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Mr. Richard Dewan

New Jersey Department of Environmental Protection
Office of Dredging & Sediment Technology
PO Box 028 401 East State Street
Trenton, New Jersey 08625

Re: Status report #2, Project - (Iron Powder In-Situ treatment of Contaminated
River Sediment)

Dear Mr. Dewan:

Enclosed is a brief summarY identifying the completed tasks associated with Phase 1
activities for the NJDEP funded grant entitled " Iron Powder In-Situ Treatment of
Contaminated River Sediment", submitted by the Center for Environmental Engineering
at Stevens Institute of Technology and ARS Technologies of Highland Park, NJ.

Since the submission of the first status report dated February 8, 1999, work has continued
to focus on the preliminary treatability studies utilizing iron powder,- the evaluation of
alternative iron powders, acquisition of additional data for site selection, and purchasing
of sample equipment..

• Preliminary Treatability Studies

PCBs

As indicated in the Status Report dated February 8, 1999, the preliminary results of a 45
day treatability study indicated a total PCB mass reduction of 38% for a sediment water
slurry within a 10 day period. Results correlating to the 20 and 30 day analysis were
performed, indicating a substantial drop in PCB congener concentrations. Reductions of
up to 60% were observed for the more highly chlorinated PCB compounds, specifically
2,2',4,4'-tetrachlorobiphenyl, 2,2',3',4,6-Pentachlorobiphenyl and 2,2',4,4',5,6'-
Hexachlorobiphenyl.

Inorganics

A treatability study utilizing iron powder and sediment spiked with chromium, lead and
arsenic has been initiated in order to obtain preliminary reaction ki_ associated with
eac'_h-_etal. Initial concentrations of the each metal in the sediment were 167 mg/kg. A
complete reduction of lead was achieved to .below .500ppb within a 20 day period.
Reductions were also observed with arsenic and chromium, but at slower rates.
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The adsorptive characteristics of the metals were also evaluated within the sediment,
indicating that both arsenic and chromium have tendencies to significantly adsorb to the
sediment.

• Alternative Iron Powder Evaluation

Iron powder obtained from a New Jersey manufacturer, designated as ATW 100, was
evaluated for its reactivity relative to the E-200 Japanese powder currently imported and
used commercially by ARS. The test was performed within a sandy clay soil
contaminated with TCE. The results demonstrated that the ATW 100 powder was
significantly more reactive than the E-200 powder in reducing TCE. In total, three types
of powder, including the ATW 100, were supplied by the New Jersey manufacturer and
will be evaluated during Phase 2 of the project.

• Site Selection Options and Additional Data Research

Site Selection

As outlined in the first progress report, three (3) locations have been identified as being
prospective sampling collection points along the Passaic River. The locations were
selected in accordance with the criteria outlined in Phase 1, Task I-1 of the Scope of
Work report dated June 3, 1998. The prospective sampling locations were selected based
upon the following criteria: contamination history, priority and accessibility.

Additional Data Research

Additional information has been obtained from the USEPA, which identify the locations
and concentrations of samples collected from within the upper, middle and lower reaches
of the Passaic. The data consists of samples collected from 1993 through 1995, and
provide a detailed characterization of a broad range of contamination present within the
sediment. A majority of the data had to be obtained at the Region 2 offices located in
New York City from Ms. Sharon Jaffess of the USEPA Emergency & Remedial
Response Division.

Evaluation of the data identifies several additional locations where representative samples
could be collected with greater accessibility to the river. Site visits have are scheduled to
coincide with sample collection during the week of 3/22/99.

• Purchase of Sampling Equipment

Several sampling apparatus were researched for their applicability to the tasks associated
with the Phase 1 sampling activities. The equipment was purchased upon specific criteria,
which will enable accurate representative samples to be collected at the desired depths
from both a research vessel and/or the riverbank.



• Scheduled Work

Collect samples during the week of 3/22/99 from four (4) locations along the
Passaic.

_" Initiate baseline analysis on sediment obtained from sampling.
Complete preliminary treatability analysis on PCBs, inorganics and dieldrin.

George P. Korfiatis, Ph.D., Principal Investigator

Cent_}"for EjI_S_//_ __/ eering ... ..

Michael Liskowitz

Project Engineer
ARS Technologies, Inc.
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Mr. Richard Dewan

New Jersey Department of Environmental Protection
Office of Dredging & Sediment Technology
PO Box 028 401 East State Street
Tremon, New Jersey 08625

Re: Status report #2, Project - (Iron Powder ln-Situtr_atment of Con_miuated
River Sediment)

Dear Mr.Dewan:

Enclosed is a brief summary identifying the completed tasks associated with Phase 1
activities for the N3"DEP funded grant entitled " Iron Powder In-Situ Treatment of
Contaminated River Sediment", submitted by the Center for Environmental Engineering
at Stevens Institute of Technology and ARS Technologies of Highland Park, NJ.

Since the submission oft.he first status report dated February8, 1999, work has continued
to focus on the prelimiaa. W treatability studies utilizing iron powder, the evaluation of
alternative iron powders, acquisition of additional data for site selection, and purchasing '
of sample equipment.

• Preliminary Treatability Studies

PCB$ ..

As indicated in the Status Report dated February 8, 1999, the preliminary results of a 45
day _reatability study indicated a total PCB mass reduction of 38% for a sediment water

slurry within a 10 day period. Results correlating to the 20 and 30 day analysis were
performed, indicating a substantial drop in PCB congener concentrations. Reductions of

up to 60% were observed for the more highly chlorinated PCB compounds, specifically
2,2',4,4'-tetrachlorobiphenyl, 2,2',3',4,6-Pentachlorobiphenyl and 2,2',4,4',5,6'-
Hexachlorobiphenyl.

Inorgani_

A treatability study utilizing iron powder and sediment spiked with chromium, lead and
arsenic has been initiated in order to obtain preliminary reaction kinetics associated with
each metal. Initial concentrations of the each metal in the sediment were 167 mg/kg. A
complete reduction of lead was achieved to below 500ppb within a 20 day period.
Reductions were also observed with arsenic and chromium, but at slower rates. •

MAR 23 1999 14:43 216 8303 PAGE.02
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The adsorptive characteristics of the metals were also evaluated within the sediment,
indicating that both arsenic and chromium have tendencies to significantly adsorb to the
sediment.

• Alternative Iron Powder Evaluation

Iron powder obtained from a New Jersey manufac_'er, designated as ATW 100, was
evaluated for its reactivity relative to the E-200 Japanese powder currently imported and
used commercially by ARS. The test was performed within a sandy clay soil
contaminated with TCE. The results demonstrated that the ATW 100 powder was
significantly more reactive than the E-200 powder in reducing TCE. In total, three types
of powder, including the ATW 100, were supplied by the New Jersey manufacturer and
will be evaluated during Phase 2 of the project.

• Site Selection Options and Additional Data Research

Site Selection

As outlined in the first progress report, three (3) locations have been identified as being
prospective sampling collection points along the Passaic River. The locations were
selected in accordance with the criteria outlined in Phase 1, Task I-1 of the Scope of.
Work report dated June 3, 1998. The prospective sampling locations were selected based
upon the following criteria: contamination history, priority and accessibility.

Additional Data Research

Additional informauon has been obtained from the USEPA, which identify the locations
and concentrations of samples collected from within the upper, middle and lower reaches
of the Passaic. The data consists of sample,s collected from 1993 through 1995, and
provide a detailed characterization of a broad range of contamination present within the
sediment. A majority of the data had to be obtained at the Region 2 offices located in
New York City from Ms. Sharon Jaffess of the USEPA Emergency & Remedial
Response Division.

Evaluation of the data identifies several additional locations where t.epresentative samples
could be collected with greater aceessibilily to the river. Site visits have are scheduled to
coincide with sample collection during the week of 3/22/99.

• Purchase of Sampling Equipm_t

Several sampling apparatus were researched for their applicability to the tasks associated
with the Phase 1 sampling activities, The equipment was purchased upon specific criteria,
which will enable accurate representative samples to be collected at the desired depths
from both a research vessel and/or the riverbank.

MAR 23 1999 14:44 216 8303 PAGE.03
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• Scheduled Work

_" Collect samples during the week of 3/22/99 from four (4) locations along the
Passaic.

)' Initiate baseline analysis on sediment obtained from sampling.
)' Complete preliminary treatability analysis on PCBs, inorgaaics and dieldrin.

Michael Liskowitz

Project Engineer
ARS Technologies, Inc.

TOTAL P.04

MAR 23 1999 14:44 216 B303 PAGE.04
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Mr. Richard Dewan

New Jersey Department of Envkomnental Protection

Office of Dredging & Sediment Technology
PO Box 028 401 East State Street

Trenton. New Jersey 08625

Re: Status report, Project - (Iron Powder In-Situ treatment of Contaminated River
Sediment)

Dear Mr. Dewan:

As requested, enclosed is a brief summary identifying the completed tasks assodated with
Phase I activities for the NJDEP funded grant rifled " Iron Powder In-Situ Treatment of

Contaminated River Sediment", awarded to the Center for Environmental Engineering at
Stevens Institute of Technology and ARS Technologies of Highland Park, NJ.

Since the initiation of the project, work has focused on the development of laboratory
analytical methods, preliminary treatability studies utilizing iron powder, use of alternative
iron powders, and site selection.

• Development of laboratory analytical methods

Workhas f_y on the_e_vaLuation_of_the__alyticalmethodsthatwill be employed
forthe baselinee%n_yzis.and.treatability-studies-orvthe.Eassaic._i-ment.-_n-ve-_ga_
are_rmed in orderto o_timize the extractionefficiencyof the contaminantsunder
considerationfromthe sedimentfor boththe baselineanalysisand thetreatabilitystudies.

Clean sedimentwas spiked with eight (8) PCB congeners.The compoundsunderevaluation
are 2-chlorobiphenyl, 2-3-Dichloro_T_henyl, 27-4-5- trichlorobiphenyl, 2-2'-4-4'-
tetrachlorobiphenyl,2-2'-3'-4-6-pentacldorobiphenyl,2-2'-4-4'-5-6' hexachlorobiphenyl,2-
2'-3-Y-4-4'-6'-heptacMorobiphenyl, 2-2'-3-3'-4-5'-6-6' Oct_hlombiphenyl and a
• Marinated pesticide referred to as dieldrin.

EPA Extraction Methods were evaluated based upon total PCB mass recovered. The results
obtained from the extraction experiments indicate that PCB volatilization is s_g_fiC_nt and

occurring during extractions. Recoveries ranged between 30"_d'7-0 percent for the eight PCB
congeners.

• PreLiminaryTreatabilityStudies

A P_m_ &_wrn.,t

In_itu_ofTech_loS},
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The treatability experiments have focused primarily on thet_ _tion capabili_at iron
powder has on 8 individual PCB congeners, 3 types of metals_& _arse.i¢ and_e._)_ and a
ch|orinated pesticide that are prevalent within sediment collccted-f )m e -- er. The
treatability studies were initiated by spiking aqueous and sedim :nt samples with PCBs, a
chlorinated pesticide andmetals.

/

Preliminary results indicate total PCB mass reduction of'69V_re achieved within a 70 day
period for sediment water, and a 38% mass reduction for_diment water slurry within a 10
day period. Furtheranalysis correlating to 20, 30 and_ performed.

A preliminary metals analysis was conducted on(_r +6, Pb.2 and Cu+2_ sediment water,
indicating reductions of 55% for Cr+_over 20 days, an"_Pb .2 and Cu+' over
a 15 day period.

• Iron Powder Vendor Research

Ti_ee (3) grades of iron powder were obtained from a southern New Jersey manufacturer._

The powder will be compared and evaluated for reactivity relative to the DOWA E-200-_
powder imported from Japan currently being used by ARS Technologies for the\
remediation of chlorinatedorganic. _-_

• Site Selection Options

Task I-1 Site. Selection andSample Collection

Three (3) locations have been identified as being prospective sampling collection points
along the Passaic River. The locations were selected in accordance with the criteria
outlined in Phase_f the Scope of Work repo_ dated Jur_.e3p!998. The
prospective sampling locations were selected based upon the following criteria:
contamination history, priority andaccessibility.

The contamination history of the three locations located downstream of the former

13" end Alkali Facility were obtained from reportsand maps provided by Mr. Eric Stem '
of the USEPA and NJDEP. The contaminants under investigation were: chlorinated
pesticides (mirex, total DDTs), total PCBs, dioxins (2,3,7,8-tcdd) and metals (Cu, Hg, Pb,
As, Al, Cd, co.

