 9 months
DDT 535 4.7
. Metolachlor 72 <1
CIB-Giegy,
I_egv 10 months
Ontario, Canada e 15 @iLG
W.R Grace, Toxaphene 239 5.1 —
South Carolina, USA DDT 29 1G5
Toxaphene 189 11
THAN Superfund Site, DDT 84 9
| 10 months
Alabama, USA DDD - =
DDE 25 6
a-HCH 7,647 446
b-HCH 1,200 373
ATOFINA Chemicals .
Kentucky, USA Lindane 567 14 99 days
d-HCH 747 57
HCB 10.9 13

IN SITU TREATMENT OF OCPS IN SOIL

Daramend® can also be effectively applied in situ as a land treatment process. Soil and Daramend® reagent
are blended using mechanical tillage equipment, driven by an agricultural tractor, with an effective
penetration of 2 ft (Figure 2). Deeper soil impacts may be treated in situ using deep soil mixing equipment
or by applying the treatment in lifts. Depending on the cost of excavation and the depth of contamination this
approach can have a much lower cost than ex situ treatment. Soil water content is a critical process parameter
and is adjusted using agricultural irrigation equipment (Figure 3). The results from select in situ projects are
provided in Table 2.
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Figure 2. In Situ application of Daramend® reagent.

Figure 3. Irrigation to increase soil moisture.

TABLE 2. INFLUENCE OF IN SITU DARAMEND® TREATMENT ON OCP CONCENTRATIONS.

SITE COMPOUND
Agricultural Site, . .
Florida, USA Dieldrin
Future Residential il
Development Site, DDE
Ontario, Canada DDD

CONCENTRATION (mg/kg)

TREATMENT PERIOD

45.9 15.1 2 weeks
2.0 0.33
3.1 0.7 3 weeks
0.07 0.025

EHC® REAGENT FOR TREATMENT OF OCPS IN GROUNDWATER

EHCe® reagent is a combination of controlled-release organic carbon and zero-valent iron (ZVI) used for
stimulating reductive dechlorination of otherwise persistent organic compounds in groundwater. EHC® uses

the same basic chemistry as Daramend®; however,

it is specifically formulated for easy injection into the

subsurface. EHC® is provided in 50-1b bags as a dry powder and mixed with water on site to form an injectable
slurry (Figures 4 and 5). The slurry is injected into the subsurface using a number of available technologies,
including direct injection and hydraulic/pneumatic fracturing. EHC® has also been successfully applied in
trenching and through use of deep soil mixing equipment. Common EHC® applications include hot-spot

treatment, plume treatment, and plume management

using permeable reactive barriers.

G

. EHC slurr

:
5N

ready for injection.

Evonik - Active Oxygens | Technical Bulletin| Daramend® Reagent, EHC® Reagent | May 2025 | 3/4



RELEVANT EHC® TREATMENT PERFORMANCE

EVONIK

Leading Beyond Chemistry

EHC® has been evaluated at both bench and field scale for treatment of a broad range of OCPs in groundwater
(Table 3). Please note that the results refer to a single application of EHC® and the treatment time refers to

the elapsed time post application.

TABLE 2. INFLUENCE OF EHC® TREATMENT ON OCP CONCENTRATIONS IN GROUNDWATER

CONCENTRATION (m )

AND SATURATED SOILS AT SITES IN THE USA

COMPOUND

Dibromochloropropane L)
Pilot-Scale PRB, propane (ug/L)

Pesticide Manufacturing
Facility, California, USA

Ethylene dibromide (pg/L)
Nitrate-nitrogen (mg/L)
Endrin [pg/L]

pp’-DDD [ug/L]

pp’-DDT [ug/L]

Plume Treatment Using Endrin Ketone [ug/L]

3 Reactive Zones,
Former Pesticides
Manufacturing Facility,
SE USA

Total BHCs [ug/L]
Dieldrin [pg/L]
Endrin [pg/L]

Total BHCs + Dieldrin + Endrin
[ng/L]

Hot-Spot Treatment Toxaphene [mg/L]

Former Pesticide
Manufacturing Facility,

Total OCP. L
SE USA orlees e

This information and any recommendations, technical or otherwise, are presented in
good faith and believed to be correct as of the date prepared. Recipients of this
information and recommendations must make their own determination as to its
suitability for their purposes. In no event shall Evonik assume liability for damages or
losses of any kind or nature that result from the use of or reliance upon this
information and recommendations. EVONIK EXPRESSLY DISCLAIMS ANY
REPRESENTATIONS AND WARRANTIES OF ANY KIND, WHETHER EXPRESS
OR IMPLIED, AS TO THE ACCURACY, COMPLETENESS, NON-INFRINGEMENT,
MERCHANTABILITY AND /OR FITNESS FOR A PARTICULAR PURPOSE (EVEN IF
EVONIK IS AWARE OF SUCH PURPOSE) WITHRESPECT TO ANY
INFORMATION AND RECOMMENDATIONS PROVIDED. Reference to any trade
names used by other companies is neither a recommendation nor an endorsement of
the corresponding product, and does not imply that similar products could not be
used. Evonik reserves the right to make any changes to the information and /or
recommendations at any time, without prior or subsequent notice. AO-SGW-74

TREATMENT PERIOD
INITIAL/CO FINAL/LAT
NTROL EST DATA
1.5 0.26
Still ongoing
' 0-5 5 months
240 20
20.5 0.6
13 ND Batch study
11.9 ND (detects) 4 days
1.4 ND
1.1 0.51
Field data (mean
0.60 0.19 conc.)
6 months
0.58 0.36
Field data (mean
2.3 1.1 conc.)
10 months
127.7 8.7
Mean conc. in
saturated soil
169.1 11.8 8 months
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