We are scheduled to meet with Eric Stem of EPA during the week of 2/8/99 in order to
obtain a detailed characterization of the proposed sampling locations through previous
sampling data currently archived at EPA in New York City.

Site 1

Site 1 is located in Newark on the southern bank east of the Highway 95, on the bend
where the river flows in a southerly direction, and is situated approximately ¾ of a mile
downstreamfromthe formerDiamondAlkaliFacility,Photographsofthesitetaken from

2
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the opposite bank indicate that the location provides direct accessibility to the fiver, where
sampling activities and a contained test facility cartbe set up. The property is believed to
be occupied by PSE&G.

• No contact name or phone number obtained .•

The location was selected based upon the presence of elevated concentrations of PCB's
and dioxins, which demonstrate a high priority for remediation. This location ranked Ist
for PCB concentrations, 2"d for dioxin concentrations, 2"_ with regards to overall
chlorinated pesticide concentrations and2"dfor overall metals concentrations.

i

Previous sediment samples collected from within this area have indicated concentrations i

in excess off0 ppm for totalPCBs and_ for 2,3,7,8-TCDD.
I

Site 2

Site 2 is situated within the vicinity of the formerDiamond Alkali Plant, wl_ich is located
at 80 Lister Avenue, Newark New Jersey. An attempt was made to view the site on_" _
1/25/99, but access was denied by site security. As a result, the site has not yet been
inspected for accessibility to the river for sample collection. J

The location was selected based upon the presence of elevated concentrations of PCB's
and dioxins demonstrating a high priority for remediation. This location ranked 2"dfor

i

PCB concentrations, l't for dioxin concentrations, I st with regards to overall chlorinated
pesticide concentrations and I stfor overall metals concentrations.

Previous sediment samples collected from I_ithin this area have indicated concentrations
below 10 ppm for total PCBs and 55 ppb _ 36" depth for 2,3,7,8-TCDD.

Site 3

Site 3 is situated on the southern bank ofthe river,on Blanchard Street in Newark, ½ mile
downstream of the former Diamond Alkali Plant. A site visit indicated the location
provides direct accessibility to the river for sampling.

This location was selected based upon, both its relative proximity to the Diamond Alkali
Site and the presence of elevated concentrations of contaminants in the sediment. This J
location ranked 3"t for PCB concentrations and 3mfor dioxin concentrations. Data with

regar_ to metals and chlorinated pesticides were not available for this location, but
samples collected near this areaindicated elevated concentrations.

Previous sediment samples collected from within this area have indicated concentrations

below I ppm for total PCBs, and 1.4 ppb(_ t2" depth for 2,3,7,8-TCDD.

• No contact name or phone number obtained

3
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Additional Site Investigations

Two (2) additional sites were investigated'as potential sampling locations. The first site is
occupied by Stevens Distribution Company, and is located at 250 Passaic Avenue in
Newark. The second site is a heliport pad owned and operated by ",hecity of Newark,
located adjacent to the New Jersey Performing Arts Center in Newark. Both sites ate
located within a mile of each other 2-3 miles upstream of the Former Diamond Alkali
Facility. These locations were s_the presence of high concentrations of PCBs' i

and dioxins and for their accessibility to the river. •

Chlorinated pesticides and metal concentrations could not be obtained for these sample
locations, therefore, until additional data is obtained, these locations fail to meet the
prioritypollutant criteria established within the SOW.

Previous sediment samples collected from within this area have indicated total PCB
concentrations in excess of 10 ppm and 2,3,7,8-TCDD concentrations of 32 ppb _ 22"
depth. --------

• Contact for Heliport Location - John Jones at Division of Properties Management,
Newark,NL

• Contact for Stevens Distribution Center - Danielle Lynch (973-483-5015).

• S_edtfled work

A meeting with Mr. Eric Stem is scheduled for the week of 2/8/99 in order to obtain
additional data on contaminant concentrations within the proposed sampling stations.

_' Continue running the treatability studies on river sediment spiked with PCBs, dieldrin
and metals.

_'-Schedule sampling for the week of 2/22/99, and begin baseline studies of the
contaminants present in the sediment. =

Regards,

George P. Korfiatis Ph.D.

Michael Liskowitz
Project Engineer
ARS Technologies,Inc.

t

4
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To: Kevin Robertson
Company: ARS Technologies

Phone: (732) 296-6620
Fax: (732) 296-6625

From: Richard DeWan
Bureau: Office of Dredging and Sediment

Technology
Phone: (609) 984-4426

Fax: (609) 777-1914

Date: 12/16/98

Pages including this 2
cover page:

i

Comments: Dear Mr. Robertson: As per our telephone conversation of this
afternoon, here is a copy of the referenced map of EPA data. Please call me if you
have any questions.
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Christine Tod6 Whilm_n Department of Environmental Protection Robert C. Shinn, Jr.
Governor Commisgioner

Stevens Institute of Technology
Castle Point on the Hudson _ O"__
Hoboken, NJ 07030

Attn: Keith Axsom - Contracts Office

Dear Keith,

Regarding Third Party Contract number NJ-DEP-RG-1, I have summarized certain
contract administration issues we discussed during our phone conversation of December
3, 1998.

The contract proposed budget submitted by Stevens Institute of Technology •(Stevens) is
broken down into three (3) main categories. They are: Steven's salaries ($40,530.00),
Steven's Other Direct Costs for materials, travel ($14,132.00), and subcontracted costs to
ARS Technologies Inc. ($55,339.00). These categories should be considered separate
line item budgets and costs should be contained within these separate budgets. If there is
a need to transfer funds from one categoryto another this can be done, however, a written
request to do such a transfer should be forwarded to my office.

The contract Scope of Work (SOW) is comprised of three project phases. Stevens should
submit an invoice upon completion of each separate phase. Prior to submittal of said
invoice, all deliverables as well as all other work required by the contract for the

particular,p_hase bein i " • " ed. In addition, since this contract is
for a total(not_ amount of $110,000.00, S_vens should limit each invoice to an
amount n_ tract amount. For example, I wish to
avoid the hypothetical scenario where only one phase of the contract is completed but
payment has been made for substantially more than one third of the total contract value.
If Stevens expends more than one third of the contract value for a particular phase and
there is a need to "play catch up" to reimburse Stevens at the time invoices are submitted
for phase 2 or 3, then this can be done, up to the maximum contract not-to-exceed
amount.

Retainage in the amount of 2% will be held from each invoice. It is the intent of the State
to audit this contract upon completion of all work. Retainage will be released upon
completion of the audit and resolution of all audit questions.

Invoices minimally shouid include a breakdown of all costs being invoiced for. This
includespersonnel, hours worked, rates, materials purchased, etc. As discussed, it is not

New Jersey is an Equal Opportunity Employer

Recycled Paper



KeithAxsom
StevensInstituteofTechnology

• Page2of2

necessary to attach receipts, time reports, etc., but understand these items will be

reviewed as part of the audit. I have enclosed some blank State of New Jersey Payment
Vouchers (Vender Invoices). Instructions for completing these invoices are found on the
back of each form. Completed invoices should be sent to:

Fiscal Support Unit
NJDEP/DPFSR
P.O. Box 413
401 East State Stieet

6th Floor

Trenton, NJ 08625-0402

Attention: Art Esposito

If you have any questions regarding this contract or any of the issues discussed above,
please feel free to contact me at (609) 777-0101.

Bureau of Contract Administration
NJDEP/DPFSR
P.O. Box 413
401 East State Street
Trenton,NJ 08625

ENCLOSURES

C: w/o enclosures
Rick Gimello, Assistant CommissiOner,SKI'
Len Romino, Assistant Director, CFSE
Rich DeWan, Site Remediation
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' ' __ ,' Str_,:nsInstimtcofTcchnologI ,_,
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Fax:20].2 ff_.8303

Center for Environmental

Engineering

MEMO

TO: R. Gimello DATE: November 1 O, 1998
S. Boyle
R. De Wan
J. Liskowitz

FROM: G.P. Korfiatis REF: ARS Meeting

This willconfirm a meeting at NJDEP on Monday, November 16th @ 1:30 with
ARS Technologies and Stevens Institute of Technology.

Attached please find Task I Work Plan for the "Iron Powder In Situ Treatment

of Contaminated River Sediment"project.

•A _.nnm l_ouruat

_ldmmofT_.lu_l,,_



NOU-10-1998 16:22 STEUENS 216 8303 P.03

, ( )

IRON POWDER IN SITU TREATMENT OF CONTAMINATED
RIVER SEDIMENT

TASK I-1 Work Plan

Submittedby:

Center for Environmental Engineering
Stevens Institute of Technology

Hoboken, NJ 07030

Dr. GeorgeP. Korfiatis
Tel: (201) 216-5348

and

ARS Technologies
Tel: (732) 296-6620

October26, 1998
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Start Task I-1

Task i-l,which encompasses site selection, sample collection, and baseline analyses is
comprised of several intermediate planning phases. Because the remainder of the work for this
project is dependent upon the results of this phase, organization of this task on a timely and
efficient manner is critical to the completion of this project.

Project Planning

Before initiating the project, several key steps are required to ensure the cladty and
consensus of the objectives for Task I-1. Through meetings, document review, and
decision-making a preliminary work plan will be developed.

Project Start/Kick-off Meeting

A meeting consisting of ARS and Stevens personnel will be planned to discuss the
results obtained from current PCB treatability experiments and what additional work
needs to be done to clarify the objectives for this work. A second meeting will be set tO
finalize the objectives based on the updated results.

File Review

All material that has been prepared to date including the June 3, 1998 scope of.work
proposal, and laboratory results from prior work was reexamined. Based on experience
with PCB treatability studies, modifications to the proposal will be noted and brought up
at the status meeting.

Work Plan Preparation

This involves the development of this work plan which encompasses a description of
each subobjective for this phase of work, and a timeline for which thesteps are expected
to take place.

Data Interpretation and Presentation

The data that has been collected from prior PCB treatability studies in the laboratory will
be examined and included in a short report to be presented at the status meeting.
Conclusions will be drawn from apparent trends in the data, and be used in the report to
justify a proposed action plan for future experiments.

Identify Target Contaminants

Although it was proposed in the June 3, 1998 scope of work plan that Certain groups of
" contaminants be investigated (PCBs, Halogenated Organics, Dioxins/Fui'ans, Metals,

2
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and Chlorinated Pesticides),specificcontaminants within these classificationsneed to
be identified. Justificationfor the decisionswillbe based upon high pdodty compounds
judged on their potentialhealth effects,and quantitywhich is naturally present in the
sediment.

Status Meeting to Finalize Objectives

A meeting will be set up at Stevensto discussthe data obtainedto thispoint. Fromthis
information theproject objectiveswill be finalized,and any changes to the proposed
schedulewill be made at this point.

Site Selection

Althoughpreliminarysuggestionshave been made for the selectionof a site to study along
the Passaic River, a more in-depth investigationwill be made to ensure that all project
objectivescan be met Usingthissite.

Review of DEP Data

A brief overview of prior contaminantdelineationreports done for areas along the
Passaic River will be performed. Only 3-4 potentiallyseverely contaminatedareas will
be considered for final siteselection.

Meeting at DEP

A meeting will be set up with appropriatepersonnel from the DEP with regards to
selectinga site from which to conductfurtheractivities. Through discussionswith all
project team members 3-4 areas along the Passaic will be considered further. Any
previous contaminantcharacterizationprojectswhich are available for these sites will
then be reviewed.

Select Sample Locations

Based upon discussionswith team members and a review of historicalcontaminant
- characterizationalong the Passaic River, a site will be selected from which to take

sediment samples,and designan in-situtreatmentscheme. A joint agreementbetween
project memberswill markthe progressionto the field.

Sediment Sampling

The collectionof sedimentsamplesfrom the chosenlocationalong the Passaic River will
proceed accordingto a samplingplan preparedin advance. Enough samples need to be
collected to obtain a good understandingof the chosen site's properties, as well as to
providesufficientsedimentforTask I-2 experimentation.

3
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Prepare Sampling Plan

In preparationfor the samplingevent, a detailedsamplingplanwillbe devisedwhichwill
discussspecificsamplinglocations,numberof samplesto be taken, how sampleswillbe
collectedand preserved,quality-controlmeasures,and depth of samples. Appropriate
samplingequipmentandsamplestoragecontainerswillbe included.

Procure and Schedule Equipment

Accordingto the samplingplan,the requiredequipmentand personnelwill be projected
and gathered to mobilize to the selected location along the Passaic River. Such
equipment includes: properly sterilizedsample vials, quality control samples, field
logbook, sample labels, preservatives, coolers, personal safety equipment,
decontaminationequipment,materialsforwastecollection,andsamplingdevices.

Field Sampling

Sediment sampling will be conductedwithinthe chosen locationalong the Passaic River
to confirmthe presenceof satisfactorylevelsof the targeted contaminants,as well as to
obtainsufficientsedimentto be used in subsequenttreatabilityexperimentsat Stevens.
The objective of this work is notto thoroughlydelineatethe area, but rather to ensure
that thesediment samples provide a representative cross-sectionof the sampling
locationand that sufficientconcentrationsare presentto be quantifiablein the treatability
experiments. To accomplishthisgoal, a limitednumberof sampleswill be taken within
the selected site location. The informationobtainedfrom these operationswill be used
inthe design of boththe laboratorytreatabilityand in-situdesign.

The Stevens researchvessel, RN Pheonix,willbe mobilizedto the selectedsite where
sediment samples willbe collected. The collectionof samp!eswill be accomplishedby
using a splitspoonsampler. Sincethe targetanalytesincludebothmetalsand organics,
cores will be transferredusinga decontaminatedtrowel to acid-rinsedpolyethylenejars
for metals analyses, and solvent-rinsedamber borosilicateglassjars withTeflon<D-lined
lidsfor organicsanalyses. Segmentationof sampleswillproceedaccordingto depthas
long as the samplesthemselvesare fairlyuniformin colorand texture. Preservationof

. samples intended for volatile organics analyses will incorporate the new NJDEP
Methodologyfor Field Extraction/Preservationof SoilSamples withMethanolfor Volatile
Organic Contaminants(VOC), as referencedin the Technica/Requirements For Site
Remediation, under [N.J.A.C.7:26 E-2.1 (a) 4], dated February1997.

Sample Track andArchive

A clear and meaningfulnomenclaturesystemwill be createdand used for labellingthe
sedimentsamples. Specialadherenceto chainof custodyand labellingrequirementsfor
samplessent to the certifiedlaboratorymustbe considered.To maintainthe integrityof
samples, their transportand storagewilloccurin a reducedtemperature (approx.4°C)
environment.

4
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Sample Analysis

After the sediment samples have been collected they will be analyzed for their baseline
contaminant concentration, geo-mechanical, and geochemical properties.

Contaminant Profile - Stevens

All analyses for the selected contaminants will be conducted at Stevens, with the
exception of dioxins and/or furans which will be done at a certified laboratory. The
analyte classifications to be monitored for include PCBs, halogenated organics, total and ,
leachable metals, and chlorinated pesticides. Analyses for non-/semi-volatile organics
will require extraction from the sediment according to USEPA Method 3540 using the
appropriate extraction solvent. Volatile organic compounds will have already been
extracted into the methanol used for preservation of the samples.

Analyses of the organic extractants will depend upon the analyte to be detected.
Methods 680, 502.2, and 8270 will be used for PCBs, halogenated organics, and
chlorinated pesticides, respectively.

Baseline metals concentrations will be determined as both total and leachable. Although
the method used to detect the selected metals is the same for both (Inductively Coupled
Plasma), the extraction procedures differ. For the total baseline metals content USEPA
Method 3050B will be used. Extraction for total leachable metals analysis uses the
toxicity characteristic leaching procedure, Method 1311.

Geo-Mechanical - Stevens

Baseline physical sediment properties deemed influential in the iron powder reaction will
be investigated in the samples collected. These properties include: moisture content,
grain size distribution, specific gravity, and organic content. All analyses will follow in
accordance with standard procedures published by the American Society for Testing and
Materials (ASTM) and be conducted at Stevens.

Percent moisture will be determined on a homogenized sub-sample.

Grain size analysis will be performed on the sediment collected from the Passaic River.

The specific gravity of the sediment will be determined using ASTM D 854 (1992 c).

Organic content will be measured usingASTM D 2974 (1987).

Geo-Chemical - Stevens

The geo-chemical sediment analysis will consist of total iron, total chloride, and pH
analyses. These analyses are critical in providing baseline information from which the
results from treatability experiments can be compared. All geo-chemical analyses will be
performed at Stevens.

5
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Naturally existing total iron in the sediment will be determined in the laboratory in
accordance with USI=PA Method 3050B "Acid Digestionof Sediments, Sludges, and
Soils". The resultingextract will be analyzed by InductivelyCoupled Plasma through
direct aspiration.

Total chlorideand pH willbe followedusingMethods9253 and 9045C, respectively.

Contaminant Profile - Certified Laboratory

As a means to verifythe accuracyof the analyticalworkperformedat Stevens, 5% of the
sediment sampleswill be split into replicatesamples, with one half being analyzed at
Stevens and the other sentto a certifiedlaboratoryfor analysis. The resultswill be
compared to ensure that the analyticsdata obtainedfrom Stevens for the remaining
samplesare representativeof thesite conditions,All dioxinand/orfurananalyseswillbe
conductedat a certifiedlaboratory.

Data Analysis

A completeanalysisof all data collectedwillbegin.

Data Review/Interpretation

Followingthe collectionof all thecontaminant,geo-mechanical,and geo-chemicaldata,
the informationwillbe compiledand presentedingraphicalformat. An evaluationof the
data willproceedandbe includedintheTask I-1 summaryreport.

Interim Project Team Meeting ..

The Task 1-1summary report,will be distributedto team members and discussedin an
interim project team meeting. At the conclusionof this meeting it will be determined
whether further work is necessaryto completethis phase of work, and whether any
revisionsare needed for Task I-2 as currentlyproposed. Also, recommendationsfor
additions/alterationsto data presentedinthe Task I-1 summaryreportwill be mentioned
atthis time.

Finalize Data Interpretation

From the suggestionsgivenin the interimprojectteam meeting, a finalcopy of the Task
I-1 summaryreportwillbe preparedandsubmitted.

6
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End Task I-1

This marks the completionof Task I-1. The informationcollectedduringthisphase of workwill
subsequentlybe used in the design of Task I-2. A work plan for Task I-2 will have been
processedby thistime to enable a smoothtransition.

7
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Site Selection Criteria

A review of the contaminantdata within the reportentitled"Magnitudeand Extent of Sediment
Toxicity in the Hudson-Raritan Estuary"written by the National Oceanic and Atmospheric
Administration(NOAA) CoastalOcean Office, SilverSpring,Maryland, August, 1995 was done,
and can be summarizedas following:

• 20 sites along the Passaic River, HackensackRiver, Newark Bay, and the Upper New
York Harborwere discussed

• Contaminants investigatedincluded: chlorinated pesticides(mirex, total DDTs), total
PCBs, dioxins(2,3,7,8-tcdd),.totalPAHs, and metals (Cu, Fe, Hg, Pb, As, AI, Ccl,Cr)

The criteria that will be used to select the location of the site. to be sampled includes:
contaminationprofile,accessibility,and priority.

Contaminant Profile "

•For the contaminantsmentioned,each of the 20 siteswere rankedaccordingto the highest
concentrationspresent(Table 1). The data usedto obtain these rankingsis attached as

Table 1 Site rankingsbased on overall contaminantconcentrations:

Field Station ID Rank

1

7C 3
7B 4
10 5
7A 6
11 7

8 '9
14 10
26 11
36 12
21 13
56 14
1 15

31 16

20 17
17 18
12 19

_57_J 2o

1



Appendix A for organic (Tables A - F) and metal contaminants (Tables G - L). Based upon
the results for each individual contaminant, an overall rank was assigned to each location.
Additionally, the contaminants were broken-down into organics and metals classifications,
and the sites arranged accordingly. An assessment of the variability associated with the
specific contaminants within each grouping (overall, organic, and metals) was done to
evaluate the presence of a narrow or broad spectrum of compounds existing at the sites.
The results were used to select five sites worth further consideration:

Station 5

Station 5 was ranked first overall as well as for contaminationwith organics. For metals
contamination,it was ranked fourth. This locationis a good choice because it is heavily
contaminatedwith mostof the compoundsstudied;it ranked in the top five for eight out
of the ten contaminants eventhough it was never ranked number one. The only
disadvantage, in terms of contamination, is that it has lower levels of arsenic and
chromium.

Station 8A

Station 8A was ranked second overall; fourth for organics, and first for metals
contamination. This location exhibited moderately high to very high levels of most of the
contaminants considered•

Station 7C

Station 7C was ranked third overall, fifth for organics,and third for metals contamination.
This locationcontained high levels of contaminationfor all compoundsexcept PAHs,
and arsenic. It also possessedthe highest levels of 2,3,7.,8-tcddwhich was 32% more
than Station26 which was rankedsecond.

Station 7B

Station 7B was ranked fourth overall, third for organics, and seventh for metals
contamination. Notable pointsis that it hadthe highestconcentrationof total DDTs, but
onlyaverage concentrationsof metals.

Station 3

Station 3 was ranked ninth overall, second for organics, and fourteenth for metals
contamination.Although this locationdoes not contain high levelsof contaminationwith
metals, it is heavilypollutedwith organics,especiallyPCBs. PCB contaminationis over
one-and-a-half times higher than Station 5 which is the next most contaminated. Its
disadvantagesare that it has only moderate levels of metals contamination,with very
low levelsof arsenicand chromium.
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B. To_l PCBs C. To_l DDTs
A. Mirex Concen_aUon (ng/g)

Field S_tion ID Rank Concenba_on (ng/g) Field S_tion ID Rank Concen_a_on (ng/g) Field Sta_on ID Rank

3 1 25 3 1 2850 7B 1 287
5 2 23 5 2 1800 5 2 240

8B 3 20 6A 3 1609 8A 3" 230
7A 4 : 14 7C 4 1454 3 4 218
7C 5 14 7B 5 1363 11 5 210.
8A 6 14 8B 6 1341 7C 6 210
7B 7 13 10 7 1324 7A 7 195
10 8 12 7A 8. 1206 10 8 193
11 9 11 11 9 1087 36 9 192
1 10 8 14 10 671 8B 10 182
14 11. 4 36 11 577 14 11 156 ,_
36 12 4 31 12 565 31 12 152
20 13 3 21 13 539 26 13 142
26 14 3 . 56 14 485 56 14 124
31 15 3 20 15 400 21 15 65
56 15 3 1 16 320 1 16 60
21 16 3 26 17 232 20 17 57
17 17 2 17 18 207 17 18 26
57 18 2 12 19 110 57 19 11
12 19 1 57 20 106 12 20 10

D. 2,3,_8.tcdd " E. To_l PAH_ _ Total Organic Contaminants

,
F!eld Sta_on ID Rank Concen_afion (Pg/g)) Field Station ID Rank Concen_a_on (nglg) Field Sta_on ID Rank

7C 1 620 1 1. 167498' 5 1
26 2 470 3 2 97710 3 2
5 3 450 14 3 44050 7B 3

8A 4 440 5 4 43250 8A 4
7A 5 , 390 20 5 38562 7C 5
7B 6 377 7A 6 36070 7A 6
t0 7 363 21 7 35230 8B 7
8B 8 300 7B 8 33864 11 8
11 9 280 8B 9 31301 10 9 v
3 10 270 11 10 27650 14 10

21 11 140 8A • 11 21093 1 11
,1 12 99 7C 12 19559 36 12
14 13 62 17 13 13861 21 13
31 13 62 10 14 9986 26 14
36 14 55 ,_ 36 15 9476 20 15
20 15 38 26 16 7824 31 16
56 16 30 31 17 7773 56 17
17 17 29 56 18 7003 17 16
12 18 7 12 19 3320 12 19
57 19 4 57 20 972 57 20



°

\
G. Total Cu H. To_l Pb L TobiAs

Field StaUon ID Rank Concen_aflon (pg/g) Field S_6on ID Rank Concentration (pglg) Field Station ID Rank Concentration (pg/g)

8A 1 232 8B 1 353 26 1 17
5 2 224 5 2 344 11 2 16

7C " 3 217 7C 3 310 10 3 15
10 4 206 8A 3 310 14 4 14
11 5 191 7A 4 289 56 5 14
8B 6 185 7B 5 264 36 6 13
7B 7 184 10 6 259 21 7 13
7A 8 178 3 7 246 8A 8 12
26 9 141 11 8 241 7C 9 11
3 10 125 26 9 159 7A 10 10

56 11 116 56 10 135 7B 11 10
14 12 114 14 11 125 31 12 10 _P_..
36 13 113 36 12 124 5 13 9
21 14 83 1 13 100 12 14 8
31 15 82 31 : 14 96 8B 15 8
20 16 59 20 15 87 20 16 8
17 17 31 21 16 64 17 17 7
12 18 31 12 17 64_ 57 18 7
57 19 15 17 18 41 3 19 5
1 N/A 57 19 32 1 20 2

I Total Cd Ko Total Cr L. Total Me_

Field Station ID Rank Concen_aflon (pglg) Field $ta_on ID Rank Concen_a6on (_g/g) Field S_on ID Rank

8A 1 6 26 1 277 8A 1
7C 2 5 10 2 217 10 2
5 3 5 14 3 213 7C 3

7B 4 5 7C 4 188 5 4
10 5 5 11 5 184 26 5

8B 6 5 8A 6 174 11 6
7A 7 5, 7B 7 137 7B 7
26 8 4 5 7 137 8B 8 4
11 9 4 21 8 135 7A . 9 '--..-."
3 10 3 7A 9 134 14 10
14 11 3 8B 9 134 36 11
36 12 1 36 10 122 56 12
21 13 1 17 11 111 21 13
56 14 1 31 12 106 3 14
31 15 1 56 13 104 31 15
1 16 1 20 14_ 96 20 16

20 17 1 3, 15 76 17 17
17 18 1 12 16 59 1 18
12 19 .. 0 57 17 36 12 19
57 20 0 1 18 30 57 20





MEMORANDUM

TO: GEORGE KORFIATIS, STEVENS INSTITUTE OF TECHNOLOGY

THROUGH:

FROM: TERUO SUGIHARA, TECHNICAL COORDINATOR, BEERA

WILLIAM LOWRY, CHIEF, BEMQA

SUBJECT: THE MARCH 15, 1998 SCOPE OF WORK ENTITLED, "IRON POWDER/N-
SITU TREATMENT OF CONTAMINATED RIVER SEDIMENT" AND THE MAY

15, 1997 SCOPE OF WORK ENTITLED, "COST PROPOSAL FOR IRON
POWDER TREATABILITY OF SEDIMENT AND DREDGE MATERIALS."

Review of the subject documents was requested on May 7, 1998 with a due date prior to May 21,
1998 which is when the associated contracting work is also to be completed (Job Code: 35270000,
Activity Code: V34H). The comments resulting from this review follow.

GENERAL COMMENTS:

1. The specific comments made below reflect deficiencies that require appropriate corrective action
in order for the New Jersey Department of Environmental Protection (Department) to consider the
scope of work (SOW) acceptable

2. The Department further requires that the two subject documents be combined into a single SOW
with comments herein incorporated as appropriate.

3. Note that the review focused on the March 15, 1998 SOW because it is the most current version
available.

4. There is a general lack of detail in the SOWs for both PHASES I and 1I. In particular, the SOW
lacks performance evaluation criteria that will be applied to determine if the proposed technology
has merit for its intended use.

5. Stevens Institute of Technology (SIT) must supply justification as to why from a contracting
perspective they should be considered a "sole source" for conducting the proposed work.



6. All applicable OSHA requirements and Department operational certifications (i.e. laboratory
certifications) should be the responsibility of the subcontractors. The Department questions why
it is necessary for us to pay for baseline OHSA training for project personnel. This type of
qualification should have been already obtained prio r to submission of the SOW.

7. A copy of the total project budget including the funding originating from the Department of
Commerce and Economic Development (DCED); Accutech Remedial Systems, Inc. (ARS); and
SIT should be presented. It is our understanding that this budget has undergone revision as
illustrated by the $27,000 reduction in DCED funding in the May 15, 1997 SOW versus the
March 15, 1998 SOW.

8. A cost analysis comparing in house analysis versus outsourcing to a certified laboratory should be
done.

9. The resubmitted SOW should be paginated.

SPECIFIC COMMENTS:

1. GENERAL: A section identifying the purpose of the work proposed in the SOW and how it
relates to funding eligibility from DCEDA should be added to the text. This would provide an
initial frame of reference for the reader as well as organizational structure. The Project Tasks
section in the May 15, 1997 SOW partially does this by referring to the treatability work;
however, even here there is no reference to any PHASE II work.

2. PHASE I, Task I- 1, Page 1: While site selection criteria are identified, the primary basis for site
selection is unclear. If it is desired to sample a "representative" location based on chemical
contaminant presence, there will be an apparent contradiction with the "priority of remediation"
criterion. The most highly contaminated areas are likely to have the highest priority for
remediation, not the average areas. There is also the incomplete knowledge of chemical
contaminant presence in the Passaic River, which will impede a determination of what is
representative.. Furthermore, the "ease of access" criterion while a consideration, is likely not
related to either a representative location or the site with the highest priority for remediation.
Please amend the text accordingly.

3. PHASE I, Task I-l, Page 1: The mechanism for specifying the sample location (i.e. global
positioning system, etc.) should be identified.

4. PHASE I, TaskI-1, Page 1: The mechanism for collecting the sample should be specified.

5. PHASE I, Task I- 1, Page 1: Dioxins are included in the characterization parameters in the earlier
SOW, but not the March 15, 1998 SOW. Dioxins and furans are a major concern in the Passaic
River and need to be included.



6. PHASE I, Task I-l, Page 2: Analytical methods are referred to in the second SOW, however, a
more formal presentation to include quality assurance and quality control measures is needed.
There is also the question of data validation. It is recommended that a Quality Assurance Project
Plan type document be developed. In consideration of the nature of the potential contaminants in
the Passaic River, the development of a Health and Safety Plan should also be considered.

7: PHASE I, Task I-2, Page 2: It is presumed that the second SOW supercedes the earlier SOW
..:_ with respect to this section as they are significantly different. While a description of the

proposed work is provided¢important details are lacking. Will the closed reactor vessel have a
void volume? What is the proposed mixing rate? Is it intended to run the reactors in an aerobic

-- _ mode? Will the reactors be at field temperature or at ambient laboratory temperature? What is
the relationship of the material previously characterized to the material in the reactors? Are the

, samples for the different time periods to be withdrawn from the same reactor for a given
treatment? What are the "targeted levels"? Most importantly, what is the experimental design to
include replication (the table on page 3 indicates none), statistical analysis, and significance
levels?

8. PHASE I, TaskI-3, Page 3: Aside from the issue of extrapolating a column study to the field, the
most critical factor is whether or not the iron powder can penetrate to the required depth in the
sediment and do so in sufficient concentration to effectively remediate the contamination present.
The specific experimental design proposed to evaluate this occurrence and the evaluation criteria
to be used need to be stated in the SOW.

9. PHASE II, Task II-1, Page 3: Again the SOW is vague on how the described parameters will be
measured and what constitutes a success or significant difference.. For example, a major concern
with the pressurized injection of iron powder into an in-situ sediment is sediment disruption with
concomitant loss of contaminants. Will this phenomenon be measured by analyzing for chemical

•contaminant concentration changes? Is total suspended solids to be used as a surrogate for
chemical testing? The text must be appropriately amended.

10. PHASE II, Task II-2, Page 4: The report description lacks sufficient detail. It is recommended
that a proposed table of contents be presented.

If there are any questions concerning this memorandum, please contact Teruo Sugihara at (609) 633-
1356.

cc: Richard GimeUo, Assistant Commissioner, SRP
Michael Waldman, BEMQA
Files



w

A C C U *I_. E C H R E M E D I A L, S Y S "T E._ S . I N ¢ .
.f

IIIII[A_ONO IIVEW GROUND IN EMIVImON_ENyAL ?iCNIVOLOGV

.-.-;..

q*

May 15, 1997

Richard Gimello
Assistant Commissioner, NJDEP
CN028, 6th Floor
401 East State Street
Trenton, New Jersey 08625
(Transmittal Via Fax # 609-777-1914)

• " RE: Cost proposal For Iron Powder Treatability of Sediment and Dredge Materials

Dear Mr. Gimdlo:

As a follow-up to our correspondence dated April 17 which consisted of technical
information regarding our zero valence iron powder treatment technology, Accutech is
pleased to provide this cost proposal for treatability,and benchscaie tests to evaluate the
feasibility of treating Passaic Riversedimentsusing zero valence iron powder.

The scope of this proposal is as follows:

Project Tasks

The project entails the laboratory investigation of the effectiveness of the proposed
iron powder technology in treating target contaminantsin a sediment matrix. These may
include PCB's, chlorinated pesticides and herbicides, chlorinated semi-volatiles, dioxins,
Furans and metal salts. The zero valence iron has successfully been used to remediate
chlorinated volatile organic compounds and lindane, its use in treating the above
halogenatedorganicshas not been investigated.

PHASE I Laboratory Investigation

Task I-1 Site selection and Sample Collection: This task entails the selection of' a
location in the Passaic river from which sedimentsamples will be collected "andwhere a
f_ture in-situ demonstration may be conducted. The samplinglocation will be made on
the basis of certaincriteria which include the following:

Previous knowledge, of contamination history of site and levels of target
contaminants
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How representative is the location with respect to the levels of contamination and
the priorky for remediation.

Samples will be collected from the selected site and will be characterized in the laboratory.
Characterization parameters will include, naturally occurring organic matter (NOM),
grain she, PCBs, dioxins, and heavy metals concentrations. The leachability of the
pollutants will be evaluated usingthe toxicity characteristicleaching procedure (TCLP).

Tasi¢ I-2 Direct Contact Treatment of Sediment: This task entails the execution of
shaker fl_sk scale treatabilitystudies to determinethe effectiveness of the E-200 iron
powder in treating the various toxic conum,.inantspresent in the sediment under well
mixed conditions. In these experiments,the organic pollutants and heavy metals in the
sediment samples wiIl be treated by mixing the Fe powder with sediment samples under
batch conditions in closed reactors employing shaker tables. Different dosages of.Fe"
powder will be added in the sediment samples. The effectiveness of different percentages
of Fe powder on the coni:entration reduction of the Various contaminants will be
measured. A control sample Without the addition of Fe powder will be prepared and
tested alone with the treated samples. All experimentswill be performed in duplicate. The
]:e and contaminan_ in the sediment samples will be mixed for different time periods.
Two batch samples will be analyzedat 2, 5, I0, and 20 days of reaction times. The total
contents of the organic pollutants, such as PCBs, dioxins, and other halogenated orgardc
compounds in the samples will be determined with solvent extraction procedures
according to EPA standard methods. The leachabilityof the heavy metals in the samples
will be evaluated using TCLP test. The experimental results obtained will be used to
determine the optimalFe dosage requiredfor the treatmentof the contaminatedsediments.
The data obtained will also be used to design the insitu sediment treatment process that
will reduce the cb.lormatedorganics and metal saltto targeted levels inthe sediment.

Task 1-3 Laboratory Column Testa: An in-_tu Fe treatment may be developed by
placing a layer of Fe powder on the surface of the sediment. The iron powder can
potentially migrate downward into the sedimentbed due to its high specific gravi_/of 7.8
and mixing of the sediment with the iron powder due to the turbulence inducedby fiver
flow. Also, the reactive hydrogen produced from the reduction of water by the iron
powder can diffase into the sediment and reduce the chlorinated organic compounds in
contact with the catalyst that exist in the sedimentsnaturallyoccurringorganic matter.

In order to simulate this treatment scenario,columa,tests Willbe conducted. _. series_f
columns will be filled with the sediment sample. Then, Fe powderwill be placed on top
of the sediment in the columns. Control columns without Fe powder will also be



prepared- Various adve_ion and diffusion transportmechanismswill be simulated. After
several weeks of reaction, sediment samples will be collected at different depths. The
samples will be analyzed for total PC'B,dioxin, and PAH contents and TCLP leachability.
The water column will also be analyzed for the content of target contaminants. All -
experiments will be conducted with warn-colleaed fi'omthe field site.

At the comple_ionof'this testing, we expect to have all the necessary parametersto design
and execute a pilot scale demonstration project of the technology.

Phase H In-Situ Delivery Method

Task ]1-1 Selection of Iron Powder Delivery Method: In orderfor in-situ application
of this technology to become possible,a suitabledeliverymechanismof the iron powderto
the contaminated sediment must be investigated. We intend to investigateseveralmethods
of achieving the delivery. The important issues associated with the iron powder delivery
are

Minimumloss of the powder to areas outsidethe targetsediment
Ability to deliver powder to t_rgeted locations

• Minimum re-suspension of contaminatedsediment during placementoperations

These issues will form the basis upon which various delivery techniques will be evaluated.
A two phase program is proposed. In the first phase various delivery techniques will be
evaluated in the laboratory. These techniques include:

a) Direa applicationof iron powder to the surface of the sediment

b) $urfzce applicationin a slurryform

c) Shadow injection of iron powder/sediment slurry

Experiments will be conducted m a laboratory experimental co assess the
effectiveness of each technique in deliveringthe ironpowder. Parametej_s'thatwill be used
to evaluate the suitab/!/'tyof each method include:_

1.Jniform/tyorb'on powderdistribution
Stability of powder in the sediment surface under varying water column current "
conditions(varyingbottom vhearm'esses)
Re-suspension of sediment duringdelivery



Equipment adaptability and COStissues

The results of this study will be used to design a del;very system suitable for field scale
operations.

Task 1"I-2Final Report: Upon completion of all the project tasks, the feasibility of the

application of the technology will be d_Tlds will include in addition.to the
,technical issues, cost and technology mai'ket potential as well as a final plan for
commerc'mliza_on. A firm/report will be prepared to document the project results and
identify the critical steps needed to implement the commercialization plan.

An attached coSt breakdown to show the allocation of the funding is attached to this
correspondence.

Please Contact us at 90g-739-6444 with any questions you may have regarding our

technology.

A_utech R_medial Systems

.



Cost Budget Allocation

. NJDEPFunding A_ut_h Funding StevensFunding Total
Contribution Contribution Contribution Funding

Accutech -Labor

projm_,aasa- Jehn_ke_,, 25.000 " 23.000 50.000
st. s_ 18,500 32.000 50.500
St._.F.._inm.,S,._. 32,500 32.500

Ste_ns-Labor

c_P! Dr.c,_se l_.d'_a I1,000 6.000 I7,000
chmm Pe_-Do_nd_m_ 15,000 15.00.0

Aaminmmiv,._ 4.000 •4.000
Oradu__ ..uma_ 5.000 4.025 9,025

Materials and Supplies 0ab)
Prtnti_Off;_s 1.200 2.400 3,600
Li_=.>.,._m-_ 1.100 1,100 '
c,,n_i, 1.500 1.300 2.800
utilities 2.300 900 1.200 4.400

_ewde" 4.500 2.;500 7,000.

Non-labor Services/Expens_
"rr.,,et 2.000 2,000

Tcle;_ 1.900 500 $$0 2,950

i_,_q_ . 350 350 700
hm,nu_ 250 550 1.100 1,900
l:ha i'mu_inS'teawm 1.500 550 4,000. 6,050
S_t_rmec,Cmtum. 9,500 2,500 12,000

:Maintenance/Fixed Charges
_airmum_ Eq.ivmm 1,900 $50 1,800 4.250

2.100 3,000 5,100

_ 5,500 3.200 4.500 13.200

Totals 137.900 74.600 32.575 245,075
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Ap/i]],'I, 997 .

_chard Gimello
Assistant Commissioner,"N2DEP
CN028, 6th Floor
401 East State Street .

- Trenton, New Jersey 08625
(Transmittal V'zaFax # 609-777-1914) -

I_E: Iron Powder Treatment of Sediment and Dredge Materials "

DearMr.GimeIlo:

Accmechis pleasedto providethis_ overviewofan innovativemethodfor
treatingmarinesedimentsanddredgematerials.

The results of recent published investigations have Shownthat in the presence of moisture
and in the absence of oxygen, zero valence iron powder decldorinates halogenated
hydrocarbonsthataredissolvedinwater.Inaddition,DOWA MiningandAccutech
RemedialSystemsIncorporatedhave deveioped'acommercial,batchwastestream
treatmentsystemforreducingdissolvedheavymetalsmorenoblethanironsuchaslead,

copper,nicIde,arsenic,cadmium,ect.totheirinsoluble,stable,zerovalencestateand
hexavalent chromium to its trivalent state.

Conventional work in the insitu chemical treatment field is basedupon the mechanismthat
soluble chlorinatedorganic solvents and heavy metals must be transported in ground water

-to "react/on" beds or walls of zero valence iron to initiate the reduction reaction. The
basis for this approach is that the currentundemanding of the reductionof the organics
and heavy metalsusingzerovalanceiron particlesstatestheu'eatmentreactionoccurs at
the surface.of' the panicle orgy. However,recentfindingsshowthat this reduction
reaction exten_Iswell beyond the zero valent iron panicle surfaceand in essence does not
dictate that the iron panicle be in direct contact with the chlorinated organics and
leachableheavy metals to reduce these pollutants..In addition,the recentfindingssupport
the mechanism that hydrophobic halogenated hydrocarbonssuch as PCB's, herbicides,
pesticides, chlorinatedsemi-volatile organics, dioxins and fiJransthat are strongly sorbed
to the sediment canalso be reducedin the presence of zero valence ironpowder.

Therefore, insitu mixing of.the reactivezero-valentiron powderrecentlydevelopedby ...
Accutech/DOWA directly into th_ marine sedimenthas the potentialto reducethe



h_ogensted _drocarbons and leachable metals in the sed_ent to less toxic forms.
Severs] delivery mechanisms such as deep tilling, hydraulic"inje_on or rnuldphase liquid

.- gas injec'donutilizing nitrogen are availableto ernplace the zero valence iron panicles in
the upper depths of the sediment to reduce the halogenated hydrocarbons to targeted
-cleanup levels. As the treatment reasons occur and the upper sediment zone is
remediated, t_s upperzone of sediment transforms itself into a clean materialcap to "
encapsulate the lower depths of contaminated sediment. This treat arid encapsulate
method could minimize the migration of toxic halogenated hydrocarbonsand leachable
metals in deeper seclirnentzones and eliminateits costly treatment when encountered as
&edge Spoilsduring dredging operations to keep the waterways and ports navigable.

A laboratory investigation needs to be undertaken to demonstrate that the severs/
representative insoluble chlorinated organics commonly found in riversediments can be
decbJorinated and the leachable heavy metes more noble than iron such as arser,./c,
cadmium, lead and copper can be reduced to targeted rates in a cost effective manner.
This will be achieved using rain/ms]quantifies of'reacting zero vs]ent iron powder,based
upon the recently discovered reason mechanism for the redu_on of halogenated
hydrocarbon and leachable metals.

In addition, deep tilling, hydraulic inje_on or rnultiphase liquid gas inje_on utilizing
nitrogen will be evaluated in the laboratory as delivery mechanisms for introducing insim
the zero valence iron powder with a specific gravity of 7.8 into the sediment. It is the
objective of" this investigation to identify the method that will provide the needed
dispersion of" iron powder within the sediment to yield targeted redu_on rates for the
halogen,_ed hydrocarbonsandleachablemetals.

Please conta_ us at 90g-739-6_4 with any questions you may have regarding our
_eclmology.

Y hn .l. Lisk_z
A :cutechRemedialSystems
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1_¢h_ Gtm_o
As_r_t Com,,_sicmer,N_EP
C_02g.+t_Floor
401F.mrtSt_e£m_ -
Trcmton,New;me), 08623

]t_: l_h_:_ CostF.st_m,,te- ZeroYa]entL,'on,S_cll_enlProject

De_'Mr. G_llo: -.

Pleasefindl_t_e,,h_to th_ _lez', I zlwE_ _._1_budget_ A_'I _ propouJ
pre_iouslysubmittedzoyo;; _dcr _art_e c_¢_.Therevisedl_dge:numbersr_'t
mo_ _c c_s__l]oc_tio_l_sr,dupon ARS'$cont]._edexp_e_ce level worki_ with
the zero vtlence iron=echnolow. Pleszecol _t'wlthray.quet'_-, st 732-_4d.

......"
_J.L_, I ......• -
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CoetBudget_location ..

ndJa9Accutechr-endrq _ Fmdkg TMd

' AccUtechJ)_ctLabor .
Co-I:q-PM-JohnUskowiLt 12900 38000 5000(1

• _. 4Scientist 100o0 40500 50"JoO ._
StaffEngiJemrScienlisl 27500 SO00 32S00 _)
tSiJb(otal 41J I$,HO 13J,O00

IS_vem.Oifedbbor !

co-rtor._,_oroeKo_'udus 8OOO O00e 1700O
Chem_s_F_tOoctmtXs_m loo0 SooO tsooo

. Administrdiv9 A_istanl 4000 41)00 o
Res.AsslsSanl 40oo so25 oo2s p

Subtotal _ 10,oo0 S.oe6 AoJ8

' DirectMmerfaSS.Supplies.Expenses ,,,I

PdnUng_ComnmVca_ns,. 240O 1200 3000 .-
FieldSulNdlen/m.Mo_b...' 10700 10700 . -_,
LMxnt)_ Consumablm . . , 4700 4700

, Utilities " _,.'.. " 20qO 900 1240 .4100 ' .
IronF_ow_/SlUny . 12500 12500 -,
Sebeontrade/t.a_ritofySenHem 16000 10000
RenldEqdpmeid 11000 2800 t3_0
Tmvel 320O 32e0

• 8eb0otd e_soo Z,lO! 1,1'10 et,xO •

Ovo0heod8or_k:,WEqpeteeJfAdndn.,
" Telephone 1000 500 55) 29,'50

PeMqe 3.'50 •350 too
Insuranoe 25O $50 I_oo 19oo
DataPeo_4J41n01Solhv_ 2500 55O SOW eoso
EquipmentIdaint_nnnce jgO0' 850 •1800 4250
01trpnon.Mx)_or/_ 2100 SO00 5100
8dflotal .$,9110..... 4,601 ... 1,4H 20_,m

omvJVoSm s_7,9oe _o_o ss,_Ts " _r_TS
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T E C H Ni C AL M E M O R A N D U M
UPDATE "

DATE: July 18, 1997

RE: Zero Valence Iron Powder Treatment of PCB's

In Accutech's correspondencedated May 18, 1997, we indicated our technical
hypothesis that treatment of PCB's was possible using zero valence iron
powder. However, it was indicated that this area of research had not been
investigated to date. We are happy report that a recently published technical
paper describes research that supports our hypothesis that PCB's can be
treated using our zero valence ironpowder.

In the most recent July, 1997, publication of Environmental Science and
Technology, 31, (1997), 2154-2156 reported that the reductionof a PCB mixture
(Aroclor 1254) solutionto yield the non-chlorinatedbiphenylwas achieved using
a reactive zero valence iron powder.

The published article describes tests using standard commercial .grade iron
powder which showed that this powder caused little to none degradation of the
PCB's. However, a second series of tests were then performed using a
synthesized iron powder possessinga high specificsurface area. These tests
showed that the PCB compoundwas degraded to bi-phenyl.

This latest published research confirms our hypothesis that engineered zero
valence iron powder can be utilizedto treat PCB sediment. Accutech with its
par_'ter DOWA, has the unique abilityto engineer a wicferange of zero valence
iron powders which possess large specific surface areas. With DOWA's
capability of being one of the worlds leading iron powder manufacturers, the
ability to cost effectively produce customreactive iron powder on both the pilot
scale and full commercial scale basisis feasible

,°
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.T_y21,1997

KichardGimeTlo
Asset Cornm_sioner,N"J'DE.P
CN025, 6thFloor
401 East State Street
Trenton, New Jersey08625

RE: Transmittal of OriginalCorrespondencesRegardingIron PowderTreatment
"for Dredgeand Marine Sediment.

DesrMr. GimeLLo:•

As you requested, please find original correspondences which were previously£_zxedto
your offices. In addition, we have provided a Technical Memorandum Update which
cites a recendy published research paper which confirms our earlier hypothesis which
stated that PCB degradationusing our zero valence iron powderis possible. In addition,
we have provided duplicatecopies ofesch originalfor your convenience.

Please contact us at 908-739-6444 wi_ anyfurtherquestions or requests.

" " - 0

,iraI. Lisl_owitz_
ccutech1_emedialSystems

=t-,_.hmem

o.

.. • o

..

+-



 tate of
Christine Todd Whitman Department of Environmental Protection Robert C. Shinn, Jr.
Governor

Division of Publicly Funded Site Remediation Commissioner
PO Box 407

Trenton, New Jersey 08625-0407

- (609)" 584-4280 •

MEM0_NDUM
MAY0 5 lgg8

To: Frank McDonough, Director
New Jersey MariUme Resources

ommerce and Economic Development
Frcm: MiChaelWaldman, Supervising Contract Administrator "-

EnvironmentaiMeasurements and Site Assessment Section
Department of Envii'onmental Protection

Subject: Budget Items for NJDEP/StevensInstitute of Technology
Third Party Contract

Talk about six d_--_jreesof separation! It was nice talking with you this morning. Can you believe what
Mayor McKenna is doing to Red Bank!? The town is becoming one the nations most talked about up-
and-coming areas to live and work. He 3nd my brother are close friends, and in fact, the mayor married
Dan and his wife, Karen.

AS you suggested ! am sending you the Stevens budget representing the items to be funded by the
Maritime Resourcesgrant to the NJDEP. This grant is to be in the amount of $110,000.00.

ASyou can see, bhe Stevens budget line items add to this amount. These items have been analyzed by :.
me, and have found to be a,lowab'e, allocable and acceptable.

i under_and that you wilt use these items to prepare the agreement to be signed by the department that
authorizes the b_ansferof funds for the project. I also understand that you will issue a check for the
money to.the department.

I am pleased to be of assistance to you. If you should have any further questions, or if you should need
assistance of any End, please call me. Hy number is (809) 588-7306.

Thank you!

A_achment

C: /Rick Gimello, Assistant Commissioner
V Barry Frasco, Assistant Director

: New]e_ey is an Eclual Opportum'ty E.nploj, er .. -" . ' . . ".... "

Recyded Paper . _
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• Proposed Budget Rate Hours/ TOTAL
S/hour* Est. Quant_

1. Salaries

1.1. Principal•Investigator(Dr. X. Meng) 56 300 16,751
1.2. PrincipalInvestigator(Dr. G. Kotfiatis) 133 50 6,672
1.3 AnalyticalChemist 45 379 17,107

TOTAL 40,530 40,5;30

2. Materials

2.1 LaboratorySupplies• 4,950
2.2 Chemical Supplies/Standards 5,000
2.4 Office Supplies 1,000
2.5 Field Supplies 1,000

TOTAL 11,950

3. Travel

• 5 days $75/diem 375
2008 miles $.26/mile 522

TOTAL 897

4. Stevens Direct Costs (other than salaries) 12,847
4.1 StevensOverhead @10% on item4 1,285

TOTAL 14,132 14,132

5, Subcontract to ARS Technologies
LaborwithOH and GA
John LiskowitzProjectManager/Co-investigator 45 182 8,124
KevinRobertson- Staff Scientist 24 1,820 43,355

TOTAL 51,479

5.1. Supplies 2,000

5.2 Other Direct Costs 1,860 .'

Total Direct CostslARS Technologies 55,339 55.339

"TOTAL PROJECT COST - 110,000

NOTES: 1. Stevens salary rates are loaded with fringe benefits and overhead
2, 8tsvens will wave administrative costs on the ARS subcontract
3. Detailed breakdown on supplies and materials provided in the attached explanation

..... , . . - ...... . . - ° .° .

? ........ ." ,, "":... "..
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ARS COST BREAKDOWN Supplier Quantity Unit price Total

Materials/SuppUes

ZeroValence Iron DOWA 600 Ib $2.00 per !b 1200
Phone/,'axCalls " 300/yr 0.25 per call 75
Fedex 8 $15 • 120
AnalyticalScale Fisher 1 $400 400
Syringes Fisher 40 $1.00 40
Copies 1000 $0.10 t 00
ColorCopies 30 $1.00 30
Computerdisks 40 $0,50 20
Postage 47 $0.32 15
Total 2000

Other Dire,J_tCosts .-

Travel 1000 miles $0.26/mile 260
Rental of Sample Van 5 days $125/day 600
Toils 15 $2.00 30
Parldng 10 $5.00 50
OSHA 40 hourTraining 1 $770 770
OSHA 8 hr. refresher 1 $150 150
Total 1860

' ": "- " " " TOTRL.P.OB :



- " £ BUDGET EXPLANATION PAG:)

Laboratory Supplies

• Deserintion Unit Unit Price. $ Qnan_i W Total Co_t
Pyrex Soxhlet Extraction Unk set - 190 4 760

(Fisher, Cat. # 09-556A)
Konr_sConcentratorsUnit set 130 4 520
(Fisher,Cat # K570025-0250)

Extraction ThJmbles pks 61 8 366
(Fisher, Cat. # 09-656C)

Pipette tips, 10l-I000uL pks 31 10 310
(Fisher,Cat.# 21-375E)
Pipette.tips, 1-1001zL pks 40 10 400
(Fisher, Cat. # 21-375D)
Capillaryc,oluma,DB-5 each 403 1 403
(J&W, Cat.# 122-5032)

Capillarycoktmn,DB-502.2 each 722 1 ' 722

(J&W, Cat.# 122-1464)

V-grooveNebulizerkit(ICP), each 1 I 911
(V_rian,Cat.#99-100574-00)

FritSampler (Purge& Trap) each 62 9 558
(Te/cmar,Cat.# 14-2337-024)

Total 4950

ChemicalSupplies/Standards
URP Helium gas forGC,%IS• each 140" I0 1400
(CGI,Code # SG221)

Axgon gas for ICP each 30 10 300
(COl, Code # AR330)
FCBs & Chrys_e-d,=Standard, pks 45 I0 450

(Accustandrd,Cat.# M-680)
Dieldrin Standard,ImL each 20 I0 200

(Accustandrd,Cat.# P-037S-IOX')
Trichloroethene Standard, lmL each 8 10 80 :_

(Accustartdrd, Cat. # M-502-5 I- 10X)
Fe Standardsolution,500m.L each 72 I 72

(Fisher,Cat. # FLFE2-2X)
Methylene Chloride case 202 2 808
(Fisher, Cat.# DI50-4)
Methanol case 149 2 298

(Fisher,Cat.# A452-4)

Toluene case i84 1 184
(Fisher, Cat. # T290-4)

Vials w/sevta pkg 72 10 720
(Varian, Cat. # 03-906195-90)
Sulfuric Acid case 171 I 17i
(Fisher,Ca*. # A.300C-212)
Nitric Acid case 154 ! 154

• (Fisher, Cat. # A200C-212)
Heavy Metal Standard Solutions each 41 4 163
(Fisher, Cat.# PLAS2-2Y, CLPB2-2Y)

Total 5000

• .'" . .... _ ,......
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Office SUpplies

, Dcseription ... Unit Unit Priee_ $ Ouantity Total Cost
Xerox toner cartridge
(Xerox 6"g135) each 175 1 17:5
Printer toner cartridge
(HI)92275A) each 71 2 142
Xerox copies page 0.15 3000 450

,Misc. (fax cartridge, diskettes, etc.) 233 :
TOtal -1000

Field Supplies
Sediment Sampler (constructed at Stevens) 500
Boat (gasoline) 200
Other boat supplies 300

Total 1000

vendor Information:

FisherScientific 800-766-7000

J&W Scientific 800-223-3424

A_ustandrd Inc. 800-442-5290

Varian 800-926-3000

Tekmar 800-874-2004

CGI 973-773.8700
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- Scope of Work- "

. IRON POWDER IN-SIFU TREATMENT OF CONTAMINATED
RIVER SEDIMENT

submitted by: •
Center for Environmental Engineering

Stevens Institute of Technology
-7

- Hoboken, NJ 07030

Dr. George P. Korfiatis
Tel: (201) 216-5348

a March 15, 19_8

'pHASEX

" Task I-1: Site Selection and Sample Collection

This task entails the selection of a location in the Passaic River from which sediment
samples will be collected and where a future in-situ demonstrationmay be conducted.
The sampling location will be made on the basis of Certain criteria which includes the
following: . , .. --

Q

Previous knowledge of contamination history of Siteand levels of target contaminants
(PCB's, halogenated organic compounds, chlorinated pesticides, and heavy metals);

- • How representative is the location with respect to the levels of contamination and the
prioril3, for remediation;

• Easy of access for the set up of an in-situ demonstration treatment.

Samples will be collected from the selected site and will be characterized in the
laboratcn:yat Stevens Institute of Technology. Characterization parameters will include
natural organic matter (determined as total organic carbon content), grain size, PCB's,

. halogenated organic compotmds, chlorinated pesticides, and heavy metals concentrations.

EPA Method 3550 or 3540 will be used to extract semivolatile and nonvolatile organic
•compounds from the sediment samples. Method 3550 is a simple sonication extraction

• with methylene chloride:acetone (lfl, v.'v). However, the solvent may not be separated
well with the aqueous phase in the sediment. In case thatMethod 3550 can not be used
for the extraction, a soxhlet extraction (Method 3540) will be us.ed. In Method 3540,

' =sedimentsample are extracted with "hotsolvent '(methylene-chlorideor methanol/toluene)
for 16-24-hom,s. The organic compounds in the •solvent will be concentrated by

, distillation for analysis. High content of sulfur in .the extraction solvent may interfere . "

• . 7
: _ ' . ." ... .." "
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_" with the analysis of the tin'get organic compounds. Pretreatment may be necessary to
remove sulfur prior to organic analysis. PCB's and chlorimted .pesticides (dieldrin
(l,2,3,4-diepoxybmane)) will be analyzed using GC/MS according EPA Methods 680,
respectively. Halogenated organiccompounds (TCE (trichloroethene))will be measured
using EPA Method 5.02.2.

..

Total contents of heavy-metal in the sediment-will be determined •using microwave .
assisted acid digestion (Method 3051) and atomic absorptionspectrometer. Since the Fe
treatment will not change the total content of the heavy metals in the sediment,, the
effectiveness Ofthe treatment will be evaluated with the toxicity characteristic leaching t
procedure (TCLP) (Method 1311).
Task I-2: Direct Contact Treatment of Sediment:

task entails the exevmion of batch studies to determine the effectiveness of the E-
200 iron mixed powder in treatingthe varioustoxic contaminantspresentin the sediment
under well mixed conditions. In these experiments, the organic pollutants and heavy ..
metals in the sediment samples will be li'eated by mixing the Fe powder with sediment
samples in closed reactors employing an end-to-end mixer. Different dosages of Fe
powder will be added in the sediment samples (Table 1). The effectiveness of different
percemages of Fe powder on the concentrationreduction of the Variouscontaminantswill
be measured. A control sample without the addition of Fepowder will be prepared and
tested along with the treated samples. All experiments will be performed in duplicate.
The Fe and contaminates in the sediment samples will be mixed for different time .
periods. The samples will be analyzed at 2, 5, 10, 30, and 60 days of reaction times. The

. _otal contents of the organic pollutants, such as PCB's and other halogenated organic :
compounds in the samples will he determined with solvent extraction procedures
according to EPA standard methods. The leachabilir,.'of the heavy metals in the samples " -
will be evaluatedusing TCLP test. ..

The effectiveness of dechlorinationofPCB s by the Fepowder is/_ffectedby the number_
of chlorine atoms in the PCB molecules. PCB's with high chYorinecontents aremore
difficult to be treated by Fe powder. Therefore, the contents of a series of PCB
compounds in the control and treated samples will be determined. The PCB's to be
zested include 2-chlorobiphenyl, 2,3-dichlorobiphenyl, 2,4,5-trichlorobiphenyl,
2,2°,3,4,5'-pentachlorobiphenyl, 2,2',4,6-tetrachlombiphenyl, 2,2',3,3°4,4',5,5'6,6 '-
decachlorobiphenyk 2,2.',3,3'4_5'6,6'-octachlorobiphenyl, 2,2',3,4'5.6,6 '-
heptachlorobiphenyl,2,2',4,4',5,6'-hexachlorobiphenyl.

_. The experimental results obtain.edwill be used to determine the optimal Fe dosage. -
required for the treatment of the contaminatedsediments. The data obtainedwill also be
usedto design the in-situ sediment treatmentprocess thaiwill reduce the chlorinated ..
organiccontents andheavy metal leaehability_olargetedlevelsin zhesediment. •

Table 1. Schedule forBatch 1
• . .. . -

J "" 2 • . " "
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,. Analysis Time Iday)

• Fe Content (g/100 g 2 5 10 30 " 60
sediment)

0 _control samples) X X X X X
O.Ol X X X X X

m

0.1 X X X X X
1 X X X -- X X •
5 X X X X X

Task 1-3: Laboratory Column Tests:

•An in-situ Fe treatment may be developed by placing a layer of Fe powder on the surface
of the sedimenL The iron powder can potentially migrate downward into the sediment

bed due to its high specific_ of 7.8 and mixing of the sediment with the iron
powder due to the turbulence _ river-flow. _Mso-.-_th_C'feactivehydrogen
produced from the reduction of water by the iron powder can diffuse into the sediment
and reduce the chlorinated organic compounds in contact with the catalyst that exist in the
sediments (natural organic matter). .... :

In order to simulate this treatment scenario, column tests will be conducted. A series of

columns will be filled with the sediment sample. Then, Fe powder will be placed on top
of the sediment in the columns. Control columns without Fe powder will also be
prepared. After several weeks of reaction,sediment sampleswill be collected at different
depths. The contents of Fe powderadded in the columns and the reaction time will be
determined based on the results obtained in Task I-2. The samples will be analyzed for
total PCB and halogenated organic compounds contents and TCLP metal leachability.
The water column will also be analyzed for the content of target contaminants. All
experiments will be conductedwith water collectedfrom the fieldsite. " "

At the completion of this testing,we expectto haveall thenecessaryparametersto design
and executea pilot scaledemonstrationproject of the technology. ,

Phase II:, In Situ Delivery, Method

.Task H-l: Selection of iron Powder Delivery Method "

In order for in-situ application of this teclmology to become possible, a suitable delivery

mechanism of the iron powder to the contaminated sediment must be investigated, we - ' ..
intend to investigate several methods of achieving the delivery. The important issues ..
associated with the iron powder delivery are:

• Minimum loss of the powder to areas outside the target sediment
• Ability to deliver powder to targetedlocations ..
• Minimum re-suspension of contaminated sediment during placement operations

o

- . . °.. .
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These issues will form the basis upon which various delivery techniques will be
evaluated. A two phase program is proposed• In the first phase, various delivery
techniques will be evaluated in the laboratory. These techniques include:

•a) Direct application of iron powder to the surface ofthe sediment
b) Surface application in a slurry form. " .
c) Shallow injection of iron powder/sediment slurry

_Experiments will be conducted in a laboratory experimental tank to assess the ",
effectiveness of each technique in delivery the iron powder. Parameters that will .be used
to evaluate the suitab'.flity of each method include:

• Uniformity of iron powder distribution

• Stability of powder in the sediment surface under varying water column currem
conditions (varying bottom shear stresses)

* .Re-suspension ofsedimentduring delivery . .
_ s Equipment adaptability and cost issues __

The results of this study Will be used to design a delivery system suitable for field scale
operations. .

Task II-2: Final Report •

Upon completion of all project tasks, the feasibility of the application of the technology
will be demonstrated. This will include in addition to the technical •issues, cost and
technology market potential as well as a final plan for commercialization. A final report
will be prepared to document the project results and identify the critical steps needed to
implement the commercialization plan.

TIME SCHEDULE

TASKS TIME (Months).

2 4 6 8 I0 12

1• Sizeselectionandsamplecollection '=""'"---"l

2.Directcontact_rea_nem , l " "":"--""_...._-'_ "

,. 3. LaboratoryColumnTests• . i " " ' 1 "

4.Selection of ironpowderdelivrrymethod " I : •-- -' _1"• :.

, .5. Evaluationoflhe resu_ andfinal_

- ""

• °.

.°

... . .

. .



'" Proposed Budget Rate Hours/ TOTAL
Est/Quant

I. Salaries
1.1. PrincipalInvestigator(Dr. X. Meng) " 2.26 months 10,000
1.2. PrincipalInvestigator (Dr. G. Korfiatis) 0.15 month 1,600
1.3 AnalyticalChemist 2.12 months 7,584
Fringe Benefits (30% on 1.1, 1.3) - 5,275.

TOTAL 24,459

2. Materials

2.1 LaboratorySupplies . 4,950.
2.2 Chemical Supplies/Standards 5,000 '
2.4 Office Supplies 1,000

- .2.5 Field Supplies 1,000
TOTAL 11,950

3. Travel
5 days $75/diem 375
2019 miles $.26/mile 525

TOTAL 900

• 4. stevens Direct Costs 37,309
6. StevensOverhead @ 0.4652 on directcosts 17,356

TOTAL _I6._5_ 54,55S

5. Subcontract to ARS Technologies ....
Laborwith OH and GA

John LiskowitzProjectManager/Co-lnvestigaor 1.2 months 8,125
•KevinRobertson- Staff Scientist 12 months 43,350 :

TOTAL 51,475

5.1. Supplies 2,000
5.2 Other Direct Costs 1,850

Total Direct CostslARS Technologies 55,335 55,335

TOTAL PROJECT COST : -: -- 110,000
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Transformationofhalogenatedorganiccompounds(HOCs) i .:..': ,'.: :'_ _-.-.-:k_..-rrx-_- "__ ":''_'
....:. ,..-.. _.:.,,. : ..... :. ----..k.,,::.-.=.-.-

by zero-volantironrepresentsone Ofthe latest innovative . _...:;_=...:..::.:.. _._,_._._.>.-._..: :. .
technologiesforenvironmentalremediation.Forexample, :-.-- :-...._- :"_" . .
iron can be usedto constructa reactivewell inthe path of FIGURE1. Transmissionalamo microscopyimagoofconnscala
a contaminated.groun.dwaterplum_Cs. In Feperdclea_
this paper,_efficient metho_"d_fs_-_e_ing nanoscale
(1-100 no) ironand palladizedironparticlesispresented. 1"1/ " "

- 1 ; " "_anoscale particlesare characterizedby highsurfacearea _
l_ volumeratiosandhighmactivities. BETspecificsurface l.el ,.-__,_._-_-_
area of the synthesizedmetalparticles is 33.5n_/g..in " " _'\ ._ - _ -

comparison,a commerciallyavailable Fe powder(<10 #m) -- -has a specificsurfacearea 0f just0.9m_lg. Batchstudies , ---I- Blank
" demonstratedthat these nanoscaleparticles can quickly 0.6-]_\ _ . • ,---o- Fe I!

I K \ I
and completelydechlofinateseveralchlorinatedaSphaSc " - !-0- Pd/Fe |
compoundsanda mixtureof PCBsat relativelylowmetal 0.4t _ % "o " • -_i i lmL _ - , =..lle--mane Fe J
xosolutionratio(2-5g/100mL}. Surface-area-normalized m • % _ _ : i

Thanthose of commerciallyavailable iron particles. The "
approach presented offers unique opportunitiesfor both 0.O! "-'--"- " _. A _'---_---_0---.---4 I . "
fundamentalresearch and technologicalapplicationsof _0 L_ 1.0 I.S 2.0 .2.S -. 3.0 ._i ....
zero-relent metals. For example,a potential applicationof " " Time(hours) _ ;"
the nanoscaleparticlesisto injectthe metal particles FIGURE_LReactionsoITCEwit5commercialr_ powders(Fo).IM- "
directly_ contaminated aquifers instead of buildingiron modifiedcommercialFepowders(Pd]Fo),sonoscaleFeparticles.
walls. (NsooFe),andnonoscalePd/Feparticles(nsooPd/Fe).InitialTCE

• concentmionwasZOmg/LMml to solution ratiowas20/100mL :
I

ofchlorinated byprodu_'tsdue to the low reactivityof iron "
JgtmdoclJgll . powdera toward lightly chlorinated hydrocarbons.For
Destructionof halogenatedorganiccompounds(HOCs)b.v example,reductionof tecrar.idoroethene(PCE)and1tickle.
zero-vaJemiron representsone of _e latest Lrmovative roethene ('I'C:E)by.zero-vaJentiron has been observed to
technologies for environmental remediation;(J,21. Labora- producec/s-l,2-dich]oroezhene.fDCE)andv'my]chloride(VC;
ton' researchin the pastfew yearshassho_n that granular 3, 8). Both are of considerabletoxico]ogicaJconcern;(Li)
ironcandegrademanyHOCs, including chlorinated aliphatics decrease of iron reactivity over _ime, probably due to the
(3).chlorinated aromatics (4),and po]ychlorinated biphen.vls formation of surface passlvation |a.vers or due to the
(PC,JBs;5).Prospectfor fieldapplication alsolooksprorrdsing, precip|taUonofmetal hydroxides[e.g,,Fe(OH)_,Fe(OH)z]and " ""
Granu]az iron can be adapted in the "funnel and gate', metal carbonates(e.g.,FeCal) on the surfaceof iron; (ill)

....xtealmem .system(1,_, in whicha porous.wallof _z-azm]ar ,engineering difficultiesfor consu-ucdngmetal waUin deep
iz_nLsconsu'u_edinthe pathofa contaminated groundwater aquifers (e.&,'>_0lm).' - ""

; plume. As contaminatedwater passes through the reactive
barrier, HOCsreact with the surface of Ironand forrnmosdy - Manyother meuds, particular.lyzincand do, can transform
benign compounds such as hydrocarbons, chloride, and HOCsmorerapidiythan_on(9). PaJladium,_ithltscatab/Uc
water, abgity,produces dramaticresultsaswell. Forexarnple, recent -

implememaUon of the zero-relent iron technology, still studies ha_,'edemonstrated d_at pa]ladized iron can com- ""
facesmend challenges(7):"(l)productionandaccornu]ation pletelydech]ortnatemanychlorinatedeuphoriccompounds " .. .,

:- - , t0 hydrocarbons I]O). The PdlFe bLmeta_ccomplexes have .. "

"l"owhomaUcorr_pondenceshotddbeeddressed:phone:16lO)- "also been found to degrade PCBs w/th all the chlorines . -
: - 7_S..5318;fax:1610)758-6405:e.mail:wez3@lehigh,edu, replaced by hydrogen to yield blphenyl (l J). ..

• . . .
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fIGURE3. Changesin GCrelatili peaknrees_ in AreclorIi_14solutionIn17il wad/(elnanoscll• ldjr-I particlesend(hinanocenlaFe

. limiicles.GCpeaksin(i}werefromblanksamples.Peak•in(ill werefrom•ample•containingthenan•scaleFeorPd/FeparticlesP̀ealulhi (Sillwire thedifferencebelvveenOilend(il ind.representedtheneldeDrldation.InitialPCBconcentrationwi• Smll/LMetaltoIolntion
lrlniowile 5 ll#100ml. ." :

We tel)on here an efflciem method of syrithes/zing Characrerlzltionoflyntheslzed MelalPartldes. Surface
Inmnosca/eiron and paUadized iron particles and the resuhs m'eas (EEl"area) of the synthesized parucles were measured
of using these metal particles for Iransformationo[TC_ and using the nitrogen adsorption method with a Gemini 2360 ,
_:Bs. Nanoscale melal panicles, with diameler in the range surface an.a_y/,zer.Priorto the measurements, dry Feand Pd/ . .-
dl-100nm (10-*io 10-_m), arecharaclerized byh/gh surlace Fe pan/des were obtained by washing the wel precipitates - -
area i• volume tel/as, high levels of stepped surface, and with acetone and dryinglhem at ll0"Cfor6 hunder aflow "

• high surface energies (12,131. In._ead.ofbuilding metedwalls,' of Hi. Morphology ofthe panicles was observed witha Phillipsnanor_ale metal particles may be applied through d/rea
/njeclion of melal particle suspens/ons to contaminated _ 4001"transmission electron microscopy (TEM)at 120 kV
sed/mems and aquifers (/#). Fresh]ypreparedmelalpar'dcles to character/an the size and size distribution of dhe mela] "
free of surface conlaminalion and with very high react/v/t/as ' particles. Ciysud smlculres were examlned with an APD 1700
.alsoprovide/deal tools for elucidating_mdamenialmech- automatedpowderX-xaydittraciometer(Xl_) with nickel- 1:
am/sms of dechlor/nalion at the metaJ-solulion _terface. filtered CuKa mdialion (,i : 0.1542 am).

Furthermore, nan•scale metal particles can be anchored on Batch Experiments with TCF. Batch experiments were
solid supports suchas acti_'aledcarbon. Zeolite,and silica for conducted i• invesilgate reaclivilyof the synthesized parlides
ex-sim irealment of conlaminaled _lier and induslrlaJ iordechJorinalionofTCF- AS0-mLsampleof20mg/LTC_
elilueni, aqueoussoludon and 1.01 of the F-eor Pd/Pe partieles were "

tXli_linlenial Meltl_ll -- ... . chargedinio a 50.ml. serumbonie cappedwitha Teflon
Methods for Synthesis. Nanoscale Fe panicles were pro- Mininenvalve. The bolde was mixed on 8 faulty•baker(30
duced by adding 1.6M NaBI._(98%,Aldrich)aqueous solulion spa} atambien((emperamre (22d:I "C}. ParalJelexper/menls
diopwise i• .a 1.0 M FeCI_-6H_O(98%, Aldrich) aqueous, were also performed without metal pan/des (blank} or
solution atarrlbiemxemperamrewith magnetic slirrina.Ferric commerdal Fe powders 0dddch, >99.9%, ,cI0/an). PeriodS.
/ran (Fe-_) was reduced according to the foUowing react/on cal]y, 0.5 nzLof the aqueous soludon was Withdrawn by a
(/5): 1-niLsea-lightsyringe into a 2-mLvia]and i_micild with 0.5

. -. . . nil of pentane. Concenuation oITCE was analyzed with a
IFe[l'l:O)_s" + 3BH4- + 3H:O -- .. Hewlen.Packard Model 5890 GCequipped with an eleclron

" r-e°i+ 3B(OI'Ds+ I0.SH z (I) .I capmredeleclor(ECD)andaBD-624capilla:ycolumnlAlllech
• Associales, Inc.). H)_llocarbon products in the heads'pace "

- ;The wexl=e"_reclpitales_ coatedwith a thinlayei of wereid_riti6edwi.tha Hely,]en-Packazd5970_/MS.
paUadium by samratingthe aboveprecipitaleswith anedumol ""Balch l[xperimt'lits wI_IPCI_."A'§O-#L sample_of200
solution of |Pd(CII-liO_)i|_(47.5%, AHaAesar). This caused /i[ilmL At•clot |254 was combined with 0.I IIof the wet Fe - ....

. _ reducl/on and subseql/em deposftion of Pd on dze Fie orPd/Peparliclesand2mLofethanol/watersoludon(volum esurface lhroush xhe followin8 reaction "(11): " ratio _"]._), followed by mixlng on • rotaryshaker (30 rpm)

." Pdl_" -4-Fe°--- Pd°i + r-e_'.- (2) for 17h. Anab/Uca}methods were similar i• those descrlbe_l
above for TCEexpedmen_ A 0.S-mL dample PCBsolution

Similar procedures were aJso employed io coat Pd on was extracted by 0.5 niL of penume and analyzed with GC.- •
commercial iron powders (Aldrich, >99.9%, -10Hm).. , .F.CD. . • _ ,. i!

-, . ".



o kwflS . Fe. £s_ for the .synthesized nanoscale Pd/Fe panicles is about

Figure I shows a transmission _ _.'tronmicroscopy image of 0.I L hr-' m-:, mur_higher than those of pure iron panicles.
. she synthesized Fe particles. _k_c_:than 90% of the panicles Pidladium could _ _ote dechlorination reactions byserving

were in the size range of 1-100 rim. BET specific surface as a catalyst acce_rating the dissociation of chlorinated
• " area of the panicles was 33.5 n_/g. In comparison, a hydrocarbons (17}. Palladium could also promote the -

commercially available fine iron powder {Aldrich, • 99.9% dechJorination reactions by preventing the formation of iron
oxides. F.xperiments have confirmed that the nanoscale Fe- < l0/am) has a specific surface area of about 0.9 m:/g, or 37

times less thanshat ofthe .synthesized panicles. XRD an_._ panicles exposed to air reacted much more slowly with PCE
further revealed the periodic lattice arrangement of iron and TCE than the fresbJy prepared iron panicles. Addition
atoms, md/caz/_ .crySzaUL_ smunure of the nanoscale of Pd onto Fe surface significandy reduced the oxidation of
particles, iron, thus preserving the reactivity of the zero-valent/ton

DegradazionofT_byvariousmetalpaniclesispresmzed (17). We believe shat she approach oud/ned here offers
in Figure 2. In all experiments, initial TCE concentration oppommh/es for both fundamental research and techno-
was20mg/L. Mem/zosoJutionrax/owas2g/100mL The logical applications ofzero-valent metals. Furthersmdies
amoun_ of TCE in blank samples {without metal panicles) are needed to delineate the underh'idg mechanistic steps of
and in she connnerc_ Fe solution (Fe) remained relatively dechlorination on metal surfaces and tOexpand the scope of

• constant within a period of 3 h. TCE s_-as complete .ly this synthesis method zo other metals.
decbJorinated b.vpaJJadized commercial Fe powders IPd/Fe)
w/thin 2 h, by the synthesized nanoscale Fe panicles within
1.7 h, and by she synthesLzednanoscale Pd/Fe b/mezaJSc LiteratureCited
paniclesw/shin less than 025 h (thesoonest ourmeasurement (1} Gillharn.P_W. In Advances in Groundu_ter Pollu_on Con_oIand P.eme.d_,,r_on;Aral,M. M., F.ds.;l_uwer Academic Publish-

" had been made). In she solut/ons conminin B the nanoscale ms: Dordrecht, The Ne_edands. 1996: pp 249-274.
panicles, no chlorinated byproduct (i.e., DCEs, and VC) was (2) Tramyek. P. G. (:hem. Ind. 1996, 13,499-503.
detected. Final reaction products in the headsvace of _) Gillham,FLW.;O'Hannesin.S.F.GrosmdWater1994,_.,95B-
nanosca]e particle solutions were identified zo be hydrocar- 967.
bons, including ethene, ethane, propene, propane, buxene, (4) Wang.C B.:Zhans, I',:Proceeding of rhe ZSrhMe_r[ngof North ,

,4met/can C,azolys/s .qoc/ely,Chicago, May 18-_23, 1997.
tmJntane,and penume. (5) Chuan&'F.W_LarsonP,.A..Wessma_M.S.Km_mn.,qd.Ym:_hnoL

_on of a _ mixt_e _oclor 1254) solution by 199s, 29, 2460-2463. . 4
zqmnoscale Pd/Fe and Fe panicles at ambient temperature (6) Start, R. C.: Cherry., ]. A. Ground Water |994, 32. 465-476.

(22 -4-l cC) Lsshown in Figure 3. Initial PCB concentration (7) V/d/c. It. D.; PohJand.F. G. In TechnoloKv£valuar_onReport
was 5 mglL. Metal to solution ratio was 5 gl]00 mL. GC T£.96-01: TreawnenrWaiLs:,Ground.Water Remed/a_on Tech-
peaks in (i) were from blank samples. Peaks in (ii) were from nolog/es Anal)_is Center. Piztsbury,h. PA. 1996.
samples containing the nanoscale Fe or Pd/Fe panicles. Peaks (e} Onh, S.W.; Gillham,ILW.£nz_ron. _i. rechnoL 1996, SO,66-71.
in (ii/) were the difference between (U)and (i) and represented (9) Boronina, T= l_abunde. K.J.:Serseev, G.£n_mn..qcL T_'haoL
she net degradation within 17 h. Few changes were observed 1995. 29, 151I- 1517. -
forGCpeaksintheblanksamplesoveraperiodoflTh(data • (I0) Muhikian, R.:Fernando. O.:Kone, N. tVarerl_es.199S,29,2434-

.... nox shown), indicating no namraJ degradation of PCBs in the 2439.
absence of the metal panicles. In the presence Ofsynthesized (l I) Grlnini, C.; Malcomson, M.; Fernando, O.; Korte, N. Enulmn. •• SoLTechnol. 1995. 29. 2898-2900.
nanoscale PdlFe pal'dcles (Figure 3a_ GC peaks disappeared (12) lchinose.N..Superfine Partick Technolo_; Spring-Veriqp Bed_ .
complere .lywithin 17 h, sugges_ng complete dechlor/naxion 1992.

• of PCB -Cohgehen -of Ar0cl_ )254 by the- _mos_aT_d/Fe (13) -CowD. M.:Briclanan, R. O.: Creeg_. K.:Kaldor.A. In C.humn
• panicles at ambient temperature.. In solution containin_ the _nd Cluster.Assembled MateriaLr..Averback.]!, S.. Bemholc, J..

nanoscale Fe panicles (Figure 3b), only pan/al PCIFrec_Ei]on NeLson,D..I., _ Mater/aJsResearchSociety:. Pittsburgh, PA.
1991: p 43.

• .(_._e_0fthe mXalmass) was observed _'id_n thesame u.'me
..j_ri0d. Accumulation 0fbiphenyl was confirmed_,.'_(_IMS (14) Kaplan. D. l.; CantreU, K. ).: WietsmL T. W.; Porter, M. A. 7.£nz,iron. Q_L 1996. 25, 1086-1094. ""
.inbothsolutions. In contrast, li_ledegradationofPCBswas (15) Glavee, G.N.:lOabunde.K.J.;Sorensen.C.M.;Hadjipanay_G. :
observed with the commercial iron powders under the same C. Inorg. Chem. 1995, 34, 28-35.
experimental conditions. " (16} Johnson, T. L: Scherer, M. M.: Tmu_/ek, P. G. F.n_ron..q_

In summary., freshh.' synthesized nanoscale Fe particles Techno/. 1996. 30, 2634-2640.
were more reactive than the commercial Fe powders, likely 117} Wang, C. B.; Zhang, W. NazL MeeI.-Am. Chem..qoc. D/o. •• F,nt./ron. O_em. 1997, 37 (1).:163-164.
due to the hish specific surface area and higher surface
reac_v/Q'. Surface-area-normalized rate constants (Y-x_:16) Received for revieu, yanua_. 17, 1997. Revised manuscript

" for the _-nthesized nanoscale panicles (nano Fe) are calcu- receiued April4, 1_37.Accepted April 21, 1997.e
lated to be 3.0 x ]0 -s L hr-' m-:. In comparison, values of

: ' -. Ks_ for commercially, available iron panicles are generally F.S9700_9C .. •
below !.0 x 10 "s Lhr -sm -_ (16). Nanoscale Pd/Fe bimetallic •

pan/cles (nonoPdlFe)wereeven more reactive than thepure * _bsu_ct published In AdvanceACSAhslracgs, May 15. 1997.
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April 17, •1997 ..

RichardGim_o
AssismmCommissioner,_b'DFJ_
CN028, 6_ Floor ,-
401 East S_e STreet

Trenton, New Jersey 08625
(T_ Via Fax # 609-777-1914)

" RE: Iron Powder'Treatment of Sediment and Dredge Materials
-- . • . . . .

• Dear Mr_Gimello:

Ac.cmech is pleased to provide this summary overview of an innovative method for
zr_ marinesediments and dredge materials.

The resuks ofrecem publishedinvestigations have shown that in the presenceof moisture
and in the absence ,of oxygen, zero valence iron powder dechlorinates halogenated
hydrocarbons that are dissolved in water. In addition, DOWA Mining and Accutech
Remedial Systems Incorporated have developed a commercial, batch waste stream

•_'eatment system for reducing dissolved heavy metals more noble thaniron such as lead, ...
copper, niclde, arsenic, cadmium, ect. to their insoluble, stable, zero valence state and
hexavalem chromium zoits trivalem state.

Conventionalwork in the insitu chemical treatment field is basedupon the mechanism that
soluble chlorinated organic solvents and heavy metals must be transportedin groundwater
_o "'reaction" beds or walls of zero valence iron to initiate the reductionreaction. The
basis for this approach is that ihe current understandingof the reduction of the organics i,
andheavy me_s using zero valance iron panicles states the u'eatmentreaction occursat
•he ran'face-of ",hepanicle only. However, recent findings show that this reduction
reaction exam/is well beyond the zero valent iron panicle surfaceand in essence does not

- diaaze zh,Ttthe iron panicle be in direct contact with the chJorinatedorganics and
• leachable heavy metals to reduce these pollutants. In addition,the recentfindingssupport

mechanism that hydrophobic halogenated hydrocarbonssuch as PCB's, herbicides,
- pesticides, chlorinatedsemi-volatile organics, dioxins and furansthat are strongly.sorbed

• w the sedimem can alsobe reduced in the presenceofzero valence ironpowder.
". . . .

ThereFore,insitu rnixing OTthereactive zero vident iron •powder"recently_develop_"by '
Accmech/DOWA directly into the marine sedimenthas the potentialto reduce,the

. ; • • , .
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" halogenated hydrocarbons andleachable metals in the Sediment to less toxic forms.
Several delivery mechanismssuch as deeptilling hydraulic""rejectionor multiphaseliquid
gas injection utilizingnitrogenare availableto emplacethe zero valence iron panicles in
the upper depths of the sediment to reduce the halogenated hydrocarbonsto targeted
cleanup, levels. As the treatm.ent reactions occur and the upper sediment zone is
remediated, this upper zone of sediment transformsitself into a clean materialcap to
encapsulate the lower depths of' contaminated sediment. This treat and encapsulafe
method could minim/ze the migrationof toxic halogenated hydrocarbons and leachable
metals in deeper sediment zones and eliminateits costly treatment when encounteredas .
dredge spoils duringdredgingoperations_o keep the waterways andports navigable.

A labormory investigation •needs to be undertaken to demonstrate that the several
. - representative insoluble chlorinated organics commonly found in river sedimentscan be
- . decldorinated and the leachable heavy metals more noble than iron such as arsenic,

cadmium, lead and copper can be reduced to targeted rates in a cost effective manner.
•This will be achieved using minimal quantifies of reacting zero valent, iron powderbased
upon the recently discovered reaction mechanism for the reduction of halogenated
hydrocarbon and leachablemetals.

In addition, deep tilling, hydraulic injection or multiphase liquid gas injection utilizing
nitrogenwillbeevaluatedinthelaboratoryasdeliverymechanismsforintroducinginsitu
",hezero valence iron powder with a specific gravity of 7,8 into the sediment. It is the

. objective of this investigation to .identify the method .that will provide the needed• "
dispersion of iron powder within the .sedimentto yield targeted reduction rates for the
halogena_ed hydrocarbonsand leachable metals. " "

Please contact us at 908-739-6444 with any questions you may have regarding our
zechao,fogy.
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